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Introduction
The program and activities of Brookhaven
National Laboratory during the fiscal year 1962
are described in this annual report. The progress
and trends of the research program are presented
together with a description of the operational,
service, and administrative activities of the Laboratory. The scientific and technical details of the
many research and development activities are
covered more fully in scientific and technical
periodicals and special reports of the Laboratory.
A list of all publications published or submitted
for publication during the year may be found in
Appendix A.

biological sciences and in engineering, has as its
central motifthe development and exploitation of
nuclear science and technology. It can be broadly
described under five main headings:
1. FUNDAMENTAL STUDIES OF ATOMIC NUCLEI,
THE PARTICLES THAT CONSTITUTE THEM, AND THE

These
studies, which are basic to all nuclear science and
technology, involve the use of all the major
machines of the Laboratory. They range from
measurement of the properties of undisturbed
nuclei to study of the violent disruptions resulting
from nuclear fission or from bombardment with
high energy particles from the Laboratory's 30Bev proton accelerator, the new Alternating
Gradient Synchrotron (AGS).
2. STUDIES OF THE PHYSICAL, CHEMICAL, AND
BIOLOGICAL EFFECTS OF NUCLEAR RADIATION.
The
FORCES INVOLVED IN THEIR STRUCTURE.

RESEARCH PROGRAM
The Brookhaven research program, which
covers a wide range of subjects in the physical and

440,.-----,.---.,-----,--..,---,...

4201--I---+--+--+---I--!--+--+--+--+--+--+-+--+--1

4001--+-+---+--+-----1--!---l--r-+---+-+-__+_ +-+--t--I38D---1--!--!--+-+---+-+
360!----:--+---+--+-----1--!--!---+-+---+-+--+-+---+-+--I--------:---+---+--!--.;--

•
..J

~oj-~-+---+--'---1--!--t---+-+---+-+--+-+---+-+--I--------:---+----t-+-i--

~ 3201--I---'-------'--~----l--'-

ffi

TECHNICAL PUBLICATIONS

.... 300
~

:>:zsol--L-+---+--+------,--I---i---+-+---+-+--+-+--+-+--!--+-+---+--I--t-~~ 260!----:---+---+-+---1--!--t---+-+---+--'--.:. 2401-----T--+---+-+---i--!---l---+-+---+-+-~ 2201-....,...--+------'---+---I--!--.+

'" 2001---+-+---+--I---1--!--!--4-+-z

Q

~

1801--I---+--+--+---I--!--+--

3 160\--+-+---+--I---1--!--t-~

..J

""

u

Z
:>:
u

...'"

140 f----+---+-+---+--\__mIB

120
100

eo
60
40
20
0

JUN 30
'49

JUN30
'50

JUN. 30
' 51

30
'52

JUN

JUN 30
'53

JUN 30
'54

JUN 30
'55

Figure 2.

IX

JUN 30
'56

JUN 30
'57

JUN.30
'58

JUN 30
'59

JUN.30
'50

JUN. 30
'61

JUN.30
'62

Figure 3. Infrared photograph of the gamma forest, looking toward the metal pipe housing the 9500-curie
source ofCe''''. Close to the source the trees have been killed by chronic exposure to gamma irradiation for
~6 months. In the foreground, oaks further from the source show 50% normal leafage. This experiment
is designed to run for many years and to yield information not only on the sensitivity of plants to damage
from ionizing radiation, but also on longer-term genetic dfects. the various physiological characteristics
of organisms growing in natural arrays, and such biological interactions as host-parasite relationships.

potentially beneficial effects of radiation in the
treatment of disease, in the induction of genetic
changes in plants or animals, and in the improvement of manufacturing processes.

effects of radiation are utilized to determine the
characteristics of physical and chemical structures and to elucidate the more complex properties
of living systems and the changes they undergo in
their life and reproductive cycles. Of direct practical interest are the possible deleterious effects of
radiation upon biological systems and upon various materials, for example, those involved in
reactor construction. Of equal interest are the

3.

ISOTOPIC TRACERS, IN ALL BRANCHES OF SCIENTIFIC
RESEARCH.
In this broad and diversified field,
which overlaps the one just mentioned, nuclear

x

-

-
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THE USE OF NUCLEAR TOOLS, SUCH AS NEU-

TRONS, CHARGED PARTICLES, GAMMA RAYS, AND

particles and radiations are used as tools in studying physical, chemical, and biological systems in
their undisturbed states. Neutrons and other particles are used as probes; by observing their penetration and scattering, minute details of physical
and chemical structure can be studied. Wide use
is made of isotopic tracers in many fields to yield
information on such matters as the mechanisms
and rates of chemical reactions and biological
processes.
4. RESEARCH AND DEVELOPMENT, NOT NECESSARILY ITSELF OF A NUCLEAR NATURE, DIRECTED
TOWARD SOLVING THE PROBLEMS OF ATOMIC ENERGY DEVELOPMENT. The more basic aspects
of this category include the chemistry of elements
and compounds of special interest, isotope effects,
the metallurgy of materials used in nuclear reactors and other devices of importance in the atomic
energy program, the neutron scattering and absorbing properties of substances used in reactors
and other nuclear devices, and similar subjects.
Among its applications are the development of
reactor components such as fuels, structures, and
shields, the development of components and processes for the chemical processing and useful recovery of reactor products, and theoretical and
experimental studies in the field of reactor
physics.
5. THE DEVELOPMENT OF SPECIFIC DEVICES FOR
USE AS RESEARCH TOOLS OR IN PRACTICAL APPLICATIONS OF ATOMIC ENERGY. This category includes both the design and development of special
research tools, such as accelerators, reactors, and
other technical equipment, and the development
of devices for practical applications of atomic
energy, such as the preparation of special isotopes,
the development and packaging of high intensity
radiation sources, and basic development work on
power reactor systems.
The involvement of the various scientific disciplines in these areas of study and development results in a coherence and mutuality of interest that
enhance the entire program of the Laboratory in
both tangible and intangible ways. Specific research projects are described in those sections of
this report devoted to the particular discipline or
organizational unit in which the work is being
carried out. It will be noted that research interests
overlap from one department to another, and
similar problems are being attacked from different
points of view.

Figure 4. X-ray photograph of a normal rat, showing
most of the important skeletal landmarks used in connection with Biology Department studies of the effects of
radiation on the nervous system.

RESEARCH FACILITIES

Research at Brookhaven is centered on, although
not confined to, the use of several large machines
and other special facilities, some of which are described briefly below.
Alternating Gradient Synchrotron

The AGS, the world's largest accelerator, operating at a nominal energy of30 Bev, has continued
to demonstrate its capabilities as an efficient, effec-
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tinuously 3 shifts per day, 7 days a week, with ::::::2
shifts a week scheduled for routine maintenance.
The scheduled 4-month shutdown was used primarily for the installation of new straight sections
in the machine; the improved magnetic field configuration has approximately doubled the beam
intensity. Maximum beam intensity is now 8X 10 11
protons/pulse, the highest intensity reported by
any proton synchrotron. Of the ::::::8000 hr available for machine operation during the year, almost 65% were used for high energy physics research. Additional information on the Cosmotron
is included in the section on High Energy
Accelerators.

tive tool for performing high energy physics research. At the end of the fiscal year, the backlog of
approved experiments amounted to more than a
year's running time. The continuing efforts devoted to equipment development and modification
have resulted in increased beam intensity and
machine reliability, with a consequent increase in
the availability of the facility for experiments. Peak
beam intensities of 4.0 XI 0 11 protons/pulse have
been achieved, and intensities of 2 to 3 X 10 11
protons/pulse are routine.
On January 15, 1962, operation of the AGS was
increased from 2 to 3 shifts per day,S days a week.
Of the more than 3400 hr available for machine
operation during the year, over half were used for
research in high energy physics. During the second
half of the year, as the AGS settled down to steady
operation, >60% of all available time could be
utilized for research. Accelerator studies, machine
start-up and shutdown, experimental setup and
takedown, and machine downtime accounted for
the rest.
The East Target Building and a small addition
to the Service Building were completed in August
1961. The new Target Building, an L-shaped
addition to the original building, provides additional experimental area needed for the efficient
arrangement of the complex beam transport systems for both primary and parasitic experiments
scheduled in the high energy physics program. In
April 1962 the building to house the 80-in. bubble
chamber was completed, and on June 11 the
synchrotron was shut down for ::::::4 months so that
the main magnet tunnel wall could be breached
to allow particle beams to be guided to the 80-in.
Bubble Chamber Building. This work is scheduled
for completion in October 1962.
Additional information on the AGS will be
found in the section on High Energy Accelerators.

6O-in. Cyclotron

The 60-in. cyclotron accelerates protons to 10
Mev, deuterons to 20 Mev, and helium ions to 40
Mev. Deflected beams up to 50 Jla are available as
well as internal and externally focused beams. A
small external beam with momentum analysis to
1 part in 1000 is routinely used. The cyclotron has
been used by more than 50 people,S Brookhaven
departments, and 10 outside institutions. Work for
outside institutions and work by guests and collaborators from outside institutions accounts for
over a third of the machine time. The principal
activities have involved nuclear reaction studies,
mainly with the analyzed beam, production of
radioactive materials for a wide variety of purposes, and the direct use of the beam for various
studies of biological systems. There has been some
activity directed toward future modifications and
modernization.
l8-in. Cyclotron

The 18-in. cyclotron accelerates protons to an
energy of 3 Mev. The external beam is focused on
a Zr-T target 30 feet from the machine, and monoenergetic neutrons are produced through the
T(p,n)He 3 reaction. The beam-bunching inherent
in the acceleration process in the cyclotron results
in neutron pulses from the target of 1 to 2 X 10- 9 _
sec duration. Neutron scattering experiments are
carried out which utilize the time-of-flight techniques made possible by the pulsed character of
the neutron beam. A proton beam current of 130
to 150 Jla is used routinely, but current as high as
200 Jla has been used occasionally. The peak current in the pulse of protons can therefore be as
high as 10 mao

Cosmotron

The demand for experimen tal time on the Cosmotron, a 3-Bev proton synchrotron, continues to
be high. The present backlog of approved experiments amounts to ::::::1 year of running time. Efforts
are continuing to increase the intensity ofthe beam
and to make better provision for simultaneous
experiments.
Except for a 4-month scheduled shutdown for
machine improvements and additional experimental facilities, the Cosmotron operated con-
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beam-pulsing system with which it is possible to
achieve a time resolution of 2'1"=5 X 10- 10 sec.

Electrostatic Generator

This accelerator has been operated for research
on a routine basis with protons, deuterons, alpha
particles, and He 3 ions, beam currents up to 75 /La,
and energies up to 3 Mev. During the past year
the machine was operated for research during 429
8-hr shifts. The highest number of shifts in anyone
month was 70, and the highest in one week was 21.
Approximately 10% of the time was utilized for
fast neutron irradiations for the Medical and
Nuclear Engineering Departments. The remainder
of the time was used mainly for physics research
consisting of a variety of experimental measurements on the properties of energy levels in light
nuclei. Part of this work made use of the external

Graphite Research Reactor

The in-pile and beam facilities of the Brookhaven Graphite Research Reactor (BGRR) are
used in a variety of programs by Brookhaven personnel and by visiting scientists and engineers from
other institutions. The maximum thermal neutron
flux available is ::::::2 X 10 13 neutrons/cm 2 -sec. The
reactor loading was increased from 575 to 607
channels to meet reactivity requirements. Fuel
elements removed from the reactor averaged
41. 7% burn-up of the original U 235 •
A new graphite annealing procedure to repair
graphite radiation damage was approved in May

Figure 5. Experimental area on top of the Graphite Research Reactor. In the center foreground a technician is
inserting a container of seeds into the Biology thermal column, as part of the program to study radiation-induced
mutations in plants. To the right of the thermal column is the drum-shaped housing for a slow-neutron chopper;
at the end of the 15-ft arm is a detector. The neutron scattering angle is varied by means of the upright frame.
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1962. It calls for more frequent annealings at
lower temperatures and is based on a new model
of the mechanism of radiation damage developed
and checked experimentally at BNL.
Approximately 27 reactor holes are assigned to
BNL research departments. Other reactor holes
are assigned for the use of the eight outside organizations that have availed themselves of reactor
facilities (other than routine irradiation services)
under various cooperative arrangements.

tion provides two more criticial assembly cells with
improved arrangements and greater flexibility for
the handling of critical experiments and the necessary storage facilities, and fuel storage, office, and
computational space.

Medical Research Reactor

Ground was broken for the Brookhaven High
Flux Beam Research Reactor (HFBR) on September 22, 1961. This reactor is designed to meet the
need for very high neutron fluxes, especially in the
epithermal range. The HFBR is cooled and moderated by heavy water and contains a heavy water
reflector; it is fueled with enriched uranium. The
core consists of 28 ETR-type flat-plate fuel elements housed in a shroud in the lower spherical
portion of the reactor vessel. Cool DzO, pumped
into the upper cylindrical part of the vessel, flows
downward inside the shroud through the fuel elements and is discharged into the bottom of the vessel; it then flows upward outside the core and
leaves from an outlet pipe at the upper part of the
vessel to be cooled by heat exchange with water
from cooling towers.
Outside the core vessel is a water-cooled thermal shield. This secondary vessel provides emergency containment to keep the core covered with
DzO in the event of a leak in the primary vessel.
The 16 control rods are divided, with 8 main rods
operating above the core and 8 auxiliary rods operating below the core. There are 6 standard horizontal beam tubes; 5 are tangent and 1 is radial
with respect to the core. The radial tube will be
used for fast chopper time-of-flight experiments in
which neutrons of resonance energy are required.
Other beam tubes are expected to be used for diffraction work. There are also 2 dual beam tu bes,
designed to accommodate 2 diffraction setups, and
1 cold neutron beam tube. In addition, 3 thermal
and 4 fast vertical irradiation thimbles are provided.
The HFBR will be housed in a 3-story, circular,
domed, gas-tight building. The bottom floor will
house the operating machinery for the reactor; the
second or ground floor will be reserved for beam
experiments and laboratories; and the top floor
will accommodate the control room, irradiation
experiments, and fuel handling facilities.

MAJOR RESEARCH FACILITIES
UNDER DESIGN AND CONSTRUCTION
High Flux Beam Research Reactor

The Medical Research Reactor (MRR) was
constructed for the sole purpose of exploring the
possible applications of nuclear reactors to the
study of man and his diseases. Each salient feature
of the reactor was designed in relation to its use
for therapy and diagnosis, or in the advancement
of basic medical science. Operation on an intermittent basis is demanded by the nature of the
research program. Operating power levels up to
3 Mw have been approved for continuous operation, and levels up to 5 Mw are permitted for intermittent periods not to exceed 10 minutes.
The MRR was operated 256 times during the
year for a total of 297 Mw-hr.
Hot Laboratory

The Hot Laboratory, which is adjacent to the
BGRR, contains extensive facilities for the analysis, processing, and development of highly radioactive materials. It includes three hot cells in
which chemical operations can be performed remotely while under observation by periscope, and
a larger hot cell of the cave type for the physical
examination of materials, especially metals of high
activity.
Critical Assembly Laboratory

The Critical Assembly Laboratory provides
specialized facilities for research in reactor physics
and for reactor development studies. Prior to completion of the Critical Facility Addition at the end
of the year, the laboratory consisted of two critical
assembly areas, each with an operating console
and assembly room; a small, water-cooled, graphite-reflected neutron source reactor for exponential
studies contained in one of the assembly rooms;
and a pulsed Van de Graaff neutron source for
diffusion experiments. The Critical Facility Addi-
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This reactor, which is expected to deliver a peak
thermal flux of :::::; 7 X 10 I I neu trons/ cm '-sec and
epithermal fluxes of:::::; 1 to 2 Xl 0'" neutrons/cm ,sec, will be used primarily as a source of highintensity external thermal and epithermal neutron
beams for studies in the physical sciences.
The architect-engineer work is being done by
the Lummus Company under contract to the
Atomic Energy Commission. The reactor is being
constructed on Rutherford Hill, southeast of the
BG RR 's cooling tower. At the end of the year the
project was approximately half finished, with completion expected late in 1963. A preliminary summary hazards report was submitted to the AEC
and subsequently to the Advisory Committee on
Reactor Safeguards (ACRS). After a hearing the
AC RS cone! uded in July 1961 that the construction of a reactor of this type at Brookhaven would
raise no special problems.

gether with outdoor auxiliary equipment such as
the safety sphere, cooling tower, gas storage tanks,
and power station. In June 1962 work was begun
on an S6-ft-wide opening in the AGS tunnel, with
a beam channel to conduct particle beams to the
SO-in. bubble chamber. Fabrication and assembly
of the bubble chamber itself was :::::;SO% complete
at the end of the fiscal year. The major components of the chamber have been delivered and are
being assembled and installed. These include the
magnet undercarriage (used for translating, rotating, and elevating the 450-ton magnet assembly),
the steel yoke, copper coils, and vacuum chamber,
which are all being assembled into two units that
can be separated to permit installation and servicing of the hydrogen chamber. The 1500-liter stainless steel chamber body with safety chamber will
be mounted by the 36-in.-diameter expansion cylinder and carried by one of the two magnet sections. The first two ultra-lightweight Inconel
honeycomb pistons, which decouple the chamber
liquid from the hydrogen gas expansion system,
have been received. This system requires excellent
timing controls, and exhaustive component tests
have been performed to assure proper operation.

SO-in. Hydrogen Bubble Chamber

Construction of the BNL SO-in. liquid hydrogen
bubble chamber has reached the final stages. The
building to house the chamber, compressors, controls, and power supplies has been completed to-

Figure 6. Construction of the containment "esseI for the High Flux Beam Research Reactor, June 1962.
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Figure 7. Construction of the 80-in. Bubble Chamber Building. In the foreground is the gas storage area; to the left is
the cooling tower, and to the right is the safety sphere for the emergency containment of hydrogen. To the rear of the
Bubble Chamber Building can be seen the AGS magnet tunnel, with the Target and Service Buildings at the upper left.

An 81 X 30 X6 1/2-in. tempered glass plate for the
chamber window has been received and has been
polished to flatness within an accuracy of a few
light wavelengths. The illuminating system specially designed to avoid undesirable reflections is
being assembled. This system makes use of "coat
hangers," a type of shaped reflector developed at
Lawrence Radiation Laboratory. The refrigeration components (for hydrogen, nitrogen, and
freon), vacuum pump, and gas purification systems are being installed, and many of the hydraulic and electric controls have been prefabricated.
The vacuum chamber and the four 70-mm pulsed
cameras are nearing completion. The 80-in. bubble chamber is expected to be ready for operation
early in 1963.

High Intensity Radiation
Development Laboratory

The High Intensity Radiation Development
Laboratory (HIRDL) has been completed except
for special equipment which is in the process of
being installed. This laboratory will be used to obtain engineering data on a variety of radiation
sources in the million-curie range and to develop
more efficient techniques for handling large-scale
radiation sources. This information is essential for
the design of future irradiation facilities needed for
a wide variety of applications of radiation energy.
The total level of radiation expected to be employed in this laboratory is ;::;2 million curies.
Most of the sources will be of Co GO and C S 13'; spent
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Figure S. Inside the SO-in. Bubble Chamber Building, showing the refrigeration platform and part of
the refrigeration equipment. At the floor level is
the hydraulic control panel for elevation and rotation of the entire bubble chamber structure.

Figure 9. The newly completed High Intensity
Radiation Development Laboratory (HIRDL).

Figure 10. Interior views of the High Intensity Radiation Development Laboratory. Top: In the foreground is the
preparation cell, and beyond it are the canal and the irradiation cell; openings for windows and manipulators can
be seen in the north faces of both cells. Bottom: South faces of the preparation (left) and irradiation cells, showing door and window openings and manipulator plugs; the recess between the cells accommodates a turntable.
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Figure 11. Rear view of the interior of one of the Metallurgy Hot Cells. The Model 8 masterslave manipulators are being operated from the far side of the heavy lead glass shielding window.

reactor fuel elements will also be used as sources of
radiation.
The main design features of the HIRDL are two
unique cells, one an irradiation cell for the experimental work with radiation sources, and the other
a work preparation cell in which various types of
sources will be prepared for experimental use.

Metallurgy Building Addition, and the Volatility
Studies Laboratory. The Metallurgy Building Addition, finished in June 1962, provides 10 general
laboratories and office facilities with a total floor
area of 13,300 sq. ft. The Volatility Studies Laboratory, begun in August 1961 and completed in
June 1962, will be used for the development of
new chemical processes for the recovery of uranium and plutonium from irradiated reactor fuel
based on the volatility of the hexafluorides of these
two elements. The laboratory provides almost
2600 sq. ft. of experimental area. Facilities include
a small chemistry laboratory and a mechanical
equipment room.
The Physics Building was completed in March
1962. It provides :::::::104,000 sq. ft. of laboratory
and office space for activities of the Physics Department formerly housed in 10 temporary buildings. The building includes a 2-story laboratory
section containing 27 general laboratories together

GENERAL CONSTRUCTION PROGRESS

As previously mentioned, the East Target Building and a small addition to the Service Building at
the AGS were completed in August 1961, the
building to house the 30-in. bubble chamber was
finished in April 1962, and in June 1962 work was
begun on the opening in the AGS tunnel to allow
beams to be guided to the 30-in. bubble chamber.
The facilities of the Nuclear Engineering Department were expanded by completion of the
Critical Facility Addition, mentioned earlier, the
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Figure 12. Aerial view of the new Physics Building. At the right is the seminar room.
Figure l:l. Front of the new Physics Building.

•

•

with special laboratories for work in nuclear moments and solid state physics, for scanning and
data analysis work connected with the emulsion
and bubble chamber programs in high energy
physics, and for other specialized supporting work.
It is already clear that the space provided by this
building will be inadequate to meet the total needs
of the rapidly growing physics program, especially
in the field of high energy physics.
The 1 and 2-room efficiency apartments to
house visiting scientists were finished in March
1962 in time for use during the summer. These
units comprise a total of 60 rooms that can be used
in various combinations to accommodate 38 small
family groups and supplement the quarters converted from Army medical units in 1947 which are
inadequate to meet the present needs for visitors'
housing.
The master building plan for Brookhaven
National Laboratory is being implemented as
rapidly as is practical, with first priority being
given to the provision of permanent laboratories
of a type and size to meet the current and future
needs of the Laboratory. Buildings and facilities
under design by architect-engineers at the end of
the year were permanent laboratories for the
Chemistry and Instrumentation and Health Physics Departments, and a small addition to the Cosmotron complex to provide laboratories, offices,
and shop space. The request for 1963 now before
Congress includes a Physics and Mathematics addition to the Physics Building and a Controlled
Environment Laboratory for the Biology Department. Detailed planning for many other laboratories and facilities needed to meet the future
needs of the Laboratory is currently under way.
Brookhaven will request a continuation of this
building program for future years in order that the
former Army buildings still in use, which were
modified after the Laboratory took over the Camp
Upton site, will ultimately be replaced by suitable
permanent constructions.

scientific staff (Ph.D. or equivalent) increased
from 334 to 336, Research Associates decreased
from 78 to 76, and salaried visitors decreased from
31 to 27 for a net decrease in the total salaried
scientific staff from 443 to 439. The nonsalaried
scientific staff, however, increased from 406 in
1961 to 479 in 1962, as of May 31 of these years.
These visitors are not at Brookhaven on a full-time
basis. About one-fourth to one-third of them are
on site an any given time. About 500 (as compared
to 450 the previous year) visiting scientists and
students (salaried and nonsalaried) worked at the
Laboratory during the year; this number does not
include Research Associates. These individuals
were affiliated with 185 different institutions. The
total number of professional employees (B.S. or
equivalent) increased during this period from 194
to 229.
Summer visitors continue to playa substantial
role in the Laboratory's program. Arrangements
have been made for 270 visiting scientists and
students to work at Brookhaven during the summer of 1962. Of this number, 132 are staff members from colleges, universities, industrial organizations, and other institutions, and 138 are students.
ADMINISTRATION

The organization of the Laboratory as ofJuly 1,
1962, is given in Figure 1. OnJuly 20,1961, Dr.
M. Goldhaber was appointed Director of Brookhaven National Laboratory. Dr. G.F. Tape, the
Deputy Director ofBNL, had been serving as Acting Director since Dr. L. J. Haworth's appointment to the U.S. Atomic Energy Commission in
April 1961. On January 18, 1962, the Board of
Trustees appointed Dr. Tape a Vice President of
AUI, but he did not assume the duties of his new
position full time until May 1962. On March 7,
1962, the appointment, effective May 1, of Dr. C.
Williams as Deputy Director of BNL was announced. Dr. Williams had been Chairman of the
Nuclear Engineering Department since its formation in 1952.
Dr. C.E. Falk was appointed Associate Director
on April 1, 1962, with main responsibility in the
area of programs, plans, and budgets. Effective
May 1, 1962, Dr. G.N. Glasoe was appointed an
Assistant Director with principal responsibilities in
the area of technical services. Dr. Glasoe had been
Associate Chairman of the Physics Department.

PERSONNEL

•

The total number of employees at Brookhaven
National Laboratory on June 30, 1962, excluding
temporary appointees, Research Collaborators,
and guests, was 2593. This represents a net increase of 205, or slightly less than 8.6% for fiscal
1962. During this period, the regular salaried

XXI

Dr. W.J. Catacosinos was appointed Business
Manager of the Laboratory, effective May 21,
1962. Dr. Catacosinos replaced Mr. M.M. Small
who had been appointed by AUI as Project Manager for the 140-ft radio telescope to be erected at
the National Radio Astronomy Observatory at
Green Bank, West Virginia.
On June 25,1962, Dr. W.E. Winsche assumed
the Chairmanship of the Nuclear Engineering Department, succeeding Dr. Williams. Dr. Winsche,
who has spent the last eleven years with E.!. du
Pont de Nemours and Company, mainly at the
Savannah River Laboratory, was Head of the
Chemistry and Chemical Engineering Division of
the Nuclear Engineering Department when he left
BNL in 1951.
Effective July 2,1962, Dr. V.P. Bond was appointed Chairman of the Medical Department,
replacing Dr. L.E. Farr who resigned to assume
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the newly created Chair of Nuclear Medicine at
the M.D. Anderson Hospital and Tumor Institute,
University of Texas, Houston, Texas. Dr. Bond
was previously an Assistant Chairman of the
Medical Department.
FINANCE

As in the past, the Laboratory's AEC-supported
research was financed by five Divisions of the
AEC, namely, Reactor Development, Research
(Physical Sciences), Biology and Medicine (Life
Sciences), Isotope Development, and Training
and Education. The operating costs associated
with the work for each program are shown in Figure 14; the major categories of operating expenditures are also shown. Table 1 shows in detail the
operating expenditures of the Laboratory on a
broad operational basis.

REACTOR
DEVELOPMENT
13.1%

MISCELLANEOUS
3.1%
POWER
3.5%

OTHER
3.1%

MATERIALS & SUPPLIES,
SUBCONTRACTS, TRAVEL &
SPECIAL PROCUREMENTS
23.0%

OPERATING COST DISTRIBUTION BY PROGRAMS
FISCAL
YEAR

PHYSICAL
SCIENCES

REACTOR
DEVELOPMENT

LIFE
SCIENCES

ISOTOPE
DEVELOPMENT

TRAINING &
EDUCATION

OTHER
(NET)

TOTAL
COST

1962
1961
1960

18,930,903
16,560,779
11,775,522

3,892,953
3,198,809
3,421,837

5,216,925
4,845,371
4,584,337

547,238
381,462
315,310

145,587
97,211
166,300

929,043
584,134
671 ,205

29,662,649
25,667,766
20,934,511

MAJOR CATEGORIES OF OPERATING EXPENDITURES

FISCAL
YEAR

SALARIES AND WAGES

1962
1961
1960

20,881,773
18,630,185
15,125,492

MATERIALS & SUPPLIES
SUBCONTRACTS, TRAVEL &
SPECIAL PROCUREMENTS

POWER
1,047,376
975,191
868,432

6,831,784
5,521,786
4,295,397

Figure 14.
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MISCELLANEOUS
(NET)

OPERATING
TOTAL

901,716
540,604
645,190

29,662,649
25,667,766
20,934,511

•

•

•
Table I

Organizational Expenditures - Fiscal 1960, 1961, 1962
(Includes Operating, Services to Fixed Assets, and Work for Others. Direct Costs of AGS and Other Fixed Assets and Additions to Inventory Are Not Included; See Tables 3 & 4)
Salaries, Wages, Insurance
Consultants
& Temporary

Staff
Physics & Chemistry Research

Biology, Medicine & Biophysics Research

Nuclear Engineering Research

Isotope Development

Training & Education

Radiation Protection

Supporting Scientific & Technical Services

Security & Plant Protection

Miscellaneous (including Lighting, T & T,
Heating Fuels, Special Maintenance, etc.)
General and Administrative

Laboratory Total

AUI Administration

Total AUI and BNL

Work for Others, Direct Costs Only

Grand Total

1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960
1962
1961
1960

Employees

Travel

6,703,649
5,831,438
3,867,825
2,493,351
2,301,162
2,002,118
2,208,169
1,865,931
1,663,191
193,727
136,682
96,401
47,838
29,635
27,180
475,329
435,473
365,589
3,607,195
3,172,192
2,683,242
580,958
596,392
563,172

229,532
191,771
202,370
86,324
76,928
77,678
38,870
44,166
44,176
6,897
6,075
3,047
3,419
3,643
411
2,258
4,083
2,886
22,184
14,664
15,364
552
833
754

-

-

163,881
159,766
129,020
81,635
90,853
79,408
85,757
74,706
46,563
10,165
7,795
7,947
26,789
21,167
32,736
5,677
3,617
2,838
26,812
22,724
25,108
876
502
795
908
(6,640)
2,416
151,104
126,328
92,011
553,604
500,818
418,842

4,053,265
3,805,697
3,424,033
20,363,481
18,174,602
14,692,751
-

20,363,481
18,174,602
14,692,751
75,079
75,896
64,051
20,438,560
18,250,498
14,756,802

51,371
35,614
19,715
441,407
377,777
366,401
-

-

441,407
377,777
366,401
1,806
1,910
2,289
443,213
379,687
368,690

553,604
500,818
418,842
4,015
3,388
4,841
557,619
504,206
423,683

Subcontracts
Material & Special
&
ProcureSupplies
ments
Power

2,399,307
2,196,171
1,088,434
603,116
554,921
580,596
592,567
443,491
436,454
67,888
60,949
66,538
30,185
15,291
44,486
85,619
75,080
88,498
1,116,269
622,241
460,831
9,841
11,620
13,371
183,800
172,465
175,618
572,470
505,433
559,725
5,661,062
4,657,662
3,514,551
-

250,803
110,902
130,681
770
3,642
2,562
113,116
144,350
148,173
47,119
(2,198)
13,396
2,093
5,664
4,277
19,470
4,665
-

-

Miscellaneous
(Net)

402,092
342,521
130,386

(1,000)

-

(5,303)
(6,125 )
(5,158)
-

-

-

( 179)

-

-

-

-

-

281,880
321,217
390,407
-

(8,827 ) 363,404
311,453
347,818
15,200
(15,234)
(9,211 )
439,744 1,047,376
251,791 975,191
289,878 868,432
-

5,661,062 439,744 1,047,376
4,657,662 251,791 975,191
3,514,551 289,878 868,432
111,789
61,570
45,537
62,590
60,127
7,158
5,772,851 501,314 1,047,376
4,703,199 314,381 975,191
3,574,678 297,036 868,432

*S712,038 of this total was distributed to Fixed Assets and as services to Work for Others and Inventory.
**S433,401 of this total was distributed to Fixed Assets and as services to Work for Others and Inventory.
tS553,081 of this total was distributed to Fixed Assets and as services to Work for Others and Inventory.

Man-Years

(6,800)
(2,000)
-

(1,115 )
(1,985 )
( 129,824)
( 167,786)
( 191,770)
2,331
1,946
2,894
838,735
697,911
728,851
(27,123)
( 191,927)
(65,642)
671,016
330,904
467,190
230,700
209,700
178,000
901,716
540,604
645,190
901,716
540,604
645,190

Total
Organizational
Costs

10,148,264
8,832,569
5,548,716
3,259,893
3,021,381
2,737,204
3,038,479
2,572,644
2,338,378
325,796
209,303
187,329
103,524
73,400
109,090
568,883
517,138
457,826
4,943,986
3,989,917
3,383,182
594,558
611,293
580,986
1,378,020
1,175,189
1,254,703
4,816,287
4,265,911
4,020,631
29,177,690
25,268,745
20,618,045
230,700
209,700
178,000
29,408,390
25,478,445
20,796,045
254,259
189,321
138,466
29,662,649*
25,667,766**
20,934,511 t

%
of
Total

34.2
34.4
26.5
11.0
11.8
13.1
10.2
10.0
11.2
I.l

0.8
0.9
0.4
0.3
0.5
1.9
2.0
2.2
16.7
15.5
16.1
2.0
2.4
2.8
4.6
4.6
6.0
16.2
16.6
19.2
98.3
98.4
98.5
0.8
0.8
0.8
99.1
99.3
99.3
0.9
0.7
0.7
100.0
100.0
100.0

Scientific &
Professional
(Inc\. Guests) Others

375.0
339.5
275.0
140.5
135.0
129.0
113.0
104.5
94.0
13.5
11.0
7.5
3.5
3.5
2.5
3.0
11.5
10.0
67.0
53.0
48.0

-

-

-

715.5
658.0
566.0

-

715.5
658.0
566.0
7.5
9.0
7.5
723.0
667.0
573.5

438.0
372.0
241.5
194.5
183.0
164.0
129.0
111.5
104.0
10.5
5.5
3.5
0.5
2.5
3.5
47.0
46.5
40.5
365.5
326.5
296.0
75.0
77.0
77.5
563.5
539.5
507.5
1,823.5
1,664.0
1,438.0
1,823.5
1,664.0
1,438.0
7.5
5.5
5.0
1,831.0
1,669.5
1,443.0

Total

813.0
711.5
516.5
335.0
318.0
293.0
242.0
216.0
198.0
24.0
16.5
11.0
4.0
6.0
6.0
50.0
58.0
50.5
432.5
379.5
344.0
75.0
77.0
77.5
563.5
539.5
507.5
2,539.0
2,322.0
2,004.0
-

2,539.0
2,322.0
2,004.0
15.0
14.5
12.5
2,554.0
2,336.5
2,016.5

Table 2
Capital Equipment Expenditures
(Including Charges From Organizational Units; See Table 1)
FY 1962

•
FY 1960

FY 1961

$

%

$

%

$

%

Scientific & hospital
Automotive & heavy mobile
Office machines & furniture
Shop equipment
Miscellaneous

6,604,023
154,852
87,252
159,313
46,661

93.6
2.2
1.2
2.3
0.7

5,220,768
198,411
94,738
136,201
24,462

92.0
3.5
1.7
2.4
0.4

2,760,196
201,234
75,971
142,141
62,842

85.2
6.2
2.3
4.4
1.9

Expenditures, Total
Proceeds from sales

7,052,101
(12,665)

100.0

5,674,580
(22,036)

100.0

3,242,384
(39,958)

100.0

Expenditures, Net

7,039,436

5,652,544

3,202,426

Table 3
Costs Incurred for Fixed Assets
(Including Charges From Organizational Units; See Table 1)
FY 1962

FY 1961

Man- years
Costs, $

Sci.

Others

FY 1960

Man-years
Costs, $

Man-years

Sci.

Others

Costs, $

Sci.

Others

4.5

20.0

1,248,309
2,249,780

36.0

119.0

15.0

11.0

Alternating Gradient Synchrotron
Direct
Salaries, wages, insurance
Materials, construction, etc.

1,226,016

192,317
2,486,877

Subtotal direct
Charges from organizational units

1,226,016
22,231

2,679,194
65,834

3,498,089
253,025

Total

1,248,247

2,745,028

3,751,114

Other, Including High Flux Beam Research Reactor and 80-in. Bubble Chamber
Direct
Salaries, wages, insurance
Materials, construction, etc.

776,466
10,079,560

Subtotal direct
Charges from organizational units

10,856,026
476,206

7,628,294
230,004

4,723,121
160,256

Total

11,332,232

7,858,298

4,883,377

32.5

49.5

The increase in total expenditures for fiscal 1962
is associated with a larger staff and with the acquisition of materials, supplies, and equipment,
especially for high energy research. Of the total
increase in expenditures for operations and equipment, ;::::$3,000,000, or ;::::65%, was associated
with the high energy physics program. This particular increase coincided with the first full year

454,041
7,174,253

24.0

28.0

277,001
4,446,120

of AGS research operation. Table 2 shows expenditures for capital equipment. Here again
most of the increase is for scientific equipment
essential to the program in high energy physics.
A summary of expenditures for fixed assets (plant
and equipment) is presented in Table 3. Table 4
sets forth inventories for which the Laboratory
is responsible.
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Table 4

..

Inventory at Close of Fiscal Year
Fiscal year
Type of inventory

1961

1962

General stores*
Precious metals and radium
Stable isotopes
Heavy water
Total

1960

$ 704,424
96,683
38,793
683,039

$ 524,004
84,648
37,644
672,330

$ 448,487
87,668
23,413
679,535

$1,522,939

$1,318,626

$1,239,103

*The number of months investment was 3.5 in 1962,3.0 in 1961, and 3.2 in 1960.
BROOKHAVEN NATIONAL LABORATORY

COMPARATIVE BALANCE SHEET
June 30,1962

June 30,1961

Assets
Cash
Accounts receivable
Advances and prepaid expenses
Deposits
Property, plant, and equipment (less reserves of$39,1 76,059
at June 30, 1962,and $33,089,120 at June 30,1961)
Construction in progress
Research materials and supplies
Total assets

$

435,663
187,917
113,667
76,008

$

260,753
88,071
89,930
71,388

83,524,884
17,851,202
6,142,313

76,589,179
9,414,288
6,129,188

$108,331,654

$92,642,797

4,301,914
177,688
103,852,052

2,922,184
214,270
89,506,343

$108,331,654

$92,642,797

Liabilities
Accounts payable
Accrued payroll
Atomic Energy Commission
Total liabilities

NOTE: Although the Laboratory has custody and use of the
assets, title remains vested in the United States Government.

J. de Solla Price, Chairman of the Department of

CONFERENCES, PUBLIC INFORMATION,
AND EDUCATION

History of Science and Medicine at Yale U niversity, was the lecturer on this occasion. His subject,
under the general title "Little Science, Big Science," was the changing position of the scientist in
a situation in which research had frequently
evolved from a solitary occupation into big, cooperative projects. Books based on both the above
lecture series will be published by Columbia University Press.
Eleven formal conferences were conducted at
the Laboratory during the year. Among these
were the Seventh AEC Air Cleaning Conference,

The third annual series of George B. Pegram
Lectures was delivered at the Laboratory on
October 2, 3, 5, and 6 by Dr. Charles A. Coulson
of Oxford University. These four public lectures,
with the title "The Scientist and Society," dealt
with the general subject of the scientist's responsibility in politics and human relations. Because of
a change in schedule, the fourth in the series of
Pegram Lectures was also held during the fiscal
year, on June 19,22,27, and 29. Professor Derek
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versities. On February 8, the Laboratory held its
eighth Science Youth Day in observance of Thomas
Alva Edison's birthday. Two hundred sixty-five
selected science students and editors of school
papers from 35 Suffolk County high schools responded to the invitation.
During the year, 787 persons representing 26
professional and technical groups paid one-day
visits to the Laboratory to view its facilities and to
learn about its research program. Additional visitors included 330 high school and college teachers
receiving special training in the nuclear sciences at
summer institutes sponsored jointly by the National Science Foundation and the AEG. Four groups
of graduate students, comprising 42 individuals,
visited BNL to discuss with scientists research
projects in their fields of interest. More than 200
professional, governmental, and industrial representatives from foreign countries made short visits
during the year. In addition, two Japanese study
teams, the Reactor Study Group and the Special
Committee for Science and Technology of the
Japanese House of Representatives, were at the
Laboratory on October 17 and November 21,
respectively.
A recently completed Exhibit Hall is proving
extremely useful as an adjunct to the special tours
arranged for technical and professional visitors to
the Laboratory. Among the exhibits on display
here are a number of illuminated panels showing
various aspects of Brookhaven's research program,
a small operating spark chamber, and a reactor
model. This hall is also available for meetings and
seminars and can serve as a reception center for
large groups of visitors.
The Public Information Office arranged for two
formal press conferences during the year. One was
held in New York City during the International
Conference on High Energy Accelerators. The
other, onJune 20, was held at Brookhaven to enable science reporters to obtain detailed advance
information on the joint Columbia-Brookhaven
discovery of the existence in nature of two different
types of neutrino, which was to be announced in
the July 1, 1962, issue of Physical Review Letters.
Both Brookhaven and Columbia scientists were
available at the conference to describe the experiment and the significance of the discovery. In spite
of the long lead time, all the news media honored
faithfully the July 1 release date, and the story was
covered accurately and adequately. In the field

October 10-12; the Sixth Conclave in the Series on
Nuclear Energy in Medicine, October 23-24; an
International Conference on Neutron Thermalization, April 3D-May 2; Brookhaven Biology Symposium Number 15, on Enzyme Models and Enzyme Structure, June 4-6; and a Molecular Beams
Conference,June 11-13.
In addition to these meetings, the Laboratory
served as host organization for the 1961 International Conference on High Energy Accelerators,
September 6-12, sponsored jointly by the International Union of Pure and Applied Physics, the
US AEC, and A UI. The first part of the conference, from September 6 through 9, was held in
New York City, in the theater of the BarbizonPlaza Hotel. On the evening of the 10th, the 200odd participants were transported to Brookhaven
for the final two days of the conference. On September 13, dedication ceremonies for the AGS
were held in the new section of the AGS experimental building. Appropriately, the dedicatory
address was delivered by Dr. Leland J. Haworth,
Commissioner, US AEC, who was BNL's Director
from 1948 until April 1961. In the latter capacity,
he was largely responsible for the design and construction of the AGS.
At the Laboratory's invitation, the annual winter conference of the Science Teachers' Association
of New York State (STANYS) was held at Brookhaven, January 25-27. This was the first time that
STANYS, in the 66 years of its existence, had held
its annual conference on Long Island. The attendance of over 700 primary and secondary science
teachers from all parts of the State was the highest
on record. Brookhaven scientists participated in
many of the program sessions, and tours of the
major research facilities were arranged for the
visitors.
The Ninth Annual Naval Reserve Nuclear Science Seminar, on The Effects of Radiation on
Human Populations, and Civil Defense and Management of Nuclear Casualties, was attended by
40 reserve officers, September 18-20.
The twelfth annual Visitors' Day for the general
public, held on October 21, was attended by 7135
individuals. The eighth High School Visitors' Day
was held on October 28 and was attended by 4273
juniors and seniors from 151 high schools. The
fourth College Visitors' Day for junior and senior
college classes, held on October 27, was attended
by 1445 students representing 74 colleges and uni-
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sistance on science projects and term papers. The
Laboratory continued to provide speakers for
neighboring civic, educational, and semiprofessional audiences; 29 staff members responded to
such requests during the past year.

of education, the activities of the Public Information Office continued to grow, mainly because of
the increasing emphasis on the nuclear sciences in
school science curricula. This is producing a heavy
demand for literature and other advice and as-
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Physics
The research program in physics consists of
experimental and theoretical studies concerned
with the structure and fundamental properties of
matter. Various features of the complex structure
and properties of matter can be most effectively
studied by observing the interactions of charged
particles, neutral particles, and radiation with
matter. Some of these studies deal with the interactions involving individual atoms, atomic nuclei,
or nucleons, and others with conglomerates of
atoms and molecules in bulk matter. The Alternating Gradient Synchrotron (AGS), Cosmotron,
60-in. cyclotron, Van de Graaff accelerator, 18-in.
cyclotron, and the Graphite Research Reactor at
Brookhaven provide a wide range of energies and
diversity of particles and radiation with which to
carry out experimental investigations. The researches reported here will be described under
the categories of particle physics, nuclear structure, neutron physics, atomic and molecular
physics, and solid state physics. The theoretical
scientists conduct their investigations in close
association with the experimental scientists and
provide stimuli for new approaches to the problem.
The work of Brookhaven scientists is enhanced
by the presence of a number of visiting and guest
scientists on leave from other institutions in this
country and abroad. These visitors and guests are
attracted to Brookhaven not only by the availability of its facilities but also by the opportunity
to collaborate with Brookhaven scientists. The
cross-fertilization of ideas and experience resulting
from the presence of these visiting scientists is very
important to an active research program.

much attention via a study of pion-nucleon and
pion-pion interactions. The latter are difficult to
study because of the instability of the pion. The
investigation of the resonant states between pions
and between pions and protons is an indirect approach that seems to hold promise.
These resonant states appear as peaks in the
spectra of the total production cross sections. Resonances, whether or not they are considered as
"particles," have the characteristic that a state
with well-defined quantum numbers (such as spin,
isospin, and parity) must be the major contributor
to the peak. Experiments that permit these quantum numbers to be directly measured or deduced
are thus vital in obtaining information about the
particles. The energy value at which the resonance peak appears and its width establish the
mass and lifetime of the "particle." At present,
most of the parameters are not well known, and a
concerted attempt is being made to provide this
information.
The experiments next described are the work of
Brookhaven groups using the BNL 20-in. hydrogen bubble chamber.
The reactions 'IT-+p~n+'IT++'IT-and 'IT-+p~p+
'ITo +'IT- were investigated with 1.25-Bev incident
pion energy. A pO resonance was seen in the first
reaction, and a p- resonance was seen in the
second. Evidence for isospin state 1=1 and spin
stateJ= 1 was shown, and the pion-pion cross sections were evaluated as a function of energy by
means of the Chew-Low theory. Subsequent study
of the data has shown that the pO resonance can be
understood as interference between the p-meson
and a two-pion state of the w-meson.
The p+ -meson was observed in the reaction

PARTICLE PHYSICS
Research at the Cosmotron

Because Brookhaven National Laboratory was
established to provide facilities for visitors from
other institutions as well as for physicists connected
with the Laboratory, the attack on the problems
of the structure of matter is necessarily diverse.
Some general trends are, however, clear. The
problem of the nuclear force continues to receive

using 2-Bev protons, which is further and definitive
evidence for the isospin state 1= 1. It follows from
symmetry arguments that the spin state is J = 1.
Another peak in the pion mass distributions appeared at ;:::;565 Mev, but, because of background
and low statistics, it cannot be considered as established. If this finding is supported by further ob-
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servations, it is consistent with the f particle,
whose existence was suggested by workers at
Saclay.
Another resonance, the three-pion 1), was measured in the reaction

Dalitz plots were made and were shown to be consistent with the quantum numbers (isospin =0,
odd spin parity, and even G parity), but more
data are required to make a definitive assignment.
In proton-proton collisions at a kinetic energy
of 2.85 Bev in the laboratory system, an analysis
of the four-charged-prong events has shown clear
evidence for production of the resonant-state wmesons that appear in the reactionp+p~p+p+w,
where the w decays very quickly into '77"+ +'77"- +'77"0.
By plotting the effective mass of the last three
particles, the w-resonance is found near 785 Mev
with a half-width of ;::::;15 Mev, in agreement with
observations previously obtained in antiproton
and meson collisions with protons. Other resonances, such as p, 1), ~, and lX, were not observed in
this experiment. The cross section for w production
in proton-proton collisions at 2.85 Bev is found to
be 48 -+-13 /Lb.
Another approach to the '77"-'77" interaction is
made through the analysis of pion-nucleon scattering and pion production in pion-nucleon and
nucleon-nucleon collisions. The isobar and onepion exchange (OPE) models continue to provide
phenomenological mechanisms for the analysis.
According to the isobar model, the proton is raised
to a metastable "isobaric" state by the collision
and emits a pion when it decays to the ground
state. The OPE theory, on the other hand, treats
the process as an interaction of the incident particle with a single pion in the peripheral pion
"cloud" surrounding the nucleon. Again the BNL
20-in. bubble chamber has been the tool used by
Brookhaven experimenters in exploring these
models.
In the reactionp+p~p+n+'77"+observed with
incident protons at 2-Bev kinetic energy, the neutron momentum spectrum shows a strong peak
due to the %,% isobar. The observed variation of
cross section with energy is given fairly well, but
not perfectly, by the Selleri equation (derived
from OPE). It is further shown, about as well as
can be expected from the statistics, that the scat-

tering of the virtual pIOn is like that of a real
pIOn.
These p-p interactions were also studied with regard to momentum spectra, angular distributions,
and cross sections; results for elastic scattering, A
production, and single-pion production were obtained. The data were analyzed in relation to the extended isobar model and to OPE. Single-pion production was dominated by the %, % isobaric resonance. The center-of-mass nucleonic angular distributions were peaked forward and backward, a
distribution to be expected in peripheral collisions.
In the reaction producing pn'77"+, the neutron kinetic energy spectrum computed from the OPE theory
agreed with the observed spectrum in events of
low four-momentum transfer, but was too large in
events of high four-momentum transfer.
Similar measurements of multiple-pion production were reported and showed fair agreement
with the extended isobar model. The 312 ,% resonant
state was shown clearly, but effects of some other
state, possibly I=V2, were also evident. In doublepion production, nucleon angular distributions
showed the forward-backward peaking expected
of peripheral collisions, but were nearly isotropic
in triple-pion production.
In P+P collisions at 1.5 Bev single '77"-meson production was investigated. The expected P+'77"+,
T = % resonance was observed, as well as a strongly
forward-backward peaked distribution of the inelastically scattered nucleons. (This peaking increases further at higher energies, as expected if
the mesons are made in peripheral collisions.) The
data were analyzed kinematically on the basis of
the OPE model, and no disagreement was found.
Production of deuterons was relatively high, with
a cross section of almost 0.7 mb from all available
reaction channels.
Angular distributions of the particles in the
events contained in the p peak from 1.25-Bev
'77"- +P interactions reported above were analyzed
for consistency with the demands of the OPE
model, according to the criteria developed by
Treiman and Yang. It appears that OPE does not
account entirely for p production, but the strength
of the %,% isobar at this incident energy introduces
ambiguities into the analysis. Measurements at
other incident energies are required to provide an
answer to the interesting question of whether or
not some other mechanism than isobars or OPE is
influencing the results.
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A Brookhaven counter group in collaboration
with a University of Rochester group have observed
pion production from proton-proton collisions
at 2.9-Bev incident energy. They have obtained
detailed momentum spectra of positive and negative pions at several angles. The shape of the spectra provides a critical test for the isobar and OPE
models. There is good evidence for the dominance
of the well-known T =1= ~ isobaric level in singlepion production. The angular distribution is
sharply peaked in the forward direction, and close
agreement with the isobar model predictions can
be obtained. Further, some evidence for the participation in multiple-meson production of the
higher energy isobaric states of the T = 1/2 , 'TT-p system is also found. The calculated total cross sections are in agreement with results from Brookhaven bubble chamber work.
With the aid of a specially designed threshold
Cerenkov counter, another Brookhaven counter
group working with the neutral beam at the Cosmotron have demonstrated that a peak exists in the
energy spectrum of neutrons having the same energy as the primary protons (3 Bev). This peak
arises from charge exchange and is clearly separated from the inelastically scattered neutrons.
From theoretical predictions it is expected that the
cross section will have a liP energy dependence,
where E is the center-of-mass energy of the two
particles. Attempts in the past to identify decisively these nucleon charge exchange events in the
Bev energy region have not been successful. The
angular distribution of the elastic events is sharply
peaked in the forward direction. A preliminary
estimate of the charge exchange cross section at
3 Bev is ::::::; 1 mb. This in principle is the most
straightforward measurement of the one- meson
charge exchange at these energies and therefore
has evoked much interest, especially because of the
present theoretical work on peripheral interactions. Further work is in progress.
The Cambridge Bubble Chamber Group have
partially completed their analysis of neutral pion
production by 1. 14-Bevlc 'TT-meson collisions with
protons. In order to observe the 'TT 0 , they have used
a methyl iodide-loaded propane chamber which
has a high efficiency for conversion of the gamma
rays from 'TT 0 decay into electron pairs. The differential cross section found for the charge exchange
reaction, 'TT-+p~'TT°+n, satisfied the triangular inequalities required by charge independence and

showed behavior quite similar to that of the angular distribution found in elastic 'TT- +P scattering.
The integrated cross section of this reaction was
found to be 6.4 -+-0.6 mb. In the case of interactions with no visible secondaries it was concluded
that the branching ratio of one-'TT°, tWO-'TT°, and
three-'TT° production was 1:0.3:0.05.
A team of collaborators from Brookhaven, Yale
University, and Indiana University used the 14-in.
BNL hydrogen bubble chamber to observe interactions of 'TT- -mesons with protons at pion kinetic
energies of771 and 761 Mev above and below the
A-J(O threshold. At both energies the 3,3 'TT-N isobar is prominent. The ~-meson is not apparent at
either energy in the 'TT- _'TT 0 or in the 'TT+-'TT- effective
mass distributions.
The study of the production and decay of the
strange particles - the kaons and hyperons - provides another important approach to the understanding of the structure of matter. This type of
study permits a determination of their intrinsic
properties: charge, rest mass, spin, lifetime, decay
modes, isospin, strangeness, magnetic moment,
and parity. The existence of pion-hyperon resonances similar to the pion-nucleon resonances was
predicted on the basis of global symmetry, and
such resonances have been observed. Analysis of
such resonances is useful in determining the properties of the strange particles.
Confirming theoretical predictions, the associated production of hyperons and heavy mesons in
pion-proton collisions was first observed in the
BNL diffusion cloud chamber in 1953. This important subject has received much attention since
then. Recently a group from BNL have studied
the process in considerable detail at lower incident
'TT-meson energies than heretofore. The 20-in. BNL
hydrogen bubble chamber was used for the experiment. The A + J(O production cross section, when
plotted at the four energies 775, 791, 829, and 871
Mev (which were chosen immediately above the
threshold for the reaction 'TT-+p~A+J(O, but below the threshold for 'TT+ +P ~ ~o + K 0), does not
show the abrupt rise expected if production occurred in an s-state only. The observed very gradual rise from zero at threshold indicates that higher states are also involved. Angular differential
cross sections were then fitted by partial wave
analysis. Only sand p-waves were necessary for
good fits except at the energy of 829 Mev, where
d-waves (angular momenta with..t=2) also had to
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be used. This behavior may indicate a A + flO resonant state at ;::::: 1650 Mev. Analysis is being continued on this important point.
A University of Michigan counter group have
verified the existence of the r,o* resonance at
1.385 Bev in an investigation of the reaction
7r+p~r,o*+flO,r,o*~A+'lT°. The decays of the
A and flO were observed in a large, thin-plate
spark chamber triggered by a counter array. The
half-width appeared to be not much more than
the experimental resolution of 17 Mev.
Analysis of the first successful measurement of
the magnetic moment of the A-hyperon has been
completed by a group from BNL, ANL, MIT, and
NYU. Polarized A-hyperons were produced by
'IT+ -mesons incident on a beryllium target in the
reaction 'IT++n~ A+K+. A pulsed high-field magnet was used to precess the A's, which were observed to decay in a parallel-plate spark chamber
triggered by a counter logic system to select the
desired events. Because of the nonconservation of
parity, the A decay has an asymmetry in the decay products with respect to the direction of the
spin polarization. This asymmetry indicates the
direction of polarization to which the magnetic
moment is either parallel or antiparallel. The
magnetic field and flight path were such that a
magnetic moment of 1 Bohr nucleon magneton
would precess 16.5 0 in a plane perpendicular to
the A trajectory. Measurement of the angle ofrotation of the decay pattern with the field on, off,
and reversed gave the magnitude of the moment.
The sense of rotation yielded the sign. The direction of the magnetic moment was found to be antiparallel to the direction of polarization. The experiment yielded a value /LA = - 1.5 -+-0.5 Bohr
nucleon magnetons. A more precise measurement
is being scheduled. While no truly reliable theoretical prediction of the magnetic moment exists
with which to compare the experimental value,
the unexpectedly large and negative value of the
A magnetic moment is of considerable interest in
a theory of strong interactions and should provide
a valuable check point for the testing of new ideas.
The A-decay parameters themselves have been
the subject of a searching experiment by a Princeton University group. A new technique made the
experiment simple and straightforward but yielded precise results. 'IT--Mesons incident on protons
produced A's in a spark chamber array. The
polarization of the A-decay proton was observed
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by the scattering in large carbon plates. They
found that the decay asymmetry parameter
a = - 0.62 -+-0.07, which gives the proton a positive helicity in contradiction to the direct application of the universal Fermi interaction to the A
decay. They also found that the decay proceeds
predominantly through the s-wave channel and
that the results are in agreement with time reversal invariance. This experiment should lead to an
increased understanding of nonleptonic decays of
hyperons.
A beta-decay angular correlation experiment involving the decay of the K-meson has been performed by another Princeton University group.
It is now well known that the beta-decay process
in strangeness-conserving interactions is of basically vector nature. It was the purpose of the experiment to determine whether or not the strangenessnonconserving decays were of the same type. By
using counter techniques the angular relations between the 'lT 0 and the electron in the decay process
K+ ~ e+ +'lT 0 + p were investigated. The results indicate that the interaction is vector. The decay is
unique in beta decay in that extraordinarily high
four-momentum transfers are involved. No measurable dependence of the interaction on the fourmomentum transfer was observed.
A group from the University of Pennsylvania
used a special technique to obtain information on
the decay of the positive kaon. They employed a
chamber composed oflayers of scintillation filaments viewed by an image intensifier and photomultipliers to provide oscilloscope displays of the
time sequence and spatial relations of events occurring in the chamber. Sections of the chamber
were separated by gold plates to provide sufficient
stopping power for the products resulting from the
kaon decay. The measurement of the range spectrum of the decay muon in the KP.3+ decay resulted
in a determination of the ratio of the form factors
~=f-/f+. Previously ~ had been found from
branching ratio measurements to be in either interval -9.7 <~<7.7 or 1.0<~<3.0.This measurement gave ~= -9 with 95% certainty. The experimental spectrum is consistent with the assumption
that the form factors are not strongly energy dependent.
A hitherto unobserved rare decay mode of the
A particle was discovered in a photograph taken in
the BNL 20-in. hydrogen bubble chamber by a
group from Columbia University and Brookhaven.
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The decay is A~p+/r+ii. The chamber had
been exposed to a beam of900-Mev '1T--mesons.
A method of gaining information about cosmic
rays has recently been developed in the study of
meteorites. A group from the Carnegie Institute of
Technology have used the 3-Bev Cosmotron proton
beam to irradiate heavy targets to aid in the analysis of nuclear effects of cosmic rays in meteorites.
Eight percent of the Cosmotron's experimental
time has been devoted to radiochemistry experiments, and a small fraction has been used for animal studies by the Medical Department. Groups
from more than 17 universities, in addition to
BNL groups, participated in the program.
Research at the Alternating Gradient Synchrotron

One of the most important experiments in recent years in high energy physics was performed at
the AGS this year. The Columbia-Brookhaven
group established a high intensity, high energy
neutrino beam to study neutrino interactions.
Pauli first postulated the existence of the neutrino in 1930 in an effort to salvage the fundamental conservation laws of energy and momentum
which were apparently violated by nuclear beta
decay. Fermi's beta-decay theory using Pauli's
neutrino was a beautiful mathematical solution to
the problem. It satisfactorily accounted for all the
observed facts by endowing the neutrino with zero
rest mass, zero charge, and intrinsic angular momentum = fi/2. These characteristics and the fact
that the neutrinos participate only in weak interactions have made them extremely elusive from an
experimental point of view. It was only in 1955
that workers from Los Alamos Scientific Laboratory were able to directly observe the effects of
neutrino interactions. One of the most interesting
characteristics of weak interactions is the fact that
whenever a muon is involved in such an interaction, so is a neutrino or an antineutrino. The same
holds true for the electron. Thus, if either an electron or a negative muon is absorbed by a nucleus,
a neutrino is emitted. In this sense both electrons
and muons seem to be explicitly coupled to neutrinos in the weak interactions. In recent years,
however, a major difficulty has arisen. Calculation has shown that if both the muon and electron
are connected with the same type of neutrino, a
muon should spontaneously decay some fraction
of the time into an electron and a gamma ray. The
branching ratio should be

lL~e+y

_

lL~e+v+ii =

1
10 4

•

However, the gamma-decay mode has never been
seen, although> 10 8 decays have been experimentally observed. Feinberg, Lee, and Yang have
pointed out that the most natural explanation for
this difficulty is that the neutrinos coupled to muons are not the same as the neutrinos coupled to
electrons. If this were true, then the muon would
never decay into an electron and a gamma ray.
A clear test of the identity of the neutrinos is
provided by observing the capture by nuclei of
neutrinos arising from the decay of pions. If these
neutrinos are the same as the neutrinos involved
in beta decay, they should produce as many electrons as muons. If they are different, they can in
principle produce only muons. The reactions are
p+n~

IL-+P or r+p,

ii+p~ 1L++n

or e++n.

