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INVESTMENT IN RESEARCH AND
DEVELOPMENT

WEDNESDAY, DECEMBER 2, 1987

CONGRESS OF THE UNITED STATES,
Joint Economic COMMITTEE,
Washington, DC.
The committee met, pursuant to notice, at 9:41 a.m., in room SD-
628, Dirksen Senate Office Building, Hon. Paul S. Sarbanes (chair-
man of the committee) presiding.
Present: Senator Sarbanes and Representative Scheuer.
Also present: William Buechner, professional staff member.

OPENING STATEMENT OF SENATOR SARBANES, CHAIRMAN

Senator SARBANES. The committee will come to order.

This morning the Joint Economic Committee holds the first of
two hearings on the Federal role in the Nation’s research and de-
velopment program. These hearings on R&D are part of the com-
mittee’s focus on an area of issues which we have labeled ° prudent
investment,” as we seek to identify those areas of the economy in
which prudent investment is critical to the Nation’s future econom-
ic strength.

Today, and in a second hearing which will take place on the 11th
of December, the committee will attempt to assess the strengths
and weaknesses of Federal research and development programs,
and the role of the Federal Government in facilitating research
and development in the private sector.

The committee’s inquiry is prompted by concerns which were
outlined earlier this year in the committee’s 1987 annual report.
The first is the dramatic shift in the focus of the Federal invest-
ment in research and development programs. From the mid-1960’s
until 1981, a, rough apportionment of 50-50 was maintained be-
tween defense and nondefense programs. Today, that apportion-
ment is approximately 70-30.

While Federal R&D expenditures increased almost 60 percent in
the 5-year period 1981 to 1986, military R&D more than doubled,
while nondefense R&D increased less than 6 percent.

The second dramatic shift is a failure of U.S. investment in non-
defense research and development, measured as a percentage of
GNP, to keep pace with comparable investments by West Germany
and Japan ince 1980, U.S. investment in nondefense R&D has re-
mained constant, rou, hly 1.8 to 1.9 percent of GNP, while in con-
trast West Germanys investment increased 13 percent between
1980 and 1986 and Japan’s investment increased more than 27 per-
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cent. Both of those countries are now investing between 2.6 and 2.8
percent in nondefense R&D. That is reflected in the chart here on
the left, nondefense R&D as a percent of GNP, which shows the
trend lines for Japan, West Germany, and the United States.

[The chart referred to follows:]
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Senator SARBANES. The widening gap has raised serious concerns
about America’s ability to compete successfully over the longer
term in international markets. Notwithstanding a more realistic
valuation of the dollar which has now come about, there is wide-
spread agreement among economists that in basic research, which
lays the foundation for new technologies and new products, the
Federal Government may be better able than entities in the pri-
vate sector to assume the costs and risks involved. And in fact,
throughout the post-World War II era, the Federal Government
has played a pivotal role in this area.

There are also important questions to be considered with respect
to the relationship to Federal programs and research and develop-
ment efforts in the private sector, where R&D expenditures have
increased more than 250 percent since 1960.

In focusing today on trends in Federal research and development
policies and expenditures, and on the policies and practices of our
major trading partners, the committee is fortunate to have four
very distinguished witnesses. We will hear first from Mr. Erich
Bloch, Director of the National Science Foundation. Following Mr.
Bloch, we will hear from Mr. Albert Teich, head of the office for
public sector programs of the American Association for the Ad-
vancement of Science.

We will then turn to a discussion of the economics of research
and development with a panel consisting of Professor Edwin Mans-
field, University of Pennsylvania, and Professor Nathan Rosenberg,
of Stanford University.

Senator D’Amato has an opening statement which will be includ-
ed in the record, and he is hopeful that he will be able to make the
hearing later in the morning.

[The written opening statement of Senator D’ Amato follows:]



WRITTEN OPENING STATEMENT OF SENATOR D'AMATO

MR. CHAIRMAN, | WOULD LIKE TO WELCOME TO THE JOINT
ECONOMIC COMMITTEE THIS MORNING OUR DISTINGUISHED PANEL OF
WITNESSES WHO WILL DISCUSS THE ROLE OF GOVERNMENT INVESTMENT
IN RESEARCH AND DEVELOPMENT.

THERE CAN BE NO DENYING THE FACT THAT RESEARCH AND
DEVELOPMENT EFFORTS HAVE MADE THE UNITED STATES THE
INDUSTRIAL GIANT THAT IT IS TODAY, WE CONSTANTLY RELY UPON
RESEARCHERS TO KEEP US AT THE FOREFRONT OF TECHNOLOGY.
RESEARCH AND DEVELOPMENT 1S ESSENTIAL TO THE UNITED STATES IF
WE ARE TO REMAIN COMPETITIVE IN THE WORLD MARKETPLACE .

THERE ARE VARIOUS METHODS IN WHICH RESEARCH AMD
DEVELOPMENT MAY BE STIMULATED AND ENCOURAGED. TWO OF THE
MAJOR WAYS TO DO THIS ARE THROUGH REASONABLE TAX CREDITS AND
THROUGH FEDERAL FUNDING. PAST EXPERIENCE HAS DEMONSTRATED
THAT FEDERAL FUMDING PROVIDES MORE LEEWAY FOR WASTE, FRAUD
AND ABUSE.  TAX CREDITS TEND TO PROVIDE MORE IMCENTIVE TO
BUSINESSES INVOLVED . iN RESEARCH AND DEVELOPHENT.



| LOOK FORWARD TO THE TESTIMONY OF OUR WITNESSES THIS
MORNING AND TO THE INSIGHT THEY ARE SURE TO PROVIDE THIS

COMMITTEE ON THE IMPORTANCE OF INVESTING IN RESEARCH AND
DEVLOPMENT .

THANK YOU, MR. CHAIRMAN,



Senator SArRBANES. Mr. Bloch, we are very pleased to hear from
you now.

STATEMENT OF ERICH BLOCH, DIRECTOR, NATIONAL SCIENCE
FOUNDATION

Mr. BrocH. I have a prepared statement which I would like to
submit for the record.

Senator SARBANES. The prepared statement will be included in
full in the record.

Mr. Broca. What 1 would like to do for a few minutes is just
highlight some of the thoughts in the prepared statement. First of
all, I appreciate the opportunity to testify on science and technolo-
gy and economic competitiveness.

Your letter addressed four issues: First, the relationship between
science and engineering research and economic growth and com-
petitiveness; second, current strategy of U.S. R&D; and third, the
human resources and education aspects of our situation. I added a
fourth one, knowledge transfer. And I would like to comment brief-
ly on all four of these issues. First I want to make a few comments
about the relationship between science and engineering research
and economic growth. Since World War II there have been major
productivity increases that can be traced back to new technologies
and new ideas. Growth in the world economy has been in areas cre-
ated by new scientific discoveries and engineering innovations and
inventions. As examples, I would cite the semiconductor industry,
computers, biotechnology, many of the new synthetic materials
that we hear so much about.

The shift in the international economy has been facilitated by
some of the new technologies, especially communication and trans-
portation, and the shift to a knowledge and information industry is
due to new insights and new ideas that only came out of the lab-
oratories 20 to 30 years ago and many even more recently.

It is no longer sufficient to have access to natural resources and
cheap labor. Those are no longer the key ingredients for competi-
tiveness in any industry. The new growth industries are essentially
the ones that are based on new knowledge, new insights, and they
depend on the continuous generation of that new knowledge and
that new insight. That is the foundation of many of the new indus-
tries that I just mentioned.

Other countries, including our trading partners, understand the
situation and, as a consequence, they have increased their invest-
ment in science and technology, as you mentioned a few moments
ago, Mr. Chairman. As a percentage of GNP, Japan now supports
as much basic research in science and engineering as we do.

In fact, I want to make one particular point on that. We should
not just assume that Japan will continue to do what it has been
doing in the past. The focus in Japan today is on more increase in
basic research for one particular reason: As they are catching up
with us in many technology areas, they know that they can no
longer depend on the generation of new knowledge from this coun-
try or from Europe, but they have to contribute to it and that they
have to undertake investigations and investments in these areas.
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In Europe, there are new programs in information sciences, tele-
communications, robotics, and materials, and I think that this rep-
resents the technological rebirth of Europe that we probably are
n}(:t (iggnizant enough of and are not taking it as seriously as we
should.

One example is high-temperature superconductivity. The new de-
velopments in high-temperature superconductivity came from all
over the world: Switzerland, the United States, Chi a, Japan, and
many other countries. It did not come just from one particular
country; it came simultaneously from many of these countries.

So, I think there is a new era in the importance of basic research
and research in general that the developed countries and develop-
ing countries are recognizing and acting on.

The second comment I want to make is on ‘the current state of

S. research and development and what is the proper mix for that
research and development. The central purpose of these hearings
on R&D in the United States I think focuses very heavily on that
particular issue. So, the question is probably “How are we doing?”’
and I think the answer is in some ways very well and in other
ways not so well. Let me see if I can draw an objective picture.

On the positive side, the strongest and most creative research
system in the world is still that of the United States. The explosion
of knowledge that has occurred is something that has been very
heavily focused on in our universities as well as in some of our in-
dustrial research laboratories. There is a shortening of leadtime be-
tween basic research and the exploitation of the new knowledge in
the marketplace, and we need to be aware of that.

We are not very good in that particular area, by the way. U.S.
research leads in many of the new multidisciplinary fields such as
biotechnology, materials research, and computer and information
sciences—and that is generally acknowledged around the world.
Our universities, which combine education and research, are the
best in the world, and they focus on both of these aspects, educa-
tion and research. As a consequence, they attract foreign students
and foreign investments in our universities. That again is a sign
that part of our system is working very well.

On the negative side, there is a concern about long-term funding
trends. There is not enough investment in our universities’ basic
science and engineering research and education. We are no longer
leading the industrialized nations in percent of GNP. Some of the
other countries, like Japan and West Germany, have caught up
with us in the percent of GNP devoted to research and develop-
ment.

Your own chart on nondefense R&D has made the point that
they are exceeding our investment in those very important areas.

Basic research as a percent of Federal R&D is dropping. It is
dropping—and so is, by the way, university R&D dropping—as a
percent of our R&D budget. That is primari y because of the heavy
defense investment and the fact that the defense R&D budget is
not spending a lot of money on basic research or in universities,

So, I want to say something about balance within the Federal
R&D budget. It needs some adjustment. And by the way, the dou-
bling of NSF’s budget over the next 5 years, which is a request of
the administration, is trying to address some of that balance in



favor of a more proper mix between basic research and other forms
of research and development.

Let me make a couple of other points which I think are very im-
portant. The whole national environment for research has im-
proved. Today there is cooperation between universities and indus-
try which did not exist before. Many of the States are getting in-
volved in funding basic research and in funding education at the
university level and funding new technologies. I think that is a
new trend. There are more cooperative programs between universi-
ties and the private sector. Many of the centers that the Founda-
tion has been establishing in the engineering areas are essentially
focusing on this cooperation. And there is a strong response from
the research community in favor of many of the center activities
that the foundation has undertaken.

A third area I would like to comment on is our human resources.
People create the knowledge that makes technological innovation
possible. The awareness of the importance of people to economic
congg:ltitiveness is reflected in other nations’ investment in human
capital.

Japan, for instance, has doubled its technical work force in two
decades, and that is a very significant kind of step forward.

U.S. scientific and technical employment has grown three times
faster than real GNP and total professional employment, and it is
a signal of how important science and technology education and
our human resources are in this area.

Scientists and engineers are in demand, and the question is,
“Can we meet that demand?”’ The answer is: “In all likelihood we
cannot in the future.” We are not generating the human talent
that we need. The preparation in high school is not there for many
of our students to pursue science and engineering careers later.

It is too late once you get into universities. The college-age popu-
lation is shrinking. There are fewer students choosing science or
engineering as a percent of that college-age population. The
number of 22-year-olds is dropping, and as a consequence we must
attract a greater portion of the 22-year-olds if we want to supply
our industries and government and our universities with the
human manpower that we need in the future.

It also means that we need to concentrate on the groups which
are underrepresented today in the scientific engineering areas—
women and minorities. That is something that the foundation has
ilgueen focusing on and will have to focus on increasingly in the

ture.

Today we are highly dependent on foreign students for graduate
degree candidates and for people with Ph.D. degrees that later on
can enter our work force. Nearly 85 percent of the recent growth
in graduate education was due to foreign students. It is very fortu-
nate that we have these students available. Many of them stay
here, about 60 percent of them stay here. _

But, it is a bad policy to be dependent on a resource over which
we have no control. A few years ago we had many Iranian students
here. 1 doubt very much that there are many Iranian students here
today. And what can happen with one country can happen with an-
other country.
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So, we should not feel secure in the fact that we have a high
influx of foreign students and that we are not supplying that talent
base ourselves.

Those undesirable educational trends that I just cited—the drop-
off in economic competitiveness and the shrinkage of our manufac-
turing base—could have long-term consequences for us. I refer in
my prepared statement to possible American brain drain, and I do
not mean literal emigration, but the deterioration of the skill base
on which we depend very heavily. As leading industries fall behind,
the best people will no longer be attracted to these industries, be-
cause there is no economic payoff there.

There are many examples from the past that make that particu-
lar point. For example, in nuclear engineering, for completely dif-
ferent reasons, there are very few students today pursuing careers
in reactor design and so forth. And this can happen in other indus-
tries also as the economic future of these industries is in doubt, I
think we have a serious problem in our human resource base.

I said I wanted to comment for a minute on knowledge transfer,
a very important item. One of the shortcomings of our industry is a
lag between research and product implementation in the market-
place. The point has been made many times that in Japan it is on
a much faster track, and I think that is so.

Second, I think there is a lack of coupling between researchers
and product developers and manufacturers in the United States. I
think that we find many times that Japan and Japanese industry
pick up new developments that are flowing out of our universities
much faster and much more readily than our own industry does. It
is a cultural problem. It is also an attitude problem, and this is
something we need to work on.

There are fall guys on all sides, and the United States itself
cannot solve the problem, but we are trying to focus on it and help
that problem along by making information available and also fo-
cusing on programs. I already mentioned the centers program that
requires the involvement of industry and not just the involvement
of the university. Through this coupling, peer-to-peer coupling be-
tween industry people and university researchers, we hope that
technology transfer will take place at a faster rate.

So, in summary, let me say a couple of things. First, science and
technology are important to the economy, and the universities’
health is very important to the health of science and engineering.

Second, we need continuing, steady investment in good times and
bad in research and education. It requires a balance between mili-
tary and civilian investments, between basic and applied programs,
between science and engineering, and between support for individ-
uals and support for institutions and centers.

The third item I want to mention is that people are the basic re-
source. Our educational system needs a major overhaul at the ele-
mentary and high school level, and even at the undergraduate
level, especially in engineering at the undergraduate level.

We need to attract more students, more women, more minorities
into science and engineering. We must demonstrate to young
people that the rewards in science and engineering are there. It re-
quires a thriving and model manufacturing sector to make that
particular point, however.
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Fourth, to stay ahead, we must generate new ideas continuously
and convert them quickly to new products and processes. Closer co-
operation between the universities and industry is an essential ele-
ment to make that happen. There must be more focus on timely
knowledge transfer, in particular.

Fifth, close cooperation between industry, universities, and Gov-
ernment labs in this is important. That is one way of improving
this knowledge transfer.

Last, we need to realize that we are in long-term competition. It
requires new relationships, a constant focus on investment and cul-
tural and attitudinal change in our thinking and in our institu-
tions.

Thank you very much.

Senator SarBaNES. Thank you very much for a very thoughtful
statement and presentation.

[The prepared statement of Mr. Bloch, together with attached
charts, follows:]
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PREPARED STATEMENT OF ERICH BLOCH

GOOD MORNING. I APPRECIATE THE OPPORTUNITY TO TESTIFY ON
THE IMPORTANCE OF SCIENCE AND TECHNOLOGY TO THE NATION'S ECONOMIC
COMPETITIVENESS.

SCIENCE AND TECHNOLOGY ARE INSEPARABLE TODAY FROM THE
BROADER ECONOMIC PROBLEMS FACING OUR NATION. THE FUNDAMENTAL
QUESTION IS NOT WHAT SCIENTISTS AND ENGINEERS WANT OR NEED, BUT
RATHER HOW MUCH SCIENCE AND ENGINEERING THE NATION NEEDS IN ORDER
TO ASSURE ITS ECONOMIC HEALTH, ITS MILITARY STRENGTH, AND ITS
SOCIAL WELL-BEING.

SCIENCE AND TECHNOLOGY ARE CENTRALLY INVOLVED IN THE
ECONOMIC DECISIONS WE MAKE. THAT MIGHT NOT HAVE BEEN TRUE TWENTY
YEARS AGO, AND CERTAINLY IT WOULD NOT HAVE BEEN TRUE FORTY YEARS
AGO. FEDERAL SUPPORT OF SCIENCE WAS LIMITED THEN, AND THE
CONNECTION WITH ECONOMIC HEALTH WAS TOO TENUOUS FOR SCIENCE TO BE
CONSIDERED SERIOUSLY WHEN MAJOR ECONOMIC DECISIONS WERE MADE.

BUT THAT IS NO LONGER TRUE. THE FEDERAL GOVERNMENT NOW
SPENDS IN EXCESS OF $60 BILLION A YEAR FOR R AND D, WHICH
INCLUDES EVERYTHING FROM BASIC RESEARCH IN SUPER-CONDUCTIVITY TO
THE DEVELOPMENT OF NEW WEAPONS SYSTEMS.

A PART OF THAT TOTAL --ABOUT 12% -- IS DEVOTED TO BASIC
RESEARCH IN SCIENCE AND ENGINEERING. BUT THIS IS ESPECIALLY
IMPORTANT IN TERMS OF LONG-RANGE IMPACT, BECAUSE THIS RESEARCH,
TOGETHER WITH RELATED TECHNICAL EDUCATION PROGRAMS, IS OUR
INVESTMENT IN THE FUTURE.
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IT IS IMPORTANT THAT WE SEE THESE PROGRAMS AS INVESTMENT
RATHER THAN CONSUMPTION. SCIENCE AND ENGINEERING RESEARCH AND
EDUCATION ARE CRITICAL INVESTMENTS IN OUR ECONOMIC FUTURE -- AS
MUCH SO AS FACTORY EQUIPMENT OR OTHER CAPITAL GOODS. FAR FROM
CUTTING BACK IN TIMES OF TIGHT BUDGETS, STEADY INVESTMENT IN GOOD
TIMES AND BAD IS AN ECONOMIC NECESSITY.

MY REMARKS THIS MORNING STRESS THIS THEME OF INVESTMENT --
IN OUR RESEARCH PROGRAMS, IN OUR SCHOOLS AND UNIVERSITIES, ABOVE
ALL IN OUR PEOPLE.

FOR PEOPLE ARE THE ULTIMATE RESOURCE -- THE MORE SO IN A
WORLD IN WHICH IDEAS AND TECHNOLOGIES MOVE EASILY FROM ONE PLACE
TO ANOTHER, AND NEW TECHNOLOGIES MAKE "NATURAL RESOURCES" LESS
IMPORTANT.

BUT FIRST LET ME SAY SOMETHING TO PUT THESE REMARKS IN THE
CONTEXT OF ECONOMIC COMPETITIVENESS.

ECONOMIC COMPETITIVENESS:

IN THE PAST TWO YEARS THE NEED FOR COMPETITIVENESS HAS
BECOME CONVENTIONAL WISDOM. AS SUCH, THERE IS A DANGER THAT
COMPETITIVENESS WILL GO FROM TODAY'S GOOD IDEA TO YESTERDAY'S
SLOGAN SO QUICKLY THAT IT MAY NOT HAVE TIME TO HAVE MUCH EFFECT.

IT WOULD BE A SERIOUS MISTAKE TO LET THAT HAPPEN. TO
MAINTAIN OUR STANDARDS OF LIVING, WE SIMPLY HAVE TO PRODUCE MORE,
AND DO IT MORE EFFICIENTLY. AND THERE ARE NO QUICK FIXES. WE
MUST TAKE A LONG TERM VIEW AND BE PREPARED FOR A TOUGH JOB.

IN PART OUR COMPETITIVENESS PROBLEM IS DUE TO THE SHIFT FROM
A NATIONAL ECONOMY TO AN INTERNATIONAL ONE.

WE SOMETIMES FAIL TO APPRECIATE THIS, BECAUSE UNTIL THE LAST
FEW DECADES OUR ECONOMY WAS LARGELY ISOLATED FROM THE REST OF THE
WORLD. OUR COMPANIES SOLD THEIR GOODS HERE, AND WERE NOT VERY '
CONCERNED WITH EXPORTING.

NOR WERE IMPORTS A SERIOUS CONCERN. U.S. TECHNOLOGY IN THE
DECADES AFTER WORLD WAR II WAS THE BEST THERE WAS IN NEARLY ALL
FIELDS. TECHNOLOGICAL INNOVATION -- THE SOURCE OF NEARLY HALF OF
OUR PRODUCTIVITY INCREASES -- KEPT US AHEAD.
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BUT TODAY THE WORLD ECONOMY IS THOROUGHLY INTEGRATED, AND
OUR PRODUCTS MUST COMPETE DIRECTLY WITH THOSE FROM MANY OTHER
COUNTRIES.

. THIS TRANSFORMATION IS DUE IN PART TO THE INDUSTRIAL
RESURGENCE OF EUROPE AND JAPAN AFTER WORLD WAR II, IN PART TO THE
SPREAD OF INDUSTRIALISM TO LESS DEVELOPED COUNTRIES, AND IN PART
TO COMMUNICATION AND TRANSPORTATION TECHNOLOGIES THAT MAKE WORLD-
WIDE INDUSTRIAL INTEGRATION POSSIBLE.

BUT THE MOST IMPORTANT REASON FOR THE TRANSFORMATION 1S THE
SHIFT TO AN INFORMATION AND KNOWLEDGE BASED ECONOMY. ACCESS TO
NATURAL RESOURCES AND LOW-COST LABOR ARE NOT AS IMPORTANT AS THEY
ONCE WERE.

IN THIS NEW INFORMATION-BASED GLOBAL ECONOMY, THE NEW BASIC
INDUSTRIES ARE COMPUTERS, SEMI-CONDUCTORS, BIOTECHNOLOGY, AND
THOSE THAT CREATE NEW MATERIALS FOR SPECIFIC TASKS. THE OLD KEY
INDUSTRIES BASED ON NATURAL RESOURCES -- STEEL, COAL, AND OIL --
ARE RELATIVELY LESS IMPORTANT TODAY.

OUR MAJOR COMPETITITORS UNDERSTAND THIS. THEY HAVE SHARPLY
INCREASED THEIR INVESTMENTS IN SCIENCE AND TECHNOLOGY AND IN THE
NEW KEY INDUSTRIES.

o} AS A PERCENTAGE OF GNP, JAPAN NOW SUPPORTS AS MUCH
BASIC RESEARCH IN SCIENCE AND ENGINEERING AS WE DO.

o] EUROPE HAS DEVELOPED A WIDE ARRAY OF PROGRAMS IN
INFORMATION SCIENCE, TELECOMMUNICATIONS, ROBOTICS, AND MATERIALS.

A HIGHLY VISIBLE EXAMPLE OF THIS COMPETITION IS THE RACE FOR
HIGH TEMPERATURE SUPER-CONDUCTIVITY. WHAT BEGAN IN SWITZERLAND
HAS ALREADY LED TO MAJOR ADVANCES FROM JAPAN, THE UNITED STATES,
CHINA, AND SEVERAL OTHER COUNTRIES.

THIS RAPID SPREAD OF IDEAS MEANS THAT NO NATION CAN REMAIN
COMPETITIVE WITHOUT INVESTING IN NEW KNOWLEDGE AND TRANLATING IT
QUICKLY INTO NEW PRODUCTS AND TECHNOLOGIES.
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R _AND D INVESTMENT:

YOUR LETTER OF INVITATION INDICATED THAT THE CENTRAL PURPOSE OF
THESE HEARINGS WOULD BE TO REVIEW THE STATE OF R AND D IN THE
UNITED STATES. IT IS CLEAR THAT:

o] WE HAVE THE STRONGEST AND MOST CREATIVE RESEARCH SYSTEM
IN THE WORLD, WHICH HAS GIVEN US AN UNPRECEDENTED EXPLOSION OF
KNOWLEDGE.

o U.S. RESEARCHERS LEAD IN MANY OF THE NEW
MULTIDISCIPLINARY FIELDS SUCH AS BIOTECHNOLOGY, MATERIALS
RESEARCH, AND COMPUTER AND INFORMATION SCIENCES.

(o) OUR UNIVERSITIES -- WHICH UNIQUELY COMBINE RESEARCH AND
EDUCATION -- ARE THE BEST IN THE WORLD. THAT THEY ATTRACT
STUDENTS FROM ALL OVER THE WORLD, AND INVESTMENT FROM FOREIGN
COMPANIES, IS NO SURPRISE. IN THE COMPETITIVE EDUCATIONAL
MARKET, THEY DELIVER THE BEST PRODUCT.

ON THE OTHER HAND, LONG TERM FUNDING TRENDS TELL US THAT WE
MAY NOT HAVE BEEN INVESTING ENOUGH IN UNIVERSITY BASIC SCIENCE
AND ENGINEERING RESEARCH AND EDUCATION:

0 WE HAVE GIVEN UP THE COMMANDING LEAD WE HAD OVER OUR
MAJOR INDUSTRIALIZED TRADING PARTNERS IN THE FRACTION OF GNP
DEVOTED TO R AND D. (FIG. 1) AT 1.9% OF GNP, OUR CIVILIAN R AND
D SPENDING IS LESS THAN THAT OF JAPAN AND WEST GERMANY.

o BASIC RESEARCH AS A PERCENTAGE OF TOTAL FEDERAL R&D HAS
BEEN DROPPING. (FIG. 2) ONE REASON IS THAT DEFENSE NOW TAKES A
LARGER SHARE OF FEDERAL R AND D THAN IN THE PAST -- MORE THAN 70%
OF THE TOTAL -- AND DOD SPENDS LESS THAN 3% OF ITS R AND D BUDGET
ON UNIVERSITY RESEARCH. (FIG. 3)

o) AS A RESULT, THE UNIVERSITY SHARE OF FEDERAL R AND D
SUPPORT HAS BEEN DROPPING SINCE THE PEAK IN 1979. (FIG. 4) THIS
HAS PUT THE UNIVERSITIES IN DIFFICULTY, SINCE NEW RESEARCH
OPPORTUNITIES MEAN NEW DEMANDS FOR PEOPLE, EQUIPMENT, AND
FACILITIES. 1IN BOTH UNIVERSITIES AND INDUSTRY, SCIENTISTS MUST
HAVE THE LASTEST EQUIPMENT IF THEY ARE TO TAKE ADVANTAGE OF
RESEARCH OPPORTUNITIES.

FORTUNATELY, WE HAVE BEGUN TO REVERSE SOME OF THESE TRENDS
IN THE LAST SIX YEARS. TOTAL FEDERAL SUPPORT FOR R AND D HAS
RISEN 50% IN CONSTANT DOLLARS SINCE 1980. (FIG. 5)

OVERALL, THE NATIONAL POLICY ENVIRONMENT FOR RESEARCH HAS
IMPROVED SUBSTANTIALLY. THERE IS MORE WILLINGNESS ON THE PART OF
UNIVERSITIES AND INDUSTRY TO COOPERATE.

WE ARE SEEING MANY STATES GETTING INVOLVED IN RESEARCH
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SUPPORT IN NEW WAYS. THERE IS MUCH MORE UNDERSTANDING OF THE
NEED FOR BETTER EDUCATION, MORE SUPPORT FOR UNIVERSITY BASIC
RESEARCH, AND PROGRAMS INVOLVING INDUSTRY.

AT THE FEDERAL LEVEL THERE IS MUCH MORE EMPHASIS ON
COOPERATIVE PROGRAMS. NSF'S NEW ENGINEERING RESEARCH CENTERS AND
SCIENCE AND TECHNOLOGY CENTERS ARE PROTOTYPES.

THESE CENTERS ARE LOCATED ON UNIVERSITY CAMPUSES, ARE
MULTIDISCIPLINARY, AND HAVE STRONG INDUSTRY INVOLVEMENT. THEY
WILL WORK ON BASIC RESEARCH PROBLEMS THAT ARE IMPORTANT TO
SCIENCE, BUT ALSO RELEVANT TO INDUSTRIAL TECHNOLOGY. '

THE MULTI-DISCIPLINARY EMPHASIS IN THESE CENTERS IS
IMPORTANT. MUCH IMPORTANT WORK REQUIRES TRAINING AND EXPERIENCE
IN MORE THAN ONE DISCIPLINE. IT MAY BE NO COINCIDENCE THAT
SUPER-CONDUCTIVITY WAS DISCOVERED IN A LABORATORY WHERE MULTI-
DISCIPLINARY WORK WAS THE RULE RATHER THAN THE EXCEPTION.

LET ME JUST ADD THAT THE RESPONSE FROM THE RESEARCH
COMMUNITY HAS BEEN STRONGLY POSITIVE. WE HAVE RECEIVED MORE THAN
800 LETTERS OF INTENT TO SUBMIT PROPOSALS, REPRESENTING ALL
DISCIPLINES, A BROAD RANGE OF INSTITUTIONS, HEAVY PARTICIPATION
FROM INDUSTRY, AND ALL GEOGRAPHIC REGIONS AND NEARLY EVERY STATE.

IN THIS SITUATION -- WITH MORE THAN $2 BILLION DOLLARS
EXPECTED TO BE REQUESTED FOR THE FIRST YEAR OF OPERATIONS -- OUR
PROBLEM WILL BE TO SELECT THE VERY BEST FROM AMONG A LARGE NUMBER
OF DESERVING PROJECTS.

HUMAN RESOURCES:

NOW LET ME RETURN MORE EXPLICITLY TO THE HUMAN RESOURCES
QUESTIONS THAT WERE RAISED IN YOUR LETTER OF INVITATION.

PEOPLE CREATE THE KNOWLEDGE THAT MAKES TECHNOLOGICAL
INNOVATION POSSIBLE. THEY RUN OUR INDUSTRIES. THEY ARE THE
MENTORS AND TEACHERS OF NEW GENERATIONS OF SCIENTISTS. THEY ARE
LEADERS AND DECISION MAKERS IN OUR MODERN TECHNOLOGICAL SOCIETY.

AWARENESS OF THE IMPORTANCE OF PEOPLE TO ECONOMIC
COMPETITIVENESS IS REFLECTED IN OTHER NATIONS' INVESTMENT IN
HUMAN CAPITAL.

o} JAPAN HAS DOUBLED ITS TECHNICAL WORKFORCE IN THE LAST
TWO, DECADES. (FIG. 6) IT PRODUCES ABOUT AS MANY ENGINEERS
ANNUALLY AS WE DO, WITH HALF OUR POPULATION.

o} IN THE UNITED STATES, SCIENTIFIC AND TECHNICAL
EMPLOYMENT HAS GROWN THREE TIMES FASTER THAN REAL GNP AND TOTAL
PROFESSIONAL EMPLOYMENT. (FIG. 7)
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CLEARLY SCIENTISTS AND ENGINEERS ARE IN DEMAND, AND THE
DEMAND WILL RISE AS OUR MODERN KNOWLEDGE-BASED ECONOMY DEVELOPS.

IT IN NOT CLEAR, HOWEVER, THAT WE WILL BE ABLE TO MEET THAT
DEMAND.

o} THE NUMBER OF 22-YEAR-OLDS HAS BEEN DROPPING STEADILY
AND WILL CONTINUE TO DO SO. (FIG. 8) THAT MEANS THAT UNLESS A
GREATER PROPORTION OF THE UNDERGRADUATE POPULATION 1S ATTRACTED
TO THE SCIENCE AND ENGINEERING FIELDS, THE NUMBER OF SCIENCE AND
ENGINEERING DEGREES WILL DECLINE IN THE FUTURE.

HAVING FEWER YOUNG PEOPLE MAKES IT EVEN MORE IMPORTANT TO
ATTRACT WOMEN AND MINORITIES TO SCIENCE AND ENGINEERING. N
MINORITIES ARE ESPECIALLY IMPORTANT, SINCE THEY ARE AN INCREASING
FRACTION OF QUR COLLEGE-AGE POPULATION. HISTORICALLY, HOWEVER,
THESE GROUPS HAVE HAD LOW RATES OF PARTICIPATION IN THE NATURAL
SCIENCE AND ENGINEERING DISCIPLINES.

ANOTHER SERIOUS PROBLEM IS THAT MORE THAN HALF OF OUR NEW
PHD'S IN ENGINEERING, AND INCREASING NUMBERS IN MATHEMATICS AND
OTHER FIELDS, ARE NOW FOREIGN NATIONALS. (FIG. 9)

OVERALL, FOREIGN STUDENTS ACCOUNT FOR NEARLY 85% OF THE
RECENT GROWTH OF GRADUATE EDUCATION IN THE UNITED STATES. WITH
FEWER AMERICANS CHOOSING SCIENCE OR ENGINEERING CAREERS, WE ARE
INCREASINGLY DEPENDENT ON FOREIGN NATIONALS IN SOME OF THE MOST
IMPORTANT SPECIALTIES.

WE ARE FORTUNATE TO HAVE THEM. MANY FOREIGN GRADUATES OF
OUR UNIVERSITIES REMAIN TO CONTRIBUTE TO OUR ECONOMY AND TO
RESEARCH AND EDUCATION. BUT IT IS BAD POLICY TO BE DEPENDENT ON
A RESOURCE WE CANNOT CONTROL.

AS OPPORTUNITIES OVERSEAS INCREASE, WE MAY FIND THAT THE
NUMBER OF FOREIGN STUDENTS COMING TO OUR UNIVERSITIES DECLINES,
AND MORE OF THOSE WHO DO COME MAY RETURN TO THEIR OWN COUNTRIES.

TURNING THESE TRENDS AROUND WILL BE A LARGE UNDERTAKING.
THE DEMOGRAPHIC TRENDS ARE FIXED, AND ATTRACTION RATES TEND TO BE
STABLE OVER TIME. MUCH BETTER SCIENCE AND MATHEMATICS IN THE
SCHOOLS -- GOOD ENOUGH TO ATTRACT THE BEST STUDENTS -- WILL BE
NEEDED.

MANUFACTURING

A SCARCITY OF TECHNICAL PERSONNEL COULD REINFORCE ANOTHER
WORRISOME TREND IN OUR ECONOMY: A DECLINE IN EMPHASIS ON
MANUFACTURING.

JAPAN HAS TAKEN A LEAD IN MANUFACTURING BY ADOPTING A
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SYSTEMS APPROACH THAT INVOLVES THE WHOLE ENTERPRISE. THEY
REALIZED FAR MORE QUICKLY THAN WE THAT MODERN MANUFACTURING
REQUIRES ATTENTION TO MUCH MORE THAN HARDWARE AND TOOLS. QUALITY
AND INVENTORY CONTROL, AND THE EDUCATION AND PARTICIPATION OF
ENGINEERS, WORKERS, AND MANAGERS IN DECISIONS ARE AT LEAST AS
IMPORTANT.

DESPITE COMMENTS TO THE CONTRARY, MANUFACTURING IS
IMPORTANT: BETWEEN 1965 AND 1985, THE DOLLAR VALUE OF
MANUFACTURING WORLDWIDE INCREASED 125%. IN EUROPE, THE INCREASE
WAS 80%; IN JAPAN, IT WAS 600%. BUT IN THE US, IT WAS ONLY 50%.

IN 1965 THE EEC COUNTRIES' MANUFACTURING TOTALLED ONLY ABOUT
A THIRD OF THE U.S. LEVEL. TODAY THEY EXCEED THE U.S.

WE HAVE BEEN TOO WILLING TO WRITE OFF THIS SECTOR. BOTH
INDUSTRY AND ACADEMIA CAN SHARE THE BLAME FOR THIS:

(o} INDUSTRY ALLOWED MANUFACTURING TO BECOME A BACKWATER.
THE BEST PEOPLE WENT TO PRODUCT ENGINEERING OR RESEARCH.

(o] AND IN THE UNIVERSITIES BRIGHT YOUNG ENGINEERS REALIZED
THAT THE WAY TO TENURE DID NOT LEAD THROUGH MANUFACTURING
RESEARCH. THE SUBJECT SIMPLY DROPPED OUT OF SIGHT -- AND OUT OF
THE CURRICULUM -- AT ALL BUT A VERY FEW SCHOOLS.
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AN AMERICAN BRAIN DRAIN?

EDUCATIONAL PROBLEMS AND A DECLINE IN MANUFACTURING COULD
REINFORCE EACH OTHER TO PRODUCE A "BRAIN DRAIN:" NOT A LITERAL
EMIGRATION OF PROFESSIONALS, BUT RATHER A PROGRESSIVE
DETERIORATION OF OUR TECHNICAL SKILL BASE.

INADEQUATE EDUCATIONAL SYSTEMS MAKE IT HARDER FOR OUR
INDUSTRIES TO COMPETE. IF OUR LEADING INDUSTRIES THEN FALL
BEHIND, OUR BEST PEOPLE WILL NO LONGER BE ATTRACTED TO CRITICAL
TECHNICAL AREAS. THE ECONOMIC PAYOFF WILL NO LONGER BE THERE.
WE WILL FAIL TO DEVELOP NEW SKILLS OR EVEN TO MAINTAIN THOSE WE
HAVE.

THE SEMICONDUCTOR INDUSTRY IS A GOOD CASE IN POINT. AS WE
LOSE OUR LEADERSHIP POSITION TO JAPAN, THE ATTRACTION OF THE
FIELD WILL DECLINE; BOTH STUDENTS AND VENTURE CAPITAL WILL MOVE
TO OTHER AREAS. 1IN THE PROCESS THE NATION WILL LOSE THE
LEADERSHIP OF A CRITICAL INDUSTRY.

WE HAVE SEEN THIS HAPPEN BEFORE -- FOR SOMEWHAT DIFFERENT
REASONS -- IN NUCLEAR ENGINEERING. HOW MANY BRIGHT STUDENTS
TODAY ARE LIKELY TO TRAIN FOR CAREERS IN REACTOR DESIGN OR
OPERATION? ARE WE WILLING TO DEPEND ON FOREIGN SOURCES FOR THESE
SKILLS?

SUMMARY

MR. CHAIRMAN, LET ME SUMMARIZE BY RETURNING TO THE KEY POINTS
RAISED IN YOUR LETTER:

FIRST: RESEARCH AND EDUCATION IN SCIENCE AND ENGINEERING IN
THE UNITED STATES ARE CRITICALLY IMPORTANT TO ECONOMIC
COMPETITIVENESS. OUR INFRASTRUCTURE FOR BASIC RESEARCH AND
EDUCATION -- CHIEFLY OUR UNIVERSITY SYSTEM —- IS HEALTHY AND
PRODUCTIVE, BUT ALSO UNDER INCREASING STRAIN.

SECOND: WE MUST MAKE CONTINUING STEADY INVESTMENT -~ IN GOOD
TIMES AND BAD -- IN RESEARCH AND EDUCATION. THIS REQUIRES THE
RIGHT BALANCE OF FEDERAL PROGRAMS:

BETWEEN CIVILIAN AND MILITARY,

BETWEEN BASIC AND APPLIED PROGRAMS,

BETWEEN SCIENCE AND ENGINEERING,

© O ©o o

AND BETWEEN SUPPORT FOR INDIVIDUALS AND SUPPORT FOR
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CENTERS.

THiIRD: PEOPLE ARE THE BASIC RESOURCE:

o} OUR EDUCATIONAL SYSTEM NEEDS A MAJOR OVERHAUL AT ALL
LEVELS -- PRIMARY, SECONDARY, AND UNDERGRADUATE -- IN SCIENCE,
MATHEMATICS, AND ENGINEERING.

0 WE MUST ATTRACT MORE STUDENTS, AND ESPECIALLY MORE
WOMEN AND MINORITIES, TO SCIENCE AND ENGINEERING.

o WE MUST DEMONSTRATE TO YOUNG PEOPLE -- ESPECIALLY TO
THE BRIGHTEST OF THEM -- THAT THE REWARDS FOR CAREERS IN SCIENCE
AND ENGINEERING ARE REALLY THERE. THAT REQUIRES A THRIVING
MANUFACTURING INDUSTRY, ACTIVELY CHALLENGING TECHNOGICAL
FRONTIERS.

FOURTH: 0 STAY AHEAD WE MUST GENERATE NEW IDEAS CONTINUOUSﬁY
AND CONVERT THEM QUICKLY TO NEW PRODUCTS AND PROCESSES.

FIFTH: WE, NEED CLOSER COOPERATION BETWEEN THE UNIVERSITIES AND
INDUSTRY, OF THE SORT THAT NSF 1S SEEKING TO ENCOURAGE THROUGH
OUR SCIENCE AND TECHNOLOGY CENTERS PROGRAMS. THIS WILL MAKE
BETTER USE OF OUR HUMAN AND FINANCIAL RESOURCES, AND ALSO HELP
TRANSFER NEW KNOWLEDGE SMOOTHLY FROM RESEARCH LABS TO
MANUFACTURING.

FINALLY, WE MUST UNDERSTAND THAT WE ARE IN A LONG TERM
COMPETITION THAT REQUIRES NEW WAYS OF THINKING.

THE RESEARCH COMMUNITY MUST REALIZE THAT FEDERAL SUPPORT IS
NOT AN ENTITLEMENT, BUT MUST BE JUSTIFIED BY ITS CONTRIBUTIONS TO
NATIONAL GOALS, AND ESPECIALLY TO ECONOMIC COMPETITIVENESS.

PERHAPS THE HARDEST THING IS TO REALIZE THAT SOLVING OUR
PROBLEMS WILL REQUIRE MANY DIFFERENT ACTIVITIES, SUSTAINED FOR A
LONG PERIOD. NO ONE THING WE DO WILL HAVE A DRAMATIC OR SHORT
TERM EFFECT. ONLY A PATIENT EFFORT, LOOKING TO PAYOFF OVER
DECADES RATHER THAN YEARS, WILL SUFFICE.

THAT CONCLUDES MY PREPARED REMARKS, MR. CHAIRMAN. I WILL BE
PLEASED TO RESPOND TO YOUR QUESTIONS.
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R&D EXPENDITURES AS A PERCENT OF GNP
FOR SELECTED COUNTRIES: 1965, 1975, AND 1985
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BASIC RESEARCH
AS A PERCENT OF TOTAL R&D
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FEDERAL OBLIGATIONS FOR R&D AT UNIVERSITIES AND
COLLEGES AS A PERCENTAGE OF ALL FEDERAL R&D
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Senator SARBANES. Mr. Bloch, I would like to take just a moment
to focus on the charts that you have attached to your prepared
statement to the committee. Perhaps if you could just go through
them and underscore their significance as you see it in relation to
the presentation you made, 1 think it would be helpful. They are
very graphic illustrations of some of these basic points.

Mr. BrocH. I would be glad to do that. Let me turn to the first
chart. That is R&D expenditures as a percent of GNP for selected
countries. You see three timeframes: 1965, 1975, and 1985.

You see that in 1965 we were ahead of the other countries that
are shown here: France, United Kingdom, West Germany, and
Japan. In 1975 we were equal, essentially. Then, in 1985 Japan ex-
ceeds us by a few tenths of a percentage point.

So, the point is that other countries have caught up with us in
the investment as measured by this parameter. Obviously we can
ask how good the parameter is, and that is a good question. I think
it is significant, however, and it is one way of judging different
countries.

We need to realize that we live, obviously, in different systems.

Representative SCHEUER. Are these R&D expenditures for both
military and civilian?

Mr. BrocH. Yes.

Representative SCHEUER. How would you evaluate the impact of
SDI, if it goes ahead, on the meaning of these charts? For example,
as I understand it, SDI last year absorbed 84 or 85 percent of the
increase in total R&D expenditures both civilian and military.

Now, if that trend continues, although the United States may be
more or less equal to—what is the one just to the left—just to West
Germany and only slightly behind Japan, from the point of view of
our civilian economy, if an increasing percentage of our R&D is de-
voted to SDI—and as I said, I think about 85 percent of the in-
crease in R&D both civilian and military went to SDI—wouldn’t
the reality be a great deal worse than your chart shows for the
United States in terms of the strength and vitality and robustness
of the American economy?

Mr. BrocH. Let me make a general comment first. You have a
chart which really underlays the chart that I just discussed by ex-
cluding defense R&D spending in all of the three countries. There
is not much to exclude in Japan and West Germany, by the way,
but quite a bit to exclude in the United States. And you see that on
civilian R&D as a percentage of GNP we are well below the ex-
penditure of Japan and West Germany.

Let me make a comment. It is very true that 30 and 40 years
ago, in the 1950’s, defense led the civilian sector in significant new
technology. I give you two examples: computers and semiconduc-
tors. The fallout from the defense sector into the civilian sector was
very significant. As a consequence there is a whole semiconductor
industry and a whole computer industry that really spun off from
the investment in defense.

Today, that is no longer the case. Today, in many areas it is the
civilian sector that leads the defense sector in many of the materi-
als areas, in computers and semiconductors. Biotechnology—just
think about that particular field.
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So, the fallout from the defense sector into the civilian sector is
no longer as pronounced as it was at one time, and that is a very
important point.

enator SARBANES. That is an extremely important point, be-
cause it is sometimes asserted to us when we are focusing on this
R&D discrepancy that is up there on that chart in the nondefense
area as one of the significant factors for the difficulty we are
having in the economic competitiveness area. It is asserted that
you get this spinoff or fallout from the defense R&D over into the
civilian sector.

I have been exploring this with various major companies who do
both defense and nondefense work, and the consistent response I
have received from those who are in both fields is that they do not
get much of a carryover from their defense R&D into civilian pur-
poses now.

And, of course, you have the other problem of companies that do
primarily defense R&D only who have really no vehicle for that
transfer. I am talking now about companies that do both so that
they at least have an internal vehicle for the transfer, if in fact it
is relevant. They find that generally speaking it is not that rele-
vant. Then you separately have the problem of defense contractors
almost purely who have no handy vehicle for the transfer even if it
was there to be done.

Mr. BrocH. That was really the point I was making. We always
talk about fallout from defense into the civilian sector. We should
talk about fallout from the civilian sector into the defense sector. I
think today that is much more prevalent than it was 30 years ago.

Let me make a second point, however. I wouldn’t have any prob-
lem with investing in defense R&D if defense would spend a bigger
portion of their R&D budget on basic research and on education.
They are not doing that. If you look at how much defense is spend-
ing on basic research, it is about 3 percent. If you had looked 10
years ago or thereabouts, you would find it would have been a
much higher percentage. So, they have been dropping. If they
would spend more on basic research—as they should because they
are depending on the output of basic research—they are depending
on the output of our schools for students, engineers, and scientists
in order to do what they need to do—then I would not have much
of a problem with it.

I am saying within the defense R&D budget the balance isn’t
right either, the balance between basic research and development
and between what they are investing in in universities and in edu-
cation. If that could be adjusted more toward the 5, 6, T percent
level, then I think you would see much more fallout from that in-
vestment into our civilian sector or into our total society.

So, my problem really with the defense R&D budget is for it to
be in balance within the R&D budget and within the Federal R&D
budgets, imbalance between basic research and the other areas of
research must be corrected.

The next chart that you have in front of you is a chart entitled
“Basic Research as a Percent of Total R&D.” And you see essen-
tially this particular problem. In the 1980’s, despite the fact that
there was a very heavy investment in Federal R&D during that
time, basic research has not increased proportionately. For in-
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stance, if you look at the National Science Foundation, we had a 60
percent cumulative increase over this same period, but because of
i;he (?eavy shift into defense R&D, basic research took this particu-
ar drop.

If one considers the national R&D expenditures that include the
private sector—that that one has stayed relatively flat. So there is
some contribution from the private sector into basic research.

The third chart——

Representative ScHEUER. What would you consider an appropri-
ate percentage of total research?

Mr. BrocH. Congressman Scheuer, you are asking difficult ques-
tions today.

Representative ScHEUER. What should we be shooting for?

Mr. BrocH. Let me tell you, I don’t think there is an appropriate
number. But I will make two points. First of all, at a point in time
where we have all of these problems—economic competitiveness,
where we know that we are depending on new knowledge, where
we know that we are falling behind in human resources—at least
this line should stay flat as a minimum. It shouldn’t go down.
Should it go up? We can have an argument on that. But at least it
shouldn’t go down. That would be my lower limit on answering
your question.

I don’t think there is an appropriate number. I think you com-
pare yourself to your competitors. That is one way of finding the
truth. The other one is you look at the problems that you have and
you ask yourself is your expenditure and is your investment ad-
dressing the problem or isn’t it? And obviously, when you see this
dropoff, then you know you are not addressing the problem that we
all agree we have. So, I would answer it that way. I know you
wanted a number, but I don’t think there is such a number.

The next chart is really the shift between defense and nonde-
fense Federal R&D funds. And you see how that one has increased
over the last 10 years.

Senator SARBANES. That is very dramatic. Could we just stop on
that for a moment?

Mr. BrocH. Sure.

Senator SARBANES. I see you have extended the trend line to the
left. So, I take it, over a sustained period of time it was at about a
50-50 split.

Mr. BrocHh. 50-50. Right.

Senator SARBANES. And in recent years we have had a very
marked shift, so we now have a 2.57 ratio of defense to nondefense
Federal R&D funds.

Mr. BrocH. Right. That was the 70 percent that you mentioned
before. And again, underneath this shift is what my concern is as
to what is the right investment. But underneath that is essentially
the imbalance between basic research and the rest of R&D.

Senator SARBANES. You have a shift from nondefense to defense;
and within defense you have a shift away from basic research,
which compounds the problem.

Mr. BrocH. That’s right. That is exactly right. I don’t think, for
instance, that it would make any difference if the National Science
Foundation or if the Department of Defense would invest in basic
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research. The results might be the same. I think we can do it
better, by the way, but that is a self-serving kind of a comment.

Senator SARBANES. You are entitled to self-serving comments.

Mr. BrocH. Thank you, Mr. Chairman. [Laughter.] The next
chart you see is similar to one that I showed you before, but this
one is Federal obligations for R&D in universities and colleges as a
percent of the Federal R&D budget. And you see the same trend.
Since 1980 this has gone down. Even so, again on an absolute-dollar
basis, the increases have been very significant in this area.

The next chart shows Federal R&D in basic research expendi-
tures in constant 1987 dollars. You see the increase in the total
Federal budget, and you also see basic research essentially staying
more or less flat or having a much lower slope of increase, in con-
stant 1987 dollars. The same point really that I made before is il-
lustrated.

The next series of charts really has to do with human resources:
R&D scientists and engineers per 10,000 of labor force in the vari-
ous countries over, again, three timeframes: 1965, 1975, and 1984.
And you see in 1965 we had a predominant advantage in that
regard. Our technical labor force as a percent of the total labor
force was much higher than any of the other countries that we are
showing here.

By 1975, you see them in catchup, and in 1984 you see Japan
almost equalling us on this very important parameter. These are
scientists and engineers, in the Iabor force, be they in Government
or be they in the private sector.

So, you see them catching up and you see the result of more in-
vestment in Japan and some of the other countries in R&D in
these very important areas. That is really what this chart reflects.

Representative SCHEUER. May I ask a question?

Mr. BrocH. Sure.

Representative ScHEUER. If it is true that Japan is training twice
the number of scientists and engineers that we are training, with
half the population, why isn’t Japan way ahead of us in scientists
and engineers per 10,000 labor force?

Mr. BrocH. Watch out. That is not quite correct. Japan is gener-
ating twice the number of engineers, not the number of scientists
and engineers. OK. I think that is the problem. And by the way,
there are also great differences between engineering fields. So, it is
a factor of two that really only applies. to engineering. But there
gght be more behind this one than meets the eye, 1 just don’t

ow.

The next one that you are shown is called “Average Annual
Growth, Science and Engineering Employment and Other Manpow-
er and Economic Variables.” This is in the United States for two
timeframes. The light area is 1976 to 1980, and then the heavy,
shaded area, 1980 to 1986. And really, if you look about halfway
down, total scientists and engineers—these are growth figures;
these are not absolute figures—you see that in both timeframes the
growth here has exceeded U.S. employment goals. And you see it is
a reflection here of a more technical kind of an industrial environ-
ment and more need for scientists and engineers in our labor force.

The point I wanted to make is there is no reason to believe that
this will not be the case in the future. It would meet other things if
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it were going in the other direction, therefore we need to be con-
cerned about whether we can supply this work force, not only the
numbers but also the quality of that work force.

Both the quality and the quantity is important, and one cannot
make predictions on how many scientists and engineers are
needed; one always could be wrong. But the indication here is es-
sentially what the trend is, and we need to be aware of that par-
ticular trend. Again, there is no single number that you can focus
on, but I think that you can focus on the trend and try to under-
stand what is going on.

The next one is the estimate of 22-year-olds in the population.
That has been written about and talked about for a long time. We
are in the middle of a drop in the number of 22-year-olds, and it is
interesting that if you go back historically and ask yourself what
percent of the 22-year-olds are pursuing science and engineering
careers, that number hasn’t changed very much over time. It has
stayed fairly constant. So, trying to influence that number would
be a difficult task.

Senator SARBANES. So, your previous chart shows that the need
for scientists and engineers is increasing.

Mr. BrocH. Right.

Senator SARBANES. And this chart shows that the potential popu-
lation from which to draw scientists and engineers is decreasmg

Mr. BrocH. Right.

Senator SARBANES. So, unless we can somehow significantly raise
the percent who choose to move into science and engineering, we are
going to face a major gap.

Mr. BrocH. Right. That's the point.

The other point I want to make is we have some underrepresent-
ed groups, and I made that point in my statement before—women
and mlnorltles, in partlcular—from which we need to attract more
into science and engineering. The representation of women in sci-
ence and engineering has increased over the last 10 or 12 years sig-
nificantly, but it seems to be leveling off.

In the minorities area, we have not made very much progress, to
be very frank about it. Even though we have focused on that area,
we need to focus more on it.

Another source, obviously, of input into this talent pool is our
foreign citizens, and the last chart talks to that particular point. It
shows you how over the last 20 years, since 1965 to 1985, especially
in engineering, we have been depending on Ph.D. candidates and
Ph.D. students from foreign countries to supply our own need and
our own replacements, not just ours but theirs, obviously.

But a large number or a large percentage of the people stayed
here, and my concern is that that might shift as industries develop
in other countries and their capabilities develop, and people might
no longer stay here to the same degree that they did before.

That essentially is the content of the charts.

Senator SARBANES. Thank you very much, sir.

I have a vote. I have one question, and then I will turn it over to
Congressman Scheuer.

You said earlier that we weren’t very good in transferring the
knowledge from basic research into applied research, as I under-
stand it, or into products. And you subsequently said that it was a
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cultural and an_attitude problem. I wonder if you could develop
that a little bit. Why aren’t we doing well?

Mr. BrocH. I don’t know the answer to that, but let me try to
describe the situation. And, by the way, let me say that I have ob-
served that even within a single company, the relationship between
the research division, or the research laboratory, and the product
development laboratory is not a cooperative one; even within a
company, there is a hesitancy to accept input from the outside.

The Japanese have no problems reading everybody’s books and
everybody’s papers and learning from them, and asking questions,
and so forth, apparently.

But we have a tremendous problem in that regard. That is one
thing. The second one has to do with the speed at which you move
into new areas and develop new products.

Senator SARBANES. Could I go back to your first point?

Mr. BLocH. Sure.

NSe{})ator SARBANES. Is it an attitude that comes from having been

0. 17

Does any historical research show that in an earlier time in
American history, when we were not No. 1, a different attitude pre-
vailed with respect to willingness to learn from others, in being
open to absorb everything? We had such dominance in the post-
World War II period, is it that kind of an attitude?

Mr. Broch. I am pretty sure that is a big part of it. The other
part of it is that people didn’t feel that they had a competitive
pressure; that competitive pressure was from inside the country; it
was not from the outside.

And that is a little bit different. Now, it shouldn’t be probably,
but it is. That has something to do with it.

The third one has to do with the fact that probably there were
enough resources available to redo many things. You didn’t have to
take the output from another group and use it yourself; you could
develop it yourself.

That has something to do with it. And the urgency of it has
something to do with it. And I think all of these things combined
lead to what I call the cultural problem.

Senator SARBANES. Thank you very much.

Congressman Scheuer.

Representative ScHEUER. Mr. Bloch, your testimony has been ex-
tremely thoughtful and helpful, and I appreciate it very much.

When you talk about doctoral degrees awarded to foreign citi-
zens, are you talking about foreign students who have come here
and who have received their green card and are working under a
student visa and intend to make the United States their home?

Or are you talking about foreign students, for example, a country
like China, where the overwhelming percentage of them are ex-
pected to come back? There may be a little attrition around the
edges, but from the point of view of our society, they are lost to us
once they graduate.

Which is it?

Mr. BrocH. I was talking about both of them. And I mentioned
the point that, today—especially in engineering—about 60 percent
of that student body stays here more or less permanently. You
never know whether it is permanent completely or not.
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So I have talked about both, essentially.

Representative SCHEUER. What you have here for 1980 to 1985,
the last column on the right, in engineering, half of our engineer-
ing students are foreign.

Mr. BrocH. Careful, these are doctoral degrees. These are not un-
dergraduate engineers. The picture is completely different at the
undergraduate level.

Representative ScHEUER. Would it be more or less?

Mr. BrocH. It would be fewer foreign students.

Representative SCHEUER. As a percentage.

Mr. BrocH. Right.

Representative ScHEUER. Of the doctoral students, half of them
are foreign and half of them are going to stay. So, in effect, we will
have the benefit of 75 percent of the doctoral students in engineer-
ing for our society.

Mr. BrocH. Yes, that is correct.

Representative SCHEUER. Looking at the face of our universities,
our schools of engineering—Harvard, MIT, Cal-Tech, Carnegie
Tech, and so forth—it is an increasingly Asian face, wouldn’t you
say? A growing percentage of Asians in that——

Mr. BrocH. There is a growing percentage of Asians in both the
graduate student population as well as in the faculty.

Representative SCHEUER. Now, to me, that would be a fascinating
subject. It would be a very welcome phenomenon, as far as I am
concerned, if most of them would stay here and be part of our soci-
ety.

On the undergraduate level with its increasingly Asian face of
our student body, what is the prospect or what are the statistics on
the number of those students who have come from Taiwan or
mainland China or South Korea, or whatever? And who are going
to make America their home, who would be part of our pool of sci-
entific talent in the years to come, as a percentage?

Mr. BLocH. What is the percentage in the total population? In
the total engineering population?

Representative SCHEUER. In the undergraduates, what percent-
age of the undergraduates who are forming the undergraduate stu-
dents in science, math and engineering?

What percentage of them will continue to be in our pool of scien-
tific talent of all kinds?

Mr. BrocH. I don’t know the numbers, but let me say one thing.
If you look at the undergraduate population, you see a different
kind of a situation. Foreign students are not that prevalent.

Representative SCHEUER. Are not that prevalent?

Mr. BrocH. That’s right. Now, it's true that Asian students that
are born in the United States—Hispanic students, obviously,
are——

Representative SCHEUER. They are not foreign.

Mr. BrocH. They are not foreign. They are increasing. But, if you
look at the foreign undergraduate population, I have not seen any
numbers that make that a very prevalent kind of a ——

Representative SCHEUER. Most of the Asian students who are in
the college or even postgraduate work in science, math and engi-
neering, most of them are American citizens who were born here.
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Mr. BrocH. No. In the graduate areas, it is different. In the grad-
" uate areas, what I showed you here is true.
- Representative SCHEUER. Students studying for their engineering
degrees, undergraduate engineering degrees.

Mr. BrLocs. I think that is very small for the foreign population.

Maybe, 5, 6, 7, 8 percent, something like that, but nowhere near 50
_or anything like that.

Representative SCcHEUER. Very good.

Mr. Bloch, there are some things that Congress can do, and a few
things that we can do well, and a lot of things we can'’t do at all, or
that we can’t do very well even if we try.

In térms of encouraging more students to go into science, math
and engineering and then, when we get them into science, math
and engineering, encourage them to go into basic research. And
then, when they graduate from school with all of their degrees
going into the civilian sector in basic research, that would be the
great desideratum.

Does Government have enough tools which we can aim with pre-
cision at that problem?

Mr. Brocs. I think you have enough tools. I don’t know if they
are being used. Obviously, the big things that Congress can do and
that Congress does is allocating budgets to those areas that need it.

And I would recommend that you double the foundation’s
budget, as an example.

Representative SCHEUER. What else?

Mr. BrocH. That is one thing.

The second thing, which is very important, is consistency. And
what I mean by that, it doesn’t help us to get a 20-percent increase
1 year and then have 3 or 4 years with no increases.

There has to be some kind of a consistency of investment going
on, and that is something that Congress certainly could do. And
that is why we asked for a long-term commitment to the founda-
tion’s budget, a 5-year view, so that we know what we have to deal
with and can deal with, that the students know what they can
depend on, that the researchers know what they can depend on. It
is the on again/off again funding that is very discouraging because
research is not done in a day; research is done over many years.

Education isn’t done in a day. Education is done over 20 years.
So there has to be some consistency. And if Congress wants to do
one thing in particular—be more consistent from year to year—and
give us more of the view of the next 5 years at least and not just a
view of the next 12 months.

By the way, this is 1988 and we still don’t have a budget after 3
months into the fiscal year 1988. This makes it very difficult to
deal with with some of these issues.

Representative ScHEUER. Well, I can tell you that serving on the
Science and Technology Committee as I do in addition to this com-
mittee, I feel for you and I sympathize with you.

You are talking about two discrete problems—one, consistency,
and the other future funding. Looking at the world as it exists.
And as Grover Cleveland said over a century ago, we are faced
with a condition and not a theory. The condition is that Congress is
going to be very reluctant to give up its authority to scrutinize
budgets on an annual basis, and give any institution out there,
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whether it is the Defense Department or anybody else, a 5-year
funding.

Some of us are pushing for a 2-year funding, which would be a
quantum jump forward. So, as a practical reality, I don’t hold out
much hope for your convincing any of those institutions out there
convincing Congress that we should, in effect, let go of the power of
the purse for long periods of time and, in effect, give up a good deal
of our oversight clout.

But, in terms of consistency, one would hope that even though
we hold on to our annual appropriations, which we probably should
shift to a 2-year cycle anyway, but even if we hold more or less to
the current practice, we still ought to be consistent.

We still ought to have long-range goals and they ought to come
out of the hearing process and the appropriations process. And we
should try to stick to them. And we haven’t.

Mr. BrocH. Can I comment on this, Congressman Scheuer?

Representative ScHEUER. Of course.

Mr. BLocH. I understand that. And that would be nice. But, that
is not what I had in mind. I didn't have in mind a 5-year appro-
priation bill for the foundation. It would have helped in 1988 if the
Science and Technology Committee in the House would have ac-
knowledged the 5-year doubling of the National Science Founda-
tion’s budget. In principle that would have helped a great deal.

It is an authorization bill. It is not money. It’s not money in the
bank. It is not a blank check. You could have—you wouldn’t have
given up your oversight at all. Next year is another hearing. And if
you think you made a mistake, you could have adjusted it at that
time.

The Senate authorization committee has done more than the
House Science and Technology Committee in that regard. I was not
focusing on the appropriations process. I was focusing more on the
authorization.

That would have been a signal, just like the President and OMB
gave the signal when it agreed to a 5-year doubling of the founda-
tion’s budget. It doesn’t mean that we’re going to get it. But it is a
better starting point of negotiations and a better starting point of
considerations than if you come in every year and you start from
scratch.

That's what I had in mind.

Representative SCHEUER. Yes, I agree with you.

In terms of specific goals, pinpointing specific goals, like increas-
ing the number of students who go into basic research, would you
recommend that we create a specific incentive program and create
a large number of postdoctoral fellowships, let us say, NSF postdoc-
'tor:‘a),l fellowships for basic research—science, math and engineer-
ing?
Or how else would you encourage the trend toward more basic
research?

Mr. BLocH. Let me make a couple of points.

For instance, the foundation has plans for doubling the number
of graduate fellowships we support. We can only do that if we get
this doubling of the foundation’s budget because these are expen-
sive kinds of programs.
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We have a second goal, namely, to increase the number and size
of grants that we give individual investigators, so that the individ-
ual investigator can support more graduates, fellows and postgrad-
uate fellows than what we can today.

Today, on an average grant, which—it is difficult to talk about
averages because they vary all over the place, but I will do it
anyway—today, an average grant, a principal investigator can sup-
port only about one-tenth of a graduate student. That is not
enough.

If you could increase the grant size, increase the number of
grants, then that would have an effect, a direct effect on both grad-
uate students as well as postgraduates.

I think that is a good vehicle because now you are combining re-
search and human resource generation together. And I think that
is the right way of doing it.

Representative ScHEUER. If we were to do that, should we specify
that those fellowships should be for basic research and in the civil-
ian sector?

Mr. BrocH. No, I don’t think you need to specify that. You know
that the basic research the foundation supports is important to the
civilian sector as well as to the defense sector; because we are talk-
ing about basic physics, basic mathematics, engineering, and so
forth. I don’t think you need to specify.

Representative ScHEUER. If the situation that I outlined briefly
on SDI is accurate, the overwhelming percentage of the basic re-
search going on in this country, like 84 or 85 percent, or at least
the increase in basic research, is 84 or 85 percent SDIL

And it seems to me that—so you have really frozen nonmilitary
research, basic research, at more or less its current level, with vir-
tually all of the increase going to SDI

Mr. BLocH. Coming back to my comment before, if a big portion
of the SDI budget would go to basic research and would go to sup-
port education in universities, that would be all right.

You would add to the pool of educated scientists and engineers
and you would add to the knowledge pool that is applicable across
the board.

If the research is in a very narrow area which is divorced from
the civilian sector and if it doesn’t support education, that’s when I
think we have a problem.

Representative Scueuer. OK. Thank you very, very much, Mr.
Bloch. Your testimony has been really outstanding and we appreci-
ate it.

Mr. BrocH. Thank you.

Representative SCHEUER [presiding]. And now we will ask Mr.
Albert Teich of the office of public sector programs of the Ameri-
can Association for the Advancement of Science to come forward.

Mr. Teich, we are happy to have you with us. And why don’t you
take 8 or 10 minutes to speak with us informally. Your testimony
will be printed in full in the record. And then I am sure we wiil
have some questions.
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STATEMENT OF ALBERT H. TEICH, HEAD, OFFICE OF PUBLIC
SECTOR PROGRAMS, AMERICAN ASSOCIATION FOR THE AD-
VANCEMENT OF SCIENCE

Mr. TeicH. Thank you, Congressman Scheuer. I appreciate this
opportunity to appear before you at this hearing on R&D issues. 1
have been asked to discuss trends in R&D funding. My testimony
will serve to underline many of the points that were made so effec-
tively by Erich Bloch.

My testimony is based on the work of my colleagues and myself
at the American Association for Advancement of Science, the

As you know, AAAS is a national organization with 130,000 indi-
vidual members, representing all fields of science and engineering.
Most people know us through our flagship publication Science mag-
azine. But, each year, in collaboration with a group of about 20 sci-
entific, engineering and higher education associations, we prepare
an analysis of R&D in the budget. The material that I submitted in
advance to you is an excerpt from this year’s report, which was
published in March.

But I should make clear that the views that I am going to ex-
press here today are my own and not necessarily those of the asso-
ciation.

This is a timely subject for the Joint Economic Committee to ex-
plore. R&D is the engine of economic growth as economists, includ-
ing this year’s Nobel Laureate, Robert Solow, have established.
%(]1) the Federal Government supports about half of the country’s

In the proposed fiscal year 1988 budget, the total for R&D is
about $67 billion. In the few minutes that I have, I just want to
sketch for you very briefly a few features of this enterprise.

As Senator Sarbanes indicated in his opening statement and as
you discussed with Mr. Bloch, the largest part of Federal R&D is in
the defense area—just under three-quarters of Federal R&D spend-
ing is actually in defense, most of it in DOD and some of it in the
atomic energy defense activities portion of DOE.

This is a different situation, a very different situation than we
had at the beginning of the Reagan administration and prior to
that, when the split was more like 50-50.

I should point out, by the way, as you know, that R&D in the
budget is not a single item. It is not a pie that is divided up among
different agencies. What we call the R&D budget is really an after-
the-fact construct, the result of many individual decisions which
are arrived at more or less independently.

R&Tll)lat is an important aspect of the budget process as it applies to

During the past 7 years, the administration has recommended
each year a large increase in defense R&D while, at the same time,
has held most areas of nondefense R&D either flat or reduced.

There have been a couple of exceptions to this in basic research,
NSF being one of them. Each year, Congress has cut back the pro-
posed increases in defense R&D and restored some of the cuts in
nondefense R&D, but the result, nevertheless, has been a progres-
sive, consistent shift in this split from 50-50 to about 70-30.
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I have brought along a few slides, which I'm going to show on
that screen.

Representative SCHEUER. Excuse me; 50-50 to 70-30?

Mr. Teicn. Fifty-fifty prior to 1981. And it has now shifted to 70-
30. As you already have discussed, these charts present much of
the same kind of information that——

Representative SCHEUER. Off the record.

[Discussion off the record.]

Representative SCHEUER. Back on the record.

Mr. Teich. We have here a breakdown of R&D by functional
component showing the levels for the past several years and the
proposed level for fiscal 1988.

The slide also includes fiscal year 1967 for reference. That was
the time that R&D funding peaked as a fraction of GNP. And you
can see the blue portion at the bottom and the bottom segment of
each of those bars is the defense portion of R&D.

The other portions, the green is space, yellow is health. The little
purple slice is energy. And then you have general science in green,
and everything else is in the orange piece on the top. And you can
see here the large and growing share of defense R&D in this pic-
ture.

This next picture shows you the same information translated
into constant dollars. And one of the most interesting features of
this is the difference in space R&D between 1967 and 1988. As you
can see, the major difference between the R&D picture in 1967 and
the current day is the tremendous amount we were spending on
the Apollo program at that time.

That is no longer part of the picture. Today, space is a much
smaller part of the R&D picture. And defense, as you can see, has
grown consistently.

Let’s turn to look more closely at the current picture rather than
simply the change over a period of time, which we discussed at a
considerable extent.

The next slide shows the R&D budgets for fiscal year 1986, 1987,
and 1988 for the major Federal R&D agencies. As you can see, note
that the slide only shows six agencies. While most Federal depart-
ments and agencies do perform some R&D, these six—DOD, Health
and Human Services, Energy, NASA, NSF and the Department of
ﬁég:ii)culture—those six account for about 95 percent of all Federal

What is most obvious in this slide, of course, is the size of the
defense R&D budget relative to any of the other nondefense agen-
cies.

Note, in fact, the size of the proposed increase, the yellow bar
there, in the President’s proposed budget for fiscal 1988. The blue
and green are fiscal 1986 and 1987. And note the increase between
1987 and 1988 in Defense Department. Just the increase is larger
than the total R&D budget of any of the civilian agencies.

In fact, the changes in the civilian agencies don’t really show up
on this scale because they are dwarfed by the defense budget. So
what we have to do is take DOD out of the picture if we want to
look at those and expand the scale.

The top of the scale here is $50 billion. If we expand this on the
next slide to a scale where the top is about $9 billion, you can see
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somewhat more clearly the differences, the changes, ups and downs
in the different civilian agencies.

And I have added in here EPA and the Department of Transpor-
tation. And what you can see in this is the administration’s pro-
posed reduction in HHS, which is NIH's research. A small proposed
reduction in energy. A small increase in NASA. The NSF increase
reflects the first year in the administration’s proposed doubling of
the NSF budget.

But you also see how small the changes are, as I say, relative to
the changes in defense. I'm not going to give you the details to
three decimal places for each of these agencies. We don’t have the
time and the details are in the materials that I submitted.

Also, the numbers are going to change as a result of congression-
al action, since we are talking about proposed levels here. Eventu-
ally, these numbers will settle down when the final action is taken
on the budget.

And I will be happy to supply detailed information if the commit-
tee requires it on request.

But, instead, I want to look at another important aspect of the
picture and one that was also highlighted in Mr. Bloch’s testimony.
And that has to do with the character of R&D work as shown in
the next slide.

The term R&D, as you know, encompasses a broad range of ac-
tivities. At one end of this range, it is the professor, the proverbial
professor sitting alone in his or her office with a pencil and paper,
maybe a PC these days, and at the other end, it is an elaborate
ICBM test firing with thousands of personnel involved—support
personnel, technicians, scientists, planes, ships, and so on.

Basic research serves to advance the cutting edge of knowledge,
while development serves an entirely different purpose, that of ap-
plying knowledge and know-how to practical problems.

Defense and nondefense R&D, as you have discussed with Mr.
Bloch, are totally different in this regard. Defense R&D is mainly
D. Actually, it is DT&E—development, testing, and evaluation.

As you can see on this slide, this breaks down the defense budget
from 1981 through 1988 into its components. Basic research is in
blue at the bottom. You can barely—you have to have pretty good
eyes to see that. Applied research is the green portion.

Above that, development, which is the yellow piece, and that is
ﬂﬁf largest by far. And then the little piece on the top is R&D fa-
cilities.

And what you can see here is, first of all, development accounts
for by far the largest share of defense R&D. Basic research and ap-
plied research are really quite small relative to development.

And what you also see is that most of the growth since 1981 has
been in the yellow portion, in the development portion, as you dis-
cussed.

Now, nondefense R&D is more evenly divided among the three
components. The pattern of change as seen in this change, where
blue is basic, green is applied, yellow is development. And then the
purple slice is facilities.

What you can see here is the impact of the Reagan administra-
tion’s policies, which favor reducing the Federal role in nondefense
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development while giving favored treatment to many areas of basic
research.

In fiscal 1981, as you can see, nondefense development was the
largest component of nondefense R&D. Today, basic research is the
largest. And I think, as you were getting at in the last witness’s
testimony, we do ourselves something of a disservice when we talk
about total, the Federal R&D as an organic entity and use it as
some kind of an indicator.

We need to be more discriminating and look within total R&D at
basic research, applied research, at these components and at the ci-
vilian/defense split to really understand what is going on in R&D
funding in the Federal Government.

Before I conclude, I want to highlight several issues that I think
merit the committee’s attention. I put these in the category of
macroissues, since they relate to the R&D budget as a whole,
rather than to individual agencies.

The first has to do with the balance among functions. As I said a
moment ago, R&D is not a pie that gets divided up among different
functional areas. But, nevertheless, talking about an R&D budget
is still a reasonable thing to do because it is a good indication of
how we allocate scarce resources for R&D.

In this light, it is not only fair, but I think it is essential to ask if
the ratio of defense in R&D to nondefense R&D reflects their rela-
tive value to our society.

