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CASE WESTERN RESERVE UNIVERSITY

July 24, 1992

Dr. D. Allan Bromley

Assistant to the President for
Science and Technology
Executive Office of the President
The White House

Washington, DC 20500

Dear Dr. Bromley:

At the recent Convocation of Professional Societies at the National
Academy of Engineering I was distressed to hear you say that you and your
staff know of no valid science that could be performed in a microgravity
environment. As a scientist who has been involved with NASA’s microgravity
program for many years and just completed an outstanding series of experiments
on the USML-1 shuttle mission, I would like to know the bases for your
conclusions.

I would call your attention to three reports, Refs. 1 to 3, issued by the
National Research Council which indicated many important and fruitful research
areas for microgravity research. The members on the committees that
developed those reports included distinguished space scientists and a Nobel
laureate in physics in addition to people involved in microgravity research.
Another report by the Space Studies Board, Ref. 4, has just been issued and
still another SSB Committee is developing a report, "A Strategy for
Microgravity Research for the 1990’s," which is to be completed by the end of
the year.

In short, this unusual multi- and cross-disciplinary research area has
been evolving over the years and has received careful scrutiny and endorsement
by a broad segment of the science community. This research is quite different
in many ways from the space sciences and seems to be different things to
different people.

I have enclosed a White Paper on microgravity research that was recently
released which helps to describe the nature and importance of microgravity
research. I believe it is a precursor for other cross-disciplinary research
which is essential for the Nation’s technological leadership and it impacts
the lives of the citizens more directly than much of the research in the pure
sciences.

Simon Ostrach
Wilbert J. Austin Distinguished Professor of Engineering
Department of Mechanical and Aerospace Engineering
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MAILING ADDRESS VISITORS AND DELIVERIES Phone 216-368-2942
Case Western Reserve University Glennan Building Fax 216-368-6445
10900 Euclid Avenue

Cleveland, Ohio 44106-7222
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WHITE PAPER ON NASA-WIDE MICROGRAVITY RESEARCH

EXECUTIVE SUMMARY

The NASA microgravity science and applications program is a fusion of the
Office of Aeronautics and Space Technology (OAST) Physics and Chemistry
Experiment (PACE) program and the then separate Office of Space Applications
Materials Processing in Space program and was ultimately assimilated into the
Office of Space Science and Applications (OSSA) as a separate discipline
office. It has been managed by OSSA since 1983 as a separate science
discipline division and, reflecting its origins, is still considered by many
observers to be essentially a "materials processing in space program". In
recent years it has become much more broadly based and scientifically
oriented. It has been designated as one of the two main research activities
for Space Station Freedom and has been receiving an increasing budget for
flight hardware development.

Microgravity research is directed to such topics as materials science,
combustion, fluid flows, heat and mass transfer, fundamental physics, and
biotechnology. Thus, it represents interdisciplinary research activities in
space and on the ground in which the underlying theme is the study of
transport and interfacial phenomena and their effects on physical, chemical,
and biological systems. Because of its inherent breadth and
cross-disciplinary nature a strong and unified constituency has not yet

developed. As a result of this and its early history as an applications

program there is some skepticism and criticism of the program’s scientific




integrity and merit.

A group of respected and experienced scientists (see Appendix) who
represent most major areas of microgravity research and who participate in
every major advisory group, both internal and external to NASA, together with
a distinguished fluid and thermal scientist, who has had no personal
involvement in NASA’s microgravity research .program, were assembled under the
auspices of the Universities Space Research Association’s (USRA) Microgravity
Science and Applications Science Council to provide NASA with a more global
view of the challenges and opportunities in developing a comprehensive
world-class microgravity research program and to recommend what is required to
meet them. This "White Paper" is a report of their deliberations and
recommendations. In no way should this report be considered as an evaluation
or criticism of any existing NASA programs. Such considerations were beyond
the scope of the study. The purpose of the study was to take a
forward-looking view, without constraints of existing NASA organizational
structures, to identify rich and meaningful microgravity science and
applications research so that the program can flourish and contribute to
NASA’s success and the Nation’s welfare.

The scientific basis for microgravity research is often misunderstood and
Is articulated here to allay misconceptions and to entice high-quality
researchers to the field so that a constituency can be developed to
participate in the program and serve as its advocate. While the low-gravity
environments of orbiting spacecraft and extra-terrestrial bodies present

unique conditions for serious scientific study, an often overlooked critical



fact is that the reduction in gravity also directly and dramatically
influences transport phenomena which play an essential role in a wide range of
processes that are important in both space-based and terrestrial technologies.
Furthermore, since space experimentation is both extremely costly and limited
in accessibility, mission-enabling technologies (e.g., life- and
operating-support systems) and commercial opportunities cannot be successf ully
developed unless the approaches are well coordinated and based on a
scientifically sound foundation. A succession of primarily empirical
investigations, however well justified each individual experiment may be, will
not likely succeed. A broad-scope, well-coordinated microgravity research
program is essential to provide the scientific and engineering base for such
developments. Therefore, for NASA to accomplish its numerous and diverse,
manned and unmanned, space missions it is essential that a productive
microgravity research program should both serve the science community and also
provide a practical knowledge base on which space technologies can be
developed in a cost-effective, reliable, efficient, and timely manner. Such
considerations will require broadening the scope of the present microgravity
research program and will significantly enhance its value to NASA and
contribute to the Nation’s industrial competitiveness.

A number of direct needs that follow from such a viewpoint are identified
herein. Some deal with scientific and technical issues, some with policy
matters, and others with policy implementation and public relations. Together

they indicate the need for enhanced continual interaction among the various

NASA units, external scientists and engineers, and industry and advisory




bodies. To satisfy such needs working groups are recommended, viz.;

discipline working groups to identify a broad range of relevant scientific
topics, intra-agency groups supplemented by external scientists and engineers
to define gaps in knowledge for which research is required for efficient space
technology and commercial endeavors development, and interdisciplinary "tiger"
teams of the most mature and experienced people in the program to help focus,
prioritize, and give advice on top-level decisions which can satisfy both the
desires of scientists and the needs of technologists. Cross-disciplinary
workshops and special lecture series are recommended to stimulate interest in
microgravity research and to disseminate the results to the various
constituencies, such as industry. This will help ensure that the most
significant and highest-quality research will be performed to accomplish
NASA’s many missions and that a constituency for the program will be molded to

serve as the program’s advocate, to give it credibility, and increase its

visibility.
The main points made herein are that:

1. Microgravity provides an unique environment (not unlike that of
ultra-high vacuum facilities, supercolliders and high-magnetic field
laboratories) for conducting world-class scientific research.

2. Transport phenomena which play an essential role in many processes that
are important in both space-based and terrestrial technologies are
significantly influenced by gravity and the research on these phenomena
in the current program is highly relevant to activities throughout NASA.
This type of research is of an interactive laboratory type which requires

scientists in space and is different from the observational-type research
associated with the more traditional space sciences. '

3. Because access to space is limited and costly, empirical means alone
should not be used to develop space technologies and commercial




opportunities. Scientific scrutiny must be given to the associated
processes to identify gaps in knowledge that require directed research
which will enhance the timeliness, cost-effectiveness, reliability and
efficiency of the developments. This scrutiny will broaden the scope of
the present microgravity research program and it emphasizes that
microgravity research is essential Agency-wide.

The essence of the recommendations made herein can be summarized by one
word, interactions. There must be direct and continual interactions among all
NASA units and with scientists and engineers both in academia and industry.
Working groups (different from advisory committees) are suggested as one means
of ensuring the interactions. There may well be other ways to accomplish the
objectives. Time and resource limitations precluded extensive exploration of
alternatives or of the implications of what is presented herein to existing
NASA activities. Furthermore, it would be inappropriate to do so. What is
intended ﬁerein is to bring to NASA’s attention a more global and integrated
view of microgravity research and to indicate its importance to the entire
Agency. A great deal of experience and wisdom exists both within NASA and in
the science and engineering communities and these should be integrated more

closely than ever before to determine specific ways to meet the challenges and

opportunities of the future.




FOREWARD

Despite three National Research Council repor“csl’z’3 that indicated
numerous valid reasons for microgravity research, NASA’s microgravity science
and applications program has different connotations to the various
constituencies on which it depends for support and implementation. To the
Congress, some NASA administrators and scientists, and many researchers it is
a "materials processing in space program,” which reflects its early history.
Space scientists (e.g., astronomers, planetary scientists, etc.) are skeptical ./~
of the microgravity program’s scientific content and some openly assert that
there is no scientific validity to the subject. The program has received
relatively little support and visibility and, therefore, has been constrained
to an effort of limited scope.