This experiment has only become feasible with the
advent of the 33-Bev AGS and 28-Bev CERN accelerators, which can provide beams of high energy neutrinos of sufficient intensity (the interaction
cross section of neutrinos increases rapidly with
neutrino energy). The experiment at the AGS was
performed by using a ten-ton spark chamber
shielded from all particles but neutrinos by ;::::;5000
tons of iron. The running time amounted to ;::::;800
hr, with the AGS delivering ;::::;4 Xl 0 '7 protons in
the primary beam. The integrated flux through
the spark chamber of;::::; 10 14 neutrinos resulted in
only 50 interactions producing energetic events.
Of these, 24 showed only a single energetic muon
being produced, while the remainder showed
muons being produced along with other particles.
In no case was a single energetic electron produced. It is therefore concluded that the neutrinos
arising from pion decay are different from those
involved in beta decay.
This elegant experiment has demonstrated the
value of the AGS in providing beams of high energy neutrinos as a probe to investigate the nature
of weak interactions. It is undoubtedly the forerunner of other work with high energy neutrinos
and opens up an entirely new and exciting field of
investigation.
The other major effort at the AGS was the electromagnetic separated beam program. High intensity beams of antiprotons, kaons, and antikaons

8

Figure I. A view inside the heavily shielded room containing the ten-Lon
spark chamber. Each of the chamber's 10 units consists 01'9 aluminum
plates 44 X44 X 1 in. thick separated by Ys-in. Lucite spacers and is driven
by a specially designed high-pressure spark gap. The spark chamber
is triggered by scintillation counters. Anticoincidence counters are provided on top, in back, and in front of the chamber to reduce the cffecL of
muons from the AGS and cosmic rays that penetrate the heavy shielding.

Figure 2. A neutrino event as observed in
the spark chamber. The long lower track is
interpreted to be a muon. It is accompanied
by what appears to be an electron pair from
a gamma ray, pointing back to the origin.
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Figure 3. A photograph of the
event that resulted in the discovery of the predicted E:-.
The eventp+p~E:-+E:-was
observed in the 20-in. liquid
hydrogen bubble chamber. The
accompanying sketch identifies the tracks according to the
most likely mass interpretation.

of high purity became available and were enthusiastically utilized by experimenters. These beams
stimulated renewed effort in the search for resonances of all kinds, besides providing a new attack
on the measurement of the properties and production mechanisms of strange particles. The 20-in.
hydrogen bubble chamber took more than 700,000
photographs during this program. Analysis of most
of these experiments has only started, but some of
the early results are given below.
The first observation of a Z- +Z- cascade hyperon pair was made at the AGS, and simultaneously a similar observation was made at the CERN
laboratory in Europe. This confirmed the existence of the Z-, one of the last predicted antiparticles. Two such events have now been observed
in the P+P exposure, the cross section probably

amounting to at most a few microbarns. This was
ajoint experiment with Yale University in which
hydrogen was exposed to a beam of3.25-Bev/c
antiprotons.
A larger number of A + A, ~+ + ~+, and ~- +
~- pairs has also been observed, as well as examples
of A + ~o, A + ~o, r(hyperon) + f(antihyperon)
+('77" or 2'77"), and K+n+f or K+ii+rproduction.
The cross section for the reaction P+ P ~ A + A
was found to be ::::::94 p.b with an uncertainty of at
least 20 p.b. Most striking is the very strongly forward-peaked angular distribution of the A (and
correspondingly backward-peaked distribution of
the A) in the center-of-mass system. This distribution is clearly inconsistent with a production model
invoking the exchange of a single pseudo-scalar
K-meson. Production of~+ + ~+ pairs shows a sim-

10
ilar trend, with the ~+ traveling forward in the
center-of-mass system. Since the mechanisms for
production of ~+ + ~+ and ~- + ~- may be quite
different (~+ + ~+ can be produced by single K exchange, ~- + ~- cannot), further study of these reactions resulting in charged hyperons is of particular importance.
In the same exposure events are being analyzed
for elastic and inelastic interactions (including
annihilations) resulting in pions, hyperons, and
K-mesons. The total P+P cross section at the mentioned momentum is G tot = 74.2-+-1.5 mb, and the
elastic cross section is Gel = 22.9 -+-1.1 mb. Annihilation resulting in two charged prongs amounted
to 13 -+-1 mb, mostly consisting of pion production; without annihilation, pion production
amounted to ;>8-+-1 mb. The angular distribution
of the elastically scattered antiprotons is strongly
peaked forward, although a few antiprotons were
scattered backward in the center-of-mass system.
By use of the simple optical model and of the
optical theorem for the forward amplitude, an interaction radius of 1.3 fermi, an opacity of 0.96-+0.05, and a total inelastic cross section of Ginel =
46.8 mb, in agreement with the observed value of
G ine1 =51.3-+-2.6 mb, were calculated.
Analysis of events with four charged prongs led
to cross sections for annihilations resulting in four,
five, or more than five pions, of 0.85 -+-0.16, 4.92-+0.38, and 10.86-+-0.60 mb, respectively. All other
four-prong events (nonannihilation and strange
particle production) amounted to 4.61 -+- 0.37 mb.
The forward-to-backward charged pion ratios for
four, five, and seven-pion production were 1.44 -+0.25, 1.20 -+-0.10, and 1.11 -+-0.06, respectively,
with the negative charges tending to travel forward and the positive charges backward in the
center-of-mass system. It is thus indicated that
even in such very strong interactions as P+P annihilations some characteristics of the initial conditions concerning charge are preserved. Finally, a
search for resonant states between pions revealed
small effects amounting to at most 2.5 -+-0.5 mb for
pO, 2.5 -+-0.4 mb for p\ and 0.4 -+-0.1 mb for w production. Lower limits of a few hundred microbarns for production of these resonant states were
also established. No evidence for new resonant
states has been found so far.
In ajoint experiment with Syracuse University,
hydrogen was exposed to K--mesons at energies of
2.24 and 2.5 Bev/c. Seventy-four charged cascade
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hyperons, Z-, were seen to decay into A + 'fr.
Eleven more were inferred from analysis. These
were produced in the reactions K- +p~Z- + K+,
Z-+K++'lT°, and Z-+Ko+'lT+. With this sample
the Z- mass (1321.0-+-0.5 Mev) and lifetime [(1.16
-+-g:in X 10- 10 sec] were redetermined more accurately than in previous observations. The data
are consistent with a spin of 1/2 for the Z-, although
a spin of 312 is not ruled out. An asymmetry parameter IX:;: = 1.0-+-g:g 3 is found, which indicates strong
parity nonconservation in the Z- decay. This indicates at the same time that the A from the Zdecay is completely longitudinally polarized. In
addition it was found that (1) charge conjugation
is violated in Z- decay, and (2) time reversal invariance is indicated. These results are similar to
results for the other hyperons. The ratio of IX A / IX:;:
= -0.6-+-0.3 disagrees with a prediction of some
weak interaction theories making use of "global
symmetry."
In the same exposure a leptonic decay of either
a ~- or a Z- into a A+e-+p was observed. Interpretation as leptonic decay of a Z- is favored by
odds amounting to roughly 70 : 1. But, whether a
Z- or a ~- is indeed involved, the event is of equal
interest because of the unusual combination of
decay products.
In the K- + P exposure at 2.24 Bev/c a number
of resonant states between 'IT-mesons, K-mesons,
and strange particles were observed. Two new
resonant states were indicated. One is a K +K
resonance occurring in the reactions K- +P ~ A +
KO+Ko and A+K++K-. The resonant state decays into KO+Ko or K++K- with an effective mass
of ::::::; 1020 Mev and a full width of this resonance
of 40 Mev. These values are still somewhat tentative. The other new resonance was found in the
reactions K-+p ~ Z-+'lT°+K+ and Z-+'lT++Ko,
where Z* ~ Z- + 'lTD at 1535 Mev with full width
of 50 Mev.
Confirming previous results, the r* decaying
fast into ~+ + 'IT- (effective mass, 1520 Mev), and
into A + ('IT+ or 'IT- or 'lTD) at 1390 Mev was seen.
Also observed was the w ~ 'IT+ + 'IT- + 'lTD (at 785
Mev) and the K* ~ KO + 'IT-, with a mass of900
Mev, which is ::::::;15 Mev higher than that found
previously.
K- + P interaction cross sections at 2.24 Bev/ c
were determined for many of the open reaction
channels. Of particular interest is the relatively
large cross section for K- + P ~ (A or~) + K + fl,
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which has a lower limit of :::::: 180 /Lb, and the large
cross section for K- + P ~ Z- + K+ or Z- + K+ +
77° or Z- + KO + 77+, with the combined value of
218 -+- 20 /Lb. The latter reaction' proceeds in
::::::30% of the cases through the resonant state
Z· ~ Z- + (WO or 77+). In addition it was found that
the Z- from K- + p~Z- +K+, the two-body production mode, are polarized, while those from the
three-body modes are not. The angular distribution of the Z- in the center-of-mass system is
strongly peaked forward, reminiscent of the distribution of};--hyperons produced by 77- on protons.
A Brookhaven group studied interactions of
4.7-Bev/c 77--mesons in hydrogen. Cross sections
for associated production of strange particles, hyperons, and K-mesons have been studied. The
different possible channels (rO + KO, ro + K\
and KO + K~) are represented approximately
equally, with lower limits for the partial cross sections from 0.1 to 0.3 mb. Several cases of negative
cascade hyperon (Z-) production were also seen.
In the same set of photographs the interactions
resulting in four charged prongs were searched for
two and three-body combinations exhibiting resonances. In the reaction 77- + P ~ P + 77+ + 277-,
the well-known (at lower energies) T,j ¥.2 isobar
involving the proton and the 77+-meson was found
at the effective mass value of 1220 -+- 20 Mev, with
a total width of90 -+- 20 Mev. In addition the pO
resonance between 77+ and 77- was found at 740 -+30 Mev with a width of 170 -+- 30 Mev, which
confirmed similar results obtained at much lower
energies. A small excess of events having an effective mass at 400 Mev for two 77'S was observed,
which suggests a new resonance. Besides these
resonances, in the reaction 77- + P ~ P + 77+ +
277-+77° the p~ resonance (77~+770) is seen as well as
the characteristically sharp-peaked w involving
377-mesons (77+ + 77- + 77°). Finally, in the reaction
77- + P ~ n + 277+ + 277-, no p resonance is observed, but instead evidence is found for a resonance between 77+ and 77- near 400 Mev. If confirmed, the latter resonance is new and must be
added to the already established p, w, and 1/ resonant states.
Many other groups used the 20-in. bubble
chamber to obtain exposures which are still being
analyzed. A large fraction of these exposures were
obtained parasitically while the beam was being
used for the neutrino experiment. This chamber,
which makes possible high precision measure-

=

ments because of its special design and controls,
has produced ::::::2 million pictures since it was first
put into operation.
Simultaneously with the work of the 20-in. bubble chamber, the BNL 14-in. hydrogen bubble
chamber was set up in a neutral beam, and a
Brookhaven group obtained 200,000 photographs
of K 2 ° particle interaction with protons while operating parasitically with the neutrino experiment.
A preliminary analysis indicates that this beam
was very rich in kaons. It was possible to make a
direct observation of the decay K 2 ° ~ 77+ + 77- + 77°.
This decay had hitherto been inferred from observation of the charge pions in kinematic analysis.
A Brookhaven counter group measured the total
interaction cross sections for 77+ and 77--mesons and
protons from 8 to 20 Bev/ c. These measurements
are of interest in connection with the Pomeranchuk high energy limiting theorem, which states
that at high enough energies particle and antiparticle total cross sections in matter become constant and equal to each other. Similar work was
done last year on the pop and pop cross sections and
on the K and K-p cross sections. Comparison of
the cross sections of the 77+-77- particle-antiparticle
pair is especially interesting since, in addition to the
general Pomeranchuk theorem mentioned above,
another specific argument can be applied to the
behavior of the difference C1 t (77-+P) - C1 t (77+ + p)
at high enough energies but cannot be applied to
the behavior of the difference C1 t (fi+P) - C1 t (P+P)
or the difference C1 t (K-+p) -C1 t (K++p). This
argument, proposed by Okun and Pomeranchuk,
states that at high enough energies C1 t (77-+P) =
U/(77++P). The argument does not depend on the
constancy of cross sections at high energies, which
is a necessary requirement of the Pomeranchuk
theorem. Furthermore, it does not depend on the
validity of the forward dispersion relations.
The results show that both C1total(77++P) and
C1 tota l(77-+P) decrease monotonically between 4
and 20 Bev/ c. The difference in the two cross sections does not appear to change appreciably
throughout this energy region, with a ~C1::::::2 mb.
The best empirical fit to the C1 tota l(77-+P) is found
to be C1 t =a+b/p, where a and b are constants and
p is the momentum of the pion. Thus it is seen that
neither of the pion cross sections seems to satisfy
the Pomeranchuk theorem at this energy.
Considerable interest has been shown recently
in cross section experiments from the point of view
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of the S-matrix theory as developed by Chew,
Frautschi, Udgaonkar, and others. This theory
relates the behavior of the high energy total and
elastic cross sections to the residues of the so-called
Regge poles in the S-matrix which correspond to
particles and resonances. Based on this theory, it
has been shown that the sum of the '17+P and '17-p
total cross sections has a 1/ E dependence, i.e.,
O"total( '17+ +p) +O"total('17- +p) =a + b/E, which is in
agreement with the experimental results.
Further analysis has been done on the survey
of secondary particle beams completed last year.
The data show interesting features of the process
of production in the new energy range made
available by the AGS accelerator. For example,
momentum transfers from 30-Bev collisions are
small. The production mechanism is highly asymmetric in the center-of-mass system, and the production of antiprotons and K--mesons is much
more copious at 30 Bev than at 6 Bev. In addition,
a relatively large abundance of deuterons is produced at 90°.
The surprisingly low cross section for high energy collisions with large four-momentum transfers is being further investigated. This type of collision should reveal the presence of a central core
in the nucleon. The proton structure in protonproton elastic scattering is being studied by a
Cornell University-Brookhaven group. Their attention has been focused upon elastic scatterings
in which very large momentum transfers are involved. Such collisions are rare and correspond to
non peripheral, small impact parameter interactions. The elastic cross section has been determined at a momentum transfer of 2.5 Bev/c.
An upper limit of 5 X 10- 35 cm 2 /sterad has been
established at 3.3 Bev/ c. These data, together with
recent measurements at CERN, show that the
p-p cross section is varying rapidly with the momentum transfer. In contrast, the variation as a
function of the primary energy is considerably less
in extent. This evidence is suggestive of a hard
core proton structure.
As an alternative framework, the p-p strong
interaction may be analyzed in terms of the
trajectories of Regge poles. It is then found that
the dominant trajectory ceases to decrease and
approaches a = - 0.5 at large momentum transfers.
The new 80-in. liquid hydrogen bubble chamber facility is being made ready to go into operation by the end of 1962. Concurrently, higher

energy separated beams are being designed. Wellseparated antiproton beams up to 8.5 Bev/cand
K±-meson beams between 3.0 and 5.5 Bev/c (here
the lower limit is set by the relatively short lifetime
of the K±) of useful intensity will be available. Experiments with such beams in hydrogen and deuterium will, for instance, open up many new channels for production of antihyperons, including
anticascade-hyperons, for further study. Also, in
addition to already discovered resonances between
pions and pions, and pions and strange particles,
resonances between strange particles alone (KK,
YK, 'tK, etc.) can be studied further. The large
size of the 80-in. chamber will aid greatly in these
studies with respect to statistics and accuracy
obtainable.
Data processing for the BNL Bubble Chamber
Group has been accomplished by means of nine
scanning machines and five semiautomatic coordinate-measuring machines. The IBM 7090 computer now installed at BNL has greatly facilitated
this work. Programs are being written continually
to make more and more effective use of this
machine. The main delays in the flow of data are
now encountered in the measuring phase. Many
additional measuring machines would be required
to improve this situation sufficiently. A new fully
automatic device, the Hough-Powell Flying-Spot
Digitizer (FSD), which is nearing completion, is
expected to help eliminate the bottleneck. A 20-p.
light spot scans the film for bubble images, which
are then located by comparison with the number
of lines crossed on a grating by a coherent light
spot. The other coordinate is found from the position of the precision measuring stage that advances
the film while it is being scanned. Thus a typical
photograph can be measured in 6 sec. A prototype
FSD was extensively tested in collaboration with
the CERN and Berkeley laboratories during the
first half of the fiscal year. The Brookhaven 35mm FSD for analysis of 20-in. chamber film is
in the final stages of assembly and testing. The
electronic circuits for direct transmission of coordinates from the machine to the IBM 7090 computer have been finished and in the main tested.
The mechanical spot generator and high-pressure
mercury arc for illumination are operating properly. A new high-speed film transport has been
completed and partially tested. Some tasks remaining are the installation of the Moire-fringe
system for measurement of displacements of the
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precision stage, the testing of the system for reading picture numbers from a binary code on the
film, and trials of the system for computer control
of stage and film.
During the first year or two, measurements by
the FSD will be guided by rough measurements
taken at scanning tables equipped to record coordinates of desired points (hereafter called roughdigitized scan tables). The first such table has been
completed and is undergoing trials. An advanced
form of rough digitizer is under development by
the Instrumentation Division and if successful will
be used to equip subsequent scan tables. Five additional rough-digitized scan tables are to be provided for the 80-in. chamber film.
A 70-mm FSD for analysis of 80-in. chamber
film is in the late stages of design and is planned
for completion early in 1963. This machine embodies several distinct advantages in optical and
mechanical design discovered during tests of the
prototype.
Computer programs for gating and filtering the
high flux of precision coordinates from the FSD
are largely complete. They are nonetheless expected to require appreciable debugging and revision in the light of experience with real measurement runs. Very considerable bookkeeping
and physics problems are involved in simply understanding, organizing, and making deductions
from a great many analyzed events. The Berkeley
computing system FOG-CLODDY-FAIR is particularly
designed to handle large numbers of events, and
this system is therefore being adapted to handle
results from the Brookhaven bubble chambers.
Much work is being done, mostly by members
of the Applied Mathematics Division, in pure
"pattern recognition," i.e., organization of the
FSD coordinate information by the IBM 7090
without human guidance. Results to date are encouraging and may lead to the transfer of some
scanning functions to the computer somewhat
earlier than expected.
The Theoretical Physics Group at Brookhaven
devotes much of its attention to particle physics.
A considerable fraction of the work has been concerned with the interactions and decay properties
of particles produced in high energy reactions.
The aim of this work has been to understand experimental results on K-mesons, hyperons, wand
1]-mesons, etc., obtained at Brookhaven and other
laboratories.

A general method of analysis into angular
momentum states has been developed, applicable
to relativistic three-body reactions.
Dispersion theory techniques have been applied
in the following cases:
1. It was shown that a consistent picture of the
7T spectrum in 'T decay emerges if the effects of the
known p-wave 7T-7T interactions are included in an
otherwise standard treatment.
2. The 0+10 0 branching ratio was calculated.
For a large class of 7T+7T O s-wave scattering phase
shifts it is easy to get agreement with the observed
branching ratio. In particular, if the t-meson exists and has spin parity 0-, the predicted theoretical result agrees with the experimental ratio to
within ;::::30%.
3. It was shown that a simple explanation of the
cross sections for large momentum transfer in the reactions p+P~7T +P+Pand 7T +P~7T + 7T +Pemerges
if a pionlike resonance exists in, say, the 37T spectrum. As a candidate for this object (II), the bump
in the experimental data of Pickup, Robinson, and
Salant was suggested. The decay modes and probable branching ratios for its decay were listed. Its
strength of coupling to the nucleon was shown to
be approximately the same as that of the pion.
4. Radiative decay of neutral vector bosons was
considered.
Other work of a related nature was concerned
with electromagnetic-mixing effects between the
wand p-meson, which may have a bearing on
recent experimental results.
Resonant-state calculations have been made on
the so-called Lee model. The possibility of a resonant state V* in N-O scattering in the Lee model
has been examined. (The existence of both Vand
V * yields an eigenvalue equation for the V * mass
which can be solved numerically. This should lead
to further extensions of the model.)
Preliminary estimates were made of corrections
to the energy levels of mu mesic atoms.
Mass corrections to the ratio of the hyperfine
splittings of the metastable (2s) state and the
ground state of hydrogen atoms were computed
by using a modified Dirac equation and the FoldyWouthuysen transformation. The procedure was
shown to be equivalent to the covariant calculation.
NUCLEAR STRUCTURE

The researches in this field may be divided into
two broad classifications: those dealing with studies
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of the characteristics of unstable (radioactive)
nuclei, and those concerned with the characteristics of the instantaneous products of a nuclear
reaction. Studies of the ways in which an unstable
nucleus is produced and reverts to a stable nucleus, through the radioactive decay process, yield
information on the characteristics of the energy
levels of the nuclei involved. Characteristics such
as the spin, parity, and lifetime are sought and
analyzed to obtain the systematics of the decay
process. Researches dealing with observations of
the instantaneous products of a nuclear reaction
also yield information about the characteristics of
energy levels of nuclei. Some energy levels can be
observed both in radioactive decay and in nuclear
reaction studies, while others can be observed only
in nuclear reactions, because of their very short
lifetimes. The ways in which nuclear energy levels
may be excited and the systematics of the level
structure, in isotopes consisting of different numbers of protons and neutrons, are the basis for the
formulation of theories of the fundamental structure of atomic nuclei.
Considerable effort has been expended on the
improvement of the delayed coincidence technique for the direct measurement of very short
lifetimes of excited nuclear states, and upon the
understanding of the factors that contribute to
the finite time resolution of fast coincidence systems. It has proved possible to observe in detail
the exponential decay of nuclear states with halflives of tenths of millimicroseconds with accuracies
of a few percent.
The fast coincidence technique has been applied in the direct determination ofthe reduced £2
gamma-ray transition probability of the transition
between the 4 + and 2 + rotational states in a few
strongly deformed nuclei. The strong coupling
model predicts a value of 10/7 for the ratio ofreduced transition probabilities
B(E2)4+~2+

B(E2) 2+

from a measurement of its K-shell conversion coefficient. The intensity of the isomeric branch of
Ag'08m is 8.5%. The remaining 91.5% of the decays
from the isomeric state take place by electron capture to a state at 1776 kev in Pd'08. The energy
release in this electron capture branch has been
determined to be 45 -+- 5 kev from the measured
fraction (0.65) of electron captures that take place
from the K-shell. Directional correlation measurements involving the three cascade gamma rays of
727, 617, and 432 kev that follow the electron capture are consistent with the spin sequence 6~4~
2~0 for the cascade from the 1776-kev state to the
ground state ofPd,08. It has been known for some
time that the first and second 2 + states in Pd,08
occur at 432 and 940 kev respectively, while a 0+
state occurs at ::::::;1030 kev. Recent Coulomb excitation results at other laboratories make it probable that the spin 4 state observed in this decay is
de-excited by the 617-kev gamma ray, which
places it at 1040 kev. It thus appears that the excitation spectrum of Pd '08 exhibits a closely spaced
triplet near 1 Mev with spins 0 +, 2 +, and 4 +.
This may be interpreted as the two-phonon triplet
predicted by the near-vibrational model of collective nuclear motion.
Considerations involving the electron capture
rate, the probable M4 nature of the 31-kev isomeric transition in Ag'08m, the £1 nature of the
80-kev transition, and the decay characteristics
of 2.3-min Ag'08 suggest a 6 + spin and parity
assignment for Ag'08m and a 6+ spin and parity
assignment for the 1776-kev state in Pd,08.
A six-gap Orange beta-ray spectrometer of the
Copenhagen design, whose components were purchased in Denmark by the United States Army, is
being assembled and instrumented. Since this type
of spectrometer combines very high transmission
with moderate resolution, the instrument will be
especially useful for electron-gamma-ray coincidence studies and will complement other spec-

~O+

Experimentally measured lifetimes and values of
this ratio for Dy'62, Er'66, Er'68, and Hf1 80 are
listed in Table 1.
The decay oflong-lived (T'/2>5 yr) Ag'08m has
been investigated. Conversion electrons of a highly
converted isomeric transition (31 -+- 1 kev) are followed by an 80-kev transition to the Ag'08 ground
state. This transition is identified as electric dipole

Table 1
B(E2)4+~2+

Isotope

7'/2(2+ )
(X 10- 9 sec)

7'/2(4+ )
(X 10- 10 sec)

B(E2)2+~O+

Dy'62
Er 166
Er'68
Hf"o

2.25±O.11
1.83±O.2
1.90±O.1
1.53±O.O6

1.32±O.O8
1.2 ±O.l
1.21±O.O8
O.75±O.1O

1.42±O.11
1.42±O.17
1.46±O.12
1.44±O.20
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trometers now in use at this Laboratory. This instrument will be used cooperatively with Frankford Arsenal personnel at Brookhaven.
A study has been made of the Mossbauer absorption spectrum of Fe 57 impurity atoms in beryllium. For this purpose, a source of C 0 57 diffused
into Cu provided a single-line emission spectrum
with a width approximately equal to the natural
line width of the 14.4-kev gamma ray. The absorption of this line by Fe 57 bound as an impurity
atom in polycrystalline beryllium showed, after
annealing, a pattern suggestive of a quadrupole
doublet. The application of a transverse magnetic
field of 8600 gauss broadened the absorption lines
asymmetrically, a result consistent with the quadrupole interpretation. The broadening was largest
for the higher energy absorption line. When the
quadrupole interaction energy is large compared
to the magnetic interaction energy, the process of
averaging over all angles of the magnetic field
direction with respect to the direction of the electric field gradient at the Fe 57 nucleus in polycrystalline beryllium causes the m = -+-lh state to
broaden more; therefore it is concluded that it is
the state of highest energy. Consequently, the
quadrupole interaction term, e2 qQ, is negative
for Fe 57m in a beryllium lattice.
These conclusions have been reinforced by
studies of the absorption pattern resulting when a
beryllium single crystal containing Fe 57 impurity
atoms is oriented with the c-axis either perpendicular or parallel to the direction of the incident
gamma-ray. The expected intensity ratio for absorption into the -+-% state as compared to that
into the -+- V2 state is % for the perpendicular case
and % for the parallel case. Experimentally observed ratios are close to these values, which supports the interpretation that the m= -+-1/2 states lie
higher.
An external magnetic field of 8600 gauss has
been applied parallel to the c-axis of the beryllium
single crystal. The magnetic splitting of the m =
-+-3h state then is considerably larger than that for
the m = -+-1/2 state. This observation proves conclusively that the m= -+-o/.! state is the lower energy
state in the quadrupole pattern, and that e2 qQis
indeed negative.
An estimate may be made of the quadrupole
moment Qofthe 14.4-kev state ofFe 57m by combining the measured quadrupole interaction,
e2 qQ= -(5.57-+-0.19)XlO-8 ev, with a theoretical

calculation of the pure beryllium ion contribution
to the electric field gradient and with a reasonable estimate of the Sternheimer antishielding
factor (YFe =Yoo(Fe) = -15). This results in the
value QFe"m-+2XI0- 25 cm 2 •
The study of level schemes in the osmiumiridium region has been continued. Progress was
made with the construction and analysis of the
level scheme of OS186, which was studied in cooperation with the Chemistry Department. A
ground-state band 0, 2, 4, 6, 8 (even parity), a
"K=2" band 2, 3, 4, 5, 6, 7 (even parity), and a
number of additional levels have been established.
These are shown in Figure 4. The ratios of the
transition probabilities between two levels of the
two bands were analyzed in terms of the Davydov
asymmetric top model and of the rotation-vibration interaction method. It can be shown that the
latter is mathematically almost identical with the
former, and that the best fit to the data is achieved
with an asymmetry parameter (y = 12 0) considerably smaller than that derived from the analysis
of the level energies (16.5°). This is in contrast to
the case ofOs 190 in which approximately the same
Y (;::::;21°) fits the energies and transition probabilities.
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Figure 4. Levels of OS186 populated in the decay of Ir186.
On the left are shown the levels of the ground-state (K=O)
band; in the center, levels of the gamma (K=2) band;
and on the right, additional levels whose character is not
completely clear at this time.
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The most energetic positron branch was found
to have a maximum energy E= 1.94=0.02 Mev
and to feed the 6+ state of the ground-state band.
Hence a value of 3.83 Mev is obtained for the total
disintegration energy of 15.5-hr Ir '86 .
Several theoretical groups are working on an
extension of the asymmetric top model to odd-A
nuclei, but experimental information on odd-A
osmium nuclei is so far scarce. In an experimental
study of the energy levels of OS'89 its parent, Re '8 9,
has been produced for the first time. This new
isotope has a half-life of 23 hr and decays by emission of beta particles with a maximum energy of
980 kev.
A better understanding has been achieved of
isomeric transitions in Sb '22 . The decay scheme,

;u.Eti

as now established, is shown in Figure 5. In the
past year the apparent two-step decay ofthe 4.2min isomer was studied and reported. Because a
half-life of 4.2 min for the 75-kev transition from
the 136-kev state is several orders of magnitude
greater than known lifetimes of similar E2 transitions, it was proposed that this lifetime might
actually belong to an additional low energy transition. Since then, at another laboratory, a halflife of 530-+-40 /lSec has been measured for the 136kev state produced by the SbI2\y,n)Sb'22m reaction. Another group of workers has recently observed a 19.5-kev electron in the decay of Sb 122m .
These results have been confirmed here. The electron line has been identified as the L-conversion
line of a 25-kev transition and has been shown by
means of delayed coincidence methods to precede
the 530-/lSec transition.
Isomeric cross section ratios for neutron capture
reactions have been measured for the even-even
target nuclei Te'20, Te '30 , Ce'28, Pt '96 , and H g '96.
In addition, the cross sections for the reactions
PtI94(n,y)Pt'95m and PtI92(n,y)Pt'93m have been
measured. The even-even target nuclei were
chosen to avoid any ambiguity in spin of the compound nucleus, i.e., in each of these cases the compound nucleus has a spin and parity of V2 +. It is
found that isomeric cross section ratios (11 law sp i n/
I1 high SPin) tend to increase at the magic neutron
and proton numbers. Away from the magic numbers, these ratios obey an empirical rule which
states, "The isomeric cross section ratios for various even-even isotopes in the same element remain approximately the same provided the spins
of the compound nuclei and of the isomeric states
are the same for all the isotopes." The trends of
these and other results are illustrated in Figure 6.
The investigation of the gamma rays emitted
following thermal neutron capture in various elements has continued under the auspices of Brookhaven National Laboratory and the Aeronautical
Systems Division of the United States Air Force.
In this experimental setup a small sample of the
material being studied is placed in a thermal neutron beam outside the reactor, and coincidences
are measured between high energy capture gamma rays detected by a three-crystal pair spectrometer and lower energy gamma rays detected
by a single scintillator. Recent improvements in
the experimental arrangement, particularly lower
background counting rates and improvement of
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the resolution of the pair spectrometer to 2.5% in
the energy range from 3 to 10 Mev, have increased
the quality of the results and the scope of possible
experiments.
Studies of the capture gamma rays ofU 238 +n
have led to the construction of an energy level
scheme for U239. Two components of the strong
4.06-Mev transition (previously found to consist
of at least three individual transitions) populate
levels whose observed properties suggest that they
maybe the 1/2 - and %- states of a band resulting
from the coupling of the V2+ (631) single-particle
level with a K = 0 octopole excitation of the type
found in neighboring even-even nuclei. The possibility of the existence of such states in odd-A
nuclei had previously been suggested.
Coincidence studies of the capture gamma rays
of scandium (Sc 45 +n), coupled with precision
measurements ofthe capture gamma rays and (d,p)
experiments, both carried out at MIT, have led
to a level scheme for SC 46 .
Coincidence studies of Se 76 +n and Se 77 +n
carried out with samples enriched in Se 76 and Se 77
have permitted the assignment of individual capture gamma rays to Se 77 and Se 78 • (Previously
existing information was obtained only with the
use of the natural element, so that the isotope of
origin of many capture gamma rays was unknown.) Level schemes have been constructed for
Se7 7 and Se 78 .
It is well known that, because ofthe uncertainty
principle, a spontaneous nuclear decay may proceed in a two-step process via a virtual state. Since
such a process is expected to have a very low probability, it can only be detected if competing transitions are highly retarded.
Ni 59 was selected as a promising case for experimental study (Figure 7). The direct electron
capture from the Ni 59 ground state to the C 0 59
ground state is second forbidden, the lifetime of
Ni 59 being 8 X 10 4 years in spite of the::::::: I-Mev
decay energy available. On the other hand, the
transition from the Ni 59 ground state to the first
excited state of C 0 59 is allowed.
A careful study of the gamma spectrum of Ni59
was made; the results are consistent with the
assumption that the virtual r capture indeed
takes place and that its intensity is of the order
of 1% of the intensity of the inner bremsstrahlung
associated with the direct decay. A more definite
conclusion from this experiment must await more
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Figure 7. Decay scheme of Ni 59 . The dotted line connecting the ground state ofNi 59 with the l.IOO-Mev state of
CO'9 indicates the virtual orbital electron capture process.

precise knowledge of the shape of the second forbidden inner bremsstrahlung.
The experiment to determine the beta-neutrino
angular correlation coefficient in the decay ofHe6,
conducted under the Columbia University-BNL
cooperative program, is nearing completion. Preliminary results indicate an angular correlation
coefficient o£'\= -0.29+0.06. This is compatible
with an axial vector interaction in the beta decay
of He 6. A final value of the correlation coefficient
to an accuracy of +0.02 will soon be obtained.
Detailed studies have been carried out with the
Van de Graaff accelerator on the properties of
energy levels in the nuclei Be 'o , B'o, C14, and N14.
Part of this work made use of the intermediateimage pair spectrometer to measure the radiative
transitions from Be 9 and C'3 targets bombarded
with deuterons. It was shown that the groundstate transitions from the 6.18-Mev level in Be 'o
and from the 6.58-Mev level in C14 are not Doppler-shifted. This requires lifetimes for these states
greater than the slowing-down time of the recoil
product nuclei and suggests electric monopole
radiation. Conclusive proof of the EO nature of
the C 14 transition and the consequent assignment
of a spin and parity of 0+ to the 6.58-Mev state
were obtained by a comparison of the internal
and external pair conversion spectra where it was
observed that gamma-ray emission does not occur.
The pair spectrometer was also used to determine the parity of the 2.14-Mev first excited state
of B" by a determination of the internal pair conversion coefficient of the transition. The state was
excited by the B"(p,p')B"* reaction. It was shown
that the transition is predominantly magnetic
dipole and that the parity of the 2.14-Mev state
must therefore be odd.
In another phase of these studies the lifetime of
the Be 'o 3.37-Mev first excited state was measured
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by means of two newly developed Doppler-shift
techniques. One method utilized a fixed NaI detector to measure the energies of gamma rays
emitted first from an upstream target and then
from a downstream target located in a long target
tube. By measuring the forward-to-backward
energy shift of the 3.37-Mev radiation from targets
of beryllium and of BeCu bombarded with deuterons, the lifetime of the level was obtained in
terms of the characteristic slowing-down times of
the Be lO nucleus in beryllium and in copper. In
the second method two NaI counters were used,
and the 3.37-Mev radiation was detected in coincidence with 2.6-Mev gamma rays from the
5.96-Mev state ofBe lo . By holding one counter in
a fixed position and varying the other in angle
with respect to the beam, a difference in the shifts
of the 2.6 and 3.37-Mev radiations was observed.
This led to a value for the 3.37-Mev-Ievellifetime
in terms of the slowing-down time. The results of
both methods were in agreement. The lifetime of
the 3.37-Mev state ofBe lo is lAX 10- 13 sec.
Lifetime measurements on first excited states of
BlO and C15 have been carried out by means of the
3-Mev Van de Graaffbeam-pulsing facility. The
technique consists of electrostatic deflection of the
beam by an external radio-frequency oscillator,
simultaneous terminal pulsing to reduce background effects, and the use of the so-called slanted
target method to produce short time resolution. A
resolving time of 2T=5X10- lo sec has been
achieved for prompt radiations. The mean lives
measured are 1.04X 10-9 sec for BlO and 3.73 X 10- 9
sec for C15.
Experiments on the BlO(He3,p)C12 reaction,
undertaken to detect the 3.2-Mev gamma-ray decay of the 7.66-Mev level in C 12 , were successfully
completed. This level is thought to be involved in
the helium-burning process in red giant stars. As a
further check on this de-excitation mode, experiments have been done on the B 12 beta decay which
has a partial branch to the 7.66- Mev state. After
gamma-gamma coincidence measurements proved
unsuccessful it was decided to attempt to detect
beta-gamma-gamma triple coincidences. Although
positive indications for the presence of the 3.2Mev gamma ray have been obtained, the results are
not yet conclusive and the work is being continued.
For some time it has been known empirically
that anomalies may occur in the internal conversion of nuclear electric dipole radiation in the L-
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shell of an atom. A formalism has been developed
that explains the general pattern of these observed
anomalies. The computations necessary to make
this formalism quantitative have been carried out
with the help of the Frankford Arsenal Computing
Center. The explicit extraction of the anomalous
matrix elements and a comparison with model
predictions are in progress.
A similar program for setting up the quantitative formalism required for analysis of anomalous
magnetic dipole internal conversion in the L-shell
is in progress. The calculations have been carried
through for the interesting case of Tp03 and are
being compared with preliminary experiments
done elsewhere. The electron wave functions used
in this work have also been applied to other
nuclear-electron interaction problems.
Studies of the moment of inertia of a large system whose states are described by the "superconducting" model, and work on nuclear models,
paralleling experiments done in this Laboratory,
have also been carried out.
The electronic dipole polarizabilities ad of the
alkali atoms have been calculated with use of appropriate wave functions for the valence electrons
involved. The theoretical results for ad are in
reasonably good agreement with the observed
values from two recent experiments. In connection
with the possible existence of a nuclear electric
hexadecapole (16-pole) moment, various antishielding effects for ions in crystals have been investigated. A new orthogonality property of the
radial wave functions for hydrogenlike atoms has
been proved.

NEUTRON PHYSICS
Studies of the interactions between neutrons
and atomic nuclei continue to yield information
important to the better understanding of the
properties of matter. In a continuing program of
research in neutron physics at the Brookhaven
Graphite Research Reactor, investigations have
been made of the scattering of very slow or "cold"
neutrons by liquids and solids.
Cold neutron scattering measurements of the
motions of the ammonium ion in the ammonium
halide molecular crystals NH.CI, NH.Br, and
NH.I have been completed.
The torsional oscillations and optical vibration
frequencies of the NH. + ion in the different halogen
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lattices both below and above the order-disorder
transition have been determined. The neutron data
indicate that the ammonium ion is performing torsional oscillations both below and above the transition point. The torsional line shifts to a slightly
higher frequency below the transition and is
sharper than the line observed above the transition.

showed that they could not be fitted to any model
having free rotation. In order to substantiate this
conclusion, neutron measurements were made as a
function of sample temperature for three different
temperatures in the face-centered phase. The observed spectra broadened as the temperature was
increased, bu t the peak of the 0 bserved spectra

Figure 8. The present arrangement of the cold neutron facility.

In the ammonium halides a high temperature
phase transition is known to exist, in which the
structure changes from body- to face-centered
cubic. Previous infrared and neutron diffraction
measurements had led to the conclusion that in
this high temperature phase the ammonium ion
was undergoing free rotation. Neutron measurements made in this high temperature phase of
NH.I resulted in data markedly different from
those observed in the body-centered phase. A
careful analysis of the data, based on the SachsTeller mass tensor theory for rotational motions,

remained essentially at the same energy. For a
freely rotating ion, the peak would be expected
to shift with temperature because of the Boltzmann population factor. It is therefore concluded
that in the high temperature phase NH.I is not
freely rotating, but most likely is undergoing a very
large amplitude, anharmonic torsional oscillation.
The cold neutron facility has been modified to
permit the angle of neutron scattering to be
changed and thereby give a wide range of momentum transfers. The present arrangement is shown
in Figure 8.
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At the joint BNL-Chalk River fast chopper
project, transmission measurements using the 88meter flight path were carried out to determine
average total neutron cross sections in the 10 to
100-kev energy region. The results of these measurements are being compared with the neutron
cross sections predicted by an optical model with
a diffuse edge potential. Measurements have been
carried out on Ni, Mo, Rh, Ag, Cd, In, and Y.
The interest in this region of mass number lies in
the observation of the expected splitting of the pwave giant resonance by a spin-orbit coupling
term in the nuclear potential. At energies of 10 to
100 kev only the (=0 and (= 1 partial waves contribute to the cross section.
Two interesting results have come from this
work: First, it is found that in order to get a reasonable optical model fit to the data, the diffuseness
parameter of the potential must be ;::::;0.3 f. The
data cannot be fitted with a diffuseness parameter
of 0.5 f, the value used by Feshbach, Porter, and
Weisskopf in fitting the lower energy s-wave data.
A re-examination of previously published s-wave
strength function data, by Dr. Eric Vogt of Chalk
River, has led to the conclusion that the diffuseness parameter is 0.34 f. Second, it is found that
the p-wave strength function, when plotted as a
function of atomic weight, shows the effect of spinorbit splitting. The best fit to the data indicates
that the strength of the spin-orbit potential is more
nearly 16 Mev than the 8 Mev obtained from
polarization experiments performed in the Mev
energy region.
Studies of the angular distribution of elastically
scattered neutrons from oxygen, utilizing the neutrons produced by the T(p,n)He 3 reaction from
the 3-Mev protons accelerated in the 18-in. cyclotron, have continued. Results have been obtained
at incident neutron energies of 2.250, 2.030, 1.750,
and 1.510 Mev. The mean energy of the protons
incident on the tritium target was monitored by
the time-of-flight method, and the spread in energy of these neutrons was determined to be -+-33,
57,63, and 63 kev respectively. The scattered neutron intensities were measured at 15 intervals
over the range of 20 0 to 165 0 in the laboratory
system. The appreciable polarization of the
T(p,n)He 3 neutrons in the measurements at 2.030,
1. 750, and 1.510 Mev made it possible to determine the polarization analyzing power of oxygen
at these energies. In a separate experiment the
0

polarization of the neutrons from the T(p,n)He 3
reaction is being determined by measurements of
the scattering from helium. The data obtained for
the scattering from oxygen together with further
measurements at lower neutron energy will also be
used to determine the T( p,n) He 3 polarization.
This will provide a comparison of oxygen and
helium as polarization analyzers and hence assist
in evaluating the accuracy of phase shifts derived
from oxygen scattering data.
In a cooperative program of Columbia University, Bell Telephone Laboratories, and the Chemistry Department and Instrumentation Division
of Brookhaven National Laboratory, measurements of the correlated energy spectrum of fission
fragments from thermal neutron fission of PU 239 ,
U235, and U 233 have been made. A thin target of
the fissile isotope is placed between two p-njunction semiconductor detectors. Coincident amplified pulses from the two detectors are fed into the
two axes of a 64 X 64 two-dimensional pulse height
analyzer. In all three isotopes fine structure has
been observed in the correlated kinetic energy distributions which is reflected in the fine structure of
the calculated fission mass distributions. In addition, structure has been observed in the total mass
distribution because the mass yield curves for different total kinetic energy tend to fall into three
groups. In the case ofU 235 for total kinetic energies
162 Mev, the most probable light fragment
mass number is 92; for energies between 164 and
171 Mev, ;::::;96; and for energies> 173 Mev,
;::::;101.
Single kinetic energy and total kinetic energy
distributions of fission fragments associated with
the emission of long-range alpha particles in the
thermal neutron fission ofU235 have been investigated with the use of solid state detectors. The
results obtained show that the most probable
energies for the light and heavy fragment peaks
associated with the emission oflong-range alpha
particles are 89 -+-1 Mev and 61 -+-1 Mev, respectively. Compared with binary fission the light fragment peak loses more energy than the heavy fragment peak. The mean total energy in "ternary"
fission is equal to the mean total energy in binary
fission.
In a similar experiment solid state detectors in
coincidence and anticoincidence arrangements
have been used to determine the binary to ternary
fission ratio in U235 to a higher precision than has
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hitherto been attained. The ratio of binary to
ternary fission in U235 for pile neutrons with a
cadmium ratio of30 is 490-+-20.
In cooperation with the Chemistry Department
of Columbia University, studies have been continued on the slow-neutron scattering cross sections of various chemical compounds. During the
past year, cross section measurements have been
completed for four ammonium halide salts and
NH 3 gas over a neutron energy range from 0.0007
to 2 ev. These measurements have also been extended to the low temperature crystal structure
phases ofNH 4I and NH 4Cl. A definite correlation
is observed between the slopes of the scattering
cross section vs neutron wavelength curves and the
rotational freedom of the ammonium ion in these
compounds;
The presence of rotational states at low temperature for exchange of energy with neutrons, together with the comparatively low absorption
cross sections, makes ammonium salts such as
NH 4PF 6 (N'5-enriched) and methyl-substituted
compounds such as CH 3 C=CCH 3 of interest as
moderators for cold neutron sources.
Slow-neutron cross section measurements have
also been carried out on NH 4PF 6 , (NH4)2S20S,
(NH4)2Cr04, NH 4S0 3 F, and CH 3 C=CCH 3 •
Experiments utilizing polarized neutrons and
polarized nuclei are proceeding on a routine basis.
Monochromatic, polarized neutrons obtained by
Bragg reflection from a magnetized cobalt-iron
crystal are passed through nuclear samples contained in a demagnetization cryostat on the spectrometer arm. Transmission measurements with
the neutrons polarized parallel and antiparallel
to the nuclei give the spin dependence of the neutron cross section and information on the hyperfine splitting and magnetic structure of the target.
Work on samarium has been completed. Targets used were samarium ethyl sulfate, samarium
double nitrate, enriched Sm149 double nitrate, and
samarium metal. The spins of the four resonances
at 0.0976, 0.87, 4.93, and 8.9 ev in Sm l49 are all
J=/+V2. Analysis of the double nitrate data led
to theoretical work on nuclear polarization in
powdered samples of anisotropic salts. Failure to
observe any polarization in samarium metal at
0.1 °K indicates that the metal is antiferromagnetic.
An alloy sample containing 8 atomic percent
indium in holmium was prepared and studied.
The nuclear polarization,jN' in both components

Table 2
Target nucleus

J-value

Dyl"l

Dy!6:J

Er 167

2.72

3

3.69
4.33
7.73
1.71
0.460
0.584
6.10
9.6

2
2
3
2
4

3

3
3

was measured as a function of temperature over
the range 4° to 0.07°K. The holmium results were
fitted to an equation of the form jN=CB[(A/2kT),
with B[ the Brillouin function and C a constant.
The derived value of A/k= +0.58°K corresponds
to a field of +8.4 X 10 6 oe at the holmium nucleus,
in excellent agreement with results of specific heat
measurements and theory. Owing to the strong
magnetic anisotropy and incomplete magnetic
saturation of the holmium, only a fraction of the
true polarization in each domain is observed.
These effects are accounted for by the constant C.
The experimental value C=0.48 is in reasonable
agreement with that calculated on the basis of a
simple magnetic model for holmium. The indium
results show a field of - 130 koe at the indium
nucleus in this alloy. This "ferromagnetic host"
method appears to be very promising as a nuclear
polarization technique.
Transmission experiments have also been performed on samples of erbium and dysprosium
metal and on erbium ethyl sulfate. Spins were assigned for the resonances at energy Eo (see Table
2). Preliminary results for the effective fields at
the nuclei are: Er,Heff + 7.8X 10 6 oe; Dy, H eff
8.2 X 10 6 oe (unsigned, but presumably positive).
The spin dependence of the cross section in the
region of the 0.460 to 0.584-ev resonance doublet
in Er '67 was investigated in detail. Measurements
were also made of the depolarization of the neutron beam by the metal samples. It was found that
there was serious depolarization at energies up to
0.5 ev, the highest energy at which the neutron
polarization could be measured in a double-crystal
arrangement.
A number of nuclei were studied by brute force
polarization. Although the nuclear polarizations
are small it was possible to get measurable effects
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by using thick samples and by working at thermal
energies where the counting rates are high. It was
found that transmission changes due to nuclear
polarization as small as 0.2% could be reliably
measured in this way. The results are all preliminary. The protons in a sample of PdH were
polarized as a first step toward a polarized deuteron experiment. The success of this experiment
has led to the preparation of samples of ZrH 2 and
ZrD 2 which will be studied in the near future. The
thermal cross section ofLi 6 appears to be 90-+-10%
from the J=/ -V2 state, while that of B'o is
"90-+-10% from the J=/+1/2state. In Be 9 the two
states make equal contributions, as expected from
the fact that the incoherent scattering cross section is zero and thus b+=L This work was greatly
facilitated by the development of a new sample
holder that can be moved perpendicular to the
neutron beam while at low temperatures. Several
samples can be studied at once and transmission
measurements can be made. Further, from the
transmission of an indium sample included in the
assembly, the true temperature of the sample can
be derived.
ATOMIC AND MOLECULAR PHYSICS

An examination of the hyperfine structure of
the 3.7-hr isomer of Lu 176 is in progress. The stable

Figure 9. "Isothermals" representing thermal spikes in
copper, following a lOO-ev knock-on event. Time =3.27
X 10- 13 sec
two Debye periods. Figures give absolute
temperatures computed by averaging the kinetic energies
of the atoms over two Debye periods.
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nucleus Lu '75 has previously been studied with
high precision by others. Both lutetium isotopes
have very large electric quadrupole interactions.
At operating temperatures both the D 3 / 2 and D 5 / 2
states of the lutetium atom have appreciable
populations. It should be possible, therefore, to
compare the interactions of each nucleus with
each electronic state with the assurance that each
electronic state will be essentially the same for
each nucleus. This work may provide new information about the effects of polarization of the
electron core by the nuclear electric quadrupole
moment. In preliminary measurements the interaction constants have been determined to an accuracy of:::::l part in 104. Further work is in progress involving precision of the order of a few parts
in 10 7 • A group from the Lawrence Radiation
Laboratory, who have done low precision work
on Lu '76m , have cooperated in this project.
SOLID STATE PHYSICS
Theory

Most of the theoretical work during the year
has been on the production and properties of defects in crystals. Several calculations have reached
the stage of giving important results.
Machine calculations of radiation damage
events in a model simulating metallic copper have
been described in earlier BNL annual reports.
This technique has been exploited further during
the last year by applying it to thermal spike
models of radiation damage. Immediately after
the most violent stages of a displacement event
individual atoms appear to have agitations sufficiently chaotic to constitute thermal energy. By
averaging the kinetic energy of an atom over a
time somewhat longer than one Debye period, an
effective temperature T can be attributed to that
atom. A typical result is illustrated in Figure 9
where isothermal contours are shown for the plane
of major action after about two Debye periods.
Temperatures often varied erratically from one
lattice site to the next, and thus it is an idealization to draw continuous isothermals. Nevertheless
the general trend of the results is most easily conveyed in this manner. Very drastic heating, far
above the boiling point, is seen in Figure 9. The
temperature distribution at this time is far from
uniform, and there is strong correlation between
very hot spots and collision chains. As the event is
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followed, a certain over-all resemblance is found
to cooling according to classical laws of heat conduction for a continuum, but striking differences
also exist. This is to be expected, since the lattice
certainly is not a continuum. An effective thermal
diffusivity can be derived in a variety of ways; it is
not clear which, if any, is meaningful for macroscopic comparisons. Roughly, a thermal diffusivity
of ;:::;0.01 cm 2 /sec seems operative. This is about
an order of magnitude higher than values that
have commonly been used in thermal spike calculations, and the major part of the cooling occurs,
in these calculations, at least an order of magnitude faster than has usually been supposed. The
very ragged distributions of effective temperature,
spreading extremely rapidly and according to
complex laws, that are revealed in these studies do
not inspire confidence in the significance of conventional discussions of thermal spikes.
The above-mentioned computing machine program has also been used to study changes in the
vibrational spectrum when an impurity is introduced into the copper lattice. Preliminary results
have been obtained for the frequency of a defect
mode of vibration for a simple defect, a substitutional impurity differing only in mass from the
copper atoms. The frequency of this defect mode
has been determined as a function of the mass
ratio of the impurity atom to the copper atom.
The minimum mass ratio necessary to produce a
defect mode of vibration as determined by the machine program agrees with the results derived from
analytical expressions. The average displacement
from equilibrium of the impurity atom for a given
initial velocity has also been obtained as a function of the mass ratio. These latter results are of
theoretical interest, and useful for interpretation
of recent Mossbauer experiments and cold neutron inelastic scattering experiments.
Point defects tend to anneal out of any crystal
when their concentration exceeds that of equilibrium. Single point defects can also cluster or become
attached to impurity atoms. An extensive theoretical study of annealing processes is in progress at
Brookhaven based on the isolation and combination of simple kinetic steps. Where analytic solutions could not be found, computer solutions have
been used to obtain approximations and determine their regions of validity. In quenching experiments only vacancies and their simple clusters
are introduced. The simplest idealized model of

the subsequent annealing process involv'ed the
simultaneous migration of single and divacancies
to sinks and the formation and decomposition of
the divacancies. The over-all annealing process is
kinetically complex, but under certain circumstances simple quadratic decay and a quadratic
plus linear decay are predicted theoretically, with
the rates controlled by the migration energy of the
single vacancy. In a subsequent calculation, clusters of up to six vacancies were taken into account.
The rates of vacancy loss and cluster formation are
still controlled by the single vacancy. The final
concentration of the various clusters is independent of the annealing temperature but is very sensitive to the initial vacancy concentration and to the
sink concentration. For single-vacancy annealing
with vacancy-impurity complex formation, with
no other interactions permitted, the decay curve
is exponential after an initial transient, and the
decay constant is related, but not equal, to the
rate constant for vacancy migration, since it involves the binding energy of the vacancy to the
impurity atom. Preliminary computer solutions of
an annealing scheme that allows the formation of
clusters of up to six vacancies and the same sized
clusters of vacancies attached to impurity atoms
show that the rate of this complicated process is
controlled by the energy of migration of the single
vacancy.
In irradiated metals the basic types of defect are
the interstitial and the vacancy. These can recombine, disappear at sinks, cluster, and interact with
impurities. Three of these processes have been
studied theoretically, the assumption in each case
being that the interstitial is the more mobile defect. Random recombination of vacancies and interstitials is bimolecular and therefore obeys quadratic decay. If interstitials are permitted also to
disappear at sinks, the simple quadratic behavior
is changed to a much more complex decay. However, there is an analytic relation between the concentration of interstitials and vacancies that is
valid at all times and independent of the annealing temperature, but a function of the sink concentration and initial defect concentration. Vacancy interstitial annihilation with di-interstitial
formation was investigated. No closed solutions
and no simple analytic approximations have been
found for this kinetic scheme. However, the computer solutions can be used to establish the range
of temperature and binding energy in which di-
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interstitial formation must be taken into account.
A complete analytic solution has been obtained
for the kinetics of vacancy-interestitial annihilation
with impurity-interstitial trapping. After an initial
transient the decay is a simple quadratic that is
governed by the decomposition of the interstitialimpurity complex, and its effective activation energy is, therefore, the sum ofthe interstitial migration energy and its binding energy to the impurity.
Radiation Effects

Radiation damage and other disturbances of
perfect periodicity in solids are under investigation
with diverse techniques. This is one of the major
experimental research activities in solid state
physics.
The study of solid state reactions controlled by
diffusion and nucleation is continuing. Recent experiments have considerably clarified the role of
radiation in influencing the kinetics of the disappearance of carbon from solution in iron. Measurements of the rate of decay of the internal friction peak in quenched iron-carbon after a 12-day
low temperature irradiation show that the carbon
disappears from solid solution over a thousand
times as fast as in unirradiated iron. Complementary measurements of electrical resistivity show a
decrease in the same temperature range (40 0 to
50°C). Analysis of the data from both types of
measurements shows that the process of carbon
disappearance obeys second-order kinetics with an
activation energy of 19.8 kcal/mole, the activation
energy for the diffusion of carbon in iron. Calculations indicate that not enough extra precipitation
nuclei could have been created by these irradiation doses to cause such an extremely rapid disappearance of the carbon from solution. Further, the
thermal precipitation of carbon is governed by
nearly first-order rather than second-order kinetics.
These two difficulties can be resolved if it is assumed that the carbon is trapped by the vacancies
or the interstitials produced by the irradiation.
This model is confirmed by irradiations of different total exposure, which all yield second-order
kinetics for different initial concentrations of components. If the carbon is trapped by point defects,
extra energy must be added to allow the carbon
atoms to boil away from the traps and migrate to
precipitation sites. Evidence for this is obtained by
resistivity measurements during isochronal annealing of irradiated and unirradiated specimens

in that the resistivity decay associated with thermal precipitation of carbon occurs at a higher
temperature in the irradiated specimens. Electronmicroscope observation of irradiated samples that
have been annealed isochronally up to 100°C reveals no precipitate particles, although this time
and temperature are sufficient to complete the decay of both the internal friction peak and the electrical resistivity of specimens irradiated at low
temperature. This indicates that the carbon is being trapped and that low temperature irradiation
retards carbon precipitation.
A study of gamma and x-ray-irradiated Rochelle
salt has been completed. The prevailing view has
been that the marked changes in ferroelectric
properties with irradiation originate in macrostructural effects, that is, in effects involving domain mobility, but unrelated to the crystal structure. Neutron diffraction and optical studies have
shown that important structural changes do occur,
although domain mobility must also be considered. The behavior of crystals irradiated outside
the ferroelectric temperature range differs from
that obtained with crystals irradiated in the ferroelectric phase. The results suggest that two basic
processes are involved when the ferroelectric phase
is irradiated, one related intrinsically to the crystal
chemical peculiarities of Rochelle salt, and the
other to domain pinning. The competition between these processes leads to locked monoclinic
domains, stable even at temperatures outside the
normally ferroelectric range, but a decreased spontaneous strain. On the other hand, when crystals
are irradiated outside the ferroelectric range, there
are no domains to be locked and no domain walls
to trap damage products, and the crystal structure
effects dominate. After sufficient dosage, such a
crystal will remain orthorhombic and nonferroelectric at all temperatures.
A study of the formation and annealing of the
color centers in natural quartz is nearing completion. For the first time the absorption spectra,
which consist of a superposition of bands of unknown shape, have been successfully resolved into
the individual component bands. The bands are
non-Gaussian and nonsymmetric. This resolution
is essential for a detailed interpretation of the annealing steps. One ofthese steps, that near 240°C
in gamma-irradiated quartz, is particularly interesting, since it correlates with a "peak" in the
ultrasonic attenuation obtained when irradiated
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quartz is heated (experiment done in cooperation
with Brown University). Since it is unlikely that
any atomic motion is involved in the production
or disappearance (on heating) of the coloration
produced by gamma rays alone, these effects most
likely involve the motion of electrons and holes.
Thus the large ultrasonic attenuation peak observed when the irradiated quartz is heated must
be electronic in origin.
Research on irradiated insulating crystals with
electron spin resonance techniques (in cooperation
with Picatinny Arsenal and the University of Connecticut) is beginning to yield important information on two systems, Al 2 0 3 and NaN 3 • Electron
spin resonances in Al 2 0 3 have been induced by
ultraviolet, gamma-ray, reactor, and high energy
electron irradiations. At least five different paramagnetic centers have been detected. Ultraviolet
and gamma-ray irradiations produce the same
resonance absorption line, which saturates with
dose. Reactor and 1.8-Mev electron irradiations
produce different centers whose intensities do not
seem to saturate with dose. It appears that the
electron irradiation causes the displacement of
only one atom, whereas the reactor irradiation
causes more complicated displacements. Gammaray irradiation of potassium azide crystals at 77°K
creates several paramagnetic defects in addition to
the N. - molecule-ion previously reported. One of
these defects has been identified by its fine and
hyperfine structure as a trapped nitrogen atom.
Another of the radiation-induced defects has been
classified as an N 2 -molecule ion. The trapped
nitrogen atoms and the N 2 - molecule ions decrease
rapidly upon warming, but the N.- is observed to
grow in intensity. At room temperature the N.decays with a half-life of::::: 16 hr.
Photoconductivity measurements represent another important experimental technique for studying insulating crystals. The first extensive measurements with the recently completed photoconductivity apparatus are being done on the radiation-induced changes in the photoconductivity of
Ti0 2 • Although this material has been studied before, several new aspects have emerged. New
photoconductive peaks have been observed at
6200 and 5500 A which can be populated with
ultraviolet light corresponding to the band gap.
The photo current (1) at each peak can be expressed as a function oflight intensity (L) by the
relation 1 = constant X Ln. With exposure to

gamma-ray or reactor irradiations the exponent n
is altered. The dark current is also changed (by
factors of 10 to 1000) by irradiation as well as by
oxidation and reduction.
The basic study of radiation effects in easily decomposable materials is continuing. The investigation of the effect of gamma-ray and reactor irradiations on the subsequent thermal decomposition of sodium bromate has been completed. The
decomposition is accelerated in a way that suggests that irradiation has enhanced the melting
that occurs prior to decomposition. Lead azide
has also been studied; the radiation effects on the
kinetics of decomposition are extremely marked in
this case. The over-all rate increased by a factor of
10, the activation energy decreased from 35 to 25
kcaljmole, and the pre-exponential factor was reduced by about a factor of 10.
Structure of Solids

Another major research activity is the use of
neutron and x-ray diffraction in structural and
extrastructural studies of crystals. As in the past,
these have largely been confined to magnetism
and ferroelectricity. The work in these areas has
been greatly strengthened by experiments involving the Mossbauer effect.
The emphasis in the magnetic electron density
studies has shifted somewhat from metallic materials to inorganic compounds, partly as a result of
the lack of suitable single-crystal specimens, but
also because of the possibility of more direct interpretations of the spin-density maps. Of particular
interest is the change in the spatial distributions of
the unpaired electrons in Fe 3 +, Mn 2 +, and Ni 2 +
from the free atom state to one in which they are
interacting with their surroundings in a solid. For
example, the extensive series of measurements
carried out on NiO over the past two years has not
only demonstrated that the magnetic electrons are
significantly contracted toward the nucleus as
compared to the calculation for the free atom, but
in addition shows that the over-all moment derived from the neutron scattering is :::::20% lower
than expected on the basis of the g value for the
Ni 2+ atoms. Such differences could be explained
by strong covalent coupling between the Ni 2 +
atoms and their surrounding oxygen atoms. These
covalent effects were further investigated in single
crystals of MnF 2. The results show the presence of
an unpaired electron on the fluorine atoms and
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also show the spatial distribution of these ligand
magnetic electrons. This electron charge constitutes <2% of the total unpaired electronic charge
associated with each of the Mn 2 + atoms. The magnetic electron projections now being prepared will
permit comparison with previous nuclear magnetic resonance work on MnF 2 and also with current theoretical ideas on the nature of the interactions between the magnetic and nonmagnetic
atoms. It is possible to study such spin-density distributions (magnetic moment, :::::::0.05 Bohr magneton) only because of the increased sensitivity of
the polarized beam technique. These experiments
also show that (1) the distribution of antiferromagnetic domains is not uniform throughout the
bulk of the crystal, (2) it can be related to the local
perfection in the crystal, and (3) in a given region
of the crystal the domain distribution remains constant right up to the Neel point.
Recently, much interest has been shown in alloys of the iron group elements with platinum,
palladium, and rhodium. Polarized neutron techniques have been used to establish the division of
the total moment between the constituent elements and to determine the radial extension of the
induced unpaired electrons on the atoms of the
nontransition elements. In Pd 3 Fe, Pt 3 Mn, and
RhFe a ferromagnetic arrangement is found,
whereas in Pt 3 Cr there is a ferrimagnetic grouping
of the Pt and Cr atoms. The largest induced moment occurs in RhFe with 1.1 Bohr magnetons on
the rhodium and 3.1 Bohr magnetons on the iron
atoms. This alloy is ofspecial interest since it is the
first case among the iron alloys in which the hyperfine field at the iron nucleus, as determined by
Mossbauer experiments, is not proportional to the
intrinsic moment on the iron atoms. This effect
may be related to the fact that the unpaired electrons on the rhodium atoms are significantly more
spread out than the 3d electrons in the iron group
senes.
The manner in which a spiral spin configuration
changes as the stoichiometry is altered has been
investigated by analyzing the neutron patterns of
MnFe2_tCrtO•. The superlattice peaks in the ferromagnetic spiral structure previously found in
MnCr 2 0. begin to appear at around t= 1.5. For
this composition evidence for short-range ordering
is found. Below t= 1.5 there is no evidence for the
spirals. Above t= 1.8 sharp peaks denoting the
presence of long-range spirals are present. From

these measurements it may be concluded that
the presence of a significant percentage of iron
atoms serves to break up the spirals leading to inhomogeneous magnetic structures at the iron-rich
end.
The magnetic structures of several alloys of the
AB 2 type have been studied. The alloys have
Laves-type structures and heretofore little had
been known about their magnetic behavior. TiFe 2
and ZrFe 2 have been found to be ferromagnetic,
while ZrC0 2 has an antiparallel spin arrangement.
The most interesting of these alloys is TiFe 2 • No
moment is found on the titanium atoms, while the
iron atoms, located on two nonequivalent sites,
have room-temperature moments of 0.2-+-0.05 and
0.1 -+-0.05 Bohr magneton. The Mossbauer pattern of TiFe 2 taken together with these neutron
results demonstrates nicely the linear relation between the magnetic field at the iron nucleus and
the intrinsic iron moment.
Earlier studies of the magnetic structures of anhydrous sulfates of the divalent iron-group metals
have been extended to include MnSO., CuSO.,
and the high temperature modification of CoSO•.
Mn~O. appears to have a canted spin structure
which is weakly ferromagnetic. The CuSO. structure can be accurately determined only with single
crystals, but an approximate structure that is
reasonable and consistent with magnetic data has
been derived from powder data. The case of
CoSO. is especially interesting. This compound
can be prepared in two modifications, both becoming antiferromagnetic at about the same temperature. The stable low temperature form, as reported earlier, has a structure with two spin axes
that at first seemed to offer a very reasonable explanation for the Russian discovery of a fieldinduced ferromagnetic transition. It is now clear
that the Russians were working on the high temperature modification, which turns out to have a
structure with four spin axes.
A cold neutron inelastic scattering experiment
on nickel-palladium alloys has demonstrated the
existence of a simple defect mode of vibration arising from nickel impurities in a palladium lattice.
The frequency of the defect mode of vibration is
::::::: 1.1 times the maximum frequency expected for
pure palladium lattice. The effect of concentration-broadening on the defect mode was not observable in the experiment because of poor instrumental resolution.