It is also important to ask about the balance within the nonde-
fense R&D budget. For example, whether we ought to be spending
four times as much on basic research in NSF.

Perhaps the answer will be yes. But, if it isn’t, we ought to exam-
ine the alternatives.

The second point I would like to make has to do with what some
observers have called “mortgages” on the R&D budget. During the
past several years, we have initiated a number of large-scale pro-
grams. If these are carried through to completion, they are going to
have substantial budgetary impact over a period of many years.

These include the SDI, space station, the superconducting super-
collider, the Genome project, the national aerospace plane, and, to
a lesser extent, the S&T Centers program in NSF.

We need to think about how we are going to fund the runout
costs of all of these programs simultaneously in a constrained
budget environment without squeezing out a whole lot of other
R&D activities.

The third issue I want to raise——

Senator SARBANES [presiding]. May I interject there?

Mr. TEicH. Yes, please.

Senator SARBANES. Another possibility would be to squeeze out
one of these programs, in which case, you would be able to fund a
lot of other R&D activities. ’

Mr. TeicH. That is certainly——

Senator SArRBANES. To follow up on Congressman Scheuer’s earli-
er question.

Mr. TeicH. No question. But I think that we often—perhaps we
have been getting into some of these programs without thinking
through the consequences of their simultaneous runout costs. And
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certainly not doing one of them is one way to handle those conse-
quences.

Let me speak now to the issue of competitiveness because I
think, this year, you really cannot go anywhere in this town
anyway without hearing or reading about it and how important
R&D is to the potential solution of the problem.

One of the things that our budget figures reveal—I haven’t taken
the time today to bring it out—one of the things they reveal is how
little Federal R&D really goes for work that supports the goal of
competitiveness.

The new NSF S&T Centers program is one piece that does. Other
pieces include some of the work of the Bureau of Standards, some
of NASA’s work on space commercialization, and bits and pieces
throughout various agencies.

But, on that slide that I showed you a few minutes ago, scaled
for the total R&D budget, the total of those competitiveness-related
activities would barely be visible.

The last point I want to mention has to do with the overall
budget, and it has to do with planning for growth. If we are going
to continue even a few of the large programs that I mentioned—
not all of them, but even some of them that I mentioned a moment
ago—if we're going to double NSF’s budget, as NSF and-the admin-
istration have advocated, and as the President has promised, and if
we are going to use Federal R&D to address the competitiveness
challenge, then the R&D budget is certainly going to have to grow.

The problem of the deficit, as you well know, looms over any of
these plans for growth. I have taken a look at the agreement be-
tween the President and the joint leadership of Congress and it
provides for an increase of only $3 billion in budget authority in all
discretionary domestic spending between fiscal 1988 and 1989.

How one is going to accommodate growth—in the R&D budget,
much less any other areas of domestic spending—under such con-
straints is a problem that must be faced.

That is all that I want to say in my statement.

Thank you. I will be happy to answer your questions.

Senator SarBaNES. Thank you very much.

[The excerpt of the report referred to in Mr. Teich’s statement
follows:]
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Chapter 1

Overview and Policy Issues
American Association for the Advancement qf Science

Albert H. Teich, Stephen D. Nelson, Jill H. Pace, Susan L. Sauer

For those who have followed research and development in
the federal budget for the past several years, FY 1988 holds
few surprises. Just as the Administration's overall budget
is similar to the proposals it has put forth during past few
cycles, so too, the R&D components echo familiar themes.
Once again, there are big increases in defense R&D, some
expansion in space and general science, and reductions in
energy technology and some areas of civilian applied
research. The only new wrinkles are in health research at
NIH, where the Administration has proposed what on the
surface looks likes a big increase but is, in fact, a
reduction, and at NSF, which has been promised a doubled
budget within five years.

This overview (1) examines R&D i the context of the
total federal budget; (2) reviews the major features and
trends in the FY 1988 budget proposals for R&D; and (3)
discusses the prospects for these R&D proposals in the
Congress and their implications for the nation and the R&D
community.,

A. Political and Economic Context of the FY 1988 Budget

Although budgetary politics continue to occupy center
stage in Washington, the crisis atmosphere surrounding the
Gramm-Rudman-Hollings (GRH) law has eased, and a certain
ennui has begun to set in. The deficit still looms over the
Capitol, and while it is far from solved, it does seem to be
shrinking rather than growing. The economy meanwhile has not
only failed to collapse under the weight of the deficit, but
~- despite a variety of reasons for long-term pessimism --
has been bouyed by a remarkable Wall Street rally during the
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first two months of the year.

The legislative creativity which produced Gramm-Rudman-
Hollings in 1985 also allowed Congress to find ways to meet the
letter of that.law in 1986 without either raising taxes or
subjecting dofiéstic programs to the kind of draconian cuts that
many had feared. (For details on how this was accomplished see
Congressional Action on R&D in the FY 1987 Budget, AAAS,
December, 1986.) Nevertheless, the proverbial "other shoe" that
has been expected to drop on the federal budget for some time
still remains suspended in mid-air and the possibility of major
reductions remains.

Congressional action on the FY 1987 budget resulted in a
level of defense spending substantially below that which the
President had requested, a level of nondefense spending
considerably higher than requested, and no tax increase.
Although the budget met the GRH deficit target of $144
billion on paper, the actual deficit is likely to be much
higher == up to $173 billion according to recent OMB
estimates. While this is disappointing to some observers, it
nevertheless represents a major reduction compared to the FY
1986 deficit of $221 billion.

Wwith this as background, the Administration followed the
pattern it has established over the past several years in
proposing its budget for FY 1988. It chose to present a
budget that makes a political statement ~- a strong
reaffirmation of the policies and priorities it has proposed
and Congress has rejected annually since 1981 -- rather than
putting forth a realistic blueprint for government activity
that acknowledges Congressional preferences.

The budget meets the GRH deficit target of $108 billion
without a major tax increase, while providing growth in
defense outlays about 2 percent above the level of inflation
(the smallest defense increase in the six years of the Reagan
Administration). It achieves this by proposing reductions
and terminations in a variety of nondefense programs (most of
which Congress has already rejected several times) and by
assuming numerous asset sales and other one-time revenue
generating devices. Although many specific elements of the
budget will certainly be enacted, few in the Congress took
its overall architecture seriously. The Congressional Budget
Office has estimated, furthermore, that the budget would
actually yield a deficit of $134 billion, some $26 billion
above the target.
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In che budget and the President's associated policy
proposals, the Administration has given special prominence to
programs that address the need to improve the nation's
position in the international marketplace -~ i.e., its
economic competitiveness. This has raised the silience of
R&D and science, mathematics and engineering education in
policy discussions. It also provides a context for continued
preferential treatment for R&D in the budget, something the
R&D community has enjoyed for the past several years.

Table I-1 shows the composition of the entire FY 1988
federal budget (in outlays) in both current and constant
dollars. As can be seen in the table, defense R&D is slated
to grow considerably faster than overall defense spending
(nearly twice as fast, in current dollars), while nondefense
R&D is treated much better than the "other government"
outlays category of which it is a part.

Projections for the next five years, derived from figures
in the FY 1988 budget indicate that the Administration would
continue to treat R&D well, should its preferences hold sway
over that period. Table I-2 shows these figures, which
should be taken with a large grain of salt. On the defense
side, R&D is projected to increase about 10 percent in FY
1989, then drop back somewhat before resuming its climb in FY
1991. On the nondefense side, R&D would continue to grow,
despite overall shrinkage in the "other government” category.

B. R&D in the FY 1988 Budget

Tables I-3 through I-9 provide information on several
important aspects of the Administration's requests for R&D in
the FY 1988 budget, while Table II-1 displays a comprehensive
summary of the R&D requests of the major federal agencies.
Tables II-2 through II-21 provide detailed information on
agency budget requests. Analyses of these agency budgets and
cross-cuts by discipline will be found in Parts Il and III of
this report.

As a point of departure, Table I-3 compares the figures
for budget authority, obligations and outlays for defense and
nondefense R&D in the FY 1988 budget. (See "Ceneral Notes"
at the front of this report for definitions of these terms.)
In the request for defense R&D, both budget authority and
obligations are slated to rise nearly 17 percent over FY
1987, while outlays increase a bit more slowly, 11 percent.
Nondefense R&D shows a nearly 15 percent rise in budget



50

6 Overview

authority in FY 1988 request, while obligations and outlays
would increase by less than 3 percent over FY 1987. The
sharp difference here is due to the NIH situation, discussed
below. When the NIH budget is adjusted for comparability
with prior years, the overall increase in budget authority
for non-defense R&D is only 0.2 percent in current dollars.

Other highlights of the FY 1988 budget revealed by our
tables include the following:

e Despite the appearance created by the NIH anomaly, the
divergehce between defense and nondefense R&D
continues. As shown at the bottom of Table I-3,
budget authority for FY 1988 national defense R&D
would increase nearly 13 percent over FY 1987 in
constant dollars. MNondefense R&D budget authority
appears to increase almost 1l percent in constant
dollars, but when the NIH figures are adjusted, this
translates into a 3.4 percent decline.

e Finer structure in the nondefense side of the budget
is revealed in Table I-4 and Figures 1.1 and 1.2,
which show the major functional components of federal
R&D funding in current and constant dollars. Aside
from the anomalous increase in health R&D, space and
general science are also slated for significant
increases, while energy and the "all other" category
(including environment, transportation, and
development assistance R&D among others) decline.

e Within defense R&D, the largest increases are in
development (which in DOD includes test and evaluation
programs). This area would increase by 18 percent (14
percent in constant dollars), while applied research
would grow 6 percent (3 percent in constant dollars)
and defense basic research would rise 3 percent (a1
percent decline in constant dollars). This situation
is similar to that of the past several years. (See
Table 1-6 and Figures 1.3 and 1.4.)

e The 35 percent increase in budget authority for R&D in
NIH stands out among agencies. (See Table I-7.)
Subtracting the "advanced appropriation" to adjust the
NIH figures for consistency with prior years, however,
reveals that budget authority for NIH is actually
slated to decline by about 10 percent (in current
dollars). Other R&D programs in the Department of
Health and Human Services, including those in ADAMHA
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Figure 1.2
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Character of Defense R&D
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Figure 1.4
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and the Centers for Disease Control are slated for
substantial euts (down 14 percent in current dollars,
17 percent after adjusting for inflation). See the
next section for further discussion of NIH.

General science programs in DOE (high energy and
nuclear physics) are due for a 13 percent-increase (9
percent in constant dollars). The DOE budget does not
include any construction funding for the Super-
conducting Super Collider (SSC), for which a go-ahead
decision was announced after the budget was released.
Funds for initiating this project in FY 1988 -~ should
Congress approve it -- would need to come either from
reprogramming or a supplement to the original budget
request.

NSF R&D is set to go up nearly 17 percent (about 13
percent in constant dollars). The increase provides
funding for NSF's rapidly-growing Science and
Technology Centers program, as well as sizeable
increases for the Engineering Directorate and the new
computer and Information Science and Engineering
Directorate, emphasizing programs geared toward
economic competitiveness. In presenting the FY 1988
NSF spending plan, the Administration also indicated
that it plans to double the agency's budget over the
next five years, following the recommendations of the
Packard-Bromley Report.

NASA's R&D request shows a rise of 15 percent (11
percent in constant dollars). New funding is deovted
to development activities for the Space Station, and a
new Civilian Space Technology Initiative (within the
Office of Aeronautics and Space Technology) to rebuild
NASA's technical strength. The NASA budget also
includes R&D funding to correct defects in the
Shuttle's solid rocket booster system and improve
other elements of the Space Transportation System.
Along with this, the safety, reliability and quality
assurance program receives a boost of 76.1 percent
over FY 1987.

Once again, civilian energy R&D in DOE is recommended
for a substantial cutback (10 percent in current
dollars, 13 percent in constant dollars). Solar and
other renewables, fossil fuels and conservation
programs are all affected. Worth noting, however, is
the fact that the proposed cut is less drastic than it



56

12 Quverview

has been in recent years. (A 38 percent reduction was
proposed in DOE's energy technology programs last
year.)

e R&D in other agencies comprise a mixed bag. USDA
shows &5 percent reduction (current dollars), while
EPA, USGS and Education are up slightly. Showing
impressive consistency, the Administration has, for
the seventh successive year, proposed terminating the
Sea Grant Program. This is reflected in a 23 percent
cut in NOAA's R&D budget. Congress, equally
consistent, seems likely to restore these funds, as it
has for the past six years.

e Basic research -- heavily influenced by the NIH
anomaly -~ shows a staggering 20 percent increase,
over 15 percent in constant dollars (see Table I-8).
However, if one considers about 2/3 of the proposed
$2.7 billion "advance appropriation” for NIH to be
basic research, and subtracts it from the NIH figures
(to make them comparable with prior years), then the-
picture looks much different. Under this assumption,
budget authority for basic research is essentially
level in current dollars (up 0.5 percent) and down
slightly (3.4 percent) in constant dollars. The
picture is similar in estimated support for R&D at
colleges and universities, shown in Table I-9. Both
of these items are discussed in more depth in Chapter
2.

e In sum, the overall picture for R&D funding in the
proposed FY 1988 budget is similar to recent years and
reflects consistent application of the Reagan
administration's policies: heavy investment in
military development, test and evaluation, emphasis on
nondefense basic research, particularly in areas of
physical sciences and engineering, and resistance to
strong Congressional pressures to increase basic
biomedical research in NIH.

C. A Note on the NIH Situation

Although the budget for health research is discussed in
detail in Chapter 5, the NIH situation requires discussion
here because of its significance in overall R&D picture. For
the past several years, Congress has been pressing more money
on NIH than the Administration has wanted to spend. Last
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year, the Administration proposed a budget which cut R&D in
NIH by about 5 percent. Eongress responded by adding more
than a billion dollars to the request, yielding an increase
in NIH R&D of nearly 18 percent over FY 1986.

In its FY 1988 budget request for NIH, the
Admlnxstratlon did two unusual things which it said were
intended to "stabilize" NIH support for invesigator-initiated
projects. First, it transferred $334 million in FY 1987
budget authority to FY 1988, calling it "extended
availability of funds" rather than a deferral. Second, it
proposed to add an extra $2.7 billion in FY 1988 budget
authority to fund "outyear commitments generated by the award
of competing research project grants,” terming the new funds
"advanced appropriations.”” The funds would not be obligated
until FY 1989 and 1990. At the same time, it requested a
reduction in regular NIH budget authority below the
appropriated level for FY 1987.

The pros and cons of these proposals -- as well as their
prospects for Congressional approval -- are discussed in
Chapter 5. What is important to note here is that the
'advanced appropriations” create a $2.7 billion anomaly in
the proposed levels of budget authority for NIH R&D in FY
1988. Figures on budget oblxgat)ons and outlays, however,
are not affected by the situation.

Most of the budget figures employed in the
AAAS R&D Reports are in budget authority, since this is the
form in which Congressional appropriations are made. Other
R&D budget analyses, including OMB's "Special Analysis J" and
the NSF statistical series use obligations for their budget
data. Usually, the trends in budget authority and
obligations are similar, but the NIH situation this year
means that our figures present a much different picture than
one gets from these other budget analyses.

To make our FY 1988 budget data consistent with other
years, it is necessary to subtract the $2.7 billion "advanced
appropriation” from the NIH figure. We have indicated this
in footnotes to the tables where it is relevant and also
mentioned it in various places in the text. We have also
adjusted basic research and figures and R&D in colleges and
universities by amounts proportional to their respective
shares of total R&D in NIH. The $334 million of "extended
availability" funds are included in FY 1987 budget authority.
Under the Administration's proposal, they would be not be
obligated until FY 1988.
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D. Prospects for R&D in FY 1988

Several factors are likely to influence Congressional
action on R&D in the FY 1988 budget. First, of course, is
the overall budget situation. Although the likelihood of
arbitrary across-the-board reductions to meet deficit targets
seems small compared to what it was a year ago, concern over
the deficit remains high and the President remains adamantly
opposed to a tax increase. The pressure to reduce
controllable expenditures, including R&D, is going to
continue and budget-cutting fever could easily strike the
Congress at some point during the session.

On the other side is the favored position that R&D
continues to occupy in the policy environment. With growing
attention focusing on industrial competitiveness and the role
of R&D in enhancing it, this position may even improve in the
coming months and could help to sustain support for R&D
budgets (at least in areas seen as relevant to industrial
technology) in the face of budgetary pressures.

Beyond these factors are the specifics of agency
proposals and situations. The Administration's proposals for
NIH immediately stirred up a storm of controversy and seem
unlikely to be approved in their present form. Consideration
of the NSF budget seems likely to focus on expansion of the
its Science and Technology Centers program, on its
supercomputer program, and perhaps on science and mathematics
education as well. The recent Presidential decision to
proceed with construction of the Superconducting Super
Collider will doubtless dominate discussions of DOE's basic
research and perhaps affect consideration of other basic
research programs as well. Congressional views of the
Strategic Defense Initiative will have a major impact on DOD
funding for R&D. A host of issues face NASA, including plans
for the space station, the need for a diversified launch
capability, and long-range goals for the space program.

In all, the outlook is mixed. A substantial number of
important issues are unresolved and their resolution could
have major impacts on the R&D community. The overall budget
landscape seems to be improving, although it is still fraught
with dangers. Despite being relatively "controllable" among
government expenditures, R&D seems well-placed. At worst,
things seem better than might have been expected a year ago.
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Special Analyses
American Association for the Advancement of Science
Stephen D. Nelson, Jill H. Pace, Aibert H. Teich, Susan L. Sauer

Four important areas of R&D trends are covered briefly in
this chapter: federal funding for basic research, federal
support for R&D at colleges and universities, R&D in industry,
and national patterns in R&D, for both sources of R&D support
and performers. The tables relevant to these discussions are
found at the end of Part I.

A. Basic Research

Strong support for basic research has been an explicit
theme of federal science policy under the Reagan
Administration, and language reaffirming that support in the
FY 1988 budget and beyond can be found in more than just the
usual sources. Besides the predictable references in Special
Analysis J (Research and Development) in the federal budget
documents and the statements of the President's science
advisor, this theme received special attention in the
President's State of the Union Address, in the detailed backup
documents for the Address, in the Administration's bill
regarding trade and economic competitiveness, and in budget
justification statements for the National Science Foundation
asserting a commitment from the Administration to double NSF's
funding over the next five years. This ought to be comforting
for those scientists and research administrators harboring
residual doubts about the sincerity and stability of the
Administration's commitment to federal support for basic
research.

On the other hand, a look at the budget figures for FY
1988 reveals that the Administration's support for basic
research -- although still significant in the face of severe
budgetary constraints -~ is not as robust as suggested by its
statements nor as emphatic as might appear at first. A casuval

15
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look at the figures (see Table I-8) seems to show federal
support for basic research increasing by nearly 20 percent,
from just over $9 billion in FY 1987 to $10.8 billion in FY
1988. However, a closer look discloses that nearly all of the
apparent,increase is accounted for. by the anomaly in proposed
funding for the National Institutes of Health (NIH), the
“sdvanced appropriations,” discussed in Chapters 1 and 5. If
one assumes that within the advanced appropriations ($2.7
billion for R&D) the proportion of basic research is about the
same as that for the NIH budget as a whole (64 percent), and
subtrdcts out that dollar figure ($1.7 billion) from the NIH
total for basic research, for comparability with prior years,
the apparent increase in federal support for basic research
virtually disappears. The FY 1988 total then becomes almost
$9.1 billion, or less than one percent over FY 1987 levels in
current dollars, and a decline of 3.4 percent in constant
dollars.

The NIH anomaly has significant implications for a number
of key trends and patterns discussed in this chapter and
others, and we have tried to alert the reader -- both by
footnotes in the relevant tables, and by our discussion of the
trends -- to the potential for misleading conclusions.

Basic research has enjoyed significant growth in recent
years, both in current and constant dollars, as shown in Table
I-5. Its proportion of total federal R&D support has gone
from 10.5 percent in FY 1967 to 12.9 percent in FY 1972, to ..
about 15 percent in the past several years. For FY 1988 the
Administration's proposals would give basic research about
“ 15.6 percent of total federal R&D, but subtracting out the

portion contained in the NIH advanced appropriations reduces
this share to 13.6 percent. .

It should be noted that the figures for basic research
shown in the tables are not actually direct budget proposals,
but estimates of basic research funding derived from proposed
budget data. Agencies present their requests in programmatic
terms, then estimate the amounts that would be spent on
different types of R&D based on those requests.

In recent years approximately 90 percent of federally
supported basic research has been of a nondefense rather than
defense nature, as shown in Table I-6. Defense basic research
has grown relatively little in recent years, actually
decreasing from FY 1986 to FY 1987. A slight increase is
proposed for basic research funded by DOD in FY 1988.
Nondefense basic research, much larger in absolute terms,
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would be about the same as FY 1987 (a 0.3 percent increase)
when one eliminates the NIH advanced appropriations part.

Table I-8 shows basic research support by agency. NIH -~
the largest single federal supporter of basic research —- has
been discussed above, but it is important to note that apart
from its advanced appropriations, NIH basic research would
actually decrease 6.8 percent in FY 1988, to $3.4 billion.
This figure would represent about 37.3 percent of all
federally supported basic research, as compared to the 40
percent figure that has characterized NIH in recent years.

The largest true growth in basic research for FY 1988
would take place in the National Science Foundation (NSF),
whose primary mission is support of basic research. NSF has
successfully hitched its wagon of budget justification to the
rising star of economic competitiveness, and claims to have
won a commitment from the Administration for a series of
significant yearly increases that would double the
Foundation's budget over the next five years. This may seem
like good news to many, but before excitement among basic
scientists grows too rapidly, it is well to remember (1) that
Congress must act on such requests each and every year, and
(2) that the current Administration cannot commit succeeding
administrations —— Republican or Democratic -- to such a goal.

To round out the picture of basic research support in the
largest R&D agencies, the Department of Energy would receive a
modest increase in support for basic research, while support
in NASA and the Department of Agriculture would be virtually
the same as in FY 1987.

Details regarding the specific effects of these trends
within each of the agencies can be found in the other chapters
in Parts II and ITI of this book.

B. Colleges and Universities

The pattern here for FY 1988 parallels that discussed
above for basic research: namely, expressions of strong
support by the Administration for R&D in these areas; budget
proposals which seem to show significant increases; and
evidence of some actual slippage in budgetary support, when
the NIH anomaly is factored out. Nevertheless, when one
considers the extraordinary pressures to reduce the federal
budget deficit, the continued support for this potentially
vulnerable part of the budget could be seen as encouraging to
academic scientists and administrators. The Administration's

84-098 0 - 88 -- 3
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rationale is stated in Special Analysis J, Research and
Development:

Support for basic research at universities serves
the dual role of providing new knowledge and
helping to ensure the future availability of
high-caliber scientists and engineers. Both of
these are key elements in the long-term ability
of the nation to compete in global markets.

Turning to the data, shown in Table I-9, the picture, by
agency, is mixed. It should be emphasized that these data do
not represent direct programmatic decisions, but are after-
the-fact estimates of how much funding is likely to go to
colleges and universities under program levels contained in
the budget request.

Once again, NIH is the central player, accounting for
48.0 percent of all federal R&D support to colleges and
universities in FY 1987. But again, what looks like a
substantial increase for NIH in this support is due to the
anomaly of the advanced appropriations request. When this is
removed (a reduction of over $1.6 billion), the figure for NIH
becomes $3.1 billion, a decrease of 13 percent from FY 1987
levels. That level, however, would still account for 44.0
percent of all federal R&D support for colleges and
universities in FY 1988.

NSF, with an increase in support for colleges and
universities of 16.6 percent in FY 1988, would regain the
number two spot in terms of agency support of this type, after
having fallen behind the Department of Defense in this
category in the mid-1980s. DOD itself would receive a modest
increase of 6.2 percent to nearly $1.2 billion. One element
of DOD support of considerable interest to colleges and
universities is the University Research Initiative, which is
proposed for FY 1988 to return to about the $90 million level,
after a drop in FY 1987 to $34 million. This is described
more fully in Chapter 3.

NASA's support for R&D in colleges and universities would
increase by almost 10 percent to nearly one-third of a billion
dollars. College and university R&D support would be sharply
cut, however, in the Departments of Energy and Agriculture ~-
by 20.8 percent and 17.5 percent, respectively. Details on
the programmatic cuts associated with these agency trends can
be found in the respective agency chapters elsewhere in this
book.
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Overall, the total of federal R&D support to colleges and
universities in FY 1988 appears to be increasing by nearly 17
percent, to somewhat over $8.7 billion. But correcting for
the case of the NIH advanced appropriations puts the figure at
$7.1 billion, a decrease of 5.0 percent in current dollars and
8.4 percent in constant dollars. -

C. R&D in Industry

The National Science Foundation's Division of Science
Resources Studies tracks industry spending on R&D.. Based upon
data provided by NSF and collected for its series on National
Patterns of Science and Technology, this report is able to
provide estimates of industrial spending on R&D. These data,
however, are not directly comparable with other figures in
this report, since among other things they refer to calendar
years rather than fiscal years. The data are presented in
Tables I-10, 11, 12, and 13.

Table I-11 shows R&D spending by different sources of
funds, including industry, since 1975. Industry has provided
a generally increasing proportion of total national R&D
spending since the early- to mid-1970s. It surpassed federal
spending for R&D by about 1980, and reached approximately 50
percent of total national spending by the mid-1980s. The
estimate for calendar year 1987 shows a slight decrease in
this proportion, from 50.0 to 49.0 percent, reflecting the
fact (shown in Table I-10) that federal R&D support has grown
faster in the past two years than that from other sources.
Particularly impressive is the fact (shown in Table I-1l1l) that
industrial R&D spending has nearly doubled in constant dollars
in the past 12 years.

Who receives this massive support? Primarily industry
itself -- 97.6 percent of the R&D spending provided by
industry is performed by industry. Another recipient that has
attracted increasing attention over the past several years is
the academy -- much has been said and written urging closer
collaboration on R&D between industry and colleges and
universities. Table I-10 shows an estimated level of spending
by industry for college~ and university-performed R&D of about
$746 million in 1987, an increase of nearly 46 percent over
the previous two years. However, this pattern of support is,
relatively speaking, still not very large. It represents only
1.2 percent of all R&D spending by industry, and only 6.7
percent of all R&D funds received by colleges and
universities.



20 Overview

Table I-12 displays levels of spending by the various
performers of R&D. Industry has gone from spending 68.7
percent of total national R&D funds in 1975 to about 73
percent in each of the years 1985 through 1987. In addition
to accounting for virtually all of its own R&D spending,
industry also consumes over half (51.9 percent) of all federal
funds for R&D (see Table I-10). From all sources, industrial
performance of R&D has nearly doubled in constant dollars
since 1975.

Table I-13 provides a breakdown of industrial R&D
spending by area. These data are not gathered in the same
manner as the NSF data, and they are somewhat more dated. The
top four areas of R&D spending by industry remain essentially
the same as in recent years: computers is the largest area,
followed by the automotive industry, pharmaceuticals, and
chemicals. The sharpest one-year increases in R&D spending in
1985 came in peripheral equipment for information processing,
followed by R&D by conglomerates, machine tools and industrial
and mining machinery, and software services. The sharpest
drops in R&D came in information processing equipment for
offices, followed by textiles and apparels, and food and
beverages.

D. National Patterns of R&D

Table I-10 shows national patterns of R&D spending
estimated by NSF for calendar year 1987, arraying sources of

funds against R&D performers. Total national expenditures for .-

R&D in 1987 are estimated at $125.2 billion. In constant
dollars this represents an 11.2 percent increase over the two-
year period 1985-87.

Federal spending will account for just over $60 billion,
or about 48 percent of all national R&D spending. Federal
spending has also shown the largest growth (14.3 percent in
constant dollars) over the past two years, among the various
sectors of support. Industry is projected to spend over $61
billion, or about 49 percent of national totals, and has shown
quite respectable growth in constant dollar spending (9.1
percent) over the past two years. Colleges and universities
are expected to perform $l1.1 billioh of R&D, with 63 percent
of those funds coming from the federal government, and about
another quarter being supported by colleges and universities
themselves. Growth in the latter figure has been slower -- 3
percent in constant dollars since 1985. Non-profit
institutions provide the smallest component of national R&D
spending, estimated at about $1.3 billion in 1987. This total
would represent a 10 percent decrease in constant dollars in
the past two years.



Table I-1. Composition of the FY 1988 Budget
(outlays in billions)

FY 1988

FY 1986 FY 1987 X Change
Actual Est. Budget FY 1987-88
CURRENT DOLLARS
National defense $273.4 $282,2 $297.6 5.5%
R&D included (35.7) (37.7) (41.7) (10.6%)
Payments and grants* 508.8 520.8 534.2 2.6%
Net interest 136.0 137.5 139.0 1.1%
Undistributed offsetting
receipts -33.0 -37.1 -45.4 N/A ¢
Other government 104.7 112.2 98.9 -11.9% .
R&D included (16.5) (17.4) (17.8) (2.32)
TOTAL OUTLAYS $989.8 $1,015.6 $1,024.3 0.92
R&D included (52.1) (55.1) (59.5) (8.0%2)
CONSTANT FY 1982 DOLLARS
National Defense $242.1 $242.6 $246.9 1.82
R&D included (31.1) (31.9) (34.2) (7.22)
Payments and grants* 440.9 437.9 433.8 -0.92
Net interest 117.9 115.6 113.0 -2.22
Undistributed offsetting .
receipts -29.4 -32.2 -38.4 : N/A
Other government 94.6 98.4 84.1 -14.5%
R&D included (14.7) (15.0) (14.8) -1.32
TOTAL OUTLAYS $866.2 $862.3 $839.3 -2.7%
R&D included {45.8) (47.0) (49.0) (4.32)

Source: Budget of the Unjted States Government, Fiscal Year 1988.

*Payments to individuals and grants-in-aid.
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Table I-2. Projections through FY 1992 in
the FY 1988 Budget (in billions)

FY 1988 FY 1989 FY 1990 FY 1991 FY 1992
Budget Projected Projected Projected Projected
CURRENT DOLLARS
Outlays:
National Defense $297.6 $312.2 $330.0 $349.5 $370.9
R&D included (41.7) (45.7) (42.7) (43.3) (44.8)
Payments and grants 534.2 562.7 589.7 619.9 649.6
Net interest 139.0 141.5 139.0 134.8 122.1
Undistributed offsetting
receipts -45.4 -45.8 -48.5 -54.0 -55.6
Other government 98.9 98.3 97.7 94.3 92.0
R&D included (17.8) (18.1) (18.9) (19.0) (19.6)
TOTAL OUTLAYS $1,024.3 $1,069.0 $1,107.8 $1,144.4 $1,178.9
R&D included (59.5) (63.8) (61.6) (62.3) (64.4)
Receipts 916.6 976.2 1,048.3 1,123.2 1,191.2
-107.8 -92.8 -59.5 -21.3 +12.3

Deficit (-) or Surplus (+)
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Table I-2, continued

FY 1988 FY 1989 FY 1990 FY 1991 FY 1992
Budget Projected Projected Projected Projected
CONSTANT FY 1982 DOLLARS
Outlays:
National Defense 246.9 250.2 256.0 263.6 273.2
R&D included (34.2) (36.6) (33.1) (32.7) (33.0)
Payments and grants 433.8 441.6 447.8 457.5 468.2
Net interest 113.0 111.1 105.6 99.5 88.0
Undistributed offsetting
receipts -38.4 -37.1 -38.5 -41.5 -41.2
Other government 84.1 80.8 77.8 73.0 69.6
R&D included (14.8) (14.3) (14.4) (14.1) (14.2)
TOTAL OUTLAYS $839.3 $846.6 $848.6 $852.2 $857.8
R&D included (49.0) (50.9) (47.5) (46.8) (47.2)

Source: Authors' estimates based on Budget of the United States Government,

Fiscal Year 1988, Historical Tables.
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Table I-3. Budget Authority, Obligations and Outlays for R&D
(in millions)

FY 1986 FY 1987 FY 1988 % Change

Actual Est. Budget FY 1987-88
CURRENT DOLLARS
National Defense R&D
Budget Authority $37.6 $41.2 $48.1 16.8%
Obligations 37.1 40.9 47.6 16.52
Outlays 36.3 38.4 42.6 10.8%2
Non-Defense R&D
Budget Authority 17.0 18.6 21.3% 14.6%%
Obligations 17.0 18.7 19.1 2.52
Outlays 16.9 17.9 18.4 2.8%
Total R&D
Budget Authority 54.6 59.8 69. 4% 16.1%*
Obligations 54.2 59.5 66.7 12,12
Outlays 53.1 56.3 61.0 8.32
CONSTANT FY 1982 DOLLARS
(Budget Authority only)
National Defense R&D $33.3 $35.4 $39.9 12.8%
Non-Defense R&D 14.8 15.7 17.4 10.6%
Total R&D $48.1 $51.1 $57.3 12.12

g012813035 396png  g-I 219vL 8T
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Source: OMB "Data for Special Analysis J," FY 1988, and agency supporting data.
Constant dollar estimates derived from OMB fiscal year deflators for national
defense R&D and all other R&D.



Table I-4. Major Components of Federal Funding for R&D*®
(budget authority in billions)

FY 1967 FY 1972 FY 1985 FY 1986 FY 1987 FY 1988

Actual Actual Actual Actual Est. Budget
CURRENT DOLLARS
Defense ! $8.8 $9.2 $34.7 $37.6 $41.2 $48.1
Non-defense ? $8.3 $7.9 $17.0 $17.0 $18.6 $21.3
Space 3 4.7 2.7 7.5 1.9 7.4 31
Health 1.3 2.0 5.8 5.9 7.0 9.0’
Energy 6 0.6 0.6 2.5 2.4 2.2 2.0
General Science 0.5 0.7 2.1 2.1 2.2 2.6 |
All Other 1.2 1.9 4.2 4.7 4.8 4.7 2 ‘
3
]
=
Total R&D 17.1 17.1 51.7 54,6 59.8 69.4 7 : |
[}
CONS}‘ANT FY 1982 DOLLARS » |
Defense $29.0 $22.2 $31.4 $33.3 $35.4 $39.9 5 |
Non-defense > $24.5 $17.6 $15.2 $14.8 $15.7 $17.4 S |
Q |
Space Z 13.9 6.0 2.1 1.7 7.0 25§ |
Health 3.8 4.4 5.2 5.1 5.9 7.3 % |
Energy 6 1.8 1.3 2.2 2.1 1.9 1.7 8 |
General Science 1.5 1.6 1.9 1.8 1.9 2.1 &
All Other 3.5 4.2 3.8 4.1 4.0 3.8 ,‘:
0

Total R&D $53.5 $39.8 $46.6 $48.1 $51.1 $57.3



Table I-4, continued

Source: Authors' estimates based on data from OMB and agency budget justifications. Conversion
constant FY 1982 dollars by authors based on OMB deflators. Columns may not add due to rounding.

*Includes conduct of R&D and R&D facilities.

1Includes DOD and defense activities of DOE.
Includes all R&D not in defense.
Reflects totals for NASA R&D less space applications and aeronautics.
% Includes health research in HHS, VA, Education and EPA. FY 1967 and 1972 based on OMB
data for health research in all federal agencies.
5 Includes NRC, EPA energy research, and DOE less defense activities and general science.
Includes NSF and DOE general science.
Includes $2.7 billion "advanced appropriation” for NIH. See Chapter 1 for details.
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Table

1-5. R&D by Character of work

(budgst authority in billions)

FY 1967 FY 1972 ¥Y 1985 FY 1986 FY 1987 FY 1988
Actual Actual Actual Actual Est. Budget
CURRENT DOLLARS

Basic Research $1.8 $2.2 $7.8 $8.2 $9.0 $10.8
Applied Research 2.9 3.6 8.7 8.2 8.8 9.4
Total Research 4.7 5.8 16.5 16.4 17.9 20.2
Development 11.8 10.7 33.4 36.7 40.1 47.2
Total conduct of R&D 16.5 ° 16.5 49.9 53.1 58.0 67.4
R&D FPacilities 0.6 0.6 1.9 1.6 1.8 . 2.0
TOTAL R&D $17.1 $17.1 $51.8 $54.6 $59.8 $69.4

CONSTANT FY 1982 DOLLARS
Basic Research $6.4 $5.5 $7.1 $7.1 $7.7 $8.8
Applied Research 10.4 9.0 7.9 7. 7.5 7.7
Total Research 16.8 14.5 15.0 14.3 15.2 16.5
Development 42.1 26.8 30.2 32.4 34.4 39.1
Total conduct of R&D 58.9 41.3 45.2 46.7 49.6 55.5
R&D Facilities 2.1 1.5 1.7 1.4 1.5 1.7
TOTAL R&D $61.0 $42.8 $46.9 $48.1 $51.1 $57.3

Source:
Federal Funds.

! Authors' estimates based on above sources.
reflect reclassification of DOD research for comparability with current figures.

"OMB Data for Special Analysis J," as revised, and National Science Foundation,
Conversion to constant dollars by authors based on OMB deflators.

Basic and applied research figures adjusted to

NOTE: FY 1988 figures include $2.7 billion "advanced appropriation" for NIH, of which approximately

$1.7 billion is estimated to be basic research.

See Chapter 1 for details.
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Table I-6.

Defense and Non-Defense R&D by Character of Work

(budget authority in millions) b
FY 1986 FY 1987 FY 1988 Z Change Z Change 8
Actual Est. Budget FY 1987-88 FY 1987-88 =
Current $ Constant § —
clb
Basic Research 2o
Defense $960.0 $898.2 $924.6 2.92 -0.62 83
Non-Defense 7,200.7 8,141.2 9,880.8 21.42 17.12 8
®
Total 8,160.7 9,039.4 10,805.4 19.5% 15.32 g
Applied Research z
Defense 2,521.0 2,593.0 2,756.9 6.37 2.6% 3
Non-Defense 5,715.9 6,228.5 6,682.8 71.32 3.52 S
kh
Total | 8,236.9 8,821.5 9,439.7 7.0% 3.2% %
Q
Development
Defense 33,427.0 36,750.1 43,354.1 18.0% 13.9%
Non-Defense 3,242.9 3,384.9 3,798.9 12.27 8.3%
Total 36,669.9 40,135.0 47,153.0 17.52 13.4%
Total Conduct of R&D
Defense 36,908.0 40,241.3 47,035.6 16.9% 12.8%
Non-Defense 16,159.5 17,754.6 20,362.5 14.72 10.6Z
Total 53,067.5 57,995.9 $67,398.1 16.22 12.2%
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Table 1-6, continued

FY 1986 FY 1987 FY 1988 X Change % Change
Actual Est. Budget FY 1987-88 FY 1987-88
Current $§ Constant $
R&D Facilities
Defense 735.9 918.9 1,051.4 14.4% 10.4%
Non-Defense 817.3 854.5 967.6 13.27 9.2
Total R&D Facilities 1,553.2 1,773.4 2,019.0 13.87 9.92
TOTAL, R&D
National Defense 37,643.9 41,160.2 48,087.0 16.1% 12.87%
Non-Defense 16,976.8 18,609.1 21,330.1 14.67 10.6%Z
TOTAL, R&D $54,620.7 $59,769.3  $69,417.1 16.12 12.1%

Source: OMB "Data for Special Analysis J," FY 1988 Budget, and agency supporting data.
Constant dollar data derived from OMB fiscal year deflators for national

defense R&D and non-defense R&D.

NOTE: FY 1988 non-defense figures include $2.7 billion "advanced appropriation" for NIH.

See Chapter 1 for details.
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Table I-7. R&D in Selected Agencies
(budget authority in millions)*

FY 1986 FY 1987 FY 1988 Z Change % Change
Actual Est. Budget FY 1987-88 FY 1987-88
Current $ Constant $
DOD $35,000.1  $38,374.5 $45,071.2 17.5% 13.4%
DOE - defense 2,643.8 2,785.7 3,015.8 8.3%2 4.52
(TOTAL Defense) (37,643.9) (41,160.2) (48,087.0) (16.87) (12.8%)
DOE - general science 662.9 716.8 811.7 13.22 9.2%
DOE - energy 2,233.5 2,058.6 1,857.4 -9.8% -13.0%
(TOTAL DOE) (5,540.2) (5,561.1) (5,684.9) (2.22) (-1.5%)
NASA 3,728.5 4,302.1 4,952.1 15.1% 11.0%
NSF 1,400.0 1,520.3 1,773.7 16.77% 12.5%
NIH 5,013.6 5,895.0 7,970.5 1 35.2% 1 30.4% 1
Other HHS 639.2 814.8 699.8 -14.17 -17.2%
USDA 959.9 1,027.5 978.9 ~4.7% -8.1%
EPA 323.6 325.8 345.2 6.0% 2,272
Education 131.2 131.9 134.5 2.0% . -1.6%
NCAA 270.1 278.2 215.3 -22.6% -25.37%
NBS 104.9 109.3 122.6 12.2% 8.2%
USGS 219.4 208.6 213.4 2.3% -1.3%
Bureau of Mines 78.7 73.6 70.9 -3.7Z -7.1%
All Other 1,211.3 1,146.6 1,184, 3.32 -0.42
(TOTAL Non-defense) (16,976.8) (18,609.1) (21,330.1) (14.62) (10.62)
$54,620.7 $59,769.3  $69,417.1 16.1% 12.12

Total R&D

Source: '"OMB Data for Special Analysis J," as revised, and agency budget justifications.
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#*Includes conduct of R&D and R&D facilities.

Table I1-8. Conduct of Basic Research by Agency in Current Dollars
(budget authority in millions)

FY 1982 FY 1986 FY 1987 FY 1988 % Change % Change

Actual Actual Est. Budget FY 1987-88 FY 1087-88

Current $ Constant $
HHS $1,954 $3,324 $3,924 $5,394 1 37.52 1 32.6%!

(NIH) (1,841) (3,108) (3,622) (5,127)! (41.672)1 (36.52)1
NSF 913 1,256 1,358 1,585 16.7Z 12.6%
Defense-Military 696 954 892 918 2.92 -0.67
Energy 779 961 1,079 1,133 5.0% 1.3%
NASA 536 919 1,018 1,017 -0.1% -3.7%
Agriculture 334 433 460 454 -1.4% -4.92
Interior 74 129 122 115 -5.7% -9.0%
Smithsonian 56 69 72 80 11.1% 7.2%
Commerce 17 26 23 24 2.12 -1.52
VA 13 15 16 16 4.5 0.8%
Education 16 11 12 11 -2.62 -6.02
EPA 24 40 38 36 -4.0% -7.3%
AID 2 -- 5 3 # -84.6% -85.2%
Other 31 22 23 22 -4.37 -7.7%
Total, Basic Research
Current Dollars $5,440 $8,161 $9,039 $10,805 l 19.52l --
(Constant FY 1982

Dollars) ($5,440) ($7,123) ($7,652) ($8,822) -- o (15.3%)

Source: "OMB Data for Special Analysis J."

Columns may not add due to rounding; percentages calculated on unrounded numbers.

1Includes $2.7 billion "advanced appropriation" for NIH, of which approximately $1.7 billion
is estimated to be basic research. See Chapter 1 for details.

2Reported under "Other" in 1982.

®Less than $0.5 million.
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Table I-9. Estimated Support for Conduct of R&D at Colleges and Universities in Current Dollars
(budget authority in millions)

FY 1986 FY 1987 FY 1988 Z Change X Change
Actual Est. Budget FY 1987-88 FY 1987-88
Current $ Constant $

HHS $3,277.9  $3,937.2  $5,055.9 * 28.42" 23392
(NIH) (3,017.9)  (3,587.1) (4,742.6)*  (32.2%) (27.50)*
NSF 999.4 1,079.9 1,259.6 16.62 12.52
Defense-Military. 992.0 1,090.4 1,157.7 6.2% 2.5%
Agriculture . 272.1 291.6 240.6 -17.5% -20.42
DOE 409.2 467.2 370.1 -20.8% -23.6%
NASA 274.5 307.0 337.0 9.8% 5.92
AID 44.1 44.9 51.0 13.6% 9.6%
EPA 54.3 61.3 64.6 5.4% 1.72
Education 83.3 89.7 90.3 0.72 -2.92
Interior 32.1 22.2 24.1 8.6% 4.72
Transportation 16.8 10.2 9.8 -3.9% -7.2%
Commerce . 56.3 50.0 35.6 -28.8% -31.32
Other 16.9 16.0 17.5 9.4% 5.5%
Total Current Dollars $6,528.9  $7,467.6  $8,713.8 * 16.72 * --
(Constant FY 1982 Dollars) ($5,701.9)  $6,326.7) ($7,120.4) - (12.52)

Source: '"OMB Data for Special Analysis J," as revised. Conversion to constant FY 1982
dollars by authors based on OMB deflators.

gglumns may not add due to rounding; percentages calculated on unrounded numbers.
Tinelusdes portion of "‘advanced annropristian'. for NIY far FY 1988. See Chapter 1 for details.
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Table I-10. National Pattern of R&D: Estimated 1987
Expenditures and Two-Year Constant Dollar Changes (1985-1987)
(dollars in millions)

Source of Funds

Performers Federal Industry Colleges & Non-profit Total Funds
of R&D Government Universities Institutions for R&D
Federal Government $15,400 -- -- -- $ 15,400
9.6% 9.6%
Industry $31,178 $59,872 -- -- $ 91,050
17.6% 8.1% 8.22¢
Colleges and Universities $ 6,993 $ 746 $2,504 $ 857 $ 11,100
7.6% 45.5% 3.0% 17.5% 9.12
Federally financed R&D $ 3,825 -- -- -- $ 3,825
Centers 21.7% 21.72
Non-profit institutions $ 2,700 730 -- $ 395 $ 3,825
13.62 112.8%2 -40.1% 13.1%
Total, All Performers $60,096 $61,348 $2,504 $1,252 $125,200
of R&D 14.32 9.1% 3.0% -10.0% v 11.27
Source: National Science Foundation, advance data for National Patterns of Science and

Technology Resources, 1987 (in preparation).

Amounts represent current operating costs based on data from performers of R&D and therefore do not
correspond exactly to the figures for R&D in the budget elsewhere in this report.
expenditures for R&D are generally excluded.

Capital
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Table I-11. National Funds for R&D by Source of Funds i
(in millions)
FY 1975 FY 1980 FY 1985 FY 1986 FY 1987
Actual Actual Est. Est. Est.
CURRENT DOLLARS
Federal Government $18,109 $29,451 $50,915 $54,983 $60,096
Industry 15,820 30,911 54,385 58,737 61,348
Colleges and Universities 749 1,323 2,200 2,376 2,504
Non-profit institutions 535 908 1,300 1,404 1,252
Total 35,213 62,593 108,800 117,500 125,200
CONSTANT 1982 DOLLARS i
Federal Government 30,986 34,546 45,481 47,895 50,748
Industry 26,679 36,064 48,682 51,165 51,805
Colleges and Universities 1,302 1,561 1,960 2,069 2,115
Non-profit institutions 916 1,065 1,161 1,222 1,057
Total $59,883 $73,236 $97,283 $102,350 $105,725
Total R&D, percent of GNP 2.20% 2.29% 2.72% 2.78% 2.79%

Source: National Science Foundation, advance data for National Patterns of

Science and Technology Resources 1987 (in preparation).

! Amounts represent current R&D operating costs based on data from performers

of R&D and therefore do not correspond to the figures for R&D in the
budget elsewhere in this report.

aenarally excludad.

Capital expenditures for R&D are
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Table I-12. National Funds for R&D by Performers of R&D!
(in millions)

1975 1980 1985 1986 1987
Actual Actual Est. Est. Est.
CURRENT DOLLARS

Federal Government $5,354 $7,632 $13,150 $13,525 $15,400
Industry 24,187 44,505 79,500 86,225 91,050
Colleges fnd Universities 3,409 6,060 9,500 10,600 11,100
FFRDC's 987 2,246 3,400 3,675 3,825
Non-profit institutions 1,276 2,150 3,250 3,475 3,825
Total $35,213 $62,593 $108,800 $117,500 $125,200

CONSTANT 1982 DOLLARS
Federal Government $9,308 $9,006 $11,715 $11,750 $13,000
Industry 40,781 51,919 71,166 75,100 76,900
Colleges and Universities 5,927 7,151 8,463 9,250 9,375
FFRDC's 2 1,716 2,650 3,029 3,212 3,225
Non-profit institutions 2,151 2,508 2,909 3,038 3,225
Total $59,883 $73,235 $97,283 $102,350 $105,725

6L

PEINLIBER]

Source: National Science Foundation, advance data for National Patterns of
Science and Technology Resources 1987 (in preparation).

1 Amounts represent current R&D operating costs based on data from performers
of R&D and therefore do not correspond to the figures for R&D in the
budget elsewhere in this report. Capital expenditures for R&D are
generally excluded.

2Federally Funded Research and Development Centers.
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40 Table I-13 Industry Spending

" Table I-13. Industry Spending for R&D by Business Week

Groupings, 1985 (in millions)

% Change
Industry 1985 from 1984
Aerospace $2,992.2 27
Appliances 120.6 -77
Automotive
cars, trucks 6,382.1 12%
parts, equipment 220.2 -42
Building Materials 202.9 10%
Chemicals 3,648.2 0%
Conglomerates 2,356.9 427
Containers 69.5 -5%
Drugs 3,996.1 47
Electrical 1,613.0 -2Z
Electronics 2,293.6 11%Z
Food and Beverage 596.2 -11%
Fuel 2,200.7 -8%
Information Processing
computers 7,553.5 117
office equipment 412.4 -55%
peripherals 1379.9 1057
software, services 413.8 342
Instruments: measuring devices,
controls 1,121.5 197
Leisure Time Industries 1,302.4 10Z
Machinery .
farm construction 729.3 -57%
machine tools, industrial
and mining 623.1 367
Metals and Mining 200.4 17
Miscellaneous Manufacturing 1,544.7 77
0il Service and Supply 821.3 -7
Paper 340.7 97
Personal and Home Care Products 771.1 -87
Semiconductors 1,164.5 187
Steel 137.0 -87
Telecommunications 2,925.9 5%
Textiles, Apparels 71.1 -137%
Tire, Rubber 550.8 -3%
Tobacco 21.6 27
Total $48,777.2 77

Source: Based on "R&D Scoreboard, 1985"

June 23, 1986).

(Business Week,

NOTE: Based on SEC data for companies reporting 1985 sales
of $35 million or more, and R&D expenses amounting to at
least $1.0 million or 1.0 percent of sales.
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Senator SARBANES. Mr. Teich, I know that the American Associa-
tion for the Advancement of Science follows closely the R&D func-
tion in the Federal budget.

Do you have—does the association have—a developed position on
whether there should be structural changes in R&D decisionmak-
ing within the Federal Government? Leaving aside the question of
money levels for the moment, do you have any suggestions as to
how the Government ought to address these R&D decisions?

Mr. TeicH. Well, the association does not have an articulated po-
sition on that question. But I can speak to it as an individual who
has the role of following the R&D budget, if you would like.

Senator SARBANES. We certainly want to hear.

Mr. TeicH. My view is—and while I recognize, and Congressman
Scheuer pointed out in a discussion with Mr. Bloch a few moments
ago, the need for annual accountability—I also understand the
structural nature of both the executive branch and the Congress,
which really divides up R&D into many different decision areas. I
think some kind of more articulated structure that would provide
the Congress in its budget considerations with an overview of what
decisions on R&D in different places mean to one another would be
an extremely important innovation in improving the way we deal
with R&D in the budget.

It is the kind of function that presumably the Science Commit-
tees in the House and Senate play but only to a limited extent at
present. Someone has to be able to look at the big picture and to
see what the pieces mean relative to one another, not just at the
end of the process, but as the process is going on.

That is one area that I think is a necessary one to be looking
into.

The other has to do with the annual changes from year to year.
And as I said, while I understand the importance of accountability
on an annual basis and the need to adjust spending levels to chang-
ing economic conditions, at the same time the kind of budgetary
ups and downs, particularly uncertainties over an extended period
of time that we have experienced in the past several budget cycles
are really inconsistent with the kinds of planning and program de-
cisions that need to be made to run rational R&D programs.

And something really needs to be done to try and provide a bit
more stability, if you will, for the R&D elements of the budget to
allow for more rational use of resources. ;

I(ii isl just wasteful to deal with the uncertainty the way we have
to deal.

Senator SARBANES. If the Federal Government were to put more
money into nonmilitary R&D, would you have changes to recom-
mend as to how that money is put in? Or do you think the existing
system for putting in the money is adequate?

Mr. TricH. The existing system of spending by individual agen-
cies, each of which runs its own R&D program?

Senator SarRBANES. Even more how they relate to the private
sector through the grants, and so forth, and how they deal with the
universities, and so on.

Mr. TeichH. Well, I think the system as we have it, in terms of the
relationships among the Federal Government, private firms, uni-
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versities and other R&D performing bodies is one of the most suc-
cessful institutional partnerships that one can cite anywhere.

With due respect to the Japanese and their ability to make na-
tionwide decisions with respect to industries, I think that in terms
of our own R&D system, the world has a lot to envy in the way we
collaborate among the sectors.

I do think there are areas in which improvements can be made.
There are several signs that improvements are being made,
changes are being made in the way in which the institutions of the
R&D system relate to one another.

One of these has to do with the growing role of the States. That
is something that has been neglected over a tremendously long
period of time. The States have not played a major role in R&D in
this country until recently. In fact, NSF used to tabulate in its sta-
tistical series R&D funding by States and local governments, but
gave it up in about 1977 because it decided there wasn’t enough
there to be worth the effort.

I have been looking at what has been going on at the State level,
motivated by the competitiveness, by the threat of industrial de-
cline in some parts of the country. The States have gotten to sci-
ence and technology in a very big way, and I think that is very en-
couraging. I think it is an asset to our R&D system to have the
States involved and to recognize the importance of science and
technology to their economies in the States and regions and to take
pains to encourage it.

I think another thing that is very encouraging—and it is tied in
with the States activities—is a growing set of relationships between
industry and universities. For a long time this was nothing but
talk. People made speeches about it, but we did not really see much
in the way of action. But I think we are beginning to see now—and
the statistics bear it our—tremendous growth in interactions be-
tween industrial firms and universities, direct interactions between
industrial firms and universities. I think that can only be produc-
tive to the transfer of technology and of knowledge from basic re-
search institutions to the institutions that put them to work for
economic growth purposes.

Senator SARBANES. Congressman Scheuer.

Representative ScHEUER. Thank you, Mr. Chairman.

Thank you for your testimony, Mr. Teich. You talked about this
transfer from the Federal Government to the States. Laudable as
that may seem, I wonder if a good deal of that is responsible for
the fact that this administration has just cut down basic research
on items that to me seem clearly Federal in nature; for example,
acid rain. Why should 50 States have to figure out what to do
about acid rain? It is the same precipitant falling from the sky.

Groundwater research, it is easy to say turn it over to the
States—and that this government has done—but wouldn’t it make
far more sense in many areas of research for the research to be
done by the Federal Government and then disseminated to the
St'iz;\tels‘; rather than the 50 States, each one of them to reinvent the
wheel?

Mr. TeicH. I couldn’t agree more. When I was referring to the
efforts in the States and localities, I was really thinking of their
support for industrial development, not for their environmental re-
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search. I think environment is one area in which this administra-
tion has cut back substantially in its research efforts.

Representative ScHEUER. Except on acid rain, where they quad-
rupled the research effort, and there it is only explicable in terms
of not wanting to do anything about the problem itself and figur-
ing, “Well, let’s just keep researching it to death.”

Let me ask you this. There are a couple of kinds of projects like
the space shuttle and the supercollider that absorb massive
amounts of research, even when they are civilian and not military.
Does this limit the ability of the country to engage in smaller re-
search projects that might have larger net benefits per dollar of re-
search funds expended? Is large necessarily more cost effective? Is
small frequently more productive, based on dollars expended?

Mr. TeicH. It depends on what you want to do. You cannot really
build a small superconducting supercollider or a small permanent
manned space station. If you want to do those things, you have to
do them on a large scale. So there is a value choice that is really
involved here.

I think the core, the basic essence of our fundamental research
system in this country is the small, individual research grants.
They have been that for at least throughout the postwar period. 1
think there is certainly the possibility—I don’t think that we have
really seen it yet, although there may be some among my col-
leagues who would disagree—but there is certainly the possibility
that the more money that gets tied up in the large efforts, the
more difficult it may be within a fixed budget for a given agency to
get money for the small grants. Large projects tend to generate
powerful constituencies; and small projects, small, individual re-
searchers don’t have the same concentration of power within their
constituency and therefore they are at a competitive disadvantage.

Representative SCHEUER. Let me just ask you about the quality
of these grants large or small. They are based now on an applica-
tion for a project grant going through a peer-review system. Does
that peer review bias the awarding of grants to more or less con-
ventional projects? And should we think about some way of fund-
ing unconventional, risky projects that are sort of at the cutting
edge where perhaps the consensus of the scientific community
being sort of conservative might be, “Well, that’s not very promis-
ing. It’s too dangerous, too risky”? Is there room for unconvention-
al, risky research projects especially in pure research?

Mr. TErcH. I think there is. I think it is more than a question of
pure research and more than a question of peer review. There
ought to be room for unconventional approaches and studies that
are risky.

But it is more, I think, than risking the resources that is in-
volved. Individuals who want to engage in high-risk projects, scien-
tists, individual scientists and engineers also recognize that their
career progress may be at stake. There are opportunities for get-
ting funds, for example, through young investigator programs that
provide special consideration to people who may not be established
researchers, they exist on a relatively small scale compared to the
overall picture, but they do exist.

So, there are some opportunities for funding for nonestablished
researchers or unconventional work, but I think that the system,
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the competitiveness of the scientific research system itself, may
tend to drive out some of this, because of scientists not wanting to
risk their careers. You have to worry about being able to publish
something. Publishing negative results is not very interesting; it
does not get you very much in the way of recognition.

Representative SCHEUER. One last question. Mr. Teich, it looks as
if for the few years ahead at least, we are all going to have to make
do on less, and that includes the scientific research community,
too. This is a time when it is perfectly obvious that we are operat-
ing under severe constraints. Is there anything that you can sug-
gest that would make our scientific research community more lean
and mean, more cost effective? Can you suggest any new approach-
es, for example, that wouldn’t require a great deal of additional
Federal funding? How can we do more with the funds that we have
now and do what we are accomplishing now with less funds, which
is a very likely prospect for the immediate future?

Mr. TeicH. It is not a cheerful prospect, I admit. I think the
terms of the academic research community, to some extent the
growth in industrial funding can be of assistance, although it is
still a very small piece compared to the total of Federal funding. I
don’t have any overall unique and creative solutions to that prob-
lem, but I do think that the scientific community has shown itself
to be adaptable and capable dealing with adversity and there are
ways to improvise in terms of laboratory equipment and procedures
and so on.

But I would think I would stop before accepting the assumption
of yours on faith and ask about the——

Representative ScHEUER. It was not an assumption, it was a
question.

Mr. TeicH. The assumption upon which the question was based,
that there has to be less money for R&D, because I think you look
on R&D as an investment in the future and you compare the value
of putting money into it in comparison to other things in which the
Government might put its money, then I think you can build a
very strong case for not reducing R&D spending even in a time of
economic stringency.

Representative SCHEUER. I quite agree.

Think you very much, Mr. Chairman.

Senator SArRBANES. I think that is a very important note on
which to end Mr. Teich’s testimony.

You have been enormously helpful, and we appreciate it very
much. Thank you, sir.

Mr. TeicH. Thank you, sir.

Senator SArRBANES. We will now turn to our concluding panel.
We are very pleased that two very distinguished academics are
with us: Prof. Edwin Mansfield, director for the Center for Econom-
ics and Technology at the University of Pennsylvania; and Prof.
Nathan Roseberg of the Economics Department of Stanford Univer-
sity.

Gentlemen, we have your prepared statements. We will include
them in their entirety in the record. It may be helpful if you could
summarize the main points. We will hear from both of you and
then go to questioning. If you have not worked out an order be-
tween you on how to proceed, why don’t we just do it alphabetical-
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ly? Mr. Mansfield, we will start with you and then go to Mr. Rosen-
berg. If you would take 5 to 10 minutes each to kind of summarize
your main points.

STATEMENT OF EDWIN MANSFIELD, DIRECTOR, CENTER FOR
ECONOMICS AND TECHNOLOGY, AND PROFESSOR OF ECO-
NOMICS, UNIVERSITY OF PENNSYLVANIA

Mr. MansFiELD. All right. It is an honor to be invited to testify
before this committee.

In general, American science and technology is obviously very
strong, but it is well known that American technological leadership
is being severely challenged in many industries, particularly by the
Japanese. Although the outcome of the intense rivalry that cur-
rently exists will be determined, in part, by how quickly and eco-
nomically each nation’s firms can develop and commercially intro-
duce the new products and processes that are central to success in
these industries, very little systematic investigation has been un-
dertaken to find out how much of an advantage, if any, Japan
really has in this regard and to identify the factors determining
whether this advantage is big or small.

The first objective of my testimony is to summarize briefly the
results of a study that I carried out, financed by NSF, that provides
new information on this score. Based on data obtained from a
random sample of 50 Japanese and 75 American firms in chemi-
cals, rubber, machinery, instruments, metals, and electrical equip-
ment, there was overwhelming agreement among firms from both
countries that the Japanese tend to develop and commecially intro-
duce new products and processes more quickly than the Americans,
although their advantage in this regard is not as great as is some-
times claimed. The difference may be about 6 to 18 percent, on the
average. There is considerable variation among industries in this
regard.

On the average, Japanese firms also develop and commecially in-
troduce new products and processes more cheaply than American
firms, using purchasing power parities. The results come out to be
maybe a 20-percent differential. Again, there is variation among in-
dustries, where the big difference is in machinery and the small
one is in chemicals.

To understand the factors responsible for these cost and time dif-
ferentials, we must recognize that some innovations are based
largely on external technology, technology developed outside the
innovative firm, while others are based on internal technology,
technology developed within the innovative firm.

To see whether these cost and time differentials depended on the
type of innovation, we picked a random sample of 60 American and
Japanese firms in these same industries that were matched pairs.
We got detailed data from each of these firms as to how much their
new products during 1975 to 1985 cost and how long they took to
develop and commercialize. The results indicated that there was no
statistically significant difference between the Japanese and Amer-
icans for innovations based on internal technology, but a big differ-
ence for innovations based on external technology.
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Many innovations based on external technology are new products
that imitate others in important respects. The fact that American
firms spend so much more on marketing startup than the Japanese
is an important element here and one that is very seldom alluded
to or recognized.

The relatively higher commercialization costs for innovations
based on external technology in the United States than in Japan
seems to have been due, in part, to the fact that the Japanese in
carrying out such innovations have been more likely than the
Americans to have made significant technical adaptations of the
imitated product or to reduce its production costs substantially.
The Americans, on the other hand, have been more inclined than
the Japanese to invest heavily in marketing startup costs in an
effort to position such innovations optimally in the market, the em-
phasis being more on marketing strategies than on technical per-
formance and production costs. Naturally, this has resulted in rela-
tively higher commercialization costs for such innovations in the
United States.

Based on relatively crude econometric models, our results sug-
gest that American firms have obtained higher returns from basic
research than the Japanese, whereas the Japanese have obtained
much higher returns from applied R&D than the Americans.

The high estimated rate of return from applied R&D in Japan
may be attributable, in considerable part, to Japan’s being able to
draw at relatively small cost on a rich stock of foreign technology
that was more advanced than its own as well as to Japan’s relative-
ly small percentage of industrial R&D financed by the Government
and going largely for noncommercial purposes. Also, it may have
been due partly to their emphasis on process rather than product
technology.

As for the difference between Japan and the United States in the
returns from basic research, a lot of it has to do with the fact that
the Japanese universities are not well integrated with industry and
that there are problems within the Japanese university system.
That we can discuss later, if you like.

Since data on total R&D expenditures, while useful, are difficult
to interpret because R&D projects are so heterogeneous, we collect-
ed data concerning the composition of the R&D expenditures from
a carefully selected sample of Japanese and American firms. Par-
ticularly striking is the difference between Japanese and American
firms in their allocation of R&D resources between projects aimed
at improved product technology and those aimed at improved proc-
ess technology.

These results shed new light on a major issue concerning indus-
trial R&D in the United States. Many observers have criticized
American industry for neglecting process innovation. As the Presi-
dent’s Commission on Industrial Competitiveness put it, it does us
little good to design state-of-the-art products if within a short time
our foreign competitors can manufacture them more cheaply. Con-
trary to common impressions, there is no evidence that we have
found that American industry has increased the proportion of their
R&D expenditures devoted to new and improved:- processes. In
terms of the allocation of their R&D funds, American firms do not
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seem to have put more emphasis on processes, despite this criti-
cism.

While the American response to the technological challenge from
the Japanese and others must come in large part from American
firms and research organizations, this does not mean, of course,
that the Government has no important role to play.

Based on the available studies, governments seem to be most suc-
cessful in stimulating civilian technology when they emphasize rel-
atively broad policies rather than attempting to make detailed de-
cisions concerning which specific designs and types of commerical
products should be developed at what pace.

Because of the inherent difficulties in measuring and forecasting
the social benefits from various kinds of R&D as well as other fac-
tors, it is not easy to weigh the costs and benefits of various actions
that the Government might take. The following three suggestions
might be considered, although it should be recognized that they are
based on very limited evidence:

First, despite the fact that the United States cannot expect to ap-
propriate all or most of the benefits, the little available evidence
seems to suggest that an enhanced public investment in basic re-
search might have a high economic payoff. The social rate of
return from basic research seems to have been relatively high,
based both on the econometric results cited above and on the pre-
liminary results in the study I am currently carrying out which
uses detailed data obtained directly from firms.

Second, to help American firms become more adept as imitators,
government agencies might look into the potential benefits of fur-
ther programs supporting, evaluating, and coordinating informa-
tion-gathering activities regarding foreign technologies.

Third, to the extent that there has been an underinvestment in
process innovation, agencies like the National Science Foundation
might consider additional support for university research related to
process technologies. And the Department of Defense, which as
helped to develop advanced manufacturing technologies and has
promoted their applications in particular industries, might consider
doing more to transfer what it has learned to civilian industry in
general.

Than you.

N ?e{r:luaitor SarBANES. Thank you very much, sir. That was very
elpful.

[The prepared statement of Mr. Mansfield follows:]
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PREPARED STATEMENT OF EDWIN MANSFIELD

It is an honor to have been invited to testify before this committes,
which is reviewing the current state of ressarch and development in the United
States and exploring options for improving the federal government's policies
and programs in these areas. In general, American science and technology is
strong, but, as is well known, American technological leadership is being
severely challenged in many industries, particularly by the Japanese. Although
the outcome of the intense rivalry that currently exists between Japan and the:
United States in higb-technoloﬁ industries (like computers, electronics, and
biotechnology) will be determined in part by how quickly and economically each
nation's firms can develop and commercially introduce the new products and
processes that are central to success in these industries, very little system-
atic investigation has been undertaken to find out how much of an advantage, if
any, Japan has in this regard, and to identify the factors determining whether
this advantage is big or small. My first objective in this testimony is to
summarize briefly the resultse:of a two-year study that I have carried out,
financed by the National Science Foundation, which provides new information on
this scores

Based on data obtained from a random sample of 50 Japanese and 75 American
firms in the chemical (including pharmaceuticals), rubber, machinery (including
computers), instruments, metals, and electrical equipment 1ndustries,1 there
was overwhelming agreement among firms from both countries that the Japanese
T T The members of this sample account for about one-quarter of all R and D
carried out in these industries in both countries. See E. Manafield, "The Speed
and Cost of Industrial Innovation in Japan and the United States: External vs.

Internal Technology," paper to be presented to ths 1987 annual meetings of the
American Economic Association.
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tend to develop and commercially introduce new products and processes more
quickly than the Americans, although their advantage in this respect is not as
great as is sometimes claimed. Averaged over sll industries, the time differ-
ential was about 18 percent, according to the Japanese data, or 6 percent,
according to the American data. Howsver, the picture varies from industry to
industry. In soms industries, like machinery, both ths Japanese and American
data indicate that there was a substantial differentisl. In other industries,
like instruments, the Japanese data indicate that there was a substantial
differential, whereas the American data do not. In still other industries,.
notably chemicals, both the Japanese and American data indicate that there was
no large differential.

On the average, Japanese firms also developed and commercially introduced
new products and proocesses more cheaply than American firms. Averaged over all
industries, the resource cost differential was 23 percent, according to the
Japanese data, or 10 percent, according to the American data. Here too, the
situation varies from industry to industry. For example, in machinery and
instruments, based on both the Japanese and 4imerican data, the cost differential
seemed substantlal; in chemicals, on the other hand, the American data do not
indicate that any substantial differential existed.

To understand the factors responsible for these cost and time differentials,
we must recognige that some innovations are based largely on external technology
(i.e., technology developed outside ths innovating firm) while others are based
largely on internal technology (i.s., technology developed within the innovating
firm). To see whether these cost and time differentials depend on whather
innovations are based on internal or external technology, we picked a random
sample of 60 major Japanese and American firms in the chemical (defined broadly
to include pharmaceuticals and petrolemn), machinery (including computer),
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electrical equipment, and instruments industries. The sample is composed of 30
matched pairs, where each pair consists of an American and Japamese firm of
roughly comparable size in the same industry. Every firm indicated how much
tims and money it devoted, on the average, to the development and commerciali-
zation of each of the new products it introduced during 1975-85, depending on
whether the product was based on external or internal technology. According
to expert opinion, the new products introduced by each pair of firms were
reasonably comparable. Since the Japanese cost flgures were converted to
dollars on the basis of ;urchasing power parities for rescurces used in the
innovation process, they, like the figures in the previocus paragraph, indlcate
how much {approximately) the resources used in Japan would have cost in the
United States.

Like the ewtimates obtained from the 125-firm sample described above, the
rosults indicate that the Japanese tend to have cost and time advantages over
U.S. firms. However, these advantages seem to be confined to innovations based
on external technology (where the cost and time differentials are greater than
those indicated above). Among innovations based on intermal technology, there
seems to be no significant difference in average cost or time between Japan
and the United States.

American firms take almost as long, and spend almost as much money, to
carry out an innovation based on external technology as one based on internal
technology. In the development part of the innovation process (beginning at the
start of R and D and ending when the product is developed), an American innova-
tion based on external technology takes less time and money than one based on
internal technology; but in the commercialisation part (beginning when the
product is developed and ending when it is first introduced comnercially), the

time and cost is at least as great as one based on internal technology.
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In Japan, on the other hand, firms take about 25 percent less time, and
spend about 50 percent less money, to carry out an innovation based on external
technology than one based on internal technology. Moreover, this is true in
all industries included in my study. The contrast between Japanese and American
firms in the commercialization part of the imnovation process 1s particularly
striking. Whereas in the United States the commercialiszation of an innovation
based on external technology takes more time and about as much money as the
commercialization of one based on internal technology, in Japan it takes about
10 percent less time and over 50 percent less money than the commercialisation
of an internal-technology-based innovation.

Many innovations based on external techmology are new products that imitate
others in important respects. The relatively higher commercialization cost for
innovations based on external technology in the United States than in Japan
seems to have been due in part to the fact that the Japanese, in carrying out
such innovations, have been more likely than the Americans to make significant
technical adaptations of the imitated product and/or to reduce its production
costs substantially. The Americans have been more inclined than the Japanese
to invest heavily in marketing startup costs in an effort to position such ]
innovations optimally in the market, the emphasis being more on marketing
strategies than on technical performance and production cost. Naturally, this
has resulted in relatively high commercialisation costs for such innovations in
the United States.

Based on relatively crude economstric models, my results suggest that
American firms have obtained higher returns from basic research than the
Japanese, whereas the Japansse firms have obtained much higher returns from
applied R and D than the Americans.? The high estimated rate of return from

Z E. Mansfield, "Industrial R and D in Japan and the United States: A
Comparative Study," American Economic Raview, forthcoming.
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applied R and D in Japan may be attributable in considerable part to Japan's
being able to draw at relatively amall cost on a rich stock of foreign tech-
nology that was more advanced than its own, as well as to Japan's relatively
small percentage of industrial R and D financed by the government (and going
largely for noncommercial purposes). Also, i1t may have been dus partly to their
emphasis on process rather than product technology (discussed below). The
apparently low rate of return from basic research in Japan may reflect differ-
ences between the two countries in the extent of the external benefits to
industrial basic research from university research. In the United States, there
often have been close working relationships between basic researchers. in industry
and their colleaguses in the universities. In Japan, university research seems
to have played a lesser role (and seems to have been less highly regardsd) than
in the United States. '

If we compare the official data in both countries, the R and D intensity
of mamufacturing f£irms has increased more rapidly in Japan than in the United
States, which is not surprising, given our finding that the rate of return from
applied R and D has been higher there than here. In 1986, company-financed R
and D expenditures in manufacturing were about 2.7 percent of sales in Japan,
in comparison with about 2.8 percent im 1985 in the United States. In 1970, the
corresponding figures were 1.3 percent for Japan and 2.2 percent for the United
States. In all industries other than machinery, instruments, paper, and
petroleum, Japan has narrowed the gap substantially. In some industries (food,
textiles, metals, and rubber) Japan now lsads; in other industries (paper,
petroleum, machinery, and instruments) the United States now leads; and in the:
rest there is a relatively small difference in R and D intensity.3
—_Tmmse data were provided by Gary Saxonhouse of the University of
Michigan; the U.S. data were provided by Mslissa Pollak of the National Science
Foundation. They are the latest available figures. Note that government-financed

R and D expenditures, which are much larger in the United States than in Japan,
are excluded in these figures.




93

Since data on total R and D expenditures, while useful, are difficult to
interpret because R and D projects are so heterogeneous, we collected data
concerning the composition of their R and D expenditures from a carefully
selected sample of Japanese amd American firms, Fifty Japanese firms were
chosen at random in the chemical, electrical equipment, instrument, machinery,
rubber, and metals industries, and for each Japanese firm we picked at random
an American firm of the same industry and approximate size. The firms in our
sample carry out about 25 percent of the R and D in each country in these
industries. Based on detailed information obtained from each of these 100 firms
(50 matched pairs), the Japanese seem to devote about as large = percentage of
their R and D expenditures to relatively risky and long-term projects as do
American firms. This differs greatly from the early 1970s, when Peck and

Tamura characterized Japanese industrial R and D as composed very largely of

"low-risk and short-term projects.” Nonetheless, it would be a mistake to think ’

that Japanese and American industrial R and D have become essentially the same.
Whereas American firms report that almost half of their R and D expenditures
are going for projects aimed at entirely new products and processes, Japanese
firms report that only about a third of their R and D expenditures go for this
purpose. (Outside the chemical industry, where there is little difference in
this regard, the gap 1s even wider.) Of course, this is in accord with a great
deal of anscdotal information to the sffect that the Japanese devote more of
their R and D resources to the improvement and adaptation of existing products
and processes (rather than to the development of entirely new products and
processes) than do American firms.