In this White Paper the nature of microgravity research will be outlined
and its scientific basis will be identified. It will be shown that
microgravity research is broader in scope than presented in Refs. 1 to 3, is
central to NASA’s overall mission, and is of profound importance Agency-wide,
not only to the Office Of Space Science and Applications (OSSA) but also to

the Office of Commercial Programs (OCP), the Office of Aeronautics and Space

'Industrial Applications of.the Microgravity Environment, Space Applications
Board, NRC, 1988.

2Space Science in the Twenty-First Century, Imperatives for the Decades 1995
to 201S: Overview, Space Studies Board, NRC, 1988.

3Space Science in the Twenty-First Century, Imperatives for the Decades 1995
to 201S: Fundamental Physics and Chemistry, Space Studies Board, NRC, 1988.



Technology (OAST), the Office of Space Exploration (OSE), and the Office of

Space System Development (OSSD) which is responsible for Space Station Freedom (SSF).
In this way, the scientific relevance of microgravity research will be

demonstrated and it will also be shown that applications are an essential part

of those activities. The implications of- this global viewpoint are that the

microgravity research program must not only broaden its scientific scope but

| also must expand its activities to provide a knowledge-base from which space

technologies and commercial applications can be more efficiently and

economically developed. A corollary of this viewpoint is that the research

\
|
|
} activities and mission effectiveness in all the offices cited above (OSSA,
|
|
\

OCP, OAST, OSE, 0SSD) will be enhanced.




INTRODUCTION

The low-gravity environments aboard orbiting spacecraft and on
extra-terrestrial bodies offer unique conditions for scientific inquiry and
also present challenging problems and opportunities for commercial
developments and for mission - enabling technologies, such as life- and
ovper‘ation-support systems. The main unique chéracteristic of low-gravity
environments is that gravitational body forces are reduced. This leads to
diminished buoyancy-driven flows and sedimentation and to the increased
importance of surface tension at liquid interfaces. Thus, multiphase and
multicomponent fluid behavior, e.g., mixing and separations, and interfacial
phenomena are significantly affected. Almost all fluid transport phenomena
(flows and heat, momentum, and mass transfer) are directly influenced by
gravity. It must be recognized that such phenomena are vital elements in a
wide range of physical, chemical, and biological systems, many of which are
important in both terrestrial- and space-based technologies. Thus, if NASA’s
overall program in space science, exploration, transportation, and
commercialization is to be successful, cost effective, reliable, and efficient
it is essential that a comprehensive understanding be obtained of low-gravity
fluid phenomena and extraterrestrial process operations.

Traditionally, NASA’s microgravity research program has been centered in
the Microgravity Science and Applications Division (MSAD) in OSSA. Although

primary emphasis was originally given to materials processing, there now is an

appreciation that microgravity science and applications comprise a broader




range of research activities that are to be conducted terrestrially and in
space. The current microgravity research program includes such topics as
materials science, combustion, fluid flows, heat and mass transfer,
fundamental physics, and biotechnology.

An important aspect of microgravity research is its inherent breadth,
which encompasses a number of sub-fields. Accordingly, microgravity science
is not a distinct discipline, but rather is a set of interdisciplinary space
research activities, in which a unifying and almost ubiquitous feature is the
study of transport phenomena in physical, chemical, and biological systems.
The fluid and thermal sciences, which are among the most highly developed
areas in classical physics, constitute the core of such studies.

In considering new and important directions for microgravity research
emphasis is given herein to transport phenomena because they are highly
gravity dependent and occur in so many technologies. This focus is in no way
meant to diminish the significance of other microgravity research topics. It
should be noted that research on transport phenomena requires scientists to
control and observe the experiments, i.e., it is of an interactive laboratory
type in contradistinction to the observational research performed by space
scientists.

It is the purpose of this White Paper to indicate that microgravity
research is of vital importance Agency-wide, i.e., it -both impacts and depends
on activities not only in OSSA, but also in OCP, OAST, OSE, and OSSD. Thus, it

will be shown herein that the microgravity science and applications program

must be expanded in scope and depth specifically to include more emphasis on




the fundamental problems of extraterrestrial process operations. It follows
then that the important microgravity research will need to be recognized and

supported by all relevant offices within NASA.
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CHALLENGES AND OPPORTUNITIES

The assertions made in the Introduction have implications for many

offices and divisions within NASA.

Microgravity Science and Applications Division (MSAD) -

The goals of the microgravity fluids research program to be sponsored by

MSAD are to:4

"Improve the understanding of those aspects of fluid dynamics and
transport phenomena whose fundamental behavior is limited or affected by the
presence of gravity, and where low-gravity experiments will allow insight into
that behavior; Provide basic scientific and practical knowledge needed to
design effective and reliable space-based systems and facilities which rely on
fluid processes in their operations;

and,

Assist the other MSAD disciplines, such as materials processing and combustion
science, by developing an understanding of those gravity-dependent fluid
phenomena which could affect the success of the programs.”

A number of promising research areas that were identified by the Fluids,
Interfaces and Transport Discipline Working Group include capillary phenomena,
multiphase flows and heat transfer, double-diffusive transport,
magneto/electrohydrodynamics, colloids and nucleation phenomena, and
solid-liquid interface systems. These topics are certainly interesting and
highly gravity-dependent and, therefore, are of scientific significance.

Moreover, to satisfy the need to broaden the microgravity research program a

*NASA Research Announcement, Microgravity Fluid Dynamics and

Transport
Phenomena, NRA-91-0OSSA-17, pg. S, August 23, 1991.
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series of NASA Research Announcements was issued.a's’f"']'iz'9 However, -if the
goal of developing a knowledge base for the "design of effective and reliable
space based systems and facilities" is to be satisfied then the gaps in
knowledge that need to be filled to satisfy that goal must be clearly
identified. This, especially with regard to technological needs, could

lead to topics in addition to those cited above resulting in an enrichment of
the overall program. Furthermore, the associated research must be done over
the appropriate parametric ranges of operating conditions and configurations
(directed research) so that the information will be meaningful for enhancing
the technology design.

The direct implication is that there should be intimate and continual
interaction among MSAD, the Life Sciences Division, OCP, OAST, OSE, and OSSD
and also among both scientists and engineers in NASA, the universities, and
industry. The last is particularly important because the industrial personnel
who will design and fabricate the technologies are not as likely to read the

scientific papers scattered among diverse journals and, thereby, will not be

familiar with the nuances of the microgravity environment. Thus, another

®Combustion, NRA-89-0SSA-22

6Containerless Materials and Fluid Sciences, NRA-90-0OSSA-23
"Biotechnology, NRA-91-OSSA-18

®Materials Science, NRA-91-OSSA-20

9Fundamental Science, NRA-91-0OSSA-24
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implication is that there must be directed outreach programs developed for
|
\
industries so that they can be made aware of the differences between ground-
and space-based operations and performance and include them in their designs.

Office of Aeronautics, and Space Technology (OAST) -

1 The mission statement for OAST'C is that it "shall provide technology for
‘ (present and) future civil space missions and provide a base of research and
| technology capabilities to serve all National space goals." A well managed

and focused program will provide at least the following:‘

|

\

} Development uncertainties will be reduced so that mission safety and
} reliability would be increased.
|
|
\

Flight program development and operations costs would be reduced as would
also, thereby, the cost of access to space.

Mission performance would be enhanced.
New missions would be enabled.

Developed technologies would be more broadly applicable so that national
competitiveness would be improved.

10Advanced Technology for America’s Future in Space: A Review of NASA’s
Integrated Technology Plan for the Civil Space Program, Preliminary Draft,
Space Systems and Technology Advisory Committee, June 24-28, 1991.

*
Paraphrased from the cited source.

13




Although some of the technologies required for NASA missions, such as
communications systems, robotics, and specialized instruments, do not directly
involve transport phenomena, many others do. Examples are: various power
systems; thermal management devices and systems; spacecraft fire hazard
management, cryogenic engines, fluid systems, and tankage; physical and
chemical life-support systems; and more mundane user-support subsystems, such
as toilets and refrigerators. More specifically, multiphase flow phenomena
which are highly gravity-dependent, are central to heat transfer in many
space-based systems, gas-liquid contacting for air purification and energy
generation, and also will play a major role in key space related and
extraterrestrial chemical processes, such as catalysis and ore
beneficiation. Fundamental studies are required to quantify the effects of
gravity on such phenomena prior to their application to process designs for
non-earth gravity levels. Therefore, as a specific example of the types of
interactions proposed herein, the MSAD and the OAST should be in close continual
contact so that the latter will be familiar with the on-going research in the
former and utilize the expertise which has and will be developed as a resource
in the development of OAST’s long-range design considerations. Accordingly,
OAST should identify its planned technology developments so that the gaps in the
knowledge base required can be identified in order that the MSAD can be
supported to extend its basic research to those areas that will most
significantly assist OAST programs. If the basic knowledge is available, then

the OAST should support the required directed research for immediate

application.
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As a specific example of the needed interaction between technology
development and basic research, safe, rational, and efficient heat transfer
design for reduced gravity applications is currently not possible because
fundamental knowledge of very low Reynolds number forced convection, boiling
and condensation in microgravity is lacking.