High Energy Accelerators
The responsibility of the Accelerator Department for the two high energy accelerators at
Brookhaven, the 3-Bev Cosmotron and the 30-Bev
Alternating Gradient Synchrotron, is threefold.
At present, by far the greatest emphasis is on the
operation, maintenance, improvement, and exploitation of the two accelerators. The second area
of responsibility involves the development of the
so-called community property equipment for the
experimental program (beam separators, magnets,
etc.). The accelerator development program,
which encompasses the theoretical and practical
aspects of advanced machines and techniques in

the high energy accelerator field, constitutes the
third area.
The following sections summarize the current
status of activities in the Department.
ALTERNATING GRADIENT SYNCHROTRON

Operations

The Alternating Gradient Synchrotron (AGS)
has smoothly made the transition from a project
under construction to a facility for efficiently
conducting research in the high energy field. This
is evidenced by the increased effectiveness of the

Figure 1. The AGS complex, showing the new aD-in. Bubble Chamber Building
and the North Experimental Area under construction.
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AGS as a source of particles and the change in
emphasis in the experimental program from survey to quantitative experiments. For example, a
separated beam capable of delivering antiprotons,
K-mesons or pions to the 20-in. hydrogen bubble
chamber is now available, and neutrino interactions are being observed in a lO-ton spark chamber.
During the first part of the fiscal year, the
machine was operated on the basis of two 8-hr
shifts per day, 5 days per week. On January 15,
1962, the work day was extended to three 8-hr
shifts. A typical weekly schedule is as follows: 1
shift for routine machine maintenance, 2 shifts for
AGS studies, and 12 shifts for the experimental
program. The maintenance period, generally the
first 8 hr of the week, is utilized for work that must
be completed while unrestricted access to the main
magnet enclosure is possible. AGS studies are concerned with obtaining data on machine performance and characteristics, the evaluation of newly
developed auxiliary equipment, and the training
of operators in new machine techniques.
The AGS has achieved peak circulating intensities of ;::::;4.0 Xl 0" protons/pulse. However, the
synchrotron is routinely operated at intensities of
2 to 3 X 10" protons/pulse. During the year, 3465
hr of operating time were available and were
utilized as follows: 55%, high energy physics experiments; 10%, AGS studies; 7.4%, start-up and
shutdown procedures; 26%, linac and AGS downtime; 1.3%, experimental downtime; and 0.3%,

experimental area downtime. The linear accelerator (linac) was responsible for much of the synchrotron downtime. However, design changes and
system modifications that are being installed as
rapidly as practicable should reduce the machine
outages. The synchrotron magnet power supply
has been pulsed >8,126,000 times with no major
system difficulty. The AGS rf system has proved
to be extremely reliable after elimination of the
usual early component failures. In this area, the
current effort is toward long-term reliability.
Evapor-Ion pumps (titanium evaporating) continue to be the workhorses of the machine's high
vacuum systems. A good operation-maintenance
schedule has been achieved. The development of
controls for machine operation, monitoring, and
safety is a continuing effort throughout the machine complex. The next major phase involves the
new East and North Experimental Areas as well
as an expanded access control system for the synchrotron. The iron content of the primary cooling
water system shows no sign of decreasing; consequently, chemical treatment of this water will
be continued. Auxiliary water systems are being
modified to be compatible with this water quality.
Surveying data have been assembled throughout
the year whenever large loading changes were
made in and around the machine complex. These
data showed that the changes in survey elevations
of the machine are well within the expected range.
Design and construction of auxiliary experimental
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apparatus continues to account for a substantial
portion of the Department's effort. At present, this
work includes magnets, power supplies, beam
separators, and equipment for circulating beam
extraction.
On June 11, 1962, the synchrotron was shut
down for an estimated 3-month period, chiefly to
permit the main magnet enclosure to be breached
for a beam channel to service the North Experimental Area, including the 80-in. bubble chamber
facility. This opportunity to service, renew, or improve all components of the synchrotron is being
exploited to the fullest.
OnJuly 1, 1961, personnel associated with the
AGS numbered 181. By July 1, 1962, the total had
reached 214. Further growth is planned in anticipation of machine operation on the basis of 21
shifts per week.
Experimental Programs

During July 1961 the total cross section experiments mentioned in last year's annual report (p-p,
p-p, '17±_p, and K±-p) were completed. In the months
following (except for ;:::::3 months of setup time),
two main experimental programs have been in
operation: (1) the study of neutrino interactions
at the G-I0 target location; and (2) the photographing of interactions, in the 20-in. hydrogen
bubble chamber, involving separated antiprotons,
K-mesons, and pions and the separated-beam
transport system originating at the F-l 0 target
location.
The neutrino experiment required the erection
of ;:::::4500 tons of steel, 2000 tons of heavy concrete, and 60 tons of lead shielding. Somewhat
more than 800 hr of primary running time was
provided for this experiment. However, during
this time considerable parasitic experimentation
was accomplished. The separated-beam system
from the F-I0 target and the 20-in. hydrogen bubble chamber were used in this way to obtain
;::::: 160,000 '17~ pictures at various momenta for
groups from the Universities of Pennsylvania and
Wisconsin (a joint project), the University of
Illinois, and Brookhaven; and to obtain ;:::::200,000
'17+ pictures for groups from Yale University,
Columbia University, the University of California
(San Diego), and two Brookhaven groups.
Similarly, secondary beams from the G-I0 target
were used for several other experiments during the
neutrino experiment. About 150,000 pictures were

obtained in the 14-in. hydrogen bubble chamber
for the study of neutral beam interactions at +21
At _15 and +22 a study was made by ajoint
Cornell University-Brookhaven group of pop elastic scattering (at ;:::::90 in the center-of-mass system). This experiment also used ;:::::100 hr of prime
experimental time. At - 15 the K-p total and
differential cross sections are being measured at
momenta around 5 Bev/c. At _30 a group from
MIT has been studying K~-p scattering to obtain
both the elastic and inelastic distributions at
momenta near 1.2 Bev/ c.
The separated beam system can provide antiprotons at momenta of up to ;:::::3.5 to 3.7 Bev/ c,
and;::::: 100,000 pictures were taken in the 20-in.
bubble chamber of p-p interactions. The beam
transport system is ;:::::270 ft long and consists of
one pair of 12-in.-diam, 30-in.-Iong quadrupoles;
four pairs of 8-in.-diam, 24-in.-Iong quadrupoles;
two deflection magnets (aperture, 6 in. high X 18
in. wide X 72 in. long); and two electromagnetic
velocity spectrometers. To avoid multiple scattering, an almost continuous vacuum pipe extends
from the synchrotron to the final mass-resolving
slit. Precise magnetic measurements of the quadru poles and bending magnets were made prior to
installation, and from these the currents required
for optimum tuning were calculated. During the
actual tuning procedure it was found that the best
focus conditions were obtained with these calculated currents. A pair of 4-in.-diam quadrupoles
and a bending magnet shape and bend the beam
for entrance into the bubble chamber. The antiprotons transmitted are ;::::: 12 per 10 10 protons of
circulating beam in the AGS. The measured separation factor is ;:::::500.
This beam also provides separated K±-mesons,
up to ;:::::2.3 to 2.5 Bev/c. About 100,000 K~ pictures were taken (at maximum momentum) by a
Syracuse University-Brookhaven group, and
;:::::50,000 K~ pictures were taken at ;:::::1.9 Bev/c by
a Yale University-Brookhaven group. A parasitic
emulsion exposure in the K~ beam was made by a
group from the University of Maryland. About
20,000 K + pictures were obtained at 1.9 Bev/ c by a
group from the University of California (Berkeley),
and 42,000 K+ pictures were taken at 2.3 Bev/c by
a group from the Johns Hopkins University.
During most of the operating period, ;:::::2 hr per
week have been used to irradiate targets for radiochemistry studies by the Chemistry Department.
0
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For future experiments, orbit calculations have
been made for use in designing extracted proton
beams for both sharp (one-turn) and slower extraction. Work is in progress on the necessary magnets and mechanical and electrical devices. The
design for the external-beam transport system and
the transport system for separated beams of higher
momenta (~8 Bev/c for antiprotons) have required extensive collaboration with the Bubble
Chamber Group in the Physics Department. These
systems will be used in conjunction with the 80-in.
bubble chamber in the North Experimental Area.
Linear Accelerator

A "Duo-Plasmatron" ion source, installed in the
preinjector in September, increased the preinjector output to between 60 and 80 mao The linac
output increased, but not in proportion, probably
because of poorer emittance properties and current-loading effects in the low energy end of the
accelerating tube and focusing system of the preinjector. One evidence of this was the extremely
high x-ray radiation of several hundred mr/hr
measured in the linac control room during operation of this source. This required the installation
of lead and lead-glass shielding. However, filament life was short « 1 week), and the output
pulse of protons was often heavily modulated with
noise and frequencies up to 10 mc/sec. For these
reasons the PIG source was reinstalled, and the
Duo-Plasmatron was again available for continued development.
In September, during a shutdown period, the
linac was opened and the position of the drift tubes
measured. Displacements of several ten-thousandths of an inch had occurred in many of them.
This may have been due to relief of stresses in their
supporting stems. The displacements did not seem
to have a large adverse effect upon the linac operation. Nevertheless, ~20 of the units were repositioned until all lay upon a smooth curve which
departed ~0.007 in. from a straight line. During
this time the controls for the drift-tube vacuum
system were improved to give added protection
against possible damage caused by loss of vacuum.
The linac was designed with a large cylindrical
alumina window, through which radio frequency
is fed from a waveguide into an evacuated coaxial
transmission line and linac coupling loop. This
window had failed on several occasions because of
electrical punctures of the alumina and the ac-
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cumulation of sputtered copper upon its inside
surface. The window was replaced by a thick
Teflon disk in the coaxial line, located almost in
the plane of the tank wall. The new window has
been operating satisfactorily for >8 months with
no evidence of deterioration.
Much difficulty has been experienced with electrical breakdown at the ends of the RG 18 coaxial
dielectric filled cables used for rf interconnections
of the large FTH power amplifiers. Changing the
insulating material in the connectors of these
cables from polyethylene to petroleum jelly has
eliminated small cracks. A long run of RG 18 coaxial cable has been replaced with rigid air coaxial line. Both changes have reduced the machine
downtime. Failure of the grid coupling loops in
the FTH amplifiers still constitutes a major difficulty. These loops are fabricated from RG 18
cable and the end assembly is cast in polyethylene.
A system of air-insulated loops fed by rigid air insulated coaxial cable has been developed, and the
components will be installed as soon as possible.
A new low-level rf and frequency multiplying
system has proved to be quite reliable under actual operating conditions.
In July 1961 a buncher was installed between
the preinjector and the linac, and a new fast energy
control was installed on the preinjector. The
buncher increased the capture efficiency of the
linac by a factor of ~2. The buncher gap was
initially equipped with grids of 5-mil tungsten
wire which were eventually destroyed by the proton beam. These have been replaced by tantalum
strips ~0.010 in. thick.
The preinjector, using a PIG ion source, delivers
~25 to 30 ma to the linac. The linac output is
~8 to 10 mao
Development and Engineering Programs
Power. The main magnet power supply operated without any major difficulty from July to
December 1961 on the basis of 2 shifts per day, 5
days per week, with ~895,000 pulses in 612 running hours, and from January 1962 on a 3-shift,
5-day schedule with ~4,000,000 pulses in 1905
running hours.
The design and construction of two new 13.8-kv
feeders for the 80-in. bubble chamber and the new
experimental areas have been completed. An additional feeder capacity of 20 M v-a is now available to the complex. Six unit substations of 2.5
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Mv-a each and the 4.8-Mv-a bubble chamber substation were connected to these feeders. The highvoltage incoming side of each substation consists
of a load-break oil-immersed disconnect switch
which can be connected in three positions such
that the power (1) is supplied to the substation
only, (2) bypasses the substation and is supplied to
the other feeder loads, or (3) is connected to the
substation and the other feeder loads at the same
time. This type of installation makes possible the
operation of each feeder in a radial fashion with
the open end at the most desirable point with respect to load demands; it also provides a method of
feeding power from an alternate feeder breaker or
permits operation as a loop feeder.
Five of these 2.5-Mv-a unit substations provide
an additional capacity of 7.5 Mv-a for the experimental equipment which has utilized ;::::::100% of
the power in the Target Building (a calculated
load of 6079 kv-a being supplied from 6000 kv-a
of available power). Five experimental power
feeders installed in the East Experimental Building
provide 5 Mv-a of power for this area. The design
of experimental power distribution for the conjunction tunnel of the North Experimental Area
was completed, and the construction contract has
been awarded. The completion of this installation
early next fiscal year will provide 7 Mv-a of fixed
power and 2.5 Mv-a that can be diverted from the
East Experimental Building, or a total of9.5 Mv-a
of experimental power in the conjunction tunnel
of the North Experimental Area. Forced-air cooling fans ordered for these transformers will increase the available power to 11.5 Mv-a.
The programmed control circuit and field winding power supplies associated with the motor generator sets for the quadrupole and sextupole correcting magnets have been completed, and operational tests are under way.
Mechanica' - Genera'. The second group of
experimental magnets for beam transport systems
is on hand. Deflecting magnets include seven 36in.-Iong and nine 72-in.-long units, each with
6X 18-in. apertures. Quadrupoles include four
24-in.-long and eight 48-in.-long units of 8-in.
diam, and four 30-in.-long and eight 60-in.-long
units of 12-in. diam. The water circuits in all the
magnets in this group have been modified to permit higher fields and lower temperature gradients.
The water circuits in ;::::::1/3 of the first group orderedhave also been modified.

Several new magnetic-measurement devices
have been built to make measurement ofthe experimental magnets more accurate and easier.
Outstanding among these are three harmonic
search coils used to measure precisely the fields of
the quadrupoles. With the equipment now available, the various magnets can quickly be intercompared for uniformity. In addition, absolute
field strength measurements can be made for each
type of magnet. To construct more precise beams,
three-dimensional field measurements are needed,
and the equipment to obtain these data is now
available.
Work has begun on the design of components
for an external beam at the AGS. A model of the
first septum magnet, made to the full cross section
dimensions, has been built and successfully tested.
At a distance of 1 mm off the septum a field of 2
gauss was measured with a 2000-gauss level in the
main field of the magnet. Various components of
the hydraulic ram system for positioning the magnet at the appropriate time in the acceleration
cycle are being assembled for testing.
Flip-target mechanisms of a new type, suitable
for heavy and light targets, have been developed
and installed in the AGS. Their many advantages
include low power consumption, quick blade ejection, ease of speed control, and high reliability.
One ofthe mechanisms has operated for> 1,200,000
cycles without mechanical failure or noticeable
signs of wear. All targets are now installed in air
locks to allow quick replacement of blades with
minimum operational downtime.

<

Figure 3. Target blade shown in

UP

position (beam path).

32
During the year a rapid beam deflector was
built and installed in the AGS. It is capable of displacing the proton beam:::::: 1 in. off orbit horizontally and has been used primarily in conjunction with targets to produce a rapid spill for high
energy physics experiments. A second deflector
has been fabricated and is ready for installation.
Vacuum. During fiscal 1962 the vacuum system of the AGS has been in operation on a 24hr/day basis except for planned shutdowns involving the whole complex. The average pressure
in the linac tank is 1 X 10- 6 Torr, and that in the
ring is 5 X 10- 7 Torr. The Evapor-Ion pumps
evaporate titanium for:::::: 15 min of every 6 hr;
the rest of the time they are ion-pumping only.
However, in the target areas where high gas loads
exist from newly prepared targets and from target
chamber locks, the titanium feed must be operated
for 15 min every 2 or 3 hr to keep the pressure at
1 Xl 0- 6 Torr or below.
Over 80 Evapor-Ion pumps are in use on the
machine and beam separators. Experience now
indicates that ::::::2 or 3 pumps per week must be
removed for regular maintenance. This maintenance program is as good as or better than would be
expected with an equal number of diffusion pump
systems together with their auxiliary equipment.
During the year a new method of depositing
titanium in the pumps was devised. The development and testing of these units is being continued.
An entirely new injection line vacuum system
has been designed and ordered for installation as
soon as possible. It has been calculatd that pressure in the injection pipe will be 1 X 10- 6 Torr instead of the current 2x 10- 5 Torr.
Contro's. A personnel safety and security system has been designed for the machine complex,
and installation has been started. The activation
of the East Experimental Area has required the
extension of control, communication, information,
and safety systems to this area. Circuit designs and
equipment arrangements have been completed.
The experimental areas will be supervised from a
control room in the new facility. The operator will
have available all information relative to machine
status, details of experimental apparatus, and
power usage.
Operating experience with the high-level rf
system in the magnet enclosure indicated the need
for modification of the turn-on sequence and
certain main control room displays of system status.

Accordingly, control circuit changes were made
and satisfactory operation has been achieved.
A control system for the linac drift-tube vacuum
system was designed and installed. Because of the
technique used in assembling the drift tubes, a significant pressure differential between the interior of
these units and the linac tank vacuum would
destroy some of the vacuum joints. This system
provides the necessary safety features together
with operational flexibility.
The timing system in the main control room has
been revised to insure orderly operational procedures. Sequencing, testing, patching, and trouble-shooting of the timing system elements (predetermined counters, multiplexing units, etc.)
have been facilitated by means of a uniquely devised cable interconnecting rack.
Beam Separators. In order to produce separated beams for bubble chambers and other
experiments, seven parallel-plate velocity spectrometers or beam separators, each ::::::5 m or 200
in. long, are being constructed. Magnetic field
coils have been installed on the seven tanks, and
the magnetic field uniformity has been measured.
In addition, several of the tanks have been conditioned electrically under high voltage, and some
difficulties in holding the design voltages have
been encountered. Development work is continuing in this area.
Neither of the 600-kv power supply systems has
yet passed acceptance tests; they are being improved by the manufacturer to meet the original
BNL specifications.
The first of the new separators is expected to be
installed at the Cosmotron for use in several experiments scheduled to start during the summer.
As additional units become available during the
AGS shutdown, another will be installed in the
shielding wall inside the ring for low-momentum
K-meson studies. A beam that will ultimately require six of the new separators has been planned
for separating antiprotons for use in the new 80-in.
bubble chamber. Some elements of this array will
be installed in the conjunction section to be built
this summer and the rest in the new North Experimental Area.
The two original "Cosmotron-type" beam separators (glass negative electrodes) have been in
constant use at the AGS. A number of changes in
equipment are planned that should further improve their reliability.

33

Figure 4. Beam separator of the AGS type, showing electrodes extended from tank.

Electronics. The principal concern of the Electronics Group continues to be the improvement
and increased reliability of the AGS electronic
systems. Because of excessive radiation damage to
power transistors in the rf accelerating stations,
studies are being made in cooperation with the
Health Physics Division to determine dose rates
and resultant transistor degradation. With the setup for the neutrino experiment, very high radiation
levels are observed in the vicinity of the first rf station downstream from the Target Building. Consequently, this area was selected as the test site, and
a shield of high density concrete was erected nearby. A number of the transistors were exposed to
the radiation inside and outside the shield. Preliminary results indicate that the transistor lifetime to be expected inside the shield, under the
most adverse conditions, is ;::::; 1 year; the current
life outside the shield is 2 weeks.
Since bubble chambers are sensitive for an extremely short period of time, rapid beam deflectors
are used to move the beam onto a target at a precise moment. The first such deflector has been
in operation with the 20-in. and 14-in. bubble
chambers for;::::; 1 year. The electronic components
of a second deflector have been constructed and
tested, and it is scheduled for installation during
the present shutdown.
To facilitate vertical posi tioning of the beam, a
"tickler coil" has been modified for vertical steer-

ing. This coil originally was installed to excite
betatron oscillations for machine study purposes.
It has now been powered to provide vertical motions of ;::::;0.2 in. above and below centerline to
compensate for possible orbit perturbations.
In order to bring out an external proton beam,
extremely high peak power pulses must be introduced into an ejection system. The present design
utilizes a hydrogen thyratron and a pulse-forming
network to develop 50 Mw of pulsed power for
several microseconds. This power is fed into a ferrite line surrounding the beam and is expected to
provide enough motion to move the beam into an
ejection magnet. A full-scale experimental setup
of the electronic system is being tested. Several
types of terminating resistors capable of handling
these peak powers have been designed and are
being constructed for evaluation.
Survey. A complete level circuit of the machine
was run in the fall of 1961. When the machine was
not operating, supplemental circuits were run in
the vicinity of load changes. The leveling shows
that the machine components are stable within
-+- 0.0 lOin. when loads are not changed (Monuments A to F).
When the 2600 tons of shielding for the neutrino experiment was installed, the pile caps in the
vicinity settled ;::::;0.132 in. They settled an additional 0.030 in. when another 500 tons was installed in the same area. To compensate for this
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motion the magnets from F-18 to G-20 were releveled to the standard position. The releveling
also corrected the maximum radial displacement
of +0.013 in. measured after the total neutrino
shield loading. The excavations for the Target
Building extensions and the 80-in. bubble chamber
had caused a rebound or rise of a maximum of
0.053 in. in the area of superperiods H to K by
February 1962, but the magnets were not readjusted for this. Extensive surveying and releveling
will be done before, during, and after connection
of the magnet enclosure to the North Experimental
Area to obtain data on the effect of changing loads
on the pile cap foundations and to restore the
machine to standard orbit on completion of
construction.
The techniques for setting experimental apparatus required some development, and it was
necessary to obtain plans and specifications including tolerances and setting marks from the experimenters in advance of the work. For efficient
operation, separated beams with slits of O.SO-in.
height and collimators ofO.25-in. aperture require
optical traverses, screw adjustable supports, and
definite reference marks as well as accurately
known target positions. Apparatus and shielding
already placed often interfered with sight lines.
The 100-in. grid on the Target Building floor has
been very useful in overcoming these handicaps.
The requirements for precise setting are now well
understood by all concerned. This is important,
for much of the setting must be done when the
machine is shut down and time is limited.
The 100-in. grid marked by stainless steel nails,
with brass bolts at 300-in. intervals, was extended
to cover the floor of the East Target Building. The
elevation of nails at 50-ft intervals was also determined to facilitate setting apparatus in this
building.
A small first-order triangulation and traverse
was run from Monument H on the ring through
the Target Building parking lot and over the hill
to locate horizontal position marks for the aO-in.
Bubble Chamber Building. Levels were also run
from bench marks near the linac to marks in this
building.
Mechanical Services. The iron content of the
AGS primary water system continues to be excessive, in the range of 2 ppm. The techniques for
chemical treatment of the wells have been revised
and augmented to insure the close control over the

hexametaphosphate feed rate required to achieve
optimum retardation of corrosion and lessen the
purge action due to excessive phosphate. Mechanical cleaning equipment also has been procured
and will be used to maintain maximum flow rates
through the main water lines from the wells to the
complex.
The aluminum heat exchanger in the main
magnet cooling system developed large corrosion
pits and its failure seemed imminent. The unit has
been removed from service and because of the
short time available before start-up will be completely reworked with copper-lined aluminum
tubing.
Long-range plans include the replacement of
the entire heat exchanger with a type 304 stainless
steel unit, adaptation of the existing experimental
cooling water system to cooling tower operation
with make-up water supplied through iron removal units, and provision for a closed system for
cooling the ring vacuum pumps with a separate
heat exchanger using well water as the primary
coolant.
Advanced Accelerator Development

The Accelerator Development Group has been
formed to undertake the development of experimental equipment for use with the AGS and to
carry out studies concerned with the improvement
of the AGS and the design of future accelerators.
During the summer of 1961 this group, in collaboration with the Physics Department and with
considerable outside assistance, prepared two reports, Design Study for a 300 - 1000 Beu Accelerator,
and Experimental Program Requirementsfor a 3001000 Beu Accelerator. These reports were compiled
at the request of the United States Atomic Energy
Commission in connection with a possible cooperative accelerator project between the United
States and the Soviet Union. Although the project
is now dormant, the work done during these
studies is providing a valuable basis for American
studies directed toward a large national accelerator project.
During the summer of 1962 the group will
sponsor two conferences at Brookhaven. The first,
to be held in August, will be concerned with the
design of linear accelerators for the billion-volt
range. These accelerators are of interest both for
meson and neutrino experimentation and as injectors for super-high-energy synchrotrons. Yale
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University is joining in the organization of this
conference, which will be attended by experts from
12 linear accelerator centers in the United States
and Western Europe. The second conference, to
be held early in September, will present a comparison of techniques and plans for the AGS and
the CERN Proton Synchrotron. It will be attended
by a group from CERN and by observers from
major accelerator installations in the United States.
In addition to these activities the group has
undertaken four projects. The first is the development of a radio-frequency particle separator. This
device gives promise of particle separation at momenta considerably higher than those attainable by
the electrostatic separators now in use. Theoretical
and model studies have been started as a check on
a cavity design originally proposed at CERN.
The objective of the second study is the improvement of conventional electrostatic separators
through the development of methods for holding
higher voltages across the separator plates. It involves both an investigation of the mechanism of
electrostatic breakdown and the invention of techniques to avoid this breakdown.
The third study is theoretical and is concerned
with the redesign of the low energy end of the
linac injector at the AGS. Preliminary results indicate that a continuous bunching section will give
much more effective prebunching ofthe linac beam
than can be achieved with the present single-gap
buncher. Successful development of this method
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should increase the linac beam intensity by a factor
of2.
The fourth project initiated by the Accelerator
Development Group is a study of the effects on the
synchrotron orbit of random displacements of the
individual synchrotron magnets. The tolerances
now set on the magnet alignment in the AGS were
derived from a theoretical analysis by Courant and
Snyder. The present study will provide an experimental check on this theory and will serve as a
guide in future realignment of the AGS magnet
and in the determination of aperture dimensions
for new accelerators of the AGS type.