Even more striking is the difference between Japanese and American firms
in their allocation of R and D resources between projects aimed at improved
product technology and projects aimed at improved process technology. The
American firms in our sample devote about two-thirds of their R and D

84-098 0 - 88 —- 4
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expenditures to improved product technology (new products and product changes)
and about. one-third to improved process technology (new processes and process
changes). Among the Japanese firms, on the other hand, the proportions are
reversed, two-thirds going for improved process technology and one~third going
for improved product technology.

These results shed new light on a major issue concerning industrial R and D
in the United States. Many observers have criticized American industry for
neglecting process innovation. As the President's Commission on Industrial
Competitiveneas puts it, "It does us little good to design state-of-the-art
products, if within a short time our foreign competitors can manufacture them
more chea.ply."l‘ Contrary to the common impression that U.S. firms have in
recent years begun to react to such criticism by paying more attention to process
innovation then in the past, our results do not indicate that there was any
perceptible increase between 1976 and 1985 in the proportion of their R and D
expenditures devoted to new or improved processes. Thus, in terms of the
allocation of their R and D funds, American firms do not seem to have put more
emphasis on processes, despite this criticism.

At least three conclusions seem to follow from the studies described above.
First, with respect to the differences between the two countries in innovation
cogt and time, the situation is much more varied and complex than is generally
portrayed by the largely anecdotal accounts that have begun to appear. Whereas
the Japanese have substantial advanteges in this regard in some industries
(notably machinery), they do not seem to have any substantial advantage in
others (notably chemicals). Whereas they have very great advantages in carrying
out innovations based on external technology, they do not seem to have any in
carrying out innovations based on internal technology.

% President's Commission on International Competitiveness, Global Competition:
The New Reality, Washington, D.G.: U.S. Government Printing Office, 1985, p. 20.
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Second, a large part of America's problem in this regard seems to be dus
to its apparent inability to match the Japanese as quick and effective users of
external technology. As Harvey Brooks has warned, ®the United States, so long
accustomed to leading the world, may have lost the art of creative imitation. . ."5
This is not to deny that part of the Japanese advantage may be due to factors like
their propensity to overlap various stages of the innovation process, their sub-
contractor network, and their fewer organizational barriers and better communi-
cation between functional departments of firms. But the fact that the Japanese
advantage tends to be limited to innovations based on externmal technology suggests
that it is in this area that many central problems lie.

Third, our results, which are subject to many limitations detailed elsewhere,
support the edntention that applied R and D in Japan has yleldsd a handsome
return, higbex:‘ than in the United States. In large part, this can be explained
by Japan's gre/ater emphasis on commercial (rather than govermment-financed)
projects, by 1ts being able to obtain Western technology that was more advanced
than its own, and which could be adapted and improved at relatively low cost,

" and by its emphasis on process technology, which according to many experts has
tended to be neglected in the United States. On the other hand, there is no
evidence that the rate of return from basic research has been relatively high in
Japan. Apparently, the Japanese advantage has been confined largely to applied
R and D, particularly R and D concerned with the adaptation and improvement of
existing technology.

While the American response to the technological challenge from the Japanese
and others must come, in large part, from American firms and research organizations,

this does not mean that the government has no important role to play. Based on

>H. Brooks, Testimony before House Subcommittee on Sclence, Research and

Technology, Japanese Technological Advances and Possible United States Responses
Using Research Joint Ventures, 98th Congress, first session, June 29-30, 1983, p. 17.
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the avallable studies, governments seem to be most succesaful in stimulating
civilian technology when they emphasize relatively broad policies rather than
attempting to make detailed decisions concerning which specific designs and
types of commercial products should be developed and at what pace. There is
little evidence that attempts by government agencies to assume the entrepre-
neurial role or to regulate in detail the inflow, outflow, and application of
industrial technology have been very successful, with the possible exception of
Japan (about which there is considerable controversy). On the other hand,
policies which are widely regarded as having been important in promoting tech-
nological change and productivity growth include those designed to promote the
quality and extent of education in sclence, engimeering, and management, to
build the vigor of competition among the nation®s firms, to support fundamental
research, and to attain reasonably full employment with a reasonably stable price
level.6
More specifically, the results of the above and related studies, while
subject to a variety of limitations discussed in the articles cited, suggest the
following three points. First, despite the fact that the United States cannot
expect to appropriate all or most of the benefits, the little avallable evidence
seems to suggest that an enhanced public investment in basic research might have
a high economic payoff. The social rate of return from basic research seems to
have been relatively high, based both on the econometric results cited above and
on the preliminary results of a study I am currently carrying out, which uses
detailed data obtained directly from firms, Second, to help American firms
become more adept imitators, government agencies might look into the potential

benefits of further programs supporting information-gathering regarding foreign

—_—
For further discussion, see E. Manafield et al., Technology Transfer,

Productivity, and Fconomic Policy, New York: W.W. Norton, 1982; and E. Mansfield,
"Fedoral Support of R and D Activities in the Private Sector," in Priorities and

Efficiency in Fedoral Research and Development, Joint Economic Committes of
Congress, October 29, 1976.




technologies. Third, to the extent that there has been an under-investment in
process innovation, agencies like the National Science Foundation might consider
additional support for university research related to process technologies, and
the Department of Defonse and NASA, which have helped to develop advanced
marmufacturing technologies and have promoted their application in particular
industries, might consider doing more to transfer what they have learned to
eivilian industry in general.’

7 For the results of a recent study of industrial robots, a major process
innovation, see E. Mansfield, "The Diffusion of Industrial Robots in Japan and
the United States," Center for Economics and Technology, University of Pennsyl-
vania, 1987; and "Firm Growth, Innovation, and R and D in Robotics: Japan and.
the United States,® Symposium on Research and Development, Industrial Change,
and Economic Policy, University of Karlstad, Sweden, 1987.
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Senator SARBANES. Professor Rosenberg, please proceed.

STATEMENT OF NATHAN ROSENBERG, PROFESSOR OF
ECONOMICS, STANFORD UNIVERSITY

Mr. RosENBERG. Thank you, Mr. Chairman. It is a great pleasure
to have to opportunity to express my views before this committee.

In my statement, in my prepared statement, I have addressed
the question of why the United States has been having so must dif-
ficulty in recent years in converting its great basic research capa-
bilities into commerically successful products and processes.

The short answer, on which I elaborate in the prepared state-
ment, the short answer is that the capabilities required for scientif-
ic leadership are very different from the capabilities required for
exploiting new technologies that are generated by the scientific ca-
pabilities. It is possible for a country to excel at both, but there is
nothing intrinsic in scientific competence that guarantees a high
degree of commercial competence.

Furthermore, a number of forces at work in the world economy
in recent years have been assuring a very rapid international
transfer of new technologies, regardless of where they were first
developed. The multinational firm is itself an important institution
for bringing about that rapid movement of new technology.

This greater international mobility of technology is further
strengthening the advantages of countries that have the down-
stream commerical skills as opposed to countries with the up-
stream scientific research capabilities. Great Britain’s economic
performance in the years since the Second World War demon-
strates, it seems to me, the insufficiency of high-quality science
when it is not associated with the complementary engineering and
commercial skills and when the economic environment fails to
offer higher rewards to technological innovators.

For many years, Great Britain received more Nobel Prizes in sci-
ence than America on a per capita basis. We have been getting
about three times as many as they have, but with about four times
the population. But there is very little evidence that Britain has
been able to turn this brilliant scientific capability into economic
advantage.

Japan, on the other hand, has received very few, just a small
handful, of Nobel science prizes. Nevertheless, it is hard to believe
that this has been a major economic handicap to the Japanese
economy in the past. It is almost difficult to believe that there have
been any handicaps, looking at their performance.

The Japanese experience demonstrates the great possibilities for
economic growth based upon a systematic transfer and exploitation
of foreign technologies. It seems obvious from the Japanese experi-
ence, that given the appropriate engineering and organizational
skills, a high degree of economic competitiveness can be obtained
by drawing upon more advanced technologies that are available
abroad and that are the product of scientific research conducted
abroad.

It is, to put it the other way around, easy to exaggerate the
purely economic significance of a first-rate domestic scientific re-
search capability when it does not exist together with these com-
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plementary downstream skills that are required for the commer-
cialization process.

To be more precise, such scientific capabilities are certainly not a
sufficient condition for economic competitiveness and growth. They
are almost certainly becoming a more frequent necessary condition
if only because earlier access to new research findings can often be
translated into a leadtime over one’s competitors that may be
highly advantageous. However, I have to admit how impressed I
am with the number of instances where in the recent past it has
not even been a necessary condition for the Japanese.

Now, all of this should not be totally surprising. The fruits of
purely scientific research have always been highly portable. What 1
am now suggesting is that events in recent decades are rendering
the findings of technological innovation highly portable interna-
tionally as well, at least under the right set of circumstances in the
recipient countries.

By the right set of circumstances, I mean the cluster of capabili-
ties associated with the ability to commercialize new products or
processes. That is, again, the skills that lie further downstream
from the purely scientific ones. At the macroeconomic level, I mean
a stable economic environment that is conducive to investment ac-
tivities and especially to the willingness in industry to make deci-
sions on the basis of long-time situations.

These conditions have deteriorated drastically in recent years in
America and in ways that I think have very direct consequences
for our ability to exploit the findings of scientific research. In a va-
riety of ways and for a variety of reasons, the American economy
in recent years has been generating low rates of net savings and
capital formation, rates that are in fact far lower than those of our
major overseas competitors.

Let me cite some numbers here. From an annual average of
about 7 percent of GNP in the 1950’s—and we're talking about net
savings figures here—from an annual average of almost 7 percent
of GNP in the 1950’s and about 7.5 percent in the 1960’s, net sav-
ings declined to barely 6 percent in the 1970’s and then declined
much more sharply in the 1980’s.

Between 1982 and 1986—I have summarized these data in a table
in the back of my prepared statement—between 1982 and 1986 net
savings in America averaged 2.3 percent of gross national product,
and in 1986 it was a mere 1.9 percent.

Those figures, I think, tell a very important story. That is most
emphatically no way to run an expanding industrial economy in a
highly competitive world. ‘

The Japanese net saving rate, by the way, has also declined in
the 1980’s, but it has declined to over 17 percent, from around 20
percent or so.

Now, a high rate of savings translates into a low cost of capital.
Low cost of capital, in turn, translates into longer time horizons.
Conversely, low rates of saving translate into a high cost of capital
and slower growth in labor productivity.

In very considerable measure, in talking about international
competitiveness, improving labor productivity is a matter of equip-
ping workers with an expanding: stock: of machinery and equip-
ment, and of course when the labor force itself is growing very rap-
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idly as it has—and this is a very important point, I think, in con-
sidering American competitiveness, which is perhaps neglected—
when the labor force is growing rapidly, as rapidly as it has been
growing—it grew by 20 million in the 1970’s alone, it grew by
about—I have the exact figures in the prepared statement. But in
one decade our labor force grew by about 20 million workers. When
that is happening, then high rates of capital formation become
even more important in providing a basis for continued productivi-
ty improvement.

There is a high correlation internationally between countries’
growth in labor productivity and the growth in what economists
call its capital-labor ratio. In these respects, the comparative
strength of the American economy has deteriorated rapidly over
the past 20 years or so. Whereas the capital-labor ratio grew by
about 3 percent per year between 1948 and 1973, after 1973 it
slowed to an annual growth rate of less than 2 percent a year.

And in very sharp contrast, the annual amount of fixed invest-
ment per manufacturing worker in Japan is more than twice as
high as in America, and that difference is growing even wider.
That seems to me to be an essential part of the story in talking
about the deteriorating international competitiveness.

In the context of rapid technological change and more especially
the rapid international diffusion of technology, the implications of
these trends become even more serious. The cost of capital shapes
the willingness to invest resources in the development of new tech-
nological possibilities opened up by scientific research. It subse-
quently determines the speed with which such new technologies
will be embodied in new forms of machinery and equipment and
the speed and extent to which firms will ultimately adopt and ex-
ploit these new technologies, and it also determines the cost of cap-
ital and the ability to supply a rapidly expanding labor force with
the equipment needed to raise productivity and to maintain com-
petitiveness.

If T could take just 2 or 3 more minutes to say a little bit more
about the development component of R&D. A great scientific
breakthrough is usually very remote from useful applications of
that breakthrough, if indeed useful applications ever occur. Consid-
er the great excitement all over the world concerning the remarka-
ble breakthroughs with respect to superconductivity. And by the
way, this morning, this very morning’s newspaper has yet another
statement of another one of these breakthroughs.

From a scientific point of view, that excitement is very well justi-
fied. In terms of its eventual economic impact, the excitement may
also be justified. But it may well be a matter of decades before the
scientific breakthrough can be translated into such things as mag-
netically levitated trains and the transmission of electricity with-
out loss, to say nothing of the storage of electricity.

Designing new products that exploit new knowledge of high-tem-
perature superconductors and then designing and making the tech-
nology that can produce these new products, these are extraordi-
narily difficult, time-consuming, and expensive activities. Such de-
velopment includes the designing of new products, testing and eval-
uating their performance, inventing and designing new and appro-
priate manufacturing processes, and so on. In addition, it involves
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a process of endless minor modification and small improvements,
each of which will bring about some slight reduction in cost or im-
provement in performance.

The cumulative effects of such small improvements may be im-
mense, as when the semiconductor industry moved through a mul-
titude of very small steps, as it has, from a single transistor on a
chip up to a million such components.

Now, these development activities are not very exciting, especial-
ly considered from the perspective of academic scientists. They are
activities that do not win Nobel Prizes, nor for the most part do
they even win recognition of the Patent Office, and the low visibili-
ty may account for the very limited awareness of their economic
importance.

In spite of the fact that development accounts for more than two-
thirds of all R&D expenditures, nevertheless, poor performance at
various stages of the development process can easily be commer-
cially fatal to economies that are at the same time highly success-
ful at research, particularly basic research. And impatience or low
esteem attached to working at the finer details of product design or
insufficient attention to the organization and flow of work in the
factory floor, these things can be commercially fatal. It can readily
translate into final products of inferior design, lower quality, and
poor reliability.

It can also translate into higher costs and a slower product devel-
opment cycle, so that new or improved products may eventually
achieve their first or their greatest commercial exploitation in
countries that neither created them nor perform the antecedent re-
search that made the development possible.

Now, that is, of course, intended as more than just idle rumina-
tion. There is an accumulation of evidence, some of it collected by
Professor Mansfield, that many Japanese successes in recent years
owe a great deal to the stronger incentivies, to the higher priority,
to the greater success that Japanese manufacturing firms attach to
these downstream development activities.

The Japanese have on numerous occasions been the leader in the
commercialization of new products in spite of the fact that the new
product or some essential component was developed elsewhere. The
videocassette recorder is currently one of Japan’s largest export
items, recently accounting for almost $6 billion per year in export
earnings. Although the earliest conception and first development
attemps were American, Japanese engineering, design, and manu-
facturing skills were responsible for solving many of the problems
that needed to be overcome before commercialization was possible.

Let me stop at this point.

Senator SARBANES. Thank you very much.

[The prepared statement of Mr. Rosenberg, together with an at-
tached table, follows:]
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PREPARED STATEMENT OF NATHAN ROSENBERG

I

The following discussion is intended to address this committee's
concern with "U.S. performance in translating the results of basic
research into usable products and processes compared to that of Japan
and Europe."

In order to evaluate American performance and, eventually, to
devise ways of improving that performance, 1t is necessary to consider
how new findings in basic research are connected to a "downstream" flow
of usable products and processes. Those connections are much more
complex than {s generally realfzed.

A great scientific breakthrough is usually very remote from useful
applications of that breakthrough, if indeed useful applications ever
occur. Consider the great excitement all over the world éoncerning the
remarkable breakthroughs with respect to superconductivity. From a
scientific point of view, the excitement is well justified. In terms
of its eventual economic impact, the excitement may also be justified.
But it may well be a matter of decades before this scientific
breakthrough can be translated into magnetically-levitated trains and
the transmission of electricity without loss, to say nothing of the
storage of electricity. Designing new products that exploit new
knowledge of high-temperature superconductors, and then designing and
making the technology that can produce these new products, are
extraordinarily difficult, time-consuming and expensive activities.
Such activities fall under the category of Development rather than
Research. Development covers a wide range of activities that vary very

much from one {ndustry to another. It generally fncludes the designing
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of new prqducts, testing and evaluating their performance (which in
some industries may involve the building and testing of prototypes, or
experimentation with pilot plants), and inventing and designing new and
appropriate manufacturing processes. In addition 1t involves a process
of endless minor modiffcations and small improvements, each of which
will bring about some slight reduction in cost or improvement in
performance (often including the achievement of greater reliability).
The cumulative effects of such small improvements may be immense, as
when the semiconductor industry moves, through a multitude of small
steps, from a single transistor on a chip to a million such
components.

These Development activities have no single, well-defined
terminus. They do not end when a new or improved product is brought to
market. Quite the contrary. A continual stream of small improvements
ts often the essence of success in the competitive process. In
industries involving complex technologies such as telecommunications,
aircraft, electrical and non-electrical machinery, chemicals and allied
products, automobiles and scientific {instruments, Development is a
never-ending activity. It is characteristic of these activities that
information from marketing needs to be fed back to product design, and
that specialists responsible for product design need to {nteract
frequently with specialists responsible for manufacturing processes.
S1ight alterations in product design that increase its attractiveness
to consumers or that enable engineers to eliminate or to simplify a
step in the manufacturing sequence, may be decisive in determining

commercial success or failure in bringing new products, exploiting
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earlier research findings, to market.

These are not very exciting activities, especially considered
from the perspective of academic scientists. They are activities that
do not win Nobel Prizes; nor, for the most part, do they even win
recognition at the Patent Office. This low v1s1b1i1ty may partly
account for the very limited public awareness of their economic
importance, in spite of the fact that Development accounts for more
than two-thirds of all R and D expenditures. Nevertheless, poor
performance at various stages of the Development process can easily be
commercially fatal to economies that are highly successful at Research.
An impatience with, or a lower esteem attached to working out the finer
details of product design, or insufficient attention to the precise
organization and fiow of work on the factory floor, can be commercially
fatal. It can readily translate into final products of inferior
design, lower quality and poor reliability. It can also transiate into
higher cost and a slower product development cycle so that new or
improved products may eventually achieve first (or greatest) commercial
exploitation in countries that neither created them nor performed the
antecedent research that made their development possible.

This {s, of course, intended as more than just idle rumination.
There is an accumulation of evidence that many Japanese successes in
recent years owe a great deal to the stronger incentives and higher
priority that Japanese manufacturing firms attach to these "downstream"

Development activities.!

1 See Masahiko Aoki and Nathan Rosenberg, "The Japanese Firm as an
Innovating Institution," unpublished manuscript presented at the Tokyo
meetings of the International Economic Association, Tokyo, September
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The Japanese have, on numerous occasions, been the leaders in the
commercialization of new products, in spite of the fact that the new
product, or some essential component, was invented elsewhere. Thus,
although the U.S. pioneered at both the scientific and technological
levels in the sequence of events that led to the invention of the
transistor and integrated circuft, Japan was the first country to
succeed in the large-scale commercialization of transistor technology
for radio and she simply obliterated America's earlier dominance of
color televisfon. Similarly, in robotics, where past American
leadership was conspicuous, Japan by 1984 was actually employing more
than 4 times as many industrial robots as the U.S. Japanese successes
in higher- quality and design improvements over a wide range of
products, such as compact automobiles and consumer electronics, are too
highly visible even to require comment. The video-cassette recorder is
currently one of Japan's largest export items, recently accounting for
almost $6 billion per year in export earnings. Although the earliest
conception and first development attempts were American, Japanese
engineering, design and manufacturing skills were responsible for
solving many of the problems that needed to be overcome before
commercialization was possible.

Japanese firms have developed impressive capabilities at these
"downstream” Development activities that often more than offset the
American advantages at the earlier research stages. The 1ncentive
structure of the Japanese firm, -especially where 1t includes long-

term, stable employment relationships and bonus payments geared to

1987.
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productivity improvements, seems effectively devised for mobilizing the
energies of all employees in the cause of small, incremental
improvements. The devolution of some degree of autonomy and decision-
making responsibility down to the lowest blue collar levels encourages
inftfatives in many ways that contribute to the flow of such
improvements. The Japanese firm would appear to make more systematic
use of its engineering skills throughout the entire sequence of
Development activities associated with the introduction of new
products, including the most "grubby" aspects of the eventual
manufacturing process. Information flows among specialists with
different but related responsibilities are extremely smooth and
effective, reflecting not only the incentive structure of the
organization but a deliberate policy of personnel rotation to
familiarize specialists with the larger context of the total flow of
work within the enterprise.

These activities are not well appreciated when, as is commonly the
case, Development s thought of as the application of scientific
knowledge.2 Development {in fact incorporates knowledge from many
sources. Even in those instances in which new scientific knowledge
does provide the initial stimulus for a new product, the subsequent
Development process will draw upon a wide variety of sources, the most
common of which is likely to be the existing stock of "in-house"

engineering knowledge. Organizational structures and fncentive systems

2 The NSF defines Development as "...the systematic use of
knowledge or understanding gained from research, directed toward the
production of materials, device systems or methods, 1including design
and development or prototypes and processes." NSF, Scfence Indicators
1985, p. 221 (my italics)
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that can exploit these sources effectively will have a strong economic
advantage over competitors who cannot do so, even if these competitors
have a superfor research capability. If these Development capabilities
are sufficiently strong, the resulting shorter product development
cycle may even make it possible to reach the market with a new product
more quickly than firms from the country that performed the original
scientific and engineering research. Indeed, this {s probably already

happening.

IT

The burden of my comments so far has pointed to the critical
importance of downstream Development capabilities in determining
whether a country can exploit its purely scientific strengths. The
ability to translate research capabilities into commercial advantage
has been further diminished - or at Tleast complicated - by the fact
that new technologies can be more readifly transferred across
international boundary lines than was the case a few decades ago.

There are a number of reasons for this. A main reason has to do
with the specific characteristics of some of the new technologies that
have become available since the Second World War. New techniques of
transportation and communication - the jet aircraft,
telecommunications, the computer - effecti\}ely guarantee that, whatever
country may have been the first to introduce a new technology, it will
soon be made available to other countries. At least as far as mere
access to new knowledge 1s concerned, the specific details of, say, a

major new product design can be transmitted fnstantly to any part of
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the world. In addition, {increasingly sophisticated computer-aided
manufacturing systems are making it possible to transfer much of the
required manufacturing capabilities of a widening range of products
very rapidly. Moreover, the multinational firm, and its growing
importance on a global scale, is an excellent organizational device for
carrying out these technology transfers. In fact, American
multinationals are not only conducting more of their manufacturing
abroad; for a variety of reasons, 1including relative costs and the
nature of government regulatfons, an increasing proportion of their
R&D activity is being conducted abroad (some of these trends are most
apparent in the pharmaceutical 1ndustry3). It is symptomatic of the
internationalization of the research process that the Nobel Prize in
Physics in 1986 was won by two German scientists working in Switzerland
for an American firm - IBM! Furthermore, the great increase fin
Development costs in such sectors as aircraft and telecommunications
has led to a systematic search for overseas partners in joint venture
arrangements. While these joint ventures do indeed offer the prospect
of a sharing of high development costs as well as other possible
commercial benefits, they also assure the even more rapid international
diffusion of new technologies.

This rapid international transfer of new technologies has an
important implication for our present concerns: It further reduces the

purely economic advantages that once accrued to American firms because

3 Ed Mansfield, "R&D and Innovation; Some Empirical Findings, " in
Zvi Griliches (ed.) R&D, Patents, and Productivity, National Bureau of
Economic Research, published by University of Chicago Press, 1984, pp.
134-141. '



109

of this country's extensive and splendid scientific research
capabilities. Although economic benefits will surely continue to flow
from the conduct of scientific research, it is becoming less 1likely
that these benefits will necessarily flow in the form.of competitive
economic advantages to the country conducting such research. Whether
or not it will do so will depend to an increasing degree on the
country's "downstream" Development capabilities.

A comparison of the recent experiences of Great Britain and Japan
is appropriate here. Great Britain's economic performance in the years
since the Second World War demonstrates the {nsufficiency of high
quality science when it is not associated with the complementary
engineering and managerial skills, and when the economic environment
fails to offer high rewards to technological innovators or to the
adopters of newly-available technologies. For many years Great Britain
received more Nobel Prizes in science than America on a per capita
basis, but there s little evidence of that country turning their
brilliant scientific capability into economic advantage.4 Japan, on
the other hand, has received very few Nobel Science Prizes. Indeed,
Japan has received only a very small fraction of the number of Nobel
Science Prizes recefved by a single British fnstitution - the Cavendish
Lab. Nevertheless, it is hard to believe that this has been a major
economic handicap to the Japanese economy fn the past! Rather, the

Japanese experience forcefully demonstrates the great possibilities for

4 Ppart of the British problem has been with the distribution of
its talented professionals. Although Britain has had a great basic
science capability, her science and engineering capabilities 1a
private industry have been much less impressive. :
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economic growth based upon the systematic transfer and exploitation of
foreign technologies.

It seems obvious from the Japanese experience that, given the
appropriate engineering, managerial, and organizational skills, a high
degree of economic competitiveness can be attained by drawing upon more
adganced technologies that are available abroad and that are the
product of scientific research conducted abroad. It is, to put it the
other way around, easy to exaggerate the purely economic significance
of a first-rate domestic scientific research capability when it does
not exist together with the complementary "downstream" skills discussed
earlier. To be more precise, such scientific capabilities are
certainly not a sufficient condition for economic competitiveness and
growth. They are almost certainly becoming a more frequent necessary
condition, if only because earlier access to new research findings can
be translated into a lead-time over one's compétitors that may be
highly advantageous. However, I have to admit how impressed I am with
the number of instances where, in the recent past, it has not even been
a necessary condition for the Japanese.

A1l this should not be totally surprising. The fruits of purely
scientific research have always been highly portable. What I am now
suggesting 1s that events of recent decades are rendering the findings
of technological innovation highly portable {internatiocnally as well-
at least under the right set of circumstances in the recipient
countries. By the right set of circumstances I mean the cluster of
capabilities associated with the ability to commercialize new products

or processes, 1.e., the skills that lie further "downstream" from
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purely scientific research capabilities. At the macroeconomic level, I
mean a stable economic environment that is conducive to investment
activity and especially to the willingness of people 1in industry to
make decisions on the basis of long time horizons. Thits:‘ brings me to

my final set of comments.

III

In considering America's growing difficulties in translating the
findings of basic research into commercially-successful new products,
it has to be emphasized that the relevant criteria are not scientific
ones. Nor are they even technological. The relevant criteria are
ultimately and 1inescapably economic. Technological success is, of
course, a necessary condition, but it {is not sufficient. In fact, the
main uncertainties in the innovation process are not over whether a new
product design will "work" - whether a new airplane w'ﬂl fly or a new
power generator will produce a flow of electricity, or even whether
they can be made to perform according to their original design
specifications. The ultimate criterion is whether the product can be
sold at prices, and in quantitfes, that will justify all the
expenditures incurred in bringing it to market. AT&T offered the
public a "picture-phone” 25 years ago, which certainly transmitted
pictures as well as sound, but the public could not be induced to
subscribe at anything 1ike the rates at which the service was marketed.
The Concorde is a brilliant engineering accomplishment that can span
the Atlantic 1n about 3 hours, but only 16 were produced before

manufacture was discontinued. Moreover, all the original sales were to
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the nationalized airlines of France and Great Britain - entities that
were hardly in a position to evaluate the product in purely economic
terms. The airplane has been, simultaneously, a technological success
and a commercial disaster.

Thus, success in the introduction of new products is ultimately
determined by economic considerations. New products derived from
research must first be incorporated into forms that perform well and
that cater to a consumer need for which markets exist or can be
created. Moreover, in an economic context where, as we have seen, new
technologies rapidiy become available to overseas producers, the
critical issue is no lTonger the ability to devise the new products but
to win out in 1intensely competitive {international markets for these
products. The ability to do so involves a number of additional
considerations that significantly shape a country's economic
performance. I would 1ike to call attention to one set of
considerations that I believe are of decisive importance in determining
American competitiveness in the markets for new high technology
products.

It has become fashionable in recent years to deplore American
industry's excessive preoccupation with short-term measures of economic
performance. American management and business decision-makers
generally have been criticized, not only for their narrow "bottom line"
mentality, but for their excessive concern with a bottom line that is
not farther down the road than the next gquarterly report.

It 1s no part of my intention to offer an apologia for myopic

business decision-making. On the contrary. What I would like to
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suggest - and you don't need to be an economic determinist or even an
economist to suggest it - 1s that there are some compelling forces in
the American macroeconomic environment that have been strongly
conducive to such myopia. Criticisms that fail to recognize such
forces while deploring the short time horizons, are, at best,
superficial. Moreover, I would 1ike to suggest that the fundamental
reason for short time horizons 1s also intimately 1inked to the reasons
for the unacceptably slow growth in U.S. productivity in the last 15
years or so.

According to the U.S. Department of Labor, the growth in real
product per employee hour between 1948 and 1973 was almost 3% - 2.9%.
It declined sharply after 1973, and averaged 0.6% for the period 1973-
81. It has recovered from the poor performance of the 1970s, and grew
at 1.4% for the recent period 1981-85. But this s still far below the
Tevel that prevailed from 1948-73 (less than half).

The underlying macroeconomic facts that connect business myopia
and slower productivity growth éan be simply stated: In a variety of
ways and for a variety of reasons, the American economy in recent years
has been generating low rates of net savings and capital formation,
rates that are far lower than those of our main overseas competitors.
The American economy has indeed operated with short time horizons,
which is to say that it has heavily discounted the future in favor of
the present. But this is the inevitable consequence of being a society
that devotes only a very slender amount of resources to saving - {.e.,
to withholding the use of resources from present consumption and making

them avaflable for purposes that increase future productivity - i.e.,
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investment. To say that an economy has a low level of net saving is
the same as saying that it attaches a low priority to using resources
in ways that will raise productivity in the future. Such preferences
are reflected in high rates of interest - {.e., a high rate of
discounting of distant benefits. Such high rates of discount, in turn,
dictate a short time horizon in business decision-making. Investments
in either physical plant or in R&D that yield substantial benefits, but
only 1n the more distant future, simply fail to meet the most
elementary market tests in an economy with low savings and high rates
of interest.

Thete can be no doubt that the description I_have just offered
constitutes a close fit to the American economy in recent years, and
underlies both business myopia and slow productivity growth. Rates of
net saving in America have declined sharply. From an annual average of
almost 7% of GNP (6.9%) in the 1950s, and about 7.5% for the 1960s, net
savings declined to barely 6% (6.1%) in the 1970s and then declined
much more sharply in the 1980s. Between 1982 and 1986, net savings
averaged 2.3% of GNP, and in 1986 it was a mere 1.9% (see Table I).
That 1s, most emphatically, no way to run an expanding industrial
econémy in a highly competitive world! (The Japanese net saving rate
in the 1980s has been running at over 17%.) A high rate of saving
translates into a low cost of capital. A low cost of capital, in turn,
translates into long time horizons. Conversely, low rates of saving
translate into a high cost of capital - and business myopia.

In order to appreciate the full economic significance of the low

level of saving and investment for Tow productivity growth in the U.S.



115

and for the economy's deterforating competitive position, it is vital
to make connections with another postwar trend of massive importance.
I refer to the rapid rate of growth in the size of the American labor
force. The ability of the American economy to generate new and
enlarged employment opportunities, in order to accommodate the postwar
baby boom and the rising labor force participation of women, is one of
the most remarkable, {1f unsung, economic achievements of the postwar
period. In the decade of the 1970s alone, the employed labor force
grew by no less than 20 million (from 80 million in 1970 to 100
million in 1980). For the 30 year period from 1955 to 1985 the
American economy created 45 million new jobs. To provide some basis
for comparison, the European Common Market countries created 5 million
new jobs during that same period.

That s the good news. The bad news is essentially the other side
of the coin of the good news. (You might say that the bad news is that
we couldn't afford the good news.) That fs, the absorption of this
flood of new entrants into the labor force, many of them with 1ittle or
no previous job experience or training, meant a drastic slowdown in the
rate of growth of labor productivity. The slow growth in U.S. labor
productivity is, in a fundamental way, a consequence of the rapid
expansion in the employed labor force. However, it is only by directly
Jjuxtaposing two separate trends - low rates of saving and investment
and a high rate of new entry into the labor force - that the full
magnitude of America's growing problems inm international
competftiveness, and slow productivity improvement, becomes apparent.

A major determinant of labor productivity {is the capital/labor
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ratio. In very considerable measure, improving labor productivity is a
matter of equipping each worker with an expanding stock of machinery
and equipment. And of course, when the labor force 1tself is growing
very rapidly, high rates of capital formation become even more
important 1n providing a basis for continued productivity improvement.
There is a high correlation, internationally, between a country's
growth in labor productivity and the growth in its capital/labor ratio.
fn these respects the comparative strength of the American economy has
deteriorated rapidly over the past 20. years or so. Whereas the
capital/labor ratio grew by 3% per year between 1948 and 1973, after
1973 it slowed to an annual growth rate of less than 2% per year. In
sharp contrast, the annual amount of fixed investment per manufacturing
worker in Japan is more than twice as high as in America, and the
difference is growing wider.

In the context of rapid technological change and, more especially,
the rapid international diffusion of technology, the implications of
these trends become even more serious. The cost of capital shapes the
willingness to invest resources in the development of new technological
possibilities opened up by scientific research. It subsequently
determines the speed with which such new technologies will be embodied
in new forms of machinery and equipment, and the speed and the extent
to which firms will ultimately adopt and exploit these new
technologies. And 1t also determines the ability to supply a rapidly-
expanding labor force with the equipment needed to raise productivity
and maintain competitiveness.

Of course, this is not the whole story. The American economy has
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been subjected to an exceptionally high degree of volatility 1in the
1970s and 1980s. Outside events, such as the Arab oil embargo and the
subsequent runup in energy prices, were highly disruptive and led to
great uncertainty, fear of future {nflation, and erratic changes in
government monetary and fiscal policies that led to an even greater
reluctance to make long-term commitments. The preoccupation with
short-term problems has contributed to an economic environment that has
been increasingly inhospitable to the stability required for carrying
out long-term R&D strategies.

One conclusion is, I belfeve, therefore unavoidable. The impact
of science, and of R&D activities generally, {is not something that can
be meaningfully discussed outside of an economic context. Insofar as
the concern with scientific research and, more broadly, R&D, are
generated by their possible contribution to economic competitiveness
and growth, 1t needs to be recognized that those contributions are
directly shaped and medfated by conventional economic varfables.
Indeed, I would be inclined to conclude by saying that there really is
no such thing as a meaningful science policy {independent of economic

policy.



TABLE 1

U.S, NET SAVING AND INVESTMENT, 1951-86

1931-60 1961-70 1971 -80 1981 1982 1981 1WA 198% 1986
Total Net Saving 6.9 7.5% 6.1% $.2v 1.6% 1.08 4.0 3,12 1.92
‘ et Private Saving 1.2 8.0 1.1 6.1 $.4 5.9 1.4 6.5 5.4
Personal Saving 4.2 4.7 4«9 4.6 4.4 3.6 4.) 3.2 2.8
Corporate Saving 2.% 3 2.2 1.4 1.0 2.) 3.2 3.3 2.6
‘ State-local Govt. Surplus -0.2 0.1 0.9 1.3 1.1 1.) 1.4 1.8 Y3
| Federal Govt. Surplus -0.2 -0.% -1.9 -2.2 4.0 5.4 “.0 4.9 -4.9
| Total Net Investsent 7.0 7.5 6.3 $.4n 1.68  1.0% 3.0 3,02 .12
)
% Net foreign Investeent 0.3 0.5 0.1 0.2 -0.2 -1.0 -2.6 -2.8 -3.6
i Private Dowestic Investmant 6.7 7.0 6.2 $.2 1.8 2.9 6.4 5.8 5.5
‘ Plant and Iquipment 2.7 ). 3.0 3.1 2.0 1.8 2.4 2.9
| Residential Construction 3.2 2.9 2.3 1.3 0.6 1.9 2.4 2.4 5.2
i Inventory Accumulation 0.6 1.1 0.7 0.9 -0.9 -0.4 1.6 0. 0.3
|
? Meworanda: Capital Consusption 8.9% 8.5% 9.9% 11.28  11.7%  11.4v 11,08 11.01 10.82
1 Gross Private Saving 16.1 16.4 17.0 17.2 17.1 17.) 18.4 17.5 16.2

Motes: Data are averagas (except for 1981 -84) of annual flows, as percentages of gross national product.
Totsl net saving snd totsl net Lnvestment differ by statistical discrepancy.
Detsil may not sdd to totals because of rounding. 1986 figures are preliminary.
Source: U.S. Department of Commcrce.

811
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Senator SARBANES. We are indebted to both of you for, I think,
very effective testimony.

I want to ask the following. Both of you focused, obviously, on
Japan, and there is a great tendency now whenever we are discuss-
ing our competitiveness problem in whatever area, to look at the
Japanese, for obvious reasons.

To what extent should we be looking at what West Germany,
France, and some of the other countries are doing? Are there les-
sons that we can draw from their experience that may be more im-
mediately relevant than what we may draw from the Japanese,
given the difference in cultures that are involved between our-
selves and the Japanese?

Mr. RoseNBERG. I focused on Japan partly in the interest of
economizing on time and partly because in many respects recently
the Japanese have been the most effective of our foreign competi-
tors. I think some of the things we can learn from Japan we can
learn quite independently of the cultural differences, which admit-
tedly are very great.

From the point of view of the kinds of macroeconomic factors
that I have been emphasizing, it seems to me we can really put to-
gether Japan and Western Europe, particularly West Germany,
with respect to the importance of policies that are favorable to sav-
ings and capital formation. If you array the countries of Western
Europe and Japan—say, the OECD countries for short—you find a
very close correlation between the rates of capital formation in the
country and their rates of productivity growth.

The correlations become even sharper when you focus it down to
improvements in the capital-labor ratio and relate that to the rate
of productivity growth per country. I think there are some lessons
that we can indeed learn from both the Japanese and the Western
Europeans. Putting that lesson negatively, it is that the costs of be-
coming a low-savings and a low-capital-forming economy are likely
to be very high in terms of our declining productivity growth and
future competitiveness.

Mr. MaNsFIELD. I agree largely with what has just been said. In
the interest of time, I won’t say too much on this score. But first, I
think that France is not as close, perhaps, to the United States as
might be thought, because the French have a long tradition of con-
siderable government intervention in the economy, which is quite
different from here.

Also, they have a substantial nationalized sector, and so a lot of
the policies that have been adopted there wouldn’t be ones that
would be readily considered here. I think it is fair to say that most
people who have studied the French experience have come away
with the impression that they probably have not had policies there
is this area that have been notable successes, although I am sure
there are things that we might emulate and learn from the French.

Now, in Germany, I think that one of the points that immediate-
ly comes to mind is that they have a tremendously powerful chemi-
cal industry there. If you look in each one of these countries, you
really don’t look at a country, you look at a conglomeration of in-
dustries as well as a country and the Government.
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The chemical industry in Germany is tremendously powerful,
and the interaction between the Government and the chemical in-
dustry might be something that people here might take a look at.

One feature of Germany’s technology policy is a credit they have
for small- and medium-size firms to partially subsidize research
and development there. Now, whether this is something that the
I{)riited States would want to emulate is, I would think, question-
able.

I agree with Nate Rosenberg that although the Japanese are dif-
ferent in many cultural elements, that a lot of what they have
done and a lot of the data pertaining to them certainly have impli-
cations for our performance and policies here.

Senator SARBANES. Mr. Rosenberg, in your table, what is the line
“Capital Consumption”? Could you elaborate on that a little bit? It
is almost at the bottom.

Mr. RoseNBERG. Yes. The capital consumption is basically the al-
lowance for the depreciation of capital. These figures here are in-
tended to focus on net savings and net investments. So, they are
net after allowance for the replacement of wornout capital equip-
ment, basically.

Senator SARBANES. And therefore, what is the significance of the
larger figures in the 1981-86 period?

Mr. RoseNBERG. Which larger figures?

Senator SArRBANES. For capital consumption. The percentage fig-
ures have gone up from around 9 to 10 percent to over 11 percent.

Mr. RoseENBERG. Yes. Well, those figures were the increase as a
result of an expanding capital stock and an increasingly aging cap-
ital stock. These things would necessitate that in any year a larger
amount of resources had to be devoted to the replacement process.

Senator SARBANES. What is behind those figures? Does that show
that we simply have an aging capital stock and, therefore, a larger
percentage goes into capital consumption each year? Or does it re-
flect some other factor?

Mr. RoseNBERG. It would have at one point. It is also affected, of
course, by changes in tax legislation, the question of what is allow-
able for tax purposes. You will note that although it has increased
in the early 1980’s it has also begun to decline again toward the
very end, in the last 3 years or so.

I am anxious to emphasize in that table the very small propor-
tion of our gross national product which is being devoted to making
net additions to that stock of capital.

Senator SARBANES. This is your total net investment figures,
which has gone down from between 6 and 7 percent down to 2 to 3
percent, I guess one would say.

Mr. RosenNBERG. That’s right. That’s right. The total net invest-
ment. And it is then further broker down into the domestic and
foreign components.

Senator SARBANES. And I guess the net foreign investment is the
larger factor in that decline; is that correct?

Mr. RosENBERG. What is clear is that in recent years a much
larger fraction of American net investment has been made possible
by foreign investment in the United States, which is essentially the
other side of the coin of the decline in net savings that has taken
place during this period, net domestic savings.
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Senator SARBANES. | am not sure I have grasped the full implica-
tion of those figures. I want to make sure I understand it. Private
domestic investment has dropped a bit, if you exclude the recession
years of 1982-83, which I take it is why the figures are down as low
as they were in those years; is that correct? That is a cyclical phe-
nomenon here, essentially?

Mr. ROSENBERG. Yes.

Senator SARBANES. But private domestic investment has dropped
somewhat although not anywhere near as much as the net foreign
investment figure, to explain the decline in total net investment?

Mr. RoseNBERG. That’s right. That’s right. Private domestic in-
vestment has declined within the United States from the earlier
periods, as I have shown, for the 1950’s 1960’s, and 1970’s. What
has happended in recent years is that given that amount of domes-
tic investment that has taken place, a substantial fraction of it has
been in effect financed by foreign investment in the United States.

We are, in effect, highly dependent at this point for our net in-
vestment activity upon the willingness of foreigners to continue to
make investments in the American economy. And again, the other
side of the coin of the decline in net domestic savings is the first
row.

Senator SARBANES. Congressman Scheuer.

Representative ScHEUER. Thank you, Mr. Chairman.

The testimony has been really terrific. But I must be on the
House floor at noon, so I only have a minute or two.

Let me just ask each of you one question. In terms of how Con-
gress functions, in terms of promoting investment and a broad ap-
proach, the mission-oriented approach of a country like Japan has,
that really focuses attention and support on one particular indus-
try, and in our country where we have the breeder reactor, the
space program, supersonic transport, and then other countries have
a diffusion-oriented approach where they don’t focus on a particu-
lar industry but they have general programs of assistance to educa-
tion, to technical school-industry collaboration, and that kind of ap-
prolach(i and that would be typical of Germany, Sweden, and Swit-
zerland.

Which of these two approaches do you think considering our
unique mix of industry, universities, and so forth, makes the most
sense for our country? v

Should we specifically try to help industries, and in some cases
even firms, with a national economic policy of a kind, or should we
concentrate on creating a base, a wellspring of well-trained young
people in science, math, engineering, support the university-indus-
try collaboration, and then assume that the market forces will do
the rest if we have well-trained people out there and good coopera-
tion between industry and the universities?

Mr. MansFiELD. May I ask a question? You are confining this
question to civilian technology, I assume.

Representative SCHEUER. Yes.

Mr. MansFieLp. Although it is obvious that there has to be a
mix, you are going to have particular industries, and areas where
for a variety of reasons, partly noneconomic, you are going to want
the Federal Government and Congress to support them. This has
been the history of the United States. While in general we have
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espoused a philosophy that didn’t always accentuate this, nonethe-
less it has been true.

At the same time, while there are such examples, my guess is
that the second approach you describe tends to be the better gener-
al philosophy for the Government. If you look at those countries—
France, as I mentioned before, is a very good illustration, and Brit-
ain is another—where they have tried to take over in considerable
part the entrepreneurial role in technology, the results typically
have not been very successful, whereas those countries that have
tried to establish a proper climate have tended to do better. More-
over, this climate, I think entails some things that may not have
been mentioned in your question, although I agree that part of it is
education and basic science.

Representative SCHEUER. Tax treatment?

Mr. MANSFIELD. Yes. And I would also include policies dealing
with competition. Although I know that they are not in quite such
favor today, I think that certain elements of antitrust policy and
policy which aims at keen competition among the firms in the
economy are very important.

Mr. RoSENBERG. I am certainly in broad agreement with Profes-
sor Mansfield’s statement. I think the experience that we have had
in the post war years in having Government agencies attempt to
pick technological winners have not been a very favorable experi-
ence either in the United States or Western Europe generally. I
think the British experience is a particularly strong one there.

I would like to emphasize, though, that I think that we may be
exaggerating the role that MITI has played in Japan as an actual
selector of specific technologies. In fact, the Japanese Ministry of
Finance played rather a more important role in the earlier post
war years.

In general, I think it would be truer to say that what the Japa-
nese have done in the post-World War II years has been, especially
more recently, to provide a macroeconomic environment that is
stable, that is conducive to making investment decisions on a long-
term basis, an environment that is generally favorable to savings
and capital formation itself, particularly the savings and that the
Japanese success story I think is much more one of providing those
overall environmental type incentives for the economy.

This become particularly clear, by the way, if you look at the fi-
nancing of their R&D expenditures. In spite of all of the talk about
MITI and its galvanizing and controlling role, the fact is that a
subsfantially higher fraction of all R&D in Japan is financed pri-
vately.

Now, in considerable measure, this is due to the large role that
defense plays in the American budget. But even if you take out the
defense component, it still remains true that if you take the nonde-
fense R&D that that chart refers to over there [indicating], a larger
fraction of that is privately financed in Japan than is the case in
the United States.

Representative ScHEUER. Thank you very much.

Thank you, Mr. Chairman.
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Senator SARBANES. Gentlemen, we thank both of you. It has been
a very helpful panel.

The committee stands recessed.

[Whereupon, at 12:01 p.m., the committee recessed, to reconvene
at 9:30 a.m., Friday, December 11, 1987.]



INVESTMENT IN RESEARCH AND
DEVELOPMENT

FRIDAY, DECEMBER 11, 1987

CONGRESS OF THE UNITED STATES,
Joint Economic COMMITTEE,
Washington, DC.
The committee met, pursuant to recess, at 9:45 a.m., in room SD-
628, Dirksen Senate Office Building, Hon. Paul S. Sarbanes (chair-
man of the committee) presiding.
Present: Senator Sarbanes and Representative Scheuer.
Also present: William Buechner, professional staff member.

OPENING STATEMENT OF SENATOR SARBANES, CHAIRMAN

Senator SARBANES. The committee will come to order.

Mr. Ambler, if you would come forward here, we would appreci-
ate it.

This morning the Joint Economic Committee holds its second
hearing on the Federal role in the Nation’s research and develop-
ment programs. These hearings are part of the committee’s focus
on what we have termed ‘‘prudent investment issues,” as the com-
mittee seeks to identify those areas of the economy in which pru-
dent investment is critical to the Nation’s future economic
strength.

Today, as in the first hearing on this subject held a little over a
week ago, the committee will attempt to assess the strengths and
weaknesses of Federal research and development programs, and
the role of the Federal Government in facilitating research and de-
velopment in the private sector.

The committee’s inquiry is prompted by concerns outlined
earlier this year in the 1987 annual report of the Joint Economic
Committee.

The first is the dramatic shift in the focus of the Federal invest-
ment in R&D programs, from roughly a 50-50 split between de-
fense and nondefense programs from the mid-1960’s to 1981, to a
split of 70-30 defense-nondefense today.

The second is the failure of the U.S. investment in nondefense
research and development, measured as a percent of GNP, to keep
pace with comparable investments by West Germany and Japan.
And that’s very sharply illustrated in this chart—nondefense R&D
as a percentage of GNP comparing Japan and West Germany with
the United States.

The Joint Economic Committee will focus attention today on two
critical aspects of research and development in the United States:
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First, the process by which U.S. businesses create commercial ap-
plications from basic scientific knowledge; and second, the current
situation in graduate education in science and engineering.

The committee will first hear from Mr. Ernest Ambler, Director
of the National Bureau of Standards. Following Mr. Ambler, we
will have a panel consisting of Mr. Joseph Saloom, senior vice
president of M/A COM, Inc., and chairman on the Council on Re-
search and Technology; Mr. Kenneth Flamm, senior fellow at the
Brookings Institution, representing the Council on Competitive-
ness; and Mr. Daniel Burton; vice president of the Council on Com-
petitiveness. Then we will close with a panel consisting of Miss
Betty Vetter, executive director of the Commission on Professionals
in Science and Technology; and Mr. Alan Fechter, executive direc-
tor of the Office of Scientific and Engineering Personnel at the Na-
tional Research Council.

Mr. Ambler, we are very pleased to have you before us this morn-
ing and we look forward to hearing your testimony.

Congressman Scheuer, did you have a statement?

Representative ScHEUER. I don’t have a statement, Mr. Chair-
man.

Senator SARBANES. At the request of Senator D’Amato, his open-
ing statement will be placed in the record, without objection, at
this point.

[The written opening statement of Senator D’Amato follows:]
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WRITTEN OPENING STATEMENT OF SENATOR D'AMATO

MR. CHAIRMAN, | WOULD LIKE TO WELCOME TO THE JOINT
ECONOMIC COMMITTEE THIS MORNING OUR DISTINGUISHED PANEL OF
WITNESSES WHO WILL CONTINUE THE DJSCUSSION ON THE ROLE OF
GOVERNMENT |NVESTMENT INTO RESEARCH AND DEVELOPMENT.

THE UNDENIABLE MERITS OF RESEARCH AND DEVELOPMENT WERE
DISCUSSED AT LAST WEEK'S HEARING. WE ALL SEEM TO AGREE UPON
THE NECESSITY TO CONTINUE TO SEEK METHODS IN WHICH RaD MAY BE
STIMULATED AND ENCOURAGED. REASONABLE TAX CREDITS REMAIN ONE
OF THE MOST VIABLE DEVICES IN PROVIDING INCENTIVES TO
COMPANIES ENGAGED IN RESEARCH AND DEVELOPMENT ACTIVITIES.

IT IS IMPORTANT TO KEEP THE UNITED STATES AT THE
FOREFRONT OF TECHNOLOGY. AS THE WORLD'S INDUSTRIAL GIANT, WE
MUST NOT ALLOW OURSELVES TO BE SURPASSED BY THE OTHER
INDUSTRIAL STRENGTHS IN THE WORLD.

| LOOK FORWARD TO THE TESTIMONY OF OUR WITNESSES THIS
MORNING AND TO THE INSIGHT THEY ARE SURE TO PROVIDE THIS
COMMITTEE ON THE IMPORTANCE OF INVESTING IN RESEARCH AND
DEVELOPMENT .

THANK YOU., MR. CHAIRMAN,



128

Senator SARBANES. Mr. Ambler, if you would proceed, we would
be happy to hear from you.

STATEMENT OF ERNEST AMBLER, DIRECTOR, NATIONAL
BUREAU OF STANDARDS, DEPARTMENT OF COMMERCE

Mr. AmBrLEr. Thank you, Mr. Chairman and Congressman
Scheuer.

I am very pleased that you asked me to take part today in your
review of the current state of research and development in the
United States and to examine options for improving the Federal
Government's policies and programs in these areas.

The Government supports research and development for a varie-
ty of reasons, such as our defense, for health care, a better environ-
ment, and so on. Since roughly around the end of the Second World
War, the Federal Government has assumed, principally, I think,
through the National Science Foundation, a major role in support-
ing scientific research in our universities for the purpose of train-
ing students and for the general pursuit of new knowledge.

Today in our country I believe our greatest concern is in apply-
ing the results of R&D to benefit our economy. The trade deficit,
our lack of competitiveness in global markets, and our need to im-
prove productivity and quality are of great concern to all of us. It is
natural for us to ask how the billions of dollars’ worth of research
and development supported by the Government can help in im-
proving our economy.

The President has set the framework for facilitating the use of
the results of this Federal research and development. His April 10,
1987, Executive Order No. 12591, based on the Federal Technology
Transfer Act of 1986 and the University and Small Business Patent
Procedures Act of 1980 leads the way. He has directed all Federal
agencies to encourage and facilitate collaboration among Federal
laboratories, State and local governments, universities, and the pri-
vate sector, particularly small business, in order to assist in the
transfer of technology to the marketplace.

This morning I'd like to focus on the role of the Federal laborato-
ries in helping to transfer technology to the private sector. And,
my opinions, Mr. Chairman, are based on the experience of the Na-
tional Bureau of Standards which has as its primary mission stated
clearly in its enabling legislation the function of serving U.S. in-
dustry in very specific ways.

At a time when so much attention is being placed on the possi-
bilities of technology transfer, I believe we should face the fact that
technology transfer is no easy task and that it can never be taken
for granted.

Another fact, in my opinion, is even more telling. While many of
the Federal laboratories can and should play an important role in
supporting industry, the Government has never been successful in
showing industry how to do its job. There is absolutely no reason to
think that this will change in the future. Developing products and
getting them ready for market is a private sector job and not the
Federal Government'’s. It’s my belief that the responsibility lies pri-
marily in that direction.
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So the question in my way of thinking is not what is the magic
formula for transferring technology to industry. The question is, I
would submit, what kind of support can Federal laboratories give
U.S. industry? And I assume, of course, that U.S. industry knows
where its going and what it needs and what kind of help it can use
from others and is willing to use from others.

Our own experience at the National Bureau of Standards has
proven that the best formula for successful technology support
mixes the pool of talented researchers and the specialized facilities
in Federal laboratories together with the staff of forward-thinking
companies. Most importantly, it is absolutely vital to get the active
involvement of industry right from the start. That is to say, in the
pr(:lgram planning and the conceptualization of what you're going
to do.

At the National Bureau of Standards, we have always worked co-
operatively with the private sector. In fact, we have done so much
work with and for industry, I know, for example, that I could quote
examples of how NBS has worked and transferred technology to
companies in the jurisdictions of every member of this committee.

We do it in a variety of ways. For example, nearly 200 scientists
and engineers from companies or trade associations are working in
a formal way at NBS under our research associate program.
Through this program, sponsoring firms or organizations pay their
employees’ salaries while they work with our staff in NBS labora-
tories on problems of mutual interest. This ensures our work is rel-
evant and immediately helps those companies, and eventually
other companies benefit as well since the results are published in
the open literature. The companies which join this program get a
bonus since now they can retain exclusive rights to patents based
upon the cooperative research.

This program allows us to conduct some research that we other-
wise could not do. Technology transfer is built in from the begin-
ning with the definition of the work to be done and by establishing
personal continuing connections.

We also host top scientists and engineers from industry and uni-
versities for various durations in a less formal way through a pro-
gram for guest researchers. About 700 such experts come to our
laboratories each year with a blend of academic, government, and
industrial research interests.

Another way in which we collaborate with industry, one that
may be unique in the Federal Government, is a cost-sharing mech-
anism. Many companies loan or donate to NBS equipment or mate-
rials for experimentation. Last year, we had nearly 12 million dol-
lars’ worth of equipment and materials either loaned or given to us
by dozens of companies. It is not just the big companies that are
chipping in, either. Contributions range from 500 dollars’ worth of
precision ball bearings to $3.5 million of computer equipment.

In addition to arrangements with individual companies, we have
also formed research consortia and other cooperative arrangements
in just about every way possible. These involve groups of compa-
nies, and sometimes agencies, which often pay a share to have NBS
conduct research for the group. In other cases, NBS plays a lead
role in organizing and helping keep together groups of interested
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firms and agencies in cooperative work where no funds may be ex-
changed between the various cooperating parties.

Our facilities are a key drawing card for attracting companies to
NBS in a way that encourages technology transfer. We have had a
longstanding policy permitting NBS facilities to be used for collabo-
rative research. For instance, more than 300 specialists from indus-
try, universities, and other agencies use our nuclear research reac-
tor each year. Recognizing the growing need to help put the best
facilities at industry’s disposal, in light of the competitive situation,
more recently we have made several of our facilities available for
proprietary use.

We also use workshops, conferences, and participation in stand-
ards committees as ways to work with individual scientists and en-
gineers in identifying and solving problems. We held more than
100 major conferences and 600 workshops and seminars last year,
bringing together thousands of experts from around the world. Our
employees have more than 1,400 memberships on standards com-
mittees and in most of those meetings NBS researchers sit along-
side industry experts, contributing their technical expertise and lis-
tening to what industry says it needs from NBS.

To illustrate how these various technology transfer mechanisms
work, in my prepared statement, Mr. Chairman, I have some exam-
ples of those activities. For example, in automation, in semiconduc-
tors, biotechnology, medical measurements, and so on. And we
have scores of other examples of successful technology transfer
through cooperative work. :

Senator SARBANES. The entire prepared statement will be includ-
fe“d in the record. So if you want to summarize the examples, that’s

ine.

Mr. AMmBLER. Well, thank you, Mr. Chairman. If it’s all right
with (}lfou, I won’t go into them any further because they are in the
record.

Senator SArBANES. Fine. Very good.

. Mr. AMBLER. At the last count, we had about 250 active formal
collaborative projects. We constantly are in search for new part-
ners for research that will help both NBS and the private sector to
accomplish their goals. And we have published, Mr. Chairman, this
special brochure that describes many of the opportunities for coop-
erative research at NBS. It’s called “Cooperative Research Oppor-
tunities at NBS,” and I would like to submit this for the record,
Mr. Chairman, if you find that acceptable.

Senator SARBANES. It will certainly be included. .

Mr. AMBLER. I would also like to submit this brochure that de-
scribes the facilities of the National Bureau of Standards which
gives an idea of what’s available at the National Bureau of Stand-
ards, which I imagine is typical of many of the national laborato-
ries that would be available I'm sure for use by the private sector.

Senator SArBANES. If you could submit 20 of each, we would
make sure that each member of the committee received a copy.
While I know many members are familiar with the work of the Na-
tional Bureau of Standards, I think perhaps not all, and this would
be a way of updating them. Would that be possible?

Mr. AMBLER. Yes, sir. We will submit 20 copies.

Senator SARBANES. Fine. Thank you very much.
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Mr. AMBLER. As I look back on what I've just said about our co-
operative work with industry, my thoughts go back to 1982 when I
wrote an editorial for Science magazine, hoping to get some sort of |
tips based on our own experience about cooperating with industry.
At the time, I'm sorry to say, that attracted absolutely no attention
and I guess that was that. But I was reading the article recently
and it seemed to me just as relevant today, and with your permis-
sion, I'd like to give it another try and suggest that you might wish
to include this in the record. It’s very short, Mr. Chairman, just
one page.

Senator SARBANES. We would be happy to do so.

Mr. AMBLER. I would like to summarize some of the lessons that
are outlined in this article based on our own experience just very
quickly to give you an idea of what we think it takes to make coop-
erative research work.

The first thing is, you have to know industry’s needs and focus
resources to match those needs. In a way, it's absolutely no differ-
ent from what industry calls market research. You have to do that.

You have to make sure you have the facilities and the expertise
and the people and the dedication to do the job well. You either are
willing to do that or your shouldn’t try at all. You have to do the
job on time. Industry will not tolerate empty promises or untidy re-
sults, and quite rightly so. And as we all know, it doesn’t take the
private sector very long to jump on the Government. So it's a very
good idea not to give them any excuse for not showing that you’re
a real heads-up organization, which many Federal agencies are.

I don’t think one should assume that the task has to be very
large. Often one wants to think of a very big deal. Often it’s the
smaller projects with a very limited but well defined objective that
are most useful to industry. And it needn’t be a long term. You can
get a tremendous amount of useful stuff done just by collaborations
of a few weeks or a few months and just between a few people.

Then the other thing is to constantly monitor the direction of the
collaborative program and change it when it’s necessary. That is,
set up efforts that are spinoffs, scale up the project, scale it down.
Sometimes they don’t work out so don’t be afraid to stop them.
And always be on the lookout for new opportunities.

I think most scientists and engineers in the course of conducting
their own profession know what’s going on out in universities and
other government agencies and the private sector, and they should
use that to educate themselves as to what they feel the needs of
the private sector are in relation to their organization, and be at-
tentive to detail and flexible and be persistent.

One of the things that one finds in working with the private
sector is that they are very demanding on your time. They really
like to know constantly what’s going on and that’s very good be-
cause it means the technology transfer is going very quickly. But it
does take a great deal of time. ‘

Congress seems to have recognized the success NBS has had in
technology transfer. Consequently, the House and Senate are con-
sidering expanding the role of NBS and renaming it the National
Institute- of Standards and Technology to take into account this..
proposed broader mission.
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Among other things, the legislation calls for us to build upon the
very successful automated manufacturing research we have been
conducting by helping to set up regional manufacturing technology
centers. These centers would speed the transfer of this technology
to the many firms around the country that need to put new auto-
mated manufacturing techniques into practice in order to meet the
challenge of foreign competitors.

I would look forward to working more closely with regional tech-
nology centers. In fact, I believe that this is the direction in which
we should try to move whether the present legislation becomes law
or not—to work with State and local governments in regional ac-
tivities.

So that’s the way we see the whole subject from the Bureau of
Standards, Mr. Chairman, and I really appreciate having had the
opportunity to explain the way we see things and I would be glad
to answer questions if you have them.

[The prepared statement of Mr. Ambler, tcgether with the mate-
fia.l referred to for the hearing record plus additional material, fol-

ows:]
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PREPARED STATEMENT OF ERNEST AMBLER

Mr. Chairman and members of the Committee:

I am pleased to be here today to take part in your review of the current
state of research and development in the United States and to examine
options for improving the Federal Government's policies and program in

these areas.

The Government supports research and development for a variety of reasons
such as our defense, healgh care, a better environment and so on. Since
the 2nd World War the Federal Government has assumed, principally through
NSF, a major role in supporting scientific research in our universities
for the purpose of training students and for the general pursuit of new

knowledge.

Today I believe our greatest concern is in applying the results of R&D to
benefit our economy. The trade deficit, our lack of competitiveness in
global markets, and our need to improve productivity and quality are of
great concern to all of us. It is natural for us to ask how the billions
of dollars worth of research and development supported by the Government

can help in improving our economy.
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The President has set the framework for facilitating the use of the
results of this Federal research and development. His April 10, 1987,
Executive Order 12591 based on the Federal Technology Transfer Act of 1986
(P.L. 99-502) and the University and Small Business Patent Procedures Act
of 1980 (P.L. 96-516) leads the way. The President wants to ensure that
Federal agencies and laboratories assist universities and the private
sector in broadening our technology base by moving "new knowledge from the
research laboratory into the development of new products and processes."
He has directed all Federal agencies to encourage and facilitate
collaboration among Federal labogatories, State and local éovernments,
universities, and the private sector, particularly small business, in

order to assist in the transfer of technology to the marketplace.

Whileé many of the Federal laboratories can and should play an important

role in supporting industry, the government has never been successful in

showing industry how to do its job, and there is absolutely no reason to
think that this will change in the future. Developing products and

getting them ready for market is the private sector’s job, not the Federal

Government's,

So the question is not "What is the magic formula for transferring
technology to industry?” The question is, "What kind of support can
Federal laboratories give U.S. industry?" (I assume, of course, that U.S.
industry knows where it is going, what it needs and what help it can use

from others.)
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As you know, NBS has a unique legislated mission, among Federal labs; it
is specifically directed to support U.S. industry. While this is not the
mission of most Federal labs, I feel that many of the lessons learned at

NBS are transferable to other Federal labs.

Our own experience at NBS has proven that the best formula for successful
technology support mixes the pool of talented researchers and the
specialized facilities in Federal laboratories together with the staff of
forward-thinking companies. Most importantly, it is absolutely vital to

get the active involvement of industry right from the start.

At NBS, we have always worked cooperatively with the private sector. In
fact, we have done so much work with and for industry, 1 guarantee that we
can cite examples of how NBS has transferred technology and has helped
companies and other organizations in the jurisdictions of each member of

this panel.

Wg do this in a variety of ways. Nearly 200 scientists and engineers from
companies or trade a;sociations are working in a formal way at NBS under
our Research Associate Program. Through this program, sponsoring firms or
organizations pay their employees' salaries while they work with our staff
in NBS laboratories on projects of mutual interest. This ensures ou? work
is relevant and helps not just those companies, but other firms as well,
since the results are published in the open literature. The companies
which join this program get a bonus, since they can retain exclusive

rights to patents based upon the cooperative research.
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This program allows us to conduct some research that we otherwise could
not do. Technology transfer is built in from the beginning with the
definition of the work to be done and by establishing personal

connections.

We also host top scientists and engineers from industry and universities
for various durations in a less formal way through a program for guest
researchers. About 700 such experts come to our laboratories each year

with a blend of academic, government, and industrial research interests.

Another way in which we collaborate with industry, one that may be unique
in the Federal Government, is a cost~sha;ing mechanism. Many companies
loan or donate to NBS equipment or materials for experimentation. Last
year, we had nearly $12 million worth of equipment and materials either
loaned or donated to us by dozens of companies. It is not just the big
companies that are chipping in, either. Contributions range from $500

worth of precision ball bearings to $3.5 million of computer equipment.

In addition to arrangements with individual companies, we have also formed
research consortia and other cooperative arrangements in just about every
way possible. These involve groups of companies, and sometimes agencies,
which often pay a share to have NBS conduct research for the group. In
other cases, NBS plays a lead role in organizing -- and helping to keep

together -- groups of interested firms and agencies in cooperative work
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where no funds are exchanged and each party contributes its own time and

effort.

Our facilities are a key drawing card for attracting companies to NBS in a
way that encourages technology transfer. We have had a long-standing
policy permitting NBS facilities to be used for collaborative research.
For instance, more than 300 specialists from industry, universities, and
other government agencies use our nuclear research reactor each year.
Recognizing the growing need to help put the best facilities at industry’s
disposal in light of our competitive situation, more recently we have &ade

several of our facilities available for proprietary use.

We also use workshops, conferences, and participation in standards
committees as a way to work with individual scientists and engineers in
identifying and solving problems. We held more than 100 major conferences
and 600 workshops and seminars last year, bringing together thousands of
experts from around the world. Our employees had more than 1400
memberships on standards committees. In most of those meetings, NBS
researchers sit alongside industry experts, contributing their technical

expertise and listening to what industry says it needs from NBS.

To help illustrate how these various technology transfer mechanisms work,

I would like to review a few examples.
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NBS Automated Manufacturing Research Facility.

The NBS Automated Manufacturing Research Facility, or the AMRF, emerged

out of our programs to help U.S. firms make precisely machined parts.

As far back as the 1960s, we had started planning to deal with the effect
automation would have on our meagurement services, particularly in the
machining and gaging of parts. We saw new demands being placed on us by
industry for measurement and interface standards. We saw the need
developing to measure on-line and to use feedback to make more accurate
parts. We also saw standardization barriers which could inhibit
manufacturé;s from interconnecting different automated equipment, and

b

thereby from taking full advantage of automation.

The problem seemed likely to be particularly severe for manufacturers who
make parts in small numbers, that is, in batch manufacturing, as opposed

to the big, mass production lines.

Together with industry, universities and government agencies --notably the
U.S. Navy -- NBS researchers have come up with an automation research
laboratory that is a proving ground for the technology of America’s

machine shops in the 21st century.

As the country’s most advanced laboratory form of a flexible metal-working
shop, the AMRF is a research version of an advanced, flexible

manufacturing system made up of robots, machine tools, and computers.
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A major focus of the AMRF has been on breaking down the barriers for
linking these different components so that 100,000 ﬁachine shops around
the country -- mostly small operations -- could take advantage of the

latest automation technology.

All machines are U.S. made and they are all from different manufacturers.

In other words, from the beginning, we set out to make the integration and
compatibility job as difficult as possible in order to address the

interface standards issue.

An equally important focus at the AMRF has been on quality. We saw the
potential to use automation techniques to revolutionize the quality of
manufactured products. Specifically, our researchers have shown that
measurement can be built right into the manufacturing process, to make-
sure that parts can be made right the first time and every time. Such
things as machine distortion and tool wear can be detected and corrected.
You get a more precise part with less waste, you get it a lot faster, and

you can cut set-up time down to nearly zero.

With industry’s active involvement, NBS researchers have helped prove the
concept of manufacturing by the use of computerized data -- starting with
the design phase and continuing through manufacturing and inspection.

This is true computer-integrated manufacturing.
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Even chough the full facility was not completed until last December and we
are still incorporating new advances based on our latest research,

industry already has picked up and commercialized AMRF results.

At least 10 voluntary industry standards have been adopted or under
consideration due in part to support by the AMRF. At least 16 patents
have been issued, and several have been licensed to industrial firms, as a
result of work at the AMRF. We have tracked at least 20 commercial
adaptations of AMRF research in new products and systems offered by U.S.

firms.

We could not have done this work wichout.industry's active cooperation and
helﬁ. The pfojgct originally involved a Résearch Associate Program witﬁ
Just one firm who helped to identify key technical issues. A series of
open houses and public demonstrations of our work led to increased private
sector and Navy interest. We had more than 500 such visitors at our

latest automation open house just last month.

Our interactions grew, and so did the scope of our research. More than 50
Research Associates from 3 dozen companies, both large and small, have
participated in cooperative research projects at the AMRF since 1982. 1In
addition, some of these sponsors have donated or loaned machine tools,
robots, computers, software, and tooling. Their value exceeds $5.7
million. We have more than 50 connections with the academic research

community.
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Now that the experimental facility is in full swing, today we are placing
a major focus on increasing technology transfer from the AMRF. For
instance, to transfer AMRF principles and concepts into production, the
South Carolina Research Authority, working under Navy sponsorship, has
assembled a group of industrial firms into the American Manufacturing
Research Consortium. It is building a development facility in Charleston,
South Carolina, based on the AMRF. The result will be an automated
production shop which then will ge replicated during the early 1990s in

Naval shipyards and rework facilities throughout the country.

Also, the Mare Island Naval Shipyard in California is working with NBS to
develop a fully automated and instrumented manufacturing cell for

production of parts used in Navy nuclear submarines.

Today, even as we continue to refine the concept and laboratory, we look
for even better ways to move the lessons learned from this laboratory into

the private sector, especially to smaller companies.

Integrated Circuit Linewidth Standards

During the 1970s, NBS produced Standard Reference Material 474. It is a
microscope linewidth standard used to calibrate instruments, photomasks
and systems used in making integrated circuits. The story behind the
development of this SRM reflects the broader and deeper aspects of our
measurement services and illustrates what it really takes to develop
meaningful partnerships with industry. It also shows the importance and

nature of "marketing" and technology transfer for a Federal laboratory.
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The lines of material making up the different components in an integrated
circuit are small and getting smaller. It is what is known in the trade
as "the feature size". Industry is producing circuits with lines of about
1 micrometer and industry leaders are moving towards circuits with lines

considerably smaller than that.

The width of integrated circuit lines is critical, but in the early 1970s,
the semiconductor industry became aware that there was a problem,
somewhere in the masking operations, with the control of critical
dimensions. For example, suppliers of photomasks used to send their
product to the integrated circuit manufacturers only to find nobody could

agree on their measurements.

In 1973, a manufacturer of secondary linewidth standards asked us to
provide a national standard for traceability, to help resolve the

confusion.

We looked into the situation, and found that industry procedures,
instruments -- and therefore, measurements -- were seriously inconsistent.

After a thorough analysis, we pinpointed the problem.

Remedying this problem was a major challenge for our research scientists,
because it required the development of entirely new theories and
measurement techniques. Over the next few years, our research produced

information so fundamental and radically different from accepted theory




143

and practice that it made basic changes in the direction of an entire
industry. As a result of this work, the textbooks on the behavior of
microscopes at very high resolution were literally rewritten, and new
procedures were developed for measuring linewidth. These procedures we;e

basic enough that they could be applied to all types of optical

instrumentation from all manufacturers.

During this entire process, NBS scientists were in constant contact with
all sectors of the user community, including manufacturers of instruments,
photomasks, and integrated circuit devices. We reported regularly on our
progress, built their interest, and made sure they agreed that we were on
the right track. We worked closely with individual companies to help them
decide how they could put our measurement results to use easily and

swiftly on their existing systems.

We test marketed a Standard Reference Material to be sure it would work in
practice, and, since the technique for using the SRM was very exacting, we
ran week-long seminars and workshops to train industry specialists to use

these new measurement tools to get better results.

The leverage of this reference material and our related services is
tremendous. The program cost us less than $5 million over its lifetime of
several years. But this year alone, due to widespread industry adoption
of this method we estimate that savings of more than $30 million will be
realized on a worldwide sales volume of $375 million in semiconductor

device photomasks from merchant vendors alone. Despite the fact that this
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reference material was our most costly -- it sold for $5,016 dollars --

the demand has been overwhelming.

Medical Measurements

Clinical measurements are of growing importance not just for public health
and safety, but for the economy as well.. More than 7 billion clinical
measurements worth close to $225 billion are made in the United States
each year. U.S. manufacturers of the instruments used to make these
measurements are the world leaders, and we still have a healthy balance of
trade in this sector. By working with the instrument manufacturers and
the medical community, NBS has helped to improve the quality of clinical
measurements substantially. For instance, we have produced about 40
Standard Reference Materials to help make sure that equipment and test

results are accurate.

Qur cooperative activities are a cornerstone of this work. NBS
collaboration with the College of American Pathologists (CAP) is a case in
point. Since 1978, NBS and the 10,450-member organization of professional
pathologists have worked together to overcome variances in test results
among different clinical laboratories. Much of the time NBS and CAP have
devoted to perfecting definitive analytical measurement techniques.
Working side-by-side with NBS researchers, CAP-sponsored scientists have
used these techniques to certify the accuracy of serum samples sent to
laboratories. This was part of a CAP program to survey labs nationwide as

a barometer of how well these labs are performing clinical tests.
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We recently expanded our collaboration with CAP by establishing a
reference laboratory program which initially aims to improve clinical
measurements of blood serum cholesterol levels and drugs of abuse in

urine.