NASA’s long-term mission to explore the universe is also clearly
dependent on understanding and exploiting the behavior of materials and
processes in reduced gravity. For example, the mining, winning, and
processing of extraterrestrial materials will be essential for extensive
exploration of the solar system. It would be too costly to transport
earth-based materials to the moon and other planets and, consequently, in situ
materials must be used. Current processing techniques based on terrestrial
experience will not suffice for obtaining large masses of materials under the
unusual conditions encountered in extraterrestrial environments. Technologies
to enable processes such as fluidized bed hydrogenation, electrolysis and
electrowinning, and vapor-phase pyrolysis must be developed and they all
involve transport phenomena modified by gravity. In addition, the
technologies for life- and operations-support systems, such as power
generation and storage, water purification, oxygen production, fuel and fluids
storage and management, all involve transport phenomena that are influenced
directly by gravity.

Thus, if reliable, cost-effective, and efficient technologies are
eventually to be developed to enable the NASA missions on the Shuttle, Space

Station Freedom, and other spacecraft then acquiring a great wealth of
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fundamental understanding regarding the effects of gravity on many transport
phenomena becomes essential. This understanding should be pursued in NASA’s
microgravity science and applications program as soon as OAST and the mission

offices have defined their technology and operations needs.

Office of Commercial Programs (OCP) -

The OCP sponsors industrial research and program initiatives that
encourage the participation of U.S. industry in commercial space endeavors.
The OCP-sponsored Centers for the Commercial Development of Space form
partnerships in which universities, non-profit institutes, and industries
participate in industry-driven focused and/or applied research.

Commercial microgravity programs require directed research on subjects
not very different from those pursued under basic microgravity science (MSAD)
and space-technology development (OAST) because biological, physical, and
chemical transport phenomena, which are highly gravity-dependent, are vital
elements in the chemical, pharmaceutical, food-processing, and biotechnical
industries as well as in materials processing. These transport phenomena
include: catalytic reactions, adsorption/desorption at solid and liquid
surfaces, dissolution and precipitation of crystals from solutions and
solidification of crystals from melts, electrochemical reactions, evaporation,
sublimation, condensation, etc.

Although most industrial processes and their associated equipment were

developed empirically, the same Edisonian procedures cannot be followed in the

16




costly, complex and limited access environments of orbiting spacecraft.
Microgravity research can enable preliminary evaluation to be made of the
myriad of space commercialization possibilities to screen out and focus on
those likely to benefit most from a low-gravity environment as well as to
provide the knowledge Base for subsequent developments which serve to

accelerate commercial endeavors.
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Life Sciences Division (Code SB) -

Life scientists have long appreciated the effects of gravity on the
structure, function, and evolution of terrestrial organisms of both the plant
and animal kingdoms. Geotropism in plants and the vestibular system in
mammals are but two examples that have a long history of detailed study.
Other effects such as calcium resorption from bones and lymphocyte activation
in the immune system have emerged as important biomedical issues only since
the entry of man into space.

It is already clear that if we are to carry biological systems into
space, both human and otherwise, a substantially more detailed understanding
must be acquired of the effects of gravity, and its absence, on living
organisms. This knowledge must be acquired not only at the organism level, for
the purpose of insuring human health, safety, performance and comfort, but
also at the cellular and molecular level as well. Only by penetrating the
fundamental biophysical and biochemical mechanisms by which cellular processes
are influenced, can we ultimately control the most visible manifestations.
Accordingly, the Committee on Space Biology and Medicine of the Space Science

Board defined the major goals of the scientific program to be: !

1. To describe and understand human adaptation to the space
environment and the readaptation upon return to earth.

P To use the knowledge so obtained to devise procedures that will
improve the health, safety, comfort, and performance of the
astronauts.

Ya Strategy for Space Biology and Medical Science, For the 1980s and 1990s,
National Research Council, 1987.



3. To understand the role that gravity plays in the biological
processes of both plants and animals.

4. To determine if any biological phenomena that arise in an individual
organism or small group of organisms is better studied in space than
on earth.

The structures and mechanisms by which all cells operate rély upon the
same physicochemical processes of fluid flow and heat and mass transfer in
nonliving systems. These processes are ubiquitous and extend to cells,
tissues, organs, and entire living organisms.

To understand properly the higher physiological processes that govern,
for example, fluid distribution, heat dispersion, or muscle strength it
ultimately will be also essential to understand, in turn, the phenomena of
transport at the fundamental level as well as the interrelationships among
structure, stress and their biochemical consequences. If living organisms are
eventually to be maintained in a microgravity environment for extended periods
of time, then a far better appreciation and definition of how such processes
are affected by gravity will be essential.

Even at this time, attempts to describe accurately fluid redistribution,
bone resorption, and altered immune states in astronauts all suffer from a
lack of understanding of the key physicochemical and biochemical processes
operative in microgravity. Human health and protection of human physiology
and tissue integrity will be' the direct and important beneficiaries of
microgravity research that is currently underway and planned for the future.
The interrelationship of the microgravity research within the Life Sciences

and the Microgravity Science and Applications Divisions (MSAD) programs should
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be evident.

Another obvious area of interdependence of microgravity research between
the Codes is in biotechnology. This is a classic case where the pursuit of
the basic science and methodology is occurring in MSAD whereas the
applications should be addressed by the Life Sciences Division. The
implications of the combined activity are increasingly clear in that the
rapidly emerging biotechnology industry, perhaps destined to become the
prevailing industry of the early 2lst century, is reliant on the development
and understanding of new processes for the growth, separation and
characterization of entities ranging from macromolecules to cells. Thus,
techniques such as cell culture, electrophoresis, X-ray crystallography,

| chromatography, and isoelectric focusing have come to the forefront.
Experiments are still in their early stages, but it is already clear that
microgravity can be used in novel and important ways to understand and enhance
these methodologies, and in some cases make possible entirely new technologies
now unknown or unworkable in the presence of terrestrial gravity.

To cite one example, the value of preparing protein crystals of high
states of perfection in the elucidation of protein and nucleic acid structure
and the subsequent use of the conformational data for pharmaceutical design
and protein engineering is now beyond question. Data are accumulating that
demonstrate the benefits of a microgravity environment for growing certain
macromolecular crystals which are essential for achieving rational drug design

and therapeutic applications because the quality of the solid state depends on

what occurs in the fluid state.




Of course, the ultimate impact of microgravity research on the
improvement of human health, the development of novel treatments and
medicines, the better understanding of plant responses, and the ultimate
enhancement of our quality of life cannot be predicted. It is, however,
certain even at this very early stage in the development of microgfavity
research that the information gained over the next decades can be applied to

obtain benefits which may be profound and wide reaching.
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SUMMARY

Microgravity science is highly interdisciplinary and broad. It consists
of subjects as diverse as materials science, combustion science, physics,
chemistry, and biotechnology. The common denominator are the phenomena
affected by gravitational body forces, specifically, fluid flows, multiphase
mixing and separations, heat and mass transfer, and interfacial behavior.

Space system designers, engineers and the ultimate users of those systems
will continue to be confronted with the challenge of developing many new,
enabling, and critical concepts and technologies that involve transport
phenomena reacting to alien gravity environments. Unfortunately, predictive
models for low-gravity performance and operation of those technologies are
currently non-existent, inadequate, and potentially misleading. The same can
be said of industrial programs attempting commercialization in low-gravity
environments.

Normal-gravity mechanistic and/or empirical developments are not
appropriate for low-gravity applications. In the past, empirical means were
used to overcome difficult engineering problems encountered in the space
environment, but these have been costly, time consuming, and have resulted in
products or systems that are neither reliable, high-quality, nor efficient.

In addition, flight opportunities are much too scarce for purely empirical
approaches to advance technology in low-gravity environments. There is today |

a growing awareness that by giving scientific scrutiny to all technology

developments many of those deficiencies could be overcome and, thereby, one




could enhance the Nation’s global competitiveness. An important implication
of this logic is that researchers and engineers should interact much more
closely within a deliberate well-coordinated microgravity research program to
identify and solve the unique problems imposed by space-based operations.