COSMOTRON

l-

'"
'"
::J

~~~~~iiii~~~

HIGH ENERGY
PHYSICS
64.3%

POTENTIAL RUNNING TIME

BOO
I

EXPERIMENTAL
SERVICES FAILURE
1.0%

SEPT.

OCT.

NOV.

APRIL

MAY

Figure 5. Use of the Cosmotron for experiments
in high energy physics during fiscal 1962.

JUNE

The trend continues toward more complicated
experiments designed to investigate in detail
phenomena that occur only rarely. Considerable
work has been done in the investigation of the
various pion resonances recently discovered. Other
investigations include a measurement of the polarization of the proton arising from A decay, measurements of neutral pion production arising from
collisions of negative pions with protons, and
measurements of the decay parameters of the
K/L3-meson. Further work was done on the isobaric
states of the proton and on the proton-neutron
charge-exchange cross section at small angles.
During the year >60% of the Cosmotron's experimental time was used by outside research groups.
An analysis of potential running time is given in
Figures 5 and 6.
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The scheduled 4-month shutdown was used
primarily for installation of new straight sections
on the machine, and the resultant improvement in
magnetic field configuration has led to an increase
by a factor of >2 in beam intensity and considerably more reliable and stable operation. A number of beam monitoring instruments added during
the shutdown allow more rapid and precise internal and external beam positioning. Considerable work was also done on the Van de Graaff injector, which contributed substantially to the increased beam intensity and stability. Sixteen new
experimental dc power supplies were installed,
and all experimental power supplies were equipped
with control circuits capable of regulating current or field to 0.02%. Because of the increased
scope of the experimental program, a new experimental control room was constructed and put in
operation to serve as the control point and nerve
center for all activities on the experimental floor.
The program to produce monokinetic external
proton beams lasting for several hundred milliseconds is progressing satisfactorily, and beams of
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long duration should be in operation within a few
months. Several experimental magnets were procured, and a number of magnet positioning tables
were constructed. Accurate measurements of external beam ion-optics have been made over a
wide range of energies as part of a continuing program to improve the efficiency and usefulness of
the external proton beams. Design of a new officelaboratory wing, including improved shop facilities,
has been completed, and construction will begin
shortly. A pool of equipment for use in high energy
electronic experiments has been established. Equipment available to experimental groups includes
coincidence circuits, discriminators, power supplies,
scalers, etc.
The hydrogen liquefier produced 126,783 liters
of liquid hydrogen for experimental use in fiscal
1962; in addition, 35,000 liters were purchased
from an outside supplier during periods of peak
demand. The target group designed and constructed a number of liquid hydrogen targets, and
the installation of an electrolysis plant to produce
deuterium gas has begun.

1,1

Instrumentation
The staff of the Instrumentation Division
changed very little during the past fiscal year,
having increased from 80 to 83. As ofJune 30th it
comprised 20 engineers and physicists, 1 mathematician, 49 electronic and mechanical technicians, 5 glassblowers, 3 draftsmen, and 5 persons
engaged in secretarial and administrative activities. A number of the more experienced technicians have assumed supervisory responsibilities
and participate to a substantial extent in engineering design and development. No changes were
made in the physical plant during the year.
The Division operates a glass shop that fabricates glassware for the whole Laboratory. A wide
variety of services are performed in a vacuum shop;
for example, 300 items were coated with thin films
by vacuum deposition. The calibration and repair
of a great variety of commercial instruments requires the full-time services of nine technicians.
Two displays were built for the Exhibit Hall. One
is a spark chamber that shows cosmic-ray tracks.
The other is an animated panel to illustrate the
technique of neutron activation analysis used in
the Medical Department. A number of more conventional design and construction jobs were carried out. Many of the major projects are summarized below.

producing them has been devised and experimentally tested. This method is of advantage primarily in the region above 10 Bev/ c, for which
mass separators are not yet available. A particleselecting counter system which includes a differential Cerenkov counter triggers a multisection
spark chamber upon traversal by a particle of a
given mass and indicates its position and direction
in the beam. Separate pairs of spark chamber sections may be sequentially activated in times as
short as the spark chamber resolving time, which
makes possible the labeling of several particles per
beam burst. By correlating the positions in the
spark chamber with those in the bubble chamber,
the tracks of the selected particles are indicated,
which permits study of the interaction of these
particles in the bubble chamber or their exclusion
as undesirable contaminants of the beam.
Of importance in the utilization of spark chambers for rare particles in intense beams is reduction of the spark chamber resolving time, which is
usually of the order of lh psec. One of the limiting
factors in this reduction is the system delay between the passage of an ionizing particle through
the particle-selecting counters and the production
of a spark in the chamber. The delay times in
photomultipliers, cables, coincidence mixers, high
voltage pulse generators, spark gaps, spark chamber voltage rise, and spark formation were investigated, and a system was developed which results
in a total delay, including that in the photomultiplier, of only about 33 nsec. This allows the spark
chamber resolving time to be reduced by an order
of magnitude. The shorter delay reduces the random displacement of sparks about the particle
trajectory caused by diffusion of track electrons
during the waiting time and decreases the transverse displacement of tracks in spark chambers
operating in a magnetic field.
Several members of the Division have worked
with the Bubble Chamber Group on apparatus
for semiautomatic handling of the film on which
tracks are recorded. This work included the design
of a system for identifying successive frames on
the film and for reading the information unam-

INSTRUMENTATION FOR HIGH ENERGY PHYSICS

Increased activity at the Alternating Gradient
Synchrotron called for much new instrumentation.
Research on spark chambers was continued, considerable effort was expended on instrumentation
for handling bubble chamber photographs, and
fast circuit boards were produced in volume for
counter and spark chamber experiments.
The study of pulsed spark chambers for the
spatial determination of particle tracks was continued, with emphasis on improving spark chamber characteristics to meet the requirements of experiments in high energy nuclear physics.
With the aid of a counter-controlled spark
chamber, a method for labeling tracks in bubble
chambers in terms of the masses of the particles
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biguously at manual or automatic scanning stations, development of a film transport mechanism
for use with a flying-spot film scanner, and construction of the electronic circuits associated with
an optical scanner which generates digitized coordinate information and transmits it directly to
an IBM 7090 computer.
The bubble chamber photographs are first surveyed by human scanners who select tracks of
interest and record coordinates at a few locations
on each track. The manually recorded data are
used to guide the computer and flying-spot scanner in automatically measuring the selected tracks
and calculating their properties. Following a suggestion of Professor H. Teager of MIT, the Instrumentation Division has developed a novel digitizing table for the manual-visual scanning operation. Photographs are projected onto a surface
beneath which there is an orthogonal array of
etched wires supplied with a suitably programmed
pattern of current pulses. A light-weight magnetic
pickup probe, manually positioned on the projection surface, produces a set of induced signals
which can be interpreted to indicate the Cartesian
position coordinates of the probe.
Circuits were also developed for use with existing manual film-scanning apparatus. Two different systems provide a measure of the bubble density along the track, which is related to particle
velocity, and a servo system was designed to automatically align a slit with the center of a track
after an operator has set the slit in the vicinity of
the track. In this way a precise reading is obtained
more easily and faster than is possible by hand.
Most of the counter experiments at the high
energy accelerators record on scalers. Each scaler
has seven decades. A system has been constructed
to read 16 such scalers one after the other in the
period between accelerator pulses. A printed
record is produced with a parallel printer and the
digits are punched sequentially on paper tape.
SEMICONDUCTOR RADIATION DETECTORS

Work has continued on the development of
silicon p-n junction radiation detectors. In collaboration with the Bell Telephone Laboratories, radiation detector packages have been designed to investigate the proton and electron energy spectra
in the Van Allen radiation belts. These packages
are to fly in Bell Laboratories' Telstar communi-

cation satellite and also in the similar RCA vehicle.
Both packages have completed all tests, and
launchings are scheduled for the summer of 1962.
Investigations have been made of the physics of
the lithium drift process for the production of thick
junctions capable of stopping long-range particles.
A method has been developed for drifting at constant power that makes use of a specially designed
power supply and liquid fluorocarbon heat sink.
This system enables drifting to proceed at significantly increased rates. Junctions ::::::2.5 mm in thickness and having areas of 1 cm 2 have been produced, although this thickness is nowhere near the
limit obtainable. When cooled to dry-ice acetone
temperatures these detectors exhibit line widths of
:::::: 10 kev. A special contacting procedure has
enabled the insensitive layer on these devices to
be reduced to ::::::50 p.g/cm 2 •
Techniques have been developed for the production of thin silicon wafers suitable for Ji.E/Ji.X
particle identification systems. The resulting detectors have thicknesses of ::::::25 p. and areas up to
::::::20 mm 2 • While the thickness uniformity leaves
something to be desired, nevertheless these devices
have proved adequate for particle identification in
some low energy nuclear reaction studies.
Work is proceeding on improved fabrication
techniques, operation of devices at low temperatures, and associated electronic problems.
AMPLITUDE AND
TIME-Of-fLIGHT SPECTROSCOPY

Semiconductor radiation detectors have very
high intrinsic energy resolution. With low noise
amplifiers, charged particles differing in energy
by as little as 1 part in 1000 may be resolved. This
is much superior to the resolution obtainable with
scintillation detectors. To exploit such good resolution, pulse-height analyzers with more channels
were needed. Furthermore, even slight drifts in
amplifier gain or analyzer sensitivity could not be
tolerated. For this application a 4096-channel
analyzer and automatic gain stabilization system
have been developed. The analyzer converts the
pulse height to a time measurement, as do most
existing multichannel analyzers, but at a ten times
faster rate. Fast scalers and buffers are used.
Stabilization is achieved by periodically applying
a pair of precisely regulated reference pulses to the
preamplifier input. The pulses are measured by
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the analyzer, and the digital values of the results
are compared with preset intended values. Errors
in the measurement of the smaller pulse are integrated digitally and are used to correct the
analyzer zero bias, while errors in the measurement of the larger pulse are used to correct the
energy calibration.
A similar technique has been employed in a
time-of-flight analyzer. Neutrons are produced in
short bursts at the BNL 18-in. cyclotron. Their
energy is determined by the length of time it takes
them to travel from the source to a detector. The
time scale is <0.1 p,sec. This short time is converted to a longer one by measuring the phase of
the beat frequency between an oscillator pulsed
by the detector and the cyclotron oscillator. The
phase of the beat note is measured digitally and
tallied in the memory of a commercial pulseheight analyzer. If either oscillator drifts, readings
will be in error. It is worth while therefore to make
the detector-pulsed oscillator follow the cyclotron
oscillation with a fixed frequency offset. It is possible to measure one full cycle of the beat note
following analysis of each neutron. Again the
measurement is digital, and a scaler precesses if
there is any error. The control scaler automatically adjusts the pulsed oscillator to the correct
frequency.
In 1955 deWaard published a circuit for stabilizing a scintillation spectrometer system. A reference
source is placed near the crystal, and a singlechannel analyzer is set to receive pulses from the
photopeak. The channel bias is modulated by a
small signal so that it samples the counting rate
just above and just below the center of the expected pulse amplitude distribution. The high
voltage of the photomultiplier (which controls the
gain) is adjusted to keep these two rates equal.
This system has been redesigned by using transistors and an electrometer tube. In addition to the
modulated single-channel analyzer, the chassis
contains a bidirectional count integrator and a
built-in, servo-controlled high voltage supply.

NEUTRON SPECTROSCOPY
A complex control system has been constructed
to control neutron crystal spectrometers and to
record the data. A program is prepared on
punched paper tape. The electronic system reads
instructions, one at a time, and after each one

has been executed goes back to the tape for the
next instruction. In the simplest mode of operation one program consists of setting the sample
to a particular angle, setting the detector at another specified angle, counting neutrons for a preset time, printing out the scaler reading, advancing
the detector by a given increment, counting and
recording, etc., until the detector reaches another
angle specified as the end of that run. Then the
sample is repositioned and another run is started.
The system can adjust a second crystal (if there is
one), operate with reference to a monitor detector
rather than for a fixed time, transfer data from the
input tape to the output, and perform a variety of
other operations. With this system spectrometers
can operate continuously and provide both a
printed record and punched tape for computer
analysis.

AUTOMATIC CONTROLS
A largely mechanical system was built to perform automatically a predetermined series offunctions for accumulating and recording data in the
study at low temperature of fluorescence and phosphorescence. A high-resolution beta-ray spectrometer has been equipped for automatic spectrum scanning. A more stable emission regulator
was built to regulate the ion source in a mass spectrometer. An automatic recording system was installed to record temperatures at various locations
among the trees irradiated by a high-intensity
gamma source.

BRAIN TUMOR SCANNER
An instrument was built that makes use ofpositron-emitting isotopes for location of brain tumors
based on the method developed by Sweet, Brownell, and Aranow at Massachusetts General Hospital, Boston, Mass. This system inherently provides more information about the distribution of
radioactivity in the head in less time than existing
scanners which use one or two detectors. A stationary circular array of 32 scintillation detectors
scans a horizontal layer of the head from many
directions simultaneously. The data, consisting of
the number of counts in all possible pairs of detectors, are coded and stored in the memory of a
two-dimensional pulse-height analyzer. The system includes a unique method of displaying and
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interpreting the data which enables rapid approximate analysis of complex source distribution
patterns.
A study program is being conducted to determine whether a mathematical solution of the
problem of converting the coincidence data to a
map of the radioactivity distribution with reasonable errors is feasible.
METEOROLOGY
Air-Borne Particulate Studies

Five very successful operations were conducted
during fiscal 1962 in which CU 64 spheres and uranine dye were utilized simultaneously as tracers in particulate deposition studies. The techniques and procedures required for this work have
been under development for a considerable period,
and only within the last year have acceptable field
data become available. The total number of runs
may seem small, but it should be recognized that
the 13-hr half-life of the radioactive copper imposes a minimum delay of ::::::2 weeks between tests,
and that suitable meteorological conditions occur
on a somewhat indefinite schedule. Also, reduction of the basic sampling data, which include
uranine and copper concentrations at 300 points,
deposition measurements of two different types at
:::::: 150 points, and associated meteorological records, requires 30 days of effort by several members
of the Meteorology Group.
Most important is the fact that all the techniques have operated satisfactorily and require no
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Figure 1. Decrease of ragweed pollen concentration
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important changes. It has been found, for example, that the CU 64 particles retain their individual
identity without serious agglomeration, and that
the mobile carts detect true deposition on the
ground and vegetation. The success of this technique suggests that the copper spheres may have
application as tracers in a number of other projects, since they have relatively few of the disadvantages usually associated with radioactive isotopes. Air-borne concentrations well below maximum allowable values are readily detectable, and
the purity of the isotope insures substantially no
residual long-lived activity.
The data from these runs are now being compared with the theoretical treatment of Chamberlain and with the recent work of Davidson relating
to polydisperse particles. It is already possible to
state that the sticky paper used routinely by the
Atomic Energy Commission for particle sampling
throughout the United States appears to be very
satisfactory for the larger (5 to 1O-p.) particles.
Agreement between the direct measurements of
field deposition and the collection on sticky paper
squares is generally within a factor of two for this
size range.
A second phase of the particulate studies involves investigation of the dispersion of pollen
grains in cooperation with the New York State
Museum and Science Service. In fiscal 1962
natural particulates other than ragweed pollen
were included in this investigation for the first
time. Limited tests with 100-p. corn particles have
been conducted in the sampling field west of the
meteorological facility, and during the summer of
1962 the investigation will be extended to the 32-p.
timothy pollen grains.
Results from the past year's work have shown,
as anticipated, quite rapid deposition of the ragweed pollen, and have substantiated earlier indications that the aeroallergen problem is primarily
concerned with very large source regions rather
than local vegetation. Figure 1 shows the rapid
reduction in pollen concentration with distance
from the special source area as related to the natural background of the pollen derived from other
sources and observed upwind. For example, for
an initial concentration at the edge of the field
reaching some 500 times the background pollen
count, a reduction sufficient to bring the concentration to levels equivalent to background occurs
at about 400 feet. This implies that, to experience
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reactions from local ragweed, it would almost be
necessary for a person to live within a dense
growth of it.
A new sampling field in the eastern part of the
site has been equipped for measurements of airborne pollen concentration at three heights above
the ground, and current work includes the development of mathematical approximations of complex
ragweed area sources.
Instrumentation

Three significant instrumental developments
have been pursued by the Meteorology Group
within the past year, two of them associated with
meteorological problems and a third with particulate sampling. Of potential general value is the
development of a new anemometer cup and ring
design which has an unusual combination of
weight, sensitivity, and durability. This design,
completed in the spring of 1961, has undergone

Figure 2. Prototype of rotosIide particulate sampler. Glass
microscope slides are rotated by a drive motor at 1700
rpm. The cylindrical plastic shield is automatically raised
to prevent spurious collection when the device is inoperative. The sampler can be used with an appropriate
time cycle to obtain representative 24-hr samples without
overloading.

continuous testing and modification throughout
the past year, with various combinations of cup and
ring materials. Recent testing has shown that the
device has a starting speed of 0.3 mph and can withstand maximum winds as high as 150 mph. In fact,
one of the units reached 175 mph before failing.
Another development for wind measurement is
a digital wind vane. Wind instrumentation should,
wherever possible, provide a digital output directly
suitable for automatic recording and processing,
and a bench model of a wind vane has been completed using a system in which the output in electrical pulses per unit time is directly proportional
to the wind direction. This instrument has not
been tested in the field, since considerable work is
still necessary on the components, although the
principle has been shown to be completely feasible.
For a number of years, members of the Group
have been experimenting with a variety of sampling devices suitable for the larger air-borne particulates (10 to 100-p.). This range of particle size
presents some very real sampling difficulties in the
natural atmosphere. While the particles are easily
collected by filter media in the sense that they do
not pass through filters readily, it is exceedingly
difficult to design a filter holder that does not become inefficient in strong turbulent flow. On the
other hand, impaction-type samplers are subject
to wind effects in the opposite sense, since these
devices become almost completely inefficient at
very low wind speeds.
A happy solution to this problem was developed
by Perkins and Leighton of Stanford University.
They designed a rotating rectangular metal bar
assembly known as the "rotorod," in which the
rapid movement of the bar surface through the
atmosphere impacts the large particles efficiently
and essentially independently of wind speed. This
sampler in its original form has two important defects in terms of sampling aeroallergens. Counting
particles on the rods under the microscope is difficult, and a continuously rotating rod sampler is
completely impractical for long-period utilization
because an excessive number of particles reduces
further collection substantially. Brookhaven's
"rotoslide" sampler utilizes the original principle
of the Stanford development, but includes modifications that eliminate these difficulties. Figure 2
shows one of the prototypes, in which the two
slides mounted on edge in metal holders are
clearly visible. The plastic cover and cylinder pre-
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vent collection of material when the sampler is not
in operation. The cylinder is automatically positioned at this time so that the slide edges are completely protected from the natural wind flow and
cease to be impaction collectors when inoPerative.
This device has been sufficiently successful to be
submitted to the National Academy of Allergy as
a possible substitute for the Durham slide collector
as a standard pollen sampler.
Forest Studies

Publications within the last two years have reflected the Group's interest in the shorter-term
fluctuations of air-borne concentrations from a continuous point source, and in the 1961 annual report mention was made of the initiation of a program to extend these studies to dense vegetation.
Within the past fiscal year, an 84-ft tower has been
installed immediately south of the main meteorological facility in an area of very uniform forest
vegetation. Installation was carefully managed so
that there was almost no disruption of the vegetation, and the tower is actually within the forest
rather than in a cleared area surrounded by forest.
Completion of the tower instrumentation was deferred until very recently, since there was little
point in beginning the investigation while the

vegetation was changing rather rapidly. Consequently, the installation of6 matched anemometers and the completion of 6 new photometric
densitometers for the measurement of oil-fog
smoke has just been finished. With these instruments, detailed studies of the wind profile within
the forest canopy and directly above it will be conducted, and records of oil-fog concentration fluctuations from a ground-level point source will be
made, both in the open field to the south of the
forest and within it. From these measurements, the
effect of vegetation on short-term concentrations
can be delineated.
Data Processing

Automation ofthe Meteorology Group records
has been continued throughout the year with the
intent not only of making the Group's efforts more
productive, but of providing data that can be
readily transferred to other organizations for their
use. At present, climatological data consisting of
wind direction and speed at several heights, soil
and air temperatures from 10 ft below ground to
410 ft above ground, and other variables such as
wind gustiness, precipitation amount, and net
radiation are all recorded on magnetic tape for
the period from February 1960 to the present.

Chemistry
The following sections describe research in the
Chemistry Department on various problems involving radiations, isotopes, nuclear properties and
reactions, and related chemical and physical topics.
The work reported has been done by members of
the continuing staff, postdoctoral Research Associates, and visitors from other institutions.

explained. For a narrow region of low ion velocity
the reaction rate increases with increasing ion
translational energy.
The HeH+ reaction may be used as a probe to
estimate the relative concentrations of H 2 + above
and below the fifth vibrational state. This has
been done for H 2 + produced by electron impact
on methane. The experimental rate constant for
the reaction between He and H 2 +from methane
is about four times that with H 2 +from H 2 •

MASS SPECTROSCOPIC STUDIES
ON ION-MOLECULE REACTIONS
The Eyring-Hirschfelder- Taylor theoretical
calculation of the rate constant for the reaction of
H 2 + with H 2 giving H/, modified for the case
D 2 + + D 2 ~ D 3 +, agrees remarkably well with the
subsequent experimental measurements on the
latter reaction by Stevenson and Schissler. In contrast, in the case of the reaction between H 2 +and
He to give HeH+, Hertzberg found a rate constant
that was only about 15% of the theoretical value.
The H 2 +-He reaction has been reinvestigated and
Hertzberg's results have been qualitatively confirmed. The rate constants did not show a scatter
found by Hertzberg, but varied systematically
and reproducibly with ion velocity. It is to be
noted that the H 2 +-He reaction, unlike most gasphase ion-molecule reactions, is endothermic by
0.95 ev.
The experimental results support the hypothesis
of Polanyi that exothermic reactions produce vibrationally excited products and endothermic
reactions proceed via vibrationally excited reactants. This accounts for the facts that HeH+ is
not observed as a product of the highly exothermic
reaction of He with H 2 and that only 20% of the
H 2 + can react with He giving HeH+. It can be
shown that ::::::20% of the total H 2 +formed by electron impact on H 2 has sufficient vibrational energy for the reaction.
The variation of the HeH+ rate constant with
ion velocity above a critical value is similar to that
observed for the H 3 +reaction. If a repulsive interaction between He and H 2 +similar to that between H 2 and H 2 +is assumed, then the results in
this range of higher ion velocities are quantitatively

RATE CONSTANTS FOR DECOMPOSmONS
OF EXCITED MOLECULE IONS
For a number of years the dissociation patterns
observed in a mass spectrometer have been explained in terms of competitive unimolecular reaction paths of excited molecule ions. For the
formulation of the rate constants the statistical
theory of mass spectra of Eyring and co-workers
has usually been employed. This theory assumes
that the excitation energy is equilibrated over all
degrees of freedom. Its application requires a
knowledge of the number of states accessible to
both the excited molecule ion and the corresponding transition state. Eyring and co-workers
proposed the use of certain semiclassical formulas
for this purpose. Many difficulties have been encountered in the application of this theory, a
serious one being the prediction of too Iowa rate
constant near the threshold excitation energy. It
has also been noted by several researchers that the
semiclassical formulas are inadequate.
This problem has been further studied. Rate
constants in the threshold region for unimolecular
processes have been recalculated with procedures
involving either the counting of the actual number
of vibrational states accessible or the use of corresponding formulas that have been proved accurate.
One of the main faults of the semiclassical theory
is found to be that it ignores the ground vibrational
state of the transition state. The new formulation
removes many of the difficulties of the older theoretical treatment, and makes some predictions
which can be tested by experiment.
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KINETIC STUDIES IN SOME INORGANIC SYSTEMS
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The System Mn2+-MnJ+

0.9

In electron transfer reactions between ions of
the typ~ A(H zO)6 z+and A(H zO)63+ the rate for the
case A = Cr is many orders of magnitude less than
when A = Fe or Co. This behavior has been ascribed to the fact that with Cr the above reaction
involves hydrated ions of markedly different radii,
in contrast to the cases of Fe and Co. On the basis
of this interpretation the rate for the case A Mn
should also be small, since the aquo complexes of
di- and trivalent Mn differ considerably in size.
However, early studies of the Mn system indicate
an exchange rate as great as those observed with
Fe and Co. This prompted reinvestigation of the
Mn system. Various precipitation and solvent extraction procedures were used to separate the
Mn Z+ and Mn 3+. In all instances complete exchange in 6 F perchloric acid was observed within
the shortest time required to separate the reactants,
which left open the question of separation-induced
exchange.
An attempt was made to estimate the exchange
rate by an indirect method. This can be accomplished, in principle, by studying redox reactions
of the type
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Figure 1. Analysis ofthe products of Cr(II)-Tl(III)
reaction in the presence of chloride ions.

reaction, which is in satisfactory agreement with
the value 1.42 X 105 F-l sec- 1 observed in a direct
measurement made on 0.5 F sulfuric acid solutions
at 25°C.
The System H 2 0 2 -Ce(IV)

in which ZZ+ is a suitable reducing agent. It follows
from certain simple assumptions that if k ,Z is the
rate constant for the ZZ+_Mn 3+ reaction, and k, is
the rate constant for the Mn z+-Mn 3+ exchange,
then

(1)
where k z is the rate constant for the ZZ+ _Z3+ exchange, and K ,Z (which must not be too large) is
the equilibrium constant for the redox reaction.
Preliminary experiments with Z
Fe suggest
that the Mn z+-Mn 3+exchange is indeed relatively
slow, as expected from the considerations above.
However, a direct measurement has not yet been
possible.
Equation (1) is found to be satisfied by a variety
of reactions involving Fez+, Fe 3+, Ce 3+, Ce(IV),
Fe(phen)3 z+, and Fe(phen)33+ ions. It has been confirmed, for example, in a determination of the rate
constant for the oxidation of Fe(phen)3 z+ by
Ce(IV). A value of 3 X 10 5 F-l sec- 1 was calculated
for the rate constant for the Fe(phen)33+-Ce(IV)

=

The kinetics of the HzOz-Ce(IV) reaction have
been investigated in 0.8 N sulfuric acid at 25°C.
The results are consistent with the reaction scheme

HzO z+Ce(IV)
.

k,

~ Ce(III) +

L,

HO z+ H+

HOz+Ce(IV),~Ce(III)+Oz+H+
with k, = 1.0 Xl 0 6 F-l sec-I, and k z / k_ 1 = 13 -+-2.
(A measurement of the HO z lifetime is reported
under the heading" Chemical Effects of Radiation" below.)
The System Cr(II)-TI(III)

The products of the Cr(II)- Tl(III) reaction in
perchloric acid containing various concentrations
of chloride ion have been separated by ionexchange chromatography. In Figure 1 the yields
of the various Cr(IlI) species are plotted as a function of the chloride concentration. In the absence
of added chloride, ::::::90% of the Cr(IlI) is found
in the form of a dimer, and the remainder as the
hexaquo-ion. The yield of CrCP+ increases with
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increasing chloride ion concentration, which suggests that the reaction between Cr 2 + and TICF+
proceeds via a chloride-bridged activated complex. No. CrCV+ is produced in the reaction.
Studies on Fephen2+

The kinetics of the formation and dissociation
of Fephen 2 + has been studied in perchloric acid
solutions. A mechanism consistent with the observed acid dependence of the rate involves the
participation of intermediates in which the Fe(II)
is attached to only one nitrogen ion. The energy
of activation for the Fephen 2 + dissociation is considerably lower, and the entropy of activation considerably more negative, than in the corresponding case of Fe(phen)3 2+ dissociation. This can be
interpreted in terms of crystal field effects. As
against Fephen 2 + and Fez+, which are paramagnetic, the Fe(phen)3 z +ion is diamagnetic, which
indicates that the latter complex is stabilized to a
considerable extent by crystal field effects. The
corresponding relatively high activation energy for
its dissociation can be ascribed to the loss of a large
amount of this crystal-field stabilization energy in
going from the diamagnetic Fe(phen)3 z+ to the
paramagnetic Fe(phen)/+ ion. The high positive
value of the entropy of activation for the Fe(phen)3 z+dissociation can be attributed to the increase in the mobility of the ligands in forming the
activated complex. Similar spin changes do not
accompany the Fephen z+dissociation.
REACTION MECHANISMS IN ORGANIC SYSTEMS
Disproportionation of Ethylbenzene

Experiments have continued'on the mechanism
of the disproportionation of ethylbenzene-l-C14 in
contaGt with Al z Br 6 -HBr catalyst. The distribution of activity in the ring of ethylbenzene-C '4 recovered from the reaction mixture has been redetermined with much improved accuracy by
means of a novel degradation scheme involving
the reduction of ethyl benzene to l-ethylcyclohexene, the oxidation of the latter to the keto acid,
and the reduction of the keto acid to caprylic acid.
This procedure permits a direct determination of
the C'4 in the ortho, meta, and para positions. The
new results on C'4 distribution in the ring, for two
different times of contact with catalyst, are shown
in the following diagrams. It is seen that the reaction path leads predominantly to para labeling.
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The activity is introduced into the para position
by an exchange reaction of the para-diethylbenzene-l-C14 with ethylbenzene-l-C'\ which is more
rapid than that of ethylbenzene-C'4 with itself.
This pathway is consistent with the following related observations: (1) the ratio of meta-diethylbenzene to para-diethylbenzene changes from 1.8
at 3% reaction to 10 at 40% reaction; (2) ethylbenzene-C'4 and meta-diethylbenzene-C'4 are
rapidly formed when inactive ethyl benzene is
treated with para-diethylbenzene-C'4 in the presence of Al zBr6 -HBr at a contact time of 3 min.
In the case of the analogous problem of the HFBF 3 catalyzed reaction between ethylbenzene and
xylenes, it has been proposed in the literature that
the alkylating agent is meta-diethylbenzene. In
view of the preceding results, this suggestion seems
unlikely.

Studies on carbon recoil reactions (reported
below under the heading "Chemical Effects of
Nuclear Transformation") are being complemented by reaction mechanism studies on small
carbon-containing fragments, since the latter may
help to elucidate the former. The reaction selected
for study was the photolysis of carbon suboxide-2C14 in the presence of ethylene, since, as reported
in the literature, the major reaction products are
allene and CO, which are also found when C" is
produced by nuclear bombardment of ethylene.
Allene-C14 produced in the photolysis of C 3 0 Z CH 4 mixtures was degraded and found to have the
following distribution of activity:
4%

92%

4%

CH 2 =1= C =1= CH 2

The same distribution is found for 8% and 47%
conversion ofC 30 z, which indicates that a secondary photolytic rearrangement of allene-2-C'4 is not

46
responsible for the incorporation of activity in the
terminal carbons.
This information does not settle the question of
whether ketocarbene [C 20] or atomic carbon is
the reactive intermediate in the formation of
allene. If the activity distribution is a reflection of
the relative rates of double bond insertion and
single bond insertion, it shows a degree of discrimination incompatible with the expected voracious reactivity of atomic carbon.
Work with this new and interesting reactive
intermediate is continuing.
CHEMICAL EFFECTS OF RADIATION
The Nature of the "OH" Radical Produced
in the Radiation Decomposition of H 20

Water under irradiation decomposes to reducing and oxidizing free radicals which in the past
have usually been called Hand OH. In last year's
annual report experiments were described which
showed that the reducing radical is not in fact a
hydrogen atom, but a negative ion, presumably a
solvated electron. The method used was to determine the effect of ionic strength on the rates of reaction of the reducing radical with positive ions,
negative ions, and neutral molecules.
This method has now been used to determine
the charge on the oxidizing radical, generally
called OH. If "OH" is really electrically neutral,
the ratio of its reaction rate with an ionic species
to that with a neutral species will be unaffected by
ionic strength. Convenient neutral and ionic
species for this purpose are ethyl alcohol and Br-.
"OH" is known to react with ethyl alcohol to yield
a radical which in turn reacts with dissolved oxygen to form hydrogen peroxide. "OH" is also
known to react readily with Br- to give bromine
atoms which in turn react with hydrogen peroxide
to decompose it. Thus, a measurement of the
amount of H 20 2 produced by irradiating a solution containing bromide, alcohol, and oxygen permits computation of the relative amounts of reaction which the "OH" undergoes with the bromide
ion and alcohol. The experiments showed that the
yield of peroxide as a function of bromide and
alcohol concentrations was independent of the
ionic strength when the latter was changed by
addition of potassium or lithium perchlorate to the
solution. This is good evidence that the oxidizing
radical is a neutral body, and so should probably

.ilY

be represented by the traditional formula OH.
The positive ion that must be formed at the same
time to maintain charge balance is presumably
the hydrogen ion H+. Thus the radiolysis of water
is best thought of as leading primarily to the formation of the three bodies OH, H+, and the solvated electron.
HCI04 Solutions

The radiation chemistry of perchloric acid
solutions has been studied up to high concentrations of perchloric acid. It is inferred from the
following observations that the initial products of
the action of radiation on perchlorate ion are
chlorate ion and molecular oxygen. (1) The chlorate
yield is proportional to the concentration of perchlorate; hence chlorate production is due to the
direct action of radiation on the perchlorate ion
rather than to secondary reactions between the
perchlorate ion and radicals formed from the
water. (2) The yield of hydrogen produced from
the water decreases linearly with increasing concentration of perchloric acid, which probably indicates that the perchlorate ion does not lose an
electron to give the radical CI0 4 , but rather dissociates directly to CI0 3- and oxygen. (3) That the
oxygen is produced initially in the molecular,
rather than the atomic, form is indicated (but not
conclusively) by the results of experiments with
various substances added to the perchloric acid
solutions. Perhaps the oxygen is initially produced
as an electronically excited oxygen atom which
immediately reacts with a CI0 4 - to form O 2 and
another CI0 3-. The perchlorate ion is apparently
inert toward the free radicals formed in the radiolysis of water.
Co+++ Complexes

In studies on the radiation chemistry of
Co(NH 3)6 +++ and Co(NH3hH20+++ it was found,
contrary to expectation, that the yields of divalent
cobalt were very small and that the corresponding
oxidized product was not peroxide or oxygen, but
nitrogen. The results indicate that the reducing
(solvated electron) radicals from the water do not
react with these ammonia complexes of cobalt.
Rather, the ammonia molecules in the complex
are attacked by the oxidizing (hydroxyl) radicals.
Some of the ammonia is oxidized to nitrogen, the
complex breaks up, and the uncomplexed trivalent
cobalt is then readily reduced to divalent cobalt

"_ ,i."':Wl"1 . _
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by reducing radicals. The inertness of the cobalt
in these complexes toward the reducing radicals
contrasts strongly with the ease with which complexes of trivalent iron are reduced by these radicals. A parallel may be drawn with the rates of
the electron exchange reaction of these complexes.
It is a familiar fact that electron exchange occurs
relatively rapidly between divalent iron and complexes of trivalent iron but very slowly between
divalent cobalt and the ammonia complexes of
trivalent cobalt.
Ag Salts

Sol utions of sil ver ion, under irradiation, are
expected to react very readily with solvated electrons to give a precipitate of metallic silver. With
sol utions of sil ver nitrate or silver perchlorate,
however, the yield of metal is found to be very
small. This has been traced to the reoxidation of
the metal to the ion by the hydroxyl radical. By
adding reagents such as nitrite ion or alcohol,
which react readily with OH, the yield of metallic
silver was greatly increased.
The H0 2 Radical

The radical H0 2 is known to be formed in the
irradiation of solutions containing oxygen and it
can also be formed as an intermediate in the ordinary oxidation of H 20 2 by Ce(IV) (see above,
under the heading "Kinetic Studies in Some Inorganic Systems").
A determination of the lifetime of H O 2 produced in the latter reaction has now been made by
means of electron spin resonance in order to check
the measurement described in the 1960 annual
report, which was made on electron-irradiated
water by use of chemical detection. Rapidly mixed
solutions of ceric sulfate and hydrogen peroxide,
with peroxide in large excess, were made to flow
rapidly through the microwave cavity of the Varian EPR machine. A spin resonance absorption
was found which agreed with that expected for the
H0 2 radical. The rate of decay of the radical was
measured by determining the variation in strength
of this signal as the time of flow from point of mixing to the cavity was varied. The radicals were
found to disappear in the expected second-order
process, with a rate constant of 5 X 10 6 liters/molesec at 25°C and an activation energy of 5.9-+-0.4
kcal/mole.

The rate was much higher than that expected
on the basis of the flow experiments with electronirradiated water mentioned above. A repetition of
these latter measurements has shown that the active
species formed decays by a first-order rather than
a second-order process. It is therefore probably not
a free radical but some chemically reactive intermediate formed by the combination of free radicals. The rate of decomposition of this new species
is found to be proportional to the hydrogen ion
concentration in the solution, which indicates that
its disappearance is an acid-catalyzed reaction.
The new species is conjectured to be either H 20.,
produced by the combination of two H0 2 radicals,
which would then decompose by an acid-catalyzed
reaction to H 20 2+0 2; or H 20 3, formed by combination of H0 2 and OH, which would decompose to water and oxygen. Study of these reactions
is continuing.
EPR STUDIES ON FREE RADICALS
IN GAMMA-IRRADIATED (CH 3)4 NX

The influence of the halide ion on the radicals
formed in the isomorphous crystalline tetramethyl
ammonium halides under gamma irradiation has
been studied by means of EPR. The powdered
iodide, bromide, and chloride, irradiated and observed at 77 ° K, all show the presence of methyl
radicals which anneal out at 150 o K. This is the
only radical present in the iodide. The bromide
and the chloride show the presence of another
radical, tentatively identified as (CH3)3N+CH2,
which, after the methyl radical is annealed out,
gives the pattern of a poorly resolved triplet
(1:2:1), the resolution of which did not improve
when single crystals were used. It is to be expected
that such a radical is more likely to be produced
by bromine and chlorine than by iodine. This
radical anneals out at room temperature.
In addition to these two radicals, the irradiated
chloride shows a third paramagnetic species, with
a very complicated pattern, which has been identified as N+(CH 3)3' It has been studied at room temperature (where the two other radicals anneal out)
on irradiated single crystals of N(CH 3).CI (tetragonal, P./nmm). The EPR patterns obtained when
the crystal is rotated with its fourfold axis perpendicular to the magnetic field show that in
N+(CH 3)3 the nitrogen coupling constant has
cylindrical symmetry, with principal values of the
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coupling tensor 13.2,20.6, and 20.6 gauss; and all
9 protons are equivalent, all having the coupling
constant 26.6 gauss. The intensities of all 30 peaks
observed at room temperature are consistent with
the 9 protons' being equivalent. Since the isotropic
nitrogen coupling is fairly small, the N+(CH 3)3
radical is probably close to planar. At low temperatures its EPR spectrum is much more complicated, and the nitrogen coupling tensor is no
longer cylindrically symmetrical about the fourfold axis.
FREE RADICALS PRODUCED
ON ULTRAVIOLET IRRADIATION

The photochemical rearrangement of o-nitrobenzaldehyde to nitrosobenzoic acid is known to
occur both in the crystal and in solution. A further study of this rearrangement has been made
by carrying out the photolysis (>.>3800 A) within
the cavity of an EPR spectrometer. Paramagnetic
species were found during the photolysis of 0.1 to
1.0 M solutions of o-nitrobenzaldehyde in deoxygenated ethyl alcohol and isopropyl alcohol. The
well-resolved fine structure can be readily interpreted in terms of nitrogen and proton hyperfine
splitting. The observed hyperfine coupling constants are compared with those from the electrochemically produced negative ion of o-nitrobenzaldehyde in acetonitrile in Table 1. The photoradical is characterized by a large coupling constant for one proton, while the nitrogen coupling
constants in the two radicals are comparable. This
indicates that in the photo-radical one proton is
much closer to the nitrogen than in the negative
ion, and possible structures for the photo-radical
are

Table 1
Hyperfine Coupling Constants (in Gauss)
o-Nitrobenzaldehyde
aN
Photo-produced
radical
8.1
Negative ion
7.2

a,

az

a3

a.

a".

11.2*
3.4*

2.9**
2.4*

1.0**
1.0*

0.6*

0.3*

*Interaction with one proton.
**Interaction with two equivalent protons.

acid formed during the photolysis indicates that
the photo-radical observed is not a main intermediate in the rearrangement, but, since similar
photosensitive nitro compounds also give paramagnetic species on photolysis, it appears to be
closely connected with the rearrangement.
Paramagnetic species were also found when the
powder was photolyzed at low temperatures. Further work is in progress on single crystals.
CHEMICAL EFFECTS
OF NUCLEAR TRANSFORMATION

A number of nuclear reactions, C'2( p,pn)C",
C' 2 (n,2n)C", and N14(p,a)C", are being used to
investigate the chemistry of C" recoils, a program
begun at Brookhaven some years ago.
The production ofC' 1 recoils by N14(p,a)C" is
particularly well suited to these studies since the
cross section is high (as measured here, :::::::0.65
barns for 8.5-Mev protons). Experiments can be
done over a range of 10 5 in dose, so that the effects
of radiation damage to the system can be separated from the C'I recoil reactions of interest.

Cll Recoils in NH 3

The EPR spectrum of the negative ion in acetonitrile with added alcohol shows a definite solvent
effect. The change in the spectrum can be attributed to an increasing nitrogen coupling constant, other coupling constants remaining essentially unchanged.
A comparison of the steady-state free radical
concentration with the amount of nitrobenzoic

The proton irradiations were carried out on
purified, dry, gaseous ammonia. In Figure 2 the
yields of the two major reactions products, C"H 4
and C" H 3 NH z , are plotted as a function of the
radiation dose. (Below 10- 2 ev/molecule a third
species, as yet unidentified but readily converted
by chemical means to methylamine-C", appears
in 20% yield.) At doses above 0.1 ev/ molecule
C 11 H 4 is almost the sole reaction product. This is
an effect of radiation damage, as shown by auxiliary experiments in which mixtures ofC"H 4 and
C"H 3 NH 2 were converted to C"H 4 by exposure
to large radiation doses. Charge and/or excitation
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transfer mechanisms involving NH 3 are believed
to account for the reductive process. The ammonia
system is being studied in aqueous, liquid, and
solid phases in the presence of scavengers and
further moderators.
Cll
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Recoils in Hydrocarbons
HIGHER BOILING

The reactions of Cll recoils in CH 4 have been
studied with Cll from the C12(p,pn) and C12(n,2n)
nuclear reactions. It was found that the anomalous
appearance of CO in this system was not due to
wall effects, as has been suggested in the literature,
but to traces of Oz in the tank methane. Reduction of the Oz impurity to
1 part in 10 5 eliminated the formation of CliO. The same distribution of reaction products is obtained with Cll from
both nuclear reactions. In addition to the major
products acetylene and ethylene, saturated products such as methane, ethane, and propane were
observed at doses of 5.3 X 10- 4 ev/molecule. The
proportion of saturated products increased with
dose, which indicated radiolytic reduction, as in
the case of ammonia. The additives Oz, CzH z, and
CH 3 NH 2, which have lower ionization potentials
than methane, protect the recoil HC CH and
HzC=CH z against reduction. Acetylene and
methylamine are more effective than oxygen.
The scavenger effect of oxygen is shown in
Figure 3. The curves are similar to those found
for scavengers in numerous other systems involving nuclear recoil. It is clear that O 2 at very low
concentration effectively suppresses the thermal
products. As the Oz concentration increases, the
Oz either competes with the methane for the species leading to acetylene and ethylene, or it may
oxidize a highly excited acetylene or ethylene
molecule.
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Figure 2. Yields of C"H, and CllH 3 NH 2 in proton
irradiation of gaseous NH 3 , as a function of dose.
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Corresponding studies on propane have shown
that for most reaction products the yields in liquid
targets differ from those in gas. In the liquid, the
yields of acetylene and ethylene are lower and the
ratio of the synthesis products butane and isobutane is statistical, 3/1 (based on available hydrogen positions in propane), a drastic change from
the nonstatistical butane/isobutane =0.76/1 observed in gas. This behavior exactly parallels that
of the well-characterized hot methylene produced
by photolysis, and therefore suggests that methylene is the species reacting with propane to give
butanes in the C" system.
Hot Atom Reactions in Co(NH:J6Br3

Studies of recoil reactions in the ammino complexes of Co(III) have continued. New results
have been obtained on the yields and annealing
behavior of different radioactive and chemical
species formed in crystals of Co(NH3)6Br3 irradiated in the reactor at dry ice temperatures. The
chemical entities are separated by paper electrophoresis after dissolution of the irradiated solid in
5% acetic acid at O°C. The yields offour different
radioactive species of the radiosynthetic ion
Co(NH3)5Br++ were found to be Co 60 , 0.048; Br80 ,
0.116; Br 80m , 0.117; and Br 82 , 0.072. When the
crystals are annealed isothermally at temperatures
in the range 0° to 55°C after irradiation, the yields
decrease. Activation energies for the annealing
reactions are estimated to be 0.95 ev for Br80m and
Br 82 and roughly 0.8 ev for the C 0 60.
A possible mechanism for the annealing out
of Co(NH3)5Br++ is reduction to the Co(II) complex ion in the lattice by capture of an electron. A
corresponding explanation has been given for the
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observation that annealing converts Co(H) into
the Co(III) complex Co(NH 3)6+++' Here the Co(lI)
is thought to be present in the lattice as Co(NH 3)6++,
which on thermal annealing ionizes an electron
to the conduction band.
The effects of the isomeric transition of Br 80m
to Br 80 were also studied in Co(NH3) 6Br3 crystals
into which Br 80m had been introduced chemically.
As in the case of the bromine recoils from neutron
capture, Br 8 °-labeled Co(NH3)5Br++ is found as
a product, the yield being 5.6%. Its formation
may be due to a Varley mechanism: in the isomeric decay of Br 80m , a negative bromine at a lattice position of minimum energy is converted into
a bromine of high positive charge, which thus finds
itself at an energy maximum, and so acquires
enough kinetic energy to displace an NH 3 from a
nearby Co(NH 3)6+++.
Annealing at low Temperatures

A series of studies was made to investigate the
importance of annealing reactions at low temperatures during neutron irradiation and subsequent
chemical processing. Surprisingly large effects have
been found in some instances. In the case of potassium permanganate crystals, for example, in which
for years the accepted value of the retention (i.e.,
yield of Mn 56 in the form of Mn0 4- after neutron
irradiation) has been 20%, the retention is found
to be 5.1 % when crystals are irradiated at - 195 °C
and dissolved (for chemical processing) in acetone
at -95°C. Intermediate values are found at somewhat higher temperatures. Similar effects of smaller magnitude have been found for other crystals.
It appears that thermal annealing at low temperatures can be more serious than has been thought
and must be allowed for in quantitative interpretations of the yields of hot atom reactions in solids.
ISOTOPE EFFECTS ON VAPOR PRESSURE

In the theory of vapor pressures of isotopically
substituted molecules, the classical partition functions are corrected by a power series of the form
1 +(hc/kT)2 Lw/+(hc/kT)4 Lw ;'

+ higher terms,

where the sums are over all intermolecular and
intramolecular vibrations. The relative vapor pressures of N15N 14 0 16 and N14N 15 016 previously
measured here show that the term in w 2 is important, and that a partition function that depends
only on molecular masses is not valid.

;" 3"

Since then, the importance of the term in w 4 has
been investigated by measurements of the relative
vapor pressures of the six isotopically substituted
ethylene molecules: C 2H 4, C 2H 3D, cis-C 2 H 2 D 2 ,
trans-C 2 H 2 D 2 , gem.-C 2 H 2 D 2 , and C12C13H 4. The
vapor pressures of the first five of these species
were determined directly by precise manometric
measurements over the range 120° to 180 K. The
vapor pressure of the sixth, C12C'3H 4, was measured relative to that ofC'2 2H 4 in distillation experiments, with C 2H 3D used as an internal standard. The relative vapor pressures are in the order
trans-C 2 H 2 D 2 >gem.-C 2 H 2 D 2 >cis-C 2 H 2 D 2 >C 2 H 3 D
>C12 2H 4>C'2C13H 4.
The effect of the term in w 4 makes itself manifest
in the vapor pressure difference between geometric
isomers of C 2H 2D 2 which cannot be ascribed to the
terms in w2 , since the latter are identical for the
different isomers. Another effect of the term in w 4
is the observation that the isotope effect for
C 2H 2D 2 is not exactly twice that of C 2H 3D. The
difference between C 2H 3D and C 12 C13H 4, which is
due to terms in w 2 , fits in with previously reported
findings for N 20.
IBM 7090 computer calculations have been
made of the intramolecular and intermolecular
frequencies, and their changes upon condensation
to the liquid or solid phase, for the six molecules
listed above and for C 2HD 3, C 2D 4, C'2C14H 4, and
C 2H 3T. The calculations involve the diagonalization of the full 18 X 18 matrix of the vibrational
secular equation set up in Cartesian displacement
coordinates. The computed differences between
molecular vibrations in the gas and liquid phases
gave vapor pressure effects in excellent agreement
with the experimental ones. Further calculations
are in progress to determine the precise effect of
the assumed force field on these differences.
More general calculations have been made to
evaluate some ofthe possible origins ofthe change
in intramolecular vibrations of a molecule that
enters a condens~d phase. In this work it has been
found extremely useful to apply a perturbation
method based on the fact that the zero-point vibrational energy is the energy of the ground state in
the quantum mechanical vibrational problem.
The Hamiltonian is written in terms of Wilson's
F and G matrices. The unperturbed system is
taken to be a system of independent oscillators,
and the perturbation terms (which are readily
evaluated) are found to converge very rapidly.
0
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One of the effects investigated in this way is that
of van der Waals' interactions on a molecule in the
condensed phase. These interactions have been
found to lead to a decrease in intramolecular force
constants, which explains why in some cases the
heavier isotopic species has the higher vapor pressure. Good agreement is found between isotope
effects calculated from this model and those found
experimentally in the cases ofC12CI./C'3CI. and
C12CP5 ./C 12CP 7 Cp53'
Another source of the changes in internal frequencies of a molecule in the condensed phase is
that degrees of freedom corresponding to free rotations and translations of the molecule in the gas
phase become hindered, and so couple with the
intramolecular vibrations. This coupling is isotope
dependent, since the nature of the hindered degrees of freedom depends on isotopic substitution,
whereas the potential energy surface does not. The
magnitude of the isotope effect due to these interactions cannot be neglected in treating the vapor
pressures of isotopic molecules.
SECONDARY ISOTOPE EFFECTS
Thermal Decomposition of Hg(CH:J 2

In general, in reactions of the type R 1R 2C(H or
D)+X at room temperature,
tx-deuterium-Iabeled compounds have been found
to react ;:::::; 10 to 15 % more slowly than normal
compounds. This has been attributed to the
change in one of the C-H bending frequencies
in going from the tetrahedral to the trigonal configuration during reaction. The isotope effect results because the vibrational zero-point energy
difference between the labeled and normal compounds in the reactant (tetrahedral) is different
from that in the activated complex (trigonal).
To gain insight into the nature of the transition
state, the isotope effect in the thermal decomposition of dimethylmercury in the presence of cyclopentane was studied. The important reactions are
D)X~R1R2C(Hor

CH3HgCH3~Hg+2CH3

(1)

CD3HgCD3~Hg+2CD3

(I')

effect is obtained by measuring the deuterium ratio
in the methane produced.
Contrary to expectation, the deuterium compound reacts ;:::::;7% faster than the natural compound. On the other hand, a normal C13 isotope effect is found. The only model for the activated complex that appears consistent with these observations
is one in which the effect on the bending frequency
described above is not present. Instead, there must
be an increase in the C-H stretching frequencies
when the activated complex is formed. This is in
agreement with other properties of trigonal C-H
bonds as compared with tetrahedral C-H configurations, but has not previously been invoked in
explaining isotope effects of this type.
The Diels-Alder Reaction

The use of the magnitude of the secondary txdeuterium isotope effect to help elucidate mechanisms of organic reactions is being pursued. The
theoretical basis for alpha effects has been briefly
outlined above. If a molecule has two breakable
bonds, each with deuterium in the position alpha
to it, then if both bonds break simultaneously the
reaction rate is expected to be ;:::::;20 to 30% lower
than in the corresponding case with hydrogen. On
the other hand, if the two bonds break stepwise, a
normal 10 to 15% would be expected.
These considerations have been applied in a
study of the Diels-Alder reaction, represented in
its simplest form as

II

since some believe that the two new bonds are formed
simultaneously, and others that they are formed
in stepwise fashion. The rates of the reaction

o

CH 3

o

II

o
1/

o

CH 3 or CD3+Cyclo-C5H10~CH.or CD 3H+C 5H g (2)
Reactions (1) and (1') are rate controlling in the
presence of an excess of cyclopentane. Starting
with a known mixture of deuterated and natural
dimethylmercury and cyclopentane, the isotope

~O

R,

R2
R,

Ro

<"R,-O-CH,+O=V"

0
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were measured, with the following compounds:

the (111) reflection differ by 25%, that calculated
for Ti 3 +N3- agreeing with the observed value.
A NEUTRON DIFFRACTION STUDY
OF o-NITROBENZALDEHYDE
AND THE C-H-O INTERACTION

=

The observed isotope effects are kIf kII 1.16, and
kIf kIll = 1.08. The existence of an isotope effect
kIfkIll, although smaller than expected, indicates
that bond b is breaking in the rate-controlling step.
Since little progress seems to occur along the reaction coordinate in going from adduct to transition
state, as evidenced by the low value of kIf kIll , it
appears that the ratio kIfkII = 1.16 is really indicative of both bonds a and b breaking in the same
step. Further experiments to put this interpretation on firmer ground are in progress. The mechanism, then, for the formation of adduct would be a
concerted one-step process as demanded by the
principle of microscopic reversibility.
VALENCE STATES IN CRYSTALLINE tiN

The valence states of Ti and N in TiN (rock salt
structure) have been investigated by measuring
the relative intensities of the different diffraction
peaks from TiN powders and comparing them
with the theoretical values expected on the basis of
various assumed Ti and N valence states. Such a
study is of interest because nitride structures in
general are not understood theoretically, and also
because TiN is a superconductor.
The theoretical intensity calculations were
made for the assumed valence states TiON° and
Ti 3 +N3-. For Ti Oand Ti 3 +, use was made of Watson
and Freeman's scattering factors and Dauben and
Templeton's dispersion terms. For N° a HartreeFock scattering factor was used, and for N3- a factor obtained by a crude extrapolation.
The relative intensities of the first ten reflections
were measured with CuK a radiation.
A reflection can serve to distinguish between the
two valence models only if its sinO /1\ value is
;:::::0.25 A, and if in it the Ti and N scattering
factors are out of phase. Only the (111) and (200)
reflections meet the first of these conditions (the
other eight observed reflections served to confirm
Dauben and Templeton's dispersion term), and, of
the two, only the (111) reflection meets the second.
For the two models, the calculated intensities of
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The structure 0 f the stable modification of 0nitrobenzaldehyde, previously determined by xray diffraction, has been redetermined by means
of neutron diffraction. Nonhydrogen-atom parameters agree with values from the x-ray determination. The parameters of the hydrogen atoms and
a new set of anisotropic temperature factors have
been obtained.
The observed positions of the hydrogen atoms
indicate that the intramolecular interaction between the aldehydic hydrogen atom and the adjacent oxygen of the nitro group is weak, and that
no hydrogen bond exists between these two atoms.
It has been generally assumed that temperature
factors obtained from refinement of both x-ray
and neutron diffraction data are appreciably affected by systematic errors in the data and the
model, and are therefore less accurate than their
standard deviations indicate. In the present investigation comparison of the x-ray and neutron
temperature factors reveals the effect of these systematic errors, and it is shown that, in this case at
least, they are of the same order of magnitude as
the standard deviations derived from the leastsquares refinement, and also that there is no significant difference between the means of the x-ray
and neutron temperature parameters.
MAGNETIC STRUCTURE
OF MANGANESE CHROMITE

Numerous attempts have been made to explain
the anomalous properties of chromites and of
mixed spinels containing chromium on the basis of
the theoretical models of Neel and ofYafet and
Kittel. Recent calculations by T.A. Kaplan and
co-workers, using a classical Heisenberg model,
have shown that over an appreciable range of the
BB to the AB interaction the ground state is a
ferrimagnetic spiral, i.e., a conical spin configuration in which the transverse components progress
in spiral fashion along a fixed direction in the
crystal. A neutron diffraction study of MnCr 2 0 4
was undertaken to test the suitability of the various proposed models. From room temperature
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data it is readily established that MnCr 2 0 4 is a
normal spinel with 1% of the Mn 2+ ions present
on B sites. The Curie temperature, as determined
by diffraction, is ;:::::43°K. At 18°K, additional
sharp peaks appear at positions that cannot be indexed either on the original unit cell or on any
reasonably enlarged cell. No change in either the
positions or intensities of the fundamental lines is
observed in going through this transition. Application of a magnetic field along the scattering vector decreases the magnetic contributions to the
fundamentals, but increases the intensities of the
extra reflections. Analysis of the data shows that
while little difficulty is encountered in explaining
the observed magnetization data, the Neel and
Yafet-Kittel models fail to account for major
qualitative features of the diffraction results. On
the other hand, the ferrimagnetic spiral model is
in good qualitative accord with all the observations. The theoretical parameters give reasonably
good quantitative agreement with the positions
and intensities of the extra lines as well as the intensities of the fundamentals, while retaining the
expected values for the individual ionic moments
and the macroscopic saturation moment. Although some discrepancies still remain, the spiral
model appears to be a good first approximation to
the ground-state spin configuration.

<

LOW ENERGY NUCLEAR REACTIONS

Nuclear reaction studies currently in progress
include excitation function measurements, investigations of the recoil properties of residual nuclei,
and measurements on the charged particles emitted
in nuclear reactions. These experimental projects
are complemented by theoretical studies of nuclear
reactions in the 10 to 50-Mev energy range.
Alpha Particles on Cd 1 06

The reactions ofCd lo6 with 15 to 40-Mev alpha
particles from the Brookhaven 60-in. cyclotron are
currently being investigated. Excitation functions
have been obtained for a number of reactions, and
peak cross sections of 5.2,510, and 860 mb were
measured for the (a,Y), (a,n), and (a,2n) reactions,
respectively. A number of reactions involving the
emission of charged particles are also under investigation. The results are being compared with
Monte Carlo evaporation calculations based on
the statistical theory.

Protons on Ga 69 and Ga T1

The reactions of alpha particles with nuclides in
the iron-germanium regions have been fairly thoroughly investigated in previous years. It was of
interest to obtain detailed results for protoninduced reactions in this same mass region for
comparison purposes. Ajoint study with a group
from the Institute for Nuclear Study of Tokyo
University was undertaken for this purpose. The
reactions ofGa 69 and Ga 71 with 15 to 56-Mev protons were investigated, and excitation functions for
25 reactions were obtained. The results were compared with Monte Carlo evaporation calculations
by using pairing energy and level density parameter values that gave a good fit to data for alphainduced reactions in the same mass region. In
most cases good agreement with the experimental
peak cross sections was obtained, which confirmed
the occurrence of compound nucleus formation.
Evidence for direct interaction mechanisms was
also obtained, since many of the excitation functions exhibited prominent tails at energies past the
peak. The excitation functions will be compared
with a combined cascade-evaporation calculation
in order to assess the relative contribution of direct
interaction and compound nuclear processes.
Recoils of Residual Nuclei

The measurement of the recoil properties of the
residual nuclei following a nuclear reaction can
also yield information about the reaction mechanism. Recoil ranges projected along the beam direction have been measured for a number of reactions of indium with 5 to 10-Mev protons and 20
to 40-Mev alpha particles. The results have been
compared with values expected for compound nucleus formation, and agreement is obtained for the
(a,pn), (p,PY), and (p,n) reactions. In the case of
the (a,ay) reaction, on the other hand, the measured ranges are a factor of 3 to 6 smaller than the
calculated values, which indicates a direct interaction process. A similar study has been carried out
for the AF7 (a,Be 7) reaction. The results for Be 7 at
40 Mev are consistent with approximately equal
contributions from direct interaction and evaporation processes, while the results for Na 24 from
alpha particles on Ap7 indicate compound nucleus
formation. It is concluded from cross section measurements that at 40 Mev;::::: 60% of the yield of
Na 24 may be attributed to the (a,aHe 3 ) reaction.
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The interpretation of recoil studies requires a
knowledge of the range-energy relations for the
recoiling atoms. Such were measured for Ne zz ions
in aluminum and for gallium atoms in copper by
means of the stacked foil technique, with analysis
by means of a high-sensitivity mass spectrometer.
For Ne ions of energies between 1.0 and 2.8 Mev,
the mean ranges projected along the beam direction varied between 0.35 and 0.67 mg/ cm z of aluminum, and the half-widths of the range curves
were 0.20 mg/cm z• The ranges ofthe gallium atoms,
determined from measurements using monoenergetic atoms produced in radiative capture reactions such as (p,y), (d,y), and (a,y), varied between
7 and 174 p.g/cm z of copper for gallium atoms of
energies between 75 and 950 kev.
Charged Particles From Nuclear Reactions

Studies of charged particles emitted in nuclear
reactions are being carried out in collaboration
with members of the Physics Department. Current
experiments at the 60-in. cyclotron involve observation of the correlations in energy and angle of
two incident charged particles by means of solid
state detectors in conjunction with a two-dimensional multichannel pulse-height analyzer. The
most complete data obtained are for the reaction
O'6(a,2a)C'Z (ground state). Certain features of
the data are consistent with a model assuming the
direct knock-out of the second alpha particle,
while others are in agreement with the assumption
of a relatively long-lived state in 0 '6 between the
emission of the two alpha particles. Preliminary
data for the reaction d(p,2p)n indicate a resonance
corresponding to the singlet state of the deuteron;
for d(P,p')d evidence has been seen for electromagnetic transitions representing nuclear brehmsstrahlung. The principle of charge independence
of nuclear forces predicts the existence of a dineutron equivalent to the singlet state of the deuteron.
Studies of the reaction d(d,2p)2n are now being
carried out in order to observe this particle.
Theoretical Calculations

A Monte Carlo evaporation calculation described in a previous report has been programmed
for the IBM 7090 computer to provide calculated
excitation functions for comparison with experimental results. The calculation has been modified
to permit calculation of the momentum imparted
to the residual nucleus for comparison with the re-

sults of recoil studies. Also in progress is a more
detailed calculation of excitation functions which
considers the effect on excitation functions of the
competition between gamma-ray and particle
emission in the final de-excitation step. This competition depends in turn mainly on the energies
E i of the set of product levels that is composed of
the lowest level at every angular momentum. A
method for making approximate calculations has
been developed by using plausible assumed distributions of the E;'s. An analysis of experimental
excitation functions for the reaction pair A g '09( a,n)
and A g '09(a,2n) indicates that when gamma-ray
emission is included larger values of the level density parameter a are required to fit the data than
when gamma-ray emission is not included. This
calculation is being programmed for the IBM
7090 computer.
Miscellaneous Nuclear Data

In the course of other experiments new information has been obtained on the decay of several nuclides. The half-lives of Kr 76 and y83 have been
redetermined and found to be 15.0-+-0.5 hr and
7.5 min, respectively. These values are in disagreement with previously reported values of 10 and
3.7 hr. The ratios of electron capture to positron
emission in the decays of C S 'Z5 and C S 'Z7 have
been measured as 1.03-+-0.07 and 27.2-+-1.7,
respectively.
HIGH ENERGY NUCLEAR REACTIONS

Investigations of the interactions of high energy
protons with complex nuclei have been continued
at the two high energy accelerators available at
Brookhaven. A substantial part of this effort during the year has involved investigation of the
change in cross section of various proton-induced
reactions as the proton energy is increased from 3
to 30 Bev. Such relative cross sections obtained at
a single laboratory are expected to be more reliable than comparisons making use of data obtained
in different laboratories. Studies of carbon, aluminum, and copper targets have now been completed, and investigations of silver, lead, and uranium
targets are in progress. All the data so far obtained
show that no drastic changes occur in cross sections on going from 3 to 30-Bev protons. At 30 Bev
it has been possible to investigate products oflarger half-life or lower cross section than at 3 Bev be-

55
cause of the large integrated fluxes available at the
AGS.
Aluminum Targets

The cross sections for producing products ranging from M g27 to Be 7 have been measured for 28Bev protons on aluminum. Excitation functions for
a number of these reactions have been extended
down to 0.4 Bev. These measurements were relative to the cross section of the C12(p,pn)C" reaction for which an absolute measurement at 28 Bev
was described in last year's report. Particular emphasis was placed on obtaining the cross section
for the AF7(p,3pn)Na 24 reaction which has been
used as a monitor reaction for other studies. The
cross section of this reaction decreases from 9.1 mb
at 3 Bev to a value of 8.6 mb at 28 Bev. The energy dependence between 3 and 30 Bev of the other
cross sections from aluminum is not very different.
There is some indication that the production ofF'8
and Na 22 is less probable (relative to Na 24 ) and
that of Be 7 somewhat more probable at 28 Bev
than at 3 Bev.
Copper Targets

The formation cross sections for the spallation
products from copper irradiated with 30-Bev protons differ very little from those observed at 3 Bev
in the cases of products within ;:::::30 mass numbers
from the target. Within this mass region the ratio
of 30 to 3-Bev formation cross sections is unity for
neutron-excess products, and varies from ;:::::0.7 to
unity for neutron-deficient species. Only the lightest products, Be\ Na 22 , and Na 2 . , seem to be made
with higher probability at the higher energy, the
cross section ratio varying from;::::: 1. 2 for N a 24 to
1.5 for Na 22 • A recent CERN report on the interactions of 24-Bev protons with copper indicated
that, although the yield pattern for the spallation
products observed was essentially the same as at
lower energies, the total spallation cross section at
24 Bev was ;:::::40% lower than the inelastic interaction cross section of copper. The present data
are somewhat at variance with the CERN results.
They show a small shift in the spallation yield pattern between 3 and 30 Bev, but no deficiency in
total cross section at the higher energy.
Silver, Lead, and Uranium Targets

A comparison of yields of selected products from
silver, lead, and uranium targets at 3 and 30 Bev

indicates that the trends observed with the light
target nuclei are also true of the heavier targets.
Preliminary results show that many cross sections
change little in the 3 to 30-Bev energy region.