Microwaves for Chemical Analysis

A joint project between NBS and CEM Corporation, a 100-person North
Carolina manufacturer of research microwave equipment, offers a good
example of how the NBS Research Associate Program can help small
businesses through hands-on technology transfer. Working jointly in NBS
laboratories, researchers from the Bureau and GEM designed a system that
uses microwaves to dissolve chemical samples in closed vessels more safely
and efficiently than traditional methods. The NBS-CEM team’s work has led
to a method for décomposing samples for analysis that takes less than 15.
minutes. Older methods typically take anywhere from & hours to & days.
The two key researchers, one from NBS and one from CEM, are editing a book
for the American Chemical Society that will allow industrial chemists to
predict conditions and to safely tailor their own microwave devices. They
have given information and advice to more than 400 researchers from

companies, universities, and research laboratories.

In September, CEM and NBS researchers were presented with an IR-100 award,
an honor given annually by Research & Development magazine to recognize
the 100 most significant new technical products of the year. It was one

of 6 awards given to NBS in this year’s competition.
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"High-Temperature” Superconductivity

NBS has an unusually broad range of people and facilities for the study of
nearly all aspects of the new high-temperature ceramic superconductors.
We have a history of work in superconductivity dating back over 30 years,
and have similarly been involved in ceramics research for decades. NBS
has helped industry by developing standard measures for conventional
superconducting materials, assisting with the applications of these
materials in devices, and contributing to a better understanding of
superconductors.
A
The NBS superé%nductivity program involves industry, university, and
government ageﬁcy researchers who look to NBS for special assistance and
help us. to get the job done. Companies-such as IBM, AT&T, and>
Westinghouse, as well as the Naval Research Laboratory, universities, and
© other institutions regularly send samples of their high-temperature
superconductors to the Bureau for careful characterization. Only from
this type of detailed evaluation will scientists get a fix on the
combination of compositional, structural, and electronic attributes that

underlie high-temperature superconductivity.

Our recent collaboration with the Westinghouse Research and Development
Center exemplifies the usefulness of working together with industry to
help bring down the technical barriers standing in the way of commercial,

high-temperature superconducting products.
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High contact resistance has been one of those major obstacles. Resistance
at electrical contacts causes heating in any device, but it is
particularly fatal in superconductors. Even modest heating can raise the
temperature of the superconductor enough to weaken or destroy the property
of superconductivity. Working hand-in-hand, NBS and Westinghouse
researchers produced a new method for making contacts which reduces
electrical resistance by up to a million times compared with conventional
contacts. NBS and Westinghouse researchers recently filed for a patent on

the method.

Chemical Engineering Consortia

The NBS Center for Chemical Engineering has formed several different
research consortia., By combining the resources of a number of industrial
organizations, along with a substantial contribution. from concerned
government agencies, the cost to each of the companies is relatively

small, and the benefit is large.

One consortium, a 4- year program completed just last year, concerned
supercritical extraction. This is a process which uses fluids at elevated
temperatures and pressures in their critical region to extract or remove
specific wanted and unwanted products from a chemical.process stream.
Supercritical extraction is important in the energy, food processing, and
chemical processing industries. It is an especially efficient processing
technique, but manufacturers have lacked the necessary data to exploit it

fully.
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Supercritical extraction is used, for example, for: enhanced recovery of
oil from oil fields; removing caffeine from coffee or tea; and extracting

lemon oil from lemons and asphalt from petroleum residues.

The consortium developed out of a workshop held at NBS in 1982.

The goal of this research was to provide experimental data

and to develop accurate models that predict the behavior of systems.

The project was a huge success. Among the results is a state-of-the-art
computer code that helps ensure equity for both the buyer and seller in a
variety of transactions. For example, this work is being used in the sale
of carbon dioxide for tertiary oil recovery. It also is used by designers

of chemical processes in the food and chemical process industries.

Consortium members, each of which contributed about $10 thousand a year to
support the program included: Cooper Energy, Allied Chemical, Texaco, Gas
Processors Association, Monsanto, Amoco, Du Pont, Mobil, Shell, Sohio,

ARCO, Ingersoll Rand, Air Products, Phillips Petroleum and the Department

of Energy.

Meetings of participants were held twice a year, where our results were
disseminated and where consortium members provided us with guidance -- and

vice versa.
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Out of this grew two new consortia, which will run through 1989.

In addition, two other consortia were begun in 1984 and 1985 to address
the problems of precise flow-measuring techniques needed to maintain
quality control for processing industries as well as to assess fair

charges for oil and gas products delivered by pipeline.

Center for Advanced Research in Biotechnology

The Center for Advanced Research in Biotechnology (CARB) is still a
relatively new cooperative venture, but one that already promises
important results to the emerging biotechnology industry. CARB was
jointly established by NBS, the University of Maryland, and Montgomery
County (Md.) to provide a unique forum for collaborative research among
. academi¢, government, and industrial scientists. CARB's complex now under
construction will be one of the world's finest facilities for the
determination and analysis of the structure of macromolecules. It will
help to radically reduce the time and effort fequired to determine the
atomic structure of proteins and to effectively model and predict their
properties. This will help build the foundation for the rapidly emerging

fields of protein engineering and rational drug design.

NBS and University of Maryland researchers began collaborating even before
ground was broken. Now, industrial firms have joined the effort. CARB is
working with Triton Biosciences, a Shell subsidiary, and with W.R. Grace &

Co. Arrangements with other companies are pending.
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CARB's agreement with a Japanese-owned firm, which runs a research
facility located close to CARB and NBS, offers an interesting twist on the
question of technology transfer between countries. CARB has an
arrangement with Otsuka Pharmaceutical Co. whereby that firm has supplied
our researchers with highly valuable genetically engineered human
interleukin. Since NBS and therefore CARB has experts in the analysis of
protein crystal structures -- an essential step in learning more about the
makeup of genetically engineered materials -- Otsuka asked us to analyze
the material. We will make the results available to Otsuka -- but we also
will make them available to U.S. companies. That will give these firms
information on a Japanese company’s research product to which they would
not ordinarily have access. There is an interesting footnote to this
agreement: we will pﬁblish the results in English, in the U.S.
literature, making the information even more readily accessible to
American companies. I only hope they take advantage of this unique

technology transfer opportunity.

Other Cooperative Efforts
Some of our other ongoing cooperative research projects with a substantial

technology transfer element include:

-- Working with several hundred industry organizations that develop
Open Systems Interconnection - conforming products to meet
industry and government requirements that will speed the use of

computer networks.
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-- Developing nondestructive evaluation sensors for steel processing

with the American Iron and Steel Institute.

-- Investigating polymer blends for optical and other applications

with Eastman Kodak.

-- Determining alloy phase diagrams with the American Society for

Metals.

-~ Developing test structures for the manufacture of integrated
circuits with Westinghouse R&D Center, Martin Marietta, and

American Micro Systems Inc.

- Assessing the relative fire hazards of different materials with
the Society of the Plastics Industry, American Textile
Manufacturers Ass;ciation, American Iron and Steel Institute,
Carpet and Rug Institute, Manmade Fibers Association, National
Association of Bedding Manufacturers, and the International Copper

Research Association.

These aren't examples of high-sounding theory, policies, or novel and
unproven attempts at getting industry and government to work together.
These are real-world projects giving results that are helping the private

sector.
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We have scores of other examples of successful technology transfer through
cooperative work. At last count, we had about 250 active, formal

collaborative projects.

We are constantly in search of new partners for research that will help
both NBS and the private sector to accomplish their goals. We have
published a special brochure that describes many of the opportunities for

cooperative research at NBS.

As I look back on what I have said today about our cooperative work with
industry, my thoughts go back to 1982, when I wrote an editorial in
Science magazine, hoping to give some basic tips from our long experience
Qorking cooperatively with industry. At the time it attracted absolutely
no attention. ‘I was recently reading that editorial, and it seemed to me
to be just as relevant today. With your permission, I would like to
submit that editorial for the record, hoping for more attention the second

time around.

I would like to summarize some of those lessons that we have learned. As

collaborators with industry, Federal laboratories need to:

0 consider the commercial potential of their mission oriented research.

3

0 make sure to have the facilities, expertise and dedication to do the

job well, or don‘t try to do it at all.
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0 do the job on time: industry will not tolerate empty promises or tardy

results, and rightly so.

O don't assume the task has to be large; often it is the smaller projects

with limited but well-defined objectives which are most useful to

industry.

0 don’t assume the task has to be long-term.

0 constantly monitor the direction of the collaborative program and then

change it as necessary -- that is, set up spin-off efforts, scale the

project up or down as needed.

0 always look for new opportunities for collaboration.

0 be attentive to detail.

0 be flexible.

And by all means,

0 be persistent!

Before I close my remarks, I would like to bring to your attention a

program NBS is working on that has an important technology transfer

element, the Malcolm Baldrige National Quality Award. This annual award,
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established under P.L. 100-107, will provide national prestige to as many
as six U.S.-owned and located companies in the manufacturing and service
sectors which have clearly demonstrated improved quality in their products

or services.

The Commerce Department and NBS in particular are given key roles in
administering this award. In addition, the private sector plays an
important part, providing funding and performing many of the important
tasks needed to develop and administer the award. In setting up this
award, we envision a technology transfer effort that will enlist private
sector organizations as well as NBS and other parts of the Commerce
Department in publicizing the country’s quality success stories. The end
-goal will be to offer ﬁ.S. companies specific information that will help

them to follow the example of U.S. quality leaders.

Thank you for the opportunity to appear before you, Mr. Chairman. I shall

be glad to answer any questions you.
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Cooperative Research Opportunities at NBS
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NBS Geithersburg laboratories.

2



emist Howard Kingston and Lols Jassle, a chemist from CEM C have that can be

) dissolve chemical samples more safely and efficiently than traditional methods.
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Message from the Directy
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Qur primary godl as the nation’s physical
sciences and engineenng

take newly developed tech:
their NS (0 be incor|

laboratory is to serve industry and
science—to make sure our research is
helping the nation solve its measurement
problems. By doing so, we help industry ex-
p‘oﬂthenabonsscnemeandledmdogym
s quest to compete successfully in the in-
ternational marketplace.

At the National Bureau of Standards, we
found long ago that one of the most effec-
tive ways to accomplish this is through
cooperative research. Each year more than
900 people from industry, universites, and
other government agencies work side-by-
side with NBS scientists and engineers on
a wide range of research projects including
automated manufacturing, biotechnology.
computer networking, and mechanical
failure of materials.

Because | firmly believe we will best
meet today’s economic and technological
challenges by working together, we are in-
creasing the opportunities for cooperative
research here at the National Bureau of
Standards. Let me mention just briefly the
advantages, as | see them, of collaborative
research to both NBS and the cooperating
organization.

Researchers from industry, universities,
and other government agencies get an op-
portunity to work with NBS
many of whom are renowned experts in
their fields, and to use the Bureau'’s
premier research and testing facifities. They

88 -- 6

mediately into new ideas, new:
and new products. NBS r
turn, learn firsthand the views
Bureau clients and, as a

ter able to direct our research
these needs.

One of our longest running q
projects has been a remarkab
collaboration with the American]
Association. Started in 1928, thy
has resulted in the panoramic 3
machine, composite restorative
and the high-speed turbine han
example, as well as major contg
dozens of standards for dental
and hundreds of scientfic pape

The scope, duration, and strux
cooperative projects are taiforeds
lem to be solved. They can last
weeks or a few years and invoh
several, or even hundreds of or
Our goal is to solve the problend
quickly, efficiently, and effectively

| invite you to review the resed

tunities described in this brochurd
then to call us to discuss the pos
collaborative research in an area
concern 1o both of us. By workin
we can faciitate technology transg
improve industrial productivity, arf
strengthen this nation's ability to

international markets.

Emest Ambler
Director
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Cooperative Research at NBS

Numerous opportunties exist for scientists
and engneers from industrial, professional,
trade, and other organizations to coltab-
orate in research at the National Bureau
of Standards on projects of mutual interest.
To accompiish its objective of supplying the
measurement foundation for industry.
science, and technology, NBS conducts
research in many areas, including ad-
vanced ceramics, automated manufactur-
ing. optoelectronics, and bictech .

Operated on an annual budget of about
$210 miflion, the Bureau employs a highly
skiled staff of some 2,700 at ts head-
quarters in Gathersburg, Md., and its site
in Boulder, Colo. NBS also has extensive
research and testing facilities that are
available for use in cooperative research,
such as a 20-megawait research reactor,
an electron accelerator, a synchrotron
ultraviolet radiation facility, a supercom-
puter, a large-scale structures testing facili-
ty, a metals-processing laboratory, a fire
research tacily, and a computer network
protocol testing and evaluation laboratory.

NBS will work with a company, trade
association, university, or other government
agency to solve problems of mutual con-
cern. One of the most popular ways NBS
research and facilites are made accessible
to U.S. industry is through the Bureau’s In-
dusinal Research Associate ongram
Under this program, companies, trade
associations, and technical societies pay
their scientists and engineers to work in
NBS laboratories with NBS researchers on
a specific project.

In another type of cooperative venture,
companies subscribe to a consorum that
provides resources o have NBS soive a
specific measurement problem facing the
industry. This arrangement has advantages
when a complex problem confronts a part-
cular industry and the research is too costly
or not possible for individual companies to
undertake,

Companies also loan or donate equip-
ment or software to the Bureau when NBS
researchers are working on a project that
could uttimately improve their products or
the way they do business. In such situa-
tions, these firms actively consult or advise
NBS researchers on the needs and co-
cems of the industry. In other cases, NBS
makes its facilities available to companies
for proprietary research on a cost-recovery
bass, when equal or superior facikties are
nat otherwise avallable.

Described below are a few bnef ex-
amples of different types of cooperative
projects and the resuits they have pro-
duced so far.

Manufacturing Research Facility
The NBS Automated Manufacturing
Research Facility (AMRF), a research

largest cooperative programs at the
Bureau. Since 1982, 35 companies—large
and small—have paid more than 50 of their
researchers to work in the AMRF, and
about $4.6 million worth of equipment and
software has been loaned or donated to
NBS by industry for this project. The Navy
Manufacturing Technology Program is a

jor partner in the faciity, and the Air
Force Intelligent Task Automation Project
and other government agencies also have
sponsored specific parts of the AMRF ef-
fort In addition, 8 number of universites
have contributed to the proect by loaning
guest researchers.

Together these researchers are ex-
perimenting with methods for getting
robots, computers, and machine tools from
different marwfacturers to communicate
and work together in an integrated system
through standardized interfaces. Their other
primary goal is to find a means for control-
ling quality in a fully automated factory en-
vironment by improving the measurement

process.

Al of mls will give companies, in parti-
cular small firms with less than 50
employees, the flexibiity to buy equipment
from different manufacturers at different
tmes with the assurance that the machines
they buy can be made to work together

are now being adopted by hardware
manufacturers and the U.S. Navy.

According to a study by the Manage-
ment Collaborative Group of Chapel Hil,
N.C., the contribution of the AMRF to the
increased use of numerical-control
machine tools in U.S, industry will pro-
duce a savings to the metalworking in-
dustry of between $250 and $760 milion
per year by 1990.

Chemical Engineering Consortia
NBS recently completed a 4-year re-
search project on the properties of super-
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the Department of Energy. The goal of
thes research was to develop accurate
predictive modeds for supercritical fuid
mixtures and accurate experimental data
that can be used to test and further de-
wvedon the predictive models. Among the
results of this effort is a state-ol-the-art com-
puter code to be used in the custody
transfer of supercritical fluid mixtures.

Meetings of the consortium participants
were held twice a year where research
resufts were disseminated and direction of
the project discussed. This effort was judg-
ed so successiul by the participants that
two new consortia were formed from it.

NBS researchers are working on two
ather consortium-sponsored projects in
chemical engineering. One consortum,
which is studying the measurement prob-
lems that result when a meter is instalied
too close to a pipe elbow or valve, has 10
firms and the Department of Energy as
members. The other consortium has a
roster that includes nine companies and the
National Aeronautics and Space Admini-
stration, all of which are interested in im-
proving the periormance of vortex-shedding
flow meters.

C R in Mi
Technology

To refine techniques for rapidly dissolving
samples in closed vessels within a
microwave chamber, CEM Corporation, a
producer of microwave equipment for
research purposes, sent one of its chemists
10 NBS to work as an industrial research
associate with Bureau researchers. As a
result of this cooperative project, microwave
technology can now be used to dissolve
§amp|&0—evefything from biological spec-

, metalic, and
lassy samples—more safely and efficiently
than traditional methods.

By combining the microwave technique's
abilty to heat materials quickly with the
superior dissolving properties of closed
containers under pressure, the NBS/CEM
research team has designed a method for
breaking down samples that takes less
than 10 minutes. Traditionally, using hot
plates and open-vented beakers, scientists

could expect dissolving times of anywhere
from 4 hours to 4 days, depending on the
complexity of the sample.

The researchers have produced a
database of informaton that wilt allow in-
dustrial chemists to tailor their own
microwave devices for desired resutts. They
are also heiping others apply their techni-
ques: So far they have given informaton
and adwce to more than 250 researchers
from comparwes, universities, and research
laboratories.

Biotechnology Center

In a first-ofts-kind agreement for NBS, the
Bureau, The University of Maryland, and
Montgomery County, Md., are establishing
a Center for Advanced Research in
Biotechnology (CARB) to provide a forum
for coltaborative research among academic,
government, and industrial scientists. When
the new CARB building s completed in
December 1987, it is expected to house
state-of-the-ant facilities and 100 researchers
from NBS, The University of Marytand, in-
dustry, and other government agencies
and universities.

The goal of the center is to radically
reduce the time and effort required to de-
termine the atomic structure of proteins and
to model and predict their properties. This
research will help build the foundation for
the rapidly emerging fields of protein en-
gineering and rational drug design.

Phase Diagram Center

ASM Intemational has raised $4 million as
industry’s portion of a cooperative
ASM/NBS program that wilt give scientists
and engineers more reliable data, in the
form of alloy phase diagrams, for designing
new and better metal alloys and products
in which metal afloys are used. Fifty com-
panies, organizations, institutes and agen-
cies, and hundreds of indviduals made
contributions to ASM.

Researchers from NBS and industry
work in the Alloy Phase Diagram Center,
which is located at NBS. ASM and NBS
also support individual data evaluaion pro-
grams in other laboratories. The criticaly
evaluated phase diagrams, which are
graphic representations of what happens
when two or more elements are com-
bined at various temperatures and
pressures, are published by ASM as part
of the collaborative effort. Data from the
ASM/NBS program are expected to save
U.S. firms hundreds of miions of doflars.
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For the past several years, NBS has been
waorking with industry and standards
groups o make it easier for those using
computer systems o equipment to com-
municate with each other through com-
puter networks regardless of who
manufactures the individual pieces. NBS
has cooperated with the standards
groups to develop the needed standards
and with industry to implement and test
the standards in commercial products for
the office and factory.

As part of this project, NBS sponsors a
series of workshops for vendors and
users to discuss the implementation of the
Open Systems Interconnection (OS!)
Reterence Model. To date, over 200
companies, including most major computer
rnanufacturers, communications carriers,
semiconductor companies, factory controt
system companies, and word processing
manufacturers, as well as government
agencies have participated in the work-
shops.

Two successful demonstrations—ane at
the 1884 National Computer Conference,
the other at AUTOFACT "85—of standards
for the OS! reference model have resulted.
These cooperative activities have now led
to the use of new computer network proto-
cols by several hundred companies for
manufacturing and office automation.

How to Participate

These examples illustrate the range of
cooperative programs that it is possible to
establish—irom a small, very focused proj-
ect with limited resources to those in which
numerous organizations are contributing o
research that will affect an entire industry. If
you are interested in working with NBS on
a project, large or small, write or call one of
the offices listed below or one of the con-
tacts given in the Research Opportunities
section of this brochure.

® |ndustrial Research Associate Program
Under this program, which N8BS has run
since the 1920’s, scientists and engineers
from industry, trade associations, technical
societies, and other organizations work

side-by-side with NBS researchers. With
their salaries paid by their employers, the
associates work at NBS, usually for 110 3
years, on a wide range of research includ-
ing robotics, computer science, advanced
ceramics, and nondestructive analysis. For
further information, contact the NBS Office
of Research and Technology Applications,
301/975-3087.

® Proprigtary Facilties

While most NBS faciliies are available for
cooperative research, the Bureau recently
opened up selected facilities for proprietary
research. NBS makes these facilites
available under certain conditions to sup-
port U.S. industry in s development of
new compelitive products and processes.
For additional information, contact the NBS
Program Office, 301/975-2657.

® Other Arrangements

To inquire about other types of cooperative
research programs with NBS, such as a
consortium or research center, contact the
appropriate institute or laboratory.

[0 institute for Materials Science and
Engineering, 301/975-5658: Provides stan-
dards, measurement methods, data, and
quanttative understanding to aid in improv-
ing the processing and performance of
metals, polymers, ceramics, composites,
and glasses.

3 National Measuremment Laboratory,
301/975-4500: Provides the nation with
state-of-the-art measurement services in
thermodynamics, transport properties,
chemical kinetics, surface science, molec-
ular spectroscopy. and chemical analysis.
Conducts research to improve realization of
basic physical quantities.

O institute for Computer Sciences and
Technology, 301/975-2819: Provides the
standards, specifications, measurement and
test methods, and technical guidance
needed by government and industry to
make better use of computer hardware,
software, networks, and secunty.

O Nationat Engineering Laboratory,
301/975-2301: Conducts research in en-
gineering and applied science. Studies prob-
ferns in electronics, manufacturing
autornation, chemical engineering, the be-
havior (and prevention) of fires, and the
design and construction of buildings.
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' Research Opportunities

NBS weicomes collaboration with scienists Todssmsmepowhllrydsemrvg upa

and engineers from tndustry, universites, cooperative research project in one of

and other government agencies on most of these areas, wnite or call the conlact ksted.

s projects. To give those interested In {Unless otherwise specified, all contacts are

cooperative research an idea of the wide at the Nawonal Bureau of Standards,

range of NBS programs, a sampling of Gathersburg, MD 20899.) For general

spectfic Bureau research projects 1s de- information on cooperative research at

scnbed on the following pages. NBS, write or call one of the offices listed
on page 7.

At the In the NBS M Faclilty, engineer C (lett) of
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Atomic Atomic spectroscopy methods are prob-
Spectroscopy ably the most widely used analytical tech-

Analytical Mass
Spectrometry

nigues in industry today. Considerable
research is required, however, o keep
up with the changing needs of industry.
NBS research in atomic spectrometry is
focused on several different studies. For
example, researchers are working to
improve the analytical capabilties of the
direct current plasma (DCP) and the
inductively coupled ptasma {ICP}, as well
as expenmenting with the glow discharge
as an atom reservoir. Additional research
concerns the use of spark sampling for
the direct analysis of solids, the
continued development of laser-
enhanced ionization (LE) in flames, and
the evaluation of various types of
coupled chromatographic-spectrometric
systems for improving the accuracy of
spectroscopic measurements.

NBS scientists also are developing a
series of neutral density filters that can be
issued as Standard Reference Materials
for verifying the accuracy of the transmit-
tance and absorbance scales of
ultraviolet, visible, and near infrared
absorpticn spectrophotometers.

Contact: Robert L. Watters, B222
Chemistry Bldg., 301/975-4122,

Analytical mass spectrometry has played
a key role in assisting industnes, such as
the semiconductor industry, which
require accurate measurements of trace
elements in their raw materials, products,
and product containers. Bureau research
in inorganic mass spectrometry I1s
concerned with developing analytical
capabilities for the highly accurate deter-
mination of trace inorganics by stable
1sotope dilution. the highly precise meas-
urement of isotopic compositions, and
the highly accurate measurerment of
absolute 1sotopic composttions for the
redetermnation of atomic weights. This
research involves development of
instrumentation in spark source, thermat
source, inductively coupled plasma
source, and laser source mass spectrom-
etry and research in chemical separa-
tions at the trace Jevel using ion
chromatography and other techniques.

Contact: John D. Fassett, A21 Physics
Bldg., 301/975-4109.

Recently, electroanalytical chemistry has
had a key role in the d pr of

Inorganic
El

methods and ials for

and clinical determinations, in particular,
pH and conductance. While Bureau
research interests and activities include
most areas of electroanalytical and clas-
sical chemistry, current emphasis is on
electrochemical detector development,
voltammetric and ion chromatographic
measurement methods, high-purity assay
by coulometric titration, potentiometric
measurements in biological fluids, and
fundamental studies and measurements
in pH and agqueous electrolytic conduc-
tance, NBS scientists are giving specia!
attention to the development of novel
electroanalytical instrumentation, including
computer interfacing. For all these
projects, instrumentation is available for
accurate pH, potentiometric, coulometric,
conductometric, voltammetric, and ion-
chromatographic measurements.

Contact: William F. Koch, A225
Chemistry Bldg.. 301/975-4132.

More than 50 biflion chemical analyses
are performed annually-in the United
States. The Bureau helps to ensure the
accuracy of these analyses by
developing new analytical procedures
and improving the reliability and
accuracy of present methods. One tech-
nique under study is activation analysis,
which is a highly sensitive, nondestruc-
tive, analytical technique not normally
available in most industrial laboratories.
In this research, methods of nuclear anal-
ysis are investigated utilizing the 20-MW
NBS research reactor. Research is
performed in all areas of the technique
including the capabilities of cold-neutron
activation, the use of sample self-
consistent (monitor) activation, the deter-
mination of new mathematical procedures
for the resolution of gamma spectra, the
development of prompt gamma activation
techniques, and the use of charged-
particle activation techniques.

Contact: Ronald F. Fleming, B108 Reactor
Bldg.. 301/975-6279.

Activation
Analysis
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Liquid Liquid chromatography I1s one of the
Chromatography/ most widely used analytcal techriques in
Electrochemistry industnal laboratonies. While this tech-

mgue has achieved widespread applica-
tion, ts uses can be broadened even
further by improvements in detection
methods. The focus of NBS sesearch 1s
the development of novel approaches for
the electrochemical detection of orgaric
analytes separated by liquid chromatog-
raphy {LC). To apply th:s techrique most
effectively. it 1s essental to investigate the
electrode reaction mechanisms of the
compounds to be detected using tech-
mques such as cyclc and reverse-pulse
voltammetry, coulometry, and LClultra-
wiolet spectioscopy. Ongoing work
focuses on the use of differential pulse
and dual-electiode detection. as well as
the development of single and array
detectors. R
also are developing new liquid chromato-
graphic separations employing specific
chemical interactions including chelation,
ion-painng, charge transfer complexation,
and acid-base equilibna.

Contact: Wiliam A. MacCrehan, A113
Chemistry Bldg., 301/975-3122.

Bioanalytical Biosensors are the newest generation of
Sensors analytical devices having the potental for

widespread use in biomedical and indus-
tnal monitoring applications These
devices will incorporate the latest
advances in biotechnology to provide
sensors of high specificity and sensitivity.
Biologically denved substances have
important apphication as components of
rapid-sensing devices because of therr
binding specificity. the strength of ther
interactions, and therr potental for use In
a wide vanety of amplification schemes.
Immunological, enzymatic, and receptor-
ligand interactions are being explored as
the basis for analytical devices.

NBS researchers are employing a
vanety of optical and electrochemical
techniques for detection. Detection can
be based on such diverse changes as
size and rotational mobility of analytes or
binding agents upon interaction, or can
be the result of enzymatic activity which
occurs due to analyte binding, causing

enhanced fluorescence or electrochem-
ical signal. Amplification can be achieved
with release {0 liposome-encapsulated
molecules, mult-turnover enzyme reac-
tions, ion-exchange polymer-modified
electrodes, and so forth. The combination
of hugh specificity for analytes with effi-
cient amplification provides the potential
for extremely sensitive devices.

Contact: Rchard A. Durst, A113 Chemis-
try Bidg.. 301/975-3118.

Using a y ion

mass sp Y metal-
lurgist Dale Newbury is able to map the distribution of ele-
ments both on and below a sampie’s surface.
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Supercritical
Fluid
Chromatography

Liquid
Chromatographic
Stationary
Phases:
Retention
Mechanisms and
Characterization

Supercritical-fluid chromatography (SFC)
in both capillary and packed cotomng
has recently received renewed attention
because the process offers several
advantages over liquid and gas chro-
matography for high-efficiency separa-
tions of nonvolatile molecules. Potential
NBS research in this area would focus
on the investigation of the vanables that
influence the retention, selectivity, and
efficiency of SFC systems and on the
development of SFC as a useful analyt-
ical technique to provide high-efficiency
separations of complex mixtures. A
packed-column SFC is available and a
capiltary SFC s being procured to make
state-of-the-art measurements. Auxiliary
spectroscopic detectors have and are
being developed to complement this SFC
instrumentation.

Contact: Stephen N. Chesler, 301/975-
3102 or Stephen A, Wise, 301/975-3112,
A113 Chemistry Bldg.

Liquid chromatography {LC) on chemi-
cally bonded stationary phases (e.g.. Cre.
Cg, NHz, and NO,) offers unique capabili-
ties for the separation of isomenc
compounds or compound classes.
However, significant differences in reten-
tion and selectivity characteristics, such
as relative retention, are observed among
commercial phases produced by different
manufacturers and even within different
batches prepared by the same manufac-
turer,

One area of NBS research has been
directed toward understanding which
factors influence LC retention on these
vanous statonary phases to predict,
improve, ang control the separation
selectivity. in reversed-phase LC on Cya
phases, polycyclic aromatic hydro-
carbons have been used as model
nonpolar solutes to study retention
mechanisms and selectivity. Various
physical parameters of these solutes,
including size, shape, aqueous solubiiity,
and partition coefficients; characteristics
of the bonded phase such as phase
type, alkyl chain iength. and kgand
surface densty; and mobile phase
characteristics have been studied to
determine their influence on retention and
sefectvity in LC. Investigations have

focused on both the physical and chro-
matographic charactenzation of these
statonary phases.

A variety of methods are availabte at
NBS for physical characterization of these
matenals, including carbon analysis, gas
adsorption surface area techniques,
infrared and nuclear magnetic resonance
spectroscopy, and small-angle neutron
scattenng techniques. Currently, Bureau
scientists are attempting to develop chro-
matographic test mixtures to evaluate LC
stationary phase characteristics and chro-
matographic performance. Such “perfor-
mance” standards would allow the direct
companson of the various LC phases
produced by different manufacturers and
provide nsight into the development of
improved stationary phases for specific
separations.

Contact: Stephen A. Wise, A113
Chemistry Bldg., 301/875-3112.

Multidimensional (dual column) and very
high-resolution (>1C0,000 plates) gas
chromatographic methods offer the
analyst an opportunity to perform difficult
separations to facilitate species-specific
quantitation. These high-resolution tech-
niques are being investigated at NBS to
develop highly specific analytical proce-
dures for the quantitation of ng/g organic
constituents contained in complex
environmental and clinical matrices.

Research in this area focuses on the
optimization of multidimensional gas chro-
matographic experiments in which two
capillary columns, each possessing
individual and different retention
mechanisms, are serially connected by a
pneumatic switch. In addition, studies
center on the use and development of
tailored, very high-resolution capillary
columns. An independently controflable,
dual-oven gas chromatograph is availabte
for multidimensional research. Additionat
{acilities and equipment include state-of-
the-art sample preparation and gas chro-
matography laboratories, 12 capillary gas
chromatographs with multiple specific
and non-specific detectors, and a large
laboratory information management
system (LIMS).

Contact: Stephen N. Chesler, A113
Chemistry Bldg.. 301/975-3102,

Muttidimensional
and Very High-
Resolution Gas
Chromatography
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Microbeam Interpreting the relationship between the
Compositional physical and chemical microstructure of
Mapping materals 1s mportant in understanding

Trace Gas
Measurement
Techniques

their macroscop:c behavior and in
extending therr in-service performance.
Conventional microbeam technigues for
elemental/molecular compositionat anal-
ysis on the micrometer scale. such as the
electron microprobe and ion microscope,
have been restricted to quantitative anal-
ysis at individual locations. Mapping of
the distribution of constituents has been
possible only at the qualitative or semi-
quantitative level. However, recent NBS
research developments have led to the
production of the first true quantitative
compostitional maps. Quantitative
compositional mapping with the electron
microprobe has been demonstrated
down to fevels of 0.1 weight percent,
while guantitative isotope ratio measure-
ment in images has been demonstrated
with the ion microscope.

Current research activities include
extension of compositional mapping to
analytical electron micrascopy, laser
Raman microanalysis, and laser
microprobe mass analysis.

Potential projects in this field include
applying the compositional mapping
Instruments to materials characterization
problems, developing new techniques for
compositional mapping on other
microanalysis instruments, and mves-
tigating basic topics in quantitatve anal-
ysis with microbeam instrumentation.

The equipment available for this activity
includes a Cameca electron microprobe,
a JEOL analytical scanning electron
microscope. a JEOL anaytical electron
microscope, a Cameca ion microscope,
a Leybold-Heraeus laser microprobe
mass analyzer, two laser Raman
microprobes of NBS design, and exten-
sive computer facilities, including a VAX
11/780 computer and a DeAnza image
processor.

Contact: Dale £. Newbury, B364 Chemis-
try Bldg., 301/975-3921,

Accurate measurement of gaseous
species 15 of paramount importance to a
wide variety of industries m a number of
applications ranging from the quantifica-
tion of pollutant and toxic gas emissions
to the quality control of products. The
validty of data derived from such meas-
urements is directly tied to the avaitability

of useful gas measurement techniques
and to the degree of understanding of
their capabilites and imiations. White a
variety of techrmiques have been applied
to trace gas analys's, research directed
at modifications, innovations, and
nigorous assessments of these and new
techniques 1s needed to mprove the
present state of the art in trace gas anal-
ysis. This research 1s particularly impor-
tant to the growing requirements for the
analysis of specific gas species in mult-
component gaseous mixtures and in the
extension of accurate anatyses to below
the parts-per-milllon and parts-per-biliron
levels.

Current NBS research is focused on
such trace gas measurement techniques
as new detection systems using
chemiluminescence, electrochemistry,
infrared diode laser systems, capillary
gas-liquid and gas-solid chromatography
coupled 1o mass specirometry, and
isotope-dilution mass spectrometry.
Bureau scientists also are examining the
use of class-specific detectors for gas
chromatography and evaluating elec-
fronic circuitry to substantially optimize
signal and reduce instrumentation noise
and dnft.

Contact: Walter L. Zielinski, Jr., B364
Chemistry Bidg., 301/975-3918.

A major task in the industrial procuction
of erganic fine chemicals, drugs and
antibiotics, and biomolecules is the
charactenzaton of the product for both
compositional analysis and qualty
control. Nuclear magnetic resonance
{NMR) spectroscopy has proved to be a
powertul and widely used tool for these
and related purposes.

One NBS program in this area involves
the development of new and improved
methods for the structural, quantitative,
and conformational analysis of matenals
of chemical and biotechnological impor-
tance. The principal technigues that are
being investigated include multinuclear,
two-dimensional NMR and its combina-
tion with multiple quantum methods and
distortionless enhancement by polariza-
tion transfer (DEPT). A specific goal of
this work is the development of new two-
dimensional spectrum editing and filtering
techniques and their application to struc-
tural and conformational characterization
via correlations with multinuclear chem-
ical shifts, coupling constants, refaxation
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tmes, and ructear Overhauser effects.
This work s conducted at NBS with a
high-field {400-MHz) multinuctear NMR
spectrometer equipped with a new pulse-
programmer {process controller), a high-
capacity data acquisibon system, an
array processor, and an off-line data
processing station.

Contact: Bruce Coxon, A361 Chemistry
Bldg , 301/975-3135.

Protein NBS scientists are using a two-
Characterization dimensional electrophoresis system to
Two- characterize proteins and peptides. At
Dimensional present. they are probing the influence of
Electrophoresis size, shape, and charge on the migration
charactenstics in the electrophoretic
medium. Well-defined protein “markers,”
especially of mgh molecular weight, are
required 1o allow standardization of poly-
acrytamide gel electrophoretic systems.
Charged polymenc materials other than
red for
Because staining and detection of suc
markers 1s of special interest, NBS
researchers plan to examine the
mechanisms of silver stains with neutron
activation techruques.

Research chemist Dennis Reeder is working to :mpmve the
of tv

companies can use the technique fo assess !helr products’
purity.

Additional studies wilt be directed
toward understancing the tnteractions of
proteins with metal 1ons. image
processing by state-of-the-art instrumenta-
tion will be imptemented in the formation
of meaningful databases. As part of this
program NBS plans 1o issue well-
charactenzed mixtures of protens as
Standard Reference Matenals (SRM's).
These new SRM's will be used to assess
the abiliies of existing and new elec-
trophoretic techniques for separating and
detecting proteins.

Contact: Dennis Reeder, A361
Chemistry Bldg., 301/975-3128.

Inorganic and organic compressed gas  Instability of
mixtures are employed extenstvely Compressed Gas
throughout industry to calibrate equip- Mixtures

ment used in assessing the guality of
products and the effectiveness of emis-
sion controls. The stability of these
mixtures is cntical to therr successful use.
A number of instances have been noted
in which instability has been observed,
particularly in mixtures contaning low
levels of reactive gaseous species, such
as nitrogen oxides, sulfur dioxide, and
hydrocarbons. The explicit reasons for
instability may differ somewhat for
different gaseous species, but they are
related to at least two possible
phenomena: gas-phase reactions and
gas-metal interactions with the nternal
surface of the cylinder.

NBS research 1s directed at improving
the understanding and predictability of
both of these phenomena The tech-
niques involved in this research include
those employed in surface science
studies and other approaches, such as
Fourier-transform infrared spectrophotom-
etry, diode laser and other forms of spec-
troscopy, mass spectrometry, metal
analysis, trace water and oxygen anal-
ysis, chemiluminescence analysis, and
the use of specifically doped mixtures
and homogeneous gas phase kinetics,

Contact: Walter L. Zielinski, Jr . B364
Chemistry Bidg., 301/975-3918
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Computational
Mechanics

Measurement
Assurance

Designing comprehensive software for
modeling and database apphcations in
matenals science and engineering 1s the
goal of this project. Current research on
computer-aided modefing of the behavior
of structural matenals and components
ranges from microscopic feature analysis
of fatgue, fracture, phase change, creep,
and polymer crystallization o the stress-
life prediction of structural reliability of
cntical components based on mechanical
and flaw-detection testing. In these
studies, NBS researchers are
emphasizing the interplay among the
choices of data representation.
approprate physical principles, mncisive
mathematical and computational tools,
and integrated software for graphics and
databases. In addition, they are
interested in mathematical theories of
elasticity, plasticity, viscoelasticity, and so
forth, as well as mathematical methods
using matrix theory, finite-element
algorithms, bifurcation analyss, statistical
distribution concepts and sampling
theory, and stochastic differential equa-
tions,

Contact: Jeffrey T. Fong, A302 Adminis-
traton Bidg.. 301/975-2720.

Quality assurance for physical and chem-
ical measurements and productvity
improvement n laboratory operations
depend on the development of new
statistical methods and models. Current
interests at NBS include experiment
design for calibrations, robust estimation,
time-series analysis, and graphical anal-
ysis. In addition, muttivariate probtems
anse in the evaluation of complex elec-
tronic equipment. Therefore, estmation of
variance components and of statistical
tolerance imits for populations with
several variance components are being
studied.

Contact: Mary G. Natrella, A337 Adminis-
tration Bldg., 301/975-2854,

Mathematical analysis, in combination
with symbolic computation, leads to effi-
cient analytical approximatons by
computers. Perturbation algorthms
applied to nonlinear differential equations,
especially in celestial mechanics, result in
analytical developments whose
complexity grows exponentially with the
order of the approximation. Several
different avenues are being explored to
simplify iteral developments generated
by perturbation algonthms applied to
nonlinear systems. These include the
identification of algebraic structures on
the domain of the normalization,
smoothing transformations (o elmnate
perturbation terms outside the kernel of
the Lie derivative, preparatory transfor-
mations of a geometric nature, and the
creaton of natural intermedianes. Prob-
lems currently under examination at NBS
are resonances at an equilibrium,
perturbed pendulums, and the major
theories of celestal mechanics. NBS
researchers, using a LISP computer, are
focusing their exploration on algonthms
amenable to computer automation
through symbolic processors.

Nonlinear
Mechanics

Contact: Andre Deprit, A302 Administra-
ton Bidg., 301/975-2709.

Mult-dimensional geometric representa-
tions and data structures provide the
basis for developing algorthms, software.
and computer techniques used to
descrnbe, manipulate, and control objects
handled in an automated process. NBS
applications for this type of geometry
include manipulating objects in auto-
mated design and manufacturing
systems and optmal control of machining
and mechanical processes. In addition,
techriques of computational geometry
are applied to computations with digitized
cartographic data and to the display of
quasi-crystal structures with icosahedral
symmetries.

Computational
Geometry

Contact: Christoph J. Witzgali, A302
Administration Bldg., 301/975-2725 or
Sally E. Howe, A151 Technology Bldg..
301/975-3807.
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Vector
Algorithms and
Mathematical
Software

To make effective use of vector
computers, new algorithms appropriate to
the special architecture of these
machines need to be designed and
incorporated in high-quality mathematical
software for general use. Very successful
vector algorithms have been developed
for computations in numerical linear
algebra (e.g.. computation of the discrete
Fourier transtorm}, but few are avaitable
for combinatorial problems. One area of
NBS research is concerned with
developing vector algorithms appropriate
to the combinatonal problems encoun-
tered in molecular dynamics simulations,
in particular three-dimensional simulations
with very large ensembles of particles.
Additional areas include methods for
solving highly nonlinear elliptic and para-
bolic, partial differential equations as well
o

slralaed optimization problems and the
solution of nonlinear systems of equa-
tions, NBS researchers also are working
on the solution of integral equations and
numerical evaluation of integrals. Soft-
ware development goals include port-
able, interactive packages integrating
modern graphics with numerical
algorithms.

Contact: Francis E. Sutlivan, A438 Ad-
ministration Bldg., 301/975-2732.

Mathematician Sally Howe is developing aigorithms and soft-
wmlolmbotmouonphnnlngmtwﬂlbausedln the

Bureau's

Facillty.

There is currently tremendous interest in
the growth of gallium arsenide (GaAs)
on silicon

Studies of
Semiconductor

because such substrates can provide
excellent mechanical sirength and
thermal properties that are not provided
by the GaAs material alone. A major diffi-
culty with growing GaAs on silicon has
been the mismatch of lattice constants
and the concomitant incorporation of
defects. However, new studies show that
a better match of the lattice xxx can be
achieved if the silicon substrate is cut at
a small angle to the crystal plane. To
probe the interaction of relevant semicon-
ductor materials with the silicon substrate,
NBS scientists are using sensitive,
tunable laser sources to detect the
individual states of the atoms and
molecules as they interact with the

vth subshrate and grow
Complete surface diagnostics and ultra-
high vacuum conditions are used in this
work. NBS researchers are determining
the sticking coefficients and adsorption
energies of the individual spin-orbit states
of gallium atoms and other dopant atoms
plus the effects of vibrational excitation of
the arsenic dimers on the growth of
GaAs semiconductor materials.

Another Bureau study involves the
deposition of thin films of amorphous
silicon, which are used in photosensitive
devices and in photovoltaic cells. Scien-
tists are examining mechanisms involved
in sitane discharge and thermal chemical
vapor deposition (CVD) production of
such films. Mass spectrometry is used to
study gas discharge processes, gas
chemistry, and surface chemistry and
their effect on film growth, character, and
quatity. Researchers are operating a
threshold-ionization mass spectrometer
that can detect H and Si, H, ragrcals at
densities of 1 part per million of the
parent silane gases. The spectrometer
also has a threshold sensitivity in the
neighborhood of 10" ¢cm3 in the reactor
vessel, All electronics, vacuumn, and gas
handling apparatus necessary for
examining rf and dc discharges and
thermal CVD under controlled conditions
are available as is a pulsed laser for use
in studying surface species by laser
blowoff.

o o
g material.

Contact: Stephen R. Leone, 303/497-
3505 or Alan C. Gallagher, 303/497-
3936, Div. 525, NBS, Boulder, CO
80303.
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Advanced AC Thermal voltage and current converters
Voltage and offer the most accurate and t d
Current method for measuring ac voltage and

scan technique ullllzes a novel inter-

ff system which

current for 1S In communica-

Laser
Stabilization

tons, power generation, aerospace, and
defense. Thermal transter standards are
calibrated by NBS in terms of reference
converters which have themselves been
characterized by reference to the NBS
primary standards. The prumary stan-
dards are a set of special multijunction
thermal converters whose performance is
known over quite fimited ranges of
current, voltage and frequency.
Complex; bootstrap methods are used to
extend the current, voltage, and
frequency. ranges. However, because
uncertainties expand considerably in
those regons remote from the primary
standards, NBS is studying new methods
and converter designs to reduce signifi-
cantly uncertainty for these regions. Of
particular interest are voltages below 0.5
V at all frequencies and irequencies from
100 kHz to 1 MHz at all votages. The
apparatus available for the studies
includes the NBS primary standards with
sub-part-per-million {ppm) uncertainty 10 a
core region of parameter space and a
number of high-accuracy comparators,
both manual and automated, with sub-
ppm accuracy capability.

Contact: Joseph R. Kinard, 301/975-4250
or Norman B. Belecki, 301/975-4223, B146
Metrology Bldg.

Many of the most sensitive and soptust--
cated applications of lasers depend on
the laser's spectral coherence, frequency
stability, and low-intensity noise. For a
number of years. NBS scientiss have
been working on approprate laser
control techniques 1n the domain of laser
intensity stabilizahon. laser frequency
stabilization, linewidth reduction with
active contrel techniques, and several
methods for producing quanttative laser
frequency scans. In the latter category
are two new systems. One, based on
optical sideband production by broad-
band microwave phase modulation of the
{aser, allows scans over a = 5-GHz range
with inaccuracy below 10 kHz. The other

maps optncal frequency change into
corresponding phase change of an rf
signal suitable for control, stabilization,
and scanning. This system is ntrinsically
free of errors which accumulate over
large scans. In combination with a Lamb-
dameter for coarse wavelength identifica-
ton and a single absorption line used as
absolute calibration, for example, NBS
scientists can scan a few dozen
angstroms with sub-MHz accuracy.

Another NBS system under develop-
ment works entrrely externally to a cw
laser to shift the output taser frequency
and reduce the intensity n a controlled
manner. The first application of this is
clearty a box which will sit In the output
beamline of any laser and “eat” both
frequency noise and amplitude noise in
the intninsic output of the laser. Bureau
scientists have demonstrated this function
by the combination of an external electro-
optic phase shifter and an acousto-optic
frequency shifter, which also functions as
a fast controlled optical attenuator.
Residual noise levels near the values
fixed by the fundamental quantum fluctu-
ations have been achieved in laboratory
experiments.

Contact: John L. Hall, Div. 525, NBS,
Bouider, CO 80303, 303/497-3126.

X-ray spectroscopy can provide informa-
tion on electronic structure and on the
local atomic structure of atoms n matter
Bureau scientists have constructed a
synchrotron radiation beamiine at the
National Synchrotron Light Saurce which
provides the highest flux, highest inten-
sity, and highest energy-resolving power
of any existing beamiine in the x-ray
energy range from 1 keV to 5 keV. NBS
equipment complements the synchrotron
radiation instrumentation. X-ray absorp-
tion spectroscopy techniques such as
X-ray absorption near edge structure
(XANES) and extended x-ray absorption
fine structure have been used to deter-
mine the atomic structure of metals. sem-
conductors. polymers, catalysts,
biological molecules, and other matenals
of interest to industry. The Bureau has
additional experimental capabilities for

Study of Atomic
Structure of
Matter with

X Rays
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Vacuum and
Leak Standards

x-ray emission spectroscopy, x-ray
photoelectron spectroscopy. and Auger
electron spectroscopy, which are
powerful probes of the electronic struc-
ture of solids, liquids, or gases.

The x-ray standing wave technique
uses interference between incident and
diffracted x rays to determine the precise
location of impurities or imperfections
within a crystal or at its interfaces. The
technique can be used to investigate the
location of dopants and imperfections in
sericonductors or optical crystals,
growth of overlayers on crystals, and the
structure of catalysts supported on crystal
substrates. In addition, evanescent x rays
which penetrate only a few nanometers
from an interface can be controlled to
study chemical composition in the vicinity
of an interface.

NBS scientists recently pioneered a
new technique, diffraction of evanescent
x rays (DEX), which combines and
extends the capabilities of the x-ray
standing wave method and experiments
based on evanescent x rays. The
synchrotron radiation beamnline provides
an ideal faciity for applying these tech-
niques.

Contact: Paul L. Cowan, 301/975-4846 o
Richard D. Deslattes, 301/975-4841, At41
Physics Bldg.

A wide variety of industries depend on
accurate vacuum {pressure) and leak
measurements for research and develop-
ment and for process and quality control.
As part of its program in basic standards,
NBS maintains, or is developing, pres-
sure or vacuum standards from above
atmospheric pressure to ultrahigh
vacuum and leak or flow standards from
103 o below 10-? std cc/s. Facilities for
this research include five UHV systems,
two low-range flowmeters, high-accuracy
mercury manometers, pressure and
vacuum control systems, and a variety of
vacuum, electronic, data acquisition, and
data analysis equipment. These facilities
and measurement capabilities are used
to develop improved measurement tech-
niques and equipment and to investigate

Institute for L

Physicist Dister Hils, at the NBS/University of Colorado Joint

in the

of taser systems to

sources of

monochromic optical
interest for many areas of industrial and

the performance of vacuum and pressure
equipment, including mechanical pres-
sure gauges, momentum transfer
gauges, ionization gauges, standard
leaks, and residuat gas analyzers. In
addition, NBS plans to use this measure-
ment capability to investigate material
properties and physical phenomena of
fundamental interest.

Contact: Charles R.Tiford, A515 Metrology
Bldg., 301/975-4828.

provide
waves. Such devices are of commercial
sclentific research.
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F Time, Advar 1N communication and Precision voltage standards based on Solid-State DC
and Phase Noise navigation systems require atomic osci- solrd-state references are finding Voltage
lators with per and increasing use n dc voltage metrology,  Standards

rehability. NBS has several programs
amed at providing advanced frequency
standards which have the potentiat for
benefiting commercial atomic standards.
Bureau scientists are currently working
on an optically pumped cesium-beam
standard which should signuficantly
surpass the performance of standards
based on magnetc state selection and
detection. Thewr studies on ton storage
and radiative cooling are probing the
potential for standards operating at
accuracy levels of one part n 10' and
perhaps beyond.

Aerospace systems often require
extreme phase stability, which has led to
a need for high-quality phase noise
characterizabon amphfiers, frequency
mulpliers, osciltators, and other elec-
tronic components. Thus, NBS has
intiated a program to deveiop methods
for measuring phase noise In such
components over a broad frequency
range (into the milimeter range). The
work will pnmarily involve the two-
oscillator techrique. but other techniques
will be studied.

Requirements for synchronrzation (ime)
and syntonization {frequency) of broadly
dispersed sets of nodes for commurica-
tion, navigation, and other electronic
systems are increasing significantly,
Because of the inherent reliability,
simplicity, and low cost of using satellite
transfer, NBS 1s studying several possible
approaches for using this technique. The
excelient performance of the NBS Time
Scale and reliable ties to many other
international timing centers provide the
basis for analysis of the performance of
these time-transfer techniques. In addi-
tion, the Bureau is equipped with GPS
receivers, Earth communication terminals,
and automated systems for statistical
analysis of the performance of systemns.

Contact: Donald B. Sullivan, Div.
724,03, NBS, Boulder, CO 80303,
303/497-3772.

particularly in the design and support of
tugh-accuracy digial voltmeters and auto-
mated test equipment. To improve the
quality of these standards, Bureau scien-
usts are carrying out a research program
on Zener diodes and similar devices
They are investigating device properties
such as temperature coefficient, shont-
term noise, long-term stability, and perfor-
mance under temperature shock and
power interruption. The aim of these
evaluations 1s to identify dewices suitable
for a rugged 10-V transportable standard
capable of providing sub-part-per-million
{ppm) accuracy when used as a trans-
port standard between laboratones. The
effects of temperature extremes, physical
shack, and shipping delays on diode
output 1s of special interest.

in another area of research, NBS 1s
producing a stable 1.018-V output
derived from a solid-state reference. The
researchers are specifically interested in
the design and manutacture of low-noise,
stable resistors that are immune to
temperature shock and power interrup-
tion, Facilities are available to test Zener
diodes with 0.1-ppm resolution and to
manufacture both bulk metat foil and
wire-wound resistors. Detailed study of
the dependence of device performance
on fabrication parameters is possible
through high-accuracy measurements
referenced to national standards and
collaboration with Bureau scientists 1n
several NBS divisions on the fabrication
of Zener devices.

Contact: Bruce F. Field, B258 Metroiogy
8idg., 301/975-4230 or Norman B.
Belecki, B146 Metrology Bldg.,
301/975-4223.

High-precision mass measurements on
mechanical balances in industrial stan-
dards laboratones are now very slow and
labor intensive. Since fully automated
mass measurement systems are not yet
commercially avadable, the NBS mass
program ts develioping a low-cost
modular system. It will include a balance
beam servo-system for automatic data
acquisition; astomatic medules to probe

Automated Mass
Measurements
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Basic Standards
air temperature, pressure, and relative In a strongly computer-oriented program, Cement and
humidity: a thermal “weight-soaking” plate NBS researchers are seeking to develop Concrete
servoed o the temperature of the an improved understanding of the rela-
balance chamber; a robotc weight- tions among the chemstry, microstruc-
changer that can accommodate multiple- {ure, durability, and other factors that
weight combinations; and integrated soft- affect the performance of cement,
ware to control the measurement process concrete, and other inorganic bulding
and analyze the data with the NBS mass matenals. Current areas of research
code. Many of these concepts have include mathematical modeling of the
already been sncorporated into a trans- development of microstructure in cement
portable mass measurement assurance hydration and of the effects of microstruc-
package that 1s now being tested in ture on cracking of concrete. Investiga-
Industrial and state metrology laborato- tions of mechanisms of matenals
nes. A fully automated system will not degradation; and development of artific:al
only reduce the labor cost of mass meas- intelligence systems for optmizing the
urements, but will also miimize the oper- selection of buiding matenals. Bureau
ator and environmental bxases that enter scientsts are conducting analytical and
the manual measurement process. expernimental research on cracking and
the dynamic properties of concrete and
Contaet: Randall M Schoonover, 301475 other brittle building matenals They are
4216 or Robert D. Cutkosky, 301/975 performing chemicat and microstructural
4214, B160 Physxs Bldg. studies using a varety of techmgques,
including kght microscopy, scanning
electron microscopy, x-ray diffraction,
Temperature Improved ndustnial processes and and thermat analys:s.

Sensor Research

sophisticated scientific research require
temperature sensors that cover wider
temperature ranges with better accuracy
and precision. For example, the degrada-
tion of thermocouples exposed to high
temperatures for extended periods of
tme represents a serious iImpediment to
temperature measurements in jet
engines, furnaces, and so forth. NBS has
several projects under way 10 test and
umprove the performance of currently
available sensors. These sensors include
thermocouples, platinum resistance ther-
mometers, and a variety of cryogenic
temperature transducers. The tempéra-
ture range covered by these projects

Cement hydration research contnbutes
1o making concrete a more predictable
material. Therefore, NBS Is seeking
fundamenta! understanding of portland
and related cements and thesr reactions
with water by developing and vatidating
mathematical mode!s based on plausible
reaction mechanisms. taking into account
such processes as diffusion, nucleation,
and growth of new phases The models,
which will probably be run on a Cyber
205 computer, will predict the courses
and kinetics of the many reactions taking
place durng cement hydraton and the
development of microstructure under a

‘wide (angelof conditions. Special

extends from cryogenic
(0.005 K) to about 1500 °C. For this
research, the Bureau has excellent
temperature calibration tacilities, an auto-
mated laboratory equipped 1o evaluate

sles at high res,
several laboratories equipped for work on
platinum resistance thermometers, and
cryogenic laboratones where measure-
ments can be made in the millkkelvin
range. NBS scientists are planning a
senes of studies of new matenals, new
prnciples, and new techmiques to
provide umiform and accurate tempera-
ture measurements.

Contact: Robert J Soulen, B128 Physics
Bidg., 301/975-4801.

1in

studying the reactions of cements
include, in addition to the techniques
mentioned above. microcalonmetry, pare
solution analyses, 1on chromatography,
and Fourer fransform infrared spec-
troscopy.

Contact: James R Clifton, 8348
Building Research Bldg., 301/975-6707

Structural
Engineering

Expermental and analytical research 1s
under way at NBS to develop design
critena for steel and masonry structural
components subjected to dynamic loads
such as winds and earthquakes. The
work invotves identfying Imit states and
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This

la

test facilily is used to

rge-scale
test the performance of fullscale bridge and buliding compon-
ents during earthquakes.

establishing criteria to ensure structural
safety. In the laboratory, NBS
researchers use a unique computer-
controlled test facility that can impose
forces andfor displacements in three
directions simultaneously and a 12-
million-pound capacity universal testing
machine capable of testing large-scale
structural components 60 feet tall. A
high-perfarmance computer graphics
laboratory including a VAX computer
system and specialized graphics-based
finite element software is utitized for the
analytical work.

Contact: Charles G. Culver, B268
Buitding Research Bldg., 301/975-6048.

To aid in the creation of buildings that
operate more efficiently and better meet
user requirements, NBS researchers are
investigating the interaction between
building occupants and illumination/day-
lighting systems. The work includes
developing criteria for illumination quan-
tity and quality and determining the
effects of light source color and the color,
size, and shape of the object on the
performance of visual tasks. In addition,
the research involves evaluating both the
trade-offs and avaitability of daylighting
as well as illumination controls and their
interaction with building heating/cooling
systems. The “basic” research laboratory
consists of a multichannel electro-optical
system that allows light to be delivered to
the human eye in an experimentally
reproducible manner, while the "appiied”
research laboratories provide a realistic
environment for studying color rendering
(distortion) of energy-efficient lighting
systems.

Other research projects include
daylight prediction computer modeling
based on detailed simulation and
experimental measurements. Also, the
Bureau has initiated an experimental
project to determine thermal interactions
between lighting systems and HVAC
{heating, ventiating, and air-conditioning)
systems to provide improved design and
evaluation techniques from the standpoint
of energy effectiveness, luminous
efficacy, and life expectancy of the
lighting fixtures,

Contact: Belinda L. Collins, A313 Building
Research Bldg., 301/975-6456.

NBS researchers are studying techniques
for measuring and modeting indoor
contaminants, specifically the effect of air
leakage and ventilation systems on their
levels and movements. NBS pioneered
the measurement science for air infiltra-
tion by introducing the tracer gas tech-
nique. Currently the program has
expanded into measurements and
computer simulation modeling of various
indoor air contaminants, notably
formaldehyde and radon. Radon decay
and dilution processes have been
modeled, and several n-situ measure-
ments are being undertaken to develop

Hlumination
Engineering

Indoor Air Quality
and Ventilation
Efficacy
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Organic Building
Materials

technigues to minimize excessive buttdup
of radon coming from the ground.
Bureau researchers have investigated
formaldehyde emission rates from
pressed particle boards and other
building materials to validate a prediction
model developed by the Oak Ridge
National Laboratory. In addition, NBS is
developing comprehensive computer
simulation models for predicting emission,
dilution, absorption, and convective
movement of contaminants 1n and
through buildings with a number of
rooms. An advanced gas chromato-
graphic mass spectrometer is used to
measure and analyze many indoor
contaminants, especially the volatile
organic compounds.

Contact: Rchard A. Grot, B114 Building
Research Bldg., 301/975-6431

As part of a program to increace the
usefulness, safety, and economy of
building materials, NBS 1s conducting
basic and applied research to determine
the guality and predict the service life of
organic building matenals such as
protective coatings for steel, adhesives,
roofing matenals, and plastics. Specific
areas of basic research include
advancing the knowledge of degradation
mechanisms, developing improved
characternization methods, and designing
mathematical models of the degradation
processes. The results of this research
are then used 1o derive stochastic
models for predicting the service life of
these matenals. The stochastic models
have a basis in refiabiity theory and fife-
testing analysis.

Bureau scientists are now using
computer analysis of infrared thermo-
graphic images for studying the rates of
corrosion and the formation and growth
of blisters beneath opaque protective
coatings. They are also utilizing gel-
permeation chromatography, gas chro-
matography, and spectroscopy to study
the mechanisms of phototytic and thermal
degradation of poly (methyl methacry-
late). In both projects, relability theory
and life-testing analysis techniques are
used for predicting the service lives of
the materials.

Contact: Larry W. Masters, B348
Building Research Bldg., 301/975-6707.

An extensive program to deterrine the
performance of heat-pump and other
noncryogenic refrigeration-cycle systems
is under way at NBS in both the field
and laboratory. The systems being
studied include electric-dniven, heat-
driven (adsorption cycle), and heat-
engine-dniven systems. An essential pant
of this program 1s the development of
analytical models that will predict the
performance of systems under transient
as well as steady-state conditions and
with single refrigerants and refrigerant
mixtures, These models will be for
specific systems, that 18, engine-driven or
electric-driven, with ar without storage, 1n
specific applications such as different
buildings and cimates. These models will
predict the energy performance with
various parametric changes, mcluding
component sizing.

Contact:

R

David A. Didion, B122 Buiding
Bidg., 301/575-5881.

Bureau researchers are devising and
improving methods for measuring the

heat-transter performance of therma! insu-

lation and other materials used 10 the
construction of bulldings. An essential
part of this program s the development
of comprehensive analytical and mathe-
matical models that will predict the
performance of these matenals under
transient and steady-state conditions of
use. These models will be developed for
individual materials and for combinations
of matenials that are used in the design
and construction of bullding walls,
windows, doors, floors, celings, and
roofs. The work is primarily of a labora-
tory nature, and excellent new faciities
are in place for use in the program. They
include a line-heat-source, guarded-hot-
plate apparatus that can accommodate
specimens up to 15 inches thick with
computenzed control and data-logging
and reduction capabilties, and a
calibrated hot-box test facility to measure
simultaneously air, moisture, and heat
transfer charactenstics through a full-size
wall 10 feet high and 14 feet wide,

Contact: A. Hunter Fanney, 8306 Building
Research Bidg., 301/975-5864.

Refrigeration-
Cycle-System
Studles

Thermal
Insulation
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Ceramic
Processing

Tribology of
Ceramics

Sintering of ceramics s a complex
process that involves the interaction of
many different processing vanables. The
influence of these processing variables
on sintering cannot be determined simpiy
by measuring finat density or some other
end-point property. Chermical composition
of the ceramic powders is known to be
of major importance and, under certain
conditions, can mask effects of most
other processing variables, As part of a
program on ceramics, NBS scientists are
investigating the effect of trace levels of
impurities using clean-room processing to
produce, compact, and sinter ultrahigh
purity ceramics. Compositions will be
measured at different stages of the
process using nuclear activation analysis
(gamma:-ray spectroscopy). Results from
this program will enhance investigations
of other processing variables, including
particle size, shape, agglomeration,
compaction method, and atmosphere
under controlled composition conditions.
Such data will lead to better models for
microstructure evolution during sintering.
Use of predictive models. in conjunction
with other ongoing efforts to produce
unique compositions and phases, can
lead to new advanced ceramic materials,
with unique microstructures and proper-
ties.

Contact: Edwin R. Fuller, Jr., A258
Materials Bldg., 301/875-5795.

NBS is examining the wear and frictional
characteristics of advanced ceramic
materials with state-of-the-art wear test
analysis methods. Studying high-
temperature ceramics, especially the type
necessary for ceramic heat engines,
requires new test procedures and tech-
niques and standardized methodologies.
For such research, friction and wear tests
may be performed over a wide tempera-
ture range with a controlled test environ-
ment, Equipment is presently available at
the Bureau to test ceramics from 20 to
1500 °C, and a unique high-temperature,
controlled-atmosphere ceramic wear test
facility that will produce temperatures up
to 1500 °C is almost ready for use.
Bureau researchers are also inves-
tigating the control of friction and wear
by advanced lubricants and lubricant
transfer methods. Pre- and post-test
analyses include wear debris analysis,

profilometry, and scanning electron
microscopy (SEM). SEM facilities are
used to examine wear tracks and debris.

Contact: Ronald G. Munro, A215 Metrol-
ogy Bldg., 301/975-3671.

impertections in highly perfect crystals
typically limit their performance in hugh-
technology appfications such as optical
communications and optical signal
processing. In particular, imitations in the
perfection of electro-optic and
photorefractive materials such as lithium
niobate and tismuth silicon oxide have
severely inhibited the development of
optical switches and modulators. Bureau
researchers are investigating crystal
perfection at a unique, menochromatic
x-ray topography facility at the
NBS/Naval Research Laboratory beam-
lines on the high-energy ring at Brook-
haven National Laboratory's National
Synchrotron Light Source. The informa-
tion from current studies, conducted
jointly with growers of high-guatity crystai,
is expected to improve substantially the
quality, and hence the performance. of
these crystals.

Contact: Bruce W. Steiner, A329 Materials
Bldg., 301/975-6122.

Bureau scientists are conducting severai
long-range programs on the fracture
behavior of two types of ceramic
materials, ceramic composites and poly-
crystalline ceramics. The program in
composites focuses on determining the
effects of the fiber/matrix interface on
fracture behavior of ceramic matrix
composites. The fracture studies on poly-
crystalline ceramics are exploring the
eftects of grain boundary compositions
and structure on strength and stress
corrosion susceptibility as well as the
effects of phase transformations on the
strength and fracture toughness of
piezoelectric and dielectric ¢eramics.
Facilities for these programs include
mechanical testing machines for tensile
and compressive tests, a microindenta-
tion hardness tester, and an environmen-
tally controlled apparatus utilizing double
beam configuration for environmentally
enhanced crack growth studies.

Contact: Stephen W. Freiman, A329
Materials Bldg., 301/975-5761.

Electro-optic
Crystals

Fracture of
Ceramics
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Materials
Bioprocessing

Ceramic Powder
Characterization

Utilizing microorgamisms to extract
extraneous materials 1s one goal the
steel, mining, minerals recovery, and
waste treatment industries have in
common. Biological leaching s a low-
cost alternative to expensive energy
processes. Therefore, NBS researchers
are investigating microbiotogical
processes for iron ore and scrap steel
benefictation through biosolubilization of
copper and phosphatefsilicate minerals,
and bioprocessing —leaching and
recovery—of strategic metals by
mesophilic and thermophilic micro-
organisms. To develop approprate
processes for each type of extraction,
characteristics of such microorganisms
must be understood. Thus, NBS is
developing and analyzing nondestructive,
surface molecular analysis methods
sncluding microscopic absorption and
emission spectroscopies. In addition,
Bureau scientists are using ultratrace
molecular speciation methods for solution
and gas phase chemical speciation of
diagnastic products or intermediates (gas
and liquid chromatographs coupled with
graphite furnace. flame photometric, and
mass spectrometric detectors). Other
areas under study include engineering
designs, bioreactor systems, and
development of standards such as metal
sutfide Standard Reference Materials and
ore bioleaching test protocols.

Contact: Gregory J. Olson, 301/975-
5637 or Frederick E. Brinckman,
301/975-5737, A329 Materials Bldg.

Improved characterization of particle size,
shape, and crystal chemistry of ceramic
powders is now recognized as important
to the development and production of
high-quality ceramics for advanced tech-
nological applications. To obtain precise
and reproducible measurements of
particle characteristics, Bureau scientists
are utilizng a variety of instrumental
methods, including scanning electron
microscopy with image analysis. Theoret-
ical investigati and statistical y
of data are then used to compare the
results of the measurement methods.
The broad NBS program also includes
development of x-ray diffraction tech-
niques, reference materials and data-
bases for characterizing ceramic starting
powders, and ceramic monoliths. Auto-
mated x-ray diffraction instrumentation

with position sensitive detectors has the
potential for rapid, production-ine charac-
terization of both phase composition and
matenal properties of powders and
monoliths. Characterization includes
determination of powder composition
{qualitative and quanttative phase and
chemical constituents), glass-to-crystatine
ratio, crystalite and particle size, residual
stress, lathice parameters, and thermal
expansion. Special equipment available
for studying the relationships between
parucle characteristics and processing
parameters includes SEM, STEM, DTA-
TGA, furnaces with atmospheric control,
three automated powder diffractometers
with high-temperature stage, coutter
counter, BET, sedigraph, and particie-
size classifiers.

Contact: Alan L. Dragoo, 301/975-5785;
Cart R. Robbns, 301/975-5786; or Camden
R. Hubbard, 301/975-6121, A258 Materials
Bidg.

Techniques that probe the surface
environment of powders during crystalli-
zation and compaction are likely to y:eld
significant information on the link
between observed reaction chemistry
and product quality. To this end, NBS is
investigating Fourier transform infrared
(FTIR) and electronic absorption/enmission
spectroscopies for ceramic surface anal-
ysis. Two lines of research in progress
exemplify the Bureau's approach and
serve as models for further exploranon.
One project involves silicon nitride
powders from various sources that have
been examined by FTIR. Compositional
purity (Si-N/Si-O ratio) and percent beta
phase are easily assessed by this
nondestructive technique. The other
project concerns a fluorescent tag that
has been developed for the siloxy group.
The complex formed between the tag
and Si0” on silica gel has been detected
by epifluorescence microscopy imaging.
This technique is expected to be useful
in quantitating the chemistry occurring at
crack tips in silica samples.

Contact: Robert A. Faliynek, 301/975-
5636 or Fredenck E. Brinckman,
301/975-5737, A329 Matenals Bldg.

Ceramic Surface
Analysis
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Optical Films

Ceramic Phase
Equilibria

Bureau scientsts are analyzing the rela-
tonship between processing, structure,
and properties of opucal films grown by
electron-beam (e-beam) deposition,
e-beam coevaporation, and ion-assisied
e-beam depositon. To support industral
development of new optical matenals
with supenor properties such as
decreased porosity, decreased stress,
greater index stability, and lower absorp-
tivity, these researchers are studying the
evolution of fitm structure starting from
nucleation, growth, thin-fitm adhesion,
and thermal properties of films. Charac-
terization capabiies include refractive
index by m-line spectroscopy and
channel spectra, thickness, absorption
coefficients by laser calorimetry, stress by

Furthermore, transitional species, such as
clusters of atoms or molecules, present a
particularly urgque measurement chal-
lenge. Researchers need to measure
such species to be able to understand
condensation and surface phenomena on
a moleculardeve! and to develop
materials with unique structures and
properties. In addition to experimental
work, the research involves computer
modeling to extend the laboratory-based
data to industral-process conditions.

Contact: John W. Hastie, A329 Matenals
Bldg., 301/975-5754.

Bureau scientists are investigating ow- Ceramic

y. thermal diff by
photothermal radiometry, x-ray photoelec-
opy, Raman sf

exiended x-ray absorption fine structure,
x-ray diffraction, and electron
microscopy. New areas to be pursued,
with impact on optical signal processing
technologies, are epitaxial growth and
modulated structures for hght-guiding
optical films with enhanced electro-optic
and nonlinear optical properties.

Contact: Albert Feldman, A329 Materials
Bldg., 301/975-5740.

Ceramic phase equilibria studies at NBS
involve complementary research activities
in experimental, theoretical, data-
evaluation, and compilation aspects of
ceramic phase equilibria, These studies
include all classes of inorganic materials
except alloys. The data-evaluation and
compilation work 1s carned out under the
joint American Ceramic Society
(ACerS)NBS program to provide industry
and others with a comprehensive data-
base of up-to-date, cntically evatuated
phase diagram :nformation.

The established, broad-based, funda-
mental and applied high-temperature
chemistry research program examines
chemical phenomena temperatures trom
25 to above 5000 °C, atmosphere pres-
sures from 109 to 20 atm, and
multicomponent solid, liquid, and vapor
systems. New or improved measurement
techniques are needed for identification
and quantification of species and compo-
nents present under these conditions.

e synthetic approaches to both Chemistry
oxide and non-oxide ceramic powders
and the use of neutron and x-ray scat-
tering expertise in atomic and microstruc-
tural studies. Special emphasis 1s placed
on the use of novel chemistry and tech-
niques to soive the problems of gener-
ating homogeneous, multicomponent
materials with predictable properties. In
general, systems currently under study
include barium polytitanates, zirconia-
toughened afuminas, and sticon carbide-
ttanium carbide particulate composites.

These researchers are examining the
molecular structure of species in
multicomponent atkoxide systems, the
kinetic aspects of sol-gel reactions, and
to the microstructure of product powders
and glasses. These studies were under-
taken to define key process variables
and guidelines for developing practical
sol-gel processes. Coupled with powder
synthesis and subsequent compaction is
the development of in-situ measurement
technigues, including small-angle neutron
and small-angle x-ray scattering. Such
techniques will allow characterization of
key fundamental parameters controliing
early stages of the material processing.
This effort complements nondestructive
evaluation (NDE) sensor development so
that industry will be able to detect flaws
at the very early stages of processing
where the raw material can be recovered
and treated.

Contact: Kay A, Hardman-Rhyne, A329
Materials Bldg., 301/975-6103.
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High-Temperature
Reliability of
Structural
Ceramics

The success of structural ceramics in
high-temperature applications, such as
heat engines or heat exchangers,
depends on the reliability of these
matenals at temperatures that approach
ther thermal lumit. Because creep-
induced cavitation 1s the primary cause
of fadure at these temperatures, the
charactenzation of nucleation, growth,
and cc 1Ce processes i
with cavitation is essential to establish
long-term reliability. Bureau scientsts are

improved energy and manufacturing effi-
ciencies could result from using varnious
techniques to separate and recover
desired products from fluid chemicat
mixtuses. To improve separation proce-
dures. the Bureau 1s creating a science
base for a vanely of separations. As part
of this project, scientists are working 1
three rather diverse areas One project
involves the agueous two-phase parti-
voning of proteins and biomolecules,
including measuring mass transfer

studying basic p 1 with

and diffusion coefficients

creep cavitabion on a variety of ceramic
matenals. To develop techniques for
predicting companent lifetime, they are
relating damage accumulation during
creep to mechanisms of creep and
creep-rupture. This research includes
creep and creep-rupture measurements
at temperatures ac high as 1600
the use of transmission electron
MICroscopy to evaluate modifications in
the microstructure that result in the
generation of strength-limiting defects.

Contact: Sheidon M. Wiederhorn, A329
Materials Bidg., 301/975-5772.