Microgravity research on >transport phenomena is directed to studies in
space which are of an interactive laboratory type and, therefore, differs from
the observational type of space science research made of space. This

indicates another significant role for "humans in space" in addition to those

of exploration and spacecraft repair.
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RECOMMENDATIONS

The foregoing is not meant to imply that NASA is unaware of the problems
and challenges discussed. In fact, many steps have already been taken to
address some of these issues. For example, MSAD has recently issued NRAs4 e
to broaden the scope of its research program. OAST has an In-Space
Technology Experiments Program (INSTEP) and is suggestmg the use of SSF for
technology development and qualification; the OCP’s CCDSs do foster the
interaction of universities and industries. Also, NASA has sponsored a number
of workshops dealing with some of the subjects discussed above. Theref ore,
what is to be presented in this section comes from an external and a more

global viewpoint and is intended to identify Agency-wide needs that follow

from the challenges and opportunities set forth earlier and the means of
satisfying them. Also, some aspects of fostering the broader NASA-wide
implications of microgravity research that have not been explicitly identified
\;vill be indicated below.

Although each of the NASA program offices mentioned above seem to be
aware of the problems, there has not been a clear articulation of the fact
that microgravity research is an Agency-wide necessity. Overt actions, with
perhaps a few exceptions, have not been taken. The required continual and
direct intra-NASA interaction are lacking. Also, only a relatively few
high-qualified scientists and engineers who do research on transport and
interfacial phenomena are involved in the microgravity research program either
as investigators or as participants on advisory committees. The microgravity

research program has low visibility to most technologists and scientists




because relatively few transport phenomena studies have been funded and there
have been insufficient workshops disseminating information on such topvics.
Thus, there is a great need for providing greater visibility to the
microgravity research program so that people with the proper expertise and who
are interested in interdisciplinary research become participants at all
levels. (The recent MSAD NRAs are a good first step in this direction.)
There is also a critical need for greater involvement of engineers who can
both identifyrthe technological problems that will serve to br;)aden and focus
the science program and then use the research results in their designs.

The responses recommended to meet the critical needs facing NASA are to:

I. Recognize the relevance of low-gravity research to many of NASA’s
missions:

(a) Expand the scope of the current microgravity science program to new
areas and increase its breadth in order to develop a knowledge base
for mission-enabling technologies and to identify the best
commercial possibilities and enhance their development.

(b) Develop inter-divisional and intra-Agency cooperation in
microgravity research and identify scientists and engineers to help
support and further such Agency cooperation.

(c) Obtain broader interaction and representation in all NASA units of
distinguished scientists and engineers with expertise in disciplines
vital to researching and resolving microgravity related problems.

(d) Determine the best uses of Space Station Freedom for microgravity
research and for space qualification of critical technologies and
testing of prototype systems for both life- and operating-support
systems and for promising commercial enterprises.

(e) Establish a balance between fundamental and applications oriented
research.

(f) Expand the applications for which microgravity can provide an
advantageous environment.
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I Improve NASA’s flight experiment development and support structure so

that it can operate in a more cost efficient and timely manner.

(a)  Simplify and unify inter-Center and Headquarters interactions and
ensure close and continual involvement of the principal
investigators in aj] aspects.

(b) Explore opportunities for in

ternational cooperation and technology
transfer.

III.  Improve assimilation and dissemination of low-gravity research results.

(@) Develop means of interacting with industry to obtain theijr input for
relevant research areas and to impart to them the latest state of
knowledge applicable to their responsibilities and concerns.

(b) Develop programs to su

pport scientific manpower, training, and
education.

(c) Develop user-accessib]

€ archiving of important research data and
facilities information.

(d) Improve the visibility of the entj

some with policy matters and others with implementation of policy and public

relations. They all indicate the need to involve a broader range of people,

€.8., more transport and biotechnology researchers, engineers, businessmen,

€tc., than have, heretofore, been associated with the program. Much more

extensive interactions among these groups are essential, both within NASA and

with an external community. Thus, the over-riding challenge is to mold a
broad constituency of people with diverse disciplinary interests and

scientific, technological, and industrial orientations for identifying and

performing the highest—quality research and for providing the advocacy and

expansion of the microgravity research program.
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Discipline Working Groups have served NASA well in identifying important

scientific topics. It is, therefore, recommended that other working groups

(as contrasted to advisory committees) be formed as well to meet the broader
range and scope of issues described above. For an example, intra-Agency
groups could be formed supplemented by external scientists and engineers to
define gaps in knowledge for which research is required for efficient and
reliable space technology and meaningful commercial endeavors development.
Interdisciplinary "tiger" teams of the most matufe and experienced people in

the program could help focus, prioritize, and give advice for top-level

decisions. It would appear that the formation of such working groups is one
good way to broaden, enrich, and enhance all aspects of NASA’s microgravity
research program and, at the same time, bring about the interactions among the

various types of people, both within NASA and the external community, that are

SO necessary.
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March 11, 1991

SCIENTIFIC RATIONALE FOR THE RESTRUCTURED SPACE STATION

INTRODUCTION

At the request of the Vice President, the Office of Science and Technology Policy has
studied the restructured plan for the Space Station Freedom that was prepared by
NASA at the direction of Congress. We have focussed our attention on the broad
scientific and technological goals of the restructured program. In particular, we have
reviewed the merits of the two scientific thrusts -- microgravity materials science, and
life science -- that have been advanced as motivations for the Space Station project,

and have attempted to place these in perspective with other goals of the program.

It bears emphasis that our study of this new design and its scientific rationale has
been carried out under substantial time pressure and in many cases we have had to
rely on previous reports and analyses. To the extent possible, in the time available,
we have discussed these questions with a number of experts in the field. We cannot,
and do not, however, claim to have conducted an exhaustive study of the questions
involved; and we are perhaps more aware than most that the history of discovery in

fundamental science is consistently marked by surprises.

In the FY 1991 appropriations process, Congress directed that NASA assign highest
priority to the establishment of a fully equipped microgravity laboratory, in its

redesign of the space station. This mandate contrasts strikingly with the Augustine



Committee’s recommendation that the "Space Station Freedom be revamped to
emphasize life sciences and human space operations, and include microgravity as

appropriate." In view of these opposed recommendations, a careful evaluation of the

motivations for the microgravity laboratory is essential.

MICROGRAVITY SCIENCE

The magnitude of the force due to gravity is a variable, together along with
temperature, pressuré electric and magnetic field strength, etc., that can influence the
outcome of an experiment in materials science. Any experiment that extends any of
these variables into @ new range is likely to yield new results. The influence of
gravity is studied routinely in terrestrial experiments through the use of centrifuges
that increase the force of gravity. The novelty of the space environment is that it
permits researchers to study the effects of gravity at decreased levels, for extended
periods of time. In the early 1980’s, when the space station research program was
initially formulated, there was considerable optimism for early commercial benefits.
However, commercial interest in microgravity materials science experiments aboard the
space station has waned over the years. Our review produced no evidence for a
significant commercially-driven motivation for a space station microgravity facility, as
well as a number of specific indications of decreasing interest. As a very recent
(February 1991) CBO study put it, "the last ten years have confirmed that processing
materials in space is an expensive, high-risk activity that is not likely to produce

economic returns in the near future .. (and] consequently, the private sector has not

invested substantial resources in microgravity activity".




With commercial applications no longer the driving force, interest in space station

microgravity experiments has shifted to basic research. Here, the arguments for
materials microgravity research aboard the space station are generically identical to
those used to justify any other materials science basic research initiative, and thus the
microgravity work should be evaluated according to the standard merit criteria. We
have not attempted to compare in detail the scientific merits of the space station
microgravity experiments with materials science experiments conducted on earth or on
rockets, Spacelab, Spacehab or on other space vehicles, but we have found no
convincing evidence that the space station experiments are dramatically superior to
the other materials science research. (In fact, Nobel laureate and American Physical
Society President Nicolaas Bloembergen recently stated, in testimony before the House
Committee on Science, Space, and Technology, that "Microgravity, to be blunt, is of
microimportance to science...."). It has been argued, however, that the space station
will offer superior facilities, at little additional cost, for the research that will be
underway aboard the Spacelab system in the mid 1990’s. In this view, NASA’s
transfer of these activities from Spacelab to space station simply takes advantage of a

"free ride", constitutes a programmatic decision, and poses no policy issues.

With regard to space station microgravity science, we conclude that (a) its commercial
prospects are remote, (b) its value as fundamental science is not qualitively superior
to that of other research, (c) its attractiveness depends on the space station being
constructed for other purposes. It is important to note, in addition, that many of the
primary microgravity experiments cannot be conducted during periods when

astronauts are assembling or inhabiting the station. Thus, materials microgravity



research would only represent a transient use of the space station. Given that
microgravity research involves little incremental investment, that its benefits are
similar to those offered by other basic research projects of comparable incremental
cost, and that it will be a temporary activity aboard the station, this activity does

not provide a significant rationale for the space station.

Having concluded that microgravity materials research is at most incidental to the
space station, we turn now to the only remaining potentially important purely

scientific rationale for proceeding with this project.