Some appreciable changes have been observed (e.g.,
in the yield of Ar 41 from uranium targets) but these
occur mostly between 3 and 10 Bev. Changes between 10 and 30 Bev are generally smaller.

Theoretical Implications
The changes in yield patterns (particularly in
the case of heavy element targets) with increasing
proton energies between 0.3 and 3 Bev have been
previously postulated to be primarily due to the
production and reabsorption of 'IT-mesons in intranuclear collisions. The number of such mesons
produced per collision is known to increase significantly as the energy is increased from 3 to 30 Bev.
Hence any theoretical description of nuclear reactions at energies >;:::::3 Bev must account for the
fact that these additional mesons do not drastically
change the deposition energy spectrum or observed
yield patterns of the various product nuclides.
Product Nuclides of the Same Mass
as the Target Nuclide

Considerable interest has been shown recently in
high energy nuclear reactions in which the product nucleus has the same mass number as the target.
Examples are the (p,p'IT+), (p,p'IT-) or (p,n), and
(P,p'IT°) reactions. Cross sections for such reactions
have recently been calculated from elementary
nucleon-nucleon and pion-nucleon interactions by
Ericson, Selleri, and Van de Walle. Cross sections
for (p,p'IT+) reactions on AF7 and CU B5 have been
measured for 28-Bev protons at the AGS, and both
(P,p'IT+) and (P,p'IT°) cross sections of indium have
been obtained at 2.9 and 30 Bev. The results of
these measurements and of other available measurements are in qualitative agreeement with the
theoretical estimates but are high by factors of;::::: 1
to 3. (A factor of2 in the theoretical underestimate
has been ascribed by Ericson to simplifications of
the theoretical treatment.) Further studies on these
reactions, including those of recoil properties, are
m progress.
Miscellaneous Studies at the Cosmotron

Research has continued in a number ofdirections
suggested by previously reported experiments.
Studies have been made of the isobaric yield pat-
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terns in the mass region 127 to 134 for the products
produced by irradiation of uranium with 1, 2, and
3-Bev protons. A number of (p,pn) cross sections
on targets having 36 to 46 neutrons have been
measured to determine whether the If; /2 neutron
shell becomes unavailable for the (p,pn) reaction
at some point in this mass region, and thereby
leads to a sudden decrease in the reaction cross
section. Studies of the recoil properties of N a 24
produced in the irradiation of bismuth with 2.9Bev protons have been undertaken. This reaction
is typical of the "fragmentation" process first observed when proton energies were increased above
400 Mev, and it is hoped that a further understanding of the mechanism will be gained from
this work. Studies of the spallation of silver at 2.9
Bev and of the recoil properties of some selected
product nuclei are in prbgress, and the results will
be compared with data obtained with nuclear
emulsions.
Numerous photographs of a liquid xenon bubble chamber exposed to :::::l-Bev/c 'IT-mesons are
available from studies of elementary particle production. These are being scanned by members of
the Chemistry Department in a study of the interactions of 'IT-mesons with xenon.
Theoretical Calculations

Work on the new Monte Carlo calculations of
intranuclear cascade processes mentioned in last
year's report has proceeded in collaboration with
members of the Applied Mathematics Division.
Programming for nonmesonic processes is essentially complete, and detailed comparisons of results with the earlier calculations by Metropolis
et al. show excellent agreement when the same input parameters are used. The introduction of reflection and refraction of nucleons at the nuclear
boundary, and substitution of a trapezoidal for a
rectangular density distribution (with corresponding change in the shape of the potential well) both
have rather pronounced effects; these refinements
tend to decrease some of the discrepancies between
the earlier calculations and experimental data.
Progress has also been made in the formulation of
the cascade processes involving mesons. The observed resonance character of elementary pionnucleon interactions has the interesting consequence that the creation of pions in nucleonnucleon collisions can be considered a two-step
process, the first step being the production of an

excited nucleon isobar, the second step the decay
of this isobar into a nucleon and a pion. The calculated lifetimes of these isobars are such that they
can travel appreciable distances within the nucleus
before decay, and therefore a consistent scheme
for treating these isobars and their interactions
had to be developed for inclusion in the cascade
calculations.
NUCLEAR SPECTROSCOPY
The Os 186 Level Scheme

Analysis has been completed of the data previously obtained in measurements made on radiations from Ir '86 decay by members of the Physics
and Chemistry Departments. Approximately 60 of
the 100 observed transitions have been fitted into
a 24-level scheme for OS'86. Five of these levels
may be classified as members of a ground-state rotational band and six others as members of a rotational band based on a gamma vibration. In the
ground-state band the energies are not well fitted
by the strong-coupling model, even with inclusion
of vibration-rotation interaction; in the gamma
band, although the levels show even-odd energy
effects predicted by the model, the agreement between observed and theoretical energy values is
not satisfactory. Values computed from the asymmetric rotor model for y = 16.5 0 fit the level energies as well as the strong-coupling values do, but
with fewer parameters.
Results of comparisons of intra- and interband
transition probabilities appear to show, in terms of
the strong-coupling model, that the interband
mixing required to fit these transition probabilities
is different from that which gives the best fit for
energy values. Similarly, in terms of the asymmetric rotor model, different values of the asymmetry parameter, y, are required for transition
probabilities and for energies.
Studies on other isotopes of osmium are in progress, and some new data on OS'8", OS'87, and OS'89
have been obtained.
Improvements on the Beta-Ray Spectrometer

The resolving power and transmission of the 50cm double-focusing beta-ray spectrometer have
been considerably improved by appropriate magnetic shimming. It has been possible to achieve a
line width (full width at half-maximum intensity)
of <0.05%; this is only about 10% greater than
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the theoretical minimum for the source and detector widths employed. A gratifYing increase in transmission has accompanied the improvement in
resolution. Further, operation of the spectrometer
and recording of the data have been made fully
automatic.

retical estimates made by use of hydrogenic wave
functions reveals that the theoretical estimates
are low by an order of magnitude in all cases except those in which the calculations are made by
appeal to the completeness property. In the latter cases, the use of hydrogenic wave functions is
justifiable.

ATOMIC ELECTRON EJECTION IN P0 210 DECAY
SPATIAL CONSTANCY OF COSMIC RAYS

In continuation of last year's report under the
same heading, it is now reported that the probability of a lead M photon being emitted in the decay ofPo 210 is 0.91( -+-15%) X 10-\ as measured by
means of a proportional counter and pulse-height
analyzer. In the course of this measurement the
relative intensities of the component lines in the
lead M spectrum from P0 210 decay were observed
to differ significantly from those in a lead M spectrum excited by conventional means. In particular
the spectrum from P0 2 10 contains a 3.7-kev component, constituting ;::::::4% of the total spectral intensity, whose energy is consistent with the allowed, but hitherto unreported, transition M10II ,III'
These intensity differences are attributed to extensive ejection of electrons from the outermost shells
in the P 0 210 decay act.
Migdal's theory of electron ejection in alpha
decay, which neglects the effect of nuclear recoil
and calculates electron transitions only to continuum states, underestimates the observed M intensity
by a factor of ;::::: 150, and, as previously reported,
it underestimates the L intensity by a factor of
;:::::25, and gives a roughly correct estimate of the K
intensity. When the theory is corrected by introducing the effect of nuclear recoil and transitions
to bound states, the underestimate becomes worse,
the ratio of measured value to theoretical value for
M, L, and K electrons being respectively 410, 270,
and 15. Levinger has shown that for L electrons,
but not for K electrons, one factor of lOin the discrepancy may be attributed to the premature
amputation of a series used by Migdal. Presumably this accounts for a factor of lOin the M discrepancy also. Thus, for all three shells a discrepancy of one order of magnitude remains. As a result of a critical reworking of the theory it is now
made very plausible that the remaining order-ofmagnitude discrepancy is due to an unjustifiable
use of hydrogenic wave functions in the theory.
Comparison of a considerable body of experimental data in both alpha and beta decay with theo-

The intensity of cosmic rays in the neighborhood of the earth can be compared to the average
intensity over the orbit of a meteorite by determining the relative activities of cosmic-ray-induced
Ar 37 (35 day) and Ar 39 (325 yr) in the meteorite
material. This method was applied to the Hamlet
meteorite (see annual report for 1960) and has
been repeated on 350 grams of Harleton meteorite
obtained shortly after its fall on May 30, 1961.
The Harleton meteorite was a typical chondrite
consisting of a stone phase interspersed with a
metallic phase (87% Fe, 13% Ni, 0.4% Co) in the
form of small grains 0.5 mm in diameter. The iron
phase was separated magnetically from a ground
sample of the meteorite to measure the Ar 37 / Ar39
ratio on the separated metallic phase. In this way
a more certain test for variations in cosmic-ray intensity can be made because the Ar 37 / Ar 39 ratio
produced in iron by proton bombardment at the
Cosmotron is accurately known and this ratio is
independent of the proton energy. Measurements
of the Ar 37 / Ar 39 ratio were made separately on the
whole meteorite sample, the stone phase, and the
iron phase. The values are given in Table 2 together with the Ar 37 / Ar 39 ratio for iron bombarded
with 3-Bev protons at the Cosmotron. Since these
ratios are the same within the limits of error it is
concluded that the cosmic-ray intensity at the
Table 2
Argon Activities in the Harleton Meteorite

Sample
Iron phase
Stone phase
Whole meteorite

Ar 39 ,
dis/min/kg

22.0±1.1
7.0±O.4
9.1±O.4

Ar37j Ar 39

Ar37 j Ar 39 from
3-Bev proton
bombardment

O.84±O.11 O.82±O.O2
1.58±O.25 measurement
incomplete
1.02±O.13 measurement
incomplete
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earth's orbit is within 15% of the time-averaged
value over several astronomical units of distance
from the sun.
ARCHAEOLOGICAL CHEMISTRY
Glasses Containing Antimony and Manganese

In the continuing investigation of the composition of ancient glasses special attention has been
given to colorless, clear glasses containing antimony and manganese in sufficiently great concentrations to indicate that compounds of these elements were added deliberately, presumably to
counteract the discoloration due to iron. The alternate and joint use of these two decolorants form an
interesting and significant pattern that correlates
with the geographic and chronological origins of
the glasses. The observation that this use of antimony was distinctly different from the utilization
of lead and tin in ancient glass tends to refute the
frequently expressed opinion that ancient artisans
did not differentiate between antimony and these
elements.
Glasses Containing Magnesium and Potassium

Earlier data had shown that a particular type of
glass, characterized by a high concentration of
magnesium and potassium, was widely produced
in the second millenium B.C. and again later in
Islamic countries. It had appeared that the manufacture of this type of glass ceased between roughly

the seventh century E.G and the seventh centm,
A.D. Recent analyses indicate that in some regions
of Mesopotamia glass ofthis composition continued
to be made throughout this intervening period.
NICOTINE BIOSYNTHESIS

The biosynthesis of nicotine by tobacco roots has
been found to proceed in the pyridine ring portion
by incorporation of only one carbon atom from
various two, three, and four-carbon compounds
related either directly or indirectly to the Krebs
citric acid cycle. With aliphatic acids such as acetic, succinic, and fumaric, only the carbons alpha
to the carboxyl group are appreciably utilized,
and with amino acids such as alanine, ,a-alanine,
and aspartic, only the carbon beta to the amino
group. Glycerol, however, appears to be incorporated partly via oxidation to acetate and partly as
a two-carbon fragment. It is possible that the pyridine ring of nicotinic acid in this system may arise
by reaction of citric acid or some close relative
thereof (derived via the Krebs cycle from the
simpler compounds mentioned above) with a twocarbon fragment from glycerol (such as glycol aldehyde) and ammonium ion from the nitrogen
pool of the root system. Degradation studies are
being continued to determine the specific location
in the pyridine ring of activity derived from each
of the important (specifically labeled) precursors
used. This will clarify the mode of formation of
nicotinic acid in such a plant system.
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Nuclear Engineering
bed fueled systems for breeder, chemonuclear, and
high-temperature, high-performance reactors.
Through this program assistance is also provided
to the AEC in reactor evaluation. Dr. Chad Raseman has returned to Brookhaven after two years
in Washington working for the AEC in this connection. During this period he carried out assignments
in 15 European and Latin American countries.
During the year, Department personnel have
su pervised the construction and operation of
gamma irradiators for exhibits sponsored by the
US AEC Division of Special Projects in Beirut,
Lebanon; Lima, Peru; Mexico City, Mexico; and
Athens, Greece. In Lima, the research reactor program associated with the exhibit was also headed
by BNL personnel.
Additions to the Critical Assembly Facility and
the Metallurgy Building were occupied in the
latter part of the fiscal year.
After the Advisory Committee on Reactor Safeguards had reviewed the preliminary hazards summary report for the High Flux Beam Research
Reactor (HFBR), field construction work began
in the fall of 1961 with implementation of the
rough clearing and grading contract. Early in
1962 the architectural and civil contractor for the
structural concrete work and the building dome
contractor for the steel containment shell began
work. As ofJune 30,1962, the steel containment
shell is ;:::60% complete, and the structural concrete work is well under way. Practically all items
of major equipment are on order, and deliveries
are beginning to be made. All field work subcontracts have been placed, the major ones, in addition to those mentioned above, being those for the
electrical, mechanical, air-conditioning and heating and ventilation work, and for construction of
the cooling tower.
The Brookhaven technical staff has continued
close liaison with the AEC in approval matters.
Only odds and ends of detailed design remain;
emphasis has shifted to operating manuals, spare
parts, final hazard reports, operator training, and
inspection of work in the field and in vendors'
shops.

On May 1, 1962, Dr. Clarke Williams, who
had been Chairman of the Nuclear Engineering
Department since its formation in 1952, became
Deputy Director of Brookhaven National Laboratory. Dr. Warren E. Winsche, who was one of
the original members of the Laboratory staff
but had been at Savannah River Laboratory
since 1951, became Chairman of the Nuclear
Engineering Department onJune 25, 1962.
On January 1, 1962, the Radiation Division
was formed within the Nuclear Engineering Department. Its three sections have responsibility for
studies of the mechanisms of chemical reactions
initiated by radiation, studies of selected radiationinduced chemical processes, and the development
and characterization of large-scale radiation
sources.
The Atomic Energy Commission has designated
the facilities at Brookhaven as a Radiation Development Center that will provide a focal point
for radiation research and development in the
United States. The High Intensity Radiation
Development Laboratory (HIRDL) Building has
been completed, and special equipment is being
installed.
The present program of the Department falls
into three main categories. The first, and by far
the largest in terms of man-years of effort, is basic
research, which includes fundamental studies in
physics, chemistry, and metallurgy. Also included
are studies on liquid metals, reactor materials at
high temperatures, liquid metal heat transfer, and
diffusion of fission products in solids.
In the second category is the long-range work
of developing components that may bring about
significant advances in reactor technology and
radiation application. Some of the more important
phases of this work are the development of reactor
fuels, high temperature volatility and fluidized
bed processing schemes, radiation engineering
methods, and waste processing devices.
The engineering and evaluation studies in the
third category are focused on practical application
of the work in the preceding categories. Studies
were made during the year on settled particulate
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REACTOR PHYSICS
Theoretical Reactor Physics

An international conference on neutron thermalization was organized and held at Brookhaven
from April 30 to May 2, 1962. Approximately 60
papers were presented, including several from the
Reactor Physics Division and many from overseas
Laboratories. A feature of the conference was the
use of the reporter system under which the various
papers submitted on a particular subject are covered by one speaker. The impressive progress in
both theoretical and experimental work in this
field has justified the establishment of strong reactor physics research centers abroad and in the
United States.
The importance of theoretical studies of reactor
stability and control has been emphasized by the
inherent instability found in a number of recent
reactors and by the occurrence of several nuclear
incidents involving critical assemblies. During the
year the study of the influence of xenon and temperature feedback on reactor stability has continued. The importance of the type of control
chosen to stabilize inherently unstable reactors
was reported in an invited session at the June
meeting of the American Nuclear Society in
Boston where a review of nonlinear aspects of reactor dynamics was also given.
Review papers on the status of the theory of enriched uranium-water lattices were presented at
the IAEA Panel on Light Water Reactor Lattices
held at Vienna from May 28 to June 1, 1962. The
theoretical results, based strictly on the best available cross sections and rigorous calculations, yield
fairly close predictions of the criticality of these
systems. One paper was devoted to recent results
on the thermal neutron spectrum in uraniumwater lattices. The theoretical calculations now
yield results of sufficient accuracy to make approximate measurements of the intrinsic properties of these systems no longer useful.
Calculations have been carried out on a number of advanced reactor concepts. Physics studies
of settled bed reactors have continued with the
emphasis shifting to investigations of the stability
oflarge-scale fast-breeder reactors. Limited studies
were completed on fast breeders of the Pu-Bi solution type to determine their feasibility and economic attractiveness. Studies on the "cold moderator" concept of high-conversion-ratio, plutonium-
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fueled thermal reactors have continued. With
large clusters of variably enriched, plutoniumfueled rods in a cold, internally pressurized, DzOmoderated core, these reactors have optimum
initial conversion ratios of ;::::: 1.1 and specific
powers of up to 5 Mw (thermal) per kilogram of
plutonium. The rapid decrease in the value of 11
for PU Z39 puts a premium on low neutron temperatures which are obtainable by slow circulation
of the nearly insulated moderator. It is not claimed
that true breeding can be achieved in a practical
system; however, economical, near-breeding,
plutonium-fueled, thermal reactors are considered
to have a long-term potential. Small quantities
of make-up fuel would be obtained, if necessary,
from fast-breeder reactors. These studies also
indicate a long-range potential for heavy water
as a moderator in power reactors.
Experimental Reactor Physics

The program of
measurements on the neutron physics of slightly
enriched uranium metal rods in light water has
ended, but study has continued to resolve some discrepancies. The first area of discrepancy was that
ofthe relative number ofU 235 fissions in the energy
regions above and below the cadmium cutoff. By
using an improved technique developed at Bettis
Atomic Power Laboratory which involves activation of dilute U235 foils, a complete set of measurements has been carried out. The results are now
consistent and agree with measurements at Bettis.
This discrepancy is now considered to be removed.
Studies were performed in connection with the
technique of resonance capture measurements.
These were inspired by difficulties at other laboratories in measuring believable values of P28 (the
ratio of resonance to thermal UZ 38 captures) in
uranium oxide-fueled lattices. As a first step
toward resolving this question, it was thought
necessary to place the measurements in metallattices on a sound footing. A number of techniques
in common use have been refined to a point of
high accuracy, and the results now agree. The
measurement of P28 in metal fuel lattices is now
believed to be reliable and precise. The values for
the many metal lattices studied will now be remeasured, and the techniques will be extended
to oxide-fueled systems.
After correction for all known sources of error,
there still remains a discrepancy of ;:::::3 to 6% beUranium Metal-H 2 0 Lattices.
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tween measured and calculated capture density
disadvantage factors in metal rod lattice cells.
The measured parameters of ::::: 100 metal rod
lattices were assembled and presented at the IAEA
panel discussion mentioned above.
U0 2-H 20 Lattices. A systematic study has been
made ofone lattice of3% enriched U0 2 rods in light
water. Macroscopic flux distributions were measured with pure water moderator and with three
concentrations of boric acid in the water. The purpose of this study was to identify the source of
spurious neutrons which had affected previous
measurements and to eliminate this effect. The
source was identified as photoneutrons generated
in the natural D 2 0 of the water by gamma rays
from the thermal column. Elimination of the
problem has permitted a refined set of experiments on the lattice concerned, to provide good
values of the buckling, the migration area, the
anisotropy of migration area, and the effect of relaxation length on reflector savings. The relation
between macroscopic flux distributions and the
critical size has been found to be quite complex
in these oxide-fueled systems. The anisotropy is
found to be considerably greater than in previously studied metal-fueled lattices.
With the resolution of the problems underlying
these exponential experiments and clarification of
the way they must be analyzed, the experiments
on the remaining assemblies should now proceed
quickly.
Slab Lattice Experiments. Most of the required
measurements in this program have been completed.
U23302-Th02 Experiments. Discussions and correspondence with personnel at Oak Ridge National
Laboratory have resolved all known uncertainties
in specifications for the U 233 0 2 _ Th0 2 fuel, and
fabrication at Oak Ridge will begin soon. First delivery of the fuel is scheduled for December 1962.
Minimum Reflection Critical Experiments. These
experiments are performed on a platform :::::20 ft
above ground level in an unshielded silo building
with thin steel walls (Figure 1). The objective is
twofold: to obtain good experimental data on the
critical mass ofhomogeneous, unreflected graphiteuranium reactor cores over a wide range of atom
ratios, and to test experimentally the so-called
second fundamental theorem of reactor physics.
After final approval of safety considerations by
the Brookhaven Reactor and Critical Experiments

Safety Committee and the AEC, critical loading
of the first assembly was achieved on April 25,
1962.

Measurements have been made of the safety
rod worth and of the change in reactivity with
thickness of the air gap between partial assemblies
on two carts. The reactivity meter described in
the 1960 annual report was used in some cases,
and measurements of decay time were made with
a pulsed neutron source. The latter method is
more reliable in measuring the change of reactivity with gap thickness. The measurements confirm reasonably well a theoretical prediction made
by Chernick in connection with the design of the
Brookhaven Graphite Research Reactor (BGRR).
Measurements of flux distributions are now
under way. These tentatively indicate a small
amount of neutron reflection from the carts for
which correction must be made in analyzing
the data and drawing conclusions about flux
separability.
Pulsed Neutron Measurements. The Van de
Graaff generator was given a complete overhaul,

Figure 1. Minimum Reflection Critical Experiment.

62
and improvements were made in the pulsing system. Greater sharpness of pulse shaping and a
considerable increase in signal to background neutron intensities (now ::::::10 7) have been achieved.
With the smaller background, measurements over
a much greater range of decay are possible, and
some problems obscuring the understanding of
neutron thermalization in graphite have been
solved. The time required for effective neutron
energy equilibration in graphite was found to be
much longer than expected, ::::::2 msec, and not
very dependent on stack size. Measurements at all
laboratories prior to this equilibration had contained data that led to incorrect values of the
diffusion coefficient, absorption cross section, diffusion length, and diffusion cooling coefficient.
The measurements made after the longer waiting
times are consistent and have now been confirmed
by measurements at other laboratories.
In an extension of the pulsed neutron techniques, diffusion length measurements were made
in light water poisoned by different amounts of
boric acid. The data obtained could be analyzed
with use of the same assumptions as those used in
pulsed neutron experiments. They led to results
that agreed with the values of diffusion lengths,
absorption cross section, diffusion constant, and
diffusion cooling constant found in the best pulsed
experiments, but the new measurements have improved the accuracy.
The Van de Graaff accelerator has been dismantled for transfer to the new addition to the
Critical Assembly Facility.
High Flux Seam Research Reactor. The critical
assembly mock-up of the HFBR has been reinstalled in a spherical vessel of the shape and size
to be used in the reactor. This vessel has permanently installed beam tubes.
The experimentally based estimate of the core
size needed to furnish the requisite excess reactivity
was found to be correct. Measurements of the
thermal neutron flux from beam tubes confirmed
earlier measurements made with movable tubes
in the cylindrical vessel. The ability of safety rods
to hold down the peak excess reactivity encountered during fuel changes was also confirmed.
Measurements of the gamma heat rates in the
vessel wall were made with a mocked-up thermal
shield in place.
Cold Neutron Project. A slow-neutron chopper
has been assembled and is being checked out on

the 4X4-ft graphite thermal column of the Neutron Source Reactor.
A small cryostat has been designed and is ready
for fabrication.
A series of runs was made using a 1.65-m flight
path. Intensity was adequate even at the Bragg
cutoff for bismuth. The variation of count rate
with rotor angle was determined and found to be
triangular.
The best of all data obtained so far show that
the spectrum emerging from the face of the thermal column of the Neutron Source Reactor corresponds to a 300 K Maxwellian distribution
perturbed by the variations in the graphite cross
section.
Reactor Safety. Emphasis by the AEC on more
formal reactor safety procedures has increased
greatly since the SL-l incident. A conservative
estimate indicates that at least two scientist manyears have been devoted by the Experimental
Reactor Physics Group to Brookhaven reactor
safety matters in fiscal 1962.
0

Sigma Center
Neutron Cross Section Compilation Group. A
second and completely new edition of BNL-400,
Neutron Cross Sections - Angular Distributions, is being
readied for publication in 1962.
A digital computing machine program has been
prepared to duplicate on magnetic tape most of
the neutron cross section information in the Sigma
Center's files. Such duplication should make access to the files more rapid and flexible than heretofore. Automatic plotting of selected sets of the
data should also be possible. Activation measurements ofthermal (n,y) cross sections of AF7, V5\
Ag 107 , and A g l09 were made to resolve discrepancies in the previously published values of these
cross sections.
The Group cooperated closely with the Nuclear
Cross Sections Advisory Group of the AEC by
furnishing secretarial service and preparing its
reports for publication.
Reactor Cross Section Evaluation Group. Newsletters No.5 and No.6 were issued (BNL 694 and
BNL 732) covering recently received neutron
cross section data of particular interest to reactor
physicists.
A least-squares analysis was made of the many
interconnected measurements of the thermal neutron cross sections and other para meters of the
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three fissile nuclides, U233, U23S, and PU 239 . The
results constitute a refinement of the Warld Consistent Set of 2200-m/sec parameters published in
the last (1960) Supplement to BNL 325 - Neutron
Cross Sections. They appear in BNL 722.
The digital machine program, ABACUS, for computing cross sections according to the optical
model of the nucleus has been improved and extended. Transmission coefficients for all nuclei
have been calculated and tabulated in a manner
convenient for calculation of nuclear cross sections. The tabulation will be made generally available in report form. Inelastic neutron scattering
cross sections for U 238 have been computed by the
Hauser-Feshbach method for various possible
choices of energy level schemes, and the quitegood fit to experiment has been scrutinized for
evidence that a spherically symmetric potential
well may not represent the actual U 238 nucleus.
The optical model has also been applied with
some success to the scattering of slow electrons by
argon atoms. This application to a nonnuclear
problem demonstrates the model's range of applicability.
Some theoretical understanding of the observed
tendency for nuclear energy levels to shun or repel
each other has been obtained by showing that a
similar behavior characterizes the eigenvalues of
certain randomly chosen quantum systems.
Reactor Evaluation and Advanced Design

Settled Sed Reactor Concept. A major effort
during the past year in the settled bed reactor
program has centered on the directly cooled fast
reactor systems. This reactor concept involves a
settled bed of spherical fuel particles directly
cooled by a liquid metal flowing in either an axial
or a radial direction through the bed. The reference fuel is UPuC. Fuel development, economics,
and reactor physics comprised the main areas of
evaluation.
Initial fuel development work is being performed with UC. The fuel development program
has included procurement of UC spheres, capsule
design and testing in an out-of-pile high-temperature liquid metal environment, and fabrication
and testing of an in-pile capsule.
Organic Cooled Reactor Studies
Brookhaven
was designated as the information-coordinating
AEC laboratory in the organic cooled reactor program. In addition, a broad experimental program

has been started to seek an understanding of ( 1)
the mechanisms of fouling film formation on
heated metal surfaces, (2) corrosion of metals, and
(3) the thermal and radiation stability of various
organic coolants.
Direct Conversion. A study has been started
on the direct electrical conversion of energy from
a fissionable ionized gas, UF 6 , at 3000 to 15,000oK.
Ultimately 20 to 30% direct conversion may be
achieved, with utilization of35% of the remaining
waste heat via a conventional steam cycle. Electrodeless electromagnetic coupling is used to extract the energy, either by a pulsed subsonic axial
expansion of the heated gas into a cylindrical magnetic piston, or by a quasi-steady subsonic flow of
gas between two reactors through varying magnetic fields. The alternating gas eddy currents generate a voltage in an external pickup coil. The shock
technique proposed by S. Colgate is not considered because of the high losses anticipated from
turbulence. The coupled nonlinear energy, momentum, Maxwell's, matter, and state equations
have been derived. An analytic solution for a
linear perturbation showed low efficiencies of
several percent; for high efficiencies operation
must be nonlinear. A numerical computer solution is needed and will be sought. A multigroup
neutron diffusion analysis has shown critical concentrations of ;:::;2 Xl 0 8 molecules/cc, which correspond to plasma pressures of ;:::;1 atmosphere.
Containment seems feasible with fuel stabilized
by excess fluorine.
On the subject of a thermally regenerated fuel
cell, analytical calculations verified by experimental measurements showed that the aqueous
concentration cell was power-limited at 200 w/fts.
The analysis also provided a basis for evaluating
compounds as to their potential merit. Accordingly, it was decided to examine systems that indicated capability for higher electric power density.
The program is also directed toward a system
without moving parts.
Chemonuclear Studies. Design and evaluation
work on two new chemonuclear systems was
undertaken. Both reactors are being designed for
the production of CO in a CO 2 process stream by
utilizing fission fragment recoil energy. Particular
emphasis is being placed on an externally moderated system capable of producing 700 Mw
(thermal) with a chemical output of ;:::;1200 tons
of CO per day. The second concept features a two-
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region core, the inner region designed for heat
generation alone, and the outer, annular region
for chemical production.
Fuel Cycle Analysis. Programming of two computer codes was begun. PSYCHO is a generalized
fuel-cycle cost code which closely follows the
method presented in the AEC Cost Evaluation Handbook. THORCYC is a one-dimensional multigroupdiffusion-theory fuel-cycle analysis code for the
analysis of Th-U 233 fast-breeder systems.
During the period various evaluation projects
were undertaken for the AEC.

METALLURGY
Reactor and General Metallurgy

The reactor metallurgy program is concerned
with the problems of containment of liquid metal
coolants used in the power conversion systems of
compact reactor systems, the production of controlled composition alloys for research, and general consultation on materials throughout the
Laboratory.
Materials for Containing Boiling Liquid Metals.
Boiling liquid metals, especially Hg and Na, are
currently of interest as working fluids in highperformance nuclear reactor-turbine systems.
Three all-liquid and six boiling Hg-containing
loops have been run to determine the effectiveness
of Ti and Zr as inhibitors of Hg corrosion in systems fabricated offerrous alloys. In addition, a
loop made of Haynes Alloy #25 has been run
using Ti-inhibited Hg, and two loops built ofrefractory metal are now in operation.
The loops in which only liquid was circulated
were fabricated from tubing having carbon steel
on the inner surface and 1.25 wt % Cr-0.5 wt %
Mo steel on the outer surface for strength and air
oxidation resistance. Each loop was run for ;::::;8000
hr, with a temperature difference of 204°C (528°
to 316°C). The fluid in one loop was uninhibited,
while the other two loops contained either Ti or
Zr dissolved in the Hg. The Hg from the loops was
filtered to remove corrosion products at the end of
the test. On the basis of the weighed corrosion
products, the Ti inhibitor reduces corrosion by a
factor of 3, while the Zr inhibitor reduces it by a
factor of 8. Metallographic examination shows the
mode of attack in the Ti-inhibited and the uninhibited systems to be of a grain boundary type,

and that in the Zr-inhibited system to be of a
transgranular nature.
The seven boiling Hg loops were operated at
538° to 593°C boiler and 607° to 704°C superheater temperatures. Materials tested were Inconel-clad carbon steel, 2.25 wt % Cr-1.0 wt %
Mo steel, and Haynes Alloy #25. The Inconelclad carbon steel and Haynes #25 loops were run
with a boiler temperature of 593 °C. Effectiveness
of the Zr as an inhibitor was essentially the same
in the boiling loops as in the all-liquid system loop.
The Ti did not appear to have an inhibiting effect
in the boiling system. Of the boiling loops, the
Haynes Alloy #25 loop produced the greatest
amount of transferred material and exhibited a
leaching type of corrosion rather than the grain
boundary or transgranular attack observed in the
ferrous materials. No corrosion was detected in the
boiler section of this loop, which indicates that the
Ti perhaps has some inhibiting effect on the
Haynes #25 alloy.
Boiling in these small thermal convection loops
is rather unstable, which makes it difficult fully
to understand the action of the inhibitors. In an
attempt to study the movement of inhibitors in a
boiling system, a loop has been built which will
have a radioactive tracer dissolved in the Hg. By
scanning with a counting device, it should be possible to follow the movement of the soluble constituent in the boiling loop system.
The extent of inhibition taking place in the condensing portions of a boiling system is unknown,
but it is possible that adequate protection may be
achieved by forming a protective layer prior to
operating the loop at design conditions. Capsule
experiments have been run to determine the time
and temperature required to form an inhibiting
film. Electron transmission studies on films
stripped from the capsule specimens have shown
the films to be ZrN when Zr was used as the
inhibitor.
A series of reflux-type capsule tests is being run
at 1204°C to determine the corrosion resistance of
Cb-1 wt % Zr alloy to Na containing various oxygen additions and getters such as Ba and Mg. The
resistance ofMo, Ta, and Cb to purified Na is also
being determined in reflux capsule tests. A small
thermal-convection boiling loop built of Cb-1 wt
% Zr and containing purified N a is now operating at 1093°C boiler and 1204°C superheater
temperatures.
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Two high-vacuum chambers 4 ft in diameter
and 8 ft high have been put into operation. They
will contain a forced-circulation boiling Na loop
and a similar Hg loop. Both loops will be built of
Cb-l wt % Zr alloy and thus will require protection from the atmosphere. A vacuum of 10- 8 mm
Hg can be attained in the chambers by using a
Vac-Ion pump.
General Metallurgical Studies. A series of iron
alloys made from high purity materials has been
prepared in the molecular-still vacuum induction
furnace. The 1-lb melts contain up to 0.30 wt %
carbon and up to 1 wt % Ni or Cr. The alloys are
then cold-swaged to 0.230-in. diameter for use in
the radiation effects program.
Ta-Fe, V-Pt, CU_B10, and CU-Bll alloys have
been prepared by inert gas arc melting for various groups at the Laboratory. The CU_B10 alloy (9
atom % B10), prepared for the Cross Section Group,
was of sufficient uniformity to allow the determination of the predominant spin state of the B10.
HFBR Metallurgy. Aluminum alloy 6061 has
been chosen as the construction material for the
HFBR containment vessel. Since experience in the
welding of this material in thick sections is limited,
a series of tests was run to determine the suitability
of alloys C809 and 4043 as weld filler materials.
Test welds were made by using the manual consumable inert arc process. Mechanical testing
showed the joints to have adequate strength even
in the as-welded condition, and x-ray examination
revealed only small amounts of porosity. Although
metallographic examination revealed considerable
microporosity, no cracks, tears, laminations, or
inclusions were found.
Three prototype fuel elements for the HFBR
have been irradiated in the Engineering Test Reactor (ETR). They contained 30, 35, and 40 wt %
V235 in AI. They were mechanically assembled by
a "peened-lug" method. The first two of these elements received 40 to 50% burn-up. Hot cell examination of the first element showed severe plate
distortion with several channels reduced in some
areas to < t.4 their original spacings. The third
element received 16% burn-up. All channels in the
35 and 40 wt % elements were locally restricted to
<75% but >50% of their original value. New
tests are under way of elements fabricated by the
roll-swaged method of assembly. These all contain
35 wt % V 235 in Al in the fuel-bearing core. Four
will be irradiated in the ETR and two in the Ma-

terials Testing Reactor (MTR) to 20 to 25%
burn-up.
Irradiation of DY203-stainless steel compacts in
the MTR has been initiated. One compact containing 30 wt % DY203 has been irradiated for
three MTR cycles without noticeable damage.
Alloy Theory and Nature of Solids
Structure of Liquid and Solid Alloys. Further
evaluation of the heats of solution of solute metals
in liquid Bi suggests that the electronic configuration is more important than the size factor in determining the thermodynamics of dissolution. A
generalized theory for metallic structures combining the molecular, orbital, and valence bond approaches was formulated. Calculations for simple
molecules are in agreement with experiment.
Liquid Metal Corrosion Fundamentals.
1. Emf
effects.
An attempt is being made to determine
the effects of a dc current on the diffusion of various metals in molten Bi. Experiments were performed in which irradiated Fe, Cr, and Ag diffused through capillaries containing molten Bi at
500°C while currents of 0 to 1000 amp/cm 2 were
passed through the Bi. Fe and Ag show accelerated diffusion against the electron flow and tend
to concentrate about the cathode, whereas Cr
shows accelerated diffusion in the same direction
as the electron flow and tends to concentrate
about the anode. Preliminary calculations suggest
diffusion coefficients of the order of 10- 5 cm 2/sec
with a twofold increase in mobility of Ag against
an electron flow of 1000 amp/cm 2 during the electrolysis of Bi-Ag alloys.
Measurements of the W-liquid Bi thermocouple have shown that the absolute emf of liquid
Bi is not affected by Fe additions. Measurements
of the emf between Fe and W electrodes in Bi have
shown the potential of the iron electrode to be
sluggish in establishing its steady-state value. This
may be due to an effect of dissolved iron on the
electrode potential (concentration cell). Currents
> 25 rna can be drawn from a cell with a 5 wt %
Cr-0.5 wt % Mo steel anode and a carbon steel
cathode immersed in liquid Bi at 500°C. The current flow continues steadily for at least 3 hr without polarization. The polarity of this cell (compared with the electrodiffusion measurements)
suggests selective attack of the 5 wt % Cr-0.5
wt % Mo steel electrode, in agreement with loop
observations.
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2. Surface reaction studies.
An attempt was
made to measure the kinetics of formation of a Zrbearing film on a 2.25 wt % Cr-l wt % Mo steel at
700°C during the first 4 hr of reaction by using an
improved thin liquid film technique. It was found
that the precision would have to be further improved for meaningful results. Analysis by error
theory suggested that a potential coefficient of
variation of 10% should be attainable through
more precise control of the radioactive Zr tracer
added. With this coefficient it should be possible to
distinguish a parabolic from a cubic film growth
curve.
3. Dissolution kinetics. One method of estimating the activation energy of interaction between a
liquid metal and a dissolving metal is to measure
the temperature dependence of the rate constant
of the dissolution process. It was concluded from a
literature survey that a pumped tube system
would provide the best estimate of the thickness of
the boundary layer, and that a rotating concentric
cylinder system was next best.
Thin Film Studies. Fission events in thin, vapordeposited metallic films produce distinct tracks,
which are observable by electron microscopy. Alpha and tritium particles generated by the
Li6(n,a)H3 reaction have also produced tracks in
100-A-thick Li 6F films. The appearance of the
tracks in both cases is strongly influenced by the
thickness of the matrix material. Track characteristics in metal films are also influenced by the
atomic number of the film. It has been tentatively
concluded that the thermal spike mechanism is
mainly responsible for the damage observed in
metal films. In LiF films, both the alpha and the
H3 particles are capable of raising the temperature
in excess of the melting point, since their total energies are 2.04 and 2.84 Mev respectively. This
corresponds to an energy loss rate of 60 to 120
ev/ A in the case of the alpha particles and 15 to
30 ev/ A for the H3 particle. The mode of energy
transfer in this case is thought to be mainly by
electron excitation.
Radiation Effects
Effects of Neutron Irradiation on the Mechanical
Properties of Body-Centered-Cubic Metals. The
effects of material selection and neutron exposure
on the properties of body-centered-cubic (bcc)
metals and of pure iron in particular are being
studied by measurement of the mechanical prop-

erties at ambient to liquid He temperatures. The
changes observed in the yielding, plastic flow, and
fracture properties after fast neutron exposures
from 10 17 to 10 19 nvt have been studied in pure
iron and iron alloys as a function of the grain size,
integrated exposure, testing temperature, and
postirradiation annealing temperatures. Changes
in the microstructure, electrical resistivity, and
hardness were also analyzed.
The results obtained during the past year show
that the yield stress becomes independent of the
grain size after an exposure of ::::::10 18 nvt and that
the plastic behavior after irradiation is similar to
that of prestrained iron. Quantitatively, the yield
stress of iron after fast (E> 1.45 Mev) neutron exposures of 2 X 10 18 nvt and greater can be described by the relation
(JU8=(JO

In 1/KT ,

where K is a function of the integrated exposure
and (Jo is a material constant. Also, the linear
stress-strain curves obtained after the above exposures follow the relation
(J.=(JU8+

Ke ,

where K is a function of the temperature only and
e is the natural strain.
Exposures of 10 18 nvt also affect the brittle to
ductile transition temperature markedly, raising it
by as much as 60,oC. The ductility as measured by
the reduction in area is lowered from 10% to 2%
below the transition temperature.
A proposed explanation is that at low irradiation exposures the increase in yield strength is the
result of the interaction of moving dislocations
with point defects. Above a threshold of 10 18 nvt
clustering or condensation of defects occurs, and
these more complex defects are capable of forming
a cellular substructure which tangles with moving
dislocations. This substructure has a more profound effect on the yield strength and is capable of
decreasing the ductility and raising the ductile to
brittle transition temperature. A 2-hr postirradiation anneal at 350°C was required to remove the
radiation-induced embrittlement.
Electron-Microscopic Study of the Effects of Neutron Irradiation on the Properties of Iron and Other
BCC Metals. A program has also been started to
study the effects of fast neutron irradiation on the
properties of iron and other bcc metals using electron transmission microscopy. Although it is un-
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likely that structural defects produced by neutron
irradiation can be observed directly, it is anticipated that the effects of such defects upon the behavior of dislocations during plastic deformation
can be observed. Correlation of such observations
with mechanical and other properties should shed
light on the nature ofthe defects and the mechanism
by which they affect the properties of bcc metals.
'rradiation Effects in Graphite. The objectives
of the graphite program at Brookhaven are to understand radiation effects in graphite and to determine irradiation and annealing conditions that
will minimize detrimental effects on the physical,
chemical, mechanical, thermal, and electrical
properties of graphite.
1. Brookhaven Graphite Research Reactor studies.
In the monitoring program on the BGRR, measurements of dimensional changes, stored energy, and
lattice parameters were obtained in graphite that
have been extremely useful in developing a model
to explain many of the observed effects of neutron
bombardment on continuously irradiated and
periodically irradiated and annealed graphites.
The rate of growth of graphite during neutron
irradiation and its dimensional recovery after a
reactor annealing operation can now be predicted.
Heating (annealing) of the BGRR graphite to
150°C with greater frequency and for shorter soak
times (length of time at annealing temperature)
will be started soon. The revised procedure should
result in increased dimensional recoveries and removal of damage already present. Frequent annealing also prevents the stored energy released
at 200°C from exceeding 20 to 30 cal/g even after
total fast (E>0.6 Mev) neutron exposures of 10 19
nvt.
2. Fundamental studies. The activation energy
for the migration of single interstitials in neutronirradiated graphite and the absolute rate of formation of displaced atoms have been experimentally
determined from dimensional and c-axis expansions of graphite irradiated at temperatures between 77° and 490 K. The value of the activation
energy E lies between 0.068 and 0.074 ev and
agrees well with estimates and theoretical calculations of other investigators. The absolute rate of
formation of displaced atoms (when no annealing
occurs during the irradiation process) was found to
be 5 X 10- 3 % displaced atoms per 7 X 10 16 nvt and
is 2.5 times the resultant rate of displaced atoms at
30°C.
0

Periodically irradiated and annealed graphites
show property changes markedly different from
those produced in the first irradiation and anneal.
Evidence has been obtained indicating the existence of consecutive chain reactions between interstitial complexes that lead to steady-state concentrations of the intermediate species. These concentrations result in dimensional recoveries and stored
energy releases that do not increase with re-exposure as they do in continuously irradiated graphites.
Interstitial complexes formed by thermal annealing interact through chains via mobile single
interstitials. Kinetic equations for chains open at
both ends show that large complexes can decompose to form smaller ones. Experimental evidence
supporting the calculations shows that periodic removal of the smaller complexes by low temperature annealing results in the net removal of large
amounts of damage associated with the larger interstitials.
3. Kinetics of graphite-bromine reactions. A kinetic study of the reactions between graphite and
bromine has been undertaken. Bromine and a number of other substances are able to penetrate between the layers of the graphite structure and
form compounds of variable composition. Study of
the graphite-bromine compounds has proved to
be of importance in elucidating the electrical
properties of graphite and in increasing the understanding of irradiation damage in graphite.
The data so far obtained indicate that the exchange of normal and radioactive bromine in
graphite-bromine compounds is a diffusion-controlled process. The data also indicate that the
rate of bromination of graphite is determined by
the rate at which the bromine-graphite compound
is able to penetrate the graphite lattice. Further
efforts are being focused on obtaining quantitative
information on the rate constants and activation
energies involved in the rate processes.
4. Electrical properties of irradiated graphite. A
program has been undertaken to study the
changes occurring in the electrical properties of
graphite when it is irradiated and periodically annealed. Apparatus has been constructed for the
measurement of the electrical resistivity, Hall coefficient, and magnetoresistance of graphite. Preliminary data indicate that periodic annealing can
be very effective in limiting the amount of electrical damage incurred in irradiated graphite.
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5. Oxidation and heat transfer measurements in
graphite channels. The effects of convection currents on the temperature distribution in preheated
1O-ft-Iong graphite channels were investigated.
Above 700°C, relatively rapid temperature increases occur in graphite channels due to thermal
convection of air. At 650 °C or lower, the heating
rates are not large and the heat produced does not
result in a safety problem if the graphite is cooled
at a rate faster than 1O°C/hr either by conduction,
convection, or forced convection of air.
Xenon Diffusion in Carbides. Experiments to
determine the diffusion of Xe 133 in uranium carbide have been performed on four uranium carbide powder preparations and one uranium dicarbide powder.
The xenon release kinetics, to a large extent,
have been observed to follow a diffusion mechanism, with an activation energy for diffusion of
::::;85,000 kcal/mole in the temperature range
1000° to 1400°C. In this range the diffusion coefficient can be represented by the equation D=2.1
X 10- 5 e- 85 ,OOO/RT.
At low temperatures (up to ::::;850°C) a considerable fraction of the gas released is released in
short bursts of I-hr duration. A "pressure burst"
usually accompanies an "activity burst" when the
freshly irradiated powders are heated for the first
time at low temperatures. In addition, the continuing emanation of activity at these temperatures is
much more rapid than that predicted by extrapolation of the high temperature results, and does not
fit nearly so well the simple diffusion kinetics observed for most of the high temperature work.

<

CHEMISTRY AND CHEMICAL TECHNOLOGY

Reactor Chemistry
Thermodynamics of High Temperature Systems.
Much useful information on the thermodynamic
properties of materials at high temperatures can be
obtained from measurements on suitably designed
galvanic cells. A novel type of cell was developed
for systems in which a simple cell will not work because of the solubility of metal in the salt. The new
cell design is illustrated by the following example:

I

C,CI 2 NaCI(l)

IP~~:~~in INaCI +MgCI (1) ICl ,C.
2

2

Two electrolytes are used, a pure salt and a mixture, separated by a membrane that is imperme-

UIi.fL

,-

lUi

able to liquid but is an ionic conductor, the current-carrier being the cation common to the two
electrolytes. The net cell reaction is the transfer of
NaCI from the left-hand electrolyte compartment
to that on the right, and the emf is directly proportional to the partial molar free energy of N aCI in
the particular mixture used, on the right.
This cell has been tested with a number of different salt compositions at 820°C. The results obtained were reproducible and self-consistent, and
in agreement with earlier data within the latter's
limits of error, which are probably greater than
those of the present method. The new type of cell
should be applicable to a large number of systems,
and further work of this nature is planned.
For determining free energies offormation, it is
often convenient to use cells in which all the components, both electrodes and electrolytes, are solids.
Each component has the form of a flat-surfaced
tablet, and a cell consists simply of a series of such
tablets pressed together. Most salts can be easily
made into tablets by compressing the powdered
material at a few thousand psi. The pressed products usually have sufficient conductivity at 400° to
500°C to permit the observation of emf on cells of
which they are components. A typical cell measured in the past year's program was the following:
NaCI(80M%)
Pt Ce,CeCI 3 BaCl 2 AgCI (20 M %)

I

I

I

IAg IPt.

Here "Ce,CeCI/' represents an intimate mixture of the powdered materials. The NaCI and
AgCI form a solid solution in which the activity of
AgCI is known from previous published work. The
cell reaction involves the formation ofCeCl 3 , and,
since all the other factors contributing to the observed emf are known, the free energy of formation of CeCl 3 can be obtained. This type of cell
has also yielded precise information on the free
energies of MgCI 2 , UCI 3 , and ThCI•.
Spectroscopy of Fused Salts. One of the most
powerful methods for investigating the structure of
fused salts and following reactions in salt media is
that of absorption spectroscopy. A large number of
fused salt systems have been examined by other
workers in the visible and infrared regions of the
spectrum. In the ultraviolet, however, the extremely high absorption of most salts has hitherto
prevented any detailed resolution. To open ~his
region to exploration, a cell with a light path of
::::;0.1 JL has been developed.
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The spectra of several pure salts and mixtures
have been obtained with such cells, both in the
liquid state and over a wide temperature range in
the solid. The most interesting results were those
observed on the solids. In certain cases as the temperature changed the maximum of an absorption
band shifted toward longer wavelengths. Such
shifts were observed with both PbCl 2 and KI for
the first band encountered on going from the
transparent visible region of the spectrum into the
ultraviolet. Figure 2 shows several curves for
PbCI 2 • This first band is often attributed to the
formation of an exciton, or the transfer of an electron from an anion to a cation. It is not always
possible to establish the position of its maximum
precisely, but the location was clear in the spectra
of PbCl 2 and KI up to the melting points (498 °
and 685°C, respectively). A remarkable correlation was found between the temperature-induced
shifts and the enthalpy increases of the compounds
over the same temperature interval. In the case of
KI the energy decrement corresponding to the
frequency change was exactly equal to the enthalpy increment as calculated from the heat capacity.
For PbCI 2 , it equaled If2 of the enthalpy increment.
The meaning of the correlation is still obscure, but
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Figure 2. Ultraviolet spectrum
of PbCl 2 at various temperatures.

Table 1
G Values for Electron Irradiation of Fluorocarbons

Compound

Irradiation
temperature

Ggas

Hexafluorobenzene
Perfluoro-n-heptane
Perfluorodecalin
Perfluorobiphenyl

Room
Room
Room
100°C

0.001
0.85
0.12
::::;0.0001

GpOlymer

2.15
1.21
1.40
1.39

the factor of V2 may be connected with the fact
that the heat capacity involves both chloride ions
in PbCI 2 , whereas the charge transfer occurs with
only one chloride ion at a time.
Fluorocarbon Program. The outstanding thermal and chemical stabilities of fluorocarbons make
this class of compound interesting to both the
physical chemist and the chemical engineer. A
program is under way to determine whether these
compounds also are resistant to attack by ionizing
radiation.
A number of fluorocarbons have been irradiated with 1.5-Mev Van de Graaffelectrons after
careful purification by preparative-scale gas-liquid
chromatography. G values given in Table 1 indicate that at or near room temperature the aromatic compounds are less stable to irradiation than
the corresponding hydrocarbons, whereas the aliphatic and alicyclic compounds are more stable
than their hydrocarbon analogues.
Purification of starting materials by preparativescale gas-liquid chromatography has been a difficult and laborious process, particularly with respect to compounds with high boiling points. To
avoid contamination by material bleeding off the
columns, work must be done at temperatures
much below the boiling points of the compounds
being purified. This necessitates, for an adequate
degree of separation, use of relatively small samples, e.g., 0.3 g compared with 1.5 g or more for
liquids with low boiling points, such as C 6 F 6'
Another factor that greatly lengthens the purification procedure is the need to use two columns
for some compounds, e.g., perfluoronaphthalene.
As shown by the chromatograms in Figure 3, silicone oil #702 is the only stationary phase that allows both main impurities to be observed. However, resolution is incomplete with this column,
and two different stationary phases are required,
one for removal of each impurity.
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U02T2+2R3N~U02T2(R3N)2

POLYPROPYLENE GLYCOL
.4
75 cc/min, 160·C

has been tentatively verified, and in the absence of
HT the reaction
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Figure 3. Chromatographic behavior of commercially
available perfluoronaphthalene with different stationary
phases. The impurity peaks are gradually shifted relative
to perfluoronaphthalene from the situation in which peak
A is well resolved and B entirely hidden to that in which
A is entirely hidden and B resolved.

Radiochemical Analysis Development

Research and development in the area of radiochemical analysis include the following items:
The study of the enhanced extraction of thorium
by thenoyltrifluoroacetone (HT) in the presence
of tri-n-octylamine (R3N) has been completed and
the behavior explained by five equations, the significant one being
ThT4+R3NHCL~ThT4·R 3NHCI

.

A similar study begun on the extraction of uranium by these reagents has shown that R 3N enormously enhances the extraction of U by HT. The
postulated reaction

has been firmly established.
Controlled-potential electrochemical studies in
the molten LiCI-KCI eutectic include anodization
to determine nickel which had been predeposited
from the eutectic onto a platinum gauze electrode,
study of oxidation-reduction mechanisms such as
the dissolution of zirconium, use of coulometry for
determining dilute cadmium and zinc, measurement of the standard potentials of Rh+++ jRh and
Ir+++ jIr couples, and measurement of the activity
coefficient of dilute cadmium in molten bismuth.
Electrochemical studies in molten nitrate eutectics have shown that in the LiCI-KCI system lead
can be studied quantitatively at the dropping mercury electrode and that previous difficulties with
controlled-potential coulometry in this medium
were due to oxidation of insufficiently noble metal
amalgams by the nitrate melt. When potentiometric studies in the NaN0 3-KN0 3 system indicated that Cu++ is too acidic to form stable solutions in this melt, experiments to measure indirectly the Cu++ jCu potential were begun; however,
difficulties attributable to the irreproducible nature of the surface of the copper sheet electrodes
used were encountered.
In electrochemical studies on molten bromides
and iodides, at least three adequate solvents were
found for a number of metal ion-metal systems:
I-methyl pyridinium bromide, the LiBr-KBr eutectic, and a 46 M % NaI-KI mixture. The oxidation-reduction potentials for many elements in
these systems were measured.
The measured abundances of gammas from
Te '29m and Te '29 have been found to disagree with
those reported in the literature, and the decay
scheme of these two isotopes is being investigated.
Zirconia was found to have excellent absorption
characteristics for tellurium and molybdenum
from HN0 3 solutions, and tellurium in <2 N
HN0 3 was found to be much more strongly adsorbed than on chromatographic alumina.
Small amounts of hafnium can now be separated
rapidly from large amounts of tantalum via a
methyl isobutyl ketone extraction of a tantalum
fluoride complex.
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A procedure involving a helium sweep followed
by direct counting of Xe '33 adsorbed on charcoal
was found to be satisfactory for studying the diffusion of xenon from irradiated uranium carbide.
Several procedures for determining trace quantities of elements have been developed. Chemical
concentration of manganese from blood plasma,
followed by arcing small samples at hig-h currents, now permits detection of 3 X lO~lo g manganese via emission spectrography. A few ppm
aluminum in steel can be determined by complexing with an organic dye followed by incremental
polarography of the complex. X-ray fluorescence
coupled with spectrophotometry has been used to
determine traces of phosphorus. Gamma-gamma
coincidence counting has been used on samples of
irradiated diamond dust to accomplish what
would have been more difficult and time-consuming without this technique, to wit, establishing the
simultaneous presence of traces of C0 60 and Fe 59
and establishing the presence of traces of SC 46 in
the midst of larger amounts of Zr 95 which would
otherwise have masked the SC 46 • Neutron activation has been used successfully to determine traces
of iodine in dog food.
Radiation Chemistry Research
Radiation Effects in Organic Solids. The determination of the detailed crystal structure of
acrylamide is essentially completed, and the structure of propionamide, butyramide, valeramide,
and other homologues is being determined.
The data on postirradiation polymerization of
dilute solid solutions ( 10%) of acrylamide in propionamide indicate that the polymer assumes a random configuration at a very low degree of polymerization and nucleates as a separate phase at
very low total conversion. Although diffusion of
acrylamide through the intact crystal can hardly
be expected, diffusion along defects or the crystalpolymer interface may explain these results.
The radiolytic evolution of hydrogen from pure
propionamide and pure acrylamide at room temperature indicates the greater radiation sensitivity
of the former.
The second-order rate constant for radical
decay in irradiated propionamide has been determined and found to be independent of total
dose.
Polymerization Mechanisms. A technique for
detecting and measuring the ions present in a con-
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ventional ionic polymerization (stannic chlorideinitiated styrene) has been developed. It consists
of measuring at various frequencies the dielectric
loss of the polymerizing mixture as a function of
time, at varying concentrations of initiator and
water. The data show that a steady-state ion concentration is attained early in the reaction. The
loss in this state, measured as a function offrequency, is found to be due to conducting ions,
which can be shown to be definitely associated
with a monomer-initiator complex. The technique
is now being applied to a system in which the detailed kinetics are known, so that quantitative data
may be obtained.
The radiation polymerization of ultra-pure
alpha-methylstyrene has proceeded, but at a very
reduced rate. An attempt is being made to establish the base-line kinetic data in the pure waterfree monomer in order to study the effects ofvarious additives.
Radiation Chemistry of Aromatics.
Liquid
toluene has been irradiated, generally at room
temperature, at total doses ranging from 5 X 105 to
5 X 10 8 rad. A search for dimeric products not
previously identified is in progress. When this is
complete, G values for the major products will be
determined as a function of irradiation temperature. Equipment is now being calibrated to permit
determination of the G values of the gaseous products. A flame ionization detector attachment for
the vapor phase chromatograph was acquired and
is being made operable. This detector will permit
investigations of radiolysis products from relatively
low dose irradiations.
The G values for hydrogen formation in the C0 60
gamma radiolysis of ortho, para, and meta-xylenes
and ethylbenzene decrease in the order given from
0.24 to 0.16 and are unaffected by the addition of
iodine as a radical scavenger. The yield (G=0.026)
of methane from ethylbenzene is approximately
twice that from the xylene isomers, and for each
of the compounds the value of GOR • is reduced
by 80% on the addition of iodine. In the case of
p-xylene, oxygen was found to have the same effect
on the gas yields as iodine.
Radiolysis ofp-xylene at various temperatures
showed that GR , and GOR • increased slowly from
-196° to DoC, but above the melting point
(13 ° C) the yields were considerably higher, GR ,
being independent of temperature up to 110°C,
while the production of methane increased with
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temperature. Methane yields at high temperatures
decreased as a function of radiation dose.
Variation of dose rate from 8.5 X 10 16 to 1.3
X 10 17 ev g-l sec 1 caused no change in the G values for hydrogen and methane production from
p-xylene irradiated at 20°C.
Isotope Development

The following is a partial list of accomplishments
in the development of ways of making available
potentially useful isotopes.
Aluminum-28 Generator. A very satisfactory
generator for 2.30-min AF 8 has been developed.
It yields a 99.999% pure product in 30 sec and can
be "milked" dozens of times per hour for several
days.
Argon-38. This stable isotope, of interest for
calibrating mass spectrometers used in geological
dating experiments, is produced by reactor irradiation ofCp7. The use of pure NaCI as a target produces very high purity (>99.4%) Ar 38 entirely free
of radioactive Ar 39 .
Characterization of Tin and Antimony Isotopes.
The half-life of hitherto undiscovered Sn l29 , a
product of U 235 fission, was found to be 3.5 min.
New gammas have been found in the decay of
Sn 128 and Sb 128m , and the beta energies of these
isotopes have been revised. The half-life of Sn 130
has been found to be 3.5 min instead of the 2.6
min reported in the literature.
Cross Section Measurements. Thick-target reaction cross sections have been measured for neutrons and tritons of incident energy 14 and 2.7
Mev, respectively: Ti 48 (n,p)Sc 48 , 55 -+-1 mb;
V 51(n,a)Sc 48 , 18-+-3 mb; Ca 48 (n,2n)Ca 4\ 920-+-50
mb; Ti 47 (n,p)Sc 4\ 99 mb; Ti 5°(n,a)Ca 4\ 10-+-2
mb; Te 13 °(t,p)Te 132 , <7p.b; and Mg 26 (t,p)M g28,
8 mb. Although the V 51 (n,a)Sc 48 cross section disagrees with literature values (which disagree with
each other), it agrees very well with a calculated
value based on the assumption of compound nucleus formation.
Mg 26(t,p)M g 28 Excitation Function. Thin foils
of magnesium have been made, preparatory to determining the 0 to 2.7-Mev region of the excitation
function of the Mg 26 (t,p)M g28 reaction.
Tagging Protein With lodine-124. Whereas
protein can be readily tagged with 1'31 obtained
from Oak Ridge, tagging with 1'24 produced at
Brookhaven had been erratic and yields generally
low. An intensive study of this problem revealed

that the iodination yield is adversely affected by
use of permanganate during the preparation of
1'24 and by the presence offree chlorine, iodide
ion, or traces of antimony (from the target) in the
1'24 product; moreover, the yield varies directly
with the concentration of ICI (the iodinating
agent). The procedure for production of I' 24 has
therefore been modified, and consistently good
protein iodination yields can now be obtained.
Decay Scheme of Scandium-48. The new 170kev gamma of SC 48 was shown to be in coincidence
with each of the 1.0-Mev gammas, with the 1.3Mev gamma, and with a new softer (::::::480-kev)
beta, but not with the harder (;:::;650-kev) beta.
Half-lives of Aluminum-28 and Fluorine-18.
A new technique using the IBM 7090 computer
which permits simultaneous determination of
counter resolving time, sample half-life, and sample initial activity was used to measure the following half-lives: AI28, 2.28-+-0.01 min; and F18,
109.9-+-0.2 min.
Gamma-Sack-Scaffer Coincidences. The search
for gammas in coincidence with back-scatter radiation has proved useful in deciding, when unraveling a complex decay scheme, whether or not a
gamma is present that is not in coincidence with
the others. It has also been found to be a useful
technique for the determination of positron-emitting impurities in a beta-gamma-emitting matrix.
Radiation and Chemonuclear Processing Research

The radiation and chemonuclear processing
program is concerned with investigations of the
application of nuclear energy to the synthesis and
production of industrial chemicals. The effort is
divided into two main areas: (a) radioisotope and
machine radiation studies, and (b) fission fragment chemonuclear studies.
Radiation Processing Program. C 0 60 gamma
radiation has been used to investigate the following chemical systems:
1. Anhydrous and aqueous ammonia for the production of hydrazine. In the homogeneous anhydrous system the GN H value reaches a maximum
of 0.13. In the aquea'u~ system this value decreases
below 0.13 with decreasing ammonia concentration
and increasing doses and dose rates. Hydroxylamine
is formed in the aqueous system. The GNH ,OH value
reaches a maximum of 0.61 at 28% NH 3 concentration. It is believed that hyponitrite is also
present.
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When anhydrous ammonia is adsorbed on a
solid substrate of pure sodium aluminum silicate,
the GN2H, value is found to increase by a factor of
10, and the rate is enhanced to :::::3 times that obtained in the homogeneous system.
2. The polymerization of ethylene. The Gvalues
and rate of polymerization are being investigated
at an ethylene gas pressure of up to 680 atm, in the
temperature range of 20° to 100°C, and at dose
rates from 20,000 to 500,000 radlhr. Oxygen concentrations >60 ppm have been found to inhibit
the rate of polymerization. The inhibition period
decreases with decreasing oxygen content. The
rate increases with the first power of the ethylene
pressure and with the 0.3 to 0.5 power of the radiation intensity. At 21,000 radlhr a maximum differential G value of 47,000 was obtained at a rate
of 14.2 gil/hr. The polyethylene formed is a fine
white powder. Its properties depend on the conditions of formation, but fall generally into the category of intermediate density conventional polymer.
3. Copolymerization of ethylene with other monomers. Survey experiments have been undertaken to
determine monomers that will mutually polymerize
with ethylene at pressures up to 680 atm. Preliminary experiments indicate that methyl methacrylate, acrylonitrile, vinyl acetate, and acetone are of
interest in this respect.
4. The reaction of uranium and propane. The
effect of C0 60 gamma radiation on this system at
temperatures up to 350°C indicated a minor formation of uranium monocarbide.
5. Metal deposition studies. The radiation decomposition of dicumene chrome as a method of
chromium deposition at low temperatures is being
investigated. Initial experiments indicate a 25 ° to
100°C lowering of the thermal threshold.
A design study of a high-pressure gamma loop
facility has been undertaken. The facility would
be of use in investigating problems in radiation
physics, chemistry, and engineering associated
with promising radiation processes.
Chemonuclear Processing Program. This program is concerned with studies in fission fragment
chemistry and chemonuclear reactor development.
An in-pile chemonuclear loop is being designed
for installation in the BG RR to study (1) fission
fragment and fast neutron chemistry in a circulating system, (2) the energy deposition efficiency of
chemonuclear fuel elements, and (3) the contamination and decontamination of chemical products.

The in-pile section is being designed to incorporate
movable and replaceable fuel elements. The outof-pile section will have a gas bearing compressor
for circulating gases through the in-pile section at
pressures up to 68 atm and temperatures up to
538°C. Analytical monitoring of the chemical constituents in the loop will be continuous. The systems to be initially investigated are (a) nitrous
oxide for dosimetry, (b) nitrogen and oxygen for
nitrogen fixation, (c) carbon dioxide for carbon
monoxide formation, (d) methane for acetylene
production, and (e) ammonia for hydrazine
formation.
In the development of thin-sectioned chemonuclear fuel, studies are being made of uraniumcontaining alloy foil If.! mil or less in thickness, glass
fibers in oriented arrays, oxide coatings, and various honeycomb structures. An out-of-pile test loop
has been constructed for testing the thermal, mechanical, and hydrodynamic stability of these fuel
elements.
Capsule experiments have been undertaken to
determine the energy deposition of prospective elements in a static system. Theoretical calculations
of deposition efficiency based on range-energy
data are being checked by chemical dosimetry
with various thicknesses of fuel.
A design study has been made of a chemonuclear reactor for the cracking of carbon dioxide to
carbon monoxide. The two concepts analyzed include a two-region dual-cycle fixed-fuel reactor
core and a cavity reactor core.
High Temperature Technology

High Temperature Physical Properties Program.

This program is concerned with the measurement
at high temperatures of the physical properties of
refractory nuclear fuel materials. It was concluded
that the highest yield of information with the personnel and facilities available could be achieved
by x-ray diffraction, and the initial phase of the
program has been concerned almost entirely with
this technique. An apparatus has been developed
with which diffraction measurements can be made
in vacuum and in reducing or inert atmospheres
at temperatures up to 3000°C. A rhenium filament is used as a heater and specimen stage. Temperature measurements were made in the intermediate range by thermocouple and in the high
range by pyrometry under essentially black body
conditions. Thermal expansion coefficients for
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platinum to 1550°C and for Th0 2 to 2500°C were
obtained. This method should soon make latticeparameter and thermal-expansion measurements
at very high temperatures a routine procedure.