Research chemist Joseph Ritter (left) and physical science
technician Norman

Adams are shown with the reactor they

temperatures.

ceramic ot low

and developing mass transfer cofrelations
for classes of biomolecules In another
project, NBS researchers are studying
membrane separations of carboxylic and
amino acids from reaction products and
waste streams using lon exchange
membranes. This research includes
Separabing ofgarwe compounds from
polar solvents and developing models for
the transport of weak and strong electro-
lytes through cation exchange columns
Work in these two areas I1s expected to
umpact the commercialization of products
in the burgeoning biotechnology industry.

In a third study, Bureau scientists are
separating gas using novelefficient sepa-
ration methods such as faciltated trans-
port through liquid membranes, while
conducting complementary modeling
activities. They are currently working on
acid-gas separations using ion exchange
membranes.

Contact: Subhas K. Sikdar, 303/497-5232;
J. Douglas Way, 303/497-5298, or Richard
D. Noble, 303/497-3416, Div. 773,10, NBS,
Boulder, CO 80303.

Thermophysical properties data are
essential for the design and operation of
many chemical processes such as super-
criticat extraction. To obtain these data,
NBS scientists are using three new phase
equilibria apparatus for studies at
elevated temperatures. One has been
used to perform VLE measurements on
carbon dioxide-hydrocarbon systems and
refrigerant-hydrocarbon systems, the
second is a dew/bubble point apparatus
extending to 800 K, and the third
employs a palladium-silver membrane to
measure the fugacity of hydrogen-
containing mixtures. Four exceptional
instruments are available for making PVT,
PVTx, and heat capacity measurements

Separations

Properties of
Fluids

25
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Radio Frequency
Wave Diagnostics
of Disperse
Systems

on pure fluids and fluid mixiures. an
isochoric PVT apparatus, a combined
Burnett/isochonic PVT apparatus, a
magnetc suspension densimeter for PVT
and PVTx measurements, and an instru-
ment to measure constant volume heat
capactty. In addition, an apparatus for
sound speed measurements is avatable.
Bureau researchers are also devising
techniques to charactenze fluds and fluid
mixtures when the temperatures, pres-
sures, and times involved can result In
reactons during the measurement
process Included in this work (s a well-
equipped analytical laboratory and
specialized apparatus 1o study reactions.

Contact: Thomas J. Bruno, 303/497-5158;
James E. Mayrath, 303/497-3553; Wiliam
M. Haynes, 303/497-3247; or Gerald C.
Straty, 303/497-3502. Div 774.03, NBS,
Boulder, CO 80303.

The successful processing of paper pulp,
flour, coal slurries, and sludge depends
on accurate measurements of the
percent of solids suspended in water in a
pipeline. To help improve these measure-
ments, NBS is studying the propagation
of radio waves inside a conducting pipe
filled with complex materials. One result
of this research has been the successful
measurement of the solids fraction in a
two-phase water-solid slurry. This was
accomplished by measuring the wave-
length and attenuation of radio waves in
a pipeline utilizing a 32-¢lement antenna
array placed atong the axial direction.
From the known frequency and wave-
length the speed of the radio wave, and
hence the dielectric constant, can be
deduced. By then applying a mixing rule
and the dielectric properties of the
individual components researchers can
determine the solids fraction in a slurry.
NBS is extending the project to incorpor-
ate systems with axially varying dielectric
constants such as adsorption columns
and settling suspensions. Other measure-
ments such as polarization rotation in a
swirling slurry flow and Doppler shifts
due 1o fluid flow are being planned.

Contact: Adolfas K, Gaigalas, 108 Fluid
Mechanics Bidg., 301/975-5941.

The accelerating costs of scarce flud
resources —particularly gas-are
producing increased concerns about the
performance levels of gas meters. For
these reasons, improved flow measuie-
ment traceabxity needs to be established
and maintained so that realistic, quant-
fied data are generated on a continuing
basis to assure practical gas measure-
ments at satsfactory specified levels of
performance. To achieve the desired flow
measurement traceability. the Bureau 1s
designing transfer standards to link the
performance of calibration faciibes to
appropriate national reference standards.
As part of this program, NBS researchers
plan to develop a fluid measurement
transfer standard and evaluate its perfor-
mance.

Because of the importance of these
measurements, transfer standards need
1o be designed so that high levels of
confidence can be placed in them and
their performance. The new transfer stan-
dards will be rigorously evaluated against
NBS gas flow calibration standards. This
evaluation phase of the proposed
program will involve the appropriate
range of calibrations to be done on the
developed standards so that perfor-
mance levels can be assured at specified
levels.

Contact: George E. Mattingly, 103 Fluid
Mechanics Bldg., 301/975-5939.

NBS researchers are gaining a
fundamental understanding of chemical
processes in fluidized bed reactors in the
areas of bioprocessing and advanced
optical measurements at high tempera-
tures. Their work in bioprocessing is
aimed at improving the design and oper-
ation of tiquid fluidized-bed and
expanded-bed bioreactors for industrial
fermentation processes. To demonstrate
the feasibiiity of monitoring biofilm
development in fluidized-bed fermenters,
they plan to investigate the effects of
hydrodynamics on the development and
detachment of immobilized-cell layers
from individual carriers, and the effects of
these layers on carner-particle
hydrodynamics, using magnetically
suspended spheres and other tech-
niques.

Flow
Measurement
Transfer
Standards

Fluidized Bed
Reactors
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Thermophysical
and Supercriticat
Properties of
Mixtures

Research in the high-temperature area
1s based on a fluidized-bed reactor that i1s
being adapted for advanced in-situ
optical measurements at temperalures up
to 1150 °C. The principal advance
beyond the state-of-the-art probing of flu-
1dized beds has been the design of an
optical probe that allows observations at
one or more arbitrarily chosen locations
in the nterior of the bed. Presently, NBS
1s interested in studying solids movement
In fluidized beds based on the fact that a
burning particle generates a distinct
signal as it arnves at an opticat probe
location. The goal of this work Is to
advance the understanding of the mixing
problem in multiphase chemical
processes.

Contact: Andrej Macek, B312 Physics
Bidg., 301/975-2610.

Chemical process technology requires an
accurate knowledge of various ther-
mophysical properties of pure, polyfunc-
tional chemicals and their mixtures. NBS
scientists conduct research on the most
important of these properties —equilbrium
phase composition, density, and
enthaipy. One NBS project deals with
developing predictive methods for the
properties of chemically dissimilar
compounds. Of special interest are those
compounds found in gas and coal
processing as well as chemical systems.
Bureau researchers are planning related
experimental phase equilibna studies.

A second project 1s a combined
expenmental and theoretical study aimed
at developing accurate predictive models
for the thermodynamic and transport
properties of supercritical solvent
mixtures. The work includes PVTx and
VLE measurements on mixtures
containing carbon dioxide, hafogenated
hydracarbons, and similar supercritical
solvents. Other experimental work
includes the use of supercritica! chro-
matography to measure diffusion coeffi-
clents in supercritical mixtures while
theoretical studies focus on the applica-
tion of extended corresponding states to
supercritical systems.

Contact: James F. Ely, 303/497-5467.
Joseph W. Magee, 303/497-3298: or
Thomas J. Bruno, 303/497-5158, Div.
77403, NBS, Boulder, CO 80303.

Through the use of very thin films and
analysis, D and his

the surface properties of tin oxide.
Such information can be used to improve tin oxide sensors.

detailed surface
hi

have

To understand performance of thin-film Chemiical Sensor
and chemical sensors, NBS 1s performing Research
experimental and analytical research
related to these types of sensors. Such
studies are expected to improve the
accuracy, stability, selectivity, and
response of chemical sensors and to
stimulate 1deas for entirely new measure-
ment techniques. The Bureau's activities
incorporate adhesion, oxidation, inter-
laminar diffusion, surface adsorption and
desorption, and phase morphology to
uncover mechanisms of chemical
sensing. Analytical methods refate the
structure and composition of senstng
devices to fabricating parameters and
performance. Sensors include thin-film
thermocouples, fiber optc thermometers,
thin-film resistance devices, moisture
sensors, pH sensors. and gas detectors.
Fabrication facilttes include rf and dc
sputtenng for both alloy and reactive fim
depositron and gas reactors.

27
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Optical Sensing
in Bioreactors

To determine the feasibility of thin-film
systems as chemical sensors, NBS scien-
tists are investigating the electronic
properties of sputter coatings including
dielectric strength, surface conductance,
and capacttance. To examine surface-
sensitive techniques, they are employing
x-ray and uv photoemission, thermal
desorption spectroscopy, SIMS, and in-
situ electrical measurements to charac-
terize appropriate chemisorptive systems.

Contact: Kenneth G. Kreider, 301/975-
2618 or Stephen Semancik, 301/975-
26086, B312 Physics Bldg.

Recent advances :n molecular biology
have led industry to recognize the poten-
tial benefit of applying these advances in
a diversity of industrial sectors, such as
the production of new drugs, food addi-
tives, and chemicals and conversion of
biomass. However, implementation of
these new technologies requires meas-
urement capabiiities which do not
currently exist. Bioprocesses require a
very closely controlled environment,
normally realizable only in batch
processes. This is mainly due to the
complex kinetics of most bioreactions,
separate periods of growth and product
formation, biocatalyst degeneration,
contaminant risks, and mechanical
difficulties of handling rheclogically
complex material. Therefore, develop-
ment of new on-ine measurement tech-
niques is critical for future imptementation
of bioprocesses. Furthermore, nonintru-
sive measurement methods are desirable
to avoid difficulties associated with
sampling. contamination, and long
response time,

To help solve some of these problems,
NBS scientists are developing optical
techniques, especially with the use of
tunable lasers, for making nonintrusive,
rapid, and selective measurements. The
use of fiber optics also permits the
development of probes which are steriliz-
able, can provide measurements with
good spatial resolution, and can be
multiplexed to provide multipoint
monitoring capability. Laser-induced

fluorescence is being used to determine
characteristics of amino acids, dipeptides,
polypeptides, and esters while Raman
and resonance Raman scattering will be
utilized to provide more species and
selectivity, Fluorescence techniques are
also expected to provide a powerful tool
for cell activity and intracellular kinetics
measurements.

Contact: Hratch G. Semerjian, B312 Phy-
sics Bldg., 301/975-2609.

To minimize the cost of high-price fuel,
U.S. industry wants to obtain maximum
energy output from fuel combustion.
Bureau researchers are tackling this
problem by attempting to improve
combustion efficiency. To investigate
droplet vaporization, pyrolysis, combus-
tion. 2~d particulate formation processes
and to delineate the effect of chemical
and physical properties of fuels on the
above processes, they are studying the
dynamics of spray flames. Resuits of this
study will provide an experimental data-
base, with well-defined boundary condi-
tions. for developing and validating spray
combustion models. The experiments are
being carried out in a spray combustion
facility, with a moveable-vane swirt
burner, which simutates operating condi-
tions found in practical combustion
systems. A combination of nonintrusive
probing techniques is being used 1o
obtain comprehensive data on the spray
combustion characteristics, including soot
particle and droplet size, number density
and volumne fraction, gas composition,
and velocity and temperature fields.
Currently Bureau scientists are focusing
their efforts on laser scattering and laser
Doppler velocimetry measurements,
which are being used to determine the
correlation between droplet size and
velocity distributions, respectively, in both
low-temperature and burning sprays.

Contact: Hratch G. Semerjian, B312 Phy-
sics Bidg., 301/975-2609.

Particulate and
Droplet
Diagnostics in
Spray Flames
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Properties of A wide array of expenmental and theoret-
Interfaces ical tools are being applied to obtain
practcal and fundamental understanding
of the structure, properties, and effects of
nterfaces between fluid phases. NBS
scientists are studying a number of prob-
lems n this area ranging from the
conceptually smple to measure and/or
calculate the interfacial tension between a
hquid and its vapor, to more complicated
ones such as the phase behavior of
surfactant mixtures at water-air interfaces,
the thicknesses of adsarbed hquid tayers
at solid-gas interfaces, the stability of
foams, and the evolution of mists. Bureau
faciities include an automated ellipsom-
eter and an automated fim balance,
Quasielastic light scattering for studying
the evolution of mists, an apparatus for
measuring foam stability, and simole
setups for measuning interfacial tension.
Computing faciliies include a CDC 855,
a Cyber 205 vector processor, software,
and experence in simulation of fluids.
Bureau scientists are planning research
1n several areas. One project will involve
applying quasiefastic light scatterng to
the measurement of interfacial tension of
hquid-vapor mixtures at high pressure
and the measurement of the dynamics of
wetting layers. Another project will focus
on measuring the permeability, surface
viscosity, and surface diffusion coeffr-
cients of surfactant layers. In addition, the
researchers will test NBS theores devel-
oped for the large increase of the surface
tension of a bquid-vapor interface when it
forms in a confined geometry (such as in
a pore within a pellet) and for the large
etfects of 1ons on the thicknesses of
adsorbed layers. They will aiso study the
evolution of the drop size distribution of
simple, but nontrvial, mists compnsed of
two hydrocarbons suspended in their
own vapor

Contact: Ned Olen, 303/497-3257. Drv.
774, NBS, Boulder, CO 80303

The study of chemical kinetics at NBS Chemical
has numerous ns, including and
contralling and monitoring environmental  Thermochemistry
poliution, of interest to industry, energy.
defense, and standards experts. Bureau
scientists have been determining the
kinetics and thermochemustry of industri-
ally important organic molecules,
molecular 1ons, and free radicals. Poly-
cychc aromatic compounds are important
as reactants in coal-conversion processes
and as products in witually all pyrolytic
reactions of organic substances. Facilities
are available at NBS to determine the
elementary rate constants and
mechanisms for reactions which control
the formation and destruction of aromatic
compaunds at elevated temperatures.
These facilities can be used to study
freactions involving polyaromatic: free
radicals in a vanety of physical environ-
ments including high-temperature liquids,
very low-pressure gases, and graphite
surtaces Complementary theoretical
investigatons also are possible, Other
research involves the thermochenstry of
ion-neutral interactions using variable
temperature. high pressure, and 1on
cyclotron resonance spectrometry. In
addition, a new laser laboratory incor-
porating the techmique of multiphoton
ionization mass spectrometry 1s available
for state-of-the-art detection of free
radicals— particularly biradicals Other
chemical dynamics studies can be
carned out using prcosecond spec-
troscopy.

Contact: Stephen E. Stein, A147 Chemmis-
try Bidg., 301/975-2506.

To evaluate the properties of :mportant
biological building blocks such as
proteins and nucleic acids, NBS recently
began biothermodynamics studies to
evaluate existing thermodynamic data.
Biomolecule crystals, which can be pun-
fied and grown at the Bureau, can be
examined by x-ray and neutron diffrac-
tion techniques for single crystals

NBS researchers have developed
quantum chermcal computation tech-
niques to calculate how complex systems
of organic molecules interact with metal
1ons in metalloenzymes. Computing faci-
ties include an IBM 4381, an Evans and
Sutherland color graphics system for
modet building, and the NBS Cyber

Biotechnology
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data and
to determine how they can be tailor-made to carry out specific reac

Surtac
Characterizatiol

e
n

855/205 supercomputer. In addition, the
thermochemistry of enzyme-catalyzed
systems can be studied using a variety of
calonmeters including micro-calorimeters
designed and constructed at NBS.

Contact: Stanley Abramowitz, B348
Chemistry Bldg., 301/975-2586.

Surface characterization is now an
integral part of many technologies and
industries such as catalysis, coatings,
corrosion, semiconductors, computers,
automobiles, and communications. The
Bureau has several surface characteriza-
tion facilities available, including the use
of synchrotran radiation at the NBS
synchrotron ultraviclet radiation facility
(SURF I} and at the Brookhaven National
Synchrotron Light Source. A full comple-
ment of surface spectroscopies are avail-

irene Weber maps the detalfed

of

tions.

able at SURF It and in other NBS
laboratories. These can be used to iden-
tify molecular species and structures on
surfaces. In addition, reaction chambers
are connected to some for investigation
of surface composition and catalytic reac-
tions. New atorn probe field ion micro-
scapes offer high-resolution surface and
depth-profile analysis capabilities. More-
over, spectrometers are available at the
NBS reactor to perform neutron inglastic
scattering and time-of-flight expenments.
Neutron scattering is used to study high-
area catalytic materials under high- ~
pressure reaction conditions. The sensi-
tivity of this technique to hydrogen makes
it particularly attractive for industrial
chemical process studies.

Contact: Cedric Powell, B248 Chemistry
Bldg., 301/975-2533.
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Personal The personal computer has become an
Computer omnipresent element in today's business

Security and scientific environment. However, as
more sensiive and cntical information 1s
processed and stored on such systems
there 1s an increasing need for methods
1o protect that information against
unauthonzed access or modification. The
selection of information secunty
measures, however, should be based on
an analysis of the cost of such measures
and the resulting reduction in losses.
NBS researchers are investigating vanous
technologies that can be empiloyed to
achieve additional control and secunty of
information on personal computer
systems. Their research involves the
dentif analysss, t, and
appiication of these technologies.

While it 1s desirable to have secunty
mechanisms as an integral part of
computer systems, this is not always
passible ar economical because such
mechanisms are often not part of the
ongmal system design. Therefore, NBS
researchers also are examining the tech-
nology avatabie to enhance the secunty
of existing systems. This research
nvolves identifying, analyzing, and
comparing secunty mechanisms used n
1solation or combination.

Contact: Allen L. Hanlkunson, B266 Tech-
nology Bldg., 301/975-3289.

Database Testing To improve the management of informa-
tion resources, NBS researchers are
developing test methods and techniques
to be used in evaluating implementations
of network database language (NDL),
structured query language (SQL), infor-
mation resource dictionary system (IRDS),
and data descnptive file (DDF) for confor-
mance to the emerging federal, natonal,
and i1 standards. f
will attempt to denve a general method-
ology for designing conformance tests, to
use this methodolegy to generate test
suites, and to evaluate the test suites for
effectiveness. A prototype implementation
of the IRDS specifications will be used in
this project. ft may be suitable for such
tasks as modeling the structure of a stan-
dard and for recording what parts of a
standard are tested by speciic tests.

Contact: Alan Goidiine, A266 Technology
Bidg., 301/975-3252.

To help protect data commuricated Public Key
through comprter networks, NBS Cryptographic
researchers are developing protocols for  Protocols
secure key distnbution and secure data

transmission using public key algornthms.

The protocols will protect keys from initial

generation to final distribution to alt

authonzed parties. In designing the

protocols, researchers will give special

attention to preventing substitution of the

keys by unauthonzed parties. The

protocols will also transmit keys and data

within a large computer network with

automated communications capabilities.

And they will be consistent with those

used i the Open Systems Interconnec-

ton Reference Model. The project results

will be the basis for an N8BS publication

on pubtc key cryptographic protocols.

Contact: Miles E. Smid, A216 Tech-
nology Bldg.. 301/875-2938.

In the area of global communications, Global
NBS researchers are attempting to define  Communications
present and future data communication
applications, performance metrics; and
characteristics of satellite channels, public

data networks. and local area networks.

In addition, they will develop simulation

and analytical models to permit perfor-

mance predictions for open systems

protocol end systems and varous

subnetworks. Through vanous simulation
expenments and analytical calculations.

NBS researchers will identify areas

worthy of future :nvestigation wa live
expenments. These live expenments will

be performed to venfy the significant

simutation and analytical results.

Contact: John F. Heafner, B217 Tech-
nology Bldg., 301/975-3618.

NBS 1s pursuing the development of
several graphics standards and 1s
working an related conformance testing
and measurement techniques tor
graphics software. Specifically, Bureau
researchers are testing the implementa-
tion of the graphical kernel system (GKS),
the computer graphics metafile (CGM),
GKS for three dimensions, and the

p hierarchical i
graphics standard (PHIGS) for confor-
mance to the existing and emerging
federal, natonal, and nternational stan-
dards. The researchers are attempung to

Computer
Graphics Testing

31
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SCSI Verification

derive a general methodology for
designing conformance tests, 10 use this
methodology to generate test suites, and
to evaluate the test suites for effective-
ness. In these studies, they are using the
computer graphics laboratory, which
contains vanous computer graphics hard-
ware and computer graphics software
systems designed to support standard
specifications. An existing test suite for
GKS 1s now available with a FORTRAN
interface. Priority is being given to testing
methodologies and test suites for PHIGS,
CGM, and the conversion of FORTRAN
tests for all computer graphics standards
to other languages (C, PASCAL, and
ADA).

Contact: Mark W. Skall, A265 Technology
Bldg., 301/975-3264.

National and international standards
groups are working on standards
designed to reduce software engineering
problems. As part of this effort, the
Bureau has been working on specifica-
tions for documents representation. The
principal specifications are the office
document architecture (ODA) and the
standard generalized markup language
(SGML). NBS researchers are also
striving to adopt a Federal Information
Processing Standard (FIPS) for UNIX-
based operating system environments. In
this project, work is centered in three
major areas: development of the tech-
nical description of the standard;
development of guidance for federal
agencies on implementation of the stan-
dard; and identification of test methods
for testing conformance to the standard.

In addttion, NBS is evaluating
emerging software engineering worksta-
tion technology. specifically the use of
stand-afone and interconnected worksta-
tions for requirements analysis and
design, prototyping, verification, and
testing.

Contact: Allen L. Hankinson, B266 Tech-

nology Bldg., 301/975-3289

Standards development is just the first
step toward compatibility of computer
products. Test and measurement
methods are essential for ensuring that

products and systems meet the increas-
ingly complex standards. At NBS
researchers are sefting up a laboratory in

which procedures for verifying the confor-

mance of computer storage peripherals
1o the Smalt Computer System Interface
(SCSI) standard, X3.131-1986, can be
developed. The laboratory 1s being
equipped with a variety of SCSI diag-
nostic tools and penpherals.

Verification of the conformance of
storage peripherals to the SCS! standard
is difficult because of the wide range of
functionalty, features, and options
included in the standard. This research
will result in a procedure for testing and
verifying the conformance of storage
peripherals to the standard, which can
be published and used by others to test
storage peripherals.

Contact: William E. Burr, A216 Tech-
nology Bldg., 301/975-2914.

The Bureau is designing tools for editing,
compiling, and interpreting computer
communications protocol specifications.
The goal of this research is to advance
the state of the art in the application of
tools to automatically realize executable
implementation of computer communica-
tions protocols which are based upon
and comply with formal specifications of
protocols. As part of this project, Bureau
researchers are developing a syntax-
directed editor for Estelle and, using the
same grammar, devising a portable
compiler for Estetle and the supporting
runtime hbrarnes.

Contact: John F. Heafner, 8217 Tech-
nology Bldg., 301/975-3618.

To enable computer vendors and users
1o test therr computer systems to make
sure they conform to networking stan-
dards, NBS has established a iaboratory
for cenducting local area network
research and development activities. in
this specially designed laboratory,
researchers are studying conformance
testing. performance measurement,
analytic and simulation modeling, integra-
tion testing and network management,
and control of local area networks. Local
area networking technology is necessary

Automated
Protoco! Methods

Local Area
Networking
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for data communication in offices, facto-
nes, and laboratory environments where

As part of an NBS program aimed at
meeting the metrological needs invoived

puter network 1S
are needed. While the

in imp! g signal acquisiion and

requirements of such networks can lead
to unique and expensive communication
solutionss, the use of standards to achieve
product compatibility permits selection of
“ofi-the-shelf* equipment based on
cost/performance consideratons

Contact: John F. Heafner, B217 Tech-
nology Bldg., 301/975-3618.

To protect

systems and

BS is d PNg a compre-
hensive secunty architecture consistent
with the Open Systems Interconnection
(OSI) Reference Model, Cryptographic
functions are bong implemented n
céntain OS layers to provide data
secrecy, data integrily, and peer entity
autheniication. The research will combine
the secunty standards for individual OS!
layers into a unified secunity framework.
As part of this project, Bureau
researchers will define a common inter-
face for cryptographic algorthms and
develop a key management methodology
capable of provding keys to the crypto-
graphic functions of any layer.

Contact: Miles E. Smid, A216 Tech-
nology Bldg., 301/975-2938.

network

0 systems, Bureau researchers
are deveioping theory, methods, and
standards for waveform metrology of
conducted signals. In one area, they are
conducting the theoretical and
expenmental research necessary to
develop standards for determining the

t

of oper.

ating nominally below 10 MHz. Tech-
miques for synthess of precision

and for i of
those waveforms will be developed.
Theoretical studies will be conducted on
Founer analysis, deconvolution tech-
niques, and time-domain analysis.
Expenmental work 1s planned in precision
pulse generation, static and dynamic
testing, and assembly and interpretive
level programming for hardware control.

Contact: Barry A. Bell, 8162 Metrology
Bldg., 301/975-2402

Research in the Bureau's antenna
metrology program results in refiable
techniques and stangards for measunng
key performance parameters of antennas
and components used with satellites,
Earth terminals, radars, and communica-
tions systems. Scientists are now using
near-field scanning to charactenze micro-
wave and midlimeter-wave antennas. The
principal emphasis of this work 1s on
developing spherical scanning to accom-
modate the largest antennas and
adapting near-field scanming to anechoic
chamber environments, to permit greatly
increased use of near-tield scanning in
industry.

Contact: Allen C. Newell, Div. 723.05,
NBS, Boulder, CO 80303, 303/497-3743.

Research 1o improve the metrology used
1o charactenze compound sermicon-
ductors, especially galium arsenide, 1s
under way at NBS. Scientists are
studying the electrical, optical, and phys-
ical properties of gallum arsensde to
better understand and characterize
presenty available device material. They
are using a number of measurement
techniques in this work, including optical

Waveform
Recorder
Standards

Antenna
Measurements

Galflum Arsenide
Studies
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Integrated Clrcuit
Process
Metrology

Silicon
Characterization

absorption, photoluminescence, infrared
and Raman spectroscopy, Hall effect and
resistivity measurements, capacitance-
voltage profiling, deep-level transient
spectroscopy, photoconduciivity and
photocapacitance, infrared imaging. and
x-ray topography and rocking curve anal-
ysis.

Contact: Michael |. Bell, 301/975-2081 or
Richard A. Forman, 301/975-2047, A305
Technology Bldg.

Theoretical and expenmental research on
semiconductor matenals and process
physics at the Bureau is focused on
improving understanding of integrated
circutt fabrication technology and
increasing capability to measure and
characterize fabrication materials and
processes, Utilizing processing equip-
ment and techniques appropriate to VLSI
chip fabrication, NBS scientists conduct
experimental studies on issues related to
state-of-the-art semiconductor processing
in a well-equipped clean-room semicon-
ductor processing laboratory. For
example, researchers are studying ion-
implantation damage, oxidation growth
and interface trap formation, matenals
effects caused by ion etching. thin-film
properties, and plasma and ion-beam
chemistry. Other areas of interest include
submicron {submicrometer) phototithog-
raphy, reactive ion etching, beam
processing, and chemical and physical
vapor deposition.

Contact: Stanley Ruthberg, 301/975-
2082 or Gary P. Carver, 301/975-2091,
A331 Technology Bldg.

NBS conducts research in semiconductor
materials, devices, and integrated circuits
to provide the necessary basis for under-
standing measurement-refated require-
ments in semiconductor technology. As
part of this program, NBS scientists are
employing electrical, optical. and x-ray
methods to study the resistivity, dopant
distribution, and concentration of electri-
cally inactive impunties, such as carbon
and oxygen, in siltcon. They are
developing new or improved techniques
for two- and three-dimensional mapping
of these properties, refining the quantita-
tive aspects of existing methods, and

£

Electrical engineer Robert

Gallawa measures the bandwidth of
multilmode optical fibers as part of an NBS program to de-
vefop measurement methods that can be used in fiber

and fil

fil in the
liity in

developing methods that are nondestruc-
tive. Measurements performed for this
research include four-probe, spreading
resistance, and capacitance-voltage
profiling; Founer transform infrared spec-
troscopy; deep-level transient spec-
troscopy; and x-ray topography.

Contact: Michael |. Bell, 301/975-2081 or
Jeremiah R. Lowney, 301/975-2048, A305
Technology Bldg.

NBS scientists are developing a basic
understanding of magnetic propertes of
matenials and structures to provide a

sound basis for measurement techniques.

Specifically, researchers are studying
precision cryogenic vibrating sample
magnetometers, systems based on
superconducting quantum interference
devices (SQUID's), and laser-based
magneto-optical systems. The primary
emphasis of this new program is in the

systems.

Magnetics
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Devices

field of computer-related magnetics, but
work is also under way on the basic
physics of magnetic materials, such as

ions and electrons in semiconductors for
improved process modeling while
experimental research on the nature and

spin gla . and on the of
very lowdevel magnetc effects. In a
related program in eddy current nondes-
tructive evaluation (NDE), NBS
researchers are developing methods for
mapping the very smalt ac magnetic
fields associated with eddy current test
probes.

Contact: Frederick R. Fickett, 303/497-
3785 or Ronald B. Goldtarb, 303/497-
3650, Div. 724.05, NBS, Boulder, CO
80303.

Advances in digital electrorics for
telecommunications, radar, weapons
testing. fusion research, and data
processing will demand higher measure-
ment speed than is now possible, The
Bureau is now conducting research
amed at exploting superconducting
systems for measurements of extraor-
dinarily high speed, accuracy, and sensi-
tivity. For example, researchers are
studying a series array Josephson
voltage standard, which is an exciting
new approach to simpler, more accurate,
and less expensive voltage calibrations
and uftra-high-speed analog-to-digital
converters and counters, empioying as
active elements, superconducting
quantum interference devices (SQUID's).
Their goal 1s to develop the theoretical
and experimental basis for new designs
and to fabricate and test these remark-
able devices.

Contact: Richard E. Harris, Div. 724.03,
NBS, Boulder, CO 80303, 303/497-3776.

To develop physically sound techniques
for characterizing, analyzing, and
predicting the operation and performance
of semiconductor devices, NBS is

states in
oxdes and at oxide/semiconductor inter-
faces is under way. Bureau scientists are
developing methods for physical and
electrical measurements of device and
material parameters which are cntical for
venfying the accuracy and validity of
device models. In addition, they are
researching the electnical and thermal
properties of power semiconductor

devices.

Contact: David L. Blackburn, B310
Technology Bldg., 301/975-2053.

Integrated circuit test structures devel-
oped by NBS are widely used by the
semiconductor industry and other
government agencies. These specially
designed semiconductor devices can be
used to characterize integrated circuit
fabrication processes, to evaluaie the
effectiveness of semiconductor
processing equipment, to obtain crucial
parameters for device and process
models, and for product acceptance.
NBS work involves test structure design,

modeling, ion, data
acquisition, and data analysis. Bureau
scientists are conducting research on test
structures for random fault detection,
yield analysis, and dynamic circuit
characterization.

Contact: Loren W. Linhoim, B360 Technok-
ogy Bidg.. 301/875-2082.

As pant of an NBS program to develop
theory, methods, and physical standards
for the measurement of electrical quanti-
ties in advanced high-voltage/high-power
systems, Bureau researchers are
developing electro-optical methods for

as proving t
methods for determining critical device
parameters for both VLSl-scale and
power devices. Research in device
modeling includes two-dimensional silicon
MOSFET and GaAs MESFET mode!
development and investigations into the
validity of the physical assumptions typi-
cally employed in sihicon bipolar and
GaAs device models. Theoretical
research is carried out on the transport of

84-098 O - 88 -- 7

g quantites and
phenomena. Finite-element code for elec-
tric field computation and computer-aided
data acquisition and analysis are the
focus of theoretical studies. High-voltage
ac, dc, and impulse measurements; high-
speed cameras; optical multichanne!
analyzers; and lasers and detectors are
addressed in the experimental work.

Contact: Robert E. Hebner, B344
Metrology Bldg., 301/975-2403

Integrated Clreuit
Test Structures

Electro-Optical
Metrology
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AC Voltage NBS is conducting both theoretical and
Standards expenmental research on the synthesis of
preciston ac waveforms for use in ac

tory is equipped with a Raman micro-
scope for examining regions several
micrometers in size, automated digital

vollage standards operating y
below 10 MHz. The theoretical work
mcludes Walsh functions and Fourier
analysis, ime-domarn analysis, and preci-
sion RMS-to-dc conversion techniques.
Experimental work mvolves high-speed,
high-accuracy digital-to-analog conver-
sion; precision, high-speed switching;
assembiy and interpretive level program-
ming for hardware control; and wide-
band, fast-settling amplifiers.

Contact: Barry A. Bell, B162 Metrology
Bldg., 301/975-2402.

Testing New strategies are needed for evaluating
! the petf 1ce of complex i
Systems circuits with the fewest possible tests.

NBS is planning a new program which
will include theoretical studies of
modeling for nontinear systems, optimiza-
tion techniques using matrces, statistical
and random processes, and artificial intel-
ligence. In addition, expenmental work
would address test strategies for compo-
nent and instrument testing:; fault diag-
nosis, function testing, and calibration;
and computer analysis using both
desktop and supercomputers.

Contact: Barry A. Bell, B162 Melrology
Bldg., 301/975-2402.

Raman Scattering Some of the world's most advanced
measurement techniques for the rapid
advancement of electrical and electronic
technology are available at NBS. For
example, a Raman spectroscopy facility
1s used for light scattering studies of
kquids, soids, and gases. Specific
research being dane at the facility
includes chemical and structural analysis
of thin films and 1on-implanted layers,
investigations of impurities and other
defects in semiconductors, studies of the
structural and electrical properties of
semiconductor superlattices and quantum
wells, and development of new quantita-
live spectroscopic methods.

in this laboratory, equipment is avail-
able for studies of the pressure and
temperature dependence of Raman
spectra in the range of 4 to 600 K and
up to approximately 100 kbar using a
diamond-anwvil pressure cell. The labora-

data ition and p ing, variable
wavelength lasers, and multiple-grating
monochromators.

Contact: Michael 1. Bell, A305 Technology
Bldg., 301/975-2081.

NBS scientists are developing measure-  Gaseous
ment for izZng gaseous DI
dielectrics for high-voltage power
systems. In this study, the theoretical
work is expected to address Boltzmann
equilibnum statistics, chemical kinetics
code, and computer-aided data acquisi-
tion and analysis. Experimental work will
tocus on high-voltage ac and dc tests,
gas and mass sp -
eter techniques for chemical character-
ization, and partial discharge

. Much of the B:
work in advanced power metrology 1s
performed in newly completed high-
voltage and high-current laboratories.
These facilities can generate voltage
pulses with peak amplitudes up to
600,000 volts and current pulses with
peak amplitudes up to 100,000 amperes.

Contact: Robent £. Hebner, B344
Metrology Bidg., 301/975-2403.

Physicist Gary Carver

prepares to inspect a silicon water under
anllaowopemthoﬂumu'awnlwnducawp:msclng
laboratory.
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and Bureau are creating ways 1o
Toxlcity measure and characterize the combusti-
Measurement bility of furnishings and building matenals
and the extent combustion products
affect living organisms. Typically NBS
research focuses on assessing the
appropriate apphcations of the NBS
toxicity screening test, evaluating the
extent to which a limited number of
gases determine the lethality of combus-
tion products, and developing a method-
ology for predicting soot and gas
production in full-scale fires from bench-
scale methods. In addition, Bureau
researchers are generating a detaled
model for the burning of upholstered
furniture, devising a measurement meth-
odology 1o predict the propensity of
cigarettes to ignite soft furnishings, and
aiding the use of the cone calorimeter In
engineering and code applications.

Contact: Vytenis Babrauskas, A363
Polymer Bidg., 301/975-6679.

Fire Simutation Over the past decade, NBS researchers
have developed many computer models
of various aspects of fire. Research in
this project is aimed at providing the
expedient transfer of scientifically based
technology from NBS to the professional
user community and creates a link
between the computer-based activity of
the Bureau and others doing simitar or
complementary work. Researchers
develop engineering systems for design
application as well as expert systems,
collect supporting data and programs,
and operate a working and training
laboratory dedicated to computer
modeling and other fire safety computa-
tons.

Contact: Harold E. Nelson, A247 Polymer
Bldg., 301/975-6869.

Hazard Analysis The United States has one of the worst
fire records in the industrialized world.
The Bureau is providing the scientific and
engineenng bases needed by manufac-
turers and the fire protection community
1o reduce both these losses and the cost
of fire protection. One project involves
the development of predictive, analytical
methods wiich permit the quantiative
assessment of hazard and risk from fires.
The Bureau bases these methods on
numerical modeling, but also includes

hand calculation methods for estimating
hazards and production of design
curvesitables to be used by architects
and engineers. To ensure widespread
use, the necessary data must be readily
available, and data input and presenta-
tion must be In terms readily understand-
able by the average professional. Thus,
the projects include a strong emphasis
on state-of-the-art computer graphics and
computer-aided design techniques.

Contact: Richard W. Bukowski, B356
Potymer Bldg., 301/9756879.

Fire Growth and
Extinction

Predicting fire growth requires a
fundamental understanding of elemental
fire processes. Therefore, the Bureau is
attempting to develop predictive methods
to describe the processes of fire growth
and elemental processes of fire growth
and extinction as related to gaseous,
liquid, and solid fuel combustion and the
performance of fire safety systems.
Researchers are probing fire growth
within a single compartment, the spread
of fire to adjoining spaces in muiti-
compartment structures, and the action
of fire suppressants. In addition, they are
examining the overall dynamics of the fire
scenario and related elemental processes
such as igrution, flame spread, pyrolysis,
extinction, and fire-related transport
processes. For these studies, they utihze
mathematical techniques, expenmental
studies, corretations, and simifitude
methods to develop predictions.

Contact: James G. Quintiere, B250
Polymer Bldg., 301/975-6863.

NBS is conducting research to develop a Polymer
science base for the gasification and C i
combustion of natural and synthetic
polymers, particutarly for the more
applied fire research activities. For
example, NBS scientists are working on
the kinetics and heats of combustion for
wood, theoretical modeling of thermal
degradation of polymers, smoldering
research, and detailed degradation
mechanisms of polymers.

Research

Contact: Takashi Kashiwagi, B258
Polymer Bldg., 301/975-6693.

37
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} Fracture and Deformation

Welding The integrity of welded joints is a primary
Research concer in the design and {abrication of

To ensure the safety and refiability of
engineering structures, the Bureau 1s

Fracture
Mechanics

engineering structures. Therefore, NBS is
directing research toward improving the
fracture resistance of weldments and
assessing weld quality by nondestructive
evaluation (NDE) techniques. Specific
goals of the research are to improve the
fracture toughness in the heat-affected
zone of steel weldments and in the weld
metal of ials for low- ire

working to establish a sound technical
basis for codes and standards for struc-
tures. Specifically, researchers plan to
develop a rational basis for material
toughness requirements, allowable stress
levels, minimum service temperatures,
and weld quality standards. NBS capabil-
ities include test equipment with load

[ ities up to 6,000,000 pound-force,

service and to better weld soundness
through increased understanding of the
metal transfer process in arc welding. In
addition, Bureau researchers will develop
electromagnetic acoustic transducers

(EMAT') for ultrasonic inspection of weld-

ments. The research is conducted in the
Bureau's welding and NDE iaboratories
which house equipment for shielded
metal are, gas metal arc, and gas tung-
sten arc welding; radiographic, ultrasonic,
eddy-current, and penetrant techniques
for NDE of weldments; acoustoelastic
techniques for residual stress measure-
ments; and a precision power supply,
high-speed photography, and laser
shadow techniques for metal transfer
studies. Recently, NBS scientists devel-
oped techniques for porosity reduction in
aluminum weldments, spatter reduction in
gas metal arc welding of steels, flaw size
measurements in steel welds using uitra-
sonics, and residual stress measurements
in aluminum weldments.

Contact: Thomas A. Siewert, 303/497-
3523 or A. Van Clark, 303/497-3159, Div.
430, NBS, Boulder, CO 80303.

numerical analysis of cracked structures,
experimental mechanics, and fracto-
graphic techniques. Bureau scientists
evaluate materials performance at cryo-
genic and efevated temperatures, under
static and dynamic Joading, In corrosive
and hydrogen-charging environments,
and with random amplitude loading. They
have recently completed a fitness-for-
service evaluation of steam boilers, a
failure analysis of a refinery pressure
vessel, dynamic crack arrest tests on
structural steels, and a new test method
for measuring the fracture toughness of
weldments.

Contact: Harry |. McHenry, Div. 430,
NBS, Boulder, CO 80303, 303/497-3268.
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Automated
Manutacturing
Systems
Hardware

Precision
Engineering

Automated manufacturing systems
include flexible manufacturing systems
and machine tools into which intefligent
sensors and controls of the production
processes, including the machining itself,
have been embedded. To support such
developments by industry, NBS conducts
several research programs. In manufac-
turing systems, scientists are investigating
generic control systems, full-task
programming, data organization, sensor
organization, system initialization, and the
object-data analogy. In the area of small
displacement measurement, researchers
are developing transducers with 100-kHz
bandwidths for measuring fractional
micro-inch displacements over wide
temperature ranges for the next genera-
tion coordinate measuring machine.

Their efforts in real-time error correction
of machine tools are centered on
extending microprocessor-based tech-
niques for real-time correction of the
kinematic (as well as static) machine
errors and tool wear. They are studying
transient waves in solids by investigating
the origin, propagation, measurement,
and direct-and inverse-prediction of
micro-mechanical waves in acoustic emis-
sion and ultrasonics. Furthermare,
Bureau researchers are focusing their
studies of transducer fields on the fieids
produced in solids by electromechanical
transducers by modeling and measuring
of the fields point-by-point within the
solids.

Contact: Donald S. Blomaquist, B108
Sound Bldg., 301/975-6600.

The precision-engineering industries
create and use precision mechanical
machines for production applications,
such as high-tolerance diamond-turned
optical disks as information storage
media. NBS conducts research in the
design and high-accuracy performance
of several types of next-generation
machines. Bureau scientists are focusing
their studies of thermal modeling of

hine tools and di
machines (CMM's) on thermal distortions
of the geometry of machine locl/CMMs
using exp y ified fint "

analysis. In robot metrology, researchers
are investigating techniques for meas-
uring robot end-effector positioning,
including a spherical-system generaliza-
tion of the extensible ball-bar and a six-
transducer laser-tracking approach. In
lhe area of absoluts air refrachvuty

are d
refractometer based on a heterodyne
tracking relative to a stabilized two-
frequency laser. Research on advanced
coordinate measuring machines is aimed
at devising a sub-0.1 nanometer
accuracy coordinate measuring machine
based on precision mechanical design,
high-resolution interferometry, and elec-
tron probe techniques.

Contact: Robert J. Hocken, A109 Metrol-
ogy Bldg., 301/975-3464.

For those industries which create and

Automated

use computer-controlled mar

systems, software systems are the cnncal
element. NBS provides research for soft-
ware in automated manufacturing
systems in several areas. In automated
process planning, researchers are inves-
tigating data structures for automated
process planning, distributed system
architectures, machinable-feature identifi-
cation, and expert systems/machine-
learning for manufacturing systems.
Researchers are also studying architec-
tures, algorithms, and techniques for real-
time adaptive control, scheduling, and
optimization of cell- and workstation-level
operations for FMS cell and workstation
control systems. In addition, for manufac-
turing systems architectures, they are
devising functional models of manufac-
turing organizations to standard system
architectures.

Contact: Howard M. Bloom, A127 Metrok
ogy Bldg., 301/975-3509.

Systems
Software
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Robotics

The industries which create and apply
robotics systems, 1.e., inteligent machines
which can autonomously operate on the
physical environment, range from the
makers of industrial robots to the
producers of machine vision and other
advanced sensory systems. NBS is
conducting research on the design of
generically applicable control systems for
such devices. One project involves image
processing architectures. Here,
researchers are investigating methods for
machine-processing of complex sensory
input data employing low-fevet image
processing systems such as PIPE inter-
faced to high-level symbol-manipulating
computer algorithms. Another study
concerns world modeling, in which
research focuses on methods of
constructing computationally efficient
world-model representations of three-
dimensienat object descriptions and
geometry of visual images to support, for
example, spatial reasoning and predic-
tions of dynamic properties of objects.

In addition, Bureau scientists are
studying arificial intelligence for robots
by developing techniques to bridge the
gap between high-level intelligent plan-
ning, decisior-making, optimization and
goal selection, and Jow-level servo
control. In the area of off-fine program.
ming, they are studying group tech-
nology, interactive graphics, and
object-oriented programming as tech-
niques to overcome the limitations of
explicit programming required for robot
control.

Contact: James S. Albus, B124 Metrol-
ogy Bldg., 301/975-3418.

In many industrial operations, the wear of Wear of Metals

machine components and materials is
one of the principal processes that limits
the service life of equipment. At NBS an
extensive research program an the
effects of wear and erosion on materials
is under way to investigate many of these
industrial problems. NBS scientists are
studying a wide variety of wear modes,
including adhesive wear, abrasive wear,
erosion, galing wear, and lubricated
wear, One area of emphasis concerns
the effects of matenals parameters such
as toughness, hardness, ductility, work-
hardening characteristics, alloy composi-
tion, and microstructure,

As part of this program, NBS scientists
are also working with industrial
researchers to study the galling wear of
alloys used in valves and sliding seals. In
this research, scientists are using such
characterization techniques as scanning
and transmission electron microscopy
and various surface analytical methods.
Research has shown that high-resolution
micrascopy can frequently be used to
identfy the causes of wear, for example,
through examination of wear debris
particles. NBS has many instruments for
conducting wear and erosion experi-
ments under controlted conditions and
researchers incorporate standard test
methods and equipment where
appropriate.

Contact: A. Wiliam Ruff, 8106 Materials
Bldg., 301/975-6010.

The use of artificial joints and fracture

fixation devices has increased at a rapid Metals

sate in recent years. This is due largely to
the impressive success of early designs
such as the artificial hip joint that used
available stainless steel and polyethylene
materials. However, as newer types of
implants are used for longer times in
patients, it has become clear that
improved materials are needed for
stronger, lighter, more compatible
implants. Bureau scientists are studying
the mechanical properties and environ-
mental reactions of metals with strong
potential for use as implants. They are
placing particular emphasis on fatigue
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life, wear, fretting, processing methods,
and surface reactions that occur when
the materials are placed in the body. In
addttion, NBS 1s characterizing the
biocompatibility of these materials by
observing ceflular growth on metallic
surfaces and by studying metalforganic
reactions. For this project, NBS
researchers are working with several
manufacturers in the artificial implant
industry to exarmine the properties and
of relevant The
equipment avadable for this research
includes mechanical testing machines,
friction and wear testers, scanning and
ission electron mi es, and
electrochemical apparatus.

Contact: Anna C. Fraker, B128 Materials
Bldg., 301/975-6009.

The success of many technically
advanced materials, such as composite
ials, electr i i

g 9
tapes and disks, and integrated circuits,
depends on their mechanical perfor-
mance. These materials have refined,

than to use hardness numbers. From an
industnal viewpoint, the technique aids
development of new matenals, studies of
thermal and mechamical processing
effects, and nondestructive examinations
of fracture resistance.

Contact: Robert S. Polvani, B112
Matenials Bidg., 301/975-6003.

Corrosion 1s a major imiting factor in the
service life and cost of many products,
plants, and equipment. The costs of
metallic corrosion to the U.S. economy
are estmated to be $167 billion in 1985
dollars, $25 bilion of which could be
saved by using existing technology. The
National Association of Corrosion
Engineers (NACE) and NBS have joined
together in a collaborative NACE/NBS
Corrosion Data Program to reduce these
enormous costs of corresion. The central
focus of the Corrosion Data Program is
to establish an evaluated corrosion data-
base that researchers can access easily
by computer to obtain data in a number
of possible graphical or tabular formats.

complex, and | geneous

The are ) evalua-

tures, but problems arnise when they
behave as systems and reflect the overall
mechanical contributions of components
a micrometer or less in size. Generally,
hardness numbers from the indentation
resistances of pointed tools are used to

ical
However, NBS researchers are develop-
ing a new and significantly better solu-
tion, which is derived from the hardness
testing practice. We have expanded this
technique with the NBS dynamic microin-
dentation instrument, an apparatus that
can be used to determine mechanical
performance within sample volumes of
less than a micrometer on a side.

Three important innovations have
resulted from this project. Two have been
completed: indentations can now be
described by continuous measurements
of applied Joadings and penetration
depths, and indentations can be made
using loading times ranging from hours
down to milliseconds. The Bureau's goal,
at present, is to obtain conventional
uniaxial tensde properties (Young's
Modulus, yield stress, and strain) rather

tion methodologies and a prototype data-
base for areas covering thermodynamic
and kinetic corrosion data. NBS scientists
are emphasiang interactions with industry
both to help set prionties for data
projects and as a source of corrosion
data for the database.

Contact: Gilbert M. Ugiansky, B254
Materials Bldg., 301/975-6022.

Corrosion has been recognized as one of
the major causes of degradation of all
kinds of metallic structures, with financial
costs well in the billion-dollar range.
Since corrosion reactions are of elec-
ical nature, i

ts can give nfor-
mation about the chemical processes
causing the corrosion and the rate of
corrosion as well as its forms, whether
uniform or localized corrosion. These

its involve the inati

Cormrosion Data
Program

Corrosion
Measurements

41
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of current and potential and ther varia-
tions with uime; the frequency spectrum
of the ac impedance of corroding elec-
trodes; and the detection and analysis of
the random fluctuations of electrical
parameters.

Electrochemical methods for measuring
corrosion rates offer the possibiity of
following the course of the process in a
nondestructive way and assessing the
effect of vanious environmental vanables.
Other electrochemical techniques can
shed light on the kinetics of the corrosion
reactions and on the critical factors which
may contiibute etther to catastrophic
tailures or corrosion prevention. For
example, Bureau researchers are now
using these methods to investigate the

The rapid solidification of alloys can
produce new types of ials unob-

Rapid

tainable by conventional means. Because
of their special properties, rapidly solidi-
fied alloys are being widely investigated
and are beginning to be introduced mto
commercial devices. Equipment is avail-
able at the Bureau to study alloys
produced by each of the three major
kinds of rapid solidification techniques:
atomization techniques in which fine
liquid droplets are formed and rapidly
frozen to produce alloy powder; nbbon
techniques in which a very thin quid
stream or nibbon is rapidly solidified; and
rapid surface-melting and refreezing tech-
niques in which a directed energy
source, such as an electron beam, is

with stress corrosion cracking of brass
and copper in ammonia solutions and to
examine film breakdown and pit intiation
on passive metals.

Contact: Ugo Bertocci, B254 Materials
Bldg., 301/975-6017.

NBS researchers are using special facili-
ties to develop advanced measurement
methods and standards in support of
emerging process control sensors and
their ag to gent p 19
of matertals. Measurement methods avail-
able include ultrasound, eddy currents,
and acoustic emission. In particular,
noncontact ultrasonic facilities have been
designed featuring high-intensity pulsed
fasers, electromagnetic acoustic trans-
ducers, and laser interferometers,
Coupled with state-of-the-art materials-
processing equipment and expertise,
these facilities offer a unique opportunity
to ascertain feasibility and develop proto-
type specifications for a wide spectrum of
sensor needs including the measurement
of internal temperature, phase transfor-
mations, surface-modified layers, porosity,
grain size, and inclusion/segregate distri-
butions,

Contact: Haydn N.G. Wadley, A167
Materials Bldg., 301/875-6140.

across a surface. The emphasis
in the NBS work is on measurement and
predictive modeling ot the rapid solidifica-
tion processes. Researchers are studying
crystalline, metallic ~ ass, and the new
quasicrystal alloys recently discovered at
NBS. Efforts are under way to apply
advanced sensors to an inert gas atomi-
zation system to allow feedback and
control of this process. Because
processing conditions influence alfoy
homogeneity, microstructure, extended
solid solubility, and the production of new
afloy phases, control of these features is
critical for producing special properties in
these new materials.

Contact: John R. Manning, A153
Materials Bidg.. 301/9756157.

The corrosion of metals in natural and
man-made environments I1s very costly to
industry and government. For several
years, Bureau researchers have been
involved in developing methods for
measuring the corrosion of metals in field
conditions such as steel piling in soil and
seawater, electric utility lines in soil, and
most recently, steel in concrete. To
measure the corrosion of reinforcing steel
in concrete bridge decks, NBS scientists
have developed a small, portable
computer system. With this system. scien-
tists apply electrochemical techniques
normally limited to the laboratory to
measure the corrosion. This new
approach, which allows faster, more
corrosion . can
be used to evaluate the effectiveness of
protection systems in piace. The system

Field Corroslon
of Metals
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Neutron Scattering

and Diffraction

has been applied to several bndges n
Maryland and will soon be used on
bndges in Virgima.

Contact: Edward Escalante, B254
Materials Bldg., 301/975-6014.

Steel Slag The U.S. steel industry needs ther-
Thermochemistry mochemical databases and models for
the design of new or improved steel-
making processes. To design such
processes, NBS iniiated programs in
three areas. Bureau researchers are
measurning refractory and stag ther-
mochemical equilibria. evaluating the
scattered Iterature data, and

Precise information on the crystal struc-
ture {arrangement of atoms and
molecules) in solids is often a key to
understanding or improving the proper-
ties of modern matenals or creating new
anes. Many important matenals, e.g..
ceramics, catalysts, and rapidly solidified
alloys, often can be obtaned only in
powdered form. State-of-the-ant capabsli-
ties are In place at the Bureau for meas-
unng and analyzing the magnetic struc-
ture of polycrystaline matenals by
neutron diffraction. The facihves available
for diftracton expenments for both
powders and crystals include a four-circle
diffractometer and a multidetector,

computer models relating expenmenxal
data to industnal conditions. NBS has

unique experimental facilities for meas-
unng key phase equikbria and kinetics.

high: i 1 powder diffr as
well as instruments which allow measure-
ments 10 a single-crystal or energy-
dispersive mode.

NBS researchers continue 1o develop
improved methods for accurate structure

Contact: John W. Haste, A329 M I
Bldg., 301975-5754.

allaylm(l to r.) Dan
S)nchmn,hmdhnﬂmhoihdmology Blancaniefio,
NBS; Denis Gratias, National Science Ressarch Center, France;
John Cahn, NBS; Leonid Bendersky, Johns Hopkins University;
and Robert Schaefer, NBS. The discovery at NBS of quasi-
crystal in & 100-yoar-old

and the ofg

of may
mnpowbnmmmmmmmduaydmm
properties.

t and for 1t ot
internal stresses In matenials. Currently, a
number of industrial scientists are
collaborating with NBS staff in neutron
diffraction studies of morganic catalysts,
new kinds of omic conductors for small
batteries and fuel cells, improved

for mi at suby and
engine components, and high-
performance hghtweight afloys for
advanced arcraft. NBS scientists are also
working to determing how residual stress
and texture in bulk metals and ceramics
affect their application In high-technology
products.

Contact: Edward Prince, 301/975-6230
or Antoruo Santoro, 301/975-6232, A106
Reactor Bldg.

The wibrational dynamics and diffusion of
hydrogen in metals and

Neutron
Diffraction

Neutron

species in heterogeneous catalysts are
studied at the Bureau with inelastc and
quasielastic neutron scattering and
neutron diffraction. The results of this
research reveal the bonding states and
atomic scale interactons and diffusion
paths 1n such maternals. Recent progress
has aflowed in-situ spectroscopic stuoies
of hydrogen and molecular species down
to 0.1 of an atomic percent. These meas
urements can prowde direct information,
for example, on the molecular processes
that affect reaction and selective release
of chemicals in industnal catalysts and on
the local trapping and clusterng of
hydsogen in metals and semconductors,
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Nondestructive
Evaluation

Small-Angle
Neutron
Scattering

which cause embnittiement of corrosion
or changes electronic properues, NBS
scientists are working with researchers
from several industrial faboratories to
study zeoliie catalysts. For this research,
the equipment availabie ncludes thres-
axis neutron crystal spectrometers and
ume-of-flight spectrometers for nelastc
scatlering along with neutron diffractom-
eters, which measure structural and
dynamic processes in the time regime
from 10" to 10 s. Controlled temper-
alure devices are available from 0.3 to
1300 K.

Contact: John M. Rowe, 301/975-6229
o John J. Rush, 301/975-6231, A106
Reactor Bldg.

Small-angle neutron scattering (SANS) is
used to characterize submicron structural
and magnetic properties of materials in
the size regime from 1 to 100 nm, The
SANS ditfraction patterns produced by
Structural features in this size regime—for
example, by small precipitates or cavities
in metaj alloys, by mucropares or cracks
in ceramics, by colloidal suspensions and
microemulsions, or by polymers and
biological macromotecules—can be
analyzed to give information on the size
and shape of the scattering centers as
well as therr size distribution, surface
area, and number density. This detailed
microstructure information 1s often a key
to the prediction or understanding of the
performance or failure modes of struc-
tural i i
conditions.

A number of scientists from the chem-
ical, communications, advanced
materials, and aerospace industries are
already engaged in SANS research at
NBS. Their measurements are carned out
with long wavelength neutrons on the 8-
m-long NBS SANS spectrometer which
utilizes a 65 by 65 cm posttion-sensitive
detector to record data over the entire
small-angle region simultaneously,
Computer-automated apparatus is avail-
able for maintaining samples at tempera-
tures from 4 to 700 K and in magnetic
fields up to 20 kitogauss. To extract
structural information from the data, the
researchers analyze SANS patterns with
an interactive color graphics system and
related programs.

and P ls]

Contact: Charles J. Glinka, 301/975.
6242 or James A. Gotaas, 301/975-6243,
A106 Reactor Bldg.

Rapidly solidified metat powders provide
a basis for alloys which exhibit, after
consoldation, high strength-to-weight
fatios, improved fracture toughness and
faugue resistance, unque magrnetc
properves, and high corrosion resistance
Because neither real-time automated
process control techniques for producing
rapdly sohdified metal powders nor tech-
niques for real-ime process contro! of
matertais exist, NBS recently initated a
model research praject which brings
together special capabilities that already
exist at NBS. Using a pilot faciity for
studying the automated production of
rapidly solidited metal powders, NBS
researchers will develop process models,
sensors, and adaptive control techriques
for producing rapidly solidified metal
powders. Two general categories of
$ensors are involved: one which
measures processing parameters, such
as temperatures, pressures, and flow
rates; and the other includes nondestruc-
tve evaluation sensars which measure or
monitor non-intrusively important proper-
ties or characterisics of the moiten,
solidifying, or sold metal powders while
they are being produced.

Bureau scientists are designing a new,
inert gas atomization system, and they
are conducting basic research in solidifi-
cation science to relate the microstruc-
tures formed duning solidification to the
processing conditions and to the subse-
quent propertes. Research at the
completed facilty 1s amed at combining
the process models and the real-time
sensors with expert computer systems for
adaptive control.

Nondestructive
Evaluation tor
Metal Powder
Production

Contact: H. Thomas Yolken, B344
Materials Bldg., 301/975-5727.

The eddy-current method of nondestruc-
tive evaluation (NDE) 1s capable of
detecting extremely minute cracks, pits,
and other discontinuities in surfaces and
near-surface regions of metals, alloys,
and other electrically conductive
materials. In addition, it can be used to
charactenze near-surface properties of
thin coatings, fitms, and bulk matenals.
However, to characterize such flaws or
properties reliably and reproducibly,
eddy-current NDE must be made into a
Quantitative measurement system. There-
fore, the goal of an on-going NBS project

Eddy-Current
Nondestructive
Evaluation
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s to develop measurement methods, call-
braton procedures, and standards

Fiber-reinforced composiles offer major
advantages,

Composites

needed for q
testing. Experimental mvmugauons n
several NBS groups are linked with theo-
retical studies at Stanford University and
other related NBS research.

Studies on eddy-current calibration
standards, based on electrical-discharge
machined notches, have shown that such
arifacts must be used with caution.
Therefore, comparnisons of theory and
expenment were recently extended to
low-conductvity materials and to real
fabigue cracks in order to smulate real
test situations more accurately. Resuits
show that magnetic field mapping of
eddy-current probes enhances capabili-
ties for charactenzing flaws via eddy-
current measurements. In addivon, held
mapping can detect differences in
probes of apparently i1dentical construc-
tion. Furthermore, fietd profiles of fernte
core probes, which are difficult to calcu-
fate, can now be measured directly.
Bureau scientists nave oeveioped a new
calibration method for uniform field
probes and demonstrated an eddy-
current techruque for monitoring fatigue
crack growth. Future studies will also
address reflection probes.

Contact: H. Thomas Yolken, B344
Materials Bldg., 301/975-5727.

Using
Ridder produces rapidly solkiified alioy powders.

g combined with high strenglh
and stifiness at low weight. Continuation
of the current growth in the production of
these materals, however, 1s hindered by
a need for more rapid and reliable
processing. For this reason, the NBS
program is aimed at developing new
measurement tools to study the reactions
assoctated with processing and the use
of these methods to understand the rela-
tonships among processing parameters,
the microstructure of the fabricated
matersals, and therr performance proper-
ties. Such scientfic understanding will
facilitate both advances in processing
methods and implementation of onine
control and automation. The development
of this understanding requires
researchers to monitor the materials
during the cunng process to observe
simultaneously chemustry, morphology
development, flow, molecular network
formation, build-up of residual stresses,
nleriaciai effects, and wetbng and
spreading.

The NBS program currently has 10
different spectroscopic, dielectnc,
thermal, and mechanical techmques
avalable for cure monitorng and others
under development. This diversity of tools
provigdes a unique capability both for
evaluating and calibrating new measure-
ment methods and for analyzing moder
thermoset systems. For exampie, through
cooperative projects with NBS, several
industries have selected and developed
monitoring methods for thewr particular
problems.

Contact: Donald L. Hunston, A207
Potymer Bidg., 301/975-6838.

Knowledge of the relattonshups between
properties of and

Polymer

polymer structure is important to tne
design and processing of materials for
optmal pertormance. Therefore, the
Bureau 1s studying semicrystathine
polymers, polymer glasses, etastomers,
molecular composites, and fibers to
develop improved madels of mechanical
behavior, charactenze structure from the
atomic to fine texture level, and elucidate
relationships between mecharical perfor-
mance and structure.

A wide variety of techniques I1s used at
the Bureau to characterize the structure
of polymers in the solid state. Nuclear

45
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Dental and
Medical Materials

magnetic resonance Spectroscopy s
utiized to determine molecular orienta-
tion, molecular dynamics, and microstruc-
ture on the 1- to 10-nm scale.
Microstructural information is deduced
from C-13 lineshapes obtamned with
magic angle spinning or by proton “spin
diffusion” expenments in which doman-
size information s inferred from the rates
at which proion magnetization diffuses in
the presence of magnetization gradients.
Fourner transform infrared spectroscopy 15
applied to determinations of molecutar
architecture, orentation, and molecular
processes, such as measurement of the
amount of chain scission associated with
mechanical deformation of polymers.
Optical and electron microscopic studies
of polymers elutidate microstructural
features, ncluding spherulytic morpholo-
gies, lamellar texture, fiber structures,
and crystalizabon habits. To examine the
relationships between mechanical perfor-
mance of polymers and fine structures,
NBS scientists are invesugating the
marphological changes that polymers
undergo when they are deformed. Wide-
and small-angle x-ray diffraction tech-
niques, which include the use of position
sensitive detectors, are also employed in
these investigations.

Contact: Bruno M. Fanconi, A305
Polymer Bldg., 301/975-6770.

Modern dental and medical matenals
utilze numerous substances in an array
of ¢ 1s. NBS has a compl -
sive program that 1s aimed at increasing
basic understanding of the causes for
failure or poor performance of these
materials, proposing and testing new
material systems, and transferring the
resultant science and technology to
industry. The program has the active
participation of researchers from the
Amencan Dental Association, the
National Institutes of Dental Research,
dental industries, and universiies,

Researchers are worling in a number
of areas. For example, In a tnbology
study, scientists are examining wear and
degradation of matenals n various

s, and 1n a b

project, they are making new monomers
for adhesion 1o tissues. In addition,
improved resins are being synthesized to
produce polymers that have improved
properties such as wear resistance,

higher strength, resistance to oral fluids,
or x-ray opaciy.

In an effort to improve the strength of
dentat systems, different combinations of
matenals are being designed and tested.
They include ceramic-metal. resin matrix
composites, metal-cement, cement-tooth,
and composite-adhesive-iooth materals.
To improve the systems, Weibull
statstcat analysis 1s employed to dentify
the weakest inks. Finte element analysis
can be applied to define stress states
within systems.

In the area of precision metal casting
processes, researchers are using stran
gauges to monitor changes in dimen-
sions of (nvestment patterns at pattern
sites. A unique casting monitor has been
designed that could also be used for
rapidly solidified afloys.

Contact: John A. Tesk, A143 Polymer
Bldg.. 301/975.6801.

NBS is conducting a number of studies
on the electncal properties of polymers,
The research is focused on dielectne
measurements, fundamentals and apph-
catons of piezoelectric and pyroelectnc
polymers, measurement of space charge
distribution within polymer films, and ionic
conduttion in solid polymers. In the area
of dielectric measurements, Bureau scien-
tists have developed instrumentation and
data analysts which can measure the
dielectnc constant and loss of polymer
fiims over a frequency range of 10 to
10%Hz in less than 30 minutes, This
makes it feasible to follow changes in the
dielectric spectrum as a function of time,
processing conditions, or other
parameters.

The toughness. fiexibility, low dielectric
constant, and an acoustic impedance
close to water make piezoelectric
polymers ideal for many transducer appli-
cations. NBS staff have considerable
expenence with the fundamental proper-
bes of polymers such as polyvinylidene
fluoride and its copolymers and can work
with industry to develop transducers for
novel af NS Or assist in s}
the properties of new piezoelectnic
polymers or composites.

Bureau scientists have designed
mstrumentation and data analysis to
measure the charge or polarization distri-
bution across the thickness of polymer

Electrical
Properties
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film by analyzing the transient charge
response following a pulse of energy on
one surface of the film. This techmigue
has been used to detect the presence of
nonruniform electric fields in the poling of
piezoetectnic polymers and is currently
being used to investigate the role of
space charge in the dielectnic breakdown
of polymer insulation.

fonic conduction in polymers has
potential apphcation in polymenc electro-
fytes for high-energy density battenies.
The dissolution of salts in polymers and
therr effect on ioric conduction as well as
other polymer properties are being
stucdied by a vanety of techniques
including thermal analysis, x-ray diffrac-
tion, optical microscapy, and impedance
spectroscopy

Contact: George T. Davis. B320
Polymer Bldg., 301/975-6725.

Thermosets are used extensively in
numerous practcal appiicatons, espe-
cially polymer-based composites.
However, knowledge of the basic struc-
tural entity of the thermosets, te., their
molecular network struciure, 1s very
limited. Therefore, Bureau researchers
have developed a neutron scattering
technique that can be used to guantita-
tively determine such characteristics of
the network as the average distance
between crosslinks, the ngidity of the
network, the molecutar werght distribution
between crosslinks, and the topological
heterogeneity of the network structure.
Current NBS research focuses on
developing corretations among chemical
compositions, processing conditions, and
resuiting network structure for epoxy-type
polymers. To establish processing-
structure-property relations, these
materials are then evaluated to determine
performance properties such as fracture
behavior. The neutron scattenng tech-
nique is alse being used to study how
the molecular network deforms when the
matenal is placed under load. These
studies can directly beneft industnes by
providing guidelines for designing and

) for pertor-

mance.

Contact: Wenh Wu, A209 Potymer
Bidg., 301/975-6839,

- . §
Takahiro Sato, a guest scientist from Osaka University, Japan,
uses the fump g que to
record the phase

Small-angle x-ray scattenng (SAXS) can  Smalk-Angle

be used to characterize structural
elements of polymers, ceramics, and
metals in the 1- to 100-nm size range.
The Bureau has successfully used this
technique to study phase separation,
crystatite morphology. molecular dimen-
sions, void formation, pore charac-
teristics, and many others. A state-of-the-
ant, 10-meter SAXS facility has been
constructed at NBS for such studies, and
it is available for cooperative research.
This SAXS facilty uses a 12-kW rotating
anode source, pinhole collimaton, and a
two-dimensional position-sensitive
detector to provide high resolution and
simultaneous recording of all scattering
data over the entire small-angle region. In
additon, a computer-assisted interactive
data reduction and analysis program is
available with color graphics display for
the two-dimensional image. Structural
and dimensional information can be
extracted using various available modet
analysis and curvefitting procedures.

X-Ray Scattering

Contact: Charles C. Han, B208 Polymer
Bidg., 301/9756772.
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Product Standards

Polymer Blends

Fiuorescence

Blending polymers has become an effec-
five method for producing high-
performance engineering polymers, The
fundamental data required to design a
manufacturing process include the
equiibnum phase diagram, the energetic
interactton parameter (compatibifity)
between the blend components, diffusion
coefficients, and the interfacial tension. At
NBS small-angle neutron scattering has
been used to measure the interaction
parameter and phase diagram of
polymer blends NBS scientists have
developed forced Rayleigh scattering and
temperature-jump Lght scattenng tech-

Aques o measure polymer-polymer diffu-

sion and other parameters which control
phase separation kinetics and
morphology.

Currently, Bureau researchers are
tesing various kinetic theories of phase
separation and late-stage coarsening and
studying the control of morphology and
mechanical properties of microphase-
separated polymer blends. As part of this
program, they are working with industry
{0 study the homogenization and phase
coarsening of rubber blends.

Contact: Charles C. Han, B208 Polymer
Bldg., 301/9756772.

Bureau researchers are evaluating
fluorescence py, which I1s used

to charactenze the structural and dynam-
ical properties of polymer molecules. For
example, fluorescence quenching is
employed to monitor the umiformity of
mixing in polymer blends and i particle-
filled polymer melts. In addition, excimer
fluorescence 1s utiized to monitor the
cure of thermosetting resins, while
fluorescence anisotropy 15 used to
monior the non-Newtonian flow of
polymer solutions and melts. At NBS, the
measurements are carried out with a
spectrofluonmeter and a nanosecond
spectrofluonmeter. In combination with
optical fibers, which are used to get the
exciting light into the intenor of a
composite part, the fluorescence tech-
niques are attractive for process
monitoring of composites.

Contact: Francis W. Wang, B320
Polymer Bldg., 301/975-6725.

To help fulfill the needs of laboratones,
indusiry, governmental regutatory agen-
cies, purchasing authonbes, and
consumers for reliable laboratory testing,
NBS operates the National Voluntary
Laboratory Accreditation Program
(NVLAP) NVLAP is a voluntary system
for assessing and evaluating testing
laboratories and accrediting those found
competent to perform specific test
methods or types of tests on products
and matenals. Through this program,
laboratonies are accredited for testing a
vanely of producis, including telecommu-
nications equipment, thermal insulation,
and radiation dosimeters.

To estabhish a laboratory accreditation
program, NBS works closely with the
appropriate ndustry to develop the tech-
nical requirements and documentation
needed for the accreditation process. For
example. NBS sponsors public work-
shops to obtan technical guidance from
experts in related industry, government,
and standards-developing organizations.
NBS also works with industry to design
proficiency testing requirements,
including selection of test methods for
which proficiency testing ts necessary
and appropnate, the frequency of profi-
clency testing “rounds,” and the artifacts
to be tested

Laboratories interested n recewing
accreditation are sent a LAP-specific
handbook that contains the genenc
admunistrative and operational require-
ments for accreditation as well as the
specific technical requirements for
accreditation and a set of critical
elements which defines those aspects of
each test method that an assessor must
consider 1n determining the laboratory's
competence. In addition, the taboratory
receives application forms and instruc-
tions for providing essential information
on taboratory ownership, management,
key personnel, scope and operation, test
method selection, instrumentation and
faciiies, and other relevant information,

Contact: Harvey W. Berger. A531
Admirustration Bldg., 301/975-4017.

Laboratory
Accreditation
Program
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The N8BS research program is

Research

amed at developing advanced particle
accelerators for applications 1n nuclear
physics, free electron lasers, inertial
confinement fusion, and dosimetry. The
major focus of this NBS program at
present 1s to estabhish the feasibibty and
provide the technology needed for cw
accelerators by designing, constructing,
and evaluating the performance of a 200-
MeV continuous-beam racetrack fmicro-
tron (RTM) using a room temperature i
acceleratng section. In addiion, NBS
scientists are attempting to modify this
racetrack microtron for use as a free-
electron laser dnver.

To improve ndustnal applications of
pariicle accelerators, NBS scientists are
interested in working with industry
researchers 10 evaluate performance and
opumize the RTM design, to design and
develop hugh peak current and high
brightness injectors, and design and
develop free-electron lasers using the

M a5 & dnvor
RTM as a dnver.

Contact: Samuel Penner, 8119 Radiation
Physics Bldg., 301/975-5601.

Autoxidation/ The kinetc and mechamistic aspects of
Antioxidants autoxidation in foods, organic materials

systems, and other biochemical systems;
the design of appropriate antioxidants for
the prevention of the deletenious effects
of oxygen; and the extension of the life-
time of chemical and biochemical
systems are important to many food,
drug, and medical industries. Wide-
ranging NBS research involves investiga-
tions in these general areas: the free
radical chemistry of organic systems and
biochemicals susceptible to autoxidation
and free-radical mechanisms and reac-
tion rates of antoxidants, particularly in
the case of key components of foodstuffs
and other life-supporting substances.
Scientists are studying the effects of
parameters such as oxygen pressure,
temperature, additives, and concentra-
tions on the optimization of these

p and the de» it of
products less sensitive to oxidation.

NBS researchers are seeking industrial
collaboration n the analysis of short- and
long-term intermediate species in pulse-
iraciated oxygenated organic and
aqueous solutions; derivation of kinetic
data and unraveling of auto- and
radiatio fated oxidaton

and design of new antroxidants as
protective agents agamnst food spotage.
carcinogenesis, atherosclerosis, and
nitrosamine formation in foods. Kinetic
and analytical chemical technologies,
such as GC/MS, HPLC, spectroscopy.
chromatography, electrophoresis, and
ESR spectroscopy; hugh-ntensity gamma-
ray sources, pulsed- and continuous-
beam electron accelerators; and various
organic-chemical analytical equipment
are avallable.

Contact: Michae! G, Simc, C206 Radia-
won Physics Bidg.. 301/975-5558.

Imaging by use of penetrating radiation 15 Industrial

one of the most powerful investigative
techriques avatable to industry for mamn-
taining or improving the quality of
products. Designers are now aware of
this and are creating components which
faciktate such nondestructive testing.
Research 1s under way at NBS that will
allow better quantification of the raaio-
graphic images. Particularly refevant to
image evaluation are computer-based
systems that permit pseudo three-
dmensional images and the implementa-
tion of image processing on these or
tradittonal smages in real time or near reat
ume.

This research focuses on @ number of
areas, including image processing for
improved imaging of low-contrast or
noisy 1mages; adoption of tomographic
equipment to industrial needs and meas-
urement of the performance charac-
tenstics of such systems; and
development of reliable techniques for
image storage and retneval. For these
projects, avaifable equipment includes x-
ray sources, low-energy electron acceler-
ators, and gamma-ray sources as well as
state-of-the-art radiologic imagsng
devices.