LIFE SCIENCE

The primary thrust of the life sciences research program for the space station is to
support the manned space exploration program. There is widespread agreement that
manned exploration of space depends on understanding the health effects of exposure
to this environment and on developing the ability to counteract such effects. Issues of
critical importance to the health of astronauts include bone and mineral metabolism
(including loss of bone calcium resulting in osteoporosis); long terms results of
cardiovascular adaptation to action under microgravity conditions; muscular atrophy
from changes in exercise patterns; behavioral aberrations resulting from operating in
a high-stress situation in a far from ideal working/living environment; and potential

carcinogenicity or reproductive toxicity of exposure to radiation.

A number of studies have been conducted to identify the research that is needed to

address these issues. Some of this research can be carried out on earth. However,




experience on manned missions to date, including accounts from the Soviet space
program on flights of long duration, indicates that extensive manned exploration is
not feasible without the support of a comprehensive clinical research program
conducted in-flight. Long-term, well controlled trials, will be needed to determine
whether serious, potentially irreversible effects on physiology may be avoided or
ameliorated by exposure to artificial gravity, or by other means. These trials, as well
as essential studies of life support systems, will require a permanently-manned space
station. It is essential that data be obtained on a substantial number of human
subjects to insure that effects of imporatnce are not masked--or simulated by--

individual peculiarities. Indeed, we find that a man-tended station, if that were the

ultimate goal, would have little merit.

With the case for the redesigned space station thus resting squarely and solely, in our
opinion, on its role, from a scientific point of view, in supporting manned space
exploration, two issues require resolution. First, the current plan is ambiguous as to
whether microgravity experiments would continue into the permanently-manned phase.
We believe that they should not, and that the design should focus strictly on the
critical space medicine experiments. In any event, the human habitation of the
station is fundamentally incompatible with the requirement that the microgravity
experiments be unperturbed, and the latter requirement should not be permitted to
compromise the former. Second, it is the judgment of experts in the field that the
questions related to supporting human life in space cannot be fully answered without

the ability to control exposure to gravity. It may well be that some of the

abovementioned effects will show thresholds or nonlinearities and in consequence, if




we are to be able to extrapolate observations made in the space station to longer
duration exploration activities it is essential that at least one intermediate
grautational field value—-between 0 and 1 g—be studied. Intermediate grautational

fields may, in themselves, be essential for long duration manned spaceflight.

We consider that the planned animal centrifuge is an essential feature of the station;
however such studies must be extended to humans and thus it is essential that the
design of the station not preclude a human centrifuge. The redesign has no such

provision, at present.

INTERNATIONAL CONSIDERATIONS

From the outset of the space station program the U.S. has enjoyed active
collaboration with scientists and engineers from Japan, Canada, Europe and Japan.
In the most recent rescoping of the station, at Congressional direction, these
international collaborators have been involved in detail and we are assured that the

new design will satisfy their requirements.

This is an important consideration inasmuch as several of us in OSTP have ben told
personally--and pointedly--by the most senior representatives from Canada, Europe
and Japan, that having renounced major components of their domestic space
programs in order to participate in ours, should we fail to follow through on our

commitments regarding the station it will be very difficult to arrange further

cooperation in other areas of science and technology in the foreseeable future.




CONCLUSION

Given a national commitment to manned space exploration, the space station is
needed to find means of maintaining human life during long space flights. This is its
only scientific justification, in our view, and all future design efforts should be
focused on this one purpose. Neither the commercial processes nor the scientific
merit of the microgravity experiments come close to justifying the cost and effort
required to build, deploy and operate the station; moreover, provision for neither
processes nor experiments should, in any way, compromise the life science goals. The
issue of compatibility of microgravity experimentation with human habitation makes it
questionable whether microgravity experiments should be done at all in the space
station, except during the few years when the station is being assembled, and before it
becomes permanently manned. Finally, we recommend that high priority be given to

including a human centrifuge in the implementation of the design.

Having considered all the above, we are convinced that the ultimate, compelling
argument for the space station configured, as the Augustine Committee has suggested,
is that of a first step in the great adventure that will take mankind away from the
home planet for extended periods--and the true beginning of manned exploration of
the solar system and beyond. Although we focus here on the importance of the life
science data to be obtained from a permanently manned station, we should not forget,
or minimize, the importance of developing much of the space technology and know-

how required, for all subsequent exploration, in the relatively convenient low-earth

orbit environment to be occupied by the station.



Without having examined the detailed engineering features of the redesigned station,

we conclude that its conceptual design is appropriate to the goal of advancing man’s

exploration of space.
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

August 17, 1992

MEMORANDUM FOR THE FILES

FROM: DOUG BEASON X2

SUBJECT: SIMON OSTRACH’S LETTER TO DAB ON
MICROGRAVITY MATERIALS SCIENCE
RESEARCH

® Main grievance is with a "no valid science" claim by OSTP for microgravity materials
science

® His White Paper describes very generically the importance of microgravity research
-- He concludes it mostly benefits basic science
-- His arguments are limited to:
1) Microgravity provides a unique environment
2) Transport phenomena are significantly influenced by gravity
3) Empirical means alone should not be used to develop space
technologies
® From OSTP’s internal paper, OSTP does not have a problem with this
-- OSTP argues that because microgravity materials research will mostly
benefit basic research, it should therefore be judged according to standard
basic research merit criteria
-- OSTP further found that there was no convincing evidence that space
station experiments are dramatically superior to other materials science

research

® OSTP’s main point that microgravity science’s value as fundamental science is not |
qualitatively superior still makes sense |

the need for mlcrogravnty materials scnence research, we only argue that it be judged
according to the same standards as other basic research . . . and microgravity experiments
appear not to be dramatically superior to other materials science research
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THE WHITE HOUSE CIA

WASHINGTON

August 31, 1992

Dear Dr. Ostrach:

Thank you for your recent letter and accompanying materials. I am writing to correct a
misunderstanding in your correspondence concerning the statement that "no valid
science" could be performed in a microgravity environment.

Certainly I would not support such a statement. I have no doubt that both the validity

and quality of science in a microgravity environment would be very good. I should add,
however, that I do not believe that the $40 billion space station program can be justified
on the basis of microgravity science.

Rather, that justification is found in the space station’s critical role in the manned
exploration of space in my view. I do anticipate very interesting ancillary research as a
byproduct of this endeavor.

I appreciate this opportunity to clarify my position.

Sincerely yours,

WW

D. Allan Bromley
The Assistant to the President
for
Science and Technology

Dr. Simon Ostrach

Wilbert J. Austin Distinguished Professor of Engineering
Department of Mechanical and Aerospace Engineering
Case Western Reserve University

10900 Euclid Avenue

Cleveland, Ohio 44106-7222
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Finerty Consulting
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Zapapart, O 3101

alisco, MEXICO

To whom 1t may cornsern
FRe: Tlac and Frac accelerators and the

I became interested 1in linac o accelerator)
design while visiting the Lawrence Hall of Science in . Berkel ey
California in  the earl y 19707s. Finding that T had time an  my
hands  in 1978, 1| proposed to the Surgical Biology Department of
the | Arizona Health Sciences Center in Tucson a superconducting
design  of arn OHlverez linac for use in Cancer Thera py. using the
Linap  to drradiate a tungsten target to produce gamme 1" ay . it
that time, I had in mind the Tuned Linear Accel erator desi L.jl 1, but
wag | too disturbed to solve the veloci ty problem left hy
Einstein with his Relativity. the special and

bhert

=T
i3
i

In 1985, by chance 1 happened to hear a lecture oan
food drradiation given to the Institute of Food Technology in  a
lecture at LSU il_ouisiana State Univerasity). As my wife, Meggane
Wi seman Finerty, was expecting a baby and as I 5uffer1ng from &
disability induced by Army service, was expected to be the el =
mary care giver, I fouwid mvself with time on my hande to pursue
the problem of the TLAC (Tured Linear Focel erator)

By mid-October, I had a gerneral schematic of the
electronic configuration worked out s all the cavities were to  |be
af the same length, in order to avoid the "Reat Ftpqncnr“‘ vty -
lem, which all but cripples the Alvares desigrn. The g: et wee
cavities were to be capped by perforated end plates. There was to
be & half wavelength (of the exciting radio tfrequency radiaticon
applied to the end plates) connection Fetween adjacent end plat
at a single gap The etcitars were to he syncronized by
integer mulptiple of the wavelerngth wire betwe
@

S IG an
tgrids of Lile
sitors (modul ators) and the wire hetween the excitor plate  and
the end plates was Lo be varied (hard wired delay) so that o pul se
of  charged particles comin g down the cavity chain would meot =
ctharge arriving at the leadi ng end plate  sinultanecus Ly, e
result of this design was that a TLAD would come into syro sever-
al orders af mamagrii tude per second oftener  than
accelerator.