Release of Fission Products From Fuel Elements.
The objective of this program is to provide basic
knowledge of the chemical and physical behavior
of fission products released from fuel elements in
the event of a nuclear accident.
One area of investigation was measurement of the
temperatures at which iodine, cerium, and bariumlanthanum condense after release into a helium
stream from the postirradiation melting of a U-Mo
fuel sample. The helium stream and the released
fission products passed through a decreasing temperature gradient (1200° to 30°C at 100°C/in.)
and then into a liquid nitrogen charcoal trap. The
temperature at which each fission product was deposited was determined by a gamma-ray spectrum
analysis of the meltdown tube wall at the end of
the experiment. Iodine was deposited at temperatures >250°C, which indicated that it was deposited not as elemental iodine, but in some combined form. Cerium and barium-lanthanum were
found deposited in the regions 1100° to 1200°C;
however, in one experiment in which the uranium
was badly oxidized, cerium was found widely distributed throughout the meltdown tube from
1200° to 300°C.
The reactions between individual fission products and molten uranium were also studied. Tellurium and uranium were found to react at temperatures as low as 900° C. Several U- Te compounds have been reported in the literature (i.e.,
UTe, UTe 2 , U 3 Te 4 ); however, very few physical
or chemical data are given, and it is impossible to
predict which of these compounds are thermodynamically stable at high temperatures and would
be likely to form in the temperature range of interest in the Safety Release Program (1200° to
1900° K). X-ray diffraction and fluorescence
techniques are being used to study the reaction
products.
Preliminary results indicate that a single phase
with the approximate composition of U 3 Te was
formed in a reaction between uranium and excess
tellurium at 950°C. This result, if verified in succeeding experiments, is of significance for the Safety Release Program, since it indicates that the
stoichiometry of the reacting system does not determine the compound formed. Therefore, a simi-

lar result may be expected in an irradiated fuel
when a large U /Te ratio exists. This phase was
successfully indexed on the basis of a tetragonal
cell, a= 11.30 A, c= 11.05 A.
Experiments are under way to determine the
diffusion of fission products in the cladding materials of reactor fuel elements by measuring the uptake of the fission products by the cladding material as a function of time. The diffusion of tellurium in aluminum is being studied by using Te '29
as a tracer. The results of one series of experiments
at 600°C indicate a diffusion coefficient of 5X 10- 13
cm 2 /sec; however, the aluminum sheet contained
a surface film of A1 2 0 3 , and diffusion through this
film may be the rate-controlling step.
Sorption and Diffusion of Fission Products in High
Temperature Materials. The sorption of iodine in
graphite has been investigated by using 1'31 tracer
techniques. Two different types of graphite were
studied over the temperature range 25° to 800°C.
When graphite was exposed to saturated iodine
at 25 °C, more than an equivalent nitrogen monolayer ofl 2 was sorbed in 19 days. This iodine could
not be removed by heating to 950°C in a vacuum
and had not reached equilibrium.
In addition to this irreversible sorption, iodine
was reversibly adsorbed in the temperature range
200° to 800°C. At 800°C, the adsorption appeared to be independent of iodine pressure in the
range 2 to 30 mm Hg but was small, amounting to
1.6% of an equivalent nitrogen monolayer (0.37
m 2 / g). The adsorptions ofthe two graphite samples
of the same type differed by an order of magnitude
at 300°C.
The adsorption of iodine on graphite at 100°C
gave a surface area equal to that obtained with
nitrogen at liquid nitrogen temperature; at 12 mm
of 12 pressure, equilibrium was achieved in ::::2 hr.
Fuel Reprocessing
Reprocessing Reactor Fuels by Volatilization
Through the Use of Inert Fluidized Beds. J. Stainless steel dec/adding with C/2• A major problem in decladding stainless-steel-clad fuel by volatilization reaction with Cl 2 is the corrosion of
the reactor vessel at operating temperatures
(::::600°C). Therefore the use of ceramic-lined vessels is being considered. From the standpoint of
corrosion resistance alone high density alundum
appears acceptable. To fabricate such a vessel a
shrink-fitting technique is being used which in-
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volves spray-coating the outer surface of the
alundum tube with nickel to a thickness of :::::::Y16
in., machining to give a cylindrical surface and the
appropriate diameter, and rapidly inserting the
coated tube into a nickel pipe preheated to
:::::::850°C in an inert atmosphere.
Several tubes of ::::::: 1¥.I-in. i.d. and a clad length
of::::::: 15 in. were fabricated by using the above procedure. Flanges were welded directly at the ends
of the nickel pipe, and such a flanged vessel was
then used to carry out the Cl 2 -stainless steel reaction in a fluidized bed of inert A1 2 0 3 • The temperature of the lined section of the vessel was
:::::::700°C, while the base metal portion extending
beyond the alundum liner was held at 500°C.
With a peak temperature in the reaction zone of
800°C, cracks developed in both ends of the alundum tube liner. The formation of these cracks may
well be due to the greater coefficient of thermal
expansion of the nickel as compared with that of
the ceramic. It is planned to fabricate similar reaction vessels with shrink-fitted pipes of metal having coefficients of expansion closely matched to
that of alundum.
2. Zirca/oy fuels. In a continuation of the studies on the recovery of uranium from Zircaloy fuels
by volatilization of the zirconium by hydrochlorination and fluorination of the uranium, a series of
experiments was carried out with reaction temperatures in the range 350° to 400°C. The results
showed that when the initial uranium concentration in the bed after hydrochlorination was at the
level that would obtain with full-scale reprocessing
of spent reactor fuels, >99% of the uranium was
removed from the bed by fluorination.
3. Uranium carbide fuels. The application ofthe
inert fluidized bed process to the recovery of uranium from spent uranium carbide and graphite
matrix fuels by direct volatilization is considered
promising. This would be a two-step operation involving the reaction with oxygen to produce CO 2
and U 30 S' followed by fluorination to give volatile
UF 6 • Some preliminary work on the oxidation of
uranium carbide to produce U 30S in an inert
fluidized bed has been reported in BNL progress
reports, but no work was done on the recovery of
uranium as the volatile fluoride. During the past
year a program was initiated to study the reprocessing of uranium carbide fuels, and several experiments were carried out to obtain quantitative
data on uranium recovery. The results of three

typical experiments show the recovery of uranium
to be 99.6, 98.7, and 99.1 %.
NitroRuor Volatility Process. The alternate
solvents, NOF· 3.1HF and N 2 0 3-HF, for the
Nitrofluor process have compared favorably with
the original solvent, N 2 0.-HF, in dissolution studies with several fuel element materials. Both alternate solvents are capable of dissolving Zr, Al,
U0 2 ceramic fuel, and type 304 stainless steel at
satisfactory rates. Thus, their versatility approaches that ofN 2 0.-HF, the essential difference
being that they do not disintegrate graphite or
graphite-matrix fuels. This oxidizing action is related to the existence ofN0 2 + (nitryl) ions and/or
molecular HN0 3 , neither of which is found in the
alternate solvents. Pyrolytic graphite-coated UC 2
spheres and ZrC are also rapidly attacked by
N 2 0.-HF.
During fuel dissolution the uranium and plutonium are converted to complex fluorides which
can be appropriately fluorinated to their volatile
hexafluorides by treatment with BrF 3 and F 2 , respectively. A significant improvement in uranium
volatility was made by increasing the fluorination
temperature from 100° to 150°C. After six treatments with BrF 3 , only 94 ppm uranium «0.2%)
was retained in the salt residue containing excess
zirconium. In a new volatilization reaction, the
uranium in NOUF 6 salt was separated as a volatile compound by contacting the NOUF6 with
either gaseous NOF·3.1HF or NOF rather than
with BrF 3 • The reactions were performed in a tube
furnace at 500°C, and UF 4 was identified as one
of the solids that condensed in a downstream zone
at 390° to 400°C. Although the reactions are not
yet understood, the method appears to have interesting possibilities. Thus, NOF· 3.1HF could serve
initially as the fuel solvent and subsequently as the
volatilizing agent. A small alpha facility for determining plutonium behavior in the process is under
construction and should be ready for use in September 1962.
Significant progress was made in solving the
corrosion problem associated with handling the
three solvents in nickel or Monel equipment. In
loop tests, corrosion rates as low as ::::::: 1 mil/month
were achieved with certain combinations of solvent
and container material for both zirconium-matrix
fuel and U0 2 ceramic fuel. The exposure involved
initial fuel dissolution followed by alternate evaporation and condensation cycles during a I-week

Aqueous Chemica' Processing. A modified
Sulfex process for dissolving stainless steel in a
stainless steel vessel has been developed. In this
process the vessel is kept passivated by the addition
of 0.05 to 0.1 M HN0 3 ; the dissolution of the fuel
element in a Ni-o-nel basket is initiated either by
a mild steel wire wrapping the element or by the
brazing material used in assembling the fuel element. The nitrate level is maintained by reoxidation of NO in a reflux condenser.
A steam-jacketed 309 SCb stainless-steel pilotplant dissolver with a liquid capacity of :::::80 liters
has been constructed for demonstration of this
process. Several successful runs have been made in
which stainless steel has been dissolved to a concentration of 25 gil with no significant attack on
the stainless steel dissolver vessel.

Figure 4. Fused salt-liquid metal extraction apparatus.

period. The results showed that zirconium-matrix
fuel was best handled in nickel equipment by
using NOF· 3.1HF as the solvent. The best combinations for V0 2 fuel were nickel with N 2 0.-HF
and Monel with NOF· 3.1HF. If both types offuel
are to be handled in the same equipment, nickel
would be preferred to Monel.
Bench-scale equipment is being assembled for
studies with V0 2 ceramic fuel. The results of this
work will be applied to the engineering-scale
equipment to be erected in the Volatility Studies
Laboratory now under construction. This building
will be ready for occupancy in September 1962
but will not be completed until early in 1963. The
process equipment already fabricated will be installed during this interval. Some equipment lined
with platinum may be used, since this material has
exhibited complete resistance to attack under a
wide variety of process conditions. A minor effort
will be devoted to process studies with graphitematrix fuel.

fused Sa't-liquid Meta' Extractions. An 18month experimental study of rates of mixing and
mass transfer in fused salt-liquid metal extraction
columns was completed at the end of the fiscal
year. The two phases used were the NaCI-KCIMgCI 2 eutectic and Bi-Mg alloy. Cerium was the
transferring solute. Experiments were carried out
at 500°C. The apparatus (Figure 4) consisted of
two pumped loops, one for the liquid metal and
one for the salt, which interconnected at one or the
other of two extraction columns. Superficial flow
rate ranges were 11,000 to 57,000 lb Bijhr-ft 2 and
1100 to 5700 lb salt/hr-ft2.
Axial mixing in the continuous salt phase was
studied by imposing a step change in tracer (Na 2 '
as Na 24 CI) concentration on the influent salt and
measuring the resulting tracer transient in the effluent salt. Interpretation of breakthrough curves
so obtained for a 4-in.-i.d., 42-in.-long disk-anddoughnut column led to a value of 5 for the Peelet
number for axial mixing, independent of the flow
rates of the two phases. This indicated that there
would be little effect of axial mixing on over-all
rates of mass transfer.
Mass transfer experiments were carried out in
the same column at several concentrations of
magnesium in bismuth and with several different
flow rate ratios of the two phases. Preliminary interpretation of the data led to over-all mass transfer coefficients in qualitative agreement with the
predictions of a model [Handlos and Baron,
A.I.Ch.E. Journal 3, 127 (1957)] which has been
successfully used for aqueous-organic systems near
room temperature. The height of a transfer unit

77
(HTU) was found to vary strongly with the concentration of magnesium in bismuth, as expected.
The minimum HTU predicted for the column is
:.:::::2 in.
Radiation Engineering
Radiation Development Center. Most of the
heavy construction of building, cells, and laboratories for the High Intensity Radiation Development Laboratory has been completed (Figure 5).
Yet to be done is the installation of cell doors, windows, and internal equipment. Completion of the
entire laboratory is scheduled for December 1962.
Conceptual Design Studies. At the request of
the Division of Isotopes Development of the AEC,
conceptual studies were made in cooperation with
Hughes Aircraft Company and Associated Nucleonics, Inc., of transportable COBO irradiators and
transportable accelerator irradiators to be used as
test units for the radiopasteurization of fruit in the
California area.
Blood Irradiator. A design has been completed
for the BNL Medical Department of a 750-curie
COBO source for the extracorporeal irradiation of
blood.
C0 60 Low-Level Dose Distribution Studies. Dose
distribution studies in heterogeneous targets have
been completed by utilizing rectangular arrays of

3-in.-diameter cylinders. Work has begun on arrays of spheres of various diameters.
Investigations have been completed on the dose
distribution in rotating, semi-infinite, water-filled
targets of 6-in. diameter utilizing semi-infinite,
hollow cylindrical COBO sources 3 in. in diameter.
Experimental apparatus has been assembled to
extend these investigations by using targets and
sources ranging in diameter from 3 to 12 in. with
air gaps ranging from 1 to 6 in.
Dosimetry. An extensive program has been
carried out for the evaluation of all available
commercial solar cells for possible use as radiation
dosimeters. The work completed thus far indicates
that the n on p type of silicon solar cell has wide
application as a radiation dose rate dosimeter over
a range of 10' to 10' rad/hr.
A low-level anthracene scintillation dosimeter
has been developed utilizing lh-in. diam X lh-in.
high crystal. The range of this instrument is 1
mrad/hr to 1 rad/hr.
Heat Generation. Studies to supplement the
heat transfer measurements made on the ETR
COBO shipping container have been performed in a
series of in situ thermal experiments employing up
to 150,000 curies of Co GO. The experimental source
container was designed to yield fundamental information on temperature distribution and the

Figure 5. The High Intensity Radiation Development Laboratory, May 1962.
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basic mechanism of heat transfer within the source
array. The data collected indicate that (1) the
temperatures within an ordered array of radiation
sources are largely dependent on source spacing,
heat transfer being primarily conductive where
sources are closely spaced; (2) small amounts of
water in an air-filled source array lower maximum
temperatures via an evaporation-condensation
mechanism of heat removal; and (3) temperatures
are significantly dependent on vertical positioning
of the sources, particularly in a partially filled
source container. These experiments, when complete, will provide a semiempirical or empirical
relationship useful for designing future source
shipping containers in which heat generation is a
significant problem.
The occurrence of electrical discharge in lead
shielding glass, resulting from gamma-ray irradiation, has been demonstrated in an initial investigation of this phenomenon. An 8X9X 10-in. slab of
3.3-density lead glass exhibited electrical cracks,
thermal cracks, and induced stress patterns subsequent to a C 0 60 radiation dose of 1.1 X 10 7 rad
at a dose rate of ::::::5 X 105 rad/hr. The study of
radiation effects on large glass slabs will be continued, with glass thickness and cross section as
major parameters. A fundamental study is also
planned in which shallow electron "trapping," presumably related to the discharge phenomenon, will
be investigated in smaller samples by means of
measurements of color-center build-up, stress birefringence, and thermoluminescence in a variety of
glasses.
Research Irradiator Proiecf. In the last fiscal
year an irradiator designed for radiopasteurization
studies was built and installed at MIT, and two
additional units were built and installed at the
University of California (Davis), and the University
of Washington, Seattle. These units employ
::::::30,000 curies of C 0 60 and can irradiate packages
up to 14X 18X6 in. in size.
Foreign Exhibits. A second irradiator similar to
the one used in Egypt and South America was
fabricated and shipped to Beirut, Lebanon. Three
stainless steel encapsulated cobalt plates containing
2300 curies are used as a source of gamma radiation. This unit was also used in Athens, Greece.
The gamma source strength of the original unit,
used in exhibits at Cairo, Egypt; Buenos Aires,
Argentina; Rio de Janeiro, Brazil; Lima, Peru;
and Mexico City, Mexico, was supplemented by
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Figure 6. Heat transfer to turbulent, in-line flow of
mercury through a staggered rod bundle, under conditions
of fully established flow.

p,

Figure 7. Heat transfer to turbulent, in-line flow of
mercury through a staggered rod bundle, at point near
the flow inlet.
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700 additional curies prior to the opening of the
exhibit in Mexico City.
liquid Metal Heat Transfer Research

.

Late in the fall of 1960, an improved mercury
heat transfer loop was placed in operation for the
purpose of measuring heat transfer coefficients for
turbulent, in-line flow through unbaffied rod
bundles. This loop has since been operated several
times. Data were taken on the central rod of a 13rod bundle. The rods were 1/2 in. in o.d. and spaced
in an equilateral triangular array, the distance between centers being 0.875 in.
For about a year, data were taken in the Peclet
number range 900 to 4000; then placement of a
smaller orifice in the flowmeter made it possible
to study Peclet numbers as low as 200.
Some typical results are shown in Figures 6, 7,
and 8. The meanings of the symbols in the figures
are as follows:
Ne
Nusselt number
hDe/k,
h = heat transfer coefficient,
D
outside diameter of rods,
De equivalent diameter of bundle,
k = conductivity ofliquid metal,
Pe = Peclet number = DevCpp/k,
v = average linear velocity,
L, = upstream flow length through bundle,
L h = upstream heated length of rods,
p = density of liquid metal,
P = distance between rod centers,
Cp
heat capacity ofliquid metal,
Pr
Prandtl number
Cp/L/k, and
/L = viscosity.

Figure 9. Alkali metal heat transfer loop
during late stages of construction.

Figure 6 shows some typical results obtained
under conditions of fully established flow at an
L,/ D e ratio of 41.1 and an L h / D e ratio of 38. 7. The
curve drawn through the data points was predicted
on the basis ofprevious analytical and experimental
results obtained at Brookhaven. Figure 7 shows the
typical heat transfer relationship existing near the
flow inlet. The curve is straight rather than "dogleg" shaped, owing to the high degree ofturbulence.
At a Peclet number of 200, however, the Nusselt
number appears to be independent of the L,/ De
and the L h / De ratios, presumably because the degree of turbulence is insufficient to produce a significant amount of eddy transport, and therefore
the heat transfer coefficient remains essentially at
the streamline value.

Figure 8 shows a set of typical curves depicting
the effects of the L,/ De ratio and Peclet number on
the N usselt number. In this set of results, L h was
2.0 in. less than L,.
In the fall of 1961, the construction of an alkali
metal heat transfer loop (Figure 9) was completed,
but it was not placed in operation until January,
and the first data were taken in February 1962.
Initially, this loop will be used to obtain data on
the in-line flow of NaK through rod bundles to see
if the results agree with those obtained with the
mercury loop. The present bundle consists of 19
0.500-in. rods spaced 0.875 in. apart in an equilateral triangular array. Thus far, data have been
taken on two rods, each located in the central
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position. The results from the first test element
showed appreciable scatter, although they were
in substantial agreement with the curve shown in
Figure 6. The results from the second element fell
low. The results from both elements were affected
by rotation, which indicated that geometrical dissymmetry was present. It is suspected that there
was insu fficient clearance for the rods to slide
freely through the bottom guide plate as they expanded on being heated. The six rods surrounding the test element were removed and straightened,
and the clearances were increased in the guide
plate. Data will soon be taken on a new nickelplated test element.
A loop is under construction which will provide
fundamental heat transfer information to be used
in the design of boilers and condensers for auxiliary

Figure II. New type of rotary seal recently developed
for use with the rotary calcineI'.

power plants in space vehicles using alkali metals
as working fluids. It should be "eady for operation
in the spring of 1963.
Along with the experimental studies, related
analytical studies are being made. As an example
of the latter, a successful attempt was recently
made to reconcile the differences between theory
and experiment that have always existed in liquid
metal heat transfer. Evaluating {; (for use in the
standard calculational methods) by the following
equation has been found to bring theory and experiment into substantial agreement for flow
through tubes, annuli, and rod bundles:

where
{; = average effective value of f,,/f,lf'
= eddy diffusivity for heat transfer,
f lf = eddy diffusivity for momentum transfer,
Pr= Prandtl number,
v= kinematic viscosity, and
(flf/V max )= maximum value in flow cross section.
ffJ

Ultimate Waste Disposal

Figure 10. Pilot plant for producing phosphate glass
from simulated high level wastes.

Preparation of Phosphate Glass. During the
past year major emphasis was placed on the formation of phosphate glass as a means of incorporating
fission products in stable media. The phosphate
system, in which the material is in the liquid phase
throughout the process, lends itself readily to the
continuous mode of processing. Continuous glass
formation was carried out on a small scale at
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1100°C by using a platinum crucible 2 in. in i.d.
and 6 in. long, equipped with an overflow weir
designed to provide maximum retention time in
the crucible and with a bottom outlet jacketed
tube to function as a freeze valve. Runs of 500 hr
with simulated Purex and 125 hr with redox
wastes were carried out.
To study operational problems and glass handling techniques on a more realistic scale a small
pilot plant (Figure 10) for producing phosphate
glass from various types of simulated high level
wastes was constructed. Operation of the plant
has been postponed pending the installation of a
platinum-clad Inconel crucible, 8 in. in diameter
and 24 in. long, to replace the high-density
alumina crucible (shown in the figure) which was
found to be incapable of withstanding the stresses
imposed by high temperature service.

Calcination. A calciner of the rotary type for
the treatment of high activity, aluminum-bearing
wastes affords the combined advantages of continuous operation and effective dust control. At
present the rotary calciner development work is
directed toward perfecting the required mechanical equipment rather than process studies. In
particular, a new type of rotary seal (see Figure
11) has been developed which operates on the
principle of supplying steam under pressure to a
very small gap between the rotating face and the
stationary face, so that the small leakage of steam
into the calciner with relatively high velocity will
prevent the escape of radioactive gases or dust to
the atmosphere. Other major mechanical improvements are being made in the calciner pilot
plant, and a continuous 1000-hr run is planned
during the latter months of 1962.

•

Applied Mathematics
As indicated in last year's report, the reorganization of the Applied Mathematics Division has resulted in its orientation to a large extent, but by
no means exclusively, toward those areas of research in which large-scale digital computers serve
as basic research instruments. The acquisition by
the Division of a modern computer system has perforce meant that the major part of the work of
the Division during the year has been directed toward acquainting the various departments of the
Laboratory with this system. All members of the
staff have devoted a major portion of their time to
this effort, irrespective of the nature of their appointments, and in many cases with considerable
sacrifice of their own personal research interests.

do not require excessive printing and are of short
duration on the 7090 will be available to the originator within an hour or two. Consequently, much
of the printing for runs of longer duration must
be done at night, with results available the next
day.
Since many of the problems handled by the
7090-1401 complex"at Brookhaven are of a special
nature, and the machines themselves have many
special features not included in the conventional
system, an extensive effort was necessary to develop a monitor program suitable for BNL's requirements. A number of modifications and additions
to the standard IBM FORTRAN monitoring system
were made, and a BNL monitor program is now
in satisfactory operation. Furthermore, extensive
additions have been made to the libraries of utility programs available with the machines, as dictated by the Laboratory's needs.
The following table is indicative of the growing
amount of work which this installation handles.

COMPUTER FACILITY, SYSTEMS,
AND UTILITY PROGRAMS

During August 1961, an IBM 1401 system was
installed as the first step in the provision for BNL
of an advanced computation facility and was immediately put to use for the preliminary processing of input for the IBM 704 at NYU, which the
Laboratory was then using, and the printing of
output from that machine. During October, while
the NYU machine was being replaced by an IBM
7090, the Division arranged for the commercial
rental of time on both a 704 and a 7090 so that
a smooth change-over of BNL's work to the new
machine was achieved. In February the Laboratory acquired its own 7090 and was able to discontinue use of the machine at NYU a few hours
after IBM's engineers had checked out the new
BNL machine.
The high speed at which machines of the 7090
class operate, together with the fact that the only
efficient means of getting information in and out
is the use of magnetic tapes (the input is placed
on them through the 1401, which also prints the
output), renders them far less accessible to the
originator of any given problem than computers
of earlier design. For that reason much thought
has been given to matters of organization and
scheduling so that the solutions of problems that

Month

Machine

June 1961
Aug. 1961
Nov. 1961
Jan. 1962
Mar. 1962
May 1962
June 1962

NYU 704

" "
" 7090
" "
BNL
"
"
"
" "

No. of hours
operated
204
250
45
71
132
171
202

The 7090 operates at approximately five times the
speed of the 704.
The Merlin computer continues to be available
for those problems to which it is particularly suited,
and additions are also being made to the library
of programs for that machine.
PROGRAMMING AND THEORETICAL RESEARCH

As indicated initially, most of this work has
been undertaken in collaboration with research
workers in other fields, both at BNL and at universities, or motivated by their needs. Sometimes
no more than the writing of programs for a well-
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defined mathematical problem is involved, but
more often than not the work calls for consultation and collaboration on the theoretical formulation of the problem, or independent work in this
area. In some cases an assignment may be completed in a few days; in others, it may require
months or even years and involve the efforts of
several people. Here only a few examples will be
discussed briefly.
A wide variety of problems in the physical sciences require, for their solution, the inversion of
high-order matrices, the determination of their
eigenvalues and eigenvectors, or simply the solution of linear systems of equations of high order.
The large number of arithmetic operations involved in handling such matrix problems requires
extreme care in the choice of method and careful
attention to the problem of cumulative errors in
arithmetic; failure to exercise such care can render
formal arithmetic results meaningless. Therefore,
over the past year considerable effort has been
devoted to this field, and an extensive set of pro-

grams has been developed for the solution of such
problems on the 7090, and to a lesser extent on
Merlin.
Members of the Division have for some years
now been working with the Solid State Group of the
Physics Department, writing programs for the study
of radiation damage in crystals. The mathematical
model of the problem leads to systems of coupled
differential equations of the order of 1000 or more,
with a variety of boundary conditions. Since these
programs were originally written for the 704, extensive rewriting was necessary to prepare them
for the 7090. This was completed early in the year.
Furthermore, the increased capabilities of the 7090
together with the development of more sophisticated programming techniques has made it possible to consider more complex problems, and a
new set of programs has been written. Considerable
interest in this work has developed outside the
Laboratory, and a number of visitors have been
supplied with the programs and instruction in
their use.

Figure l. Scene in the new Computer Center. The operator at the console (right) is setting up a problem.
At the rear, magnetic tape is being installed for input to the problem. The printer is to the left.

84
In collaboration with members of the Physics
Departments at BNL and Columbia University,
the problem of two-body inelastic collision going
into n particles was formulated mathematically for
the calculation of invariant phase space and mass
distribution, energy spectra, and angular correlations. The problem has been programmed for
the 7090 and the program is now in use.
In collaboration with members of the staff of
the Institute for Advanced Study, work has been
started on a program for the calculation of Wparticle production cross sections. Completion of
this program awaits some modification of the
mathematical model.
For the past several years members of the Division have been engaged with members of the
Chemistry Department in the development of a
more sophisticated and elaborate approach to the
low energy intranuclear cascade problem and the
concomitant preparation of the necessary machine
program. This work was originally planned for
Merlin, but in the spring of 1961, when it became
obvious that the greater power of the 7090 should
be utilized, those parts of the program that had
been written for Merlin were rewritten for the
7090, and the rest of the program was completed
for that machine. The program is currently in use
by the Chemistry Departments at BNL and Columbia University, and plans are under way for
its use at the University of Chicago.
A great deal of the Division's work has been related to problems arising in connection with the
processing of bubble chamber data. First, since the
measuring machines in use at BNL have paper tape
output, a number of programs had to be written
for transferring the data in appropriate format to
magnetic tapes for various 7090 programs. Second,
since it was decided to use, in addition to the BNL
set of programs, the FOG-CLOUDY-FAIR set of 7090
programs written at the Lawrence Radiation
Laboratory (LRL), in which the input format is
quite different, an extensive set of both 1401 and
7090 programs had to be written to convert the
output of the BNL measuring devices to a radically different form. Third, differences in the nature of the bubble chambers and the different
energy ranges of the accelerators, among other
considerations, raised questions with respect to
FOG-CLODDY-FAIR that were far from trivial. In
collaboration with members of the Bubble Chamber Group and with the virtually indispensable

assistance of the authors of FOG-CLODDY-FAlR, these
problems are being resolved. Finally, again with
members of the Bubble Chamber Group and the
LRL staff, various programs are being prepared
in connection with the use of flying-spot digitizers
in conjunction with the FOG-CLODDY-FAIR system.
The increasing volume of bubble chamber pictures being produced each year has led to a variety
of attempts in several universities and laboratories
to reduce the amount of human intervention necessary in the extraction of pertinent physical information from the photographs. The procedures
now in use involve first the scanning of the film
with the aid of such semiautomatic devices as the
Frankenstein, the operator of the device punching
the requisite data into cards or paper tape, and
second the processing and analysis of these data
with elaborate high-speed digital computer systems. The work indicated above is all directed
toward new approaches to the first part of the
process and envisages its incorporation into the
second with only minor modification of the latter.
The Physics Department now has under construction a Hough-Powell mechanical flying-spot
digitizer, which is to be finished within a few
months. The input is the film itself, and through
a direct data channel the digitizer feeds into the
memory of the computer what it "sees" on the
film. But since much of this information is of no
interest, human intervention is still necessary to
provide the computer with a set of instructions as
to which areas of the film are of interest; this involves the use of a separate off-line scanning device.
Automatization of this latter procedure, whether
by programmed instruction to the computer, by
special-purpose hardware, or a combination of
both, is obviously the next step. In the Applied
Mathematics Division a group has for the past
year been working on the first approach. Indications are that a reliable simulation of the scanning
process can ultimately be achieved, although for
purely economic reasons it may be better to have
a portion of the work handled by special-purpose
devices rather than the computer itself. It was not
clear at the outset whether such a program could
run fast enough to be economically competitive
with "conventional" systems involving human
scanners working in parallel. Considerable emphasis was therefore placed on achieving high
data-handling rates, and several coding schemes
have now been devised that are expected to settle
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the question of speed affirmatively. In all the
schemes completed or proposed to date, it must
be emphasized, what has been or will be achieved
is not automatic scanning but rather the speedy
reduction of the original mass of data to a form
(such as a table of track parameters) more amenable as input to a true, but as yet hypothetical,
scanning program. The latter will inevitably have
intrinsic logical complications, but, since it would
handle relatively small quantities of data, it is
reasonable to assume that it can be made relatively fast. Work on this phase of the problem is
now under way. Apart from its obvious practical
importance, this work is of interest for its possible
wider ramifications in the area of pattern recognition generally.
Toward the end of the year, in conjunction with
development by the Engineering Group of the
Division (see below) of an automatic spark chamber film measuring projector, and in collaboration
with members of the Physics Department, the
preparation of a set of spark chamber data processing programs was begun.
A brief account is given below of work not programmatically connected with other Departments
of the Laboratory.
Certain preliminary work on the use of a digital
computer for performing the Feynman diagram
calculations mentioned in last year's report has
been completed and will be published shortly.
Research on this problem continues.
A theoretical study of unstable particles based
on a modified Lee model has been performed. For
this purpose, a four-point interaction was superimposed on the conventional Lee Hamiltonian
and was found to be completely soluble in the
physical sector corresponding to a physical and/or
bound state particle.
Research has been initiated in the application
of operator theory to the study of boundary value

problems for elliptic differential equations. Toward
the end of the year, with additions to the staff, research was begun in the field of parabolic differential equations and their applications.
ENGINEERING DEVELOPMENT

Since the efficient use of a modern high-speed
computer system for problems of the sort encountered at BNL involves a variety of engineering
problems not only in the design and construction
of special-purpose peripheral equipment, both onand off-line, but also frequently in modifications
to the central system itself, a computer engineering
group was added in 1961 to the staff of the Division. Mr. Jerome A.G. Russell was appointed
Assistant Head of the Division for Engineering
Research and Development in November, and a
small group is now working in this field under
his direction. This group first made a thorough
and careful engineering study of the present and
potential capabilities of the Merlin computer. In
addition, the group has under consideration several useful expansions of the 7090-1401 system.
As in the case of the theoretical staff, however,
most of their work has been in support of other
researchers in the Laboratory, for the most part
in connection with the efficient use of the 70901401 system. Members of the group have designed
and installed the electronic interface between the
7090 and the flying-spot digitizer and provided
further substantial design aid for the construction
of the latter. They have completed the preliminary
design and begun construction of the spark chamber film measuring projector mentioned above,
and have initiated the study of a cathode-raytube flying-spot digitizer. In addition, the group
has provided assistance to other groups in the Laboratory on various electronic engineering problems not connected with computer problems.

LIFE

SCIENCES

Biology
lated that aging results from the accumulation of
viable mutations in the somatic cells of the body.
This theory gains support from the fact that radiation both shortens the life span and causes mutations. However, nitrogen mustard, a chemical mutagen, has been found not to shorten the life span
of mice, which argues strongly against the theory.
This contradiction necessitated a direct comparison of the somatic mutations produced under various conditions, and a method was developed
based on the assumption that chromosome aberrations are proportional to somatic mutations. Aberrations have been found to increase linearly with
age in normal animals and to reach surprisingly
high values while the animals are relatively young.
Nitrogen mustard increases this rate only slightly,
which shows that this agent is not mutagenic for
most somatic cells in mammals. However, after a
single dose of x rays the abnormalities increase
strikingly and are very slowly eliminated. When
animals are repeatedly subjected to gamma rays
given at a low rate, the abnormalities increase
faster than in controls but not as fast as computed
for animals given a single equivalent dose at a
high rate, which shows that there is some chromosome healing after small doses of radiation. Chromosome damage from a single dose of neutrons is
very severe and seems to increase with time after
exposure.
Tests for specific organ functions are being
developed for mice and applied to mice of all ages.
To date, kidney function tests have shown a decreasing functional capacity of this organ with advancing age, but this does not seem to be affected
by radiation, which indicates that in the species
of mouse used the kidney is probably not a "weak
link" as far as aging is concerned.

The activities of the Biology Department center
on the special facilities of the Laboratory and include studies of the biological effects of radiation
and the use of isotopes for the elucidation of basic
problems in biology. In general, problems are
being investigated by the methods of molecular
biology. The growth of the Department has been
increasingly in the direction of this approach to
biology and has involved studies on protein structure, enzyme kinetics, the molecular structure and
function of antibodies, the molecular structure of
chromosomes and its relation to the mutation
process, etc. These concepts and techniques have
found immediate application in such pressing
problems as the nature of radiation-induced mutations, the intimate nature of the mechanism of
radiation damage in plants and animals, and the
details of the basic reactions invol ved in photosynthesis.
Each year the Department sponsors a symposium on a topic of current interest in biology.
This year the symposium, entitled Enzyme Models
and Enzyme Structure, was attended by 194 scientists
in addition to members of the Brookhaven laboratory staff and will be published as the 15th
volume in the Brookhaven Symposia series.
During the year a "gamma forest" was established. It consists of a large radioactive cesium
source in the center of an oak-pine forest in the
northeast corner of the Laboratory site. The source
went into operation on November 20, 1961, and
the immediately adjacent trees are showing marked
radiation damage. A careful ecological study is
being made of the region.
This report briefly indicates major areas of research and some findings made during the year.
ANIMAL PHYSIOLOGY
Radiation-Induced Aging

Effects of Irradiation
on the Central Nervous System

Radiation causes a decrease in the life expectancy of animals which closely resembles the natural aging process. A study of both natural and
radiation-induced aging is being undertaken to
determine the causes of each. It has been postu-

X-irradiation of the central nervous system with
doses comparable to those used therapeutically
evokes clinical signs and symptoms, after an unpredictable latent period of months or more, attri butable to injury at the site of the irradiation.
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A number of examinations are being made of
monkeys, ranging in age from very young to adults,
to determine first indications, progress, and consequences of the radiation injury and its nature.
The work includes electron-microscopic, histochemical, and histological studies.
Deoxyribonucleic Acid Synthesis

Irradiation is known to affect the synthesis of
deoxyribonucleic acid (DNA). Since the nucleic
acid is the carrier of genetic information and many
radiation effects are genetic in nature, any effects
of radiation upon DNA and its metabolism are of
potential importance. Although most experimental work has indicated depressed incorporation of labeled precursor into DNA as a consequence of radiation, results obtained with different systems and conditions as a whole appear
discordant. Analysis of the problem has suggested
possible roots of apparent discrepancies and experimental resolution. The necessary technical
developments are under way.
Alterations in DNA metabolism may be important in carcinogenesis induced by irradiation
and by other agents. Application of the carcinogen, 7,12-dimethylbenz(a)anthracene, to the
plucked skin of mice under conditions known to
be efficient for initiation of tumors has been found
to depress incorporation of labeled thymidine into
DNA in the growing hair follicle of mice :::::50%
within 24 hr. The carcinogen also delays passage
of cells through the period of DNA synthesis, but
does not appear to affect other phases of cell division. Whether the mechanisms of action of the
carcinogen and radiation are the same or complementary is not yet known.
Action of Insulin on Liver

Increase in uptake of glucose by several isolated
tissues (diaphragm, heart muscle, and adipose
tissue) in response to added insulin is readily
demonstrable and is caused by an increase in permeability of the cell membrane to glucose. The increase in permeability is two-way, i.e., glucose can
leave as well as enter the cell more readily. Ordinarily, however, the glucose concentration inside
the cell is vanishingly small because the free glucose is rapidly phosphorylated, an essentially irreversible reaction catalyzed by hexokinase. Intracellular release offree glucose by hydrolysis of
glucose-6-P0 4 is restricted to a few types of cells,

notably liver cells, which contain the appropriate
hydrolyzing enzyme for this purpose. In contrast
to the ease with which insulin can be shown to increase glucose uptake by muscle and adipose tissue, it has proved difficult, and indeed may be impossible, to demonstrate an effect of insulin on glucose metabolism in isolated liver tissue. Since the
liver continually supplies glucose to the blood, the
net movement of glucose in the liver cell is from
the inside out. Reasoning from the increase in
permeability of the muscle cell membrane, insulin should increase the flow of glucose out of the
liver (if anything) if its effect on the liver cell is
analogous.
By the use of trace amounts of C14-glucose it is
possible to measure simultaneously in the whole
animal total glucose uptake and new (C12) glucose
production by the liver. When an intravenous insulin infusion is accompanied by simultaneous
glucose infusion to avoid lowering the blood glucose concentration, insulin not only increases glucose uptake but also decreases new glucose production by the liver. This effect was difficult to
demonstrate because the same amount of insulin
given without the glucose does not decrease or increase glucose production by the liver. This is due
to a counterbalancing influence brought into play
by the lowered blood glucose level; i.e., hypoglycemia in the absence of insulin infusion increases the rate of glucose production by the liver.
Thus in the whole animal insulin acts in a way
not predictable on the basis of its best-documented
effect at the cellular level, namely, it increases the
permeability of certain cell membranes. This may
mean that the cellular action of insulin is incorrectly understood. On the other hand, it may
mean that the effect observed in the intact liver is
not direct but is mediated by the cessation of signals for glucose production coming from a glucose
receptor. Such a receptor would "see" more glucose in the presence of infused insulin (and in the
absence oflowered blood glucose concentration)
if it were separated from the blood glucose by a
membrane whose permeability to glucose could be
increased by insulin.
Spontaneous Disease in Laboratory Animals

A second attempt to set up a "disease-free"
colony of mice is under way. The first colony, bred
from animals obtained initially by aseptic Caesarean section and fostered on germ-free females, was
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found to have a high incidence of cerebral encephalitoz06nosis and was consequently discarded.
The second colony was started in the same way
from other stock. No infection has been observed
in this colony, and mortality has been about onethird that of the first (7 vs 22%). However, a number of conceivably genetic abnormalities have been
observed. One affects only male mice; death is
sudden, and the essential lesion is massive bleeding
into the pleural cavity. The nature of this "hemophiliac" syndrome is under observation.
Antibody Specificity
The fundamental problem involved in antibody
specificity is whether the specificity, i.e., the ability
of each antibody to react only with its particular
antigen, results from a genetic change or a rearrangement of the three-dimensional structure after
the globulin molecule is synthesized. The genetic
theory of formation requires that antibodies differ
in their amino acid content or sequence, while the
rearrangement theory does not. The large size of
antibody molecules, polypeptide chains containing
;:::; 1600 amino acids, precludes determination of
their total sequence with present techniques. However, since the only measurable differences in antibodies lie in their immunological sites, which involve 10 to 20 amino acid residues, the problem
can be attacked by finding marking agents that
react at the active site of one but not another antibody.
A suitable method has been devised for labeling
the active site of antibody. The method utilizes the
fact that groups at the active site of the antibody
can be protected against reactions with the labeling agent by prior addition of the specific antigenic
group, the hapten. Thus, after treatment during
which all groups outside the active site react with
the specific reagent, the hapten is removed and the
groups at the active site are allowed to react with a
radioactive form of the reagent. The method has
been applied successfully to incorporate 1'31 into
the active site of antibody directed against the
negatively charged phenylarsonic acid group. By
a correlation of loss of activity following iodination
with the appearance of modified residues, a
tyrosyl residue has been identified as the reactive
amino acid at the active site.
The labeling method has also been used to
establish a suitable control, i.e., an antibody whose
active site is not marked with radioactive iodine.

Iodination of antibody directed against the positively charged phenyltrimethylammonium group
was shown to decrease the immunological activity
by one-third the amount observed for the antiphenylarsonic acid antibody under equivalent experimental conditions. Further, prior addition of
the hapten did not protect against loss of activity
by iodination. Clearly the active sites of the two
antibodies differ in their chemical groups.
Based on these findings, an answer to the problem of antibody specificity appears obtainable
from comparison of the iodine-labeled peptide or
peptides from the active site of arsonic antibody
with the iodinated peptides from the ammonium
antibody, since the finding of a unique structure
for the active-site peptide would strongly support
the genetic theory. Methods have been worked out
for quantitative rupture of the 22 S-S bonds in
antibody, subsequent digestion of resulting fragments by trypsin, and recovery of peptides without significant loss of the iodine label. Results to
date indicate that comparison of iodinated peptides from antibodies is experimentally feasible.
GENETICS
Genetic Plant Tumors
Three approaches are being taken in research
on tumors that form in certain hybrids among
species of Nicotiana. These are (1) factors affecting
tumor induction in seedlings by applications of
indoleacetic acid (IAA) and kinetin, (2) studies on
IAA and kinetin response in tissue cultures of
parental species and their tumor-forming hybrid,
and (3) nonspecific stress and slow growth as factors in tumor development. In the seedling studies
it was noted that added kinetin markedly increases
tumor induction when applied to the stem meristem. Kinetin apparently interacts with endogenous IAA to upset normal morphogenetic processes. Tissue culture studies have revealed pronounced differences in response of the parental
species and tumorous hybrid to kinetin in the presence of IAA. Parental tissues respond by increased
growth whereas the hybrid tissues do not. It appears that the hybrid has sufficient endogenous
growth factors, but that IAA and kinetin are required as additives for rapid growth of the parental
species tissues. The effectiveness of IAA and
kinetin is influenced by the level of inorganic
salts in the culture medium. Stress with high and
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low oxygen tension, crowding, inorganic ion imbalance, or radiation is effective in inducing tumor
formation. Retarded growth is associated with
enhanced tumor induction, which suggests that
certain degradation products may be involved.
The results to date suggest several basic approaches to the plant tumor problem. Kinetin is a
structural analogue of adenine. Thus, in effect, the
system may be expected to lead to a study of differentiation and morphogenesis by direct or indirect alteration of the genetic potential of treated
plants. The localization and site ofaction are being
investigated with tritiated kinetin.
The Mutagenic Action of Coliphage X-373

Infection of bacterial cells by temperate bacteriophages may lead to permanent or transient
changes in the genotype of the resultant lysogenic
hosts through the well-known phenomena of
phage conversion and phage-mediated transduction. A third type of phage-promoted host modification is being investigated.
Coliphage X-373, discovered as a contaminant
in a stock of Escherichia coli K-12, induces mutations
to nutritional auxotrophy in phage-sensitive substrains of K-12 at a frequency generally 2000 times
greater than that of spontaneous mutations in parallel uninfected cultures. In sensitive cultures exposed to high multiplicities of phage, roughly 15%
of cells survive to produce lysogenic clones; about
40% of the latter contain large numbers of mutants. The ratio of mutant to wild-type cells in individual clones may vary from 0.01 to 1.0, which
suggests that mutation takes place soon after infection, a view supported by the finding that additional mutations cannot be induced by superinfection of stable lysogenic strains. Moreover, the
spontaneous mutability of lysogenic strains is no
greater than that of nonlysogenic strains. Thus,
the mutagenic activity of X-373 is considered a
consequence of one or more phage functions operative in newly infected cells, but inoperative in
lysogenic cells.
Mutations induced by X-373 appear to be completely undirected. Over 300 mutants have been
identified; the majority are deficient for one or another of 15 amino acids; others have requirements
for purines, pyrimidines, or vitamins. It is also possible to induce mutations resistant to the virulent
phages T1, T4, T5, and T6, and to sodium azide,
but not streptomycin. All mutants are lysogenic

for X-373, but lysogeny per se is not required for
expression of the mutant phenotypes because the
two characters are separable by recombination in
Hfr X F~ crosses. The mutants seem to be extraordinarily stable. No instances of spontaneous
or diethyl sulfate-induced reversion to the wild
type have been detected, and it is tentatively concluded that X-373 creates extensive lesions in the
host genome, i.e., deletions or multisite alterations,
which accords with the finding that X-373 cannot
induce reverse mutations in nonlysogenic auxotrophs. Moreover, phage X-373 appears to be devoid of transducing activity.
Preliminary attempts to map the prophage locus
of X-373 have failed to demonstrate close linkage
to known markers of E. coli; X-373, like phage PI,
may have no specific chromosomal attachment
site. Attempts to induce mutations with phage PI
and with another unidentified coli-Shigella temperate phage were unsuccessful. Thus, at the moment, mutagenic activity seems to be a unique
property of phage X-373.
Control of Cysteine Biosynthesis in Bacteria

In continuing analyses of genetic properties in
mutants of Salmonella typhimurium, ;:::::460 cysteinerequiring auxotrophs have been classified in terms
of recombination, complementation, and growth
responses. Five cysteine-controlling regions have
been recognized: 0'sA, B, C, E, and G. Available
evidence suggests that each is located in a different
part of the genome. A and B each contain three
complementation units, C five units, and E two
units; G has not yet been analyzed. Every singlesite mutant tested has been placed unambiguously
in one of these complementation groups, which,
together with the difference in nutritional requirement detected among mutants belonging to different groups of the same region, makes it probable
that each complementation unit represents a separate gene locus. Biochemical studies carried on at
the Johns Hopkins University support this view.
Assuming every complementation unit to be a different locus, at least 14 gene loci grouped in 5 clusters are involved in control of cysteine biosynthesis.
Extensive studies are being carried out with 276
single-site markers and 94 deletions located in the
0'sC region. This region is believed to comprise a
cluster of five gene loci, arranged and designated
as follows: 0'sC, D, H, I, and j. Single-site mutations are distributed among them fairly evenly.
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Loci C and D appear to be adjacent, as do I and

J. A "genetically silent" section, equal to at least

•

half the length of the whole cysC region, is located
between D and H, and a much shorter similar section between H and I. None of the known singlesite mutations is located within these sections.
Of the 94 deletions, 81 are similar in extent
("ditto" deletions), their left ends falling in the left
half of the long silent section and their right ends
in the section beyond the J locus. In addition, 8
of the remaining 13 deletions have one end located
in the same silent section. The proposed explanation of these unique findings assumes that the long
silent section includes a duplication of the section
where the right ends of the ditto deletions are located, and that the deletions originate because
duplicated sections frequently synapse, which results in formation of a loop within the gene string
and consequent omission of the loop from the newly formed genome during replication. The unusual
properties of this silent section can be explained
by assuming that it is composed, at least in part,
of uncoded DNA.
Fate of Transforming Deoxyribonucleic Acid
in Pneumococcus

A hereditary trait may be conferred upon certain cells by treatment with DNA from others
bearing the trait. Study of such genetic transformation in pneumococcus using p32-labeled DNA
from a streptomycin-resistant strain indicates that
the initially double-stranded, highly polymerized
material was converted about equally into low
molecular weight fragments and a single-stranded
form during or immediately following entry of the
DNA into the recipient cells. Material from both
fractions was incorporated into the nucleic acid of
the host, the fragments by normal synthetic processes, the single-stranded form by direct integration. The latter process represents the mechanism
by which genetic information is transferred to the
recipient cell. In agreement with other studies,
about one-fifth of the labeled material was found
to be so integrated. The breakdown of DNA
on entry explains previous observations - that
the extent of phenotypic expression, e.g., enzyme
synthesis, of the introduced material depends
upon the amount genetically integrated rather
than the amount introduced, and upon the
prompt eclipse, following entry, of material active
in transformation.

Cooperative Radiation Mutation Program

The radiation facilities at Brookhaven are being
used to irradiate plant parts such as seeds, cuttings, and similar material for eventual study here
and elsewhere. The objective of this work is to
study the usefulness of such irradiations in producing mutational changes that represent possible
crop improvements. Irradiations have been performed for many individuals and groups in this
and other countries.
Dr. H. T. Chang of the Joint Commission on
Rural Reconstruction, Plant Industry Division,
has described three new strains of peanut and 16
new strains of soybean which show more resistance
to diseases and higher yields than the original varieties. Dr. Glen W. Burton of the V.S.D.A., Crops
Research Division, Georgia Coastal Plain Experiment Station, has reported on a type of dwarf mutant of Pensacola bahiagrass with seed stalks only
about 6 in. long. If this dwarf characteristic can be
transferred into a normal genetic background it
may be possible to use this new bahiagrass as turf.
CELL PHYSIOLOGY
Nuclear Variables and Radiosensitivity in Plants

Continuing study is being made of the manner
in which nuclear variables control the radiosensitivity of plants. Tolerance data on many new species have been obtained, and from these and previous findings a new correlation has been developed.
The data show that increasing nuclear volume (v)
increases sensitivity and increasing chromosome
number (n) decreases sensitivity. This suggests that
sensitivity should be related to vln, the chromosome volume, in some predictable fashion. Data
for 10 species are shown in Figure 1. The relationship is clearly highly significant and thus can be
taken as a reliable index of radiosensitivity. This
correlation, considered in conjunction with relationships established earlier between nuclear volume, chromosome number, and radiosensitivity,
makes possible the prediction of expected tolerances of species that have not been irradiated.
From cytological data on several hundred species
of plants it is predicted that gymnosperms as a
group are, for plants, extremely sensitive. Many
species can be expected to have a LD 50 between
300 and 600 r for an acute gamma exposure. For
these species continuous exposures of 2 to 5 r I day

94

will cause serious effects on growth, fertility, or
viability which will manifest themselves in from 1
to 5 years. Angiosperms, including deciduous trees,
will in general be much more resistant. It can be
safely predicted, therefore, that gymnosperms,
which include many important economic plants,
would be among the first plants to show severe
radiation damage in case of major nuclear accidents or war. It also appears that many of these
plants may be extremely useful in radiobiological
studies.
Differential Radiosensitivity
of the Shoot Meristem in Taxus media

per 20-hr day produces total disruption of the
apex hairs. In addition, a regenerative process occurs which results in new, abnormal, but apparently operative meristems.
Changes in Deoxyribonucleic Acid Content
and Volume of Nuclei as Factors
Affecting Radiosensitivity

The nuclear volume of meristem cells in the
soybean increases after initiation of germination to
a maximum at 48 hr and later decreases. The
DNA content begins to increase at 48 hr, reaches
a peak at 72 hr, and then decreases. The sensitivity
of the plant (defined by dry weight at 30 days) to

In Taxus media the pattern of damage to the
shoot meristem produced by chronic irradiation is
in order of decreasing sensitivity as follows: apical
initial layer, lateral initial layer, control mother
cell zone, transition zone, axillary cells, and rib
meristem. The reasons for this particular order are
being sought. In these chronically irradiated trees
the relatively modest dose of 175 r given at 3.5 r
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Figure 1. Relationship between chromosome volume at
interphase and acute lethal dose of x or gamma radiation
in plants. Similar relationships also obtain for other measures of radiosensitivity. The relationships are useful in
predicting the radiosensitivity of other plants from consideration of nuclear variables. The plants used are (1)
Trillium grandijlorum (Michx.) Salisb. (white trillium);
(2) Lilium longijlorum Thumb. (white trumpet lily); (3)
Podophyllumpeltatum L. (Mayapple); (4) Hyacinthus c.v.
"Innocence"; (5) Chlorophytum datum Ker. (spider plant);
(6) Zea mays L. (corn); (7) Muscari botryoides (L.) Mill.
(grape hyacinth); (8) Crepis capillaris (L.) Wallr. (hawk'sbeard); (9) Lycopersicum esculentum Mill. (tomato); (10)
Gladiolus c.v. "Friendship."
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Figure 2. Estimation ofcell population kinetics by double
labeling with thymidine. By supplying thymidine-H' and
-C" at appropriate intervals during cell replication and
subsequently locating and identifying the isotopes by
autoradiography, the duration of phases of the nuclear
cycle may be determined. The autoradiograph is of chromosomes of the root tip of Tradescantia treated with labeled
thymidine. The two nuclei with photographic grains localized over the nuclear area were labeled with tritium
only. The nucleus with a spray of grains around it was
labeled only with C".

•
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x rays given acutely is least at 24 hr after germination and greatest at 72 hr. Later the sensitivity decreases, but not to the level at 24 hr. The findings
illustrate the direct relationship between bNA
content and volume of nuclei and the sensitivity of
plants to radiation.
Cell Population Kinetics
a,.d Chromosome Duplication

Study of the kinetics of the growth of cell populations is facilitated by a recently developed
double-labeling procedure employing thymidineC 14 and thymidine-H3. The cell population is supplied with one form of thymidine and then, after
an appropriate interval, with the other. The
labeled thymidine, which is stably incorporated
into the DNA ofthe nucleus, then is detected and
identified with respect to kind of label by autoradiography. The ratios of C I4 -labeled to H3_
labeled cells found in several labeling sequences
define the duration of various subdivisions of
the cell cycle relative to DNA synthesis and flow
rates of cells through parts of the cycle. By means
ofthis procedure it has been found that DNA synthesis is relatively insensitive to major environmental alterations, while the periods before and
after synthesis are affected markedly. For example,

continued exposure of Tradescantia root tips to 30 r
of gamma rays per day lengthens the periods before and after synthesis to several times the normal
duration, but has practically no effect on the period of DNA synthesis. Extremes of temperature
have a similar effect.
By use of thymidine-H3 and autoradiography
it has been found in Tradescantia root tips that
DNA synthesis, which is confined to a definite
period within the nuclear cycle, proceeds at a fairly constant rate until near the end of the synthetic
period. At that time the rate decreases. The decrease reflects localization of DNA replication to
specific sites on the chromosome arms. Generally
the terminal portions of the chromosome arms
continue replication after other parts cease DNA
production.
Transfer of Genetic Information

Amino acids are believed to be represented in
nucleic acid language by specific trinucleotide sequences. The simplest possible genetical change
or mutational event should involve replacement
of one nucleotide by another in DNA. This would
set off a chain of reactions: replacement of one nucleotide by another in a messenger ribonucleic
acid (RNA) molecule; replacement of one amino

Figure 3. DNA synthesis during chromosome replication. The autoradiographs are of chromosomes ofthe root tip of Tradescantia treated with thymidine-H3 during the mid-portion (a and b)
and near the end (c) of DNA synthesis. In a and b the isotope is distributed throughout the chromosome arms; in c it is confined mainly to the ends ofthe chromosome arms.
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acid by another in a protein. Although little is
known about the sequence of nucleotides in nucleic acids, a great deal is known about the sequence of amino acids in some proteins. Based on
interrelationships indicated by available amino
acid replacement data, on the assumption that
amino acids showing a high degree of mutual replaceability have the majority of their coding nucleotides in common, and other considerations, a
partial solution to the RNA-protein code has been
proposed.
The sequence of most amino acids in proteins is
believed to be determined by a nucleotide coding
mechanism. However, there are indications that
the mechanism does not operate on all amino
acids. For example, proline is hydroxylated after
incorporation into the polypeptide chain. In this
case, the final form of the amino acid is determined after its incorporation into the polypeptide
chain. Clearly hydroxyproline has no mutual representation in nucleic acids. Instead, the polypeptide chain is coded for proline, and some is converted into hydroxyproline. Although convincing
experimental evidence is lacking, separate coding has been assumed for glutamate and its amide.
It is known that amino acids form specific complexes with soluble RNA molecules which serve
as immediate precursors in protein synthesis.
In extracts prepared from the bacterium Escherichia
coli, it has been found that glutamine is incorporated directly into the soluble RNA, whereas glutamic acid is first converted to glutamine. This
suggests that of the two amino acids only glutamine is directly incorporated into the protein, and
that the glutamic acid residues arise by hydrolysis
of the glutamine residues.
Ribosomal particles exist in various states of aggregation. In Escherichia coli there are two fundamental ribonucleoprotein particles, a 50 S and a
30 S (ribonucleoprotein particles are named according to their approximate sedimentation constants; S refers to the Svedberg constant). These
may combine to form a 70 S component which, in
turn, may dimerize to form a 100 S component. It
has been found that optimum amino acid incorporation in vitro requires the presence of both the
50 S and the 30 S ribosomal subunits, but not the
100 S ribosome. These results, combined with the
findings of others, suggest that the 70 S ribosome,
and only the 70 S ribosome, is essential for protein
synthesis.

Synthesis of Messenger Ribonucleic Acid

The mechanism for transfer of genetic information from DNA to messenger RNA is obscure.
Theoretical considerations suggest the formation,
by hydrogen bonding, of a triple helical intermediate composed of double helical DNA as template, plus a newly synthesized single strand of
RNA. Formation of a triple-strand intermediate
would require minimum configurational change
in DNA and allow ready dissociation of the RNA
after synthesis, in keeping with the speed and selectivity with which DNA in the organism responds to inducers and repressors. Reasonable
hydrogen bonding, bond lengths, and bond angles
exist for two molecular models of a triple helical
intermediate. The nucleotide-base ratios for the
DNA and RNA in one model correspond to findings in animal nuclei. The ratios in the other
model conform to findings in bacteria. At present,
conflicting data are available to support either
the triple-strand intermediate or the alternative
double-strand complex proposed earlier.
Role of Nucleic Acids
in the Formation of Chloroplasts

In green algae and plants, photosynthesis (the
light-energized conversion of carbon dioxide into
sugars and other compounds) is localized in cellular organelles known as chloroplasts. The formation of chloroplasts is also light dependent. Cells
protected from light form plastid precursors, the
protoplastids. Upon exposure to light the protoplastids grow and mature as chloroplasts. Since
new proteins are synthesized during growth of
chloroplasts, nucleic acids are expected to play an
important role in the process. To determine
whether new specific nucleic acids are required for
plastid synthesis, inhibitors of nucleic acid synthesis were tested for effects on chloroplast development. Euglena cells were grown in the dark and
then illuminated. The formation of chlorophyll,
which is correlated with the appearance ofspecific
chloroplastic proteins, during exposure to light
was taken as an index of chloroplast development.
5-Fluorouracil, an inhibitor of DNA and RNA
synthesis, at concentrations of 5 to 50 X 10- 4 M,
depressed chlorophyll formation. Equivalent concentrations of uracil but not thymine prevented
the depression. Also, 5-fluorodeoxyuridine, an inhibitor of DNA synthesis, had no effect. Thus, the
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Figure 4. Electron micrograph of Anarystis nidulans. In this photosynthetic bacterium the chlorophyll appears confined to the triple-layered lamellae visible in (1). Each lamella is separated
from the next by ::::::500 A. As deduced from (2), the interlamellar space contains the pigment
phycocyanin. Light absorbed by the phycocyanin presumably can migrate to either bounding
lamella, which offers an explanation for the increased photosynthetic efficiency of light absorbed
by this pigment.

findings indicate that synthesis of RN A rather
than DNA is necessary for chloroplast development. Addition of the fluorouracil to the cells after
chlorophyll formation has proceeded to :::::;10%
of the maximum had little effect on subsequent
pigment production. The effect of the fluorouracil
was not prevented by delayed addition of uracil to
illuminated cells. If, however, the cells were kept
in the dark for one day before addition of uracil,
chlorophyll synthesis in the light was only slightly
depressed. These observations suggest not only that
formation of chloroplasts requires RNA synthesis
but also that the synthesis is initiated by light.

Structural Basis of Photosynthesis

Study of photosynthetic bacteria has indicated
the level of structural organization needed to support the fundamental phenomena of photosynthesis (capture of light energy and transformation into chemical energy) to be much lower than hitherto supposed. However, the bacterial systems lack
certain characteristics of photosynthesis in higher
plants, such as photosynthetic oxygen evolution
and pronounced effects on photosynthetic efficiency due to illumination with light of different colors.
The unicellular blue-green alga, Anarystis nidulans,
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is an obligate phototroph with high photosynthetic
activity that possesses these characteristics; the
rate of oxygen evolution is high, and light absorbed by the blue protein, C-phycocyanin, is
more efficient in producing oxygen evolution than
light absorbed by the primary photosynthetic pigment, chlorophyll a. When this microorganism is
broken, the phycocyanin and the chlorophyll are
recovered in different fractions. The chlorophyll
sediments readily under centrifugation, whereas
the blue protein does not. The chlorophyll-containing fraction consists of lamellae that correspond to the triple-layered lamellae observed in
electron micrographs of the organism. These
lamellae exhibited an unusual order; each is separated from the next by a distance of :::::500 A.
When procedures that reveal the phycocyanin in
electron micrographs are employed, this 500-A
interlamellar region exhibits rather high electron
density. It appears, therefore, that the phycocyanin is present in very high concentration between
the chlorophyll-containing lamellae.
The 500-A separation between lamellae is too
great for significant energy transfer between an
excited chlorophyll molecule in one lamella and
another chlorophyll molecule in an adjacent lamella. Since the phycocyanin is interlamellar, it
has been proposed that this structural organization can account for a higher photosynthetic effi-

dency with light absorbed by phycocyanin than
chlorophyll. Light energy absorbed by phycocyanin can migrate to either bounding lamella,
whereas light absorbed by chlorophyll must be
utilized in that lamella. According to this concept, the enhanced efficiency is the result not of
events peculiar to the phycocyanin, but rather of a
second-order effect due to structural organization
of a rather high level.
Electron Transfer in Photosynthesis

The changes in light absorption of anaerobic
suspensions of the green photosynthetic bacteria
Chlorobium thiosulfatophilum, strain L, and Chloropseudomonas ethylicum, strain 2K, within the spectral
interval 380 to 570 mIL during irradiation with
monochromatic far-red light which is absorbed by
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Figure 5. Change in light absorption spectrum in Chiorobium thiosulfatophilum L caused by irradiation with 800mIL light. The change is attributable to oxidation of c-type
cytochrome(s). Measurements were made with a doublebeam spectrophotometer of the Chance type.

Figure 6. Absolute spectra of a preparation of chlorophyll-nO from (A) Chlorobium thiosulfatophilum, strain L,
and (B) Chloropseudomonas ethylicum, strain 2K. The height
of the red peak has arbitrarily been made equal to 1.0 for
each curve. The solvents were tris buffer of pH 7.5 (---),
80% methanol (- -), and wet ether (--). The pigment
is involved in the absorption of light by these photosynthetic bacteria and subsequent oxidation of cytochrome.
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the photosynthetic pigments indicates oxidation of
c-type cytochrome(s) in these bacteria, a response

•

previously observed in purple bacteria. Two wavelengths of far-red actinic light have been tested.
Light of 725 mIL, which is within the main absorption band of chlorobium chlorophyll, appears to
give the same effect as light of 800 mIL, which corresponds to a minor absorption band on the red
side of the main band.
During an attempt to isolate the cytochromes
from the green bacteria, the pigment responsible
for the minor absorption band in the far red was
separated from the major chlorophyll component.
The far-red pigment remains in solution after centrifugation of crude cell extracts at 140,000 g for
90 min and is precipitable from the solution by
ammonium sulfate. The spectrum of this pigment
is completely different from that of the main chlorobium chlorophyll. It resembles bacteriochlorophyll spectroscopically, but is tentatively designated chlorophyll-nO by virtue of the position of
the red peak in ether. It is planned to test the hypothesis that sensitization of the light-induced
cytochrome oxidation involves transfer ofelectronic
excitation energy from chlorobium chlorophyll to
chlorophyll-nO within intact bacteria.
BIOCHEMISTRY
Enzyme Changes in Barley Leaves
After Infection With Powdery Mildew

The increased respiration of plant cells characteristically accompanying infection by a wide
range of pathogens continues to attract attention.
In green barley leaves respiration is increased up
to threefold after infection with Erysiphe grammis
var. hordei. In contrast, the respiration of infected
etiolated leaves changes but little. To gain understanding of the nature of the increased respiration,