Contact: Robert C. Placious, C215
Radiation Physics Bldg., 301/975-5579.

The use of iradiation as a food preserva-
tion techrique has made research into
the chemistry of food processing by
onizing radiahons, such as gamma rays
and high-energy electrons, important to
food industries. NBS is addressing these
concerns by studying chemical changes
induced by wradiation processing of food
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Neutron Fluence
Measurement and
Neutron Physics

componenis including proteins, fats,
sugars, and vitamins. In one project,
researchers are selecting radiolytic
products which could be used by food
processors as indicators o determine
whether foods have been iradiated.
Other investgations compare thermal and
trradiation food processing chemistry and
the effect of irradiation processing
parameters, such as dose rate and
temperature, on food chemistry and
quality. Researchers work closely with the
Food and Drug Adminisiration and the
United States Department of Agncutture
to obtain up-to-date information about
regulatory and safety requirements for
foods and food processing and
associated quality control measurements.

Specific areas in which cooperative
research 1s encouraged include kinetic
and steady-state analyses of radiolytic
products in food components, compar-
ison of energy absorption mechanisms in
foods, design of post-irradiation quantita-
tive and qualitative analyses of various
foods and therr components, and
development of food component Stan-
dard Reference Matenals. Sophisticated
analytical techniques such as GC/MS,
HPLC, spectroscopy, chromatography.,
electrophoresis, and ESR spectroscopy
as well as high-intensity gamma-ray
sources, pulsed- and continuous-beam
electron accelerators, and various
organic-chemical analytical equipment
are avallable.

Contact: Mchael G. Simic, C206 Radia-
ton Physics Bldg . 301/975-5558.

NBS researchers are studying industrnial
applications of neutron fluence and dose
determination In the neutron energy
region from thermal to 20 MeV. They are
concentrating on the development of
effective methods to transter personnel
protection technology to the private
sector. This research provides a basis for
standardizing personnel protection
control procedures In nuclear reactor and
high-energy accelerator operations, for
example

Specific research projects involve:
measurement of reference standard
neutron reaction cross sections; charac-
tenzation of reference fission deposits;
devetopment of neutron detectors with

fast timing; calibrations using standard
neutron and gamma-ray fields; and appli-
cations of neutron resonance radiog-
raphy.

Equipmenti available includes a 100-
MeV hnac-based dedicated pulsed
neutron source, a 3-MV pulsed posi.ve-
ion accelerator, and a 20-MW nuclear
reactor.

Contact: Oren A. Wasspn, B111 Radia-
tion Physics Bldg., 301/875-5567.

To produce radiation for expenmental
purposes, NBS has built a synchrotron
ultraviolet radiation facility (SURF-il).
SURF-Il 1s a 300-MeV electron storage
ning that radiates high-intensity synchro-
tron radiation tn the energy range from
about 3 nm (400 eV) in the soft x-ray
region to wavelengths in the visible
region of the spectrum. The radiation 1s
highly coltmated, nearly linearly pola-
rized, and of calculable intensity. Six
beam lines are available and a user's
program is in operation SURF-l i1s welt
suited for several different types of
research, such as atomic, molecutar,
biomolecular, and solid-state physics; 1
surface and matenals science: radiation
chemistry and radiation effects on matter;
ultraviotet and x-ray optical systems; and
the calibration. characterization, and
development of spectrometers and
detectors.

NBS scientists are particularly

d in ducting cc

research 1n. the use of soft x-ray synchro-
tron radiation for high-resolution lithog-
raphy: measurement of the reflection

of novel, high: ey,
multilayer far ultraviolet optical devices;
and calibration, charactenzaton, and
development of spectrometers and
detectors.

Other avalable equipment includes a
state-of-the-art multipurpose detector cali-
bration facility, a large ultrahigh vacuum
spectrometer caiibraton chamber, and a
beamiine dedicated to high-resolution
radation research with a 6.65-m vacuum
spectrometer with a resolving power of
about 300,000.

Contact: Robert D. Madden, A249 Phy-
sics Bldg.. 301/975-3726 or Wiliam R.
Ott, B206 Metrology Bidg., 301/975-3709.

Ultraviolet and
Soft X-Ray
Radiation Effects
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Optical The U.S. defense, aercspace, health,

Pyrometry, lighting, and photographic industnes

require s for

Y.
Photometry product development, quality control, anct

equity in trade. Compatbuity of industrial
radiometsic standards with national and
international standards 1s a key require-
ment 10 ensure a compeltive PoSILoN in
world markets for these industries. To
help ensure reliable radiometric measure-

and conductivity measurements. Various
x-ray and gamma-ray sources and elec-
tron accelerators with energies in the 0.1-
to 10-MeV range are empioyed. In addr
tion, convenyonal ultraviolet, visible, and
infrared spectrophotometers and spec-

high-int

ty g y
sources, pulsed and continuous beam
electron accelerators, and vanous
orgamic-chemical analytical equipment

ments, NBS 1s conducting

are |

research in the near-ultraviolet, visible,
and infrared spectral regions and
developing accurate standards and cah-
bration procedures for these regions.
Specific research focuses on calibration
f f i

of ared py 3

total spectral flux standards; detector-
baged radiometric standards; diode-array
radiometry, photometry, and colonmetry:
lowlight-level calibration standards; near-
infrared detectors; infrared spectral rad-
ance standards; and absolute spectral
analyzer systems. Available for these
projects 1s sophisticated optical equip-
ment such as tunable dye lasers, electro-
optical devices. and interferometers,

Contact: A. Russell Schaefer. A313
Metrology Bidg., 301/975-2331.

Radiatlon To enhance quality control methods
P L \

g yed in radiabon
processing of foods and the production
and use of medical devices, efectronic
components, and polymers, NBS
researchers are developing standardiza-
tion and measurement assurance
methods related to industrial ligh-dose
applications of onizing radiation. As part
of this program, Bureau scientists are
investigating radiation chemical
mechanisms and kinetic studies apphed
to chemical dosimetry systems in the
condensed phase, including hquids, gels,
thin films, and solid-state detectors. They
plan to examine such sensor matenals as
daped plastics, sofid-state matrices.
organic dye solutions, semiconductors,
scintiflators, biopolymers, amino acids,
metalloporphynns, and organic or inor-
ganic agueous soiutions and gels.

In this research. scienbsts use a
number of analytical methods including
transmission and fluorescence spec-

Contact: Willam L. McLaughtin, C209
Radiation Physics Bldg., 301/975-5559,

As part of its research to understand and Vacuum
measure various forms of radiation, NBS  Ultraviolet
ts conducting vacuum ultraviolet studies Radiometry
involving radiation damage, polymeriza-

tion of organic motecules, and solar

simulation. NBS scientists have worked

with industry researchers to develop and

test vacuum ultraviolet instrumentation,

new spectrometer designs, and detector

systems, especially for fight in space,

vacuum, high-

By an
eloctron microscopa with a new, compact elactron spin-

trophotometry, electron spin

Y. e
phatometry, as well as fiber optics anal-
ysis, microcalonimetry, puise radiolysis,

(1. to r.) Gary Hembree, Robert
Cebth,JohnUngum,wDanHPmmmml-

ly the of a surface and its physical
structure over dimensions as small as 100 angstroms.

51
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Standard Reference
Data

Submicron
Physics

They have also collaborated on special
sources, narrow band fillers, and lasers.
Bureau scientists are interested in

doing cooperative research in several
other areas including studying the
platinum-nean hollow cathode lamp as a
secondary standard, laser plasmas as
secondary standards, and a spark
discharge light source as a secondary

. State-of-the-art radi ic facil-
ities and advanced optical equipment are
available at the Bureau for these studies.

Contact: J. Mervin Bridges, 301/975-
3228 or Jules Z. Kiose, 301/975-3230,
B66 Physics Bidg.

Welfcharacterized, focused electron
beamns are used to interrogate the
properties of surfaces and magnetic
materials on a microscopic scale. NBS
conducts a broad-based research
program exploring the physics of
submicron systems with electron
microprobes. The program includes
studies of electron-surtace interactions,
surface magnetism, electron interaction
theory, and electron spin polarization
facili-

[
ties are available for this research,
including sources and detectors of spin
polarized electrons, a scanning electron
microscope equipped for secondary elec-
tron spin polanzation analysis, and a
scanning tunneling microscope.
Scanning electron microscopy with
polarization analysis (SEMPA} is a unique
measurement capability developed by
NBS scientists to allow the high-resolution
(~ 10 nm) imaging of magnetic micro-
structure independently of surface topog-
raphy. With this technique, they are
studying fundamental magnetic
phenomena, the properties of high-
density magnetic recording media. and
small-particle magnetism. Bureau
researchers are using the scanning
tunneling microscope (STM) to study
surface topography at the atomic level,
mechanisms of film growth at the
submonolayer level, reconstructions of
semiconductor surfaces, and, ultimately,
correlation of surface microstructure with
Macroscopic properties.

Contact: Robert J. Celotia, B210 Metro-
fogy Bidg., 301/975-3710.

Using computers to provide timely and ~ Computerization
inexpensive access to reliable chemical,  of Standard
physical, and materials data contnbutes ~ Reference Data
greatly to increased productivity and
lower manufacturing costs of industrial
operations. The NBS Standard Reference
Data program works closely with industry
to develop the tools and standards
necessary for computerizing industrial
technical data—the numbers, graphics,
tables, and text that convey research
results.

The National Standard Reference Data
System, coordinated by NBS, is a major
focal point in the United States for the
evaluation of chemical, physical, and
matenals properties data. The NBS Stan-
dard Reference Data program has made
a commitment to provide national leader-
ship in the computerization of these
evaluated data, including database
design, data interchange standards, and
data dissemination.

NBS research combines expertise in
the physical sciences with specialized
knowledge in computer science. Areas of
activity include preparation of databases
of evaluated data and predictive software
for use on personal computers, conver-
sion and combination of published data
compilations into searchable databases,
standardrzation of formats for scientific
information, development of expert
systems. and establishment of distributed
systems linking scientific databases.
Computer and telecommunications capa-
bilities at NBS offer challenging alterna-
tives to the handiing of these projects.
with state-of-the-art mainframes, minis
and micros, database management
systems, graphics, and applications soft-
ware available.

Contact: David R. Lide, A323 Physics
Bldg., 301/875-2200.
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Foreword

Now, recognizing the strong
challenges from abroad and the
need for U.S. researchers to
pool their resources, we have
decided to make selected NBS
facilities avaitable to U.S. re-

Every laboratory in this country  searchers for proprietary work
is a valuable national on a cost. y basis, when
Along with the people who work  aqual or superior facilities are
in these facilities, U.S. laborato-  not otherwise readily available.
ries constitute the basic founda-  we hope this new policy will in-

tion of this country’s scientific
and industrial strength.

crease the transfer of technol-
ogy to industry and encourage

As the nation’s sci-
ence and engineering mea-
surement laboratory, the Na-
tional Bureau of Standards has
some of the premier research
and testing facilities in the
United States, and several of
our ies are

that otherwise might not be
done.

This brochure highlights only
a small number of the special
tacilities available at NBS and
provides information about their

anywhere in the world. Bureau
scientists and engineers use
these special facilities to pursue
the measurement-related work
that U.S. science and industry
need to grow and prosper.

Many of the facilities are
available for use by the scien-
tific and engineering commu-
nities either on a coopatative or
independent basis. NBS has a
fong history of cooperative work
in these laboratories with re-
searchers from industry, govern-
ment, and academia. For exam-
ple, our Research Assoclate
Program, established in the
1920's, has provided the oppor-
tunity for numerous collaborative
projects over the years. Through
this program, research associ-
ates have their salaries paid by
the sponsoring organizations
while NBS contributes its ex-
pertise and permits researchers
to use the Bureau's facilities
and equipment.

for or

independent research and test-
ing. Individuals or organizations
wishing to use a facility should
contact the facility manager
listed in each write-up. NBS has
designed its system for review-
ing such requests to be as effi-
cient and responsive as possi-
ble, to encourage maximum use
and minimal paperwork on the
part of both NBS and tha pro-
spective user,

Wa encourage you to take ad-
vantage of the nation’s invest-
ment in NBS.

Emest Ambler
Director




NBS
Research
Reactor

The National Bureau of Stan-
dards research reactor is a na-
tional center for the application
of reactor radiation to a variety
of problems of national con-
cern. Major program areas at
the reactor include the applica-
tion of neutron scattering meth-
0ds to research in materials sci-

209

Capabifities:

scale phase structure i in cata-
and

for smali molecules in solids,

The NBS reactor is an

lysts, ek
ceramics, samiconductors, and

uranium, heavy-water modera- 5 N Element Analysis—Nsutron ac-

ted reactor operating at 20 MW m‘m Sxampl "i;:h‘ﬁ tivation analysis method devel-

andpmdu:ngapeakmermal . ey . in opment; applications to studies

core fux of 4 10™ ing . in envi chemistry, nu-

cm? - s, A large cokd neutron bloc ) trition, biomedicine, and energy

source is under development :?s?;" d:m:g po- systems. Neutron r.japture

which will increase the flux of croep ca \mauon m metal alloys prompt gamma activation anal-

long wavelength (> 1 nm) ‘neu- end of ysis method development.

frons by an order of " tate distributions in igh-strengin,

Experimental Mauimes are low-alloy steels, Phase Availability:

avatiabl for neutron single- kis tudi l At - There are 25 experimental facili-

crystal and powder diffraction netic s es in alloys. Atomic. " Xpenments

and i ic sca studies, level magnetic structure and be-  ties at the reactor providing

smallangle neutron scaa ttering havior in crystalline and amor- roughly 125,000 instrument
phous materiats, hours per year to approximately

(SANS) sample pfepembon -

200 users. The users of the fa-
cilities represent 18 NBS divi-
sions and offices, 18 other
federal agencies, and approxi-
mately 35 university and indus-
trial iaboratories, Cotlaborative
are through

ence, trace analysis by neutron post-i g—Lattice
ivati ive evalu- ing, neulron depth pro- dynamics and v»brauona! spec-
ation (via neutron radiography filing, neutron y, and re- py studies of gen in
and scattering}, neutron stan- lated physics. metals at low ooncenvaﬁons, vi-
dards and dosimetry, and iso- brational spectra of molecules
tope ion and i adsorbed in heterogeneous
effects. Elastic Scattering—Atomic- diffusion
Larga-Molacule (]
Ditiractometer
3
Triple-Axis
Spectrometer
Themal Column
Radiography
Faumy
High-Resolution
Powder Diffractometer
Polarized Beam
Spectrometer ..

the NBS Reactor Radiation Dj-
vision or other NBS groups us-
ing the facility. Proposals for
collaborative or independent
use of the facility are reviewed
by a committee which examines
the merit and conditions of each
&application.

Contact:

Or. Robert S. Carter, Reactor
Radiation Division, Room A106
Reactor Building, National
Bureau of Standards,
Gaithersburg, MD 20899,
Telephone: 301/921-2421.

Experimental Facilities and

rch Areas at the NBS
Reactor
—————————




Neutron Depth
Profiling Facility

The neutron depth profiling
{NDP) facility at the National
Bureau of Standards uses a
neutron beam for nondestruc-
tive evaluation of elemental
depth distributions in materials.
Working with the Bureau's 20
MW nuclear reactor, research-
ers use the technique to provide
concentration profiles for char-
acterizing the near-surface re-
gime of semiconductors, metals,
metallic glasses, and other glass-
es to depths of several microm-
eters. The facility uses filters and
collimators to create a high-qual-
ity neutron beam with good ther-
ma) neutron intensity and min-
imum contamination with fast
neutrons and gamma rays. An
aluminum target

used to contain the samples in
a vacuum, and a full array of
electronic components is avail-
able for data acquisition and
analysis.

Capabilities:

With the clean thermal neutron
beam created by the reactor,
depth profiling can be carried
out with sensitivities approach-
ing 10'3 atoms/cm? . The meth-
od is not destructive to the
sample and produces negligible
radioactivation and energy
deposition in the sample. A
single analysis produces & pro-
file typically 5 to 20 pm deep
with a resolution of ~30 nm,

210

which is limited at present by
the energy resolution of the sur-
face barrier detector used.
Once calibrated with the appro-

tayers of borophosphosilicate
glass; measurement of helium
release in single-crystal nicket
to invastigate the He-trapping

priate the and
concentration scale is fixed in- of high-dose nitrogen implants
dependently of the sample com-  in steels.

position. The depth scale is
monotonically related to the en-
ergy scale by means of the
charged particle stopping
power. Elements that do not
produce charged particles under
thermal neutron irradiation con-
tribute no interference.

Applications:

Some of the many applications
of NDP include range measure-
ments for boron implanted in
silicon; observations on near-
surface boron in glass; boron
concentration profiles in thin

Avallability:

The facility is available to qual-
ified researchers on an indepen-
dent or collaborative basis with
NBS staff.

Contact:

Dr. Ronald F. Fleming, Inorganic
Analytical Research Division,
Room 8108 Reactor Building,
National Bureau of Standards,
Gaithersburg, MD 20899.
Telephone: 301/921-2168,

Neutron Depth Profiling
Facility




High-Resolution Neutron
Powder Diffractometer

—————————————

~

High-Resolution
Neutron Powder
Diffractometer
The high-resolution neutron
powder diffractometer at the

National Bureau of Standards
research reactor, with five de-

211

loys, minerals and ceramics,
and ionic o

ware to allow two- or three-

Capabilities:

The NBS pawder ditfractometer
system is designed to be “user-
friendly” and highly flexible. For
example, a variety of programs
are available and documented,
which allow the use of con-
strained refinement procedures
to make use of known structural

displays of materi-
als crystal structwres, including
stereographic projections.

Avallahliity:

This taciiity is available for use
by industry, academia, and gov-
emment on either a collabora-
tive or independent basis under
the supervision of the NBS Re-
actor Radiation Division staff.

tectors for col- on atomic of molec-  The NBS powder diffractometer

lection of data from different ular units of the material being system is heavily utilized. Proj-

parts of the diffraction pattern, i along with ach ects are scheduled on a regular

is used widely tor studies of the procedures for background, basis by a committes of NBS
of i [t and ion cor- staff.

crystalline materials that are not
available as large single crys-
tals. Accurate structural informa-
tion can be obtained at tem-
peratures from 4 to 1200 K,
which is often the key to under-

rections. Structural information
can be analyzed at the NBS re-
actor using a high-speed, high-
capacity superminicomputer or
can be provided in convenient
form on a fioppy disk to be ana-

standing the properties of tech- lyzed back at the user's own
ically important i [} y. A isti tech-
including catalysts, magnetic nicolor graphics system is also
high al- i with priate soft-

Contact:

Dr. Edward Prince, Reactor
Radiation Division, Room A106
Reactor Building, National
Bureau of Standards,
Gaithersburg, MD 20899,
Telephone: 301/921-3634.
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Small-Angle
Neutron Scattering
Facility

Small-angle neutron scattering
(SANS}) is a technique in which
a highly collimated beam of low-
energy (long wavelength) neu-
trons is used to probe the struc-
ture of materials on a size scale
from roughly 1 to 10U nm. The
small-angle diffraction patterns
produced by structural features
in this size regime—for exam-
ple, by small precipitates or cav-
ities in metat alloys, by micro-
pores or cracks in ceramics, or

beam system which provides

by poly or

the 's best angular

be ana-
lyzed to yieid important informa-
tion about the size and shape of
the scattering centers as well
as their size distribution, surtace
area, and number density. In
contras! to a complementary
technique such as electron mi-
croscopy, a refatively large vol-
ume {up to about 1 cc) of mate-
rial is examined in a SANS
rneasurement. As a result, the

" ion (1.6 milliradians). Ap-
paratus is available for maintain-
ing samples at temperatures
trom 4 to 700 K and in magnetic
fields up to 15 kilogauss.

For measurements at near
ambient temperatures {0 to
80 °C), a muftispecimen sample
stage is used to change sam-
ples automatically under com-
puter control. The neutron de-
tector is a large (65 by 65 cm?),
Pt N 4

Applications:
SANS is becoming an increas-

Small-Angle Neutron
Scattering Facility

ingly impe tool in
science and is used, for exam-
ple, to study the kinetics and
morphology of precipitate growth
in high-strength alloys, to mea-
sure molecular conformation of
polymers and biclogicat macro-
molecular complexes, to detect
and quantify early stage creep
and fatigue damage in metals
and ceramics, and to study the
ic mil of new

statistical averages which are
characteristic of the bultk mate-
rial and which are retated to
bulk properties.

Capabilities:

The SANS spectrometer at the
National Bureau of Standards
reactor utilizes a variable speed
velocity selector to provide a
beam whose wavelength is con-
tinuously tunable from 0.5 to 1.2
nm. Several choices of pinhole
beam collimation are available,
including a unique converging

. p
sansitive proportional counter
which, in most cases, enables
an entire scattering pattern to
be recorded in a single mea-
surement. The detector can,
however, be rotated about the
sample position to measure
scattering at larger angles when
necessary. An interactive color
graphics terminal is used for
imaging and analyzing com-
pleted data sets. Computer soft-
ware is available for many forms
of routine data analysis and
mode! fitting.

crystaliine and amorphous mag-
netic materials. In many of
these applications, especially

industry, universities, and gov-
ernment. Proposals for collabo-
rative or independent use of the
tacility are reviewed by a SANS
scheduling committee, which ex-
amines the merit and conditions
of each application.

Contact:

Dr. Charles J. Glinka, Reactor
Radiation Division, Room B106
Reactor Building, Nationa!

those involving polymers, biol- Bureau of Standards,

ogy. and magnetism, the struc- Gaithersburg, MD 20899.
tural i ion provided by T 301/921-3634,
SANS cannot be obtained by

any other technique.

Avallability:

The SANS facility is heavily uti-
lized by NBS staff and others in



140 MeV
Electron Linear
Accelerator

The Nationat Bureau of Stan-
dards operates an electron lin-
ear accelerator (LINAC) which
can produce beams in excess of
50 kW and be used with high-
quality beam control. This facil-
ity provides the capability for
conducting precision research
with high-energy beams of elec-
trons, photons, and neutrons
and for developing measure-

. ment standards for these types
of radiation. This nine-section,
L-Band, traveling-wave LINAC
and its beam transport system
provide a wide variety of beam
conditions to satisty user needs.
The electron beam can be di- .
rected to either of two heavily-
shielded underground target
rooms or to an above-ground
target room where secondary
neutron beams are produced for
time-of-flight measurements at
distances up to 200 m.

Capabilitles:

The LINAC operates at energies
between 14 and 140 MeV, peak
curent up 1o several amperes,
and average current up to 200
pA. Beam pulse length is vari-
able from 5 ns to 5 us, at pulse
repetition rates up to 720/s.
The time-of-flight tacility includes
flight paths of 5, 20, 60, and
200 m. Neutron production tar-
gets provide 10' n/sec (47) at
energy ranges of thermat to 1
KeV, 1 KeV to 5 MeV, and 100
KeV to 15 MeV. Automated data
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processing equipment is avail-
able for rapid collection and
analysis of data from state-of-
the-an one- and two-dimen-
sional neutron detectors. A
high-resotution electron spec-
trometer and a photonuclear ac-
tivation iradiation station are
available in the target rooms.
Applications:

The LINAC is used in a broad
range of programs in physical
research and standards devel-
opment. Examples of the wide
variety of experimentation per-
formed include: activation anal-
ysis with photon-induced reac-
tions, preparation of Mossbauer
sources, preparation of neutron-

Also, is in d by x rays. Two-
electron-volt neutron scattering,  dimensiona) detectors and rotat-
nuclear structure studies by ing target techniques have been
means of re- ped and used with these
actions and electron scattering,  tacilities to provide the capability
studies of the of of th i i analysis
high-power electron beams with  {i.e., neutron tomography).
non-intercepting beam monitors,
absolute mathods of high-power  Avallability:

electron-beam current mea-
surement, accelerator research,
and medical dosimetry tor high-
energy radiation therapy.

These facilities are used to
produce neutron data and stan-
dards for neutron personnel do-
simetry, for applied nuclear
technology, and for pro-
ducing neutron radiography
measurement methods and

used to

neutron cross-section

con-

ment by time-of-flight i

of specific

in various

both totat and reaction cross
sections, and resonance neu-
tron radiography.

found in reactor construction
materials and to test welds for
the presence of elements not

The LINAC and associated ex-
perimental areas are available
without charge for collaborative
research by NBS and outside
scientists in areas of mutual in-
terest and benefit. In special
cases, independent research of
benefit primarity to an outside
user can be performed with this
facility on a time-available, cost-
recovery basis. Current plans
call for the LINAC and its asso-
ciated research facilities to be
available in the present config-
uration until July 1986. At that
time the LINAC will be shut
down for modification and dedi-
cation strictly to neutron re-
search and standards develop-
ment. Electron and photon re-
search and standards work will
be transterred to the new 185
MeV continuous-wave, micro-
tron-type electron accelerator.
The modified LINAC and the mi-
crotron should be available for
research and standards devel-
opment in early or mid-1987.

Contact:

Dr. Sam Penner, Radiation
Source and instrumentation Di-
vision, Room B102 Radiation
Physics Building, National
Bureau of Standards,
Gaithersburg, MD 20889.
Telephone: 301/921-2503.

————
Measuring Room at the Linear
Accelerator




Synchrotron
Ultraviolet
Radiation Facility-ll

The Synchrotron Ultraviolet
Radiation Facility-1l (SURF-I) is
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incidence vacuum spectrome-
ter, with resolving power of
about 300,000, is available on a
beam line dedicated to high-
resolution vacuum ultraviolet
radiation research.

Applications:

The continuous radiation from
SURF-ll is used as a national

a 280 MeV electron storage ring  Standard of spectral iadiance
at the National Bureau of Stan-  for radiometric applications and
dards that radiates sy tor in:
radiation which is highly collima- 1) atomic and molecular absorp-
ted, nearty linearly i tion 2) optical
and of i Six perties of 3) elec-

beam lines are available, and a
user's program is in operation.
SURF-Il is well-suited for stud-
ies in: atomic, molecular, bio-
molecular, and solid state phys-
ics; surface and materials
science; electro-optics; and

tron density of states in solids;
4) surface characterization; 5)
photoelectron spectroscopy; 6)
molecular kinetics and excita-
tion and ionization dynamics;
and 7) radiation interactions
with matter (e.g., lithography,

y and effects damage, Y.
on matter. photobiology).
Capabilities: Availability:

The typical storage ring electron
beam current is 50 mA at 280
MeV. The photon intensity in
the region 60 to 120 nm is
about 11x 10"" photons per
second per milliradian of orbit
for an instrumental resolution of
0.1 nm. Experiments can be
made conveniently throughout
the wavelength range 4 to 1000
nm, from the soft x-ray region to
the infrared. A grazing incidence
and severa! toroidal grating
monochromators are availatle
to disperse the radiation. A
large, uftra-high vacuum spec-
trometer cafibrati

Beam time on SURF-Ii is avail-
able to any qualified scientist
provided beam {ine vacuum re-
quirements are met and sched-
uling arrangements can be made
Proposals should be submitted
for NBS review at least 2
months before use of the facility
is desired. Informal contact is
also encouraged.

Contact:

Dr. Robert P. Madden, Radi-
ation Physics Division, Room
A251 Physics Building, National
Bureau of Standards,

12mby12mby25m,is
available for radiometric appli-
cations. A 6.65-m, normal-

MD 20899.
Telephone: 301/921-2031.

Synchrotron Ultraviolet
Radiation Facility-ll



Electrohydrodynamic
Atomization Chamber in the
Metals Processing Laboratory
——————
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Metals
Processing
Laboratory

The metals processing labora-
tory at the National Bureau of
Standards contains special facil-
ities for the production of rapidly
solidified alloys, including equip-
ment for inert gas atomization
and electrohydrodynamic atom-
ization to produce rapidly solidi-
fied afloy powders, melt-spinning
to produce rapidly solidified al-
loy ribbons, and electron beam
and laser surface melting to
producse rapidly solidified sur-
face layers. Hot isostatic press-
ing equipment is available for
consolidation of the alloy pow-
ders. A plasma-transterred arc
system is used to study alloy
coating processes.

%3

Capabiities:

powder. Powder produced by

Inert Gas Atomization—The in-  this process is well-suited for
ert gas atomization system can studying solidification dynamics.
be used to produce up to 25 kg As the system is presently con-
of rapidly solidified alloy powder  figured, small Quantities for mi-
per batch while maintaining an ok ination can be
inert envi gl from alloys with melt-
the atomizing and powder han- ing points up to 800 °C.

diing process. High-pressure in-
ert gas (Ar, He, or Ar-He mix-
tures) impinging on a liquid
metal stream breaks up the lig-
uid into small droplets which
rapidty solidify. Coofing rates are
up 10 10° K/s. The atomized
powder, entrained in the inert
gas flow, is coflected in remov-
able, vacuum-tight canisters.

Electrohydrodynamic Atomi-
2ation—In the electrohydro-
dynamic atomization system, a
liquid metat stream is injected
into a strong electric field. The
field causes the stream to disin-
tegrate into droplets which rap-
idly solidity to produce extreme-
ly fine (< 1 um diameter) alloy

Melt Spinning—Melt spinning
techniques can be used to pro-
duce rapidly solidified atioys in
ribbon form. Because of the
high cooling rates (up to 10°
K/s) with this method, amor-
phous alloys as well as crys-
talline alloys can be produced.
Ribbons up to 3 mm wide and
up to 0.05 mm thick can be pro-
duced in quantities of severa!
grams per batch. Materials with
a wide range of melting points,
from atuminum alloys to super-
alloys, have been produced.

Electron-Beam and Laser Sur-
face Melting—An electron-
bearn systam which provides




surface melting and subsequent
rapid resolidification of surface
tayers can be operated in either
a pulsed or continuous mode.
The electron beam can be fo-
cused to a spot less than 1 mm
in diameter and deflected at fre-
quencies up to § kHz. A pulsed
neodymium-glass laser comple-
ments the electron-beam unit in
producing these surface-modi-
fied layers. The faser produces
pulses with energies up to 200 J
with puise width variable from
0.1to 7 ms.

Hot Isostatic Press—A hot
isostatic press (HIP) with micro-
processor control of the
temperature-pressure-time cycle
is available for consolidation of
powder or compacted powder
shapes. The HIP has a cylindri-
cal working volume 15 cm in di-
ameter and 30 cm high. The
maximum working pressure is
207 MPa. The motybdenum fur-
nace has a maximum heating
rate of 35 K/min and is capable
of maintaining 1500 C.

Plasma-Transterred Arc Coat-
Ing System—The plasma-trans-
ferred arc equipment is capable
of feeding independently one or
two different types ot powder
deposits and automatically coat-
ing & surface area up to 2 in
wide by 5 ft long in a single
pass. This system is also capa-
ble of providing deposits under
conditions of constant deposi-
tion power, while the relative
heating of the substrate and de-
posit may be independently
controlled.

Hot Isostatic Press in the
Metals Processing Laboratory
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Availability:

These facilities are designed to
produce alloy research samples
which are difficult otherwise for
users to obtain. Typically, indus-
trial companies or universities
send workers to NBS to par-
ticipate in preparing alloys of
special industrial and scientific
interest for further analyses in
their home laboratories and to
collaborate with NBS scientists
in investigations of generic re-
lationships between processing
conditions and resuiting alloy
microstructures and properties.

Contact:

Or. John R. Manning, Metallurgy
Division, Room A153 Materials
Building, National Bureau of
Standards, Gaithersburg, MD
20899.

Telephone: 301/921-3354.

—————————
Melt Spinning Apparatus in the
Metals Processing Laboratory

———————————
Electron-Beam Surface Melting
Apparatus in the Metals
Processing Laboratory




Toxic Chemicals
Handling
Laboratory

The toxic chemicals handling
laboratory at the National Bu-
reau of Standards is used to
store, handle, and analyze or-
ganic compounds that ara ex-
tremely toxic and/or possess
undesirable biological activity.
The taboratory was designed
through the joint efforts of sci-
entists from the NBS Center for
Analytical Chemistry and a pri-
vate architectura! and engi-
neering firm. Its features offer
special protection for those us-
ing the taboratory. The facility
was specially designed and is
used to allow scientists to par-
form research that involves the
characterization or analysis of
toxic or mutagenic organic ma-
terials in a sate manner. The
laboratary is equipped with facil-
ities for weighing, sample stor-
age, sample preparation (extrac-
tions, etc.), and gas and liquid
chromatographic analyses.

Capabilities:

Laboratory Work Space-—The
laboratory has approximatety 10
m of bench space for sample
preparation and analytical activ-
ities. The air throughout the
working area in the laboratory is
recircutated at a rate of 225
m*/min (~8000 f3/min)
through charcoal filters to re-
move organic fumes and HEPA
filters to remove particulate ma-
terial. The air flow is directed so
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1 B
that scientists using the facility
are continuously bathed with
clean air. The air supply to the
laboratory is ~11 m*/min less
than the exhaust, thereby pre-
venting diffusion of possibly
toxic vapors from the facility into
the hail and adjacent laborato-
ries.

Cabinet Space—The laboratory
has 5 m? of actively vented cab-
inet space for storage of toxic
chemicals. Air flowing from the
storage areas is charcoal fil-
tered and totally exhausted to
the outside.

Safety Hoods—The laboratory
is equipped with two air barier
fume hoods for manipulations of
pure chemicals (including
weighing) or concentrated sotu-
tions. All air entering the hoods
is exhausted to the outside after
charcoal filtration.

Other—The
shower facilities.

y also has

Avallability:

The laboratory and its facilities
can be shared with qualified
staff from NBS, other govern-
ment agencies, universities, and
industry. Since space is limited,
preference will be given to NBS
users and to projects that are
related to NBS interests. Due to
the toxic nature of the chem-
icals invoived in various experi-
ments and stored in the facility,
all projects will be monitored by
NBS personnel.

Contact:

Dr. Willie E. May, Organic Ana-
Iytical Research Division, Room
A113 Chemistry Building,
Nationat Bureau of Standards,
Gaithersburg, MD 20898.
Tetephone: 301/921-3778.

Toxic Chemicals Handling
Laboratory




High-Voftage
Measurement
Facility

The National Bureau of Stan-
dards maintains a high-voitage
measurement facility in which it
develops and evaluates the
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100 kV, are also avaitable. Sup-
porting equipment includes high-
voltage standard capacitors
rated at 200 kV; high-accuracy,
current-comparator bridges for
60 Hz measurements; a pra-
cision dc divider rated at 200
kv, dividers to measure stan-
dard kightning impulses up to 1
MV peak; partial discharge mea-
surement systems; high-speed
cameras and supporting opticat

needed in the orderly delivery of
electric power for defense and
to support industrial and univer-
sity research. The major pro-
grams now being pursued using
this facility are the measurement
of transient voltages and cur-
rents, the development of tech-
niques to quantify pre-
breakdown and breakdown
phenomena in liquid and gas-
eous dilectrics, and the
measurement of low-frequency
electric and magnetic fields.

Capabilities:

With existing power sources, di-
rect voitages of 300 kV, 60 Hz
alternating voltages of 175 kV,
and standard lightning impulses
of 500 kV can be produced. Se-
fected waveforms, such as mi-
crosecond duration trapezoidal
waveforms up to 300 kV and
gated 60 Hz waveforms up to

a
trolled system to measure the
electric field in transformer oil;
a mass-chromatograph/mass-

spectrometer system; a low-

speed wind tunnel; and a sys-

tem to produce a known electric

field and curent density in air at

atmospheric pressure.
The i

Applications:

tnstrumentation and Com-
ponent Evaluation—impulse,
ac, and de dividers; electric and
ic field meters; capaci-

s
presently being expanded. For
example, a 400 kA source of
pulsed currents on millisecond
to second time scales is sched-
uled for installation during 1984,
A calibration system for instru-
ments used to tran-

tors; transformers; lightning as-
resters; and ion counters.

Dielectrics Research and
Development—Chemicat de-
gradation studies; measurement
of the fundamental processes
of di initiation; onset and

sient voltages and currents on
nanesecond time scales also is
being developed.

magnitude of partial discharges;
space charge measurement;
streamer propagation studies.

Availability:

The high-voltage facility is used
by staff from the NBS Electro-
systems Division and by guest
workers from industry, univer-
sities, and other federal agen-
cies. Use of the facilities must
be scheduled in advance. Be-
cause of the complexity of the
system, it is anticipated that typ-
ical use of the facility will be in
the farm of a collaborative in-
vestigation with staff from the
Electrosystems Division.

Contact:

Or. Robert E. Hebner, Electro-
systems Division, Room B344
Metrology Building, National
Bureau of Standards,
Gaithersburg. MD 20899,
Telephone: 301/921-3121.

High-Voltage Measurement
Facitity

—————— e w——



Transverse
Electromagnetic
(TEM) Cells

The Nationa! Bureau of Stan-
dards has designed and con-
structed several transverse
efectromagnetic (TEM) cells
that are available for use. A
TEM cell is a device for per-
forming radiated efectro-
magnetic emission and sus-
ceptibility measurements of
electronic equipment. It is de-
signed based on the concept of
an expanded transmission line
operated in a TEM mode. The
cell is a two-conductor system
with the region between the in-
ner and outer conductors used
as the test zone. The tapered
sections at both ends are re-
quired to match the cell to stan-
dard 50 01 coaxial-cable con-
nectors.

Capabliities:

The cell provides a shielded en-

vironment for testing without in-

troducmg multiple renecnons ox-
with the

220

Applications:

In addition to radiated electro-
magnetic compatibility/inter-

o Calibration of field measure-
ment instruments
u Susceplibifity testing of elec-

studies

ference (EMC/EMI) testing, ronic equipment
other spplications of the TEM Elect:"',“a‘?:‘e“?_  Shieking effectiveness and
cells include the calibration of material

antennas and the study of bio-
logical effects of radio-frequen-
cy radiation.

Limitations:

The usable frequency range is
limited by an upper bound deter-
mined by the appearance of the
lowest high-order mode. The
volume available for testing pur-
poses is inversely proportional
to this upper frequency limit.
The size of the device to be
placed inside a TEM cell for
testing should be small retative
to the available test volume in
order that the tisld structure as-
sociated with the ideal TEM
mode existing in an empty cell
not be significantly perturbed.

Availability:

Several TEM cells with five dif-
ferent sizes and five upper fre-
quency limits in the range 100
MHz to 1 GHz are available. in
coltaborative programs, NBS
staff are available to advise and

. It si

interpret resuits.

very closely a planar far field in
free space and has constant
amplitude and linear phase
characteristics. The external
electromagnetic signats will not
affect the measurement of low-
tevel radiated emission from the
device under test. The high-
level test field generated inside
a cell for radiated susceptibifity
tests will not interfere with ex-
ternal! electronic systems.

testing also can be
arranged through the Electro-
magnetic Fields Division.

Contact:

Dr. Mark T. Ma, Electromagnetic
Fields Division, Room 4073 Ra-
dio Building, National Bureau of
Standards, Boulder, CO 80303.

Telephone: 303/487-3800.

The electromagnetic (EM) anec-
hoic chamber at the National
Bureau of Standards is a facility
for generating standard {known)
electromagnetic fields. Such

D Special tests for government
agencies, industry. and univer-
sities

Avallabillty:

This factlny is used heavily in

fields are to the re-
search, development, and eval-
uation of antennas, field probes.

for in-
dustry and ather government
agencnes The tacilities are

and EM material prope

Capabliities:

EM fields up to 100 V/m can be
established in the chamber over
the broad frequency range from
200 MHz to 18 GHz, and up to
200 V/m tor certain frequency
bands above 1 GHz. A majority
of the individual systems which
comprise the measurement sys-
tem are under computer control,
thus enhancing statistica! con-
trol of the measurements. Work
is underway to extend the fre-
quency range to 40 GHz and to
improve the computer control of
the chamber systems. The
chamber dimensions are 8.5 m,
6.7 m, and 4.9 m in length,
width, and height, respectively.

Applications:

o Research, development, and
evaluation of new EM field gen-
eration and measurement
methods

0O Antenna and field probe de-
velopment and evaluation

for i or cok-
laborative work wilh NBS.

Contact:

Dr. Norris S. Nahman, Electro-
magnetic Fields Division, Room
4643 Radio Building, National
Bureau of Standards, Boulder,
CO 80303.

Telephone: 303/497-5167.



Ground Screen
Antenna Range

The ground screen antenna
range is an open area test site
located at the National Bureau
of Standards. The range is com-
pletely enclosed by an air-inflat-
ed, ic fabric

the HF portion of the spectrum
while the mesh dimension pro-
vides for an efficient ground

ptane well into the UHF region.

Applications:

O Antenna calibrations

O Antenna patterns at any
polarization

o Electromagnetic suscepti-
bility measurements

O Electromagnetic radiated

which allows use of the facility
on a year-round basis. The air-
supported structure provides an
unobstructad span of the entire
range with no metal parts above
the level of the ground plane.

Capabilties:

The ground screen consists of
1/4-in mesh galivanized hard-
ware cloth stretched over a
level concrete slab. The screen
is 30.5 m wide by 61 m long and
is spring-loaded around the pe-
rimeter to ensure uniform ten-
sion, a flat surface, and ade-
quate compensation for thermal
expansion. Antenna masts up to
9 m in height can be erected
within the structure. The overall
size of the ground screen per-
mits far-field measurements in

o Calibration of field intensity
meters

C Wave propagation studies in
frequency or time domains

Availabliity:

This facility is used heavily in
performing calibrations for in-
dustry and other government
agencies. The facilities are
available for independent or col-
laborative work with NBS.

Contact:

Dr. Normis S. Nahman, Electro-
magnetic Fields Division, Room
4643 Radio Building, Nationa!
Bureau of Standards, Boulder,
CO 80303.

Telephone: 303/497-5167.

84-098 0 - 88 -- 8

Near-Field
Scanning
Facility for
Antenna
Measurements

Capabilities:

This automated facility is de-
signed to measure the near-
zone phase and amplitude distri-
butions of the fields radiated
from an antenna under test.
Mathematicat transformations

Appiications:

Antenna Characteristics—The
facility is used primarily for de-
tesrmining the gain, pattern, and
polanzation of antennas. Accu-
racies are typically £0.15 dB
for absolute gain and £0.10
dB/dB for polarization axial ra-
tio. Patterns can be oblained
down to the - 50 to —60 dB
levels with side tobe accuracy
typically about -+ 1.0 dB at the
—40 dB level. (The exact uncer-
tainties depend on the frequen-
cy, type, and size of antenna,
etc.) The near-field data can
also be used to compute near-
fied interactions {e.g., mutual

ing) of and radi-

are then to

the desired antenna character-
istics. Near-field data can be ob-
tained over planar, cylindri

ated field distributions in the
near zone.

and spherical surfaces, with the
planar technique being the most
popular. Efficient pro-

A D N
field scanning is also a valuable
tool for identifying problems and

grams are available for process-
ing the targe quantities of data
required.

When operated in the planar
mode, the facility is capable of
measuring over a 4.5-m by
4.5-m area with probe position
ermors of less than £0.01 cm.
improved position accuracy is
possible with turther alignment,
especially over smailer areas.
Antennas with apertures up to
about 3 m in diameter can be
measured with a single scan
and the facility has been used
successfully over the frequency
range 750 MHz to 75 GHz. By
early 1985 the facility will be en-
farged so that larger antennas
can be measured by scanning in
segments.

Ground Screen Antenna Range

for perfor-
mance of various types of an-
tenna systems. It has, for exam-
ple, been used to advantage in
incating faulty elements in
phased array antennas and for
adjusting feed systems to obtain
the proper illumination function
at the main reflector. Phase
contour plots of the near-field
data can also be used to deter-
mine surface imperfections in
reflectors used for antennas or
compact ranges.

Probe Calibrations—The facil-
ity also is used as a far-field
range for measuring the receiv-
ing characteristics of probes
used to obtain near-field data.
These measurements are re-
quired to determine the probe
coetficients which, in tun, are




Near-Field Scanning Facili()/

Outdoor
Extrapolation
Range for Antenna
Measurements

Capabilities:

This unique facility was de-
signed to perform accurate

solute gain and polarization
parameters. For measurements
above 1 GHz, the uncertainty in
gain is approximately 0.1 dB for
antennas with gains between 6
dB and 45 dB. The uncertainty
in polarization axial ratio is
about 0.05 dB/dB. Below 1
GHz, gain accuracies may de-
grade 1o about 0.25 dB for an-
tennas withgains as low as 10 dB,
The facility is also usetul for
some far-field antenna mea-
or for other types of

of absolute gain

where it is im-

and of
antennas using the “Extrapo-
lation Method” developed by
the National Bureau of Stan-
dards in the early 1970's. It
consists of two towers mounted
on a pair of accurately aligned
rails. The towers support alt or
parts of the source, receiver,
and data systems as well as the
rotators for supporting and posi-
tioning the antennas.

Both towers are free to move,
and the separation distance be-
tween them can be varied

used to

probe-corrected far-field gain
and pattern istics of an
antenna.

Avallability:

Two kinds of arrangements can
be made to use this facility. The
staff of tha Electromagnetic
Fields Division can perform speci-
fied tests or on

vantage of developing first-hand
knowtedge of the measurement
processes, and the user is re-
sponsible in large part for the
accuracy of test results. In ei-
ther cass, arrangements need
to be made well in ach , and

from 0 to 60 m. The
towers are approximately 6 m
high and the antennas under
evaluation can be mounted 1 to
2 m higher if necessary, Means
are provided for accurately
aligning the antennas and for
maintaining that alignment for

a reimbursable basis. In this
case, the customer has no di-
rect interaction with the facility;
all measurements are performed
by NBS staff and the customer
is issued a test report. As

an alternative, work may be per-
formed on a cooperative basis
with NBS staff. This arrange-
ment permits the user the ad-

is required for
the facility use and time of NBS
staff invoived.

Contact:

Mr. Allen C. Newell, Electro-
magnetic Fields Division, Room
4065 Radio Building, National

all The
rails were originally afigned us-
ing a transit and precision levet
$0 that the maximum angular
deviation of the antennas was
less than -+0.02 degrees about
any axis as the towers were

moved the tull length of the rails.

Bureau of , Boulder,
CO 80303.
Telephone: 303/497-3743.

NBS uses this facility primarily
for the accurate characterization
of antennas by measuring ab-

portant to know how a trans-
mitted signal varies with
distance—millimeter wave prop-
agation studies for example.

Availability:

Two kinds of arrangements can
be made to use this facility. The
staft of the Electromagnetic
Fields Division can perform
specified tests or measurements
on a reimbursable basis, in this
case, the customer has no di-
rect interaction with the facility;
all measurements are performed
by NBS staff and the customer
is issued a test repont,

As an altemnative, work may
be performed on a cooperative
basis with NBS staff, and the
user is responsible in large part
for the accuracy of test resuits.
In either case, arangements
need to be made well in ad-
vance and reimbursement is re-
quired for the facility use and
time of NBS staff involved.

Contact:

Mr. Allen C. Newell, Electro-
magnetic Fields Division, Room
4065 Radio Building, Nationai
Bureau of Standards, Boulder,
CO 80303.

Telephone: 303/497-3743.
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Automated
Manufacturing
Research
Facility

The Automated Manufacturing
Research Facility (AMRF) at the

1886. Initial workstations of the
facility are already being used in
active research programs by
NBS researchers, industrial re-
search associates, guest work-
ers, university personne!, and
scientists and engineers from
other government agencies.

Capabilities:

The facility currently supports

handling, realtime control of ro-
bots and aggregations of de-
vices, workstation control, cell
control, and materials handling
control. It is particularly valuable
for studies of interfaces be-
tween control modules and
among data users. The AMRF
is unique in the opportunities it
provides for studies of an inte-
grated system of significant size.
The AMRF consists of three
machining centers, a coordinate
measuring machine, and a
cleaning and deburring station,
each tended by an industrial ro-
bot and served by a materiats
handling system based on an

National Bureau of is in toot and ro-
a major nationat laboratory for bot metrology, sensors and sen-
technical work related to inter- sory processing, robot safety,
faces and standards for the robot control, software accuracy
next ion of of hine tools,
A ing . The  process planning and data
Research Facility facility, begun in 1981, willbein  p ion for hine tools
full ion by the end of and robots, parts routing and

wire-guided vehicle
and an internat buffer storage
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system for tools, materials, and
work in progress.

These devices are organized
into workstations consisting of a
major machine tool, its robot, a
variety of sensors, and a work-
station controller. Worksta-
tion activities are scheduled and
coordinated by a cel! controller.
Two further control levels pro-
vide long-range planning and
scheduling as well as design
and engineering services, such
as process planning and offline
programming of machine tools
and robots. Data, commands,
and status information are han-
dled over a network commu-
nications system employing a
distributed data administration
approach.

Availability:

By the nature of the problems
addressed, the AMRF is gener-
ally best suited for research
projects of an extended nature.
Most fruitful work to date has in-
volved a close working relation-
ship with NBS which extends for
6 months to 1 year.

Contact:

Dr. Philip N. Nanzetta, Center
for Manufacturing Engineering,
Room B112 Metrology Building,
National Bureau of Standards,
Gaithersburg, MD 20899,
Telephone: 301/921-3421.
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Fire Research
Facilities

As the federal govemment's
principal fire research labora-
tory, the Center for Fire Re-
search at the National Bureau of
Standards maintaing some of
the country's best and most ex-
tensive fire testing facilities, A
substantial postion of NBS' fire
tests are performed in a
specially-equipped fire research
building designed for large-scale
fira experiments. The building is
27 m by 57 m. Smoke abate-
ment equipment permits large
fire tests to be conducted safely
without poliuting the environ-
ment.

In addition to several individ-
ual burn rooms, which are mod-
ified from time-to-time to accom-
modate special NBS testing
requirements, the facility also
houses several tally de-
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' be dedicated to a single test.
During an experiment, real-time,
full-color graphics present the
data as they are collected, with

signed calorimeters for mea-
suring the rate of heat release
from materials and large sam-
ples, a new room/corridor facil-
ity for studying smoke and toxic
gas transport, pilot furnaces,
and reduced-scale model en-
closures. Also, in 1984 con-
struction began on a two-story
“townhouse” for studying fire
spread from a burning room,
smoke transport between lov-
els, and sprinkler performance.
A new computer-based data

to engi-
neering units for gas analysis,
rate of heat release, tempera-
ture, and other measurements,

Capabilities:

Heat-Release Rate Calori-
meters—The Center for Fire
Research at NBS pioneered
and developed the oxygen con-
sumption methodology for mea-
suring the rate of heat release,
and has used it longer and in
more devices than any other

y. The major benefit of

em p!
state-of-the-art data collection
capabilities for all large-scate
fire testing. Up to 300 instru-

this technique is the indepen-
dence of the apparatus in mea-
suring enthalpy responses to

in heat-rel rate.

ments with ing rates over
100 channels per second can

and toxic gases from the room
of fire origin into the cormidor
and secondary target rooms.
The design of this facility makes
it possible to measure the haz-
ards associated with the burn-
ing of wall linings or room fur-
nishings by evaluating the rate
of heat release, smoke pro-
duction, and toxic gas genera-
tion. The facility is available in
its present form or with design
modifications for the evaluation
of a variety of building contents
and furnishings.

Burn Rooms—A standard burn
room built to ASTM specifica-
tions, 24 mby 3.7 mby 24 m
high, adjoins a large overhead
hood which collects the exhaust
products from the room fires.
The exhaust collection system
is calibrated to measure the rate
of heat release and the gener-
ation rates of smoke and other

P trom the
Heat-Release Rate Calorimeter o The bumn room is available
for and valida-

A laboratory-scale calorimeter

tion studies of mathematical
models and for studies of fire

for ing the heat-rel
rate of materials up to 300 mm
by 300 mm under extermnat
irradiation up to about 100
kw/m? is available for funda-
mental research. Of special in-
terest is the furniture
i used for

of furnishings and
interior finish materials.

The room fire environment
can be characterized in terms of
temperature and pressure gra-
dients and the spatia) distribu-
tion of thermat flux, gaseous

the rate of heat release of up-
hotstered chairs or furnishings
of similar size; this apparatus
provides data on the free-
burning fire behavior of fur-
nishings.

Room/Corridor Facliity—NBS
has constructed and used a
room/ corridor facility to evalu-
ate an analytical model that pre-
dicts the transport of smoke

p and
smoke. Other measurements
permit the calculation of thermal
losses to the room boundaries
and mass and energy flows
from the room. Other smaller
burn rooms also are available.

Pilot Furnaces—Two pilot fur-
naces for evaluating the fire en-
durance of wall assemblies or
fioor/ceiling assembiies are
available. These fumaces, one



capable of handling specimens
2.4 m by 3.0 m and the other
1.0 m by 1.0 m, may be used
tor research purposes only and
cannot be used for code accep-
tance testing. Typically, fire ex-
posure similar to that specified
by ASTM E 118, under caretully
controlled conditions of furnace
pressure and oxygen concen-
tration, can be carried out rou-
tinely. Depending on the param-
eters required, a variety of other
exposure conditions can be ap-
plied.

Reduced-Scale Models—NBS
facilities are available for
reduced-scale modeling of fufl-
scale fire configurations. Phys-
ical models offer an economicat
means of achieving sufficient
variation of physical parameters
for a generalized understanding
of fire behavior. Based on the
resuits of reduced-scale experi-
ments, limited full-scale veri-
fication then can be performed.

Two-Story Structural Steel
Facility—This test structure
consists of a two-story, four-bay
structural steel frame measuring
9.75 m by 12.2 m. The steel
frame is sized to reflect the
structure typically found at mid-
height of a 20-story building. A
manually operated propane
burner, with a capacity of 4.4
MW and requiring a 10 horse-
power alectric blower, is mount-
ed in a masonry wall across one
end of one of the bays.

Any of the eight compart-
ments, or comoinations thereof,
can be enclosed to serve as a
furnace or a burn compartment.
The top of the structure has a
poured concrete deck over
steel, while the second story
has a poured concrete deck

Two-Story Structural Steel
Facility Used in Fire Research
e —

over steel in two of the oppos-
ing quadrants. The other two
quadrants have no floor. Exten-
sive instrumentation and data
acquisition capabilities are avail-
able for any part of the struc-
ture,

The test frame is available for
use as a burn compartment in
which products could be burned
and the resulting energy and
combustion product measured.
The bay containing the burner
wall can be used as a fire en-
durance furnace for evaluating
walls or floor/ceiling assem-
blies.

Availability:

Industry, university, and govern-
ment representatives are en-
couraged to use NBS fire test-
ing facilities on a collaborative
or independent basis, with cer-
tain restrictions. For safety rea-
sons, NBS staff must closely su-
pervise all use of such facilities.

Contact:

Dr. Jack E. Snell, Center for
Fire Research, Room A247
Potymers Building, National
Bureau of Standards,
Gaithersburg, MD 20899,
Telephone: 301/921-3143.

Burn Room in Fire Research
Facility
B e —



Plumbing
Research
Laboratory

The plumbing research labora-
tory at the National Bureau of
Standards is a five-story, highly
adaptable facility capable of
simulating the plumbing config-
urations of a low- to medium-
fise building. An appendage to
the principal tower allows for the
simulation of single-family

systems g a
split-level configuration. Data
are recorded using a high-speed,
preprogrammed data acquisition
system which can be pro-
grammed to handie both water
supply and waste drainage sys-
tems.

Capabiliities:

The tacility allows for the con-
struction of innovative or con-
ventional plumbing systems at
each of the five floor levels and
the split-leve! appendage. Water
closets, lavoratories, bath tubs,
or other devices may be installed
and provided with water sup-
ply systems, drainage systems,
and venting configurations.
Each of the fixtures may be ac-
tivated remotely, either sepa-
rately or in combination, with
operation controlled manually or
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by computer on a programmed
basis. Among the dynamic per-
formance parameters that can
be measured are pressures, ve-
locities, and mass fiow or
volume-discharge rates of air
and water, water levels, tem-
peratures, piping strains and
stresses, and linear or rotational
movements. The facility also
can be programmed to provide
a measured quantity of water at
a given flow rate from a holding
tank at the top of the facility to
simulate upper-story loading.

Applications:

The facility is well suited to
measure system dynamics of
flow and pressure for drain
waste and vent (DWV) compo-
nents under simulated loadings.
Positive and negative pressures
also can be introduced at vari-
ous points in the system to de-
termine the plumbing character-
istics under these conditions.
Recent applications have in-
cluded experi is to deter-
mine it plumbing systems perform
satistactorily with reduced-

sized venting.

Avallabllity:

The plumbing research facility is
available for collaborative proj-
acts and for independent re-
search. [t must be operated
under the cognizance of the
NBS staff.

Contact:

Dr. Lawrence S. Galowin, Build-
ing Equipment Division, Room
B326 Building Research,
National Bureau of Standards,

g, MD 20899,
Telephone: 301/921-3293,



Large
Environmental
Chamber

The large environmental cham-
ber at the Nationat Bureau of
Standards is 14.9 m by 128 m
by 9.5 m high. It has an earth
floor and may be excavated as
needed for building construc-
tion. The chamber is one of the
largest of its kind, capable of ac-
commodating two-story houses
under simulated environmental
conditions. This chamber has
been used for thermal perfor-
mance, heating and cooling
load measurements, and energy
consumption for buildings ot dif-
terent kinds.

Capabilities:

The chamber is capable of auto-
matically maintaining steady
and/or dynamic temperature
profiles from —45 to 65 °C and
humidity from 50 percent RH at
1.7 °C up to 35 °C dewpoint at
49°C. A wider range of relative
humidity (15 to 80 percent) may
be obtained manually. Air circu-
tation maintains the temperature
variation within the chamber to
within 41 *C. Damper-control
return ducts in all eight corners
of the chamber permit good air
distribution. Supply air is fur-
nished by ceiling diffusers.

Applications:

The chamber is used to mea-
sure indoor temperature fluctu-
ation, heat loss and heat gain
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through the building envelope,

industry and universities. Collab-

energy 2

orative prog and

and air i are through
under simulated and dynamic- NBS' Building Physics and
ally fluctuating outdoor temper-  Building Equipment Divisions.
ature cycles. The chamber has
been used to test a wide variety Contact:

of conventional and speciat
structures and equipment, in-
cluding military hardware (such
as inflatable life rafts, relocat-
able sir-inflatable hospital units,
and portable walk-in coolers)
under extreme climatic condi-
tions.

Avalilabllity:
This facility has substantial po-
tential for use by in

Dr. Tamami Kusuda, Building
Physics Division, Room B218
Building Research, National
Bureau of Standards,
Gaithersburg, MD 20899.
Telephone: 301/921-3637,

———————————
Large Environmental Chamber
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Line Heat-Source
Guarded Hot Plate

This 1,000-mm guarded hot-
plate apparatus at the National
Bureat: of Standards measures
the thermal conductivity of
building insutation. NBS uses
the hot plate to provide cali-
bration specimens for guarded
hot plates in other laboratories.

be measured with an error rate
fess than 0.3 percent.

Capabilities:

This apparatus has a test tem-
perature range of 200 °C for the
hot plates and - 20°C for the
cold plates. The per-

standards. These standards are
used to calibrate or verify heat
flow meter (ASTM C508) or
guarded hot-plate (ASTM C177)
equipment.

Avalilability:

This is i for

mits measurement of vertical
and horizonta! heat flow to sim-
ulate the heat transfer through
ceilings and floors respectively.
This apparatus operates within
its own caretully controlled tem-
perature and humidity environ-

Italso is used to I
edge heat loss from thick ther-
mal i i ials. This fa-

ment shi by an
aluminum enclosure. This facil-
ity provides for absolute mea-

cility is the only one of its kind
in the worlkd which will permit
tow-density thick insufation to

surement of thermal resistance
of thick- and low-density test
specimens used as transfer

use by those outside NBS, but it
must be operated by NBS staff.
Collaborative programs may be
arranged through the NBS
Building Physics Division.
Contact:

Mr. Thomas K. Faison, Building
Physics Division, Room B114
Building Research, Nationat
Bureau of Standards,
Gaithersburg, MD 20899.
Telephone: 301/921-3501.




Calibrated Hot Box
Facility

This National Bureau of Stan-
dards apparatus measures the
heat transter coefficient of tull-
scale building wall sactions. De-
signed in accordance with
ASTM Standard C-976, it con-
sists of two large heavily insu-
lated chambers—an environ-
mental chamber and a climatic
chamber—each with one open
side. indoor and outdoor condi-
tions are simulated in the cham-
bers, which are 4 m high, 5.5 m
wide, and 1.6 m deep. The
open test section measures 3 m
by 4.6 m. A well-insulated frame
supports the wall specimen that
is clamped between the open
sides of the two chambers.

Capabilities:

This facility is the only one of its
kind designed to perform simul-
taneous dynamic transfer mea-
surements of air, moisture, and
heat during simulated winter and
summer conditions under
steady state and dynamic driv-
ing functions. While the environ-
mental chamber temperature
and humidity are maintained to
simulate a relatively steady and
narrow range of indoor condi-
tions, the climatic chamber can
attain temperatures ranging
from —40 to 65 *C with relative
humidity between 20 to 80 per-
cent. The apparatus measures
the performance of homoge-
necus or composite walls hav-
ing a range of thermal resis-
tance from 0.35 to 8.8 m? C/W,

air leakage rates up to 255
m?/hr, and moisture transfer
rates up to 1.4 kg/hr. It accom-
modates wall specimens up to
0.6 m thick and up to 700 kg/
m? in weight per unit area.

Applications:
NBS will be using the facility to

Using this apparatus NBS will
provide industrial laboratories
and others with standard refer-
ence test specimens represent-
ing selected types of walls of
ditferent thermat conductances
and thermal mass under steady
and dynamic conditions. NBS
has participated in round-robin
test activities with ic and

e e ——
Calibrated Hot Box Facility

Contact:

Mr. Thomas K. Faison or Mr,
Douglas Burch, Building Physics
Division, Room 114 Building
Research, National Bureau of

i MD

develop test
to evaluate dynamic thermal

overseas thermal insulation lab-

per of full-scale walls
under cyclic temperature, hu-
midity, and air pressure condi-
tions. Currently these test meth-
ods do not exist. The building
industry and government agen-
cies are seeking reliable evalu-
ation techniques for wall thermal
mass, especially to predict en-
ergy consumption of buildings
with heavy mass effects in com-
-

Availability:

This apparatus is undergoing
calibration tests and will be
available for external use in the
spring of 1985. The facility is ex-
pected to provide a unique op-
portunity to measure simulta-
neous transfer of air, moisture,
and heat through wal! and roof

parison to
buildings.

with ings for
windows and doors. While it is
available for use by those out-
side NBS, this apparatus must
be operated by NBS staff,

20899.
Telephone: 301/921-3501.



Tri-Directional
Test Facility

The tri-directionat test facility at
the National Bureau of Stan-
dards is a computer-controlled
apparatus capabie of applying
cyclic loads simultaneously in
three directions. it is used in ex-
amining the strength of struc-
tural components or assem-
blages under the application of
a variety of loading phenomena
such as earthquake or wind.
This is one of the largest such
tacilities in the world, both in
terms of its high-load capacity
and its capability to handle
large, full-scale specimens.

Capabillities:

The facility can apply forces
and/or displacements in 6 de-
grees of freedom at one end of
a specimen. The other end of a
specimen is fixed. Specimens
up to 3.3 m high and 3 m in
length or width may be tested.
The 6 degrees of freedom are
translations and rotations in and
about three orthogonat axes.
The forces are applied by seven
closed-loop, servo-controlled hy-
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draulic actuators that receive in-  Applications:
structions from a computer.
O ing under con-  The tridi test facility is

trol, the facility simultaneously
maintains controf of the load
and/or displacements in each of
the three orthogonal directions.
toads may be applied up to
2,760 kN in the vertical and
about 890 kN on each of the
two horizontal directions.

24

fimited only by the size of the
test specimen. Loads may be
cyclic or unidirectional depend-
ing on the type of loading condi-
tion being simulated. Currentty
the facility is being used to study
masonry shear walls subjected
to reversed cyclic lateral loading

with a combination of boundary
conditions and verticat loads.
This facility supports NBS' role
in developing research for seis-
mic design and construction
standards in the National Earth-
quake Hazards Reduction Pro-
gram.

Availability:

The tri-directional test facility is
used by the NBS Structures Di-
vision in a variety of NBS re-
search projects and coflabo-
rative projects with other agen-
cies. It also is available for inde-
pendent research, but must be
operated by NBS staff.

Contact:

Or. Edgar V. Leyendecker,
Structures Division, Room B168
Building Research, National
Bureau of Standards,
Gaithersburg, MD 20899.
Telephone: 301/921-3471.

Tri-Directional Test Facility



Large-Scale
Structures Testing
Fa

The large-scale structures test-
ing tacility at the National Bu-
reau of Standards consists of a
universat testing machine to ap-
ply tensile and compression
loads to full-scale test speci-
mens. A 13.7-m-high reaction
buttress is currently under con-
struction which will allow use of
both the testing machine and
the buttress to apply combina-
tions of vertical and lateral loads
to large-scale test specimens.

Capabllities:

The universal testing machine
portion of the facility is a hy-
draulically operated machine of
53.4 MN capacity and is one of
the largest in the world. It has a
height of 23.8 m above the floor
level. It tests large structural
components and applies the
forces needed to calibrate force
measuring devices of large ca-
pacity. The machine can apply
axial forces of 53.4 MN to col-
umn sections or fabricated
members with lengths up to
17.7 m. The reaction buttress is
capable of applying lateral loads
of 4.5 MN at heights varying
from floor level to 12.2 m above
the floor level.

Applications:

The large-scale test facility may
be used to test specimens un-
der combinations of vertical and
lateral load. Currently a testing
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program is underway to evalu-

arranged through the NBS

ate per of

columns up to 1.5 m in diameter
and 9.1 m in height. The univer-
sal testing machine portion of
the facility may be used con-
veniently to test large tensile
and compression specimens
and to calibrate large-capacity
force measuring devices.

Availabllity:

Collaborative or independent
programs for this test facility are

Division. The facility
must be operated by NBS staff.

Contact:

Dr. Edgar V. Leyendecker,
Structures Division, Room B168
Building Research, National
Bureau of Standards,
Gaithersburg, MD 20899,
Telephone: 301/921-3471.

Universal Testing Machine in
the Large-Scale Structures
Testing Facility
e U ——



Acoustic
Reverberation
Chamber

This facility at the National Bu-
reau of Standards is used to de-
termine sound absorption coeffi-
cients of building materials as
well as sound power emitted
from various equipment, such as
air-conditioners and household
appliances. The tacility is a
vibration-isolated, shell-within-
shell type structure of reinforced
concrete with inside dimensions
of 9.1 m by 7.6 m by 6.1 m cre-
ating a volume of 425 m®. The
chamber’s interior and its sur-
rounding 1-m-wide air envelope
are air-conditioned and humidity
controfiad and provided with
conduits for communication and
data acquisition. The chamber
is equi i j vari-
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is sampled by an array of 12 mi-
crophones, six mounted on
stands ptaced on the floor and
six suspended from booms at-
tached to the ceiling. The booms
may be rotated to give a wider
range of microphone locations.
Also, the tacility is equipped
with eight microphones mounted
at each of the trihedral corners
of the chamber—a unique char-
acteristic among U.S. facilities,
The loudspeaker used to deter-
mine the decay measurements
and the microphones are con-
nected to a computer in the ad-
jacent laboratory.

Applications:

The chamber is used to develop
measurements of sound absorp-
tion coetficients and to determine
sound power of sound sources.
It supports basic research to de-
fine the acoustical parametars
for building materials and spaces
and to develop and validate

ical models for pre-

with
able speed, rotating vanes to
create a uniform sound-field dis-
tribution. Numerous pipe-sieeve
openings of various sizes are
available for other specialized
uses such as conduit for hy-
drautic, pneumatic, fuel, or ex-
haust lines.

Capabilities:
The chamber is designed to pro-
vide a highly diffuse sound field

in the frequency range of 100 to
10,000 Hz. The sound pressure

dicting acoustic field. The cham-
oer is operated and maintained
by the NBS Building Physics Di-
vision.

Availabillty:

This facility has substantial po-
tentia for use by researchers in
industry, universities, and other
government agencies. Sched-
uling arrangements for collabo-
rative programs and individual
research are handled by the
Building Physics Division.

Y

Dr. Simone L. Yaniv, Building
Physics Division, Room A105
Sound Building, National Bureau
of Standards, Gaithersburg, MD
20899,

Telephone: 301/921-3783.

Acoustic Reverberation
Chamber




Acaustic
Anechoic
Chamber

This facility of the National Bu-
reau of Standards is used to de-
termine the sound power emit-
ted by sound sources as well as
how much sound power flows in
a given direction. It also is used
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incident sound energy at all fre-
quencies above 45 Hz. The
chamber's airflow can be cut off
if a lower background sound
level is required.

Applications:

The chamber is used to develop
procedures for measuring sound
power, to determine the direc-
tion of sound intensity, and to

fine the acoustical parameters
required for the development of
mathematical models for pre-
dicting acoustical fields.

Avallability:

This facility has substantial po-
tential for use by researchers in
industry, universities, and other
government agencies. Sched-
uling arrangements for collabo-

The chamber also can be used
in psychoacoustic studies. it

to equip-
ment such as microphones and
toudspeakers. The facility is a
vibration-isolated, shell-within-
shell structure 6.7 m by 10.0 m
by 6.7 m, creating a volume of
450 m*. The absorptive treat-
ment consists of glass wocl
wedge modules installed on all
six inner surfaces of the room.
Access to equipment within the
room is provided by a wire mesh
fioor. Additional accessories in
the room include communication
line outlets and rigid supports
for equipment on all six sur-
faces. Air-conditioning ducts are
acoustically treated. Humidity
control provides 45 percent rel-
ative humidity within 15 per-
cent.

Capabilities:

The chamber is designed to
provide a highly anechoic sound
field. The walls of the chamber
are designed to absorb 99 per-
cent or mora of the normally-

P basic to de-
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rative prog and
research are handled by the
NBS Mechanical Production Me-

trology Division.

Contact:

Mr. Daniel R. Flynn, Mechanical
Production Metrology Division,
Room B106 Sound Building,
National Bureau of Standards,
Gaithersburg, MD 20899,
Telephone: 301/921-3565.

Acoustic Anechoic Chamber




Network Prot: i
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(Institute of Electrical and Elec-
tronics Engineers) standards.

American Presentation Leve!
Protocol Standard (NAPLPS) for

Testing and
Evaluation Facility

The Network Protocol Testing
and Evaluation Facility at the

to test the correctness and per-
tormance of different local area

Automated techniques are used  videotex applications. network technologies, including
to develop formal descriptions o carrier sense muitiple access
and i i Public Data Networks— with coflision detection (CSMA/
of p testing for testi o . €D} and token bus access
tools have been developed to and seMc(:s :)srugnigu":::‘\s:t methods.

mﬁe:su re pfm::m:e lmple_mem— to FIPS 100, Interface Between  Computer-Based Office Sys-
ations against reference imple- 1202 Terminat Equi ©TE) and

mentations.

and Data Circuit-T

National Bureau of
consists of eight laboratories for
research in the design, imple-
mentation, and testing of com-
puter network protocols. The
laboratories are used to ad-
vance measurement method-
ologies for computer networks.
A variety of communications
technologies and applications
environments have been devel-
oped for F

i ge p are devel-
oped and tested in environ-

C (DCE) for O
Protocols are developed and with Packet-Switched Data ments suitable for communi-
tested over satellite commu- Communications Networks cating word processors and
nications where very high band (based on X.25 standard of desktop computers.
width and long propagation de- ~ CCITT).
fays affect vption Availability:
High-Speed and are ped and Ci in net-

p
sor Networks—Protocols are

developed and tested over net-
works that transfer data at very
high communication speeds (50

to 100 per second).
and testing under conditions ap-
propriate for both current and Videotex—Techniques and
i ies. These are to test
research efforls support the de-  implementations of the North

velopment of international stan-
dards for open systems inter-
connection to enable computer
systems of different manutac-
turers to be interconnected for
computer-to-computer commu-
nication.

Research in developing proto-
type implementations and test-
ing techniques is carried out
cooperatively with federal agen-
cies and industry.

Capabilities:

Network Protocols—Prototype
implementations of middle- and
high-tevel protocol standards
are developed and tested over
a commercial X.25 public data
network, the Department of De-
fense data network, and a local
area network based on IEEE
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tested to protect data trans-
mitted in networks, manage
secret cryptographic keys, pro-

working involves more than 30
computer manufacturers, 10
other federal 1gencies, and five

vide for p
of users, and provide for data
integrity.

Local Area Networks—Tools
and techniques are developed

in other
countries. Collaborative pro-
grams are arranged through the
NBS Center for Computer Sys-
tems Engineering.

Contact:

Mr. Robert P. Blanc, Center for
Computer Systems Engineering.
Room A231 Technology Building,
National Bureau of Standards,
Gaithersburg, MD 20899.
Telephone: 301/921-3817.

Network Protocol Testing and
Evaluation Facility

—— A TS T 48
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Cooperation in R & D: Whose Responsibility?

Spurred by competitive and financial pressures. U.S. research labora-
tories in universitics. industry. and government are searching for collabora-
tive agreements to improve their performance. Many successful arrange-
ments are being expanded and new ideas put forward, The National Bureau
of Standards (NBS) has had considerable experience in cooperative re-
search ar and some thoughts based on our experience may be
useful to others.

While some U.S. institutions are finding it possible to agree on long-term
and comprehensive multimillion-dollar research ventures. we have found
that cooperative ¢fforts need not be long-term nor restricted to “*big ticket™”
items. The big rational research facilitics must be shared. as we share our
rescarch reactor. syanchrotron radiation source. and other facilities. but
these need not be the models for all covperative ventures. Our Research
Associate Program has fostered a variety of useful cooperative research
programs, many of which require little in the way of unique facilities and are
narrow in scope. Each agreement has been taitored to fit the work at hand
and the capabilities and goals of the participant.

Over the past decade. NBS initiated u series of research projects to
improve our knowledge of the properties of liquefied natural gas (LNG)
mixtures, containment matcrials, and measuring techniques. About half the
work was funded by relatively smail-scale cooperative programs with
industry, particularly under the aegis of the American Gas Association. At
one point we put together a 19-member consortium of natural gas users.
importers. and utilities for a single project to develop a good equation of
state for LNG. One of the most successfui projects, backed by NBS. the
American Gas Association. the Maritime Administration, and the American
Bureau of Shipping, was simply to produce a well-documented, easy-to-use
handbook of data for LNG users. Typically. it took 9 to 18 months to make
the arrangements for a project in the LNG program. Likewise, we recently
announced a major cooperative program with the American Society for
Metals to collect evaluated alloy phase diagram data and make the data
available through a computerized information system.