& Al veres

The  anly difficult part was calculation the 1en gtth of
wire needed at each Gapr for the delay and to this proint, Einsteiln
was of no help. FElemental znial L=y Fater showed thalt the Formual a

15 of Relativit -"; the spe Loand gereral
af |; Hied to BRosons, not Fermions, and G Lhe oo :
W IRV ab badled ta i [rassing. I'n et e al
..... alved the \J( whcor Lorent s Chouwnd by cubiet | Luting thie

that he gave in chapte
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proved to be & quartic, quadratic in v Equared_'mﬁ;éll%aTgﬂct::E
the particle in a accelerator has Oﬁly three_q$f1!{q%“uu mp?nééir
istics for the puwposes of calcglatlmn (1@1 febt_g:ergii m;;m“_ia
energy and charge) [ was quickly‘able to fqr@uyﬁggwavp;aggd_jvew
Basic that would calcoculate the delay by ﬁotlhg (L{Yflaquﬁ .gl-tf
the length necescsary (neglecting the medium in which electrici Y
travels.)

At that point 1 went to the Fatent Uffice»in WaSQing—
ton, where Meg’s brother, Tom Wiseman, was a.5en}mf Fatent Exam-—
in&?, and went to work. Consulting with the Farticle beam experts
ther ;:-3 L concluded that the worlk was new.

A friend in Baton Rouge, David Cascell, had a father
working  in personnel at Lawrence Livermore Matiornal Laboratory.
The father, Al{red Cassell, was looking for Mechanical Erngineers
of which I am not one, whern he visited for the CErminoy commer at—
ing David’s Doctorate in Geology. After talking with him for some
time both as a guest in my house armd at David®e house, [ gave him
the little I had written up on the subjiect, including the program
used to calculate excitor wire length for a hypothetical acceler-—
ator. fAs this was my last copy ot the manuscript, I asked Alfred
to retuwrn it when he had shown it to a physiciet at I

:.‘z‘

I waited approximately three months far a reply. Then
one day I found in my mail an envelope from LML . Inside 1  found
a note from Al, saying., "1 practictically had to wrestle with  my
physicist friend to get this back far vaou! ALY Within two
Sciente magazine was full of news about the new linear
tors that "are almost as aood as synchraobrons,

months
accelera—

I did not wait for the articles to appear to SE(
Kerox to Al for his physicist friend. T had mertiorned poe
Einstinian solutions to Al durring his visit. Within 2omeelks, L
had worked aut a seudo-Einstini an® slution Of curid by subtract-
ing out the rest energy from Einstein’s binomial Eapansion of the
"Finetic Ernergy expression. ') And T determined that 1t

was Lhe
Einstein
rated by
el care  of i
Baoas Lodid not want  currious @yes

same | as the Einstein one when one sltarted counting the
Ernergy from Rest energy upto Einetic Energy,
two  comupter programs. I sent the resullts o
2emont  California  addres
intercepting my me

€

as deman

ZYWI =

At thi

0

time 1 turned my attention to the frooblem af
accelerating Cations, having desigrned a TLAC of Z00 MMz
cavity lenght of 95 cn (5 cm ogap.) 1 faound to
the TLAC requir

ard @
my  swprise  that
and @ a8 Mz excl tor
critical fire
avier the ion, the langer the
the lower the excitor tfrequency. Hut, «

i |

1 12,48 meter cavities
frequency  far Pproper acceleration in the
the  aco

gaps  af
sity and
WE11g
"HSuper
@very f ety
lenic e priteract-
rabian s macles g PHERC s

elerabtar. The he C

Y. samethimg steroack me
the [RI=T Soan injector, ane could §il ] bl v img of Lle
conduacting ) colider" wilth bLunches of [t are
b Just two counter e Lak g
g every now and Ulbei, CThis albieoe

to degign a whaole rew serrles of dete

finiz b g o

Lore for Lhe S50, Lo=onl my




ni

Tralyels ta Al

While waiting for a reply (which never came) , I = e L
about solving the TLAC problem for any 1o at any . Ctdte ot 101 -~
zation. This accompliched, [ sent oy progeam, L[ONS.BEAS  to AL,

again ab his Fremont California addre

The entire time that | worked orn this problem I WEHS
taking Loxitane for a service connected psychosis. Ever y time I}
ran into a road block, [ dropped my dosage by & mg. The following
day I was useless, but starting from the second da v ooand continu-—
irg  for & week, [ had the ew periernce of "peychic energizeriza-
tion" as previously described by Freud for Cocaine. Everntual 1y
this caught up with me »oand rather than seek a patent as I Féad
planned, 1 had to leave my daughter in care of a friend and seel
pesychaitric help in Tucson.

¥

The problem with the TLAC for heavy ions is  that the
becone wiwelldy and long. Irm Tucson 1988, I solved this
problem  with the Fractional Wavelerngth Tuned Linesar Occelerator
or FRAC. Atter one falese start, it proved simple: one merely had
to  change the excitor lenghts for shorter cavities. [ sent out
coples  of the solution and waited. This time, [ sent copies to
Art Robinson at the ALS as well and to Hellen Edwards at the 3550,
When Hellen could make no progress with the management of the SS0C
aver injector design, she resiqred.

cavities

I the meantime

netruction of the F
arnd soamecre publi

« Congres

& appopriated money bo start
zlativistic Heavy lon Collider at Eraokbhay €0
red my idea of coliding pi Oy b e

ed newtrons at
the BSC by colliding deuterons and triter ans as well as  protewr.
Finel and good: That is all histor V.

Mo e e
Fulsed BMeutron
ar tungstan (W)
tation of wash

ertly, L have been pramotin I a  Froac

o wsing a 800 MeVY FRAC and a Uranion : ]
tor cancer research, fAccelerator Tran B (TN
(ATHD  and as a hic
testing  compornents of the magneltic
experiments. [t will co
two miles

"

o1 rewkron O E : 2lor o
et inement control

around $500, O
L.

=] s o
DL 000 and  will stratoh

the decer

I October of 1990, &

: pubs L a shed  an
article  on  Boron newtron o apture

HTEDY . he Lo

thruput  of  exicting pulsed. newtron scurces (50 ta &0 el s

second) is due almost entirel y to the ramp up time of the SYNCE -
tron booster us ta reach :

1es with good spallaticn  charac-
teristicse in the available

that comes into svrich

materials. The answer s a FROC
4 \ times a g and for protons and
has no ramp up time at all. Obvious] v o1t all the heat of spal la-
tion 1s  retained by the Lo wer Can expect an explosion of
some magrnitude, 1f the thing is rurn continuousl Vi hawever,  as f o

all The meperimeEntes mentioned abiove a 100 fo1d v e correen b
increase lae desirod, | o ua be sure a I

£ o -
A RT 0o LI

L The way Lo ao.




The problem with Eoron Neutron Capture Therapy for
nolonger the lack of a suitable design. The most
is cancer specific boron compounds localizing
tumorous tissue and staying put. At the
tion in a procaine doped vehicle can
tumors with the device mentiorned. If boron can be tagged onto
fetal antigen antibodies so as rnot to destroy the specificity and
activity of those molecules, we may finally have a treatment for
deceminated cancers of the liver and bone. For my monevy, it is
worth & chance. It will not be my highest priced invention but
HJIOD L, 000,000 is nothing to snif+ at.

#

Yircer

Cancer 1S
pressing problem

themnselves ir
very least boron injec—
be used in inoperable brain

e ]

A

Mike Finer

Guadalaiara, May 11,1992



Micheael F. Finerty
Fimnerty Consulting
GEDO 210

gropar,  FC
Jalisco,

i

Dirr. Caseidy

Hezedd, Department of Radiation Oncology
Tl il (‘:m a i Tences Center

Uriverai bty of
Tucson, ARLZ

Dear L.

Dr. Tim Hunter of the Radiology De partment of
The Arizona Health Sciernces Center {(and former president of  the
Tucson  Ametewr Astronomers Association) su gygested that | get  in
touch with vou.

I design Linear Accelerators as a Mobby.
meveral articles in Science and scientific  Ame
for a better neutron «uurceu reasar, |
2 for a symposium on a "National Ful sed Meutron 8§
igrn and Uses. "

Fecentl:
have [cal
it ig ti
ite De

ource,

The Linacs, TLACs and FRACs » that I design
are high thruput devices. While the v oproduce particles of  the
same | energy  as a comperable Alverer linac » they are high flux
devices, producing man Y more particles per second than an Glvaresz

linag becauwse they have no "beat fre rrerncy .

Fecent advances at Ohio State Universit yooin
the |[treatment of cancer b y "Horon Neutron Capture ThHe apy" &g
= L that swrgury assisted by this particul ar lind of radiation
tsee So Am 1990.0) 1 talked with Ue.
3y Department of  the o
are dirugs in uee for thi
¥ oprodac a Buckyliall
haptors to treat cancer.