enzymic activities of noninfected and infected
green and etiolated leaves were measured. In
green leaves at :::::96 hr after inoculation concomitant increases occurred in respiration and in the
activity of glucose-6-phosphate dehydrogenase, 6phosphogluconate dehydrogenase, and enolase.
However, the activities of isocitrate dehydrogenase, malate dehydrogenase, aconitase, and
DPNH-cytochrome c reductase changed insignificantly. In etiolated leaves, on the other hand, there
was no appreciable increase in respiration or enzyme activity. The increase in respiration thus ap-

pears to be due in part to an increase in the activity
of the hexose monophosphate shunt system. Other
experiments indicate that the increase in respiration may be related to a decrease in photosynthesis.
Protein Structure

Bovine pancreatic ribonuclease A is at present
one of the most thoroughly investigated enzymes
known: its covalent structure is defined, and extensive knowledge of its structural configuration is
at hand. Knowledge of the relation between its
structure and function has been provided by two
types of investigation: modification studies, and
the examination of biological variation. Among
the former, substitution studies with the alkylating
agent 2,4-dinitrofluorobenzene have been continued, and it is now possible to report the isolation and proof of structure of essentially homogeneous samples of the following lysine-substituted
derivatives of ribonuclease A: (a )-1-dinitrophenylribonuclease; (a )-1,41-bis-dinitrophenylribonuclease; and 7,41-bis-dinitrophenylribonuclease. Quantitative studies have indicated that the latter derivative may be formed as a consequence of initial
substitution at position 41 (affording the wellcharacterized 41-dinitrophenylribonuclease) with
concomitant exposure of the lysine residue at position 7 and subsequent reaction at that position.
The result provides direct proof that chemical
modification at one side-chain in a protein molecule can alter the reactivity of a second side-chain
in a remote position of the amino acid sequence.
Two types of biological variation have been investigated, the isozymes of bovine ribonuclease, and porcine ribonuclease. Extensive studies
with bovine pancreatic zymogen granules have
shown that multiple forms of ribonuclease are
elaborated by the pancreas. The most prevalent
are ribonuclease B and ribonuclease C. Ribonuclease B has been isolated from bovine pancreatic
juice in highly purified form. It has been found to
be a naturally occurring modified form of ribonuclease A; the modification is unprecedented and
has been found to be due to the attachment in an
as yet undefined manner of an oligosaccharide
moiety composed of hexose and hexosamine to the
protein molecule.
Mechanism of Muscular Contraction

The mechanism of muscular contraction is a
problem of fundamental importance because it
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represents a way of converting chemical energy
immediately into mechanical work, and in man
alone many diseases are directly related to failure
of this basic function. To gain understanding of
this process a continuing study is under way. The
essential proteins, myosin and actin, which catalyze the decomposition of certain chemical compounds and are themselves shortened during
muscular contraction have been identified. The
chemical compound adenosine triphosphate
(ATP), which provides the energy for the contraction, and its decomposition products adenosine diphosphate (ADP) and inorganic phosphate (P)
are also known. However, the intermediate mechanism by which the energy of ATP is transferred
to the protein structure is unknown. It has long
been presumed that some intermediate complex
must exist, but evidence for such a complex has
been obtained only recently by means of experiments using water labeled with 0 18 • When ATP is
split by water, the entering oxygen atom could
finally appear in either ADP or P. In the presence
of muscle proteins, which catalyze the hydrolysis
of ATP, the 0 18 from the labeled water is intro-

Figure 7. The formal representation of the simplest possible living system in which a spontaneous flow of electric
current can occur. The broken lines indicate three equielectrochemical potential surfaces (eecp). Note that an
eecp surface is orthogonal to the lines of electric current
flow. The system is represented in linear form as
external phase, membrane 1, internal phase,
membrane 2, external phase,
and has an emf expressed by
E=

~ 'L(t/-t/)ilJl.i;
,

where the t's are ionic transport members and ilJl.,; is the
chemical potential difference.

L.RF

duced only into the P. Thus, formation of a phosphoryl protein intermediate may be presumed.
Prediction is that only one oxygen atom should be
introduced; however, three appear instead of one.
The extra oxygen atoms must be introduced at
some point during the hydrolysis. Since the 0 18 of
the water does not exchange with the oxygen of
unhydrolyzed ATP or added P, the introduction
of the extra oxygen into P derived enzymatically
from ATP must occur at some intermediate stage
in the hydrolysis.
The metal ion dependence and specificity with
respect to nucleotide in the exchange reaction and
over-all process of muscle contraction are similar.
If indeed a phosphorylated protein explains the
exchange reaction, it may also explain the change
in shape of the myosin and actomyosin during contraction. The presumed new form of the proteins
may well have a shorter structure than the original. Hence, the energy of ATP may lead to mechanical shortening by stabilizing a protein molecule in a geometric configuration differing from
some original configuration.
Hemoglobin Synthesis

Various processes involved in hemoglobin synthesis by erythrocytes taken from the duck before
and after x-irradiation and other treatment are
being measured to determine whether radiation
affects the processes directly or indirectly through
inhibition of erythropoiesis. At present the latter
action of radiation appears to be sufficient to explain the changes observed after irradiation of the
animal. These changes - decreases in uptake of
iron by the cells and conversion of this iron into
heme, and decreases in formation of porphyrin,
heme, and globin - presumably reflect maturation or aging of the erythrocyte. Inferences from
the findings are that heme and globin formation
are not connected in obligatory fashion, and that
heme formation does not depend upon the uptake
of iron by the cells, but is limited by porphyrin formation. With respect to time and degree, the iron
uptake exhibits the most consistent pattern of
change following the irradiation.
BIOPHYSICS
Origin of Electric Currents in Living Systems

The origin of electric currents in living systems
has always been something of a mystery. It is possi-

.
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ble however to give a general analysis of closed circuit systems in which spontaneous electric currents
circulate. In terms of this anal ysis an y isothermal
closed circuit system that contains at least two
barriers of different sets of ionic transport numbers
interposed between homogeneous phases of different ionic compositions has an electromotive force.
When such a circuit is opened through one of the
homogeneous phases, the system in linear array is
terminated by identical terminal phases, and an
experimentally determinable emfappears between
the identical terminal phases. Thus the simplest
possible isothermal system exhibiting an emf is
phase a, barrier 1, phase {3, barrier 2, phase a' ,
and its emf is given by

E=}IJt/-t/)6.ll i i'
J

In this equation E represents the emf, F is the
Faraday constant, t j 1 and t/ are the ionic transport numbers ofthejth ion in the two barriers,
and 6.llii is the chemical potential difference of an
ion pair between phase {3 and phase a. The indicated summation is to be taken over all ions to
which the barriers are individually permeable.

In the simplest possible model of a living cell
the barrier becomes the limiting membrane of the
cell. For a spontaneous electric current to be generated by the living cell, the limiting membrane
of the cell must have at least two regions with different sets of ionic transport numbers. The electric
current when it exists consists of anions and cations which circulate in opposite direction. There
are no electrodes and hence no electrode reactions
in living systems, and the energy to maintain the
electric current is derived from some fraction of
the free energy of dilution of interior phase with
the external phase. When the cell is in a basal
state, technically a stationary state, the emf in the
system is related to the rate of metabolism, since
Il'i is then given by the flow of nutriments and end
products through the limiting membrane of the
cell. If the cell is not in a basal state then no simple relation exists between the emf of the biological source and the rate of metabolism.
Biological Effects of Cosmic Rays

Observations made several years ago on mice
taken in balloons to the top of the atmosphere indicated that heavy cosmic-ray particles cause

Figure B. Photograph of mouse irradiated with an BOO-rad dose of deuterons in two places
throu/Sh a slit aperture 0.250 mm in width in the form of a cross. The photograph, taken 101 days
after irradiation, shows graying only in the irradiated area.
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Figure 9. Entrance to facility used to
study ecological effects of radiation.

Figure 10. Radiation source in gamma forest. The source is maintained
above ground 20 hr/day. The dose
rate ranges from several thousand
roentgens within a few meters to ::::::2
r at 125 meters. The pine tree in the
foreground was killed by radiation.
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Figure 11. Predicted effects of chronic irradiation on a Long Island oak-pine forest. The radiation source is considered to be at the center and to deliver several thousand roentgens per day
at a few meters. Prediction is based on the nuclear volumes and chromosome numbers of the
species irradiated. The prediction will be compared with observation in a similar, actual forest.
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graying of the hair, from which it has been inferred that these particles might have serious effects on man in such organs as the brain and the
eye. Since no accelerators can produce such high
energy particles, the problem was attacked experimentally by simulating a "thin-down" track from
such a particle with a microbeam of deuterons 25
/1 in diameter. Since an individual hair follicle is
difficult to identify over long periods, for this part
of the study the microbeam was formed as crossed
slits 25-/1 or 250-/1 wide. This pattern could be
identified on the mouse and showed that the graying response occurs with both slit widths at doses
expected in cosmic-ray tracks. However, for both
the brain and the eye, doses enormously higher
than this are required to produce damage. It is
concluded that graying of the hair may occur in
astronauts, but this is probably the only damage
that will result from cosmic-ray particles.
ENVIRONMENTAL BIOLOGY
Radiation Ecology

The interests of the Biology Department have
been extended this year to include research in environmental biology, with emphasis on the effects
of ionizing radiations on ecological systems and
their components. The program extends previous
work at the cellular and organismallevels to the
population and community levels in an effort to

define more precisely the importance of ionizing
radiation as an environmental factor. For this
work a 9500-curie source of gamma radiation has
been established in the center of a carefully selected forest stand on the Laboratory site. This
source, which is exposed 20 hr/day, has been in
operation since November 1961; it delivers several
thousand roentgens per day within a few meters
of the source and ~2 r/ day at 125 meters.
Several complementary research projects carried out in cooperation with other institutions are
now under way as part of this program. Most of
these projects utilize the new radiation facility and
contribute to quantitative estimates of radiation
effects on forest populations and to estimates of
changes in rates of energy fixation and movement
within the experimental ecological system.
A prediction of effects of the first year of irradiation on the populations of the various woody species was made on the basis of nuclear volume and
chromosome number. Preliminary observations
during the spring confirm the relative sensitivities
indicated by this prediction. An ultimate goal of
the program is development of the ability to predict quantitatively radiation effects on organisms,
populations, and communities. The preliminary
results of the first winter's irradiation lend new
strong support to the hypothesis that nuclear volume and chromosome number alone provide a
powerful basis for such a prediction.

1.'P lFM,f

Medical Research
The research program of the Medical Department, based on studies contributing to better
understanding of biological processes in man, is
aimed at increasing the knowledge of the effects of
ionizing radiations upon the human being. Some
clinical and laboratory investigations are directed
toward enhancing beneficial applications of these
radiations or improving measures for preventing
or counteracting detrimental effects. Other investigations are centered on the biological processes of man in order that through the knowledge
of normal function elucidations of disease states
may be furthered, and improved methods of
diagnosis and therapy may be developed. These
approaches are complementary, for, whether at
the level of the single cell or the entire body, there
appear to be no effects of ionizing radiation that
have not been observed in naturally occurring
diseases or produced by other toxic agents. Thus,
the study of radiation effects contributes to the understanding ofdiseases, and vice versa, and the pace
of progress in both is controlled by the advances in
knowledge of normal biological processes.
The diversified talents and extensive facilities
uniquely concentrated at Brookhaven National
Laboratory provide unusual advantages for pursuing these objectives. The broadly based program
of the Department incorporates the experience
and skills not only of those devoted to research in
the field of medicine, but of many from the various
disciplines in other departments of the Laboratory.
Similarly, not only are the facilities of the hospital,
laboratories, and reactor of the Medical Research
Center utilized, but the instrumentation and
special laboratories of other departments and the
large nuclear devices may be used as well. Thus,
the program is enriched through the productive
interchange of ideas, information, facilities, and
services, and the opportunities within its framework are limited only by the scope of the vision
and interest of the individual investigator.
Specific examples of research under way are
given in the following pages. The report is not comprehensive, and the reader may obtain additional
information from publications of the Department.

EXTRACORPOREAL IRRADIATION
OF THE CIRCULATING BLOOD OF MAMMALS

Radiation injury of the whole body confounds
the interpretation of data collected on changes in
the blood, since cells within the blood and the tissues that form new blood cells are injured simultaneously. It was reasoned that irradiation of the
flowing blood without injury to the tissues that
form blood cells would perform the dual service of
assisting in the interpretation of changes observed
after whole-body irradiation and providing a tool
for study of the life span of blood cells and the regulation of new production. Surgical pumping and
irradiation techniques developed in 1960 made
possible the present studies. Preliminary studies
performed upon various species resulted in the
selection of the calf as the most desirable experimental animal. The current experimental setup
is illustrated in Figure 1. Figure 2 shows the production of a pronounced depression of the blood
lymphocytes, and Figure 3 presents an example of
the slow recovery from the lymphocyte depression.
The method has opened up new avenues of attack on the ubiquitous lymphocyte with respect to
quantification of its production rate, classification
of lymphocytes by life span, and determination of
the site of removal of aged or injured lymphocytes.
Similar studies to be made on leukemic cattle will
make it possible to determine the differences between normal and leukemic lymphocytes with respect to these parameters. It is hoped that these
studies and perfection of the technique will lead to
similar studies on human beings with leukemia.
EFFECT OF RADIATIONS
OF DIFFERENT LINEAR ENERGY TRANSFER

In the past, evaluation of fast neutron effects
usually has been handicapped by lack of neutron
sources yielding narrow energy spectra. Apparatus
recently constructed at this Laboratory now permits the exposure of mice to neutrons of selected
discrete energies by locating groups of animals in
sites at different angles to the beam-target axis of

105

106
a 3-Mev Van de Graaff generator employed to
accelerate protons into a tritium target. Special
equipment developed at Columbia University also
is available to measure both depth-dose and quality of radiation, the latter by employing graded
sizes ofchambers representing microscopic volumes
of tissue-equivalent material.
Initial studies of spleen-thymus weight loss
indicated relati ve biological effecti veness (rbe)
values ranging from ::::4.5 at a neutron energy of
0.43 Mev to 3.0 at 1.8 Mev (250-kvp x rays were
used as the comparison radiation). Although
slightly higher values were obtained for sperma-

togonia depletion, and slightly lower values for incorporation of iododeoxyuridine (a precursor of
deoxyribonucleic acid), both showed the same relationship of rbe to neutron energy as that observed
with spleen and thymus. Spermatogonia depletion
after exposure to 14-Mev neutrons is being evaluated, and equipment has been built for similar
study of the 2 to 6- Mev energy range.
The use of x radiation for comparison in the
above work necessitated consideration of the
quantitative effect of dose rate. An analysis of the
data, including published rodent LD"t1/:1lI dose-rate
studies, yielded an expression indicating propor-

1. CAlF
2. OUTFLOW TUBING FROM JUGULAR
3. HEPARIN RESERVOIR & CONTINUOUS INFUSION PUMP
A EXTRACORPOREAL PUMP
5. LEAD BARRIER
6, HEATING JACKET (AO'C)
7 IRRADIATION COIL (llOO·ml VOLUME)
8. INFRARED HEATING LAMP
9 360· X·RAY MACHINE
10 WATER HEATING BATH & PUMP FOR HEATING JACKET
II RECORDER FOR THERMISTORS AT WATER JACKET, IRRADIATION COIL. INFLOW
TO ANIMAL & AT RECTUM

Figure I. Extracorporeal irradiation of circulating blood of calf. Upper left, schematic diagram of experimental
setup. Upper right, recording thermistors, pump, and water bath for heat exchanger. Lower left, calfin stanchion
with blood flowing at 300 ml/min. Lower right, irradiation coil (1IOO-ml internal volume) receiving 300 rad/min.
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tionality between biological effectiveness and the
cube root of dose rate. Data from a study of human
skin dose-threshold fitted this expression. Further,
all sets of data indicated the same fractional
change in 50% effect dose between any two given
dose rates.

protons of 340 Mev, and protons of 185 Mev. These
investigators believe that both high energy deuterons and protons have future possibilities for precise irradiation of both deep-seated and superficial
tumors.
The availability of the BNL 60-in. cyclotron
and the proton synchrotron (Cosmotron) have
made it possible to initiate ajoint study with Drs.
Baker and Moore of the Physics Department.
Mice are being used in studies of (1) the histopathological effects of irradiation (penetration
not exceeding 2 mm) with 20 to 40-Mev protons,
deuterons, and alpha particles; (2) the effects of
whole-body irradiation with 3-Bev protons; and
(3) the indirect or "abscopal" effects of radiation
delivered to the abdominal region. About 5000
mice have been irradiated to date. Irradiation of
the heads of rabbits at an energy of 3 Bev is being
investigated with respect to detectable histochemical alterations in the oxidative pathways in the
brain. The Bragg effect of 50 to 90-Mev protons
on the rectum and kidney of the dog is being
established. Therapeutic effects of these various

PATHOLOGICAL AND
RADIOLOGICAL OBSERVATIONS
RESULTING FROM EXPERIMENTAL USE
OF HIGH ENERGY CHARGED PARTICLES

In 1946 Wilson published a discussion of the
physical properties of fast protons and the concept
that biological effects in tissue near the end of the
range of the Bragg curve should be considerably
enhanced by use of these particles because of
greater specific ionization. Subsequently, Tobias
and colleagues (1952 and 1958) and Falkner and
associates (1959) reported their experimental observations on animals (rabbit ears with transplanted tumors and rat pituitary) and man (pituitary) following exposure to deuterons of 190 Mev,

r
I

""
96

o LYMPHOCYTES

:\rIRRADIATION - {
,
12 HOURS

• GRANULOCYTES

., ',
: ,
,

,,

,

.

72

Q

a:
w
a-

,,

:

72

I

64

,,
,,

><

'"~ 60

80

; ,
,, ,,
,
,"
f\

84

N

I

56

t
PUMP ON
HEPARINIZED

~

LYMPHOCYTES

0

-: 48
I-

m 48

~

...J
...J
W

40

0

u

LYMPHOCYTES INCUBATED
6 HOURS

36

,,

24

32

x
w

24

,

I

,,

I

16

,
:,/\
" \,

12

/\,
' .. _I

8

' ..

'

0

h:

u

o

4

8

....- .....

..."

12
16
HOURS

20

0f025

24

Figure 2. Immediate production of depression of
lymphocytes by extracorporeal irradiation of the
blood for 12 hr.
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Figure 3. An example ofthe prolonged lymphocyte
depression produced by extracorporeal irradiation
of the blood. Apparent recovery period, 64 days.
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high energy protons are being investigated with
reference to both the target (e.g., transplanted
neoplasms in mice) and the host.

MEDICAL RESEARCH REACTOR STUDIES

The Medical Research Reactor (MRR) provides
an intense source of neutrons and other forms ofradiation that are useful in a variety ofexperiments.
Early in the year two patients with glioblastoma
multiforme brain tumors were treated by neutron
capture therapy; this completed a series begun
during the previous year. In conjunction with the
neutron capture therapy program and to broaden
the radiobiological basis for the procedure, a number ofexperiments have been conducted in animals
on aspects ofthe problem that cannot be effectively
studied in patients. In mice, tumor implants were
irradiated to determine the optimal time of exposure. In dogs the acute effects of high doses
of thermal neutrons and of particles from the
B10(n,a)Li 7 reaction on the brain and the effects of
whole-body irradiation were studied. With pigs,
the effects of fractionation of neutron dose on the
skin were studied. In tissue cultures, HeLa cells
have been used in efforts to determine autoradiographically the intracellular distribution of boron
and to study the effects of heavy particle irradiation in a relatively simple cell system. Other
animal experiments have included investigation of
the effects of neutron irradiation on the eyes of
rabbits, the retinal effects being studied by microelectrode electroretinographic, biochemical, histochemical, and autoradiographic methods.
Work in mixed field dosimetry has included
experiments on small graphite CO 2 -filled ionization chambers for measuring internal gamma-ray
doses in animal studies. A gamma-insensitive continuous thermal neutron monitor that reads out
the integral dose directly has been developed.
Neutron spectrum studies have been carried out
by using fission threshold foils and fission chambers
(solid state detectors). Investigators from the
Physics Department have used the MRR neutron
beam in studies involving the fission of uranium.

DIFFERENTIAL MULTIDETECTOR

The use of radioactively labeled substances that
concentrate in neoplasms is being investigated in
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the development of diagnostic procedures. The
localization of positron emitters depends upon the
principle that annihilation of the positron produces two gamma rays which are emitted in opposite directions.
In the positron scanning method currently in
use, only two detectors are used, a coincidence
count between the two detectors being recorded as
an event on the line connecting the detectors. The
use of multiple detectors, with coincidence counts
being recorded not only between directly opposing
pairs but between all pairs, offers the possibility of
shortening the counting time and of providing
three-dimensional localization. The problems of
data storage and data reduction are , however ,
much greater than when a single pair of detectors
is used.
A working model using 32 one-inch-diameter
crystals was assembled, the detectors being distributed in a circle (see Figure 4). Empirical tests
using a point source at various points within a
paraffin phantom and using a 2000-channel
analyzer to store the data indicated that memory
patterns could be correlated with tumor locations.
Translation of the memory patterns to activity
distribution patterns, however, requires processing
by a large computer.
It is expected that clinical applications in the
locating of tumors can be initiated with the existing 32 detectors.
MEDICAL STUDIES OF THE PEOPLE
OF THE MARSHALL ISLANDS

Under the direction of the Medical Department
of Brookhaven National Laboratory, a team of
physicians and technicians from the United States
and from the Trust Territory of the Pacific Islands
conducts annual medical surveys of the Marshallese people accidentally exposed to fallout in 1954.
Some 239 Marshallese people were exposed to
sublethal doses of radiation with significant hematological effects. Many of them sustained beta
burns of the skin and internal exposure to absorbed radionuclides. Considerable knowledge has
been gained from these studies of acute and longterm effects offallout on human beings.
The 1962 survey (8 years post exposure) was
carried out in March at Rongelap Island, and the
results are being processed. The 1961 survey report (7 years post exposure) indicates, in brief, that
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the incidence of illness and disease was about the
same in the exposed population as in the unexposed
comparison population. Growth and development
studies in children revealed a distinct tendency
toward a slight lag in growth in exposed boys (but
not girls) of ages
12. Increasing frequency of pigmented lesions in skin areas previously involved
with beta burns was found, but no evidence of
malignant change was noted. Peripheral blood
elements (particularly platelets) continued to show
slightly lower levels in the more heavily exposed
Rongelap group. No leukemia or other type of
malignancy was detected, and no increased aging
or similar late effect of radiation was seen in the
exposed population.
Determination of body burdens of radionuclides
was carried out by in vivo whole-body counting techniques with use of an 8-in. crystal in a "portable"
21-ton steel room and a transistorized 256-channel
pulse-height analyzer, situated on board the survey ship, and by radiochemical analyses of urine
samples. The IBM 704 computer was programmed
to perform the analysis of complex gamma spectra
obtained. No significant differences were noted
between the body burdens of the people exposed
to fallout in 1954 and those of the comparison
population living in the same low-level radiation
environment for the past four years. The C s l:l7
level (14.7 mJ.LC/kg) was about the same as that
measured two years ago; the Zn';c, level (1.51
mJ.LC/kg) had dropped to 17% of the mean level of
two years ago; Co';", in small amounts, was detected for the first time. The mean urinary excretion of Sr"" was 7.2 J.L/loC/I, or 14% higher than that
measured in 1959.
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THE KINETICS OF RADIONUCLIDES
IN ANIMALS AND MAN

The kinetics of the uptake and turnover of
strontium in young rats were studied. The rate of
calcium accretion and exchange capacity of
various bones of the rat was determined following
irradiation. Both these indices of bone metabolism
were found to differ in irradiated rats from those
in normal, aging rats. An attempt was made to
alter the accretion and exchange in rat bones by
dietary means. Stable strontium administered
orally was found to decrease the accretion rate of
Sr'" by bone, but it had no effect on the exchange
or release of bone-fixed Sr':'.

Figure 4. Pilot model of differential multidetector for
locating tumors by means of positron emitters.

Sr'" retention was measured in a number of
patients with the whole-body counter. Retention
over a one-year period could be described equally
well by a series of exponential functions or by a
power function, but it is not possible to extrapolate
forward a series of exponentials. If the data are
fitted with a power function and projected to the
life span of man, then the biological half-life of the
"equivalent" exponential, fitted to the curve from
20 to 40 years, is 110 years. Other studies attempted unsuccessfully to increase the turnover of
bone-fixed Sr'" in patients by supplemental feeding of stable calcium and strontium salts.
Other long-term studies carried out with the use
of the whole- body counter measured the retention
of Cs 1:17, Zn"", and Sc '" over the period of a year
in a number of patients. Biological half-life values
obtained were 52 to 114 days for Cst 17, 340 days
for Znn:" and >4 years for Sc 41i •
In another group of patients studied over a 30day period, the short-term kinetics ofSr"' and Ca 17
were characterized in terms of accretion, exchange, and biological loss from bone (resorption
and long-term exchange). A four-compartment
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electronic model was developed with an analogue
computer. The data suggest that identical roles in
the skeletal metabolism for calcium and strontium
over long periods of time cannot be postulated on
the basis of the metabolic similarities observed in
the short interval following injection of the tracers.
SKELETAL CELL PHYSIOLOGY

In order to study the effects of irradiation on the
cellular complement of the skeletal system and the
possibility of radiation-induced aging, it was first
necessary to determine the changes that take place
in the proliferative potential of cells during growth,
aging, and the repair of trauma. Tritiated thymidine, a DNA precursor that is taken up by cells
during DNA synthesis, was used throughout these
studies. Salient features of bone growth development, repair, and aging uncovered during the
latest in this series of investigations are as follows:
(1) The proliferative potential of skeletal cells is
highest at birth and within 8 wk diminishes to a
very low level. (2) The role of the periosteum in
bone formation has been extended to include participation in peripheral expansion of the epiphyseal plate and spherical growth of the ends of
long bones (see Figure 5). (3) Aged osteogenic cells
do not appear to lose their ability to undergo
mitosis in spite of the considerable morphological
change that takes place with increasing age. In
addition, they can react to trauma within the same
time period as that required for young cells to react. (4) A q uan ti tati ve, rather than qualitative,
change takes place in skeletal cells during the
course of aging. (5) The initial proliferative response seen beyond 8 hr following trauma is a generalized reaction which returns to a normal level
within 5 days. This basic response is not altered with
increasing age and cytomorphological changes.
EFFECTS OF RADIATION
ON BONE GROWTH OF RATS

Changes have been noted in the growth and
development of children exposed to radiation resulting from atomic detonation. Since the doses
received were lower than would be expected to
cause direct effects on bone growth, studies were
designed to investigate in animals possible indirect
or "abscopal" action of radiation on bone growth.
Tibial bone growth in rats was determined by

measuring x-ray pictures and noting changes in
tibial length after exposure to different doses ofx
radiation. A special rat-holding cage was devised
to permit roentgenography without anesthesia.
Direct and indirect effects of various doses of x
radiation (200 to 800 r) have been measured at
various times after exposure by comparing tibial
growth rate in the exposed leg with that in the
opposite leg, which was shielded with lead during
exposure. Results on several hundred rats indicate
that radiation-induced inhibition of bone growth
at the various doses is due to indirect effects as well
as to direct effects on the bone. "Abscopal" inhibition effects of exposure were found to be from 2 to
4 times greater than the direct effects on the bone.
Both effects appeared to be dose dependent. Pairfeeding experiments showed that ::::::65% of the indirect effect was apparently nutritional due to the
reduced food consumption associated with radiation exposure. Evaluation of partial-body shielding
and other experiments are under way to determine the organ systems that might be responsible
for "abscopal" effects other than those caused by
reduced food consumption.
IMMUNE MECHANISMS IN HOMOLOGOUS AND
HETEROLOGOUS (WASTING) DISEASE: THEIR
SIGNIFICANCE IN POSTRADIATION TREATMENT

Postradiation transfusion of mouse and rat bone
marrow protects reci pient mice against lethal
doses of whole-body radiation, yet recovery of the
hematopoietic system of the irradiated host is frequently followed by wasting disease resulting in
death during the second month after irradiation.
It has been postulated that wasting disease and
delayed deaths result from an immunological response of the donor marrow against host tissues.
Experiments at Brookhaven have dealt with testing the capacity of transfused marrow cells in recipient mice to produce antibody to tetanus toxoid.
The appearance of tetanus antitoxin in the serum
of the host indicates antibody formation by immunologically competent donor cells. Antibody
formation was obtained when isologous (same
strain) and homologous (same species) mouse bone
marrow was transplanted to recipient mice. Also,
antitoxin formation was elicited from cell preparations obtained from spleen, thymus, and lymphnode tissues. Minimal titers of antibody were produced by spleen and thymus cell preparations.
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OBJECTIVE:

To study the contribution of periosteal proliferation during growth and repair of long bones.
METHOD:

Autoradiographic analysis using tritiated thymidine.
RESULTS:

I. Normal bone

II. Traumatized bone
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The highest titers of antibody were elicited from
bone marrow cells in mouse-to-mouse donor-host
combinations. It has not been possible to demonstrate antibody formation by heterologous rat bone
marrow in irradiated mice. The immunological
competency of the donor rat marrow was limited
in heterologous rat-to-mouse combinations.
STUDIES ON SYNTHESIS AND METABOLISM
OF NUCLEIC ACIDS (RNA AND DNA)
IN MAMMALIAN CELLS IN CULTURE

These studies are directed toward the understanding of the synthesis, metabolism, and function
of nucleic acids in mammalian cells. Several cell
lines, particularly the human cancer cell HeLa S3,
are maintained in culture yielding a controlled
homogeneous system. Tritium-labeled pyrimidine
nucleosides used as precursors for nucleic acids are
localized autoradiographically within subcellular
structures. Nucleic acid fractions isolated chemically from the cells are analyzed quantitatively by
spectrophotometry, and the amount of isotope is
determined by liquid scintillation counting. The
combination of methods yields information as to
the site and time course of RNA synthesis, its time
relationship to DNA synthesis and mitosis, and its
metabolic interrelationship with nucleotides oflow
molecular weight and with DNA. By utilizing in
addition the ability of certain cell lines in culture
to produce specific proteins in the form of antibodies, functional characteristics of the nucleic
acids in the interplay between genetic code in
DN A and cell-specific proteins can be studied.
The results obtained serve as references in the
study of the effects of chemical and physical influences, such as irradiation, enzymes, toxic agents,
and drugs.
H3-cytidine, H3-uridine and H3-thymidine were
used in HeLa S3 cells to establish the site and time
course of RN A synthesis in relation to the total
cell cycle, DNA synthesis, and mitosis. Data highly
indicative of a precursor role of nuclear RNA for
cytoplasmic RNA was obtained. Once synthesized,
RNA was found to be preserved, while nucleotides
of small molecular weight turned over rapidly
with release from the cell of breakdown products
and nucleosides which were reincorporated into
RNA and DNA. The existence of intermediate
precursors for "delayed incorporation" into DNA
was established. Chemical analysis of the distribu-

tion of H3 between the pyrimidine bases in RNA,
DNA, and precursor pool indicated and confirmed
that most of the RNA remained stable and that
cytoplasmic RNA was derived from nuclear RNA.
The previously observed "delayed incorporation"
of precursor (cytosine and thymine) into DNA was
found to be related to a cytosine derivative, and
the conversion of this compound from riboside
form to deoxyriboside form could be partially inhibited. This suggests a function of an RNA intermediate in supplying precursors for DNA. Low
concentration RNase inhibited partially the incorporation of H3-thymidine and H 3-deoxyuridine
into DNA, but not of H3- cy tidine or H3-uridine
into RNA and DNA. Autoradiography and special
histochemical treatment of human cells in culture
allowed the demonstration of chromosomes containing newly synthesized RNA, a further support
for DNA-associated RNA synthesis in the intact
cell. Indications of transfer of labeled RNA between homologous mammalian cell lines in culture
have been observed in preliminary experiments.
DEOXYRIBONUCLEIC ACID METABOLISM

In previous years 1'3 I-labeled iododeoxyuridine
(IDU) has been shown, like thymidine, to be a
specific label for DNA. It is utilized less efficiently
than thymidine, being largely degraded into iodouracil and then to iodide. Once these catabolic
products have been excreted, the radioactivity retained by the animal reflects the total DNA metabolism in the tissues. Subsequent loss of activity
measures the amount of cell death, since DNA
does not turn over in the living cell.
In continuation of these studies, synthesis of
IDU by direct iodination of deoxyuridine has been
shown to proceed via the addition of hypoiodous
acid, with the formation of a stable intermediate
which is converted by acid to IDU. Studies in mice
of the simultaneous incorporation of two tracers
(ll3IDU and H3-thymidine) into DNA have shown
a much greater sensitivity ofl '3' DU to physiological variations, including thymidine load. This finding may explain the recently reported sensitivity
to radiation and cortisone in the uptake ofIDU.
Cell death following radiation or following the
injection of nitrogen mustard has been measured
quantitatively in vivo by the use of two isotopes of
iodine, the second to permit a correction for the
iodide pool. Cell death from radiation begins with-

,
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in an hour after exposure and is most pronounced
among cells labeled shortly before irradiation.
Attempts to improve the utilization oflDU for
studies in tumor metabolism have shown that the
fluorine analogue FDU markedly potentiates the
utilization oflDU. This effect is observed when as
little as 10- 10 moles of FDU are injected into a
mouse and can reasonably be ascribed to a depression of the thymidine pool by stoichiometric
combination with the enzyme synthesizing thymidine. Localized potentiation of IDU incorporation has been achieved by clamping the portal
vein for 10 min upon injection ofIDU. The resulting decreased catabolism of IDU by the liver increased the interval during which the compound
was available for labeling the bone marrow and
other peripheral tissues.
THE LETHAL EXPRESSION
OF H3-THYMIDINE IN CLONAL POPULATIONS
OF MAMMALIAN CELLS IN CULTURE

In the course of establishing a concentration of
H3-thymidine that would prove adequate as a
tracer for DNA synthesis and would not kill cells
or in any way interfere with normal metabolism,
it was noted that a small fraction of the cell population consistently survived and produced normal
colonies of HeLa 53 cells after exposure to high
concentrations of H3-thymidine (0.1 to 1 p.C/ml,
specific activity 1.9 C/mM). Under the experimental conditions a 100% lethal effect could not
be demonstrated, and it was possible to show that
the persistent fraction were not progeny of radiation-resistant cells.
Further investigation revealed that the persistent
fraction represented cells in the population that
had a generative cycle considerably longer than 22
hr and did not enter DNA synthesis during the 24hr growth period in the radioactive medium. The
probability of colony development was greatly
influenced by the size of the clone population at
the time ofthe addition ofthe radioactive medium.
Autoradiograms of HeLa 53 cells clearly showed
that in young cultures having only 2 to 4 cells per
clone the percentage of clones in which all cells
were labeled after a 24-hr growth period in
medium with O.lp.C/ml H3-thymidine was much
greater than in older cultures having an average
of ;:::::;40 cells per clone. In the latter group ;::::::;64%
of the original colonies exposed to H3-thymidine

gave rise to normal clones; this was in excellent
agreement with the distribution of unlabeled cells.
When the incubation time in the radioactive
medium was extended to 48 hr, autoradiograms
showed that all cells within the clones, regardless
of the numbers in the clone population, had incorporated H3-thymidine and that all cells were
equally susceptible to the lethal action of the radioisotope.
ORIGIN, RATE OF DIVISION, GROWTH,
AND FATE OF BODY CELLS

These investigations are concerned with studying the origin, proliferation, and fate of cells under
normal conditions and under abnormal conditions
such as hemorrhage, hypertransfusion, exposure to
radiation, and disease. The chief technique used
involves tritiated nucleic acid precursors such as
thymidine or cytidine as cell markers and highresolution autoradiography with stripping or dipping film. The importance of knowledge of the
origin and potentialities of cells is obvious. Characterization of the time parameters of cell proliferation in the normal steady state and in abnormal
non-steady state conditions will serve to establish
the groundwork for determining the mechanism(s)
of regulation in the normal steady state and the
basic defect in blood dyscrasias. Knowledge of the
pathogenesis should make possible the development of a rational basis for therapy for the malignant and nonmalignant states.
The presence in normal peripheral blood and
thoracic duct lymph of cells capable of synthesizing DNA, and thus presumably of proliferation,
has been demonstrated. Blood and thoracic-duct
lymphocytic cells from donor rats given tritiated
thymidine were easily demonstrable in the bone
marrow, spleen, and lymph nodes of normal and
irradiated parabiotic or intact recipients, and
some evidence of "cell transformation" was found;
however, it could not be established that these
cells could become erythrocytic or myelocytic
precursors. The level of toxicity of tritiated thymidine for lymphocytes, bone marrow cells, and
the very radiosensitive spermatocytes of the mouse
was found to be well above the dose usually employed in tracer studies.
Labeled bone marrow cells were shown to be
capable of differentiating into fibroblasts in artificially induced inflamed and wound areas in the
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Figure 6. Autoradiograms showing concentration ofIl"5-1a beled
ribonuclease in the kidney. Upper left, cross section of kidney
(unstained), 10 X. Upper right,
section ofcortex (unstained), SOX.
Bottom, high power view of glomerulus and surrounding tubules
(stained), 500 X. Note individual
silver grains lying densely over
tu bular cells.

rat. The proliferative capacity of normal rat bone
marrow cells and of marrow cells at various times
after exposure to radiation was determined. A
significant effect of radiation on the process of
DNA synthesis in the individual cell was shown
to exist. Detailed studies with dogs indicated that
the rapid response in terms of reticulocyte and red
cell output from the bone marrow after bleeding is
not accomplished by a change in generation time
or of DNA synthesis time of nucleated precursors.

Methods of evaluating in detail the time parameters of erythrocytic precursors have been worked
out for the dog. Generation and maturation times
are:::: 10 hr, and the nuclei of erythrocytic precursors are extruded:::: 10 hr after the final division. Initial studies in human beings have indicated somewhat longer times for comparable
erythroblast parameters. The upper limit for blood
transit time of human granulocytes was shown to
be ::::22 hr. Lymphocyte turnover time was not
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established but was shown to be of the order of
weeks to months. Conceptual schemes for interpretation of tritiated thymidine autoradiographic
data have been worked out. Acute and chronic
leukemias were shown to proliferate relatively
slowly as compared to normal steady state cell
production rates. Multiple myeloma cells were
shown to have a generation time of;:::: 100 hr, and
it was shown that a marked death function of the
abnormal cells must be present in order for myeloma patients to live as long as they do. Patterns
of appearance of mature peripheral granulocytes
in polycythemia, multiple myeloma, and leukemias are essentially unchanged from the normal
steady state. Studies on proliferation in different
types of leukemia have been carried out during
and after therapy.
PLASMA PROTEIN METABOLISM

In previous years proteins have been labeled in
vitro, usually with 1'31, and the rates of their disappearance from the circulation and/or the rate
of excretion of the catabolic product (iodide) have
been determined. While catabolism of the larger
proteins such as serum albumin appears to occur
in the reticuloendothelial system, there has been a
suggestion of partial catabolism in the kidney
tubules as a result of glomerular filtration and
tubular absorption. This effect has now been
shown more clearly by the use of the small protein
ribonuclease, with a molecular weight of only
14,000. More than half of an injected dose of
iodine-labeled ribonuclease appeared in the kidneys of the mouse or rat within 5 min after intravenous injection, and autoradiography using 1'25
has clearly demonstrated that the radioactivity is
concentrated in the cells bordering the lumen of
the tubule (see Figure 6).
Radioiodine that rapidly leaves the kidney as
inorganic iodide has been demonstrated in vitro
by incubating slices of kidneys taken from rats
shortly after injection of labeled ribonuclease.
Catabolism in the kidney is depressed in vivo by
mercuric chloride.
Ribonuclease labeled with Cr01 is rapidly concentrated in the kidneys, but this label differs from
1'31 in that it remains fixed in the kidney for some
days. This cellular retention of chromium resembles the retention in red cells labeled with chromium and suggests that chromium carried into a

cell may remain there longer than iodine after the
carrier molecule has been catabolized. This may
thus provide a general approach to the elucidation
of sites of protein catabolism.
STUDIES ON COLLAGEN

Collagen, which constitutes;:::: 1/3 of the total
proteins of the animal body, is the structural protein that holds the body together. It contains two
unique amino acids, hydroxyproline and hydroxylysine. The latter has been a continuing subject of
investigation in this Laboratory, particularly in regard to its additional reactive hydroxyl group. The
hydroxylysine has been shown to originate entirely from lysine; during synthesis of collagen in
the animal body part of the lysine involved has
been shown to be changed to hydroxylysine. The
mechanism by which the lysine is hydroxylated is
being studied. In the formed collagen part of the
-CH(OH). CH 2 (NH 2 ) groups of the hydroxylysine do not react with periodate, a behavior suggesting that such groups may be involved in covalent cross-linkages in the collagen molecule. The
existence and nature of such linkages are also
being investigated.
During the past year it has definitely been established that the hydroxylation cannot occur
after collagen has been laid down in its permanent
insoluble form, since the ratio of the radioactivities
in lysine and hydroxylysine in rat skin collagen
that had been labeled by injecting C14-lysine remained constant throughout this period. In the
course of these studies it has also been observed
that collagen is metabolically inert, showing no
evidence of replacement in rat skin during 15
weeks of study.
A similar experimental approach has revealed
that this metabolic inertness also extends to the
reactivity of the hydroxylysil residue in collagen
towards periodate. The same fraction reacts in
both young and old collagen, which indicates that
no additional cross-links involving this grouping
are formed in the permanent structure.
TRYPTOPHAN METABOLISM
IN DISEASE STATES

An area of tracer study that has received attention during the past year involves the metabolic
rate of the amino acid tryptophan in neoplastic
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disease. Clinical studies are in progress utilizing
tryptophan-2-C'2, tryptophan-7a-C'., 3-hydroxyanthranilic acid-7 _Cl4, and anthranilic acid-7_Cl4.
The apparatus used in these clinical studies is
shown in Figures 7a and 7 b. Although insufficient
numbers of patients have been studied to permit
comments concerning the influence of various diseases on the metabolic rate of the labeled tryptophan, other significant data on human beings have
been obtained with the C 14 0 2 apparatus mentioned above.
As shown in Figure 7C, with a constant level of
C14 activity in an oral dose of tryptophan-2-Cl4,
the quantity of C l4 0 2 expired by a patient may be
elevated by increasing the dosage of unlabeled
tryptophan administered. These data suggest that
humans convert given quantities of tryptophan
into protein, serotonin, niacin, coenzymes, and
CO 2 , but, when the amount of tryptophan in the
body spaces reaches a critical level, the excess is
metabolized into C 14 0 z via the kynurenine-3-hydroxyanthranilic acid-acetate pathway or some
other pathway to be elucidated.
In these studies proof has been obtained of the
existence of a new metabolic product of tryptophan in the urine of a multiple myeloma patient.
The aminophenols 3-hydroxyanthranilic acid and
3-hydroxykynurenine appear in elevated quantities
in the urine of patients with bladder tumors,
anemias, and leukemias. Another aminophenol, 0aminophenol, has been found in the urine of
human beings, and it occurs in elevated quantities
in the urine of bladder tumor patients. In studies
of DL-tryptophan-7a-Cl4 metabolism, Cl4-labeled
o-aminophenol was successfully isolated from the
urine of a multiple myeloma patient. The mechanism of formation of o-aminophenol appears to be
the direct decarboxylation of 3-hydroxyanthranilic
acid formed in the metabolism of tryptophan.
Additional evidence for this pathway has been obtained in studies of the metabolism of ring-labeled
3-hydroxyanthranilic acid in mammary tumor
mice. C14-labeled o-aminophenol was isolated from
the urine of these mice.
STUDIES OF CARBOHYDRATE
AND FAT METABOLISM WITH CARBON
AND HYDROGEN RADIOISOTOPES

The maxim that the body derives energy by
conversion of sugar to carbon dioxide and water

has been scrutinized by means of a new approach
in this Laboratory in the past year. Much is known
of the various chemical steps in this over-all process. However, by the combined use of C14 as a carbon tracer and tritium (H3) as a hydrogen label,
more is being learned about the mechanism by
which the energy inherent in carbon-carbon and
carbon-hydrogen bonds is parceled, stored, and
eventually converted to useful work by enzymes
and coenzymes, and the efficiency of the process.
Studies in this area of intermediary metabolism
may yield information on the sites of action of
some hormones and also on primary biochemical
pathology in diabetes, obesity, hyperthyroidism,
and similar abnormal metabolic conditions.
Hereditarily obese mice have been found to convert 10 times as much of the labeled hydrogen on
the first carbon atom of glucose to liver fatty acids
and 4 times as much to carcass fatty acids as do
their lean litter mate controls, while at the same
time liberating equal amounts of C' 4 from the first
carbon atom of glucose to carbon dioxide in vivo.
This suggests superactive chemical reduction of
fatty acid intermediates and excessively efficient
use of glucose energy for fat synthesis in the obese
animals. However, the amount of tritium found in
total fatty acids is a very small percentage and the
amount in body water a large percentage of the
administered glucose tritium, even in the obese,
which indicates other main sources of metabolic
hydrogen for fatty acid synthesis. Increase in the
ratio of C14 in carbon dioxide to tritium in body
water further indicates more extensive synthetic
metabolic activities in the obese compared to the
lean mice. Preliminary study with lactic acid-2C'4_H3 suggests a similar difference in the mice
with this substrate, which passes on its labeled
hydrogen via a different coenzyme (diphosphopyridine nucleotide) than does glucose-1-H3
(Figure 7d).
Comparable studies with patients (see Figures
7a and 7b) have so far included obese nondiabetic
subjects and lean diabetic subjects. The examination of C 14 0 2 in breath and H 32 0 in blood and
urine further suggests differences in synthetic
metabolic activity between these two groups and
also an enhancing effect of insulin in the diabetic
patient. For instance, insulin increases the amount
of C14 from lactate in carbon dioxide but decreases
the amount of H3 from lactate in body water of the
diabetic patient. The turnover of tritium in the
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body water over a period of several days is another aspect being studied in patients. Turnover
time after administration oflabeled glucose, but
not of labeled lactate, is su bstantially longer than
after administration of labeled water.
A brief description of the principal intermediate
metabolic steps involved in these studies is given
in Figure 7d. Figures 7a and 7b show the process
and apparatus for continuous collection and analysis of G I4 0 2 (and total carbon dioxide) in the
breath of patients.
STUDIES ON METABOLISM
OF LABELED VITAMIN B12, RADIOIRON,
AND RADIOPOTASSIUM IN HEALTHY HUMAN
BEINGS AND IN PATIENTS

Blood cell production is dependent upon absorption and normal transport of vitamin B I2 and iron
to blood-forming tissues. The objective of this study
is the measurement of absorption, excretion, transport, and turnover rates of these substances in
healthy individuals and in patients with blood
dyscrasias due to an aberration of metabolism of
one or the other. A method for the detection of
intrinsic factor defect (pernicious anemia) and
malabsorption of vitamin B I2 utilizing the wholebody counter has been developed. The biological
half-time of GoGO-labeled B I2 was shown to be
::::::360 days. Plasma clearance ofB I2 was shown to
be a multicomponent exponential with great prolongation in chronic granulocytic leukemia and
polycythemia. The prolongation was correlated
with an increased binding capacity of the plasma
for vitamin B\2' GoGO-labeled B I2 was shown to persist and represent unchanged B I2 for over 90 days
after injection or ingestion; hence GoGO activity for
at least this time interval represents the behavior
of unlabeled vitamin. Turnover rates of vitamin
B I2 in chronic granulocytic leukemia were found
to be significantly slower than in normal individuals. Tissue distribution of labeled vitamin B'2
has been determined in 12 patients following
autopsy. The dose calculations show the infinity
doses in organs of deposition to be less than "permissible" dosages.
Studies of Fe 59 absorption and loss - the latter
both by physiologic routes and by hemorrhagic
loss of tagged red cells - have been under way for
almost two years with the whole-body counter.
The method results in a normal radioiron absorp-

tion of 5 to 25% and rate of loss of 0.0110 to
0.182% of the tracer per day. Malabsorption syndromes depress absorption well below the normal
range, whereas iron deficiency results in increased
absorptions as high as 97%. Quantitation of abnormal blood loss, notably that of menorrhagia,
has also been possible with this technique.
In the course of therapy of many blood dyscrasias, corticosteroids are used in pharmacologic
doses that may seriously deplete body potassium
stores and endanger the life of the patient. Determination of total body potassium is only practical
by the whole-body determination of K40 in a
whole-body counter. Serial studies of K40 content
are made on all individuals in whom steroid
therapy is commenced. Gomputer analysis with
both digital and analogue types is often required.
KINETICS OF SODIUM IN HUMAN
AND EXPERIMENTAL HYPERTENSION

The operational hypothesis for this work is that
a derangement in sodium metabolism plays an important role in the hypertensive process in man.
Furthermore, excess dietary consumption of sodium (as ordinary table salt) is believed to be the
most common manner in which this derangement
is brought about. Evaluation of the hypothesis has
involved the following:
1. The average salt intake of humans has been
correlated with prevalence of hypertension in the
respective communities of origin.
2. The long-term effects of chronic excess salt intake on several animal species are under continuous study.
3. With the aid of special whole-body counters
for both man and small animals, abnormalities in
handling Na 22 have been recognized in hypertensive humans and animals.
4. The genetic factors known to be operating in
human hypertension are being approached in
animal studies by the development of two strains
of rats. One strain does not develop hypertension,
while the other does, although both have the same
dietary salt intake.
The most important accomplishments were concerned with the demonstration that sodium is of
fundamental importance in the hypertensive process. It was demonstrated that dietary treatment of
hypertension depends primarily upon sodium restriction for its effectiveness. Furthermore, a paral-
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lel increase in average salt intake and prevalence
of hypertension was found to occur in the members
of five communities studied throughout the world,
which suggests a causal relationship between salt
intake and hypertension. Finally, it was observed
that long-term low salt diets are not harmful, which
indicates that the high salt intakes common in
western societies are not only probably injurious
but also unnecessary. In 15 human subjects studied with the whole-body counter the rate of loss of
Nan from the body was found to be significantly
slower in those with hypertension than in those
without, because hypertensives have higher tissue
sodium concentrations than normotensives.
Chronic excess salt consumption by ;:::::200 rats and
17 dogs was observed to be associated with significant increases in plasma cholesterol concentrations
in half of the animals. The importance attached
to elevation of cholesterol in human atherosclerosis suggests that excess salt intake may play an accessory role in this disease also. Sea salt produced
more hypertension in rats than did sodium chloride, which suggests that trace elements may aid
in producing hypertension.
Explanation of the important observation of a
decreased rate of Na 22 loss in hypertensives was
found. In 35 rats with hypertension induced only
by salt-feeding, ;:::::213 did not respond to subsequent
salt withdrawal. This indicates that excess salt ingestion can cause permanent hypertension, at least
experimentally. The development of two strains of
rats, one that develops hypertension and one that
does not, although both strains have identical salt
intakes, suggests a strong genetic factor in the susceptibility to hypertension that results from saltfeeding.
STUDIES ON TRACE METAL METABOLISM

Investigation of manganese metabolism in some
disease states has been continued using wholebody and localized external radioisotope counting
techniques in association with neutron activation
analysis. Incomplete studies suggest some possibility of altered radiomanganese kinetics in a subgroup of patients with Parkinsonism. A pilot investigation of hyperthyroidism revealed the perturbation of normal kinetics predicted by studies
published previously. A different abnormal pattern, consistent with earlier findings in a case of
reversible hydralazine-induced "collagen disease,"

has been observed in a few patients with collagen
diseases. Concurrent animal experiments have
confirmed an effect of hydralazine upon the organ
distribution of injected Mn 54 •
Additional aspects of normal manganese physiology also have been studied. The concentration of
manganese in human blood, plasma, and spinal
fluid under varying conditions was measured by
activation analysis. Because of the hepatic regulation of body manganese, reported earlier, an extensive study of manganese (and other metals) in
rat bile was undertaken. Preliminary results reveal
marked but different effects of hemorrh::.gic shock
and of anoxia. The incorporation of manganese
into a metabolically stable erythrocyte porphyrin
was further documented in human beings, and
more complete chemical characterization of this
compound is planned. The /31 globulin that binds
the labile manganese of human plasma was further defined by immunoelectrophoresis, and preparative procedures were begun using column
c~lromatographyand continuous electrophoresis.
Finally, investigations in mice of the effects of
acute whole-body gamma irradiation showed significant alterations in excretion and organ distribution of normal radiomanganese.
Animal experiments with radioisotopes have
shown zinc metabolism to be under homeostatic
control, but the zinc pathway through the body is
less specific than that shown previously for manganese. Thus cadmium can affect the metabolism
of zinc and can substitute for it incompletely, although cadmium itself is not homeostatically regulated. In the liver zinc, in further contrast to cadmium, becomes sequestered within normal macromolecular constituents.
The role of transition-group trace metals in the
generation and reaction of organic free radicals
was emphasized. Spectrophotometric, potentiometric, and electron paramagnetic resonance
(EPR) methods were utilized to determine in detail the univalent redox reactions of metal ions
with phenothiazine drugs. These results are providing a model for current EPR investigations of
metal interactions with free radicals in biochemical systems.
The procedures developed previously for manganese determination by neutron activation analysis are being extended and generalized to provide
feasible multielement analyses on single biological
samples.
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METABOLIC STUDIES IN NEOPLASTIC DISEASES
UTILIZING RADIOACTIVELY LABELED PROTEINS

ANALOGUE COMPUTER ANALYSIS
OF TRACER KINETICS

The present studies are a continuation of clinical investigations concerned with the physicochemical properties and functions of the serum
proteins in neoplastic diseases. In the patient with
a known type of cancer the turnover rates of normal globulin, aberrant globulin, and other serum
proteins labeled with 1'31 are determined. The
turnover of p31-l a beled proteins, prepared by
chemical fractionation, is determined not only by
the conventional method of blood and urine sampling but also by the simpler approach of utilizing
the whole-body gamma spectrometer. This device
permits in vivo measurement of very low levels of
an internally deposited gamma emitter. Should a
differential metabolic recognition exist between
the normal and aberrant proteins in a patient, it
might serve as a basis for a diagnostic test. Serial
turnovers carried out on a group of 50 women
with cancer of the breast indicate a slower rate of
catabolism of the normal gamma globulin as compared to the aberrant globulin (each patient received both types).
Multiple myeloma is a malignant neoplastic
disease in which the globulins produced by the
tumor plasma cells of the bone marrow rise to excessively high levels in the blood. This hyperproteinuria constitutes a fundamental protein metabolic disturbance which has been investigated by
determining the biological half-life of (a) labeled
normal gamma globulin, (b) autologous and
homologous labeled gamma globulin in multiple
myeloma, and (c) labeled beta globulin. The rate
of catabolism of the gamma globulin is accelerated
in patients with hypergammaglobulinemia, which
indicates a very high rate of synthesis of the gamma
globulin in these subjects. The studies now being
completed with labeled beta globulin indicate that
it is degraded faster than gamma globulin in patients with hyperbetaglobulinemia. The fundamental metabolic defect in these hyperproteinemic
patients wtih multiple myeloma is therefore due
to an accelerated synthesis of the abnormal proteins, which more than compensates for the accelerated rate of catabolism and results in excessively large amounts of these proteins in the blood.

The objectives of this project are the development of an analogue computer system and its application to the analysis of radioactive tracer data
obtained in the Medical Department. The existing
instrument uses a combination of direct and indirect analogue features giving maximum simplicity of operation without undue limitations on the
scope of the problems that can be handled. The
data display system used, unique in this kind of
instrument, employs a 120-position mercury jet
switch to generate points. The points may be
moved to any position in the display to simulate
data points, which are displayed on an oscilloscope
simultaneously with the analogue curves.
During the year the computer was enlarged to
provide increased capacity for handling problems
involving unequal flow rates between compartments and for combining compartments. The
chief applications involved analyses of data on
creatinine metabolism, the production of CO 2
from labeled precursors, strontium and calcium
metabolism, and the degradation of labeled
proteins.
MEDICAL DEPARTMENT CONCLAVES

As part of its general educational endeavor the
Department has sponsored jointly wtih the Division of Biology and Medicine of the US AEC a series of annual conclaves on nuclear science in
medicine. Participation is by invitation only, and
the objective is to provide two full days of discussion and demonstration dealing with a special field
of medicine in which the visitors are qualified.
Members of the Brookhaven Medical Department
Staff give talks as a basis for discussion as well as
demonstrations of various devices useful in atomic
energy programs. The sixth such conclave, held
October 23 and 24,1961, was entitled "The Hazards of Uses of Atomic Radiation in Medical Practice, Teaching, and Research in Internal Medicine," and was attended by 46 chairmen of departments of internal medicine from 42 medical
schools in the United States (including one from
Puerto Rico) and from 4 in Canada.

SUPPORTING
ACTIVITIES

Technical Operations and Services
The technical services and facilities essential to
the Laboratory's research programs are provided
by a number of organizational units whose operations are described below under appropriate
headings.

Training activities were conducted which resulted in the qualification of all reactor supervisors
and operators on a formal basis. This program involved classroom lectures in the subject areas of
health physics, reactor instrumentation, and reactor technology followed by written examinations.
Difficulties experienced with the Fairbanks
Morse electric motor drives for the three new primary cooling fans were corrected early in fiscal
1962, and the economies in cooling costs expected
from operation ofthese fans were realized. Since the
electrical costs associated with cooling the reactor
are a major factor in the cost of its operation, these
figures are plotted for several years in Figure 1.
Inspections by both the Laboratory and the
AEC consumed a considerable amount of the time
of the principal staff members. The reactor was inspected in great detail by an ad hoc committee appointed by the Laboratory's Director. It was inspected in somewhat less detail by two AEC committees, one from the Division of Operational
Safety and the other from the Health and Safety
Laboratory of the New York Operations Office,
acting for the Brookhaven Office. In addition, the
Brookhaven Office made weekly reactor inspections. The resulting reports were acted upon by
internal committees, and minor changes in equipment and procedures have been made.

REACTOR OPERATIONS

The Brookhaven Graphite Research Reactor
(BGRR) operated throughout the year without a
major delay or operating incident. Operation was
at full power (20 Mw) during 84% of the year. In
addition to 19 scheduled shutdowns for service
work and changing experimental equipment,
there were 9 unscheduled shutdowns of the reactor, of which 6 were caused by human error and 2
by failure of the Long Island Lighting Company's
power supply. The remaining shutdown was occasioned by the need to inspect a fuel channel because of an abnormally high temperature indication. The unusually large number of human errors
may be attributed primarily to the 5-year overhaul of the control rod drive units during the year
and to the "fail safe" nature of many of the associated circuits, which led to shutdown of the reactor
following minor errors.
To meet normal reactivity requirements it was
necessary to increase the reactor loading from 575
channels, the design number, to 607 channels.
The fuel removed from the reactor averaged
41.7% burn-up of the original U 235 • No serious difficulties were encountered in the behavior of the
fuel or in its handling.
The graphite moderator structure of the BGRR
was annealed for the 17th time in September 1961.
The 4-month annealing cycle was then suspended
pending development of a new annealing procedure. This procedure, which was approved by the
Reactor and Critical Experiment Safety Committee on May 21, 1962, calls for more frequent
annealings at lower temperatures (annealing interval, 3 weeks; maximum annealing temperature,
250°C; minimum temperature to achieve desired
result, 150°C). The new procedure is expected to
result in considerable recovery of the past growth
of the structure.

Utilization of the BGRR

Approximately 27 of the reactor's experimental
holes are assigned to the Laboratory's research de-
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Figure 1. Electrical costs associated
with cooling the BGRR.
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Table I
Summary of Reactor Use Charges
Use charges
(in thousands of dollars)

Percent
of total usage

Dollar
amounts

Outside Organizations

5.7

$ 65,156

Irradiation Service Group

4.6

51,739

63.2

724,096

9.7

111,870

13.0

149,008

3.8

43,500

100.0

$1,145,369

10.5

$121,621

7.4

84,720

53.4

615,933

8.7

99,900

14.2

165,193

Medical

2.0

23,896

Biology

3.8

43,410

100.0

$1,154,673

11.4

$149,119

7.5

97,920

47.4

621,827

6.9

90,480

16.1

211,960

Medical

6.0

79,200

Biology

4.7

62,240

100.0

$1,312,746

a

100

200

300

400

500

600

700

Fiscal 1962

BNL Research Departments
Physics
Chemistry
Nuclear Engineering
Biology

Fiscal 1961
Outside Organizations
Irradiation Service Group
BNL Research Departments
Physics
Chemistry
Nuclear Engineering

Fiscal 1960
Outside Organizations
Irradiation Service Group
BNL Research Departments
Physics
Chemistry
Nuclear Engineering
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Table 2
Reactor Irradiation Service Charges
(Excluding Handling Charges)
Fiscal 1962
Outside Organizations
BNL Research Departments
Physics
Chemistry
Nuclear Engineering
Medical
Biology
Instrumentation and
Health Physics
Total

Fiscal 1961

$ 56,905
$19,527
10,077
36,269
8,643
1,538
1,711

$ 56,670*
$23,837
7,715
27,428
6,170
1,200

77,765
$134,670

Fiscal 1960

550

$ 88,971
$17,730
8,534
11,234
3,934
218

66,900
$123,570

2,380

44,030
$133,001

*The decrease in charges from 1960 to 1961 reflects the establishment of separate accounts for service irradiations,
processed radioisotopes, and handling.

partments for projects that are described in the
pertinent sections of this report. A number ofreactor experimental facilities have been assigned to
outside research organizations for use under various arrangements. Tables 1 and 2 indicate the
relative use of the reactor by the research departments and outside organizations, as well as the
charges applied to these programs to recover the
operating expenses of the reactor. The outside organizations making significant use of the reactor,
together with brief descriptions of their activities,
are listed below.
Bell Telephone Laboratories. Studies of magnetic and crystal structure were carried out by using a neutron spectrometer to obtain neutron diffraction patterns from crystals. Measurements were
made at room temperature and at 4.2°K. (Work
done under a utilization agreement.)
Rensselaer Polytechnic Institute. Energy deposition in gaseous chemical systems has been studied.
A loop experiment has been carried out to determine the effect of fission fragments on oxygennitrogen mixtures circulating through a stainless
steel pipe containing quartz fibers with 15 wt %
U 3 0 g (90% enriched in U235). Sealed quartz
capsules that contain various gaseous mixtures,
with and without uranium, were also irradiated
at different temperatures and pressures. (Work
performed under Government Contract No.
AT -30-4-321.)
General Electric Company. After several months
of inactivity, work was resumed using a neutron

spectrometer. Studies of magnetic and crystal
structure were carried out from neutron diffraction
patterns obtained from various crystals and powders at different temperatures. (Work done under
a utilization agreement.)
Sperry Gyroscope Company. Studies of radiation damage to electronic components and semiconductor devices were made during one reactor
operating cycle. Electrical properties were measured while the irradiation was in progress to detect
any changes due to the radiation field.
Naval Research Laboratory. Short-term irradiation of magnetic core materials was carried out to
study changes in magnetic properties caused by
reactor radiation damage. Long-term irradiations
of steel specimens were carried out at reactor ambient temperatures to study the effects of radiation
damage caused by the reactor radiation environment. (Work done under Government Contract
No. NRL-AEC-11-61.)
Columbia University. A single-crystal neutron
spectrometer effective in the neutron energy range
from 0.0006 to 10 ev was used to measure total
neutron cross sections of interest in the study of
atomic motion in solids and liquids. The properties
of solid-state detectors were studied by placing the
devices in a collimated neutron beam. The detectors were also used to study alpha-particle distributions in ternary fission.
Wright Air Development Center.
A threeNaI(TI)-crystal pair spectrometer in coincidence
with a single NaI(TI) crystal was used to study
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gamma-gamma coincidence following neutron
capture.
Naval Ordnance Laboratory. Diffraction studies
made jointly with the BNL Physics Department
(Solid State) were carried out by using single crystals and a polarized beam of neutrons. In addition,
powdered magnetic materials were studied with
use of a powder diffractometer.

Table 3
Source and Special Nuclear Materials on Hand
at End of Year (in kilograms)
Fiscal year
1962

1960

Station BRL

Procurement of Special Materials
The procurement for the scientific departments
of all radioactive and stable isotopes as well as
special materials controlled by the AEC is a responsibility of the Isotopes and Special Materials
Group. In this connection, 282 purchase orders
were placed for radioisotopes, 71 for stable isotopes,
and 44 for special materials. Against these orders,
::::::537 shipments were received and processed.
These figures represent an increase over last fiscal
year of 20% in orders placed and 30% in receipts.
Of the orders placed, ::::::26% were for the Medical
Department, 27% for Biology, 16% for Physics,
14% for Nuclear Engineering, 14% for Chemistry,
and 3% for Instrumentation and Health Physics.
The Isotopes and Special Materials Group is
also responsible for annual inventories of radium
sources and purchased stable isotopes and for
negotiations for the loan of valuable isotopes. The
number of radium sources at Brookhaven remained unchanged at 39 with a total activity of
5.86 curies and a value of $38,883. The inventory
of purchased stable isotopes ($34,494) was about
the same as last year's, since additional purchases
totaling $15,380 were offset by consumption
valued at $14,962. During the year the number
of loan agreements for stable isotopes increased
from 35 to 43 with a value of$140,000; in addition,
two special samples had an estimated value of
$950,000.
The revised AEC policy for obtaining irradiation
services in the Materials Testing Reactor (MTR)
and the Engineering Test Reactor (ETR) operated
by Phillips Petroleum Company at the National
Reactor Testing Station, Idaho Falls, Idaho, requires semiannual forecasts of anticipated usage
and permits direct arrangements with the Idaho
Operations Office of the AEC. The Brookhaven
irradiation programs in these reactors during fiscal
1962 are summarized below.
8NL- J 5: Producfion of 500,000 Curies of C0 60.
The irradiation of cobalt in the ETR was com-

1961

Natural U
Depleted U
U235>75%
U235<75%
U233
PU 239
Th

Heavy water

2,043
2,968
142
6,410
0.047
3
216
15,030

2,688
2,950
69
7,815
0.051
2
252
13,179

2,895
14,538
163
11,850
0.051
7
254
13,321

Station BRG
108

84

Station BRM
3

3

pleted in fiscal 1961 , and delivery of the last 30,000
curies ofC0 60 was made this year.
8NL- J 8: Testing of Prototype Fuel Elements for
the HF8R. This program was initiated in the ETR
in May 1960 for the testing of one element. In fiscal
1961 the program was revised to include testing
of three more elements, and in fiscal 1962 five additional elements, some to be irradiated in the