These are only two examples of the variety of our joint research ventures.
About 100 industrial research associates and 40 postdoctoral fellows are
workirg today at NBS. More than 325 professors and students are stationed
in NES laboratories each year under various guest worker arrangements.
We have echuication agreements with 100 universities and colleges and joint
research programs with the Electric Power Research Institute, the Gas
Research Institute, the American Dentai Association, the American Society
for Testing and Materials. and others.

In carrying out cooperative research programs, one must be persistent,
attentive to detail, and involve both the technical staff and managers in the
initial detailed formulauons and the later critiques of progress. In all our
agreemen.s therz has becn no substitute for the involvement of beach
scientists and engineers. Laboratories wishing to coflaborate in research
should seck the advice of all potential participants. whether they are in
industry. universities, or government. At NBS all research managers are
encouraged anid expecied to make such interaction a way of life. That
corcern is manifested by daily contact with university and industry peers
and users and by a variety of formal evaluation panels involving scientists
and engineers sclected by the National Academy of Sciences and the
Natioral Academy of Engincening. This kind of regular interaction fosters
an enmvironment that i receplive to cooperative research.

The piuralistic nature of American society presents a real variety of
opportdanities for cooperation, and these opportunities should be imagina-
tively explored. It is up 1o managers and rescarchers to be ambitious and
innovative in their planning for cooperative research and to have the will to
wark out seemingly small but nevertheless crucial details of mutual under-
standing.—ER’NEST AMBLER. Director, National Burean of Standards,
Washington. 1,.C. 20234

Cooyiignt € 1982 by the Amer.can A: iation for the A of Science
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MALCOLM BALDRIGE
NATIONAL QUALITY AWARD

Program Fact Sheet

Authority for Awards

o Public Law 100-107, the Malcolm Baldrige National Quality
Improvement Act of 1987, signed by President Reagan on
August 20, 1987, establishes a U.S. National Quality Award.

o Secretary of Commerce and National Bureau of Standards (NBS) are
given responsibilities to develop and administer Awards with
funding from the private sector.

Purpose of P.L. 100-107

o Promote quality awareness in U.S. business
o Recognize quality achievements of U.S. companies
o Publicize successful quality strategies

Key Provisions of P.L, 100-107

o Categories for Awards: (1) companies or subsidiaries; (2) small
businesses; and (3) service companies. Up to two Awards may be
given each year in each of these categories.

o Criteria for Qualification: Apply in writing to Director, NBS;
and permit rigorous evaluation.

o Awards: Medal bearing inscription "Malcolm Baldrige National
Quality Award” presented by the President or the Secretary of
Commerce. Award recipients may publicize and advertise based
upon Awards.

o Award Examination: NBS shall rely upon a Board of Examiners
which shall conduct reviews and site visits.

o Technology Transfer: NBS Director shall ensure feedback to
applicants and publicize successful quality improvement
strategies.

© Award Program Oversight: Secretary of Commerce shall appoint
prestigious Board of Overseers to review Award process.

o Funding: Secretary of Commerce is authorized to seek and accept
gifts and to impose fees upon applicants.

Award Program Plan

o Presentation of Awards
- Awards will be presented by the President at an Awards
ceremony in November 1988,
o Eligibility
- Businesses incorporated and located in the U.S., and either-
privately or publicly owned
- Categories:
o companies--manufacturers of goods, mining, construction,
agriculture (SIC Codes 01 to 39)
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o subsidiaries--business units or divisions of companies
service companies--defined by SIC Codes 40 to 89
o small businesses--independently owned, 25 to 500 employees
(note: classification as service or company is
determined by larger percentage of sales)

=]

Criteria

Includes quality process, continuous quality improvement, and
customer satisfaction

Specific examination areas: (1) leadership; (2) information
and analysis; (3) planning; (4) human resource utilization;
(5) quality assurance of products and services; (6) quality
improvement results; and (7) customer satisfaction

Application Process and Review:

(1) Written application responding to detailed questions in
seven criteria areas. ’

(2) Screening of each application by three Examiners to
select finalists.

(3) Site visit and customer satisfaction examinations of
finalists. Detailed site visit requirements will be set
by the Board of Examiners.

(4) Board of Examiner review of all data and information to
recommend Award recipients.

Technology Transfer

NBS will create an Affiliates Program with professional
societies and trade associations to serve as an avenue to help
ensure that the findings in the Awards Program are available
for use in training, education, and certification programs of
these organizations.

NBS will provide feedback to applicants based upon evaluations
carried out by the Board of Examiners.

NBS will develop linkages to university programs to ensure
that the findings in the Awards Program become available for
inclusion in university curricula.

NBS will develop linkages to regional Quality Councils,

state, and local organizations concerned with quality.

Examiners

NBS is seeking highly qualified candidates to serve as
Examiners. Final selections will be made on the basis of
overall expertise and experience. The Examiner Board will
reflect balance of expertise among services and manufacturing.
A training/scoring program will be developed for Examiners to
ensure equity and consistency of evaluations.

Examiners will be compensated and reimbursed for expenses
according to terms under development.

Examiners will sign nondisclosure agreements to protect trade
secrets. Assignments of Examiners to application review and
site visit will be made based upon screening for potential
conflicts of interest.
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o Timetable

- Applications will be available from NBS by February 15, 1988.

- Applications must be filed by May 1, 1988. An application fee
of not more than $1500 will be charged. The exact fee will be
set when applications become available.

- Applications will be reviewed and site visits conducted
between May 1 and September 30, 1988. Finalists will be
notified of site visits and site visit fees at least three
weeks in advance of visits.

- An Awvard Ceremony will be held in mid November 1988,
Recipients will be notified approximately six weeks in advance
of the ceremony.

o Funding of Award Program L-velopment

- The Malcolm Baldrige National Quality Award Foundation will be
established to raise funds to support the development of the
Award Program.

- A prestigious Board of Trustees will be appointed to lead the
fund raising campaign.

o National Quality Award Program Development Review

- NBS is working with the American Society for Quality Control,
the American Productivity Center, other organizations, and
individuals to develop the Award Program, to review plans, and
to identify quality leaders to participate in the Program.

NBS will ensure a broad base of review before the first cycle
of Awards begins.

Award Program Contact

Dr. Curt W. Reimann

Malcolm Baldrige National Quality Award
National Bureau of Standards
Gaithersburg, MD 20899

(301) 975-2036
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NBS Gaithersburg laboratories.

NBS Boulder laboratories.
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Foreword

ooking at where we are today and where we want

10 be —both for the National Bureau of Standards

as an institution and the riaion as a whole—one
basic fact keeps coming to mind. Our knowtedge and
technology are this country’s major asset and advan-
tage both in ensunng domesuc strength and health and
in competng wih other natans That means we must
make the most of our research resources—our equip-
ment as well as our people Cooperation in research
and development is one abvious answer This is some-
thing that we have been doing since NBS was established
i 1901 as the nation’s physical sciences,

We have taken other steps to encourage technology
transfer. by holding lterally hundreds of conferences.
warkshops, and seminars each year, by encouraging our
staff to publish results of their wark as broadly as poss-
ble, and by working actively with professional and tech-
rycal societies and standards organizations. We are using
wdeotapes to explain our research so that others can
take advantage of our work. We now are making many
of our databases and experis avaiable through com-
puter networks, and we are considenng expanding this
service SO that industry will be able to tap into even
more of our

and engneering laboratory As an agency of the Depart-
meni of Commerce NBS has made cooperation with in-
dustry a way of doing business. and it has served as a
model for cooperative arrangements which are becoming
mare popular today as industry. universities, and gov-
ernment form research partnerships all across the coun-
ry We are using cost-sharing arrangements with others
whenever and wherever possible. and thrs brochure
provides a number of examples of our cooperative
endeavors.

But cooperation in research and development will not
be enough Doing the research s only half the battle
The results of Ins research must be incorporated nto
new ideas. new processes. and new products New tech-
notogy must dffuse throughout our industries, and dif-
fuse more rapidly than it does now We need to think
about cooperation i the transfer and diffusion of tech-
notogy in the same way that we have addressed coop-
eration i research and development

NBS 15 taking a tead here. too We spend a good deal
of tme with visiing scientists, engineers, and managers
from industrial firms About 200 of these specialists work
al NBS each year as research associates, with their
SPONSONNg organizations paying therr salanes. They
come 1o NBS to conduct research, but they also come
ta fearn how they can put our work to use.

We will continue to look for new outlets. new ways to
disseminate our research results and services through-
cutthe U S. economy | am convinced that as a nation
we must all join together to develop creative ways to
transter technology, just as we now seem to be develop-
ng the capacity to conduct research together. There s
not much choice if we wanl this country 1o be competi-
tve in a changing world economy

gy

Ernest Ambler
Director
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Institute for Materials Science and Engineering
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To determine how

polymers behave
during processing,
polymer scientists
Charles Han (left) and
Isasc Sanchez use a
forced Rayteigh scatter-
ing instrument to study
phase separations in
polymer blends.
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mong the materials of the future are advanced
hugh-performance ceramics, which have unque
properties that make therm well-suted for use in
electronics, sensors, cutling tools, lomedical devices,
and advanced heat engines. The iInstitute for Matenals
Science and Engineening has begun {o investigate the
relatonships among the synthesis, microstructure, prop-
ertes, and performance of these ceramic materials In
their inibal work, researchers are emphasizing new
chermical ap) 10 the
multicomponent powders needed by industry to pro-
duce such complex ceramics They have established
laboratory facsities to study the syniness and
characterization of advanced ceramics. Other re-
are g vanous pi of tinished
ceramics and developlng a unique program ta measure
thewr high-temperature wear charactensiics
Another class of advanced materials 15 palymer-matrix
composites. Polymers reinforced with high-sirength
fibers such as graphee or glass have outstanding
strength and stifiness for thew wexght. They are now
found extensively in aerospace applications and will be
used increasing'y in aulomobies and constructon. The
Institute is developing measurement methods to investi-
gate and cortrol composite processing 10 ad industry I
controliing product quality while sncreasing production
sthciency. IMSE 1s also investigating the mechanisms by
which fiber-reinforced compasites fail. The test methods
and data produced by this program should lead to im-
proved compaste matenals and better ways 10 predict forward-thinking engineers. IMSE has begun a program
the matenals’ useful service lives. to measure the optical propertees of thin-fim materals
One of the tastest growing segments of the U.S. syn- and to study their dependence on processing character-

inalioys are (. to r.)

thetic polymer nQustry is the production of et istics. This research wil scienutc Daniel

blends, which are rrs\trgura ofpl'wo or more mers. to the ongoing effort to improve the performance of tsroel Inetitute of
These materials are particularly useful as engineering materials in optical information-processing devices and Technology; Frlﬂlf
plastics designed 1o replace metals in products such as systems. Blancaniello, NBS;
gears. pumps, and maching housings. When a polymer In the future, many products made of auvanoed mate- | Dents Gratiss, National
blend is processed, the component polyrmers separate rials wil be prodt gfacii | Sclence Research

\nto phases of different compositons, affecing many of | €S These faciities wﬂl use nondestructive evaluation Canter, France; John
s useful properties. The Institute’s polymer blends pro- (NDE) techniques ta monitor product quality. Advanced Cshn, NBS; Leonid

cessing program is focused on measurement methods, NDE techniques can now monitor smportant matenal Bendersky, X
data, predictive modets, and general descrip- and product The insttute’s NDE | Hopking Unliversity; and
vons that wil form a scientific basis for optmizing control | Program is developing the science base. Robert NBS.
of blend processing. Researchers wil use the smal- methods. and siandards that wil be needed to s NDE The discovery of
angle neutron scattering (SANS) faciity at the NBS re- for process control in g plants. p
search reacior 1o study the mechanism by which pofy- The trend toward d s also ex-
mers sepasate from each other. pectad 1o affect weiding. NBS cokaborated with industry 8 100-ysar-old theory of

In addition (o advanced ceramics and polymers, electro- | 10 establish the American Weldnng Insmute (AW, vmm “WWWM o
optic magerials help perorm of the cream feats of | Wil study and about

e welding technology. One of AWI's high-priority pro- crystals may make it

grams will focus on automated wekding. NBS wil study possible to produce
how flaws are formed during this welding process by materisls with radically
it it i in different properties.
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modet matenals. The expenments will use acoustic
emission and ultrasonie techriques to detect flaws as.
they are formed in the welded material. These exper
ments should lead to better control of defect tormation.
moxre effective feedback control for thick secton weld
automaton. and mproved weld eftioencies for specific
processes.

To provide the science base for the matenals of the
future. the Institute organizes is research around four
technical “themes™ matenals Processing, MICIOStruc:
ture and
Scientists from each IMSE division plan and coordinate
actvives in each of these areas.

For example, there 1s a coordinated effort within the
fnstitute 1o measure, collect, and evaluate phase
diagram data for the processing of metal alloys.
ceramics, and potymer-blend matenials. This information
1S used in the development of new matenials and the
design of new maternals processes. The institute, in col-

with societes,
publishes phase diagrams for alloys and ceramics and
makes them avalable to researchers and industnat
users. A large body of evaluated data ts being con-
verted into computerzed files so that ¢ will be available
10 users through on-ine access. The institute’s phase
diagram work 1s carred out cooperatively with the
American Society for Metals, the Arencan Ceramics
Society. and the Society of Plastics Engineers. Ex-
penmental results for metals, ceramics, and plastics are
compiled and evaluated by authorites in 35 data
centers throughout the world. In addition to providing
phase diagram data, the Institute carnes out expersmen-
{al and theoretical research in suppori of the data
program.

An example of the Institute's actvity in

structural features. and interface/nelastc specl:oscopy
for charactenzng multilayer metal-metal oxide coatings

Research on the propertes of matenals focuses on
wear and for
metals. ceramics. and polymer-matrix composdes Ae-
searchers charactenze metal-io-metal wear under both
clean and abrasive conditions as wel as the wear of
lubncated surfaces They develop measurement
methods for wear-resistant materals and provide
reference matenats for calibrating wear test equipment
Insttute scientists are investigating the erosion of refrac-
tory matenals by expenmentally observing the effects of
single-partcie indentation  Thew research has also
shown that the wear of a polymer-matrix composite ts n-
fluenced by ambrent iquids which soften the matrix.

Performance 1s a crucial charactenstic of all matenals
A mayor matenials performance problem 1s environmen-
tally induced cracking. For exampie, stress corrosion
can cause cracking :n engineenng alloys, hydrogen em-
brittlement can crack high-strength steels; cracking in
glasses and ceramics 15 often induced by water vapor.
and environmental stresses can crack ethylene-based
plastics. Toward the goal of reducing such damage. in-
stitute researchers establish the basic mecharusms of
the cracking processes and develop test methods to
determine the fallure resistance of vanous materals

As part of its general program, the Instiute operates
several large facilities, which are used extensively by
guest screntists and research associates from academia
and industrial research nstitutions from across the coun-
try One is a nuclear reactor dedicated to matenals and
radiation standards research. Another 1s a metals-
processing faciity capable of modifying surfaces with
electron beams and by laser melting, as well as pro-

charactenzation 15 the work carried out at the SANS
tacdity. This facility 1s used 10 study microstructure and
flaw development in new structural ceramics, o observe
1S 10 metallic
systems, and to charactenze molecular structure and
conformation in polymer blends. Similar work will be car-
ned out with the NBS/Naval Research Laboratory beam
knes at the Nabonal Synchrotron Light Source at Brook-
haven National Laboratory. Researchers will use real-
tine topography for kinetic studies of solidification;
small-angle x-ray scattenng to measure block copolymer

viding of sample quatity and microstruc:
ture Together with the Navas Research Laboratory, the
Institute has led an effort to construct hard radiation
branch hnes at the National Synchrotron Light Source.
This facéty permits unique expenmental work in
matenals charactenzaton.

The Institute s also developing a cold neutron source
taciity for advanced matenals research, The facility is
being designed 1o contain a low-background radiation
experimental hall and up to 15 new nstrument stations.
It will be managed and operated as a national research
facity for industnal, university, and government
SCIentists.

Cold neutron beams can augment research in virtually
every branch of materials science. Some of the expern-
ments planned for the new faciity will focus on the mag-
netic properties of new advanced aloys, the growth of

A Chemist Kay

Hardman-Rhyne
conducts small-angle
neutron scattering ex-
periments at the 20-
megawatt NBS research
reactor to ohserve
crystal structure and
microdefects in
ceramics.




A Metallurgist Joanne
Murray displays &
typical afioy phase
diagram. Such dlagrams
are used In the develop-
ment of new materials
and the design of new
materials processes.

4 w/
cracks and nature of voids in new advanced ceramics,
the distribution of dopants in advanced semiconductor
materials, deveiopment of new catalytic materials for
petroteum refining, and measurement of the size and
shape of engineered biomolecules.

In addition to managing and carrying out these facil-
ties and programs, the Institute supports fundamental
theoretical work in phase stability and materials fracture.
This work is basic to all of s technical programs and to
materials science research throughout the United
States.

Many of the Institute’s prominent research activities are
carned out in cooperation with industrial organizations,
which fund the work of research associates at the

T The Amencan Ceramic Society—establishment of
computer access to phase diagrams and dissemimnation
of phase diagrams of interest to ceramists. The
American Ceramic Society will develop industry support
and disseminate the phase diagrams and related
nformation

[1 The Society for Plastics Engineers—development
and dissermination of data on thermodynarmic behavior
of palymer blends. This information will be published
through the National Standard Reference Data System
at NBS.

0 The Amencan Iron and Steel Institute—research
amed at development of process control sensors for the
steel industry The joint program concentrates on rapid
on-ine measurement of temperature distrbutions and
automatic detection of porosity n hot steel

O The National Association of Corrosion Engineers
(NACE)—prowvision of evaluated corrosion data on alloys
and other matenals. NBS supplies technical guidance
and NACE develops program and funding support from
industry.

[ The Amencan Dental Association—developmert of
dramatically improved tooth restorative adhesives and
more effective fluoridation treatments based on
understanding of tooth mineral phase diagrams. This.
research is part of a 58-year-old cooperative program
partly supported by the Natonal Institute of Dental
Research.

O The Amencan Weiding tnstitute (AW —
establishment of the AWI/NBS Welding Data Bank for
rapid dissemination of welding data to U.S. industry and
impravement of narrow gap. thick-plate welding pro-
cesses in order to increase ndustrial productivity.

O The Wetding Research Council—development of
improved weld procedure qualfication methods.

1 The Joint Committee on Powder Ditiraction Stan-

Bureau. For example, Exxon has research in
charactenzing polymer biends with small-angle neutron
scattering; General Electric has used NBS’ unique time-
domain dietectric spectrometer for polymer
measurements; Martin Manetia has cooperated in
characterizing resins used on the space shuttle. Ongo-
ing cooperative programs Involve:

0O The A Saciety for Metal: 1 and

dissemination of computerized alloy phase diagrams
and bibliographic information worldwide with funding
support from industry.

Centre for Diffraction Data
{JCPDS/CDD)—critical evaluation of powder diffrachon
data, measurement of reference dala, and dissemina-
tion of results. The JCPDSACDD provides funding sup-
port through sales of the Powder Diffraction Fite. They
also disseminate publicatons and a computer fite from
the Crystal Data Center maintained by N8S.
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National Engineering Laboratory

From basic studes of the
sublle behavior of m:cro-
electiome circuts o thex
work n engineering stan-
dargs. the staf of the NBS
Natonat Engineerng Lab-
oratory (NEL) apply thev
expertse N engineerng
and scentfic measure-
ment to & broad spectrum
of natoral concerns

NEL scientssts and eng:-
neers conduct research in
engneenng and the ap-
cled scences They study
probiems :n elecirongs.
automaton and manutac-
turing chemical engneer-
g the behavor (and
preventon) of fres and
the design and construction
of buidings. NEL re-
searchers also provide the
nation wth state-otthe-art
measurement and calbra-
tion services n these
areas Thew research and
services i apphed mathe-
maucal and computer scr
ences support technical
programs throughout the
Bureau

| superconducting micro-

electronic circuits.

lowers # prototype Into
a liquid hellum dewar
for testing.
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or over acentury U S factones have led the worid

in production of materal goods. From apphances

to arcraft, the domestic manmufacture of products
having discrete parts annually adds $200 bdlion 1o the
gross national product. This keysione of the U.S. econ-
omy, under major challenge from foreign compettors,
operates on a system of measurements and standards
supported by the NBS Center for Manutacturing Engr
neerng (CME).

Through s measurement senvices, the Center pro-
vides manufacturers with access to the national stan-
«cards of length, force, and related quantties such as
surface texture, accelerabon, and acoustical power. The
Center's standards actvites give industry me techrucal
support it needs to develop voluntary standards for me-
chanical manutacturing. To extend and mprove mea-
suremenits and the lechnical basss for standards in these
areas, CME conducts research in measurement science,
precision engineenng, robotcs. and software for
automated manufacturing systems.

A focal point tor the Center's measurement and stan-
dards work for the “factory of the tuture” 1s the
Automated Manutacturing Research Facility (AMRF).
Scheduted io be tully operational by the end of 1986,
the AMRF 15 a research form of an advanced flexible
manufactuning systern made up of robots and machine
tools working together under computer control

A cooperative industry-university-government profect,
the AMRF has recerved substantal funding from the
U.S. Navy, and $3 5 mition in equipment has been
loaned or donated by nndustry. Thity-gight research
assocates fromn industry and researchers trom 20 uni-
versities work collaboratively with NBS staff on vanous
aspects of the AMRF.

The AMRF consrsts of a number of work stabons,
which typically have a numerically controlled machine
tool, a robot, and a computer controller. The work sta-
sons are organized into cells, which are supplied by a
matenals handhing systemn and controlied through a
computer network. tUpon completion, the AMRF will be
capabile of carrying raw metal materiat through a series

of machining operations to produce a fimshed, in-
spected pan from a computer design of that part, al
under automalic computer control

inthe AMRF, the Center 1s addressing two critical prob-

the basis

robots. machine tools, sensoars, controllers, and comput-

ers, which make up an amcma(ed factory system, Such
permit

to design and buikd interfaces fov their products that pro-

tect the propnetary aspects ol these products while alow-

ing them to work with those of other manutacturers.

An important example of such an interface standard is
the Intial Graptics Exchange Specification (GES),
which was developed by an industry-government coali-
ton led by NBS and adopted by the American National

lems in compi

the factory of the future. The first problem is 1o get
robots, computers, and machine tools from different
manufacturers to commumicate and work together in an
ntegrated system. The second is to find a means for
carrying out quality control In a fully automated factory
environment.

Institute, a private voluntary standards organi-
zation, IGES allows the transfer of part-design data be-
tween computer-aided design (CAD) systerns from dif-
ferent vendors. Every major producer of CAD systems is
now using IGES, and organizations such as the U.S.
Navy, the National Aeronautics and Space Administra-
tion (NASA), and General Motors are writing IGES into

A solution to the first problem is the
nterface standards for the many devices, induding me

Within the AMRF, NBS has developed and mplemented
a hierarchical control system with associated software
and database systems as a basis for an entire farmily of
standard interfaces. In such a computer control scheme,

A The first apace-

made product to be
oftered tor sale was
NBS Standard Reference
Material 1960, 10-micro-
meter polystyrene
sphaeres that can be
used to Improve micro-
SCopic measurements
made in electronics,
medicine, and other
high-technology areas.
Physicists Thomas
Lettiert and Arie
Hartman (seated) used
a technique called




Anunrchmﬁnnn
Karl Murphy (fore-

ground) and Rick
Norcross study the per-
formance of an experi-
mental parts-deburring
station at the NBS Auto-
mated Manutacturing
Research Facility.

the data processing and computation necessary 10 ac-
‘compilish a task is sphit into discrete levels, with the out-

Atthe same time that it gives measurement and stan-
dards support for industry’s development of computer-

put of hxghef levels being used as mpul tor
Wawer ievels, and iower levels furnisinng staius ieporis
for higher levels, Each level in the hierarchy accepts
tasks from the levet above # and splis those tasks into
subtasks that are parceled out to the levels befow it. Such
systems tend to be fast and efficient, because they can
be designed so that decisions are made no higher in the
architecture than

Center researchers also ale working on a solution o
the second problem, how to carry out quality control in
a fully automated factory. They are devising the means.
to automatically monrtor and control the

g lo meet a major !ove:gn chal-
nenge e Cenier aiso provides 27 percent of ine (oi
volume of NBS calibration services and conducts ad-
vanced measurement research in alt s areas of
responsibility.

For exampie, Center scientists have developed high-
resolution electron and optical techmiques for the calr-
bration of the dimensions of industrially mportant micro-
scopic objects. They are using these techniques to cal-
brate billons of tny polystyrene spheres made aboard a
NASA space shuttie fught and now being sold as an NBS

process so parts are made nght the first teme. Within the
AMRF, researchers have designed and impiemented
measurement techruques for such process control.

The turning center workstation in the AMRF, for exam-
ple, employs amicrocomputer-based efror compensation
system for real-time oomrd of the madunlng process.
This system
w-mapanmallounonofmecmunglool based on
prerecorded data, monitors the tempersature of various
parts of the machine tool, and, through its automatic
tool-setting station, checks the position of the tool’s cut-
ting edge relatve to the machine’s coordinate system.
AII mlee elemenls are used by the waem 1o achieve

in part
posl produ:mn inspection.

on

Standard Matenal. The spheres, the hirst prod-

uct manutactured in & e to be offered for sale, will

be used to -mp(ove MiCroscopic measurements made
the economy in ., medicine, and

other mgh-technology areas.

In anather project, researchers from CME and the
Center for Raciation Research have developed a tech-
mque for observing simuitaneously the magnetic char-
acter of a surface and s physical structure over dimen-
sions as small as 100 angstroms. Combining scanning
electron microscopy with polarization analysis, the tech-
nique can be used to study important magnetic matenals
such as high-density magnetic media for computers.
Collaboratve studies with industrial researchers are
planned.




Center for Chemical Engineering

250

= he NBS Center for Chemical Engineening (CCE)

‘; provides measurement methods, traceability to
£ natonal standards, fur

chemical engineenng science, and reliable evaluated
dala and databases. This work helps 1o strengthen the
competitiveness of U.S. industry in the world market, to
assure equity in domestic and internationat trade, and to
provide industry with the engineering basis for improved
design and contral of chemical processes. Through re-
search programs in chemical process metrology, ther-
mophysical properties of fluids and soiids, and chemical
engineening science, Center researchers develop exper-
imental and theoretical techniques to provide needed
measurements and databases. The results of these ef-
forts include calibration and other measurement ser-
vices, measurement practices and standards, and engi-
neenng data.

The CCE staft work closely with trade associations,
steening committees, and consortia of the chemical, pet-
rochemical, plastic, gas, petroleum, and paper indus-
ines. Therr research afso contributes to the science base
of the rubber, metals, glass. food, pharmaceutical, and
related industries as well as the chemical engineering
science programs of other gavernment agencies.

As the prices of natural gas and oil have risen, In-
dustry has sought more precise ways to measure these
fuels. NBS has developed a unique way to make pre-
cise gas flow measurements on a mass flow basis.

CCE'’s mass flow faciiity in Boulder, Colo., has the
capability 1o test measurement systems with pipelines
up lo 15 centimeters in diameter. A large heat ex-
changer is used to vaporize liquid nitrogen for gas flow
tests at room temperature and high pressure. The gas is.
recondensed and weighed as a liquid, providing better
than normal accuracy. The Gas Research Institute is
sponsoring evaluation of orfice meters using this refer-
ence measurement technique. In a companion program
supported by the American Petroleum institute, CCE
researchers at NBS in Gaithersburg, Md.. are using a

In response to the long-range needs of the biotech-

water test fluid to smprove liquid and gas flow measure- Laser tomography

ments made by orfice meters. nology industry, the Center has inttiated and sponsored Is used by mechan-
An indusiry-government consortium of users and workshops in collaboratiort with Lehigh University on ical engineer Steven

manufacturers is sponsoring research at the Center on “Process Measurement for Biotechnology” and "'Stan- Ray to observe high-

vortex shedding , & device that a ization Problems in the Design and Scale Transla- temperature reactions

wide range of flow rates. F are ton of " These ta In a number

computer flow models as well as advanced laser tech- smali tocused program in the Center on mea- | of P

niques to define the meter flow field. Thewr work will lead | surement and bioseparations. such as power and

to a fundamental understanding of this type of flowmeter Center researchers are collaborating with an industrial { steam generation, re-

and wilt give industry the basis for designing and using | consortium of 13 private firms 1o develap the propertes | covery of materials, and

improved vortex fowmeters.

needed to exploit
techniques. They are working 1o develop the equations-
of-state and phase eguilibria properties of supercnitical
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sures the thickness of
axtremely thin liquid
layers adsorbed or
flowing on solid sur-
faces. The thickness
data are then used in
the design of more effi-
clent heat exchangers
and methods of ol
extraction.

fuads (such as carbon dowdel whaeh can he used as
soivents 1o dissolve large amounts of other fluids (such
as crude od in ot recovery operavons) By lowenng the
pressure of the mixture. the solute can be recovered
(separated) and the solvent can be reclamed to be
used again The use of supercraical fluds may reduce
signficantly the cost of chemical separations in many
future Industrial processes.

Improved energy and eguipment efficiencies could
result trom the use of vanous types of membranes to
separate and recover desired products from fiuid
chermucal mixtures. The Center s conducting both
theoretcal and expenmental studies to provide ref-
erence data and methods of measuring the performance
of ditterent types of membranes. CCE researchers are
modeling Loud . 0N g
membeanes, and emuision kquid membranes 1o deter-
mine the effects of such lactors as geomelry, ime,
solubility constants. diffusion coetfioents, and forward
and reverse reaction rates on mass transfer rates

To menimize expenditure on hugh-pce fuel. US n-
dustry wants 1o obtain the maximum energy output from

tuel combuston Agvanced methods of measur ng and
evalualing combustion are necessary for ths eftort to
succeed The Center 15 pursuing new ways 10 Mprove
eombuston efficiency by studyng particie formaton and
growth at hgh temperatures For example Certer re-
searchers are using laser scatterng ex'ncton ind
Doppler velocmetry to determine the s.ze of soot par
tctes. ther arstr buten. and trev velocty In sco* ‘orna
Lon studies, researchers want 10 know how 1o adust the
fame oxygen and fue leve's !0 form the oprum
amount of soot and then allow the proper aTount of
trre ‘or the soot to bun out These studes ae amed @
:mproving the performance of boiers dryers arg
turnaces

The Internationa Assocraton for the Propertes of
Steam has endorsed steam tatles developed by N8BS
and the Natonal Research Counci of Canada The
1ables offer an unprecedented range of temperatures
and pressures for scentfic and general use The re-
wvised steamn tables wiit help scientsts and engingers
designing :ndustnal and chemmical processes. explorng
for petroleum and menerals desigrung heat transter
systems. boders and turbnes. and in harress ng geo-
thermal energy

CCE researchers correlated a" exstng quality ther-
modynamic data on water and steam with a wide-ranging
equatton of state now known as the Haar-Gaflagher-Kef!
sequaton, on which the steam tables are based The
equaton establishes a formutation that provides scien-
tsts and with
data on the properties and density of water from the tr-
ple point to 2500 °C and trom zero pressure of an ideal
gas to more than 20 kilobars

Other mportant thermophysical properties data are
being provided 1o industry through new correlations
equatons, modeis. and transportable compaser pro-
grams These programs predict the viscosty density.
and thermal conductvity of vanous pure fuds and fud
mixtures Addibonal work 1s in progress 1o extend the
range of these predictive codes to flurdd muxiures of over
100 components and 1o include phase equilibra proper-
ves NBS 1s making these evalualed properties-predic-
uve computer codes avatable to the public through the
NBS Oftice of Standard Reference Data




Center for Fire Research

» he Unted States has one of the worst fre loss
records in the industriaized world The NBS
Center for Fire Research (CFR) s committed to

providing the scentiic and engineening bases needed
by and the fre 10
reduce both these losses and the cost of fre protecton

By improving the understanding of the chermsstry and
physics thal take place during combustion and by
developng accurate computer models of fire hazards,
the Center prowides technical intormation to voluntary
standards organizations, engineenng and design com-
munities. buiding ndustry. fire service and fire protec-
won and matenals The
Center also helps these groups to translate the findings
into new engineenng praclices, test methods, and pro-
posals for improved standards or code provisions. NBS,
however. does not promulgate or enforce standards or
regulations.

One of the most compiex and yet crucial phenomena
affecting fire growth rs soot formation. 1t s incandescent
soot, radiating thermal energy that converts furnishings
or construchon materials into gaseous fuels. that drves
fire growth. Soot also atfects people’s survivability in
fires, both trom whalation and the obstruction of vision.
Yet the same particles form the fire "'signature’ that acte
vates the now-common smoke detectors. Center scien-
tists are conducting a long-term study of the tundamen-
1al chemistry and physics of soot formation. They have
dewised new, laser-based techriques for measuring key
molecules in the chemical chain of soot growth. Using

dtiph onwzation can
detect certain organic species, such as butadiene,
throughout the flame tself. They have also obtained pro-
files of potycychc aromatic hydrocarbons using ultravio-
let and visible fluorescence. Concurrent theoretical
calcutations on the “stickiness” of aromatic molecules
have turther dartied which chemistry 1s significant i
buiding soot particles from small molecules.

Perhaps the iopic of most concern in fire research to-
day s that of fre gas toxicity. Most fire deaths are caused
by the inhalation of smoke Carbon
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lethal eftects of fire-generated smoke, Center research-
ers are now studying the extent to which the generation
rates of a few principal toxic gases can be used to
predict mortality The results of experments with carbon

bustion product of most burning materials, has been
widely considered as the pnmary cause of these deaths.
Recent laboratory tests and analyses of samples from
some fire victims, however, have suggested that other
toxcants or factors may contribute to some deaths
Building an a decade of leadership in measunng the

acom- carbon dioxide, cyanide.
chionde, and reduced oxygen levels are helping to ex-
plamn the lethality of fire gases.

Center researchers are also creating ways to predict
the precise contribution of matenals o a fire's severty.
Thex oxygen consumpbon technique greatly smplifies
the measurement of a burning sample's rate of energy
release, a key lactor in the rate of hre growth. This
method 15 now used to measure the heat given off by
furniture and wat covenngs during tull-sized room fires.
A Center-designed instrument, the cone calorimeter,
operates on the same prnciple and shows exceptional

ATonudyhthur-
butence mixes fuel
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promuse for predictng the large-scale rate of heat
release using small samples.

Predicung fire growth requures a fundamental under-
standing of elemental fire processes, such as flame
spread, and the charactenzabon of fre-induced flows.
Researchers have developed methods to corretate the
speed at which flame spreads across and down a burn-
ng verucal surface with the basic thermal propertes of
the burning materials. Measurements of flame height
and flame radation are now providing key informaton in
our understanding of upward flame spread. a faster and
theretore more cnical process

The buoyancy-driven flow of fire gases through doors
and open windows and ther replacement by ventitated
ar s also predictable Ventiation and the rate of heat
release of the burning matewals are the prmary factors

88 9
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which determine if and when a room will “flashover. " a
term used 1o descrbe the total fve nvolvement of all
fems i a room.

Inlormaton obtaned i experrmental work 15 used mn
mathematical models designed to predict the vulnerabl-
dty of a buiding and ts occupants to fre. These
computer-based models make ¢ possible lo smulate
real fire stuabons within a imsted budget 121s tar less
costly 1o burn’™ a room or buiding using a comprter.
Center researchers are now designing a true general
purpose model of fire hazard. It will nclude the burming
behawvior of a room, the moverneri o fre gases through-
out a bulding, and the effect of those gases on people
By using such a model, fire professonals wilt be able to
study “ther fire™ on a computer varying each compo-
nent as needed, and making quantitative decrsions for
mprovng fire safety

Several prediction models are already avatable In
oone model, termed ASET (Avallable Safe Egress Time).
the computer code incorporates sound but smplified
single-room fire growth. it caiculates the tme at which a
smoke detector 1s actvated and the tme at which the
room becomes uninhabitable The difference between
these two events s the time that the occupants of the
room have 10 €scape.

Anotner model, calied FAST (Frre and Smoke Trans-
port Model), can be used to determine the smoke level
and temperature in a multroom bulding with a fire
one room

The Center recently set up a Fire Simulation Labora-
tory where scientsts and engineers from the bre protec-
Hon commurily can see demonstratons and obtain
*“hands on* expenence with varous fire models.
Researchers also use the laboratory to modiy models
tor particular applications

More widespread and proper use of sprinkler systems
also could signihicantly reduce fire losses. To assure thew
efticacy. better operavonal and design criteria are needed.
The Center has recently produced a computer program
for catculating the response time of heat,

sprinklers It predicts the response tme on
characterisics of the fire and the locajion and thermal
propertes of the sprinkler heads. predicted temper-
aturés.at those sites agree well steady-state

laborat is. Large-scale lesjs with growing fires are
planned to estal the rar apphcabity of the
computer code

The Center lor Fre Research also sponsors a pro-
gram of granis and. lo a lesser degree, contracts for tre
research in support of the internal research program of
the Center. Approximately 25 grants are awarded to
universiies and research institutes annually

lease rate in large part
determines how a mate-
rial will contribute to a
room fire.




Center for Building Technology

ver twothirds of the naton's fixed reproducible

wealth s invested in constructed facities. More-

over, the construcbon industry isona of the naton's
largest, and constructed faciiies shetter and support
most human actvities. The qualtty of these facities af-
fects the safety and qualty of ife of the American people
as well as the productivity of U S industry

The NBS Center for Buiding Technology (CBT) in-
creases the usefulness, safety, and economy of buld-
ngs through the advancement of buiding technology
and s applicaton to the improvement of buiding prac-
bees. CBT conducts laboratory, field, and anatybcal
research to develop technologies for the prediction,
measurement, and testing of the performance of buid-
g materials, components, systems, and practices.

researchers concentrate their efforts in com-

1, structural

earlhqua.ke hazard reduction, buitdling physics, huldmg
matenals, and buiding equvpmenl Thay carry out their
workin y taci-
hes, whdw include. a s:xdegreed freedom stn.uuval
testing faciity, a large-scale structures testing tacility, en-
vironmenial chambers, a guarded hot plate, a calibrated
hot box. a five-story plumbvng tower, and anechoic and
reverberation chami

CBT provides tewmcal support and information to a
number of voluntary standards groups such as ASTM;
the Amencan Concrete Institute, the Amencan Society of
Heatmg Retrigerating and Arr Conditioning Engineers;
the Amencan Socety of Civil Engwneers; and bulding
code organizations. While it contributes to the develop-
memolvotunlaryproductstandalds meCemerdoes

or enforce or
Through this work, the Center helps eliminate techno-
logical market barmiers of the construction industry and
reduces the burdens of unnecessary or ineffective
buiding regulations while maintaining safety.

CBT represents the United States in several nterna-
tonal bulding research and standards orgarzations in-
cluding the international Council for Bulding Research,
Studes and Documentation; the International Union of
Testing and Research Laboratories for Matenals and
Structures; and the U.S.-Japan Panel on Wind and
Sexsmic Effects. Thesa efforts contribute to U.S. use of
foregn research and the
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from international and U.S. universibes and industries
join CBT staffers in cooperative programs.
As an mpartial third party, the Center i called upon

competitiveness of U.S. buiding

o the physical causes of major building and

Much of the Center's research 1s done in cooperation
with, or for, other federal agencies such as the -
ment of Energy, the General Services Adminstraton, the
Federal Emergency Management Agency, the Occupa-
tionat Safety and Health Administraton, and the White
House. In addition, each year about 70 researchers

fatures, such as the walkway collapse n
the Kansas City Hyatt Regency in 1981 and the East
Chicago. Indiana, ramp collapse in 1982, The resutts of
the Center's investigations are promplly and publicty
reported (o help preciude recuriences.

More of the Center's research, however, s amed at
developing snproved building practices so that such trag-
edies do not occur. For example, Center engineers are
working on ways to determmne when poured concrete is
strong enough for construction formwork to be removed.
They a test for g

tural test facllity is be-
ing used by NBS re-
searchers to test how
fuil-scale bridge and
building components
perform during earth-
quakes.




, Civil sngineer
Nicholas J. Carino
and co-op student Mary
Sansalone trom Cornefl
University are studying
atechnique known as
puise-echo detection to
determins whether it
can be used rellably to
detact flaws in concrete
structures such as
buildings or bridge
columns.

concrete strength and a computerzed method of analy-
&, both of which are being considered by ASTM for
adoption as voluntary standards. Imponanl from both

Center researchers have designed and constructed a
computenzed facizy to test how full-scale bdge and
buiding components will perform during

bridge columns can be used to predict that of full-scale
columns, They wifl use this information to evaluate and
refine computer models that predict how siructures per-
form dunng . enabling oom-

mwuymd&agnsafetbddmgsambndgeswmlewe:

expensive physical tests,
To help the consuucuon industry respond etfectively
o the offered

CBTs thew

In a project sponsored by the National Scrence Founda-
bon, the Federal Hnghway Administration, and the Calr-
forma Dy [&:)

and
technology Fov exampie measa n computer power
g costs will lead 1o “smart

are tesing wlm(hvgh brige columns under condibons
simudating earthquake lorces. They are also rurning
tests on columns one-third and one-sixth that sze. By

" with weglaxed automaled control systems
tor greater usefuiness, safety. and economy in opera-
ton. Center researchers are developing and venrymg

of the

companng the resuits of both tests, the
beauemdaernummmw\amdmm

by
buldmaxmdsys(mwhe(powners dwgnevs
setup

reliable auloma(ed control systems for buddings.

Computer technologies will make possible measure-
ment advances i building diagnosbcs, quality assur-
ance, and prediction of butding behavior CBT s, for
example, developing modelng techniques for the micro-
structure of cements that will allow predicion of how
cement mgredients, mixing. placement, and cunng wit
affect the strength and duvabduy of ooncvele structures

Center
dynaric computer smuiauons that will prednc( heat, ar.
morsture, and paltutant movements in butdings. These
techniques will help improve energy conservation, use
of solar energy and natural ventdaton, smoke conirol for
fre safety and indoor ai auality

Other computer simulabons are beng developed and
verified for dynamic tests of the thermal performance of
walls. Improved test methods will provide more accurate
assessments of effects of wall mass. ar and mossture
movements, and mult-dmensional heat, ar, and mors-

and

“| ture fiow at junctions of building elements on thermal

comfort and energy efficency.

To provide the technical bases for substanual increases
n the effisency of nnovative heat pumps and ar condk
tioners, Center researchers are developing ang verifying
computer simutatons of heat ransfer properties of mixed
refngerants and refngeraton cycles.

Center researchers are also working with leading con-
struction standards organizations (o adapt artificial intefli-
gence technologies to the needs of the bulding com-
mumy and 10 supply the advanced performance pre-

that will
(o veahze the potential of expert sys!ems for
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In addibon to managing the

nvirtually ail the Bureau's research andin
taboratones throughout the United States. there s a
need for siatsy-

central facity. Center stafi run local area networks in
and Boulder and provide engneenng and

cal. modeling. and computing techmques. It is the role
of the NBS Center for Apphied Mathematics (CAM) to
provide the best avallable tools of modern apphed
mathematcs and computing to the NBS stalf Such
tools. developed at NBS, are often used widely by
Amercan and foreign researchers

software support for distributed com
One recently completed project helps fire researchers
understand how indoor fises behave. CAM, in collabora-
on with the Center for Fire Research, developed,
tested, and vahdated a mathematcal model of fivd mo-
1ion and smoke evoluton patterns for an indoor fire
tested based on both two- and

While schooled i theory, NBS have
therr feet fimily planted on the ground of application
They are concerned prmarly wih developing and
adapting mathematcal techriques for NBS research
programs  Their work takes them into the areas of space
science, robobcs. fire research, economics. manufactur-
ng. measurement. and development of new hardware
and software for future computers Center researchers
are aded i ther work by visting scentsts from -
dustry. government, and unversties

In providing its support service, the Center’s profes-
sional staff interacts and coltaborates with the NBS
scientfic staff to solve a wide vanety of scientfic and
engineering problems. This work calls for research into
computing methods and for computer-intensive studies
n the applied mathematical sciences Current applica-
tons nvolve afl aspects of modern scientfic computing.
including g 3
based systems, interactve software toots, color
graphics, and supercomputer algorithms.

The Center also operates the central compuung facd-
sty—a COC Cyber 205 supercomputer with a Cyber 855
“tront end ‘—winch serves both the NBS Gaithersburg
and Boulder sites as well as the Natonal Oceanic and
Atmosphenic Administration’s Environmental Research
Laboratones and the National Telecommunmcations and

A supercomputer

facllity has been in-
stalled at NBS to meet
its large-scale scientlfic
computing needs as
well as those of the En-
vironmental Research
Laboratories of the
National Oceanic and
Atmospheric Adminis-
tration and the Institute
of Telecommunication
Sciences of the National
Telecommunications
and Intormation Admin-
istration.

three-dimensional models.

The high-resoiution dynamic graphics display systermn
used i this project allows researchers to observe the
swirling motion of heated air on a computer screen. The
Systemn, also permits users to cycle rapidly through any
sequence of graphic figures stored in the computer,
moving thern around i almost any way and observing
them from many angles. As the pctures appear (o
rotate three-dimensionally on the computer screen, new
patterns can be perceived. The researcher can “zoom
" to study details or “zoom away™ 1o take n the larger
view

Soon after s introduction, the Center's graphics
display system became popular throughout NBS, pro-
viding new ways 10 study a vanely of phenomena The
Instiute for Matenals Science and Engineering used it to
develop dynamic displays of polymer chains and mole-
cular structures. The Center for Chemical Engineering
used 1t to smulate molecular behavior in a dense kquid,
taking into account local interactions between very large
numbers of aloms in order 10 achieve realrsic answers. H




Mathematician

James Blue (stand-
ing), CAM, and senior
research scientist
Charles Wilson, CEEE,
developed a new com-
puter model, CS 1,
which brings sophistl-
cated mathematicat
anatysis techniques to a
semiconductor modet
sfficient enough to run
on a minicomputer.
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The need for a highly sophisticated *three-dimen-
sonal” dynamic computer graphics display 1s also pre-
sent in the Bureau's robot:cs research In order for

robot-hke machines (o operate n an manu-

offers features that were previously avatable onfy m
codes which requred large manframe computers. It
has been provided to more than 80 users since 1982

Apphed mathematcs also makes an important contrr

bution to the quality and vahdity of the Bureau's
Services. Cam

blend thew theorebcal statisbeal research with extensive

expenence 10 ad i the design of measurement assur-

ance and n the ang

of Standard Reference Matenals,

Measurement assurance programs provide a frame-
work for indusinal and other government laboratores 1o
‘compare therr measurement system to national stan-
dards and, thus, improve quality control Working with
the Ofiice of Measurement Services, Center statistcians
develop specific measurement sequences and control
procedures. They have. for example. helped smplement
four plot measurement assurance programs at the Ford
Motor Company Central Research Laboratory

In the case of Standard Reference Materals, which
are homogeneous. stabie materials that have one or
more physical and/or chemical properties accurately
measured and certied by NBS, Center researchers
plan nvestigatons of homogenerty of the matenals and
evaluate vanabiity from different sources In current
waork. they are Investigating mproved methods for using
Standard Reference Materials to enhance the precision
of measurements in the laboratory

in other recent work, the Center has
7 Sueamiined the dissemination of alloy phase stab-
ity data lo indusinal users through development of an in-
teractive computer program that generates camera-
ready diagrams.

[ Designed a model that helps state and local gov-
ernments to evaluate the costs of proposed waste re-
cavery facdites.

D

factunng facility. their grppers must be able to move
through space without colliding. CAM s workang with
the Bureau's Center for Manufactunng Engineenng to
develop algonthms and software which will plan trajec-
tones for moving obgects In space. They are construc-
ung etficient methods for determining paths through
regions, avosding obstruclons

The Center has also developed modeis which ad na
different area of manufactunng. the development of
complex, custom integrated crcuits for advanced com-
puters and other electronics systems. This highly com-
petitive field depends an efficient computer-aded
design Wots. Cooperating with the Center for Electronics.
and Electneal Engineenng, CAM mathematcians are

gring a famdy of computer

which can be run on mimcomputers. The CS 1 package

C and a graphics and stalistics
nteractive language system called DATAPLOT, now used
at more than 100 sites including mayor ndustral firms.

T Helped develop a model that improves controt of a
manufacturing method known as unidirectional soldifi-
cation. used in the production of high-quality metal
alloys and sermiconductors.
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Center for Electronics and Electrical Engineering

% he scope of research in the NBS Center for Elec-
tronies and Electrical Engineenng (CEEE) extends
< qute lterally from the sand to the stars. Grains of
sand are the genesis of sitcon-based integrated circutts,
the “miracte chips” of the computer industry and one
major focus of CEEE’s work. Distant stars emitting radio
signals are used by Center scientists to evaluate advanced
satelite . & second erm-
phasis of the Center's research
in these areas and others. Center researchers are
working to eliminate measurement-related barners to the
effective use of electrotechnology 1n a wide range of ap-
phications that are important ta Industnial productivity,
national defense, safety, energy, and commerce. To
fulfill this goal, they conduct research, develop measure-
ment methods and physical standards, provide calibra-
tion and special lest services, and develop models and
daia
The Center's research 1s concentrated in four major
areas
3 Measurements and analyses for advanced integrated
circuits and for semiconductor matenals, processes,
and devices,
T Fundamental metrology for fast signal acqursition,
processing. and transmission, covenng the analog and
digital techrigues and frequencies from direct current
through microwave to hghtwave
[ Improved techniques for measuring electric power
and energy. fast high-energy transients. and the quality
of electnical insulation.
'3 Methods for measunng and characterizing the elec-
tromagnetic environment, sources and reflectors of elec-
tromagnetic energy. and mmunity of equipment to out-
side interference
Very large-scale integration (VLSI), which yields inte-
grated circuis with hundreds of thousands of transistors
on a single “chip” of silicon, 1s revolutionizing signal
processing. communications, and computing Before the
full potential of VSLI can be realized, however, engineers
must overcame significant techrucal barners related to
matenals punty, demanding fabricavon technology, and
circuit complexity To address these barners, CEEE 1s
developing measurements. analytical techniques, and
Standard Reference Materials (SRM's) for evaluating the
qualtty of semiconductor matenals and the performance
of integrated crcut fabrication equipment, fabrication
processes, and circult elements.

T st
W

CEEE, for exampl. has prepared SRM's for calibrating
equipment used to measure semconductor resistivity by
the four-probe and spreading resistance techniques.
These SRM's help engineers in the semiconduclor in-
dustry to obtain more accurate measurements of resis-
tvity, one of the most important matenal parameters in
the fabnication of integrated circuits

As international trade ncreases and computer tech-
nology spreads throughout the world, the need for inter-
national standards becomes critical. NBS has played a
key role n bringing together alt five of the free-world
organizations that write test-method standards for semi-
conductor materials so these methods can have a com-
mon basis in the United States, Europe, and Japan

Technigues developed by CEEE for measuring line-
widihis on photomasks have been transferred to virtually
every U.S. manufacturer of integrated crrcuits as well as
to manufacturers of photomask equipment. Photomasks,
which define the integrated creuit patierns on semicon-
ductor waters, are key elements n the fabrication of in-
tegrated crrcuts This work was disseminated to the
semiconductor community through a senes of training
seminars, NBS reports and archival papers, and profes-
sional meetings. Future work in this area, which wil
cover measurements for a broadened range of struc-
tures and insts important to ohy. will
be carried aut by the NBS Center for Manufacturing Eng-
neenng

+- Physical chemist
" George Czndela

(left) and physicist
Deane Chandler-
Horowitz are shown
with the computer-con-
trolled principal-angte
eilipsometer they
designed for measuring
the optical properties of
thin films on various
materials.

Physicist Robert

Hebner adjusts a
unique NBS device that
optically measures
electrical fields and
space charges in high-
voltage insulating
systems.




circut test

by CEEE
are widely used by the semiconductor ndustry and
other government agencies These specially-designed
semiconductor devices can be used 1o charactenze

10 evaluate the

cirout
of
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stan-

charactenizng apucal llbevs, natonal
dards for il
measurement memocs for complex antennas, and mea-
surements and siandards for fasers.

The Center has taken the lead in providing the
technical basis for measuremnent methods and stan-
dards for the rapudly expanding opucal fiber com-
munications industry Measurement methods are tested
n round-robin intercompansons organized in collabora-
s willh & commilies of the Elccironics Industry Assose
avon (EIA), refined in the laboratory. and disseninated
as E1A or midtary standards This work has aided the
transibon from mutimode to single-mode fibers and will
contnue to help advance the apphication of optical com-
munications technology.

in the area of microwave and milimeter-wave para-
meters. CEEE 1s developing high-accuracy six-port
measurement systems to support calibration services
focusing on critical quantites to 50 GHz The Center s
alsc working on an automated radiometer that will aid in

of solid-state and gas- nose

10 obtan cruciat parameters for device and process
models, and for product acceptance. Continuing collab-
orations with several mntegrated aircut manufacturers are
yielding mproved test and

sourc&s nose: first into the:
range 10 12 GHz and then to 50 GHz. A 94-GHz noise
standard of novel design is already in place which wilt
permit extension of nose standards to milimeter-wave

To address the metralogical needs involved in improv-
ing signal acquisiton and processing systems, the
Center 15 working on standard wavelorm generators
and measurement systems, some of which use super-
conducting efectronics. To help solve signal transmis-
sion problems, CEEE s developing measurements for

Center tesearchers have developed a new test sys-
xem for the important

of precision 12-18 bit chgrtal-to-analog (D/A) and analog-
to-chgital (A/D) converters. Both stabe linearty and dy-
namic step response characteristics can be measured
and reported in an NBS calibration service now avail-
able for these dewices.

Using precision waveform synthesis techmiques that

based CEEE

A tide
David Dean takes
readings of phase shifter
sattings of the large (4
foet by 25 feet) AWACS
antenna being measured
in the newly enlarged
NBS near-field facility.
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A Here electrical
engineer Robert

researchers are working an a new generaton of wave-
form standards. An audio frequency phase-angle stan-
dard with 5-20 mitdegree accuracy over 2 Hz to 50 kHz
now provides special calibration tests for phase-angle
meters New voltage power. and energy calbrabons
are being developed based on a dual-channe! synthe-

.| szed waveform source. with 18 bi D/A converters, that

precision and phase ac
Many Center projects nvolve direct collaboration with
wndusinal frms and laboratories For instance, CEEE
completed a specal study for a major domestc aero-
space manufacturer The comparny wanted 10 know i

up to 600,000 volts and current pulses with peak ampl-
tudes up to 100.000 amperes. They are also equipped
with a wide range of conventonal, computer-based.
and optical systems to measure these puises and the re-
sponses of varous systems 10 puised strmult These fa-
Cilties are being used by unversity and industnal guest
scentists in collaboration with Center staff

The nation’s electricai power systems, communications
networks. computers, and defense systems are all vut-
nerable to disturbance by electromagnetc puses To

yster i by electro- 4

magnetc nterference, scientists must be able to measire

near lield antenna testng could provide as
good as or better than far-hetd tesing ‘or a complete
range of measurements Based on the NBS study resuits,
the company selected the Bureau's near-field antenna

gnenc produced
signaf patterns from multiple sources. The Center s fo-
cusing on measurements of complex, interfenng electio-
magnetc felds and eleciromagnetc emissions and on

it gy for tesung of
antennas to be flown on a new satefite The indoor
near-fietd technique, proneered by NBS, offers higher
resolut:on as well as savings i personnel, travel, and
equipment costs over the conventional outdoor tar-field

Gallawa the
bandwidth of multi-
mode optical fibers as
part of an NBS program
1o develop measure-
ment methods that can
be used in fiber devel-
opment, fiber ovalua-
tion in the marketplace,

que It s freqy ly used-by indusiry tor perform-

ance testing and 15 now finding use n manutacturng
process control for complex antennas

Some projects involve nternational collaboration NBS
researchers, working with scientsts from a West German
standards laboratory, have demonstrated constant volt-
age steps at 1.2 volis trom a senes array of 1,464
Josephson unctions operating with a 90-GHz signal
Thss mayor achievement showed that there are no scien-
uhic barners to the development of Josephsonjuncion

and fiber
in communications
systems.

20

voltage at voltage levels. NBS
researchers are proceeding with the development of
such a practical, convenent standard,

standard fields for immunty testing

As part of this work, the Center. i coltaboration with
Sandia Natonal Laboratores, has performed electro-
optical measurements of 2.5 million-volt pulses of 100-
nanosecond duration. The Center also has developed
the capabilty to characterze vollage sensors in the
1 range, a first step toward standardized
techmques for evaluating pulse power systems In addr
son. the Center has the capabilty to make the quantita-
{ive measurements necessary to evaluate the effects of
aging on gasenus insutation.

Research *- charactenze the electromagnetic environ-
ment requires new tools. Broadband sensors (covering
from 10 MHz to beyond 10 GHz) and electro-opiic trans-
ducers in with fiber optc lnes
are under development Center researchers are also
working on smaller 1sotropic sensors needed for mea-
suring fields within small enclosures, such as electroriuc.

A recent achievement s a ter-based stan-
dard for measurning the average power contaned in
hughly distorted electneal waveforms This standard pro-

wdes an basss for g the
of available and
permits on-site power tests using an NBS standard.

Much of the Center's work in advanced power metrol-
ogy has been performed in the newly completed high-
voltage and high-current laboratories. These labora-
tories can generate voltage pulses with peak ampltudes

cases

All of these projects provide some of the world's most
advanced measurement techriques for the rapwd devet
opment of the electrical and electronics technology which
pervades almost every facet of modern life.
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National Measurement Laboratory

Our highly techmical society
demands increasing mea-
surement accuracy for the
continued advancement
of technology. And im-
provements in measure-
ment science require an
ever deepening under-
standing of the physical
world. Scientists m the
NBS National Measure-
ment Laboratory (NML)
conduct research at the
frontiers of physics which
leads to improved realiza-
tion of the basic physical
quanttes that underhie
measurement science—
mass, length, time. tem-
perdiure, eleCing Lurrent,
and radiant intensity. Ther
research also helps to im-
prove understanding of
fundamental atormic, mole-
cular, and nuclear radia-
ton processes. NML pro-
wvides the nation with state-
ofthe-arnt measurement
services in thermody-
narmics, transport proper-
tes, chemical kinetics, sur-
face science, molecutar
spectroscopy. and
chemical analysis.

Resgearch chemist

Laurence Hilpert
prepares to analyze an
environmental sample
by gas chromatography/
mass spectrometry, a
sensitive analytical
technique used to mea-
sure trace level toxic
organic compounds at
the parts per billion
level.
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Center for Basic Standards

s the inheritor of the government's nearly century-
old atlempts to standardize weights and
measures, the NBS Center lor Basic Standards
(CBS) 1s responsible for the consistency of physical
measurement standards n the United States 1t devel-
ops and maintains the national standards for mass,
length tme and frequency. temperature, pressure,
vacuum, and electrical gu.ntities. The Center's work en-
sures that these national standards are compatible with
those of other nations, and the statf provide a varety of
measurement services 10 the public

In additon, the Center conducts basic expermental
and theoretical research to buid a stronger and more
accurate  for physical andto
improve our understanding of the phenomena upon
which physical measurements are based For example,
researchers n the Center and thew collaborators from
the State University of New York at Stony Brook {(SUNY)
recently announced the first electromagnetic trapping of
neutral atoms in experments at NBS Gathersburg. To
trap the atoms, the NBS/SUNY team developed tech-
niques for producing ultra-cotd atoms using laser cool-
ing. With these technigues, an atomic sedium beam is
decelerated, stopped, and finally trapped using the
radiation pressure from a laser beam. The stopped
atoms are then confined in a magnetic trap. Demonstra-
tion of a practical method of confimng neutral atoms in a
trap opens the possibility of a new generation of ex-
periments in atomic physics.

The Certer is also working vigorousty o develop an
“atomic™ standard of resistance based on a phenome-
non of solid-state physics known as the quantum Hall ef-
fect or QHE. This phenomenon occurs in certain semi-
conductor devices when they are cooled to tempera-
tures near absolute zero and placed in a large magnetic
field. Under these conditions, the resistance of the
dewvice s quantitized, that is, it has specific, discrete
values, and these values depend upon certain invanant
fundamental constants of nature. Center researchers
have now devised and put into operation a new auto-

,r;_,:
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with those at the International Bureau of Weights and
Measures, and they were found to agree to a few pans
per billion. A new generation of high-precision kilogram
comparators is now being designed and constructed at
NBS

As part of its responstbilities for maintaiming and
disseminating the nation’s physical measurement stan-
dards for the beneft of industry, commerce, and
scence, the Center presents seminars on standards.

mated resistance bridge for measuring Hall
resistances with an accuracy of a few parts in 100
million. The QHE has been used to monitor the U.S.
legal ohm since the summer of 1983, and it is expected
that by 1987 the QHE will be used to define and main-
tain the U.S. legal ohm.

To assure accuracy of the kilogram, the last remaining
artifact standard, the NBS kilograms were compared

22

and technology for engaged
in industrial metrology. The Center aiso has published
ihe first volume of a new industrial Measurement Senes,
called A Primer for Mass Metrology.

Through the Joint Institute tor Laboratory Astrophysics
i Boulder, Colo., which NBS cosponsors with the Uni-
versity of Colorado, Center scientists collaborate with
university faculty and visiting scientists to conduct the
kind of long-term basic research on which the Bureau's
standards, measurements, and data ultimatety depend.
One recent achievement compiementing the atom-trap-
ping experiments in Gathersburg has been the use of

With researchers.
from the State
University of New York,
physicists Alan Migdall,

John Prodan, and
William Phillips, pic-
tured, completed what
ia believed to be the
first successful experi-
ment to trap neutral
atoms, an important ad-
vance in the technology
of atomic physics.
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> Kilogram Prototype
K-20, one of two
prototypes that define a
kilogram of mass ir. the
United States, and
hence the entire U.S.
measurement system
for mass, is the small
platinum-iridium cyl-
Inder resting on the
baiance pan on the
right-hand side of this
photograph,

ragaton from a tunable dye laser to siow stop. and
reverse a free-fy:ng atomic beam of sodum The major
nnovaton here s the developmer: ¢f eff-cent glectro-
opte phase modutators that produce a frequency-sweg!
laser sideband to match the changng absorpton fre-
quency as the atoms sliow down In addit.on to potentat
advances n frequercy standards these experments
should rrake & poss tie 10 test Ineores 1t quantum eiec
trodynam:cs and general reiatvity

Center sceentsts also are explonng the practicalty of a
space experment 1o detect graviatonal waves frem
sources such as binary stars The experment noives
the use of iaser heterodyne techriques to measure var-
atons in the milon kiometer separaton of three masses
in Earth-ike orbits arpund the Sun

A new generation of portabie absolute gravty meters
designed by Center stientists will and in geodetc. geo-
physical. geological. tdal. and tectonic studies The n-
struments use the free fall method and consist of fotr
parts a drag-free dropping chamber. a long-penod
rsolabon device a stablized laser and ire necessary

tmeng electroncs. Tre meters are senst ve erdugh 1o
detect verteal lector: ¢ motons as smal. as 2
centmeters

In other exper merts Center researche’s ha.e dem
onstrated an ngen.ous rew approach for measur ng
highly accurate photodissociauon quaritum y erds of
elecroncaly excited siates The method uues a fast
Lme fesponse laser £rcHe 1o Measure “e N3 TTe
diately after photoiys s and the subseauer a acsorp
100, the rat'o gving a relative quantum yieid that s n
dependent of most ¢« per mental parameters Arother
researcher has succeeded n measur ng the re'a! /e
abundance of the radica's composed ¢' ¢..con ard
hyadrogen present in elecinical discharges n slane Such
discharges are used n produc ng soar ce 5 ¢f arer
phous siticon. wh.ch could be va'uabie sau ces ¢! sgar
der.ved energy if the processes involved 0 the depos:-
ton of the sikcon compounds were better understood

In parailet expermenrts, Center Scent'sts v, * use a0
optcal hoer trermommeter (OFT) and a new NBS phot
etectne pyrometer 1o determ:ne the d.ference between
the thermodynarmic temperatures of gold ang siver
freezng pants The g 3! of the experments s 16 pro-
vide state-of-the-art measurements of the var.ous
parameters of the OFT so the overaii uncerlanty ¢’ a
temperature determination wilt be less than 20 pars per
milion

Because of s hgh ingex of refracton and s proxm.
ty to the source the sapphire probe of the OFT captures.
sIgnificanky more $1nal Inan ine opiics Ui Cutveriwnal
pyrometers. As a consequence the OFT has greater
sens.bvily and can operate at lower temperatures than
those mstruments. In prnciple, once the OFT s
calbrated at a single temperature within its range. it s
capable of measuring thermodyramc temperatures
over s entrre rarge (600 to 2000 °C)

Using hgh-energy accelerators and reactars around
the world. Center scientists have developed the capabiity
of making very accuwate x-ray and gamma-ray wave
length measurements They have also designed new
techmques for investgat:ng the structure of matter and
studying high-energy interactions that test lundamental
theones Experiments have been carned out at a
number of locatons nc'uding the reactors at the insttute
Laue-Langewin n Grenoble, France. and at the Gesen-
schatt fu Schwerionenforschung in Darmstact. Ger-

- many Work is planned for a new beam line on the
Natonal Synchrotron Light Source at Brookhaven
Natonal Laboratory
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Center for Radiation Research
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varous forms of radaton NBS produces informa-

ton that .s used to enhance :ndustral productivily.
assure public health and safety, explore outer space,
contro! polfution. conduct energy research, and design
advanced teiecommunications equipment

In the NBS Center for Radiation Research (CRR).
scientists exam:ne both electromagnetc radiaton. in-
cluding wisible ight and x rays, and particle radiaton.
such as beams of electrons. 1ons and neutrons They
study and measure ways in which such radiation in
teracts with matter ranging fram extended matenals sur-
faces to the molecuiar and subnudiear leve's

Much of this work results in accurate methods for

. ct and prod radation
sources and standards In recent years. radiation
research has developed an mportant new relatonship
1o health and medicine. For example doctors are now
Inpng to determine the long-range health ef'ects of
human exposure 10 low-level raciaton To do so. they
need new measurement tools and data describing how
radiaton Interacts with the human body.

One research group in CRR s studying the chemical
mechanisms through which :onizing radiation affects
bictogical systems  Such information is wilal to the prop-
er use of radiation. food rradiation processing, and
post-nadiation dosimetry, a technique used to deter-
mine if a substance has been rradhated and how much
radiation it has recerved.

CRR sceentists have d novel

T fhrough 1s research to understand and measure

Other research s aiding in the real-ume monitoring of
radiation used to treat cancer patents where the ac-
curacy with which the dose is adrministered helps deter-
mine treatment success Special optical waveguide

antiox:dants that may inhitut the effects of radiation or.
possibly. even promote recovery from rachation
damage. Some of therr findings, which show how the
structure of antiexidants affects thewr performance, could
be used i the design of novel, tador made antoxidants.
These researchers are also explorng the role structure
plays in the behavior of DNA-base materials 1 inadiated
cells.

in addumon, Center scientists are collaborating with
researchers from local umiversities. the Natonat Cancer
Insitute, and the Armed Forces Radation Research In-
stitute 1o study the DNA-damage/radiation-sensiivity
correlanons n normal and Alzheimer cells
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wilh the same response characlenstics as
human tissue are being developed at CRR to mprove
chnwcat dosimetry and thereby help reduce the dan-

gerous side effects of These

A By combining an
ultrahigh vacuum,
high-resolution scan-
ning electron micro-
scope with a new, com-
pact electron spin-
polarization detector,

are small enough to be placed directly into the body
through conventional catheters

The radiation-processing industry s growng by about
30 percent annually, in part because the use of several
chermical decontaminants, recently found to be unsafe,
1s now limited by tederal regulatory agencies. lonizing
radiation. for example. could be used nstead of EDB
(ethylene dibromide) to control pests i foodstuffs, as
well as o steriize medical devices nstead of EO
(ethylene oxde). Radiation-processing industnes have
nstalled more than 200 radiation sources to meet the
new industrial demand The Center has contributed to
ths by radiaton and
improved industral quality control systems to monitor
radiahon doses. so that sately steriized products are
delivered to consumers

(. tor.) Gary
Hembree, CME, Robert
Celc'ta, John Unguris,
ar.d Laniel Pierce can
obe erve simultaneously
the magnetic character
of a surface and its
physical structure over
dimensions as small as
00 angstroms.
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The sieady growth of the use of radiaton .1 medcal
'ndustral. and energy applcatons has created a need
tor ncreased assurance of measurement accuracy A
system of secondary laboratories that will provide the

meters} 1t s used as a research and calibraton tool by
numercus vist ng scertsts and for the study of optcal
properties of mater.ais, molecular unetics. :omzation
dynamics, and other tields of mvesigauon

supportng sences requred for qualty
assurance s beng developed :n conuncton with -
terested organzations n the prvate. state. and federal
sectors These laboratones will meet documented per-
formance crtena and use procedures that achweve a
h-gh degree of cens.stency wih the standards mantaned
by CRR

To produce radiation for expenmental purposes the
Center builds and operates sopnisticated accelerators
ard other radatron sources that ¢ shares wih the
general scentfic communty The largest s the Syn-
chrotron Ultraviolet Radiation Faciity (SURF Il). which at-
vracts users from a wide range of uruversiies govern
ment laboratores, and private companies

SURF 1l s ane of a few sources m the world that can
provide cantinuous radiation n the ultraviolet and near
x-tay region of the spectrum  The speciat properties of
this radiation enable NBS to use thss synchrotran as the
only absolute natonal radiometnic standard n the far
itraviolet range of the kight spectrum (below 100 nano-

- Physicist Pau)
Lamperti adjusts an

jon-chamber type de-
tector in an x-ray
calibration tacility (laser
beam is used to align
the detector). The ion
chamber will be used as
a “‘transfer standard’
1o calibrate x-ray
sources and other
detectors,

In wh the Naval Research Laboratory
and the Unversty of Maryland. with suppert from the
Natona Scence Fourdaton. a hgh-resoluton spec-
trometer was nstalied on SURF 1} {o permut research on
the dynamics of energy transfer in atoms and molecules.
w.h an energy resc’uton 10 tmes better than was
prevously obtanatle

Otnher ongoing CRR projects wil aid a wide varety of
theoretcal and practical scenufic and technologweal n-
vest gatons. These projects nvolve

Combrring scanning electron microscopy wih
electron polarzation analys:s (o produce high resofution
mages of microscopc magnetc domans Developed in
cooperavon wih the NBS Center tor Marutactunng
Engineerng. ths new measurement technque s beng
used to study submicron magnetc microstructure of ad-
vanced magnetic materials It 1s expected to have m-
portant applcations n a number of fields. ncluding the
devetopment of h gh-density magnetc recording media
for computers and smail, high-efficiency efectnc motors.
.. Consiructing a race-track microtron (RTM) electron
acoelerator thal wil be used :n a vanety of radaton
research programs of interest to NBS. other government
agencies. ndusinai laboratones, and urvversity
researcners
* Establishing a new calbraton service for beta par-
tole sources and transfer NSIrUMENS 10 2SSt USers v+
volved in radiat.on monitonng n medicine and nuclear
power
. Cabbrarng rocket-, satefite-. and shutle-borne :n-
struments used to measure far uraviolet radiatons from
the Sun and stars
. Developing atormic physics codes needed to «den-
ity atormic 1ons produced by hot plasmas in fusion reac-
tans and other computer codes that describe collstonal
interactons between 1ons and plasmas  These codes
provide data necessary for modeling fusion plasma
behavior

25




Center for Chemical Physics

et fossi fuel

LS and bistechnology are among the applications of
<= m resgarch conducted by the NBS Center for
Chermical Physics (CCP) Center researchers develop
advanced measurement techriques n surface science.
chemical knetcs. thermodynames. and molecutar
spectroscopy tsing these techmiques. scienbsts can
achieve greater understanding of the molecular founda-
hons of complex physicochemical systems

Many rapidy growing areas of technology. induding
the devetopmer: of high-performance matenals. com-
puters. and semiconductors. nvolve surface character-
1zatron One thrust of NBS surface science research s to
develop measurement techmiques for surface character-
zation. A second major goal of NBS surface science
research 1s 1o determene the structure and reactvity of
molecules agsorbed on surfaces, especially those m-
portant in catalyss To conduct this research, the Center
has some unique laciities

Center researchers, for exampie, constructed an atom
probe field on microscope that has several novel fea-
tures It of fidd o0n —
which provides mages of a crystal structure’s indwvidua
atoms at magnifications up to several miiion ymes—and
at f-fight mass The a
powertul toot in matenials analysis. can detect the loca-
tions and mass of indwvidual atoms n a crystal structure
With it scientrsts can probe regions ranging from onty 5
angstroms in chameter 1o areas 800 tmes as wide. Re-
searchers trom NBS and ndustry are now using this
microscope {0 analyze high-technatogy alloys

The NBS synchrotron (SURF 1) and an x-ray hght
source at the Brookhaven National Laboratory are beng
used 10 study the bonding of atoms and molecules 1o
surtaces of metals and oxides Combined with other sur-
face-sensitive methods, this research ss prowiding new
insights into the geometnical and electronic structures of
molecules on surtaces and the electronic properties of
the substrate The results of thes research could help o
wnprove matenals used m electronics and other high-
technology industries.

The study of chemical kinetics at NBS has numerous
near-term apphications. particularly in controling and
monioring environmental polluton, of nterest to -
dustry, energy, defense, and standards experts. For ex-
ample, Center researchers have proposed a new way to
montor the effectveness of the burning of hazardous
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waste using racer compounds known to be more dif-
ficult 1o destroy than the hazardous components of the
waste modure.