S@aMna

SUilence
ently  the Japar
attaach to various

L
=) rn(-h.‘_.ulru Lt

I have kept Dr. Douaglas Don
af the Fhysics Depart mernt, and Dr. MNorval 6. Simelair % + o mer
acting head of the : 2 of Microbiology and Tmmuriol QY cof
the (Unive Yoo fridzona current on the etat
Gt Ehe FROC FRACET omnal b el Enghot Tuned Linear
whii chi I believe would  ma l~' : a  really  beaatiful
pulesed-newtron Froton sowrce. fs the decire o fluses  of  protons
are oanly ot magnitude greater than those avail s ble  fram
=Yy RV : I helieve that the FRAD desi ari 15 the  most
irable for a MNaticonal FPuleed Meuatron ¢
1cal mecs L vimitinum af & arder s o0F  ma gl tude
Lrron [souwr ces.  (Soe “hy

ahue, former head

of  my  desiagns,

clize

Te, having a theor et -
currrernt
3l e two or bhpree

Frezee—-

enbempors

S

@i,

Lo Cheretore Calking Ul Libiesr by o ST VAN I




ing several people of the desirability of a Symposium on  pulse
newtran souwces and asking them to get in touch with yvouw and  Dr.
Fichiael & Cussanovich, Vice Fresident in charge of Research at
the UofAa. Due to finantial constriants, [ will be here i Mexico
urtifl S0 Auguet 15 I suggest that the first week 1n Octaober
woauld b a good time to hold the meeting. I am swe that Drs.
Sinmaclair, Erendel, Donahue and Cussanavich  could get together
with  vou to discuss meeting and arrange for the setting up of a
comitltee to look inta ik,

To me, it would be a highly desivrable outcome
if a Mational Fulsed Meotron Sowrce were to be set up near Tucsan
uriclesr the direction of the University of Arizona. § necds
the jobs that 1t would provide and Tucson should be given first
shot at "Desertraon I1," which ,may in the end prove more  uwsetful
than Desertron 1T (the S58C) which wournd up outside of Dallas.

|3

Mchael F.o Finerty

Zapapan, May 13X, 199%




List of recipients of Fraposal ftor «a LDymposlum on Che HSubject

National Fuleed Newtron Souwrce FREFSH

Drs: Cassidy, Radiation Oncology Uofa

Flauws Brendel ., Fharmacology, Uot@

Norval & Sinclair, Microbiolaogy and Tonunolaogy. Uot@
Dougl as Donahue, Fysics, Uofé

Vice Fresident, FMichasl &, Cuscsanovich, Research, UoféA

Dire Do Allen RBromley, Scientific Advisor to the Fresident,
The White House, Washingtom, D.C.

L. James Watlkins, Secretary of Energy. Energy Department,
ingtaon, DC

Directaor, Lawrence Livermore National Laboratory, Livermore
Directaor, Ronald Reagan National Laboratory (&

560C), Dallas,

Director. Brookhaven National laboratory, BErookhavern, RNY

Milos V. Chvapil, Surgilical Hiology, UofA
Tim Hurnter, Kadiolaogy., Uoté.
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Michael F. Finerty
Finerty Consulting
AFDO 200
Lapoper, O 45101
Jalieco, Mesico

Dormaliue
spartment

o Dougl ass

Fliye i ¢
Ui ver s

Gf ALz ona

Dougl ass,

] o Lhe WNatioreal
Drr. Cassidy to  throw a

Clry considering how Lo proce
Fulsed BMeuwtraon Sowce, I decided to ;
SYMPOsium. L gave him youwr nane as a possible warm body for  the
steering committee A FFFNS would give the Uofé a  leg up in
Fhysics and Engineering as well as in Medicine.

Un the physics side, [ am valunteering to give a
short  talk on FRAC and TLAC de ign, including deriving on &
blackboard the relativistic locity of  bosons and termions,
something  that [ have searced for unsucesstully in the litera-
twre. As you may wel appreclate, knowing how fast a particle i
goaing is the fire ta  acco
1 it

Lostep in figuring out Fow best

al erate

Things go well here. Mom is o4 vigsiting my
sister in NMashville. When stie ret trris, I owill go to bl

where I have & couple of waber e

Eomourntai ne
> cts and  two baptisms
(I am to be Godiather Lo a couple of Hudchol kide.,)

to

fFrivway, If vow can find the time  and  bBelicve
: ' 5 oof vowr depertment @l

sicdv and anavioch a

thalt a sympo

SeCience i

neral ,

= 0

call and volce youwr suppor

My hest to vou, Bea, Mabtsy, Faul and Eearm,

Guadal aiara Flhamne: O] 150




M e Fo Finerty
Firnerty Coneul ting
AFDO 4 200

Lapopar, FC 45101

Jalisco, HMenicao

Do Morval A, Sinclaie

LDepartment of Microbiology and Tosunol oy
Uradversity of Orizona

Tucson, ARLZ 85
U5

Flease review the enclosed  matd erials  and

: ndy  and Dr. Cussanovich if v thinlk that  a
symposiuwn  at time is in the best interests of Scie e and
Medicine. I have given Dr. Cassidy your name as & possible  haody
for the steering conmittee

D .

L dmagine that i the = mpoasium takes place
it will be necessary to edit the proceedings. Would vou be will-—
ing to help in this re gara

lomunology comes inta pla yoin that there have
to attach boron molecules to twmer- pecific  anti-
adiation with epithermal neutrons. Th short  range
af | the alpha particle radiation so produced is adequate to  kill
tumor  tissue but to leave sowroundin a tilisuses intact. Linf ortune-
tar, the boron compounds a PP
aite on : antibody {(the variable raigiorn on the ar i),
%0 | that the specificity of the antibod vole that
this preobles is not inswrmountable norm—specificity-
blocking chemical - ttiorm will be found to attach boron b these
= giver enough tinse and scientista

3 o
a1

been  attempt
£ 1

il

-

Lo bimd aleo Lo Lthe

C

active

I am swrre

Firyeay the symposiom will be the fruite cif

my labewr-s on linacs. | fogae Lo o« you e Seplteamber

1 e

Guadal ajara phcries DL 1s




Michael F.o Finerlty
Firmerty Consulting
AEDO #2210
Lapapean, FC 45101
Jali=co, MEZICO

Dr. Hlaus Brendel
Departmernt of Fharmacology
Center

Al zona Health Sciences
Universilty of frizona
Tucson, ARLZ G5
USa

21

Dear [Elaus,

L othink that there i1is merit to your sugagestion  of
modi fying the S55C injectar to make a FPFNS; however, there is <o
muz b research to be done using a dedicated sowce that 1 aum
suggesting a dedicated facility in the desert near Tucsan.

. 14 you wauld be willing to serve an a
setting wp a symposiwne on this matter, Fle call Dr.
Fadiatian Oncology and volunteer.

vou waould be intereste in giving a paper an
; af Boran compounds for use in BEpithermal [le
VY ar he ted in helping to edit the proceed-
also volunteer this information.

"the Fhearmac
troam . Ther:
of the symposiumn,

Ihope to ses yvouw in September, leep wel l

Flhcrme i Guadalajara 0118 b~ A32109



Mi1chae . Filrmerty
Fimerty Consulting
AEDO 4 T10
Lapopanrn, FOOo45101
Jalicsco, HMEAICO
Dr. Michael A

Mice Fresident, Researah

Uriisversity

ol =

el

Fleaese bhe advised that the University of
Arizona is proposed as & location for & symposium on “"The Nation-
al Fulesed Neutron Souwrce," and that 1 am propozing that the Uofdé

Build such & device in the desert rnear Tucson.

et meutrons lmpinoing on & ar
Tungetun (W) target releasze approdimately Z& zpallation neutrons
at around 10-14 FeVY per proton.

Lntil v
e

ecently, proton accelerators have
7, designs now exist {the TLAC
for lelectrons and the FRAC for cations) which make it possible to
design and build high thruput linace, suitable for the purpose of
a high flux pulsed meutron sources.

seen low throuput device

it such & device 1 built by the Univer-

nmeEnt funding, there will be & learge

auwgmentation of the graduate programs in Immunol ogy., Frhivelcs,

Chemistry, Radiation Oncolagy and Fharmacalogy as well as Muclear
and HMechanical Erngineering.

si1ty of Arizane with &

b

7
T
B

I uwrge you to take on the tazk of Chair-
man | of the Steering Committee for the Symposium and Editar in
Chief of the Froceedings of the Symposium to be published by the
U of A prese.

Accelerators of this nature are not
cheap and the price on this cne may well run & halfd a billion
dallare, whern laborataory and clinical plamts are 1ncluded. The
research conducted at such a facility would augment programs i
controlled fusicn, radiation oncology and waste disposal. I would
like to see the work done at the UoffAa, as it 1 my alma mater.