MTR, were added to the program. Testing was
completed on three of the nine fuel elements during this fiscal year and is in progress on four more.
The expiration date of this program is expected to
be March 31,1963.
8NL- J9: Radiation Damage in Carbon. This
program involved short irradiations of five capsules of diamond dust in the MTR. These irradiations, a continuation of a series performed under
programs BNL-3 and BNL-11, were completed
early this year.
8NL-2 J: Radiation Damage in Pure 'ron. Four
capsules containing iron tensile test specimens are
being irradiated in the MTR. Because of capsule
fabrication problems, start ofthe irradiation was
delayed until late this fiscal year. Completion is
expected by September 1962.
8NL-22: Radiation Damage in Graphite. This
program involves irradiation in the ETR of three
instrumented capsules containing special graphite

,
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samples. The irradiation was begun late this fiscal
year and is expected to be completed by June 30,
1963.
BNL-23: Radiation Damage in Carbon.
This
program, a continuation of the BNL-19 series,
calls for irradiation in the MTR of three capsules
of diamond dust. Two capsules have been irradiated and returned, and the program is expected
to be completed in October 1962.
BNL-24: Radiation Damage in Carbon.
This
program, which involves irradiation in the MTR
of three capsules of diamond dust in continuation
of the BNL-23 series, should be completed by
December 1962.
BNL-25: Production of Special Research Isotopes.
Under this program irradiation in the MTR of
one capsule containing twelve samples of enriched
stable isotopes was started late this fiscal year;
completion is expected by September 1962.
Source and Special Nuclear
Material Accountability

Table 3 presents a 3-year summary of the
amounts of source and special (SS) nuclear materials on hand at Brookhaven at the end of each
fiscal year. Based on dollar values published by
the AEC, the current inventory of SS materials
represents a value of ;:::::$5,600,000. The net increase from last year's figure of ;:::::$4,000,000 was
due primarily to the additional U235
75% and
heavy water received during the year.
The individual decreases in the amounts listed
are the result of shipments of surplus items and irradiated natural uranium fuel containing plutonium. The increases are due to receipt of additional material. In the case of Station BRG, however, the increase in U 235 75% is the net difference between the receipt of new fuel elements and
the shipment of spent fuel elements.
A purchase order for 3000 new fuel elements for
the BGRR was initiated late last year with Metals
and Controls, Inc. Actual production began with
the start of fiscal 1962, and much attention was
given to checking the initial production efforts and
eliminating various difficulties. When the first delivery was received from the fabricator, only about
a 2-month supply offuel elements for the reactor
was on hand. Difficulties arising about halfway
through the production program required BNL to
test ;:::::900 delivered fuel elements. These tests resulted in the rejection of some 300 elements and

>
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their return to the fabricator. Delivery of the 3000
fuel elements was completed in June 1962. It is
anticipated that by April 1963 the inventory of
fuel elements will be reduced to a I-year supply
and that a new order will be initiated at that time.
On June 1, 1962, the BGRR and the Medical
Research Reactor (MRR) facilities became subject
to inspection by the International Atomic Energy
Agency (IAEA) for a period of two years under
the Four Reactors Agreement with the U.S. Government. In preparation for this inspection, the
accountability for SS nuclear materials at Brookhaven had been separated in March 1961 into
three accounting stations, MGR for the graphite
reactor, MMR for the medical reactor, and BNL
for the remainder of the Laboratory. In October
1961, with a change in responsibility from the
New York Area Office to the local Brookhaven
Office of the AEC, these station letters were altered
to the present BRG, BRM, and BRL.
For purposes ofIAEA inspection, the accounting system was revised with the assistance of representatives ofthe AEC Division of Nuclear Materials Management. The SS accountability manuals
for Stations BRG and BRM were revised, effective
April 1, 1962, to conform to IAEA inspection requirements; however, they were not issued, pending clarification of some policies during the first
official IAEA inspection. Two inspectors, Dr.
Michael Higatsberger and Mr. Carlos Buchler,
arrived on May 30, 1962, the day preceding the
effective date of the agreement, and discussed procedural arrangements and some policy agreements.
On June 1 they verified the status ofthe nuclear materials inventories and the reactor facilities for both
the MRR and the BGRR. They returned on June
14 to observe the charging and discharging of fuel
elements during a routine shutdown of the BGRR.
Under the terms of the Four Reactors Agreement, a substitute must be provided for the reactorproduced plutonium removed from any of the four
facilities, usually in spent fuel shipments. The AEC
has designated Brookhaven National Laboratory
as the "bank" for such replacement material and
has supplied one kilogram of plutonium-239 to
cover such removals from any of the four reactors
involved.
Irradiation Services and Isotope Production

As shown in Table 4, the volume and income
involved in providing irradiation services and
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Table 4
Summary oflrradiation Services to Outside Users
(Handling and Other Charges Included)
Fiscal 1962

Reactor irradiations
Processed radioisotopes
Research subsidy
C 0 60 sources
Cyclotron irradiations
Total

t

Fiscal 1961

Fiscal 1960

Number

Volume, $

Number

Volume, $

Number

Volume, $

641
349

75,918
59,926

828
330

1,025
325

3
12

3,077
2,342

6
62

84,858
64,490
(42,095)
6,098
9,885

54,294
51,133
(33,183)
8,186
2,854

1,005

141,263

1,226

165,331

1,377

5
22

116,467

Table 5
Types of Customers Receiving Shipments
Fiscal 1962
%of
Customers
Hospitals
Industrial
Universities
Government
Foreign

Fiscal 1961

%of
Shipments
51
24
19
3
3

22
36
26
8
8

%of
Customers

Fiscal 1960

20
39
24
7
10

%of
Shipments

%of
Customers

%of
Shipments

40
31
20
5
4

18
42
24
7
9

39
30
24
4
3

Table 6
Production of Special Isotopes by Hot Laboratory Division
Fiscal 1962

Mg'8

No. of
shipments

Activity, mC

No. of
shipments

Activity, mC

On
site

Off
site

On
site

On Off
site site

On
site

Off
site

2

169
71
60
20
1
15

0.15
70

32.8
1150
431'

1'32
Y90 beads
Tc 99m
K43

19

M o 99

1'''
Y90 generators
Ar38
1133
Te 129m
F"

CU 67

Fiscal 1960

Fiscal 1961

10

l'

25
9
8
1
1

150

Off
site

3
7

167
70
15

30
1
1100
0.36"
540

7

69

46

2400

64

2

6
1

16

48
1

32
1830
1014a
500

aIndividual beads, not mC; activity per bead controlled by length of irradiation requested by customer.
bAr38 is stable; unit is cc, not me.
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processed isotopes to outside organizations have
shown a general decrease since last fiscal year. This
decrease was probably the net result of several factors, namely, the cessation of the AEC research
subsidy last year, the increased availability of similar services commercially, and the increase this
year in BNL service rates. The distribution of these
services by type of customer is given in Table 5.
Revised prices for BGRR rentals and service irradiations became effective for internal users on
July 1, 1961, and for external users on August 10,
1961. The increases of;:::; 11 % in the rental rates
and of 15% to 50% in the various service irradiation rates reflect the changes in anticipated costs
and usage in the budget estimates for fiscal 1962
and 1963.
A system of costing for irradiation services was
developed which related the cost assignment to
volume of services performed. This system made it
possible to follow fluctuations in the usage of the
reactor for irradiation services, which is computed
as a 12-month moving average. The over-all decrease for the year amounted to ;:::;20%.
Medical Research Reactor

The MRR was operated on 256 occasions during the year and 297,490 kw-hr of operation were
accumulated. The total integrated energy to date
is 1,141,470 kw-hr. The reactor is operated only
upon written request from the experimenter to the
Medical Department's Reactor Programmer, and
each planned experiment is evaluated for reactor
safety by the Reactor Operations Group and for
personnel safety by the Medical Health Physics
Group before permission is granted to conduct the
experiment.
There were two unscheduled shutdowns of the
MRR during the year. Water leaking into one of
the control rod magnets caused one shutdown, and
an inadvertent bump given to a mercury switch in
the water-flow safety switch caused the second.
The resultant delays were of minor duration.
No sticking or unsafe failure of the control rods
occurred during the year. Semiannual inspections
conducted in November 1961 and March 1962 revealed the rods to be in excellent condition. Some
minor modifications were made in the rod coupling
magnet enclosures to prevent accidental shutdowns
due to leakage of water into these enclosures.
In April 1962 a Tracerlab, Inc., MWP-IA
fission products water monitoring system was

installed in the primary coolant system of the
MRR. Preliminary investigations indicate that the
system will operate satisfactorily and that any
significant increase in the fission product level in
the primary coolant will be detected. Final evaluation of the system awaits permanent placement of
indicators and recorders and additional system
operating experience.
Installation of an electrically operated, remotely
controlled target conveyor in the animal treatment facility was recently completed. This conveyor will accommodate a wide range of materials,
including small animals, and will permit longrange programs to be carried out without unnecessary exposure of the experimenter while setting up
and retrieving his target materials. Research programs utilizing this conveyor are in the planning
stages.
HOT LABORATORY OPERATIONS
Radioisotope Production

The Hot Laboratory Division produces routinely
certain isotopes that require chemical processing
following irradiation. Noteworthy accomplishments this year include the first shipment of K 43
of high (>90%) radioisotopic purity, the first shipment of one of these processed isotopes (10 mC of
1'32) to South America (specifically, to Rio de
Janeiro), and attainment of a new high (40 mC/g)
in the specific activity of M g 28. In addition it is interesting to note that this year shipments were
made of Ar38 to Australia, Switzerland, and France,
of Mg 28 to France and Canada, and of 1'33 to
Sweden. Simultaneous irradiation of multiple
targets is now being used routinely to reduce isotope production costs; this procedure was first used
in an attempt to offset the temporary decrease in
demand for isotopes caused by termination of the
AEC research subsidy. Table 6 summarizes the
routine production of special isotopes.
HEALTH PHYSICS

The over-all program of the Health Physics
Division has been similar to that of recent years
except for increased emphasis on monitoring at or
beyond the site boundary and on dosimetry at the
Alternating Gradient Synchrotron (AGS). The
total staff, which includes those engaged in general
safety and waste disposal and reclamation activi-
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Figure 2. Depth dose in paraffin phantom due to high
energy beams and stray radiation fields at the BNL 33Bev Alternating Gradient Synchrotron; preliminary data,
December 1961 to May 1962.

ties, has increased from 62 to 66. New facilities include a 400-channel gamma spectrometer for use
primarily in bio-assay and area monitoring, new
film processing equipment to replace that provided
when the personnel monitoring program was initiated 14 years ago, and a shot-blasting room for the
decontamination and reclamation center. A stronger C 0 60 source and improved arrangements have
been provided for the high-level instrument calibration facility.
AGS Dosimetry

The greatly increased experimental activity and
beam intensity at the AGS have required a continuation of dosage measuring and evaluation
activities. The exposure situations encountered are
extremely diverse, varying from familiar gammaray and neutron fluxes to multi-Bev fluxes of fLmesons, protons, 'IT-mesons, and exotic mixtures of
these and other particles. Because of the diversity
of hazards and the huge scale of operations, it was
decided last fall that continuous coverage by health
ph ysics technicians should be provided for both
the Cosmotron and the AGS, and the training of

a staff for this purpose has been a major undertaking.
In addition to the performance of routine monitoring and other services, active investigation was
made of three dosimetry problems that are worthy
of brief mention. The first concerns a region where
a high energy flux of fL-mesons emerges from a 16ft-thick wall of heavy concrete. The fL-mesons are
accompanied by a complex spectrum of secondaries, some of which give tracks on the neutron
monitoring (NTA) film used for personnel monitoring even though the fL-mesons themselves cause
no tracks. Preliminary data indicate that the present system of interpreting personnel monitoring
results does not underestimate the dose, but a continuing study in this area is planned.
Another problem of interest is the build-up of
dose rate as high energy fluxes pass through the
body. Considerable data, similar to the representative cases shown in Figure 2, have already been
accumulated by using paraffin phantoms. In general, a substantial build-up is found for pure beams
of high energy particles where lower energy components have been removed. Thus curves A and B
represent 4.5 and 1.0-Bev/c beams of protons and
'IT+-mesons. Curves C and D were taken at locations
where high energy components can penetrate but
where lower energy components have not been
removed for experimental reasons. Curves E and
F are for places where scattered radiations of lower
energy predominate. Here any build-up due to
high energy components is outweighed by absorption of those with lower energy. Knowledge of
these build-up curves is essential for proper interpretation of the results of instrument surveys.
A third problem of major importance is the
evaluation of dose rates resulting from activation
of targets and machine components. Such activation is greatly increased by the strong-focusing feature of the AGS. Surface dose rates of the order of
1000 rad/hr have already been encountered, and
even higher values are anticipated.
Waste Disposal and Reclamation

Use of the decontamination and reclamation
center increased considerably during the year, with
375 batches of items ranging from hand tools to
2000-gal tanks being decontaminated. Also cleaned
and reconditioned were 5000 lead bricks and 1230
heavy-concrete bricks. Three men are employed
full time in this work, which has been quite profit-
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able in terms of dollars saved. The facility is also
used by many Laboratory groups as a "hot work"
area for removal and processing of irradiated sampIes or for their own decontamination activities.
Solid and liquid wastes were packaged in 10-ton
concrete vaults as in recent years. The processing
of 61 such vaults resulted in an accumulation of
204 at the year's end; 5 vaults in poor condition
were shipped to Oak Ridge for disposal. The process of solidifying the radioactive slurry from the
evaporation plant was found to be greatly improved by the use of vermiculite. The amount of
cement required per vault was reduced from 65 to
24 bags, and stresses in the concrete were reduced.
By adding the slurry from the bottom of a dry
cement-vermiculite mixture it has been possible to
dispense completely with stirring.
Data relating to the liquid waste system are
presented in Table 7. The amount of activity leaving the site in the stream to which the effluent is
discharged totaled 175 mC during the fiscal year,
and the average concentration was 1.24 X 10- 7
p.C/cc.
Area Monitoring

Table 7
Summary of Liquid Waste Data

Input to filter beds,
gal/day
Output from filter beds,
gal/day
Net loss in filter beds, %
Stream above discharge point,
gal/day
Stream at site boundary,
gal/day
Rainfall, in./mo
Activity concentration at input
to filter beds, C/cc
Activity concentration at output
from filter beds, C/cc
Reduction in activity
concentration, %
Activity at input to filter beds,
mC/mo
Activity at output from filter
beds, mC/mo

Fiscal
1962

Fiscal
1961

612,000

519,600

537,000
11.8

395,800
23.8

450,000

288,900

1,053,000
3.6

652,600
3.6

3.2XlO- 13

7.9X 10-13

2.4XlO- 13

3.9XlO- 13

25

50

22.6

45.1

15.1

17.9

Figures are averages for each fiscal year.

Monitoring of radiation levels at and beyond
the site boundary was somewhat intensified as a
result of the Russian weapons tests last fall. The
average fallout rate in rain and settled dust was
42,990 dis/min/m 2 per week for the year ending
June 30,1962, or nearly 30 times that for the previous year. The background dose rates recorded at
the two off-site monitoring stations increased
gradually during the year from an initial value of
1.86 to a current value of3.6 mr/week. Filterable
activity in the air due to fallout averaged 32
p.p.C/m 3 during the last half of September but has
averaged 7.8 p.p.C/m 3 since then, as compared with
a barely measurable value of 0.1 p.p.C/ m 3 or less
last year.
Because of the more stringent limits on off-site
levels ofI 131 recommended by the Federal Radiation Council, increased attention was paid to iodine
monitoring of the reactor stack effluent as well as
milk and vegetation samples. About 10 mC/day of
this isotope is discharged. Measurements of vegetation and milk samples in the vicinity and an analysis of the atmospheric dilution from the stack to
the site boundary indicate that average levels at
and beyond the boundary are
1% of the prescribed occupational limit and therefore do not

<

require detailed monitoring. Such measurements
were hampered last fall because p31 due to weapons tests was far in excess of that due to BNL
operations.
Interest in gamma-ray propagation was stimulated by the necessity of stipulating the size of a
C S '37 source that could be used by the Biology Department for the new gamma forest. On the basis
of field measurements and a theoretical treatment,
a source of 9000 curies was set up. The radiation
dose rate at the edge of the site, 760 meters distant,
amounts to ;::::;150 mr/year or 30% of the off-site
limit. Suitable fences and interlocks have been
provided, and appropriate administrative procedures have been established to insure safe operation of the forest.
Personnel Monitoring

The workload of the personnel monitoring
group continued to increase markedly, mostly because of the expanding programs of research at the
synchrotrons. Film dosimeters were processed at
the rate of 1214 per week during calendar 1961,
an increase of 26% compared with that for 1960.
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Table 8
Distribution of Exposures of Individuals Receiving
Regular Personnel Monitoring Service
Exposure index range*

Calendar 1961

Calendar 1960

0.0-0.4
0.5-0.9
1.0-1.4

2187
106
28

1959
77
23

1.5-1.9
2.0-2.4
2.5-2.9

20
14
6

25
9
5

3.0-3.4
3.5-3.9
4.0-4.9

9
11
15

4
4
11

5.0-5.9
6.0-6.9
7.0-7.9

2
0
0

15
8
4

0
0

3
0

2398

2147

8.0-9.9
10.0 or greater
Total

*Exposure index = 1/2 of f3 exposure in rad
in r + neutron exposure in rem.

+ y exposure

Average exposure per individual decreased somewhat compared with that for the previous year,
and, despite the increased scale of operations, there
was a large drop in the number of exposures >5.0.
The distribution of exposures for the 2398 individuals regularly monitored is shown in Table 8.
General Safety

The Laboratory completed two periods of one
million man-hours without an accident involving
absence from work during calendar 1961. The accident frequency rate was 3.4 per million man-hours
worked as compared with 2.9 for 1960. The accidents were considerably less serious, on the average.
MECHANICAL ENGINEERING

The level of activity in the past year in the
Mechanical Engineering Division has increased
slightly, but the rate of addition of personnel has
decreased. The group showing the greatest increase is that performing work for the Physics Department. Replacements are expected to offset
small decreases in the size of other groups. The
present complement of the Division (138) is outlined in Table 9.

Division personnel assigned to the Bubble
Chamber Group are concerned mainly with the
largest construction project, the 80-in. liquid hydrogen bubble chamber. Design of this chamber
and the fabrication ofmost of its major components
have been completed this year. Very large components are involved; for example, the· bubble
chamber magnet will be a cube of steel columns
roughly 25 feet on a side fabricated to accuracies
of 0.005 in. and fastened with bolts of3Y2-in. diameter. This assembly houses a vacuum chamber that
is a stainless steel weldment fabricated to pressure
vessel standards and finished to high tolerances one of the largest to be fabricated to such high
standards.
The coil to power the magnet has a 2 X 2-in. copper cross section (the largest cross section of hollow conductor copper used so far at Brookhaven)
consolidated in a vacuum-impregnated epoxy casting to make a structure capable of withstanding
the magnetic forces in the magnet.
Within the vacuum chamber is the liquid hydrogen container made of nonmagnetic stainless
steel castings and weldments also of pressure vessel quality. The chamber surfaces are finished to
very close tolerances for the liquid hydrogen seals.
The completed structure, which will weigh 500
tons, can be moved to different positions on a track
70 ft long; it also can be raised 2 ft and rotated to
varying angles in azimuth. Design and fabrication
necessitated the development and utilization of
techniques at the limit of technology available for
large-sized equipment.
The other components for the 80-in. bubble
chamber are nearing completion. The expansion
system has been in prototype operation to test the
life of valves and components under operating
conditions. The refrigerating system has been completed by the fabricator and is being shipped. The
building for the chamber was occupied on April
1st, and installation of the auxiliary equipment
such as compressors, controls, and finally the large
magnet components is proceeding.
With the increase in number of photographic
recording chambers, picture analysis has become
a major problem. Design and development of components for the flying-spot digitizer has proceeded.
In particular a film transport system for 35-mm
film has been designed and completed, and work
is in progress on a similar device for 70-mm film.
The development of new devices for data reduc-
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tion and analysis will continue at an increasing
rate.
Other Division members have been active in
operating phases of the BNL 20-in. liquid hydrogen bubble chamber, which has been in almost
continuous operation at the Cosmotron and the
AGS. Personnel assigned to the Columbia-BNL
30-in. chamber have successfully completed the
erection and testing of this chamber and are preparing it for the first experimental run.
Members of the Division assigned to the Nuclear
Engineering Department have rendered engineering assistance, in cooperation with the Department's engineers, on various departmental projects
such as exponential and critical physics experiments for many kinds of uranium-moderator lattices and gamma-irradiation facilities for source
development and for radiation experiments on
foods and chemical substances. Work has also
been done on liquid metal heat transfer research
equipment for both heavy and light metals and
on corrosion-testing facilities, particularly for liquid metals, for metallurgical research. In addition, work has been done on equipment and
machinery for severe service in radioactive waste
treatment and reactor fuel processing procedures
constantly being developed for engineering evaluation of future trends.
Some Division members are connected with the
HFBR Project staff, which is responsible to the
AEC for technical administration and approval of
all plans and specifications and for examination of
field work. Engineering service has been rendered
in the preparation of manuals and test programs
for the Reactor Division, and assistance is being
given in the areas of operator training and spare
parts procurement. This has also involved the design and procurement of many items of auxiliary
equipment needed for operation and fuel handling.
The Division's members have provided extensive assistance for the HFBR Project in administration, programming, preliminary and final design, and initiation of procurement. They have
also been involved in the construction, inspection,
and operation of the reactor, and in the development of components and selection of materials.
Division members maintain some activities in
cooperation with ANS standards committees and
ASME committees.
The Division's work at the Cosmotron has been
divided amongst the areas of machine improve-

Table 9
Assignment of Mechanical Engineering Division
Personnel as ofJune 30, 1962

Department
Accelerator
AGS
Cosmotron
Central Design
Nuclear Engineering
Physics
Bubble chambers
General design
Reactor
Total

Engineers

Designers Secretarial
and
and
Clerical
Draftsmen

2Jl/2
11
1/2
6

18
8
8
18

16
4

11
11

59

76

1V2
1

2
3

ment, experiment support, and liquid hydrogen
production and use. The major machine improvement was the installation, after completion of design and fabrication, of the new magnetically
shielded straight sections during an extended shutdown involving the removal of major components
from the Cosmotron. Other improvements made
to the machine included strengthening the poleface winding attachments and leveling the magnet. The three new straight sections have independent vacuum systems using 10-in.-diam PMC
oil diffusion pumps. This has resulted in a greater
uniformity in high vacuum around the Cosmotron
ring.
Extensive modifications are being made in the
Van de Graaff injection system. New ion sources,
an electrostatic beam chopper, and beam energy
modulator rf cavities were designed and built for
future installation. A 14X 17-in. spark chamber
with an associated liquid hydrogen target to operate in the field of the 14-in. bubble chamber was
completed, and a redesigned beryllium external
beam monitor prototype has been built and tested.
Five additional units are under construction. Six
adjustable magnet stands to permit accurate positioning oflarge bending magnets were built.
Members of the Division installed facilities for
fabricating Mylar liquid hydrogen targets, and
several Mylar and stainless steel targets were designed and built for use at the AGS and the Cosmotron. An 18-in.-diam by 6-ft-Iong liquid hydrogen target for the AGS was procured and tested.
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The hydrogen liquefier facility under the supervision of Division personnel produced 120,000
liters ofliquid hydrogen despite two 6-week shutdowns for repairs. A deuterium hydrolysis plant
from the Bureau of Standards at Boulder, Colo., is
being installed at the liquefier facility. When this
is completed shortly it will produce 30 ft3 of deuterium gas per hour.
A group from the Division continued to assist
experimental physics groups in setting up and
running experiments in the six beams of the
Cosmotron. Two 2500-amp, water-cooled electrical cables for energizing bubble chamber magnets were installed along the East and North walls
of the Target Area, and eight new air-conditioning
units were installed inside the Cosmotron radiation shield to cool the machine area. The radiation shield was modified to provide an access
labyrinth.
A major project has been the design and fabrication of six universal neutron spectrometers for
the use of the Physics and Chemistry Departments
at the HFBR. These spectrometers vary in some
particulars, but standard designs and components
serve as the core of the instrument construction.
Design and construction were completed of a student research neutron spectrometer for the Puerto
Rican Nuclear Center.
Two additional dual scanner units were constructed for use in scanning 35-mm bubble chamber film, and an instrument for determination of
gap length distribution in bubble chamber tracks
was designed and fabricated.
A high-pressure Cerenkov counter for identifying low velocity particles at the AGS was manufactured, and a 10-gap neon spark chamber was
completed. An interesting feature of the design
was the use of 0.005-in.-thick concentric cylinders
of aluminum for energy loss plates.
Preliminary mathematical analysis and design
were started on a 3-rotor, slow-neutron chopper
system for the HFBR. This involved the determination of stresses and optimization in design of a
high-speed composite rotor.
Other items worked on were cryostats, goniometers, an ultracentrifuge, a crystal growth furnace,
and liquid Cerenkov counters.
With the AGS in operation for 15 shifts/week,
much effort has gone into experiment support and
machine operation, and Division members have
worked with the experimenters and AGS liaison

personnel to set up and modify experiments in the
experimental area.
Operating manuals have been written and instruction schedules devised for maintenance of the
mechanical equipment at the AGS by Division
personnel.
Additional details of the Division's extensive
work at the AGS are given in the section on High
Energy Accelerators.
Personnel assigned to the Central Design Group
were involved in the design and installation of
equipment for the Physics, Biology, Chemistry,
and Medical Departments and the Health Physics
Division. The vertical arm spectrometer was completed and installed on the roof of the BGRR, and
several other spectrometers and auxiliary equipment, including a crystal rotation device, a crystal
holder, a 500°C oven, and several cryostats, were
also completed. A machine to grind up whole animals in seconds was completed and tested for the
Biology Department, as well as devices and instruments needed for the ecology radiation field. A
low-velocity Cerenkov counter for use at the AGS,
several shielded chambers made from 30-in.-diam
gun barrels, a 10 and 50-curie irradiation machine
for the Health Physics Division, and a modification
of the hydraulic press used in rupturing living cells
were designed. Central Design personnel were involved in the development of the Hough-Powell
automatic flying spot digitizer being constructed
for use with the IBM 7090 computer.

MACHINE SHOPS
The total number of productive hours for the
Machine Shops Division decreased for the second
consecutive year despite continually increasing
demands. Although additions to the staff have
been made, the rate of increase has not been sufficient to keep pace with the workload. Furthermore, most of the additional personnel have been
assigned to nonproductive clerical, technical, and
administrative positions. Whenever the nature of
the work has permitted, and with the requisite approval, jobs have been assigned to outside contractors. The contracting activity has increased
considerably during the past year and is expected
to continue at an accelerated rate in the coming
year.
No significant change has been noted in the
character or distribution of the workload within

•
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the Division, although a somewhat larger number
of individual jobs was handled than in previous
years. Work processed through intralaboratory
requisitions accounted for 90% of the total productive hours, the remaining 10% being used for jobs
undertaken on a short-order basis. The total of
119,144 hours was ~5 % less than in fiscal 1961.
The average backlog was somewhat smaller than
in fiscal 1961, but still was almost 18,000 hours per
month, with the sheet metal and welding group
continuing to show a higher proportion of backlog
than of productive hours worked.
The contributions of the scientific departments
to the Division's workload are indicated in Table
10. Of most significance is the continued drop in
the proportion of work done for the Nuclear Engineering Department, from 36.6% in fiscal 1960 to
28.6% for fiscal 1962, and the marked increase in
that done for the Physics Department, 30.4% in
fiscal 1962 as against 11.2% in fiscal 1960. Much
of the heavy workload for the Physics Department
can be directly attributed to the 80-in. bubble
chamber project. Over 75% of the Division's workload was contributed by the Nuclear Engineering
and Physics Departments and the Cosmotron.
Considerable emphasis was placed on improving existing service activities. In cooperation with
the Supply and Materiel Division a modern cutting
shop was established at the metals warehouse to provide fast cutting service and, by cutting "to tolerance," to eliminate as nearly as possible the costly
double-cutting operations previously necessary.
The work of inspection and quality control continued to grow during the year. Additional equipment acquired included Zyglo tanks and fixed
and portable Magnaflux units. The only major
nondestructive testing procedure not in current
use is x-ray. The unified thread system was adopted as the BNL standard and a full range of Class 2
and 3 gauges purchased. The system of inspection
reporting was completed in cooperation with the
Mechanical Engineering and Purchasing Divisions, and work is continuing on other internal inspection systems and procedures.
In line with organizational changes planned in
fiscal 1961 a Shop Services Section was established
under the supervision of an assistant foreman as
the first step in relieving the first-line foremen of
as much paper work as possible and freeing them
to devote more time to the scheduling of workloads and direct supervision of work in progress.

Table 10
Contributions to Machine Shops Workload
% Man-hours

Accelerators
AGS
Cosmotron
Biology
Chemistry
Instrumentation and
Health Physics
Medical
Nuclear Engineering
Physics
Reactor
Miscellaneous

Fiscal
1961

Fiscal
1962

% Change
in workload

8.6
14.3
3.1
3.4

8.6
16.5
2.1
2.5

+ 15.4
-32.3
-26.5

0.7
3.1
33.3
25.1
6.6
1.8

0.6
3.3
28.6
30.4
4.4
3.0

-14.3
+ 6.5
-14.1
+21.1
-33.3
+66.7

Equipment worth ~$175,000 was acquired for
replacements and additions. Of this amount
>$67,000 was acquired from government surplus, and the balance represents cash purchases of
new equipment. Major items included a Thompson surface grinder, a Thompson broach grinder,
a 36-in.-high X 18-ft-Iong Lodge & Shipley lathe,
a new Kearney & Trecker Model 205S-12 horizontal universal milling machine, a Wysong &
Miles Model 1252 shear, and a Lodge & Shipley
Model 0810 shear with a 1J2-in. X 10-ft-wide capacity. Also included were a number of smaller pieces
of equipment. Special emphasis was placed on
new machines for the cutting shop and the closetolerance machine shop.
Some of the work done during the year was of
particular interest. For example, extremely close
coordination between the Mechanical Engineering
and Machine Shops Divisions was required in the
development of a source assembly consisting of
four encapsulated cobalt strips, two D-shaped filler
bars, and an aluminum envelope; the maximum
radial gap of 0.004 in. for the 12 interfaces was the
critical requirement here. Alw of interest were
the fabrication of a vertical arm spectrometer, the
critical assembly and welding of the bellows seal
for the 80-in. bubble chamber, the fabrication of
shipping casks for Mark I and Mark IA sources,
and the continuing production of very precisely
contoured tensile specimens for use in the study of
neutron irradiation effects on body-centered-cubic
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metals. The construction of a slow-neutron chopper and an in-pile high temperature furnace, the
salvaging of quantities of sintered uranium oxide
pellets, and the fabrication of an aluminum spark
chamber and liquid hydrogen target for a K-meson
experiment at the Cosmotron also exemplify the
wide variety of fabrication problems encountered
in more than 1650jobs in fiscal 1961.
In addition,jobs were completed for Argonne
National Laboratory, Columbia University, New
York University, Rensselaer Polytechnic Institute,
the University of Pennsylvania, and the University
of Wisconsin.
TECHNICAL INFORMATION

Toward the end of the fiscal year, construction
was completed on a wing at the west end of the
Research Library Building. This additional space
has been provided for the Information Division's
functions in report processing, report distribution,
and technical editing, which were formerly conducted in a separate, ex-Army building. The benefits accruing from housing under a single roof these
various related activities in the field of technical
information are already evident. In addition, the
new wing provides the Library with a new microcard reading room and a room with four study
carrels.
The Library has recently given considerable
attention to the improvement of staff services. An
important organizational step in this direction was
placement of the Medical Department Library
under the direct supervision of the Research Library administration. This arrangement is expected to provide an improved book collection, a
more efficient interlibrary loan service, and a coordinated reference service. A significant increase
in the use of library services and materials has
been noted. About 2000 more books, journals, and
reports were borrowed this year than in the past
year. The demand for reference services was also
greater, particularly in the form ofrequests for bibliographies and literature searches. The need for
translations of Russian scientific literature has
placed a continuing demand on the time of the
one member of the reference staff qualified to provide such service.
In the Classified Library, the receipt of classified
reports has continued at about the same level. Of
:::::700 documents accessioned, 199 are secret. No

classified reports were published by the Laboratory during the past year. An inventory conducted
early in 1962 revealed holdings of 14,269 classified
documents, of which 8059 are secret. A visit last
winter by three members of the AEC's Declassification Branch resulted in the declassification of
:::::2000 pieces of correspondence. It is hoped that
subsequent reviews of this kind can be arranged,
in order to reduce further the Laboratory's classified holdings.
Another activity in the field of technical information is the processing of all manuscripts originating from BNL-sponsored research for publication in the scientific and technical literature. As an
index to the Laboratory's increasing output of
such papers, the Information Division processed
during the year a total of 710 items (including
published abstracts of speeches), as compared with
708 in the previous year, 607 in fiscal 1960, and
486 in fiscal 1959.
Sixty-three BNL technical reports were processed by the Division and given the appropriate
distribution. Most of these reports are edited and
otherwise prepared for publication by the Editorial Section, which works closely with the Photography and Graphic Arts Division in ensuring that
the Laboratory's formal technical publications
meet the highest possible standards in format,
style, and accuracy.
During the year, the BNL Patent Office was
made a part of the Information Division. This is a
logical arrangement, since the Patent Office must
review all the scientific manuscripts originating
from BNL-supported research in order to report
to the AEC all discoveries and inventions contained in such documents, prior to their release for
publication. During the current year 768 docuTable 11
Fiscal year
1962
Photographs
11,062
Photomicrographs
2,768
Lantern slides
10,371
Prints
52,212
Photostats, Xerox
46,291
Ozalid prints
506,128
1,409,730
Film processed, ft
Charts and graphs drawn
3,982

1961

1960

8,758
2,167
9,271
44,300
31,928
597,205
1,453,018
3,581

9,133
1,898
7,576
46,747
32,698
502,227
196,532
3,058
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ments were processed, which resulted in the preparation of 40 preliminary invention reports and 19
records of invention. Seven inventions became the
subject of patent applications during this period.
These statistics are representative of the normal
workload over the past few years and are comparable with those for 1961, during which 10 patent
applications were filed, 760 documents were processed, and 40 preliminary reports and 26 records
of invention were submitted. In 1960, the processing of 645 documents resulted in 10 patent applications, although 72 preliminary invention reports
and 22 records of invention were submitted.
PHOTOGRAPHY AND GRAPHIC ARTS

The Photography Group has experienced an increase in workload, as is evident from the production figures given in Table 11. The recording of
component construction for the 80-in. liquid hydrogen bubble chamber at a variety of locations
has added to the scheduling problem.
New equipment includes a fluorescence microscope and additional electronic flash sources for
the studio. A microdensitometer for the evaluation
of bubble chamber films and other microimages
has been acquired. This device should prove useful
in a number of fields.
The continuous film processor has operated well
and was able to handle a load of 1.4 million feet
which was concentrated almost entirely in the
second half of the year. The sensitometric control
procedures have ensured a uniform process, and
the amount offootage lost (0.035%) was largely
attributable to mechanical defects in the exposed
film.
A motion picture on 16-mm color film describing aspects of research in high energy physics at
the AGS is being produced. With the excellent cooperation of the Physics Department and the AGS

Table 12
Fiscal year
1962
11,207,710
Offset pages
Film negatives
and positives
10,610
Mimeo impressions
2,283,530
Stencils run
15,104
Sheets collated
and bound
3,363,100
Report copies issued
100,725

1961

1960

10,294,755

9,921,637

9,896
1,769,058
13,613

9,050
1,560,263
11,530

2,819,350
92,745

2,996,192
115,473

the script has been written and footage has been
completed, and the film is expected to be ready in
the fall of 1962.
During the past year the Graphic Arts Group
has experienced a continued increase in its printing and duplicating activities. Comparative figures
for the past three years are presented in Table 12.
In an effort to keep abreast of the requirements of
the Laboratory, the Group has consolidated all its
operations in one building and has added another
person to the staff.
The Ektalith equipment and the new automated Multilith press have begun to function well,
and some work is being diverted from the Ozalid
process to this better and less expensive process.
The two Fotosetters continue to be operated for
four of the possible six shifts, and a fifth will be
added in the near future. This will effectively represent maximum utilization of the machines, since
the remaining shift must be kept available for
maintenance.
The Group has continued to investigate the possibilities of tape operation of the Intertype Fotosetter. Discussions have been held with the company and the prospects for installation of such
equipment in the future seem good.

Administration and Operations
The management operations reviewed in this
section have been carried out in a manner designed
to facilitate and encourage the research activities
of the Laboratory's scientific staff.

to a temporary "leveling-off" of the number of
postdoctoral Research Associates. Turnover in this
category is always high because of the limited term
of these appointments. During the year, 49 scientists began salaried appointments as Research
Associates and 51 completed their terms. In addition, 21 scientists began nonsalaried postdoctoral appointments, and 8 terminated or were
transferred to other categories. Of the 105 Research Associates (salaried and nonsalaried) holding appointments on May 31, 50 were foreign
scientists.
Although the number of nonsalaried visitors
continued to increase, the number who were participating at the Laboratory on a full-time basis
remained the same as last year. Graduate and
undergraduate students held 46 of the 73 additional nonsalaried appointments made this year.

PERSONNEL
Scientific Staff and Students

During the 12 months ending May 31, 1962, the
number of individuals holding appointments to
the scientific staff remained relatively constant.
Comparative year-end statistics shown in Table 1
do not reveal the characteristic high turnover; 42
scientists and engineers were appointed to the
regular staff, and 40 terminated or were granted
leaves of absence.
For the first time in seven years the number of
salaried visitors decreased. This was due, in part,

Table 1
Scientific Staff and Students on May 31,1961 and 1962
Visitors
Regular staff

By appointment category
Staff
Senior Scientist
Scientist
Associate Scientist
Assistant Scientist
Research Associate
Students
Junior Research Associate
Research Assistant
Total
By academic degree
Ph.D. or M.D.
Master
Bachelor
No degree

Salaried

Nonsalaried

1962

1961

1962

1961

1962

1961

52
112
107
65

52
103
112
67

1
0
10
6
76

0
7
7
10
78

9
115
119
93
29

11
120
104
87
16

10
0

7
0

57
57

41
27

336

334

103

109

479*

406**

204
55

203
55
71
5

92
9
2
0

99
7
3
0

317
73
82
7

287
55
57
7

72
5

*65 of these appointees were at BNL on a full-time basis as of May 31,1962.
**65 of these appointees were at BNL on a full-time basis as of May 31,1961.
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Table 2
Classification of Visiting Scientists and Students Participating in BNL Program
for One Month or More,]une I, 1961 - May 31,1962
Guests and salaried visitors
More than
3 months

Less than
3 months

Individuals

Institutions

45
0
89

47
3
52

180
45
160

88
21
55

58

134

102

385

115 different

0
3

2
12

0
12

1
13

14
104

10
60

9

72

146

116

503

185 different

Guest

Salaried

Guest

University staff
Thesis students
Student Research Assistants

15
10
1

34
18
7

6
0
0

33
14
11

Subtotal

26

59

6

0
13

11
51

39

121

Total

Total

Guest

Salaried

Industry
Other institutions

1961 Summer
program

Since May 31,1957, the numbers of salaried
and nonsalaried visitors have nearly doubled. During the same period the regular scientific staff has
grown from 281 to 336, an increase of :::::20%.
May 31, instead ofJune 30, was selected as the
date for Table 1 to exclude the large number of
visitors who were at Brookhaven only during the
summer. Similarly, the year ending May 31 was
used in Table 2 to include participants in only one
summer program.
Table 2 lists the number of visiting scientists (exclusive of salaried Research Associates) and students who participated at the Laboratory for a
cumulative period of one month or more between
June 1, 1961, and May 31,1962. The total of503
visitors is the largest in Brookhaven's history and
compares with 450 during the previous year.
Fifteen graduate students completed the research
required for their doctoral theses during the year.
In addition to those included in Table 2, 219
scientists and students worked at Brookhaven for
less than one month.
Table 3 shows the extent to which consultants'
services have been employed during each of the
past three fiscal years. The use of these specialists
increased to the highest level since 1954.
Summer Program for 1962

Arrangements have been made for 270 visiting
scientists and students to work at Brookhaven during the summer of 1962. Of this number, 132 are

Salaried

staff members from colleges, universities, industrial
organizations, and other institutions; and 138 are
students.
Special groups include 91 students participating
in the Laboratory's eleventh annual summer student program and 16 Health Physics Fellows.
Employment

During fiscal 1962 a total of 472 employees were
hired; of these, 379 joined the nonscientific staff
and 93, including Research Associates, were appointed to the scientific staff. With 267 separations,
the net increase in employees was 205, to give a
total for the Laboratory of 2593 employees, excluding temporary appointees, research collaborators, and guests. Employment statistics for fiscal
1962 are compared with those for fiscal 1961 in
Table 4.
The need for specialized engineers, technicians,
and related personnel continued to be the greatest
employment responsibility. To meet it, recruiting
efforts were increased at colleges and technical
schools. An extensive campaign to employ a large
number of Programmers and Mathematics Associates had gratifYing results.
The employee orientation program was expanded beyond the area of explaining benefits
programs and policies. It now covers a thorough
indoctrination in the programs and facilities of the
Laboratory. Since the Laboratory does not produce a specific product with which employees can
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Table 3

Table 4

Consultants' Services

Employment Statistics*
Fiscal year

Total contracts in effect June 30
No. of consultants used
No. of man-days of service

1962

1961

1960

88
59

79
35

577

372

80
36
336

identify themselves, it is hoped that this orientation will result in greater awareness of the Laboratory's aims and the individual's part in accomplishing these aims.
In summary, the demand for highly trained
technical and professional personnel still exceeds
the supply. However, except in a few critical areas,
most openings are filled in a reasonable period of
time.
Labor Relations

New contracts were negotiated with the Long
Island Guards Union (LIGU) and the Oil, Chemical, and Atomic Workers (OCAW) International
Union. The agreement reached with the LIGU
provided an increase of :::::2.5% each year under a
two-year contract. Members of the Directly Affiliated Local Union (DALU) No. 24426, AFL-CIO,
received an increase of 2.6% under the two-year
contract negotiated in 1961 which will expire
December 31,1962.
The agreement reached with the OCAW Union
covering 16 reactor operators and 6 Hot Laboratory employees was unique in several aspects.
The new contract, effective April 1, 1962, specifies
that all employees in this bargaining unit will be
treated as nonbargaining-unit wage technicians
with respect to matters of Laboratory policy, including technician wage ranges and merit reviews.
The arbitration provision of the grievance procedure stipulated in this contract excludes the interpretation of Laboratory policy and the granting or
withholding of wage increases. The question of
whether or not the Laboratory's personnel policy
has been applied consistently is subject to arbitration, as are other express provisions of the contract,
including discharge for just cause. The contract
has no expiration date, but it may be canceled
by either party upon 90 days' notice. However,
should the Union terminate the contract, the rates

Fiscal 1962

Fiscal 1961

439
2154

437
1951

2593

2388

Scientific staff
Nonscientific staff
Total

Turnover data

Annual
Annual
rate
rate
Number
(%)
Number
(%)

Accessions
Scientific staff
Nonscientific staff
Total

93
379

21
18

126
375

31
20

472

19

501

22

91
176

21
9

74
164

18
9

267

11

238

11

Separations
Scientific staff
Nonscientific staff
Total
Net Accessions
Scientific staff
Nonscientific staff
Total

2
203

0.1
9.9

52
211

1.3
11.4

205

8.2

263

11.7

*Figures do not include 100 temporary summer nonstudent employees. Guests and temporary student employees are included in Table 2.

ofpay ofindividual employees revert to the "standard" rate of the applicable wage range for the
classification 60 days after such notification has
been given.
An NLRB election was held for the purpose of
determining whether the DALU would represent
Cosmotron operations technicians. Of 51 eligible
voters, 49 voted, 22 for joining the DALU and 27
against joining, and the Union's bid for representation was defeated.
Training and Communications

A revised Supervisors' Personnel Manual was
distributed to all supervisors. The number ofcopies
issued was increased to give greater coverage in
this area. The program of supervisory seminars
was expanded this year to include more than 250
participants, a considerable increase over previous
semmars.
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Employee Benefits Plans

Because of the amendment to the Social Security
Law permitting men to retire at age 62, the Laboratory policy on Group Medical Insurance was
altered. Under the new policy, an employee who
terminates on or after his 62nd birthday may continue his Group Medical Insurance on the same
basis as an employee retiring at age 65.

ARCHITECTURAL PLANNING

During the past year, the increasing pace of the
Laboratory's activities was felt in all the areas in
which the Architectural Planning Division participates. Eight major construction projects with a
value in excess of$ll,OOO,OOO were completed.
New construction valued at $15,000,000 was in
various stages of design and engineering, and proposals for new research devices, facilities, and
buildings in the amount of $33,000,000 were prepared. The General Plant Projects program continued at the high level of activity reached the
previous year. A number of studies relating to site
utilities and services were completed, and to keep
pace with the increased level of activity the organization was strengthened and modified.
The construction projects completed during the
year were the Physics Building, the Radiation Development Center, quarters for visiting scientists,
an addition to the Critical Assembly Facility, an
addition to the Metallurgy Building, an addition
to the AGS Experimental Area and Service Building, the 80-in. Bubble Chamber Building, and the
Volatility Studies Laboratory.
The contracts for architect-engineer and construction work for these projects were held by the
AEC and were administered and supervised by its
Brookhaven Office. BNL was represented by the
Architectural Planning Division, which provided
the liaison required during the stages from early
planning through construction.
Buildings and facilities under design by architect-engineers were the Chemistry Building, the
Health Physics and Instrumentation Building, and
a laboratory wing for the Cosmotron. Requirements for the Physics and Mathematics Addition
to the Physics Building and the Controlled Environment Laboratory for the Biology Department
were reviewed preparatory to development by
architect-engineers.

Construction proposals including preliminary
building layouts, cost estimates, and descriptive
brochures were submitted for the following: Nuclear Engineering Building, Phase II; Hot Laboratory addition and modifications; AGS - North
Experimental Area Building and an addition to
the Service Building; Medical Research Center animal laboratories and a self-contained Low
Background Counting Facility; an addition to the
Radiation Development Center; the High-Pressure Gamma Radiation Loop Facility; an addition
to the Steam Plant; General Engineering and
Services Center, Phase II; the Tandem Van de
Graaff Accelerator Facility; and the Administrative Services Center, Lecture Hall, and Cafeteria.
The General Plant Projects program continued
at the high level of activity achieved during the
previous year. The projects initiated during the
year amounted to $1,200,000. This represented,
however, a greater engineering effort than in previous years in that there were only four individual
projects in excess of $50,000, the balance consisting
of miscellaneous modifications, additions, and adjustments to research facilities and supporting staff
functions. Many of these projects presented unique
engineering problems. As has been the case in
prior years, the services of the Plant Maintenance
Division were relied upon heavily to coordinate
many of the projects.
Some of the projects accomplished as part of this
program were an Animal Quarantine Building for
the Medical Department, $134,000; a building
addition, storage barn, and miscellaneous facility
modifications for the Biology Department, $146,000; relocation and modification of temporary
army buildings for interim use, $80,000; projects
in support of the research devices, including fire
protection for the Graphite Research Reactor
cooling towers, shielding doors, Cosmotron Equipment Assembly Addition, $120,000; extension of
fire protection in various buildings and implementation of safety recommendations, $80,000;
and installation of air-conditioning systems in
buildings ofthe W orid War II type now modified as
permanent research facilities (such as the Metallurgy Building, the Research Staff Lounge, and the
Library), in addition to modifications to air-conditioning systems required for the changing use of various laboratory areas and operating procedures at
the Cosmotron, Medical Research Center, Hot Laboratory, and Graphite Research Reactor, $220,000.
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During the year, detailed studies of the site's
utilities and services, based on projections of the
Laboratory's future requirements, were conducted
by outside engineering consultants and were
jointly coordinated by the Architectural Planning
and Plant Maintenance Divisions. As a result of
these studies, plans are being implemented for
additional wells to meet the increasing demand for
water and for a water treatment plant to eliminate
or reduce the severe corrosion problems resulting
from the present quality of the water. An addition
to the Steam Plant is being requested to serve the
Laboratory's needs through 1969. Studies involving sewage treatment, electric distribution, and
electric capacity have also been conducted. To
coordinate the electric power requirements of the
research programs and the general plant requirements, a committee has been established consisting
of three members representing the Architectural
Planning Division, the Plant Maintenance Division, and the scientific departments.
To cope with the tremendous increase in major
Laboratory construction projects, a project coordination group has been created within the organization. This group's prime responsibility is to assist
the scientific departments in the development of
their requirements and to act as coordinators between them, the Architect-Engineer, and the AEC.

PLANT MAINTENANCE
The functions of the Plant Maintenance Division
include the operation and maintenance ofall Laboratory utilities, including the Hot Laundry; the
maintenance of all buildings, grounds, and vehicles; and the provision of services including communications, mail distribution, housing, and automotive or commercial carrier travel arrangements.
In addition to these routine aspects of the Division's responsibilities, the specialized aspects such
as facility modification projects, major maintenance programs, plant engineering, special staff
services, and research support functions have continued to grow with the growth of the Laboratory.
During the past year, Plant Maintenance acted
as coordinator for 116 facility modification projects,
totaling almost $500,000. These projects, funded
as part of the General Plant Projects program,
were performed by various contractors, with Plant
Maintenance providing the engineering and contract supervision. A partial list includes the ecology

field, rehabilitation of an additional dormitory,
com pletion of items connected with the Physics
Building, quarters for visiting scientists, the addition to the Metallurgy Building, miscellaneous airconditioning installations and modifications, relocation and modification of various barracks, and
installation of fire detection systems.
During the past year, 122 major maintenance
projects were initiated and completed. Again, the
Plant Maintenance Division provided engineering
and contract supervision for work conducted by
outside contractors. Some of the projects undertaken were repainting a 350,000-gal elevated
water storage tank; repairing and repainting
Meteorology weather towers; refurbishing the
interiors of the Biology, Cyclotron, and Graphite
Research Reactor Buildings; repairing and resurfacing the road system and railroad tracks; and
restoring site areas scarred by building removals
and building construction.
The Laboratory's role as host to over 100 scientific seminars, conferences, and meetings annually
is supported by the special staff services group
which takes care of the transportation, travel arrangements, housing, and other accommodations
required by the participants, who come from all
parts of the world. While the increase in the number of such functions over the past few years has
not been great, there has been a marked increase
in the number of participants.
A very large portion of the Plant Maintenance
Division's effort continues to be in the area of
direct support to the scientific research effort. Increasing use was made of the various skills of
craftsmen within the Division, such as electricians,
steam fitters, and plumbers, in the setting-up
and connecting of experimental equipment and
apparatus.
Extensive use was made during the year of the
services of consulting engineers in the examination
of existing utilities and services to determine their
condition and ability to meet the growing needs
of the Laboratory. Among the utilities studied
were the sewage treatment plant and the steam
distributing system. The Division also initiated
and participated with the Architectural Planning
Division in the study of the water supply system
and the attendant problems relating to the quality
of the water.
The utilization of manpower and the distribution of costs within the Plant Maintenance Divi-
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Table 5
Manpower Utilization
Fiscal 1961

Fiscal 1962
Productive
man-years

Percent of
total work

Productive
man-years

Percent of
total work

49
54
14

16
18
5

62
35
10

26
14
4

117

39

107

44

14
18

7
8

13
15

5
6

Total staff services

32

15

28

11

Special services for others
Facility improvements

79
13

27
4

43
5

17
2

92

31

48

19

37
9

12
3

55
11

22
4

46

15

66

26

Type of work
Plant utilities operations
Buildingjanitor service
Decontamination and hot laundry
Total plant operations
Communications service
Transportation, housing, and staff services

Total special services
General repairs and maintenance
Special long-term maintenance
Total maintenance

Because of changes in reporting procedures, detailed comparisons between Fiscal 1961 and
Fiscal 1962 are not possible.
Table 6
Costs of Supplies, Materials, and Purchased Labor
Fiscal 1962

Fiscal 1961

$ 306,114
1,047,375
39,825
17,481

$ 263,531
975,190
36,030
21,860

1,410,795

1,296,611

295,176
21,752
71,867

247,242
22,222
56,180

Total staff services

388,795

325,644

Maintenance
General materials
Special materials and contracts

265,717
383,421

219,567
424,579

Total maintenance

649,138

644,146

Plant utilities operations
Fuel oil
Electricity
Buildingjanitor supplies
Decontamination and hot laundry supplies
Total plant operations
Staff services
Telephone, teletype, and mail
Transportation (gasoline)
Housing and cafeteria material and supplies

General plant projects

339,017

Grand total

$2,787,745

$2,266,401
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sion for fiscal 1961 and 1962 are analyzed
Tables 5 and 6.

III

SECURITY AND PLANT PROTECTION
The Security and Plant Protection Division
continued to perform its assigned functions during
fiscal 1962. Although the scope of the security
function at the Laboratory has contracted substantially since Brookhaven's early days, it has
been necessary to maintain an extremely active
AEC security clearance program. At the end of
the fiscal year more than 1000 Laboratory employees had active "Q" clearance, while over 300
had active "L" clearance. These clearances are
required to enable Brookhaven scientific and technical personnel to have full access to restricted
data, both at the Laboratory and at other laboratories and institutions. A modified security clearance continues to be required of all Brookhaven
employees upon employment. The increasing participation by foreign scientists and students in the
Laboratory's research program has served to place
greater responsibility upon the Security Office,
since a special security clearance is prescribed in
such cases.
The physical growth of the Laboratory and the
expansion of its research programs have required
a greater emphasis on the Laboratory's plant protection program. The increase in this aspect of the
Division's functions has been met through the
adaptation of industrial plant protection techniques and practices to the specialized requirements of Brookhaven. No additional personnel
have been required for the accomplishment of
these measures.
The Fire Group maintained its excellent record
in meeting potentially dangerous situations at the
Laboratory. An active fire inspection and fire prevention program has been instituted as a continuing and important aspect of the Fire Group's
activities; close liaison with scientific and technical
personnel engaged in research experiments and
other activities representing potential fire hazards
is regularly maintained, with gratifying results.
Fire prevention inspections made by Fire Group
personnel during the year totaled 1755, and 459
corrective actions were subsequently taken by
operating personnel as a result of these inspections.
Fortunately, there were no major fires on site during fiscal 1962; responses to fire alarms, however,

continue to increase in proportion to the Laboratory's growth.

Responses on site
Responses off site
Investigation - no response
Total

1962

1961

1960

165
7
49

132
5
34

103
5
39

221

171
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BUSINESS MANAGEMENT
During fiscal 1962 the Brookhaven Business
Manager was appointed to another project of
Associated Universities, Inc.; later in the year, the
Assistant Business Manager was appointed Business Manager with responsibility for the Purchasing
and the Supply and Materiel Divisions.
The total number of personnel increased slightly
during the year, as shown below.

Staff Clerical
Business Office
Purchasing Division
Supply and Materiel
Division
Total

Fiscal
1962
total

Fiscal
1962
total

3V2
14

2
14

5 1/2
28

5
28

12'/2

57

69V2

68

30

73

103

101

The volume of business transacted this year is
compared with that for fiscal 1961 in the following
tabulation.

Number of procurement
transactions
Value of procurement actions
Number of receiving actions
Number of stores issues
Value of inventory turnover

Fiscal1962

Fiscal 1961

32,500
17,000,000
37,000
130,000
2,152,000

28,000
15,000,000
35,000
122,000
1,974,000

In addition, there were 217 transactions by which
excess material valued at $2,393,800 was obtained
for the Laboratory at the cost of transportation
only.
The procurement forms and procedures instituted last year have worked well, and the 264
charge accounts utilized and the 117 offers of
sale negotiated have proved effective in terms of
economical buying and improved deliveries. The
use of petty cash for purchases of low-cost items
available from local sources has resulted in quick
action on requisitions and a reduction in handling
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and paper work. An evaluation of over-all systems and procedures is being conducted.
The main stockroom of the Supply and Materiel Division is being expanded. Two outlying
stockrooms were added during the year, which
brought the total of departmentally located, individually manned stockrooms to eight. The receiving section has been relocated in a larger
building, and a materials-flow plan has been put
into effect to improve the receiving functions,
with use of a Xerox machine when additional
copies of receiving documents are required. In
conjunction with the Machine Shop Division,
the Supply and Materiel Division has instituted

an improved metals-cutting operation that has
resulted in greater efficiency of service.
FISCAL

During the past year the Fiscal Division completed its data processing study and selected a
solid-state magnetic-tape on-line computer system
to replace the existing electronic calculator and
off-line punch card system, in use for the past 8 1/2
years. The new equipment was received in June
1962, and the conversion program is now in process.
A comparative balance sheet for the Laboratory
appears in the Introduction to this report.

Appendix A
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PUBLICATIONS, JULY 1, 1961 - JUNE 30, 1962

This list includes official Laboratory publications, abstracts of papers which were
or will be presented at scientific meetings, and publications by staff members, consultants, and guests. All these listings result from work done at the Laboratory; they
were submitted during the review period. * Abstracts are indicated by (A); letters to
the editor, (L); and notes, (N). Acceptance for future publications is designated by
(in press).

STAFF PUBLICATIONS AND ABSTRACTS

GENERAL PUBLICATIONS

Accelerator Department

Annual Report,July 1, 1961. BNL 682 (AS-15).
Progress Reports, Nuclear Engineering Department:
May 1 - August 31,1961. BNL 696 (S-59).
September 1 - December 31,1961. BNL 705 (S-60).
Conference Reports:
Brookhaven Symposia in Biology No. 14. Fundamental
Aspects of Radiosensitivity. BNL 675 (C-31).

BAKER, W.F. Computations for AGS experimental beams.
Description of computer program. Informal Report
BNL 6431.
BARTON, M.Q. AND SACHARIDIS, E.J. Time dependence of
space charge beam losses in the Cosmotron. Informal
Report BNL 6430.
BARTON, M. Q., SNYDER, H.S. AND NIELSEN, C.E. Longitudinal instability and cluster formation in ion beams.
Informal Report BNL 5758.
BARTON, M.Q. - See also HOCHMAN, E.H.
BLEWETT, J.P. Accelerators of the Future, Brookhaven Lecture
Series No. 18, BNL 741 (T-269), June 13, 1962.
BLEWETT, J.P. Developments in ultra-high-energy accelerators. Presented at AlEE Meeting, Detroit, Oct. 1961.
BLEWETT, M.H. Cosmotron. Encyclopedia of Electronics, C.
Susskind, Editor, pp. 153-4, Reinhold, New York, 1962.
COTTINGHAM, J.G. Servo system for magnetic controlled
constant intensity flat top beam spill-out. Informal Report BNL 6424.
COURANT, E.D. Acceleration of polarized protons to relativistic energies. Informal Report BNL 6432.
COURANT, E.D. Efficienc_y of multiple traversal targets.
Informal Report BNL 6433.
CRITTENDEN, R.R., MUSGRAVE, B. AND MARTIN, H.J. Piminus proton interactions in the neighborhood of the
AO-Ko threshold. (A) Bull. Am. Phys. Soc. 7,468 (1962).
DANBY, G.T. Magnetic measurements of AGS experimental magnets. Informal Report BNL 6435.
DRYDEN, R.A. - See GOULD, C.L.
FELDMAN, P. - See SWARTZ, C.E.
FICKINGER, W.J., SANDWEISS,J. AND SANFORD,J.R. The
Cosmotron parallel plate velocity spectrometer (beam
separator). Informal Report BNL 5757.
GOULD, C.L. AND DRYDEN, R.A. One year of operating
experience with 70 getter-ion pumps. Presented at 8th
Intern. Symp. Am. Vacuum Soc., Washington, Oct.
1961.
HAHN, H. The canonical equations for synchrotron oscillations. Informal Report BNL 5752.

Proceedings ofthe Eleventh Annual AEC Corrosion Symposium.

BNL 728 (C-33).
Brookhaven Lecture Series:
1. Radioastronomy and Communication Through Space,
EDWARD M. PURCELL. BNL 658 (T-214).
2. Current Ideas on the Endocrine Regulation of Cellular Processes, IRVING SCHWARTZ. BNL 685 (T-232).
3. Inside the Protein Molecule, WERNER HIRS. BNL 649

(T-208).
5. Neutron Physics Of and With the High Flux Beam Research Reactor, HERBERT KOUTS. BNL 664 (T-218).
9. The Physics of Semiconductor Radiation Detectors, G.L.

MILLER. BNL 699 (T-241).
10. Theory ofthe Gene, MILISLAV DEMEREC. BNL 739 (T-

267).
12. Excessive Salt Intake and Hypertension: A Dietary and
Genetic Interplay, LEWIS K. DAHL. BNL 733 (T-263).
13. Galaxies, OTTO STRUVE. BNL 710 (T-247).
14. A Computer Learns To See, PAUL HOUGH. BNL 725

(T-259).
18. Accelerators ofthe Future, JOHN P. BLEWETT. BNL 741

(T-269).
Weekly Bulletin 14, No. 51-2; 15, No.1-51.
Weekly Selected Reading List 14, No. 16-52; 15, No. 1-15.
Miscellaneous:
Bibliography on Gamma-Ray Radiography, 1950 to 1961 Inclusive, With Subject and Author Indices, J.C. AUSTIN. BNL
716 (L-326).
Three Lectures on Elementary Particle Resonances, R.H.
DALITZ. BNL 735 (T-264).
• Also included are those listings from the last annual report
[BNL 682 (AS-15)] for which complete reference information
was not then available.
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HAHN, H. Nonlinear bunch motion at transition. Informal Report BNL 6425.
HAHN,H. AND HALAMA, H.J. Modifications of the wideband sum electrode system. Informal Report BNL 5749.
HAHN, H. AND ORGASS, R.J. A dynamic RF phase meter.
HAHN, H. - See also PLOTKIN, M.
HALAMA, H.J. - See HAHN, H.; PLOTKIN, M.
HOCHMAN, E.H. AND BARTON, M.Q. Synchrotron oscillations. Informal Report BNL 6420.
MARTIN, H.J. - See CRITTENDEN, R.R.
MASCHKE, A.W. Target efficiency measurements at the
AGS. Informal Report BNL 6426.
MUSGRAVE, B. - See CRITTENDEN, R.R.
NIELSEN, C.E. - See BARTON, M.Q
ORGASS, R.J. - See HAHN, H.
PLOTKIN, M. High level Q-meter. Electron. Design (in
press).
PLOTKIN, M. Magnet coil tester. Electron. Design (in press).
PLOTKIN, M., RAKA, E.C., HALAMA, H. AND HAHN, H.
Beam capture and acceleration in the Brookhaven Alternating Gradient Synchrotron. Presented at IRE
Western Conv., San Francisco, Aug. 1961.
RAKA, E.C. Some remarks on beam controlled acceleration. Informal Report BNL 5759.
RAKA, E.C. - See also PLOTKIN, M.
ROBERTSON, D.S. Internal bunching in the Alternating
Gradient Synchrotron. Informal Report BNL 6434.
SACHARIDIS, E.J. - See BARTON, M.Q
SANDWEISS, J. - See FICKINGER, W.J.
SANFORD, J.R. - See FICKINGER, W.J.
SMITH, L. W. Possible use of a betatron core on the Cosmotron. Informal Report BNL 6436.
SNYDER, H.S. - See BARTON, M.Q
SOUKAS, AV. Hall probe regulator action and Hall generator evaluation. Informal Report BNL 5750.
SWARTZ, C.E. AND FELDMAN, P. Beryllium foil monitor
for external proton beam. Rev. Sci. Instr. 33, 565-6 (1962).
TRANlS, A. Drift tube accelerator. Informal Report BNL
5788.
TURNER, C.M. Cosmotron injection system engineering
and operation notes. Pulsed liner, angle corrector and
inftector pulsing systems. Informal Report BNL 5751.
WALTERS, J.L. The ball tuner change tables. Informal
Report BNL 6427.
WALTERS, J. L. Design of reftectometers for coaxial lines
used at AGS linac. Informal Report BNL 6428.
WALTERS, J.L. Flattening procedures for empty cylindrical cavities. Informal Report BNL 5753.
W ALTERS,J.L. Some properties ofstub tuners which can be
displayed on Smith charts. Informal Report BNL 6429.
Applied Mathematics Division

SHIMAMOTO, Y. Graph theory and parametric representations of Feynman amplitudes. Nuovo Cimento Suppl.
(in press).
Architectural Planning Division

RUDDY, J.M. Design and fabrication of metal work for
two high intensity radiation experimental cells. ]. Struct.
Div. Am. Soc. Civil Engrs. 88, 23-32 (1962).

RUDDY, J.M. How to select gamma shielding doors.
Nucleonics 20, No.6, 94-5 (1962).
RUDDY, J.M. Shield doors grow in size, cost. Eng. NewsRecord 167, 50-1 (Nov. 23, 1961).
RUDDY, J.M. Versatile dc distribution gives wide range
of voltages and currents. Power 106, No.4, 68-9 (1962).
Biology Department

ALSTON, R.E. AND SPARROW, A.H. Somatic mutation
rates in double and triple heterozygotes of Impatiens
balsamina following chronic gamma irradiation. Radiation Botany 1,229-32 (1962).
ALTSZULER, N. - See STEELE, R.
AUGENSTINE, L.G. The effects of ionizing radiation on enzymes. Advan. Enzymol. 24 (in press).
AUGENSTINE, L.G. Radiobiological mechanisms: Comparative distribution and role of ionization, excitation,
and energy and charge migration. Chapter in Progress
in Biophysics and Biophysical Chemistry, Pergamon Press,
New York (in press).
AUGENSTINE, L.G. AND GHIRON, C.A. Inactivation of
trypsin by ultraviolet light. I. The correlation of inactivation with the disruption of constituent cystine. Proc.
Natl. Acad. Sci. U.S. 47,1530-47 (1961).
AUGENSTINE, L.G., GHIRON, C.A., GRIST, K.L. AND MASON,
R. The inactivation of trypsin by ultraviolet light. II.
The involvement of intramolecular hydrogen bond disruption. Proc. Natl. Acad. Sci. U.S. 47,1733-41 (1961).
AUGENSTINE, L.G. AND GRIST, K.L. Aspects of radiationinactivation of enzymes. (A) Presented at IAEA Symp.
Biological Effects of Ionizing Radiation at the Molecular Level, Br'no, Czechoslovakia, July 1962.
AUGENSTINE, L.G. - See also RILEY, P.; WEINBERG, C.J.
BARNES, H.W. - See ORDY, J.M.
BERECH, J. JR. AND CURTIS, H.J. Renal function in the
aged and x-irradiated mouse. (A) Presented at Radiation Res. Soc. Meeting, Colorado Springs, May 1962.
BERGERON, J.A. AND SMILLIE, R.M. Relations between
photosynthesis and the structure and enzymes of Euglena
chloroplasts. (A) Presented at Am. Soc. Plant Physiologists Meeting, AIBS, Corvallis, Oreg., Aug. 1962.
BERGERON, J.A. - See also GETTNER, M.E.
BISHOP, J .S. - See STEELE, R.
BORNER, G. - See INNES, J.R.M.
BOURDEAU, P.F. - See WOODWELL, G.M.
BREWBAKER, J.L. Cyanidin-red white clover, duplicate
recessive mutant in Trifolium repens L. Submitted to].
Heredity.

BREWBAKER, J.L. What can you expect from atomicirradiated seed? Submitted to Flower and Garden.
BREWBAKER, J.L. AND EMERY, G.C. Pollen radiobotany.
Radiation Botany 1, 101-54 (1962).
BROWN, J.AM. Effect of thymidine analogues on reproductive morphogenesis in Arabidopsis thaliana (L) Heynh.
Submitted to Nature.
BROWN, J.AM. Effects of thymidine analogues on the
apical meristem of Arabidopsis thaliana (L) Heynh. (A)
Presented at Botan. Soc. Am. Meeting, AIBS, Corvallis,
Oreg., Aug. 1962.
CARLOUGH, M. - See QUASTLER, H.
CARTER,J.G. - See WEINBERG, C.J.
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CONTI, S.F. AND GETTNER, M.E. Electron microscopy of
cellular division in Escherichia coli. I Bacteriol. 83, 54450 (1962).
Cox, E. - See LEVINE, M.
CROWLEY, C. - See CURTIS, H.J
CURTIS, H.J The biological effects of heavy cosmic ray
particles. Proc. 3rd Intern. Space Sci. Symp., Washington,
April30-May 5, 1962 (in press).
CURTIS, H.J. The late effects of radiation. Proc. Am. Phil.
Soc. (in press).
CURTIS, H.J The present status of the radiation hazard:
Types of radiation and mechanisms of action on living
organisms. (A) Presented at Ann. Meeting Am. Phil.
Soc., Philadelphia, April 1962.
CURTIS, H.J AND CROWLEY, C. Chromosome aberrations
in liver cells in relation to aging. Presented at IAEA/
UNESCO Symp. Aetiology of Late Somatic Effects of
Ionizing Radiations, London, March 1962.
CURTIS, H.J AND CROWLEY, C. Life span shortening
from various tissue insults. Presented at IAEA/
UNESCO Symp. Aetiology of Late Somatic Effects of
Ionizing Radiations, London, March 1962.
CURTIS, H.J - See also BAKER, C.P. (Physics); BERECH,
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