Sincerely vours,

Michael F. Filnertw

Class of 1945




Michael Fo Finerty
Finmerty Consul ting
SRS CIWINE | I N
Zapopan, FC 45101
Jalisco, FMEXICO

Do Do AGllan Broml ey
Selentific Ndvisar to the President
e Whit e House

1500 Fernmsyl vania Ave.

Washington, DC

Dear| . Bromley,

Flease review the enc)
belisve that a sympos
in the ke

Losed matterials. I+ you
itum o a Mational Fulsed NMeutron Source ie
. interests of Science, Medicine and the fational
interest, Flease communicate youwr support to: Dr. Michael A
Cussanovich, VNice Fresident, Res
Tucswon ARIZ BE721 and ta Dr. Cas
tion Oncology, FArilzarna

rarch, University of Arizona,
idy, Head, Department of Radia-
ITth Science Center, University of

Frizona, Tucson, ARLZ 85

Sincerely yours,

Michael F. Finerty



Flichaesl F.o Finerty
Firmerty Consulting
AFDO #2210
Lapopean, FCO45
Jalisco, MEXICO

-

D. Watkins

Dr. Jame

Secrietary

of Ernergy
Washington, DC
US A

May (14, 1997

Dearr Secraetary Watlkins,

Flease review the enclosed matterials
regarding & symposiuwm o oa National Fuleed Neutron Souwrce. 1§ E=IN
find that the proposa is in the best interests of {the Urii ted
States Government, Science and Medicine, please communic
support to Dr. Michael A. Cussanovich, Yice Fresident, seal ch,
University of Arizona, Tucson, ARLIZ 85721 and to  Dr. Cassidy,
head of the Department of Radiation Oncology at the same Univer-—
sity.

ate  vour

Foooreasonable estimate of
such a verture is a half of a billion dollars, when :
2 counted in. 1 expect that the Lo e s
would expect the Ernergy Lepartment to take charge of the frevcaesct,
meaniong that the projiect would either go to an existing . NMatieonel

_abhorat

laboratory facilitiecs ar

o hhat & new National Laborat ary would have to be et
up autside of Tuoson.

Hughes  Toaol , located in
long supplied Misticated materials to the FAletorce,
SeErvicing  atomlc  wea

ne attendant Lo the i tan M1 e

suwrrounding  the city. | am suwre that with the proper i
that they could undertabe and complete the cons
FFFNS  for the Mational Pulsed MNeoteon faciltiy,

S0

et 1 ar

1 would  have senl this LU (RTSIGTRTSTR
Ll my contact at LLMNL has [rrcven ek e acto-
two missives,

Charmmels, but &1

ry o with omy 1a

Sincerely voo e,

Michacl Fo Fineety Mo MG




Michael F. Finerty
Fimerty Consulting
FDO A S 10
Lapopan, FC 45101
Jalisco, MeEXTCO

Director
Lawrence
Livermar
usa

Livermore Mational Laboratory

May 14,

Dear S1r,

i atter a review of the enclosed matterials, you are
crf the opinion that a symposium on "A KNational Fulsed Newtran
Source (FFFNS)" is in the best interests of the UsA, Science  and
Medicine, Flease contact Dr. Michael . Cusganovich, Vice Fresi-—
dent, FResearch at the University of Arizona, Tucson (85721) and
Drr. Cassidy, Head Fadiation Oncology., Uofé.

It the 150 man accelerator team that was transferred
atter [ wrote Mr. Cassell, formerly of personnel and when last
heard  from in Administration at LLNL about the TLAC is still  in
exlistance, design of the FFFNS is a suitable task for them.

Re yvouwr man, e, @lfred el], has training 1in
Histary but not in Fhyesics or Mathematics and has staoped receiv-
irg my mail, I esuggest the following contiguration: a 2.79
cavity length, standard, a 25 cm gap, widard, 1 MY excitors
erating at a frequency of S0 MHz, a U target, raster arrei
Dy superconducting magnets difflecting the beam horizontally  and
veritcally by at least 1| meter at the target. The target is to be
water cocled and tungesten jacketed. Mad
beam 1< Lo be mode by water bath and: carbon black {graph-
1le) FRae ation sent to FMr. Cassell at 48213 Cotton-
wood, Fresnont, will suffice. oo the intent was that M.
Lassel | was to comnunicate my Tindings Lo s "phyveicist friend"
at LLUML, &ll letters from me to him @re
Ly of California and may be dispos

ation of the neunteon

frorcprer by of the Universi-—-
e tit.

OF AaE vou s

SQincerely voures,

Flrchael FooFiner by




Mchael F.o Finerty
Finerty Consulting
AFDO 4 210
Lapopen, FC 4%101
Jalisco, Mexico

Divector

Romaald Reagan Wational Laboratory
Superconducting Super Collider
Dallas,
USa.

Dear Sir,
The enclosed is for your informatian.

If on a careful review of the materials contained
fere im and & careful investigatiaon vou are of the oppinian  that
& dedicated National Fulsed Meutron Sowrce is doable and desira-—
b1e, please contact Dr. Michael A. Cussanovich, Vice Fresident,
Research, at  the University of Arizona, Tucson (85716) and Dr
Cassidy, Head, Radiation OUncology at the Arizona Health Sciences
Center, Tucson, Voloing support for a Symposium on the matter.

Sincerely yours,

Michael F. Finerty




Michaesl F. Finerty
Finerty Consulting
AFDO #2110
Lapopeann, FC 45101
Jalisco, MEXICO

Directar
Braockhaven National Laborataory
Brookbiavero, RNY

.

(ME=Ya

Flacy 14, 1992

Dear Girs
The enclosed is for yvour information.

L on review and investigation youw are convinced that a
syimposiumn on a National Fulsed Neutron Source wsing a FRAC pumped
pulsed neutron generator is in the national interest, please
cantact Dr. Michasl A. Cussanovich, Vice Fresident, Research at
the University of Arizona in Tucson (87521) and Dr Cassidy, Hezead
af  the lepartment of Radiation Uncology at the Arizona Health
sciences Center run by the same institution.

Sincerely youwrs

a

Michasl F. Finerty



Michael F. Finerty
Finerty Consulting
AFDO # ZE10
Zapoparn, FC 45101
Jalisco, MEXICO

D Tim Hurter

Ascociate FProfessor, Radiology

University of Arizona

Tucson, ARIZ 85721

Dear Tim:

Flease have Terry send me the adress of the TAAA
treasurer so that I can renew my membership.

The enclosed is for vour information. I+ you would
like to take part in the symposium, serve on a committes or

any
thing, call Dr. Cassidy and volonteer.

Hope all is well with vou. I should be back in time
for the September meeting.

Sincerely vours

Mike Finerty

11




Michael F. Finerty
Finerty Cornsulting
AFDO # Z10
Lapoparn, FC 45101
Jalisco, MEXICO

Dri. Milos Y. Chvapil
Department of Suwrgical Biology
Urniversity of Arizona

Tweson, ARIZ 859721

USA

14 MAY 19952

Daear Milos,

I followed the various leads that you sugaested to
na avail. BHut [ thought that you would be interested in this. If
youw are  sufficiently interested the Steering Committee could
probably use vouwr aid (if this thing flies) and vou might call up
Dr. Cassidy and volonteer.

This ia a long way from Collagen but the surglcal
approach  augmented by boron-newtron Capture radiation therapy
(horon {10) releases short range alpha particles (high enerqgy
Felium nucleii) on irradiation by relatively slow neutrans) nas
proven usetul in the treatment of some rneoplasms. Other uses  for
the machine a testing components for controled tusion  experi-
ments and Accelerator Tranesmutation of Wastes proposed by scien—

tists at Los Alamos.

ercellence of the programs at the U of & Hospital
for oncolaogy and cancer treatment GGG E that the desert outside
ot the Uoth is the pro per place for thi device., You are a  wil-—

ness to my priority in accelerator design. So, if vou have {the

times, Fleasze contact Dr. Cassidy and volanteer. We  need  yvour
brair.

My best to you,




EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

June 8§, 1992

Dear Mr. Finerty:

Thank you for your letter to Dr. Bromley concerning your concept--FRAC--
for a linear accelerator, and its possible application as the proton
accelerator component of an intense pulsed neutron source.

We in the Office of Science and Technology Policy do not conduct detailed
technical reviews of new concepts, and thus I am unable to comment
further on your letter.

I wish you well in your endeavors.

Sincerely,

(ool A5

Karl A. Erb
Associate Director--Designate
for Physical Sciences and Engineering

Mr. Michael P. Finerty
Finerty Consulting
APDO #210

Zapopan, PC 45101
Jalisco, MEXICO