They have also conducted the first definitve study of
the chlonne content of municipal sold waste n the
Uruted States. This work provides an important founda-
on for understanding how chionnated poitutants, such
as dioxins, are formed and destroyed during waste in-
cineratian. Sponsored by the Department of Energy, this
research ss part of a cooperative effort with the Warren
Spring Laboratory. United Kingdom. 10 study waste
combustion. In additon, CCP sceentists are cooperating

A Physical chemist
Eugene Domalski
and englneering technl-
cian Sally Bruce assem-
ble the NBS 2.5-kilo-
gram combustion flow
catorimeter for an ex-
periment to measure
the heating value of a
retuse-derived fuel.
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wih the Solar Energy Research Insttute to provide
data for major of

sold waste

Industry 1s interested in the Center's recently patented
wdea that could help solve the naton's acid ran prob-
ler Center scient'sts proposed a new chemical process
for removing the noxious poliutant sulfur diox:de from m-
dustr.al gas streams. which could prove more efficent
and reliable than the slurry systems presently in use
Other Center scientists are compiing and evaluating
thermodynamc data lor flue gas cleanup using current
tossit tuel technology

The nationwide effort to develop more efficient and
less poliuting combustion systems has created a grow-
g need for chemical kinebes data and models NBS s
working to provide the scienttc database for the
design. modeling. and optmizaton of high-temperature
processes With the Department of Energy. NBS 1s ask-
ing research groups throughout the United States to
cooperate in prepanng an evauated chemical kinebcs
database of elementary single-step reactons for use 0
combustion modeling

As part of is data evaluahon services, the Center. in
conunction with the Standard Reference Data Program,
produced a new set of tables of chermcal thermody-
namic propertes Mora than 60.000 references were
used to compde the onginal data. which were then
carefully evaluated and checked for thermodynamic

using specially loped computer pro-

grams The tabies have been pubisnea by e Amen
can Chemical Society and the American Physical

ety

In the NBS tradition of providing the measurement
base for new and growing ndustes. the Center is

begnnmg studies n the area of biothermodynamics,

compuyation techriques 1o calculate how complex
systems of organic molecules interact with metal ons
These caicuiations wil enable them to predict important
chemieal properties

Another maor effort n the Center is a study of the
properties of weakly bonded molecules Center scien-
usts are presently interested in hydrogen bonding at the
molecular level n condensed phase systems They are
coupling theoretical spectroscopy with thew infrared and
resulls to explan the highly

CCP researchers are evaluatng exising
data to estmate the properties of imparant moiogn:al
bulding tlocks. They are examining enzyme-catalyzed
reactons {0 obtain data on product lormation under
varyng process condibons ana measunng the ener-
getces of nuclerc acids by combustion bomb calonmetry
NBS-designed microcalonmeters and a high-perfor-
mance hquid
and vahdated at NBS are being used to investgate the
thermodynamics of isemernzation reactons.

Ina related area, CCP and the Natonal Foundation
for Cancer Research have established a caoperative
research program to study the chemical behawvior of
metalloenzymes These protens are mportant in DNA
replication and inay play a role in the growth of umors
NBS researcners have developed quantum chemical

resotved by

spectrum of
bonded molecules. From this spectroscopic data. scien-
ists can obtain bond strengths and potential energies of
the hydrogen-bonded systems

In support of the Natonal Aeronautics and Space Ad-
minstraton’s project HALOE, Center sciendists are mak-
Ing very precise spectroscopic measurements of hydro-
gen fiuonde and hydrogen chlonde This work $ amed
at broademng the aatabase used 10 make and evaluate

ts of conslr
tuents by ground-based and ballcon- and satelite-borne
They are also with the

Chemucal Manutacturers Associabon to develop ihe
spectroscopy needed for the diect detection of trace
components of the stratosphere Most recently. they
studied the compound hypochlerus acid. thought to be
important n ozone destruction

Research chemists

Jenniter Colbert
and Duane Kirklin
prepare Standard Refer-
ence Materials using
this precision calori-
mster which measures
the thermodynamic
properties of foods,
blological materials,
and fuels.

27




Center for Analytical Chemistry

268

Y ” ore than 50 bulion chemicat analyses are per-
4%, - lormed each year in the United States by scien-
1% duets ana technicians In government, ndustry,

acadermia, and prvate and pubhc testing laboratories.
The NBS Center for Analyical Chemmistry (CAC) helps to
ensure the accuracy of these analyses The Center
serves as the naton’s reference labcratory for chemscal
compasitional measurements of IN0rGanic. organic.
gaseous, and partculate materials,

To help solve national problems that nvoive analytea
chemsiry. the Center develops accurate measurement
methods and Standard Reference Matenals (SRM's) by
(1) nvestigating fundamentat chesmical and physical
prncipies lo deve'op new analyteal procedures. (2)
developing anaiytcal methods, which have been n-
vestigated exhgustively to remove nas and obtain hugh
measurement accuracy and precisian, (3) extending
and modiying existing anatyical methods to include
new sample types and 10 permit accurate measurement
of samples with lower concenyrabons of mportant
chemical consttuents, and (4) performing standardiza-
ton research, including certification of chemical com-
posttions in SRM's,

Much of the Center’s research has important apphca-
tons in technology devetopment. For example, to de-
SigN new high: machines and ir 3
engineers must be able to predict the performance of
matenals such as alloys, composttes, and electronic
components. The performance of these materials s linked
to thewr chemicat composition and structure on a
micrometer scale In collaboraion with more than 15
guest workers and research associates from the aero-
space, metals. and electronics industnes, academia.
and other national laboratories, Center scientists are
using beams of neutrons and 10ns to measure elemental

molecules. such as insulin, prod by g James
compasiions i materials imporant in high-lechnology | 204 (0 monior processes n bmeact(xsy The research A Norrls adjusts the
indusiries. The data from these techriques—neutron can also be used i such unique apphcations as idently- | Bureau’s ozone refer-
depth profiling and Vy e ng of important fish and other | ence photometer which
using digual image to form marnne by protemn profies and determining is used &3 a “‘defini-

maps These maps, with resolution at the tens to hun-
dreds of nanometer levels, can play a major role in
establishing relationships between the chermical com-
position of materials and theyr pertormance.

In the brotechnology area, the Center's work has two
focuses to develop measurement methods and stan-
dards for use in separating, «dentifying, and measunng
biomolecules and to use the very specialized reaction

P of as
tools This research will give scientists in the public and
private sectors the means ta determine the punty of
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the effects of various pofiutants on the genetc make up

of species n the tood chain. calibrating the refer-
Whik ence in

and techniques at the cuting edge of technology. Environmental Protec-

Center researchers also produce highly accurate tion Agency regional

methods that are the of

analytcal chemistry Using these methods, Center
scientists determine chemical concentrations for a wide
varigty of complex sample types and have certified the
chermical composttion of more than 700 SRM’s, These
SRM's cover a broad spectrum of norganic and/or
organic constituents In a vangty of matnces, ncluding
human serum, metals. gases. nuclear materials, and
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Using a secondary

ion mass spectro-
metry instrument, met-
alturgist Dale Newbury
is able to map the dis-
tribution of efements

both on and below a
sample’s surface.

glasses Scient sts in both the pubic and pevate secters
use SAM s 10 assess the acouracy o ther own analy cai
rrethods

in one spechc aea of research Center scentsts ute
very acCurale mass spectiomeltry to dc'erming Sotopic
fratios They have. for example. recentiy redetermined
the atomic weights of gall.um and siver An accurate
value for the atom weght of gall um s mponant n the
sermconductor ndustry while an accurate vaue for
shier s needed ‘o determne tundarmental phys<al con-
stants such as the faraday

The Inte-national Ozone Comm. ;5.0n has recom-
mended to the World Meteorological Organization that
CAC ozone cross-secton dala be accepted as the inter-
natonal standard These cross sectons. mportant n
determning accurate concentratians of azone n the at
mosphere and stratosphere. are used :n the modefing of
ozone almospherc processes and have already
significantly reduced previcusly reported dscrepancies
between aersal- {plane and satetite) and ground-based
oz0ne measurements

Center scentsts are also developng measureme~t
methods and reference materals fcr setected vtar -3
and trace elemerts " toods and body “u-dsas pan ' 3
mragor Natonal Cancer Instiute epdemc.0gca’ stud, 2
assess the effect of autriton i cancer preventon

To provide the tore accurate and highty complex
measurements that are needed today Cen'er research
ers have nvestigated the - tteractan betaeen chroma
tographic column materals and the cherr cais be ~ 3
analyzed Usng the results ¢f ths nvestga'on thoy
be abie to develop chromatograph syste™s ta ored
‘or the separaton and analyss of spectc organc cer
pounds in complex samples contaming thausands of
chemcals

tn ather work done o respond 1o new requreme '
arsng from heaih and envronmer:a cancerns C.
scentists analyzed the reactve gases r*rc oxde
nerogen dioxide and rvine acd us ng ntrared d-ode
lasers to resotve disurepances 1 measurements The,
analyzed chotestrol and other constiuents :n human
serum for prohciency testing 1 collaboraton with the
College of Amencan Pathologists. and oeveloped a
deese! parteutate SRM and a ntvo-polynuciear acara’ =
hydrocarbon reference matera with the Coord nat ng
Research Counct In addion they produced trace
organ reference materals for analys's of toxic
potychlonnated tiphenyls (PCB s) and diors and n
cooperation with industry and the Food and Orug Aa
et stan

dards for use .n medical research

The Center. - cooperabon wih the Envirarments:
Protection Agency established a pilot enverormerts
specimen bank that contains we'l-charactenzed bioiy
cal samples ftor analysis of chemicals present in the er
vironmen!. These samples can be used in the tuture 1o
evaluate environmentat changes that may occur gver
ume and also to distingu:sh humanrcaused changes
from natural ones The progect 10 oate has nvoh.ca
developing analytcal protocols for sampling process
ing. and stonng samples. evaluatng analytical methods
for determining trace elements and organic paflutants n
bological samples, establishing baselne data on se
lected environmentat specimens. and evaluating the fea-
sibility of long term sample storage under vanous cond
tons Several intermatonal conferences have resulted
from this project. and collaborahon has expanded 0
dlude the Natonal Oceanic and Atmospherc Admins
trabon, the U S Department of Agncutture and the
Food and Drug Adrministration as wedl as the govern:
ments of Germany. Japan. Canada, and Sweden
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Office of Measurement Services

manufacturing mistakes and ensure more effec-

tive use of products and systems They can pro-
vide the basis for sound and economical environmental
and safety regulations. Good measurements can also
improve health care by ensuring the validity of clinical
tests and procedures.

At the heart of the NBS mission are services that en-
sure the accuracy and compatibility of measurements.
on a national and international scale. Through these ser-
vices NBS-developed measurement technology also 1s
disseminated to users around the world. Two such pro-
grams are directed by the NBS Office of Measurement
Services. the Standard Reference Matenals (SAM) Pro-
gram and the Calibration Services Program.

SRM's, produced by NBS since 1906, are slable,
homogeneous matenals that have one or more physical
andfor chemical properties accurately measured and
certified by NBS. They are used throughout the world to
calibrate nstruments and evaluate test methods used in
industrial quality control, medical diagnostics, environ-
mental monttoring, and basic metrology. NBS currenily
maintains an inventory of about 900 different SRM's,
which are described in the NBS Standard Reference
Materais Catalog 1986-87, NBS Special Publication
260. Each year, NBS selis nearly 40,000 SRM units 1o
over 10,000 customers, inctuding 2,500 foreign
customers.

While NBS has been providing basic measurement
services such as SRM's for about 80 years, the ac-
celerated pace of technology development has calied
for new and more accurately certified SRM's. Some of
the most recently developed SRM's are used in high-
technology apphications and advanced materials pro-
duction. These include SRM's designed for controlling
the quality of integrated circuits, for evaluating the per-
formance of automated analytical instrument systems.
such as mass spectrometers, and for evaluating the per-
formance properties of new materials, such as ad-
vanced lubricating oils.

Rehaue measurements can help avod costly
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Bilhons of tiny (10- } spheres
made aboard the Space Shuttle Challenger have been
certified as SRM 1960, the first product made in space
to be offered for sale. This SRM is one of a senes of
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al SRM's designed for calibrating par-
ticle-sizing equipment used in such fields as metallurgy.
chnical chemistry, environmental monitoring, and food
technology, as well as in the production of printing inks,
explosive powders, and cement. Developed by Lehigh
University and the National Aeronautics and Space Ad-
ministration, SRM 1960 was certified by N8BS, i
cooperation with a research associate sponsored by
ASTM. using an array-sizing optical microscope
technique.

Machinist Frank

Mills uses a laths to
chip metal that will be
ground, sieved, and
blended into a titanium
alloy Standard Refer-
ence Material, which
manutacturers will be
able to use to control
the quality of their
titanium products.




The steel and bask metals industnes wse more than
250 drfferent reference materals 1o assure qualty pm
duction and lo calibrate
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Council on Optical Radation Measurements, and the In-
stute for Electroncs and Electrcal Engineers These

tems The SRM 1200 seres of low-alloy steels, p(epared
to NBS specifications. has been the standard for the

have recently ssued several reports
amed at assis!- 9 NBS in planning future physical
measurement serv.ce activiies.

low-alioy steel industry for more than a decade NBS s When property use
:n the process of reptacing this entire senes of SRM's by | by NBS. they can be reasonably aswved of accurate
Cther s in ther can oc-

matenals that meet state-of-th
recently developed metal SRM s ndlude unafloyed tta-
num low-carbon and sulfur slicon steel. cast rons, and
nickel steels

SRM’s are used not only in America’s basic industries
and manutactuning bt also in areas important to pubic
heaith and satety such as errmronmental montoring and
dm~ca chem=ry NBS now has over 30 SRM s 1o sup-
port clincal cherustry measuréments and over 100
SRM’s for use n env ronmerial testng. nctuging a new
SRM series for use 0 the analyss of race organc
pollutants.

The calibration and other physical ser-

cur however f the device s damaged n shxpment. o f
other factors (such as unskilied operators or envron-
mental conditions) hamper accurate measurements For
customers whose measurements must be of the highest
accuracy and traceable to nationat measurement stan-
dart: NBS has devetoped a bmted number of Mea
sueir  t Assurance Program (MAP) services

A'AP s are muitiaboratary testng proqrams that
€nat.z paricpants to evaluate the perio-mance of ther
tc A 7 easurement sysiems refatve 1o national stan-
dards maintained by NBS and to tne performance of

vices provided by NBS are as essental as the SRM ser-
ves By calbrat ng a vanety of measurement stan-
dards and nstruments of industry and other govern:
ment agencies these services provide the bass for a
complete and consistent national system of physical
measurements. NBS offers over 300 different calibraton
services. which are descnbed n NBS Special Publica-
1on 250. NBS Caiibiation
1986-88 Services include a vanety of calibratons and
speca! tests for important parameters ncluding fun-
damental quantites (mass, fength tme electncal cur-
rent, and temperature) and denved quantties (such as
fluid flow rate. electrcal resistance spectral radiance
and microwave aftenuation) NBS performs nearly 7,000
calbratons each year on a varety of nstruments and
transfer standards submited by more than 1 500
customers

other g laboratores NBS ofters MAP ser-
vices for electical resstance, dc voltage. platnum
resistance thermometers. mass. gage blocks. watt-hour
meters. laser power and energy. optcal retro-reflec-
tance. and optcal ransmiiance MAP's have been
shown (0 mprz. /e the precision and accuracy of par-
teipants” measurement systems substanbally To pro-
vide nformation on how 1o set up and operate a MAP.

{03 has publishied & two-volume manual desgnatad as
NBS Speca! Pubicatons 6764 and 676, Measure-
ment Assuranice Programs

To enhance the use of accurate measurements

throughout the scientitic community, NBS has also
developed a senes of special measurement assurance
seminars and training courses, whch are held
perodrcally at diterent focavons throughout the United
States These seminars provide in-depth raming 1 both
measurement techriques and statstcal evaluation of

In s contnuing search to dentity new mi it
requrements and develop pnontes tor new services.
NBS works very closely with such organizatons as the
National Conterence of Standards Laboratores. the

and are intended to assist par
teipants « estabhshing rgorous quality control pro-
grams in therr iaboratories Areas covered by these
seminars include electneat measurements precision
thermommetry and calibration of piston gages NBS also
otlers a very pupular serminar in the beld of chemical
freasurements. which covers the use of SRM's n
chemical measurement gpplications

A

A Here engineering
technician Linwood
Jankins calibrates a
force-measuring instru-
ment which is in turn
used to calibrate squip-
ment that tests the
strength of materials.

a1
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Office of Standard Reference Data

cientists and engineers trequenty find 1t difficult to

be sure about the reliability of data i techmeal

papers. Yet research and development dectsions
based on inadequate or outdated techmcal nformation
oten resutt n the costly overdesign of industnal facdibes
or fature of products.

Researchers at all leve!s of industry, government and
acaderma depend on the evaluated physical and chemi-
cal databases developed and distrbuted by the NBS
Office of Standard Reference Data. This program. man-
dated by the Standard Reference Data Act (Public Law
90-396), coordinates the actmbes of 23 continuing data
centers and 40 other data evaluation projects. Each
data center mondtors an important scientific area and
develops and mainiains one or several databases, whie
the smaller data projects often answer the need tor
specialized databases in partcularly important areas of
scence and technology These databases are then
made avalable to the techmical community in several
formats: published, computer-readable, or on-hne.

The Office now distributes 10 major databases in
computer-readable format on magnetc tape in #ts Stan-
dard Reference Database Seres. In this way, the
databases are more accessible to a varety of users and
can be updated more easly These databases have
numerous uses. such as identifying chemical unknowns

n different 2
chermical reaction equiibna, and designing ndustrial
processes. For example, the Photon and Charged Partr
cle Data Center has just prepared two such databases
of accurate cross-section data for the interaction of
photons and electrons with matter. These data are
needed by many scientists working in energy research,
medrcal physics, space science, radiation sterihzation,
and matenals processing. The first, called Photon At-
tenuation Coefficients in Matenals, contains data pertain-
ng to the interaction of x rays and gamma rays with
substances in the energy region 1 keV and 100 GeV.
The second, which is known as Electron and Positron
Stopping Powers of Materials, cansists of stopping
powers for elecirons in 285 matenals and for posirons
in 29 matenals of dosimetiic interest v the energy range
10 keV to 10 GeV.

The other databases presently avatable on magnetc
1ape are. NBS/NIH/EPA/MSDC Mass Spectral Data-
base, NBS Chemical Thesmodynamics Oalabase, NBS
Thermophysicat Properties of Hydrocarbon Mixtures
Database, NBS Crystal Data ldentfication File, Thermo-
physicat Properties of Helum, interactive Fortran Pro-
gram to Calculate Thermophysical Properties of Six
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Pluds, Activity and Osmotc Coefficierits of Aqueous
Electrolyte Solutions, and the NBS Steam Tabies.

Some of the Oftice's recent data evaluation and data-

base development work involves the use of prediction
and i . These help
determine hard-to-measure data and provide internat
checks to assure that a partcular database 1s scien-
tifically self-consistent. An example of this effort 1s the
NBS Chemical Thermodynamics Database which con-
tains data on the thermodynamic properties of 15,000
substances, all totally consistent with the laws of
thermodynamics.

Researchers in the Flud Mixtures Data Center are
developing techniques which will enable scientssts to
predict transport properties of pure fiuids from thermo-
dynamic and molecudar data, to predict properties of
mixtures from the properties of pure fluids, and to mter-
polate and extrapolate data over a range of tempera-
ture, pressure, and relative concentrations (in mndures)

A Physicist Stephen
Selizer works on an
svaluated, interactive
x-ray attenustion data-
base designed to be
used In radiation safety
and medical physics.




NBS research associate
with the JCPDS Inter-
national Centrs for Dif-
fraction Data, studies
an x-ray powder diffrac-
tion pattern that was
fecorded on a labora-
tory ditfractometer.

With such capabdibes. researchers can generala needed
thermophysical data on-ine for specific muiti-component
modures It would be mpossible to provide such indor-
mavon on all possible modures i pnnted tabutar form

To make the Standard Reference Data program suc-
cesstul, ts managers must be aware Jf dala require-
ments 1 the U S. techaical community and obtan that
commundy’s assistance in the b of providing needed
data For this reason. program managers coflaborate
wih a vanety of mgustral and professional groups
These actvites provide
assstance-n-kind to the program. as well as highty et
fectve routes for dissemmination of data.

For example. the National Assocation of Corrosion
Engineers and NBS have established a gt program 1o
provide evaluated corroson data on alioys and other
materats Corroson of matenals, such as m machinery

CErsaenge,

and bndges. cost the United States an estmaled $167
b#on n 1985 The new cooperative effort s amed at
reducing these costs through mproved wtizaton of
matenals and application of good anL-CorESIoN Prac-
uices. The Office of Standard Reference Data has
esiablished a new Corrosion Data Center within the
NBS Insttute for Matenals Scence and Engineenng
The data center will provide overali gudance of the
technical aspects of the program and will assure re) abu-
1y of the data evaluatons.

The Otfice of Standard Reference Data aiso coiabo-
rates with the Design Institute for Physcal Propertes.
Data (DIPPR). sponsored through the Amencan [nstitute
of Chemical Engmneers DIPPR's purpose & 10 provide
reference data to the chemcal ndustry by a combina.
ton of ertical data evatuation and expermental mea
surement The more than 40 organzations that support
DIPPR inctud which manutact
design processes and plants. and provide a varety of
services 10 the chemical industry As a result of this
cooperative effort. the Otfice wi dissermnate the magg-
nec tape versien of the American !nsttute of Chemica!
Engneers DIPPR database

In addibon fo new acbvhes the Ofice of Standard
Reference Data enjoys a number of long-standng coop-
eratve arrangements One 5s ifs 14-year collaboraton
with the Amer can Chemical Society and the Amencan
Insttute of Physics to publish the Journal of Physical and
Chermical Reterence Data. the mawr prnled output
charinet tor *he Nalional Standard Refererce Data Sys
tem The journal presents cory ‘ations of physical ang
chem.cal property dala tha have been evaluated by
scentists knowledgeabile i the pertinent freld of
research

The American Chemical Socety handles promotion
and subscriptions as well as a unique service seling
bound offprnts of artides The Armer.can Insttute o'
Physics 1s resporsible for compesion, prntng. and
maling. whie NBS provides techrvcal and editonal con
ol By sponsonng this effort and actively drsseminabng
the results to their membership these two prolessional
societies demonstrate therr recogniben of the data s
importance

These database development and cooperative actww
ties are merely representative o the farge and compre-
hensive efforts through which the Office of Standard
Reference Data provides up-to-date evaluated scentific
inforrmation to the technicat community
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Institute for Computer Sciences and Technology

One of the most significant
technological develop-
ments of the past 40 years,
computer technology 1s
used to carry out basic
manufactuning processes,
1o manage programs and
financia! actvites, and to
provide a broad range of
consumer and information

nology products and ser-
vices, and advanced scr
ence and engineenng re-
search.

The NBS Instiute for
Computer Sciences and
Technology (ICST) plays a
wvital and unique role in pro-
wding the standards, spect
ficabons, measurement and
testmethods, and technical
guidance needed by gov-
ernment and industry 1o
make better use of comput-
er technology. ICST ser-
vices and research contrib-
ute to the development of
better products, the growth
of markets, and productive
applicatons of computer
products and services

Through partcipation n
the development of national
and international voluntary
standards, ICST supports
U.S. industry competitive-
ness and leadershipin com-
puter technology.

To improve the

computer scientists (1.
to r.) Patricia Konig,
Helen Wood, and Alan
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omputer technology—a technology of rapd
results m new products and new applr
catons of computers almost every day As wih
all new, changing technologies, however, this also leads
10 new problems retating to computer use
The Institute lor Computer Saerws ar\d Tedmdogy s

and research focus on helping govermnem and ndus:ry

and help Us. -ndus!ry keep ds lechmcal lead in inter-
ratonal trade

To carry our ts programs. ICST researchers work co-
operabvely wih a broad spectrum of arganzations.
guch as federal state. and loca! governments. ndustry
computer users and manufacturers. resea.ch organiza-
tons. and voluniary standards groups. In many cases.
scenists and eng:neers from :ndustry come to ICST tab-
oratenes 1o coliaborate on jont research crojects Tech-
nology and test methods developed in Institute labora-
tones are translerred to ndustry and acaderna as well
as other government agencies Industry depends upon
ICST's neutrality and technical expertise to support the

of broad and the m-

panal tests needed 1o assure that products conform to
standards

Vdunva:y computer slandards aonnnue to be one of
the most

help to bring order to me computer markerplace and io
broaden the market for computer products The com-
plexbes of computer systems and ther many mnterfaces
between users, programs, data, operating systems, hard-
ware, and commurications systems make d difficult to
tink different components and systems, 10 exchange in-
formation between different automated actmities, and to
take full advantage of automaton,

As a large computer user, the federal govemment's
requirements for standards are similar to other large
users. More than $15 billion is spent annually on com-
puter-related actvities by federal agencies, and the im-
phcations of faulty computer operations, waste, and in-
efficiency are tar reaching. Many organizations have
made large mvestments i small computers for indr
wvidual applications, while microcomputers and large

nddustry and that result in off-the-shelf, compatble hard. Investigating ways

ware and software products to make software
ICST staff members provida technical experiise and maintenance iess com-

leadership to the voluntary PO | plex snd tim

cess by L\s'pmg to wiite leT?n-cal o and%o 2re

viding laboratory results. They work with more than o

different commatiees in nabenal and international organk Witma rme and

Zzabons such as the Amencan Natonal Standards Inst- Roger Martin.

tute (ANSI). the Institute of Electrical and Electronxs Engr-
neers (IEEE). the Internatonal Organization for Standarg-
«zabon (150}, the European Computer Manutacturers.
(ECMA). and the C Commitiee on
Telegraph and (CCITT) Increas-
ingly, the focus of the Institute s standards-making ac-
tvities has been in international organizations because
of the globa! nature of communications and nformation
exchange and the mportance of having U § technology
used i internatonal standards. As a result of ts close

serve other needs.
Yet tying these systems together for true drstnbuted pro-
cessing s stit a technical challenge.
As more users need to integrate existing automated
syslems lhe standards process becomes more complex

with U'S industry, ICST represents US in-
terests n international standards development,

For several years, the Institute has been conduciing
workshops for vendors and users to discuss the imple-
mentation of the Open Systems Interconnecton (OS)

by techmical issues addressed, by soecnal user commu-
ity needs. and by the stan-

Mode! The OS) Reterence Model. which was
developed by ISO with ICST assistance, provides the

dards. To meet the tederal government’s need for co-
herent and compatible standards, ICST supports the
it of voluntary national and tnternational
that are by users and

of a complex system of
standards mal wnﬂ enable diferent manufacturers’
equipment to work together in computer networks. ICST
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A ICST researchers

(1. to r.) Richard
Linn, Jr., Jetfrey Gura,
Daniel Rorrer, Wayne
McCoy, and Stephen
Nightingale (seated)
worked with industry to
deveiop a transport pro-
tocol test system, which
allows vendors and
users to test their com-
puter systems to make
sure they conform to
networking standards.
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s cooperating with IS0, ANSI, and other groups 1o de-
velop the needed standards and with industry in imple-
menting the standards n commercial products for the
office and factory

Partcipants in the workshops have represented more
than 175 organizations, including computer manutac-
turers, word
vendors, process control vendors, cCommumcations car-
ners, and industry and government users from the United
States, Canada, and Europe. Two successiul demon-
stratons—one at the 1984 National Computer Conter-
ence, the other at AUTOFACT "85—of standards for the
0S| reference model have resulted trom the workshops.
Two major U.S. corporations, General Motors and Boe-
ing Computer Services, have adopted standards for
their computer operations based on the p effort.

to votuntary g ap-
nalmxsrofda!abaseandgvapnmsystemsaswelas
'amngmmapdcmsunguag&smngmmo
wilt make pro-
grammung easier and programs trarng, and skills rans-
portable fom one system to another

ICST's standards etiorts cover other application areas,
ncluding system interfaces and intormation exchange.
For example. institute researchers are nvolved in devet
oping siandards for magnetc media and for structunng
data fies on media. ICST is supporting moxe than 35 dif-
terent final, proposed, and planned s(andatds that rep-
resent basic tor
stored on different types of magnetc med»a

Developing standards 1s just the first step toward com.
patibility of products The standards must be mple-
mented properly in products to assure compatibity wath
other products. and test and measuremnent methods are
essental for ensunng that products and systems meet
the increasingly complex standards Without tests, stan-
dards are simply paper specifications, and no one can
be sure that products are compatble.

Industry is eontnibuting to this effort by providing re-
searchers to collaborate with Institute staff members and
by donating research equipment. More than 20 major
computer and communications companies have been
working with ICST in developing test methods for net-
work standards. To extend that effart to the critical soft-
ware needed for processing data dstributed in networks,
ICST has started a new project with ind
test methods for software standards. These include data-
base managemnent systems, data dicbionary systems,
computer graphis, programming languages, user inter-
faces to operating systems, and office systems/docu-
ment interchange.

inthe case of magnetic mecta, reference measurement.
systems and reference matenals are needed {0 support

The corporate standards are Manutacturing Automation
Protocol (MAP) and Technical and Office Protocol
({TOP), respectively.

1CST cunmbuted to these demonstrations and to the

products g the
standards by helpmg partipating organizations les(
their products using test methods developed in Insttute
laboratories. New techriques were also devised 10 auto-
mate the design-to-mplermentation, testing, and perfor-
mance measurement processes, thereby reducing the
ume needed to write the sophisbcated testing proce-
dures In addion, ICST will coordinate a globally dis-
tributed digttal data network for OS! research—called
OSINET—to which 15 companies have agreed to com-
mit resources.

Institute researchers are also working on the standards
needed to integrate difterent computer programs and
user applications and to establish standard tormats and
defintons for data processed by computer. They have

the that are for tapes, disks, and
cartndges. ICST has developed and maintains such ref-
erence sernces for six different types of magnetc
media. Standard Reference Materials are used to evatu-
ate the performance of media and systems and to main-
tain quality control over therr production.

NBS and the Phys
{PTB) in West Germany ase the only organizatons pro-
wding these services. To focus the efforts of both
organzations more effectively, NBS has agreed to con-
centrata on developing new Standard Reference Mate-
rials for magnete tape products whie PTB will center ds
work around the production of reference matenals for
flexible disk cartridges. ICST is afso warking on stan-
dards and supporting services for optical digital data
disks, a new storage technology.




Insttute researchers provide techncal assistance 1o
other government agencies and ndusiry 1 @ number of
areas. ncluding computer securty, COMMUNICAbONS se-
cunty. and reduction of software managemeni costs.
The need for security has increased as organzations
become more dependent on computers Systems and
networks must be protected agamst al hazards nciuding
“hacker break-ns.” computer center desasters, comput-
er-related crimes. erroneous funds disbursements. dis
closure of sensitve informaton: and theft of data and
software If left uncorrected system and network vuiner-
abdities could result m costly losses and dangerous n-
terruptions to data processing

ICST researchers are curently nvestigating securty
for small computer systems, contingency planning,
communicatons securty. and personal identificaton
methods Other techrical efforts involve development of
nsk assessment methods. use of cryptography, and
development of computer-access controls. A number of

guides. tests.

Several ICST projects support the Otfice of Manage-
ment and Budget's government-vade mtiatves to re-
duce the costs of software management and 1o manage
end-user computing Well-publiczed problems with
complex systems have focused attention on the criical
need for high quallty. error-free software The Instiute s
‘nvestigating ways [0 make the process of software
mantenance 'ess complex and time consuming

Whie the use of oft-the-shef saftware packages avouds
software devetopment costs, these software packages
must be compatible with existing software o they are 1o
be miegrated into existing systems. institute researchers
are examimng approaches for evaluating software pack-
ages to assure thal they meet user requrements They
then plan 10 1ssue gudelines to help federal agencies
develop thew requrements for off-the-shelf software and
1o aid n the selection of software packages that meet
therr needs.

ICST s also studywng other ways 1o mprove the pro-
ductvity of workers who develop ther own computer

. and have been ped to
assist o/gan:zatons In protecting their computer infor-
maton from unauthonzed modification, destruction, or
disclosure and in assunng that computers are avalable
for processing when needed.

;», Electronics Woriang with the President’s Councd on Integrity and
* 7 engineer James Efficiency as well as computer experts and audiors
Park works on from government and industry. the Institute s develop-

10 help auddors

that can be used to
evaluate the perform-
ance of magnei

the most cri-

ng
cal aspects of system securtty to review
Protection of electronc tunds transfers 1s mportant to

for exampie. the use of fourth-genaration
to make g methods.
more etficent and easies to mamntain. To make the ex-
change of nformation between computer-based office
systems more ethcient, ICST s developing standards for
decument interchange between different manutacturers

systems

In addion to providing general techrvcal support to
computer users, ICST carnies out spechic progects on a
rembursable bass lor federal agencies. Typecal projects
nclude: n and soft-
ware policzes and g of

storage media.

° the stabidy of the bankng system as bahons of dollars
are each day. ICST the data of software, assis-
g with the bank andthe Treasury | tancen developing and implementing cormputer security

Department to apply data encryption techriques to pro-
tect the transfer of financial messages. A Treasury policy
requires that electronic tunds transfer (EFT) messages be
authenticated using federal and voluntary ndustry stan-
dards to assure that messages have been sent by an
authorized party and have not been tampesed with dur-
ng transmussion These researchers are aiso helping the
voluntary stanaards communty {0 develop the standards
needed for data authenticabon and encrypuon of data

As part of the same project. ICST researchers have
developed tests to validate devices that mplement the
standards. Vendors can now test therr devices via slec-
troruc hook up with the institute. The test results wall be
used by Treasury to certiy devices for use in EFT frans-
mssions. The Natonal Sacurty Agency s also assisting
n thus etfort

Institute researchers are planning a cooperaive pro-
gram (o invesbgale the poswbie use of small, credd-
card-sized devices for personal xdenticabon and record
keeping. Meetings with government and industry repre-
sentatives have ponted up the potential applicatons of
such devices, as wed as the security technology that 15
needed to make them practcal and effective.

procedures, and devetopment of prototype network sys-
tems 1o meet special agency requirements.

The resulis of ICST research are disseminated through
guides, forecasts. workshops, and symposia
ICST publishes a computer science and technology senes
that transters technology about new apphcatons to
users. The Instiute 1s also expermentng wih automated
information senvices that computer users can reach by
phone using computer terminals and small computers
In other cases. are used to ange
information with state and local governments and n-
dustry users Working directly with industry and com-
puter users {0 get standards impiemented in products s
ICST's preferred way of transferring tecnology This
helps to advance the development of standard products
and the productive applicabon of computers
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Special Programs

The planning. crganizing.
and executing of NBS re-
search programs require
extensive interaction with
numerous groups to assure
that NBS 1s developing the
measurement technology
needed by the country and
that it is reaching the
Bureau’s chents Many of
these interactions are co-
ordinated through the As-
sociate Director for Inter-
national Affairs, responsible
for cooperative work with
other countries: the Office
of Research and Tech-
nology Applications, which
disseminates the results of
NBS research to industry
and state and local govern-
ments, and the Office of
Product Standards Policy,
which, among other activi-
ties, provides guidance
and services to state and
iocal weights and mea-
sures officials.

Research associate

Eric Reisenauer
from Naval Ordnance
Station examines a
microcomputer-con-
trolled buffer system for
rohot fingers, turning
center coflets, and
quick-change tooling in
the NBS Automated
Manufacturing Re-
search Facllity.
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he taws of science and the art of measurement

know no international boundanes To achieve ts

goals. NBS must interact with scientrsts and nst-
tutions of other nations whose obyectives are related 1o
those of NBS The Bureau s international actvites
nclude
I . Representation of the United States in internationa!
governmental bodies such as the International Bureau
of Wexghts and Measures, which was created by the
Treaty of the Meter, and the Internatonal Organzation of
Legal Metrology
C n biateral for

NBS currently 1s

n science and

n cooperative programs with Canada, the United ng

dom. Japan. Inda, ltaly, Kovea, China, Y,

Spain, Egypt. Hungary, Paistan, and other wuntnes

£ Provision of transng and technical assistance 10 de-
countnes.

D Interchange of gues scnennsts with foreign ooun(nes

wisitors, plus 265 foreign guest scentists from courv
tnes who worked at the Bureau for periods from 2 weeks
1o 1 year or more The number of foresgn scientists work-
ing at the Bureau has increased dramatically in recent
years, as has the number of NBS personnet visting or
working at forengn mnstiubons.

Uruted States partcipation i internationa! standards
organizatons dates from 1875, when the United States
joined other countries in signing the Treaty of the Meter
From the ime of the Bureau's birth in 1901, N8S has
been assigned the responsibility of reprasenung theUS

i 1 actvibes th this
treaty The NBS Director serves as the U S. delega(e 0
the quadrenmal General Conference on Weights and
Measures and s a member of the Internatonal Commut-
tee of Weights and Measures, which sets policy and
guides the technical work of the General Conference
NBS staft members serve on the exght techmcal sub-
ccommittees of this parent body

In a smilar vein NBS cooperates with refated nsitu-
bons i the major industratzed countries of the world,
inctuding Japan. Germany. the United Kingdom France.
and Canada. An exampie of ths cooperative efiort 15 the
U .S.-Japan Panel on Wind and Sessmic Effects, for
which NBS serves as co-cha for the United States. By
shanng research results tn an annual ot seminar, and
by jointly determining objectives for future research, the
two countries are able to work together 10 minimize tuture
damage by earthquakes. hurr.canes. and typhoons.

An exampie of the Bureau’s work with deveiopmg
countries s is program of providing technical asss-
tance to E

: Literally hundreds
¥ ot guest workers
from ather countries
visit or work at NBS
each year. Shown here
is Yang Zu Zhang of the
Shanghai Bureau of
Matrology, Peopla's
Republic of China, who
is working with re-
ssarchers in the Center

and funded by the US Agency for lntemanonaj Devel-
opment, Egyptan scentsts are trained at NBS, and
NBS specialists are sent to Egypt 1o provide consuitation
and assistance in procunng special equipment

for Chemistry.
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Office of Research and Technology Applications

’-rhe compettiveness of U.S. ndustry and the weil-
being of U S society are increasingly dependent

;. on tachnology. In 1985 the United States spent
$107 bdion on research and development. The federal
government spent about $50 bilon of that amount, with
federal laboratones doing approximatety $10 billion of
the research and development. For the nation to gain the
maximum benetit from the federally sponsored research,
the results must be actively made available to users and
interested members of the pubiic. The Stevenson-Wydler
Tech Innovation Act of 1880 promotes the actve
yranster of federal technology to private industry and
state and local governments.

At NBS, the Office of Research and Technoiogy Appir
cations (ORTA), as required by this Act, provides prvate
industry and state and local governments ready access
1o federal technology and to NBS research and facilities.
n particular. ORTA staff respond to inquines and
establish cooperative research programs between NBS
and ather organizations.

One of the most poputar and effective ways to make
NBS research and facilties accessible to U.S. industry is
through the Industrial Research Associate program, which
NB8S has run since the 1920's. Under this program, in-
dustnal scientists and engineers join NBS researchers mn
solving techmical problems of mutual interest. Industrial
interest in collaborative research is at an all-tme high: In-
dustry currently sponsors and pays the salaries of about
200 research associates 1 more than 80 didferent pro-
grams at the Bureau. Recent changes make the program
even move attractive to industry. For example, revisions
in patent pohcy give industrial research associates nghts.
1o mventions conceved while working at NBS. And,
under i ces, ies can now
conduct proprietary research in NBS facilities.

In keeping with the growing natonal interest in ndus-

y 1] 3 A in a wide
range of joint actwvities. The Office arranges and partic-
pates in industry-government workshops that promote
the of on exciting n
technology. The Office also helps state officials organize
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and imple on for using
federal technology. ORTA staff and other NBS
managers joined the Department of Commerce Office of

Affairs and repy from other
Commerce agencies In visits to Louisiana, Oregon,
Pennsytvania, and Minnesota to advise the state officials
about federal services that might promote their econormn-
ic development.

The Office is part of a federal taboratory computer net-
work set up to locate federal technology and facilitate its
transfer to potential users. Also, ORTA staff provide
leadership tor the U.S. Technology Transfer Society.

ORTA participates in the national and regional meet-
ings, panels, and workshops of city, county, and state
government officials to help them soive their technical
problems. Subjects of partcular current interest to these
officials are computer security and technology, fire
research, building technology, and law enforcement
product standards.

A In a cooperative
industry/govemn-
ment effort to develop
process control sensors
tor the stee! industry,
NBS metallurgist Floyd
A. Mauer (lsft) and
David C. Rogers, Ameri-
can Iron and Stee! In-
stitute research asso-
clate from U.S. Steel
Corporation, setupa
cylindrical steel billet
for uitrasonic tomo-
graphic temperature im-
aging measurements.
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Office of Product Standards Policy

he NBS Office of Product Standards Policy (OPSP)
i tormutates and carnes out tederal policy relating to
natonal and , labora-

rated in nternational standards and guidetnes Its staff

tory accredtaton. and legal metrology Aspanoﬂms
effort. the Otfice works with domestc toreign. and nter-
natonal with

To provids trace-

serve on key committees of the United Nations Econom- ability to national
IOI Europe the International Laboratory standards, the Office
. the the system ot
mca C . the Org: for state weights and

. OIML and many omevs

Star

and related measurement actvites. The Office also pro-
wvides guidance and senvices to state and local wesghts
and measures junsaictions and manages U S interna-
tonal legat metrology obligatons

The Offce maintains nformatron on a quarter of a mi-
lon standards related documents and responds to thou-
sands of inquines each year its Navonal Center for

and Ce Ir develops direc
tones and indexes and dsseminates information to the
publc In support of US trade, the Offce serves as the
US Inquiry Point for the Agreement on Techrucal Bar-
riers to Trade (“Standards Code™) of the General Agree-
ment on Taritis and Trade and furnishes technical assis-
tance 10 industry and trade negotators in addressing
trade problems with other countries.

To promote equity n the marketpiace. OPSP sponsors
the Natonal Conference on Weights and Measures. Of-
hee staff develop procedures to evaluate measuning in-

for the franing pro-
grams, support state metrology iaboratornes. and coop
erate with the Conference to promote natonwige undor
muty of state and local government requirements pertairy
ing to measurements i the marketplace At the interna-
uonal level the Office manages U S. pamopabon in over
100 of the of
Legal Metrology (OIML). which ams ’0! nternatonal
undormity of requirements for legal metrology

In view of the mportance of having valid U S test
data accepted abroad, the Office works at the nationat
and international levels 1o assure reliable laboratory
testng OPSP conducts workshops on test methods, de-
velops techmques for profisency testing and operates
the National Voluntary Laboratory Accredtaton Pro-
gram (NVLAP) NVLAP s a voluntary system for assess-
ing and evaluating testing laboratones and accrediting
those found competent to perform specific test methods.
or types of tests on products and matenals Through ths
program, laboratories are accredded for testing a vanety
of products. ncluding telecommunications equipment.
thermal insutaton, and radiation dosimeters.

The Office works closely with international organiza-
tons to have U S technology and practices incorpo-

measures laboratories.
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Resources

The Bureau's wark s carred
out by hughly skied stafi
whao are often recognized as
natonal o international
leaders in therr specialties
tn Gathersburg, Maryland,
located north of Washington.
D C . NBS has about 2,350
full-ume employees working
1 26 buldings on 576 acres,
The Bureau also has nearly
390 futttme staffers who
work 1 14 buldings on 208
acres in Boulder, Colorado
The Joint Institute for Labo-
ratory Astrophysics, €o-
sponsored by NBS and the
Unwversity of Colorado. 1s
tocated in Boutder, where
seientists study atomic and
molecular phys:cs and astro-
physics. At Ft Colins, Col-
orado, NBS aperates radio
stations WWV and WWVB,
which broadcast standard
tme and frequency infor-
mation Another station,
WWVH, broadcasts trom
Kauar, Hawan

in an overhead

view of the smafl-
angie neutron scatter-
ing (SANS) spectrome-
ter, physicist Charles
Glinka anatyzes data at
a computerized color-
display terminal linked
to a two-dimensional
neutron detectos
located inside the
3.5-meter flight path
tube behind the sample
chamber.
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xﬂ § the naton's central reference laboratory. the
.5 Bureau houses a number of specal tacites and
© v equipment. many of which are avalable for use
by the saentfic and engineerng communiies—some
for conducting propretary research For example the
NBS 20-megawat research reactor 1s a major natona’
Mty for cooperatve research in matenals characters

ziton ALt 200 scentsts from ndustrat frms, uriver
stes ard federal agermes use Ihc NBS reacer each
year n projects rang:ng from nudear theory to analyses
ot food corvaminants

An electror accelerator capabie of protucing wel- N
locused electron beams at energies between 14 gnd Total NBS Operating Funds—All Sources
140 miflion electron volts 1s used 10 produce high- "
energy elecyons. postrons. photons. and neutrons for (in mallons of dolars)
nuciear physics research. neulron measurements and

standards. analytcal chemistry, and dosumetry research FY 1984 FY 1985 FY 1986
As partcf thsfac'ty a 200 mi on-glectron-volt (actual) (actual) {estimate)
facetrack microtron, which will be a user faciity for
research in nuclear physics. 1s now being installed The I research and $ 558 $607 $617
microlon, wich 3 scheduled to be avatable for re-
search n late 1987. s expected 1o have a number of Materals scence and engneer ng 275 32 334
unigue performance charactenstcs. ncluding a contin-
wous-wave beam. tugh current, easly var.abie energy Engneering measurements
over a wide range. excellent emmance, and very small and standards 721 779 791
energy spread

The Bureau's Synchrotron Uitra: olet Radiaton Faciity Computer scences and technology 124 136 130
(SURF {f) 15 2 280-millon-electron-vait electron storage
ning that radiates synchrotron radiation which s highly Research support actvites 289 255 262
collmated. nearly inearly polanzed and of 43
tensty SURF I} s used in studies 1 atomc. molecular, Total NBS $196.7 $208.9 $213.4

bomolecutar, ana solid-state physics, sunace ang mate-
nals scence, electro-optics, and chemistry and radiation
effects on matter

Among other NBS faciities are an Automated Manu-
factuning Research Faciity, several environmental cham-
bers. a In-duectional structural tesung faciity, a ire
research laboratory which includes a faclity for smoke
movement studies, a 2-story structural stee! test facility,
and a network protocal testing and evaluation labora-
tory Inaddibon, an extensive instrument shops group
answers specialized research needs. Shop capabilities
nclude glass blowing, optes. and metaiworking.

In fiscal year 1985, direct Congressiona appropria-
tions accounted for about 60 percent of NBS' budget of
$208.9 mibon. The bal sted from work
by NBS for other government agencies, and from the
sale of NBS goods and services such as Standard Ret-
erence Materals and caltbrations.
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Directory

Director

. Deputy Director

Office of the Legal Adviser

Of'ce of Congressional and Legslative

Atars

Oftca of Research and Technology

Applications

Assocate Duecior for Internavonal Aftarrs

b3

.
3
Assoclate Director tor g«m ‘:'d Pr::‘ra Director of Administration
Programs, Budget, ta s Policy
& Finance Standards Code & 4 .Efo SUDW;
Program Office tntormation + : &maﬂon esources
Budget Ofice Laboratory Accredtaton Pt I
Otfice of the Comptroiler Suancards Management Management Systems
Wexghts & Measures Pant
Faciibes Servces
a Occupatonal Heatth & Safety
Personnel
Acqudon * Asssiance i
- - - EI ; s e e ]
National Measurement National Engineering . Institute for Computer A Institute for Materials
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Office of Center foc Center for Ceramics
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Radiation Research Center for Nondestructve Evauation
Contor tos Chromoal P Building Technology
&:: "" emcal Pys:cs Certer fox Fire Research
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Center for Chemxcal
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Natonal Measusement Laboratory, the

Navonal Engineenng Labaratory. the in-
stitute for Computer Saences and Technology.
and the Institute for Matenals Scence and Engr
neerng These groups are supported by the
Office of the Duector of Admimistraton, the Of-

Techmcal work s carned out in the
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Office of the Director

Or E Ambler Dreclor (2411)

Mr RG Kammes Deputy Dsector {2451)
Legatl Adviser

Mr AJ Farrar (2425}

Oftice of and L

fice of the Duector, L

and the Office of the Associate Drector for
Programs, Budget. and Finance This amal-
gam of people and programs forms a commu-
ity to service. An

Affairs
Mrs EC Cassidy Dwector (2441)

Otfice of Research and Technology

Y
approach allows NBS 1o pravide the nation
with scientiic measurements of hugh precisron
and accuracy. coupled with solutons for cur-
rent and future technologicat problems

This brochure highlights only some of the
Bureau's programs For more ntormation on
specific projects. contact the peopie bisted i
this directory To reach members of the
Gathersburg, MD staff, dial (301) 921 + ex-
tension or write (o the National Bureau of Stan-
dards. Gatthersburg, MD 20899 Bureau staft
located in Bouider. CO. can be contacted on
(303) 497 + extension or wnite (o the Natonal
Bureau of Standards. Boulder, CO B0303.
Boulder staff members are designated in the

cirost vith actensks,

88 10

Dr HE Sorrows. Director (2226)
1
Dr H E. Sorrows (2226)
State and Local Governments Liatson
Mr J M Wyckotf (3814)
Associate Director tor International Atfairs
Dr E L Brady (3641)
Oftfice of Product Standards Policy
Or S| Warshaw, Orrector (3751)
Mr J L. Donaldson, Deputy Oirector (3751)

Office of the Director,
NBS/Boulder Laboratories

The Office of the Director, NBS/ Boulder
Laboratories. which rs located in Boulder,
Colo . oversees the technical programs of the
NBS/ Boulder L aboratories. These Labora-
tonies conduct research in time and frequency.
quantum physics, and thermodynamics for the
Nauonal Measurement Laboratory and in ma-
tenals sc:ence for the tnstitute for Materals
Scence and Engineernng. The Laboratonies
also carry out programs for the Navonal
Laboratory in Tetics.,
tt and flud o

Or RA. Kamper, Duector (3237)"

Office of the Associate Director
tor Programs, Budget,
and Finance

The Office of the Assoc:ate Directar for Pro-
grams, Budget. and Finance plans, develops.
and evaluates Bureau-level programs and for-
mulales and carnies out policies and strategies
for programmauc. budgetary. and tinancial
matters 1t develops techriques for and coor-
dinates the review of technical and overhead
programs; serves as the NBS Director’s staff
tor Bureaudevel. programmatc budget for-
mulation and execution and finance matters.
and develops and mantains mechansms 1o
mondor planned and actual uses of resources
by providing integrated. evaluated mformaton
on program progress, opportunities, and re-
sources to the NBS Director In additon. the
Ofiice advses management on significant
changes and deviatons and recommends pro-
gram, budget. finance. and accounting
priorities to the NBS Director

Dr PLM Heydemann. Associate Decior
(3361)

Program Office
Dr AH Sher, Chief (3137}

Budget Office
Mr TA Gary. Budget Officer (2544)

Ottice of the Comptroller
Vacant (2814)
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Office of the Director of
Administration

The Office of the Director of Administration
directs the management of Bureau-wide fact-
ties. systems, and L]
and administrative services including informa-
tion resources and publications services; pro-
curement. administrative computing, technical
and publie information functions; personnel,
management analys:s, heatth, safety, and
security services as well as physical plant,

286

Institute for Materials Sci

and Engineering

The institute for Matenials Science and
Engineenng (IMSE) provides the nation with a
centraf bas:s for uniform physical measure-
ments, measurement methods, and measure-
ment services basic 10 the processing, Micro-

National M Lab y

The National Measurement Laboratory (NML)
provides the national system of physical and
chermxcal measurements; coordinates the sys-
tem with measurement systems of other nations,
and furnishes essential services ieading 1o ac-
curate and uniform physical and chemical

structural

industry, universiies, and consumers with
standards, measurement methods, data, and

faciies, and space L. The Office
also decides on policies and plans and drrects
actions to assure that these services are
responsive to the needs of the technical
programs

Mr GW Chamberhn, Jr , Director (2477)
Mr KE Bell, Deputy Drector (3444)
Equal Employment Opportunity Support
Division

Mr AC. Lews, Chief (3494)

Public Information Division

Mr. RS. Franzen, Chief (3112)
Management Sy&tefns Division

Mr OH Tobey, Chief (3384)

Information Resources and Services
Division

Ms PW. Berger, Chief (3405)

Plant Division

Mr J.N. Brewer, Chief (2825)

Facilities Services Division

Mr. W.J Rabbitt, Chief (2525)
Occupational Health and Safety Division
Mr. L.E. Pevey, Chief (3366)

Personnel Division

Mrs. EW. Stroud, Chief (3555)

Acquisition and Assistance Division

Mr. R. de la Menardiere. Chief (3521)
Boulder Executive Office

Mr. FP. McGehan. Acting Executive Officer
(3955)"

Instrument Shops Division

Mr DW. Cook, Chief (3855)"

Plant Division

Mr. R L. Rodger, Chief (3886)"
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q understanding concerning metals,
potymers, ceramics, composites, and glasses.
IMSE also obtains accurate expenmental dala
on the behavior and properties of matenals
under service conditions 1o assure effective
use of matenals

Dr.LH Schwartz. Drrector (2891)
Office of Nondestructive Evaluation
Dr. HT Yolken. Chief (3331)
Ceramics Division

Or. S.M. Hsu, Chief (2847)

Fracture and Deformation Division
Dr. R.P. Reed, Chief (3870)"
Polymers Division

Dr. L.E. Smith, Chief (3734)
Metallurgy Division

Dr. EN. Pugh, Chief (2811)

Reactor Radiation Division

Dr. R.S. Carter, Chief (2421)

3 , and per-
formance of materials It provides government,

the nation’s scien-
tfic community, industry, and commerce NML
also furnishes advisory and research services
to other government agencies; conducts phys-
ical and chemical research, develops, pro-
duces, and distributes Standard Reference
Matenals: and provides standard reference
data and calibration services.

Dr. DR. Johnson, Director (2828)
Dr. CW. Remann, Deputy Director for
Resources and Operations (2878)

Standard Reference Data
Dr, D R. Lide. Jr.. Director (2467)

Measurement Services

Mr. G.A. Unano, Director (3231)

Office of Standard Reference Materials
Mr. $.D. Rasberry, Chief (3479)

Office of Physical Measurement Services
Mr. E. Garner, Chief (2805)

Center for Basic Standards
Or. K.G. Kessler, Director (2001)
Dr. J.0. Smmons, Deputy Directar (2001)

Efectricity Division

Dr. BN. Taylor, Chiet (2701)
Temperature and Pressure Division
Dr. R.J. Soulen, Jr, Chief (3315)
Length and Mass Division

Dr. 4.D. Simmons, Chief (2001)

Time and Frequency Division

Dr. D.B. Sullivan, Chief (3772)°
Quantum Physics Division

DOr. K.B. Gebbye, Chief (3527)*




Center for Radiation Research

Dr CE Kuyatt, Director (2551)
Dr WA Cassatt, Deputy Director {2551)

Atomic and Plasma Radlation Division
Dr. WL Wiese, Chiet (2071)

Radiation Physics Division
Dr. WR. Ott, Chief (3201)

Radiometric Physics Division
Dr. KD Mielenz. Chief (3884)

Source and

Division
Dr S. Penner. Chief (2503)

lonizing Radiation Division
Dr. RS Caswell, Chief (2625)

Center for Chemical Physics
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The Department of Commerce has concluded, in a review of
emerging technologies and their future impact on the econony,
that American businesses lag behind many of their foreign
competitors, especially the Japanese, in exploiting technological
breakthroughs.

The review was ordered by Deputy Secretary Clarence J. Brown
in April 1986 to identify the new technologies that will lead to
hew products or processes, analyze their commercialization, and
recommend means of reducing the barriers. It is based on an
assessment by technical experts and agency heads within the
Department. They studied scientific and industrial plans and the
commercialization process here and abroad.

Once the list of technologies was determined, the experts
determined their probable contribution to the gross national
product by the year 2000. While recognizing this as an imprecise
measure requiring some subjective forecasting, the Department
believes it to be the best proxy to judge economic impact.
Although the technologies are ranked in terms of high, moderate
or low impact, the terms are relative; all are expected to play a
significant role in future growth.

Identifying the technological opportunities and their
probable economic effect is not difficult. The real problem
facing U.S. companies is converting these opportunities into real
economic success. The review's primary focus is upon identifying
ten barriers to commercialization and making recommendations for
overcoming them. The recommendations require action by all
sectors of American life, sometimes unilaterally and occasionally
together.

The barriers to commercialization are also ranked in order
of importance. The two most important are inadequate tax
incentives and the high cost of capital. The remaining barriers
include two that require actions by individual companies. The
Department found that there is a lack of integration and
communication among functions within companies, and it also cites
companies for being too complacent and dependent on the domestic
market for growth opportunities.

The recommendations include fostering participative
management by employees, training managers in the production
process, eliminating provisions in foreign tax laws that
discriminate against U.S. products, and updating business school
curricula. They also reiterate recommendations of President
Reagan's competitiveness initiative, such as those regarding
improving export controls, reforming product liability and tort
laws, and lifting antitrust restrictions.

Since the list of technologies was determined, there have
been significant and highly publicized breakthroughs in the field
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of superconductors ~- materials that have zero electrical
resistance. Several developments must be achieved before their
economic potential can be realized, particularly an improvement
in the current-carrying capacity of these materials. Until it is
known whether this is possible, superconductors should be
considered a potential emerging technoloqy.

The accompanying appendices describe in detail the
technologies, barriers, and recommendations.
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1.

(enhanced VISI
and VHSIC chips)

Table 1

EMERGING TECHNOLOGIES

what does jt do pew
or_better?

Better high temperature
strength-to-weight
properties

Better dielectric &
optical properties
Higher -to-
weight ratio

Design flexibility
because of spatial
asyrmetry

Improved strength &
high~temp performance

Improved magnetic
properties

Improved performance in
speed, size

Improved magnetic
properties

Higher efficiency
photovoltaic conversion

Applied to what
products or processes?

Heat engine camponents,
turbine blades, heat
shields

Electronic substrates,
integrated optics
Structural components

Structural components

Structural camponents
Super conducting
conponents

Electro-magnetic
equipment

Semiconductor devices

Information storage

Solar cells

€63



B. Optoelectronics

(optical fiber
am light wvave
processing)

C. Millimeter Wave

A.

Technology

Manufacturing

(computer

flexible
systems)

Business and
Office Systems

(computer appli-
cations within

an organization)

Technical
Services

(computer appli-
cations in the
provision of
commercial
services)

what does_jt do pew
or better?

performance in

Tmproved
speed, size, capacity,
and security

Higher density
information storage
¥hen replacing radio

systems it frees RF
spectrum for other uses

Flexible
reconfiquration of
production proocesses

Integrated oontrol of
all production
operations

Efficient information
storage, retrieval, &
exchange

Efficient high-volume
information storage,

retrieval & exchange

Applied to what
products ox processes?

Electronic equipment,
information processing

Camputer systems of all

sizes

Voice & data
communication systems

All manufacturing

Networking, word
processing, & data base
management

Information retrieval
and distribution, data
base management,,
education and training

Finahcial services,
electronic mail,
talammmimtias,
profissiénal service

|
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5.

A. Genetic
Engineering

(design &

on of
highly selective
agents)

B. Biochemical
Processing

What does it do

Improved diagnostic and
Improved plants,
pesticides, & animal
supplements

Neutralize pollutants

Improved control of
chemical processes,
outputs, and yields

Faster, lower-cost
“camputing

replication of human
Judgment.

Applied to what

products or processes?

Health Services

Foods and pesticides

Envirormental comtrol

Chemical separations
and reactions,
biosensors

Information processing

and camputer control

Information processing

and computer control

Medicine,
cals

Agriculture
Food processing

Chemical manufacturing
& treatment

Chemical manufacturing

Potentially all.

All applications using
camputers
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6. Medical Technology
A. Dnugs
(other drugs are
included in
category 4 -
Biotechnology)

B. Instruments &
Devices

{semiconductor
applications
also are
Electronics)

A. Surfaces &
Interfaces

B. Menbranes

Improved immunology and
treatment

Improved diagnostic and
therapeutic systems

Improved control and
yield of chemical
reactions

New electronic &
optical properties

New chemical
properties, better
chemical separation
techniques

Applied to what
products_or_processes?

Health Services

Magnetic Resonance
Imaging & CAT scanning,
radiation treatment

Chemical catalysis

Semiconductor devices,
surface modification
and coatings

Chemical separations

Used by what Major
Industries?

Medicine,
Pharmaceuticals

Medicine

Chemical marufacturing,
food processing

Electronic components,

Chemical manufacturing,
food processing
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Table 2

;

EMERGING TECHNOLOGIES RANKED BY ECONOMIC IMPACT

Group A (Highest) Advanced Materials; Composites
Biotechnology:; Genetic Engineering
Electronics; Optoelectronics
Electronics; Advanced Microelectronics
Computing; Computing equipment
Automation; Manufacturing

Group B Automation; Business and Office Systems
Biotechnology; Biochemical Processing
Medical Technology; Drugs
Advanced Mater.ials; Ceramics
Automation; Technical Services
Computing; Artificial Intelligence Tech.
Medical Technology: Devices

Group C Thin Layer Technology; Membranes
Advanced Materials; Metals
Thin Layer Tech.; Surfaces & Interfaces
Electronics; Millimeter Wave Technology
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Table 3

GENERIC BARRIERS TO ACHIEVING MAXIMUM ECONOMIC BENEFITS FROM
EMERGING TECHNOLOGIES

1. High costs of capital funds in the U.S. relative to foreign
competitors.

2. Tax incentives for U.S. companies relative to foreign
competitors to deploy emerging technologies (including the
stability of tax regulations).

3. Poor integration of manufacturing, design, and R&D functions.

4. Inadequate laws, regulations, and enforcement protecting
intellectual property rights in the U.S. or overseas.

5. Complacency and dependence on the domestic market.
6. Restrictive trade policies in foreign markets.

7. Federal or State regulations on corporate activities intended
to protect the public health and safety (e.g., building codes,
environmental laws, drug approval regulations, and occupational
health regulations).

8. Export controls on advanced technologies and high-technology
products.

9. Restraints and uncertainty caused by product liability and
tort laws.

10. Anti-trust restrictions against cooperative ventures for
marketing or production methods. There may still be perceived
barriers against cooperative R&D, but legal restrictions against
procompetitive R&D were eased by legislation in 1984.
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APPENDIX B
DETAILED DESCRIPTIONS OF

GENERIC BARRIERS TO ACHIEVING MAXIMUM ECONOMIC BENEFITS FROM
EMERGING TECHNOLOGIES

High costs of capital funds in the U.S. relative to foreign

competitors.

2.

Higher interest rates, lower debt-equity ratios, cultural
practices, and tax laws combine to make the effective cost of
capital funds for U.S. firms up to twice as high as their
Japanese competitors. For example, U.S., savings rates, as a
percentage of GNP, have historically been, and continue to
be, among the lowest of developed countries (and about half
that of Japan). Recent declines in the value of the dollar
relative to foreign currencies have reduced some capital cost
differentials, but the above factors combine to keep that
differential high.

Tay incentives for U.S. companies relative to foreign

competitors to deploy emerging technologies (including the
stability of tax regulations).

Foreign countries continue to employ a variety of incentives
to encourage the growth of new technologies. These range
from subsidies for the conduct of R&D to import protection of
the products derived from the new technologies, at least in
their early marketing stages. U.S. firms receive few such
subsidies. Some predict that recent changes in the tax law
will have a stultifying effect upon venture capital, thus
denying U.S. firms access to a previously major source of
funding for new high-technology firms.

Frequent changes have made it difficult for U.S. businessmen.
Drafting of regulations often lag behind legislation
significantly. These changes and delays have created an air
of uncertainty in business planning: uncertainty is always an
anathema to the businessman.

Poor integration of manufacturing, design, and R&D functions.

For rapid movement of new technologies through the functions
of R&D, design, product development, and production, it is
necessary to have effective communication among these
functions. Lack of willingness and opportunity of key
technical staff to move with the emerging technology from R&D
into manufacturing, for example, has been common in U.S.

10
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organizations, although much improvement has occurred in
recent years. A contributing factor in the U.S. has been the
lower status, reflected in lower salaries and recognition,
given to manufacturing relative to other branches of
engineering.

Lack of cooperation and integration among institutions in
the U.S. is just as important a barrier as among functions
within a firm. For example, more rapid application of new
technologies could be the result of closer coupling of firms
to technical activities in Universities and Federal
laboratories, and from intercompany cooperation to jointly
address generic or structural technical problems of a
longer-term nature. In this category would fall the classic
Government research (carried out by NBS, NOAA, and NTIA) to
provide technical data and standards that industry needs to
design reliable new products/processes, but single firms do
not have the incentive, expertise, or funds to develop
themselves.

The Japanese are said to be particularly strong in
integrating functions; this may partly account for the rapid
speed with which their firms introduce new products into the
market. Rotation of staff among these functions in Japan
also helps this integration process.

4. Inadequate laws, regulations, and enforcement protecting
intellectual property rights in the U.S. or overseas.

U.S. businesses rely upon strong intellectual property
protection to realize the benefits of emerging technologies.
In fact, the rate of development of emerging technologies may
well depend upon patents as incentives and security for R&D
or marketing investment, and upon trademarks to build and
protect reputations for quality. Barriers exist where laws,
requlations or enforcement procedures are inadequate. When
innovation is neither rewarded nor encouraged, markets are
either forfeited, left untapped, or are underdeveloped.
Examples of domestic barriers include (1) the inadequacy of
the statutory 17-year patent term for certain agricultural
and pharmaceutical products which are subject to extensive
premarket testing, and (2) the absence of effective
protection for process patent holders against imports of
products made abroad under the patented process.

on the international front, it is well recognized that many
countries do not offer adequate intellectual property
protection and, in some cases, actually sanction abuse of
intellectual property rights. This would include, for
example, a nation's outright appropriation of foreign-owned
technologies or of creative and artistic works. This robs

11
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the inventor or creator and, of course, the associated
business concern of any possibilities of realization of world
market potential.

complacency and Dependance on the Domestic Market

This barrier encompasses the attitudinal problems generated
by the size and ready availability of the U.S. market for new
products and services -~ the lack of an immediately apparent
need to compete with Japan and other countries head-to-head
in the international marketplace. American companies,
separately and in joint ventures, must aggressively seek
export opportunities abroad and anticipate challenges in the
U.S. from new foreign competitors. This barrier also
encompasses the attitudinal differences toward "risk taking”
between U.S. and Japanese firms and the cultural differences
in approaches to production and marketing. The Japanese
preference is to produce and market technological
improvements in small increments, thereby gaining a foothold
and experience in the marketplace. The U.S. approach is to
complete as much research and development as possible before
producing and marketing a new product which "leapfrogs"
existing technology.

Restrictive Trade Policies in Foreign Markets

Restrictive trade policies take many forms -- laws,
regulations and practices -- with an overriding consequence
of protecting a home market from foreign products. Although
most of these policies are sponsored by governments, business
practices and social mores may also act as significant trade
barriers.

Direct Government Practices are one type of policy affecting

trade. 1Included here are:

~ Tariffs and other import duties designed to protect a
domestic market rather than to raise revenues.
- Import licensing designed to create uncertainty,
delays, and discrimination for foreign products.
- Government procurement (i.e., buy national products)
- Product development and export subsidies programs.

Indirect Government Practices are a second type of policy.

Included here are:

- Standards codes, testing, labeling, and certification
requirements which interfere with market availability
and acceptance of foreign products.

- Local or domestic content (e.g. rules or origin)
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requirements on foreign products which adversely
affect technology and process innovations.

~ Market reserve policies that designate certain
markets for domestic products only.

- Disregard of intellectual property rights by foreign
governments which undermine the ability to exploit
markets with new products.

on-trade on-gov are a
third type. Included here are:

- Public health and safety laws that indirectly
restrict the importation of foreign products.

~ Local and national distribution systems that
discriminate against foreign products through
interlocking relationships among manufacturers,
wholesalers, and financial institutions.

7. Federal or State regulations on corporate activities
intended to protect the public health and safety (e.g., building
codes, environmental laws, odcupational health regulations, and
drug approvals).

‘Emerging technologies generally require, somewhere in their
.development and production, some form of environmental
and/or health clearance or regulation. This will occur on
the Federal or State levels depending on which of the
Federal regulation(s) apply.

Those technologies involving large-scale use of new
materials, particularly in the broader electronics
categories, will have to continue to meet the existing
water, air and disposal requirements. In the case of new
and exotic materials, such as the new semiconductor
compounds (e.g. Gallium Arsenide), OSHA regulations are
constantly being revised to protect against potential
hazards, while EPA has control of various emissions through
clean air and clean water legislation.

Solid waste reclamation also will enter into the cost of
using new technologies. Disposal of new composite materials
as scrap in products that have reached the end of their
useful life, will impose a new set of costs and possible
barriers. The present case of what to do with worn-out lead
storage batteries is a good example of what might happen to
a higher technology material with end-of-cycle toxicity.

For those technologies involved in medical and health care,
regulations covering production, product certification,
standards, OSHA considerations and disposal add to the
burden of time/testing, as well as to the cost of meeting
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stringent health and environmental standards. The current
issues surrounding the regulation and testing of
genetically-altered naturally occurring organisms is a prime
example of an emerging technology in the early stages of
development.

The costs and time delays involved are further exacerbated
if competing countries have less stringent certification and
environmental requirements. Technologies in those countries
are often put into production faster, thus putting U.S.
suppliers at a competitive disadvantage. There are several
recent examples in the pharmaceutical industry of the effect
of these differences.

8. Export controls on advanced technologies and high-technology
products.

While the need for control of the export of technology for
purposes of U.S. national security has been clearly
established, the costs attributable to "over-control" are
also now becoming more apparent. That is, the Executive
Branch's inability to decontrol goods and technology =-- that
are no longer strategic or are available from foreign
competitors--is now seen as inhibiting our ability to remain
technologically superior to our international competitors as
well as contributing to the erosion of our defense
industrial base . The Department of Commerce is trying to
establish interagency procedures that will facilitate the
decontrol to take place as Congress intended.

9. Restraints and uncertainty caused by product liability and
tort laws.

With increasing frequency, claims are made that innovation
and ability to compete are retarded in the U.S. by product
liability and tort laws. The resulting uncertainty and
instability have brought about a need for reform. Reasons
include:

-~ A patchwork of 50 different state laws on product
liability. Cases based on similar facts, but tried
in different states, can produce strikingly
different and contradictory results.

-- The enormous transaction costs for all parties
involved in litigation.

-=- The high costs of insurance for product-liability
related protection.
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Over the past 20 years our product liability law has moved
away from fault as its basic guiding principle. The
Commerce Department has taken the position that as a matter
of fairness to manufacturers and as an incentive to them to
construct new and safe products, businesses should generally
be held liable only for behavior based on fault.

10. Anti-trust restrictions against cooperative ventures for
marketing or production. There may still be perceived barriers
against cooperative R&D, but legal restrictions against
procompetitive R&D were eased by legislation in 1984.

Many U.S. anti-trust restrictions have been in place,
substantially unchanged, for over 75 years. 1In these times
of strong foreign competition and worldwide markets, U.S.
firms are at a disadvantage when compared to foreign firms
not subject to such strong, legal strictures. Production
economies not envisaged when the original laws were enacted
are now possible. These economics permit firms jointly to
build and operate facilities at lower cost, thus improving
world-competitive positions. Facilities housing flexible
automated manufacturing systems are one example, but other
shared facilities are also possible. Joint production by
large firms, joint marketing of the products, and mergers of
such large firms are subject to close scrutiny by U.S.
Federal agencies, even though they may increase efficiency.
This is viewed as an anachronism, particularly in the light
of foreign practice.

Cooperative funding of procompetitive R&D was eased by
changes enacted in 1984 which, among other things, reduced
damages to be assessed to losses actually incurred. These
changes are still not as widely known as they might be, with
the result that some cooperative U.S. ventures are not being
undertaken in fear of anti-trust prosecution.
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APPENDIX C

RECOMMENDATIONS OF METHODS TO OVERCOME BARRIERS

BARRIER: HIGH COST OF CAPITAL IN THE U.S. RELATIVE TO FOREIGN

COMPETITORS

Efforts to reduce Federal budget deficits should continue
because of negative effects of the high deficits on capital
markets and on interest rates.

State and local level efforts to meet local capital needs
should be encouraged. The creation of venture capital pools
would help increase the availability of capital for the new,
high-risk developments that sometimes have very large
innovation and competitive payoffs. Investment rebates and
other incentives might also be used.

Actions should be taken to increase aggregate savings in the
U.S. Additional tax incentives (beyond the recent tax
reform), direct appeal to savers, and other actions could
increase savers willingness to save rather than consume.
Increased savings levels are necessary to help increase
capital supply and lower interest rates. The U.S. savings
level is much lower than in competitor nations.

BARRIER: TAX INCENTIVES FOR DEVELOPMENT OF NEW TECHNOLOGIES

In order to encourage rapid commercialization of
technological advances, any future changes in the tax law
should focus on the incentives available for long-term
investment in all factors of the production, marketing, and
distribution processes. Changes in cost recovery provisions
should not force U.S. companies into a competitive
disadvantage. American businesses must have confidence that
major tax changes will not be made repeatedly.

The tax laws of foreign countries should be analyzed to
determine if they discriminate against U.S. products being
sold there. Discriminatory effects should be alleviated
through negotiation or, if necessary, compensated through
legislation.

BARRIER: POOR INTEGRATION OF MANUFACTURING, DESIGN, AND R&D

MARKETING FUNCTIONS
All managers should have a grounding in the basic production

process of the company. Beyond this, managers should
receive cross-functional training so they have at least a
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minimal appreciation of finance, personnel, technology
development, marketing, as well as production.

Top management must foster attitudes throughout management
staff that foster flexibility, change, innovation and
adaptability.

Business schools must update curricula to train business
students in the total process -~ from R&D to marketing and
servicing. Business students must see any particular
specialization within the fullest context of what is
required for corporations to achieve maximum productivity.

BARRIER: INTELLECTUAL PROPERTY PROTECTION

Industrial firms in the U.S should take great care in
transferring their technology and other intellectual
property to foreign firms. For protecting the
competitiveness of the nation as a whole, firms should
establish safeguards against non-economic transfers.

Export control procedures should be changed to include
intellectual property protection agreements and concerns, so
that sales by U.S. firms are protected and enhanced.

Insist other nations protect U.S-owned intellectual
property. Treaties, reciprocal agreements, tariffs, and
other mechanisms used by the U.S. government in dealing with
other nations should incorporate strong intellectual
property provisions. U.S. laws could be strengthened to
insure reciprocity and to prevent unapproved imports of
products made abroad by processes patented in the U.S.
Enforcement in other countries is often the weakest link in
the protection process.

Ownership of rights stemming from collaborative research
should be clarified. The goal is to eliminate uncertainty
and thus maximize the incentives to rapidly commercialize
technological developments by U.S. firms. Similarly,
actions should be taken to assure that ownership rights and
other benefits from Federally~funded research flow to U.S.
organizations.

Ways should be sought to obtain payments from foreign
graduate students for the intellectual property they benefit
from while doing research in the U.S.

BARRIER: COMPLACENCY AND DEPENDENCE ON THE DOMESTIC MARKET
We must foster entrepreneurial risk-taking. Several steps
can be taken. Promote greater ownership by executives of
corporate stock so that executives become owners, not simply
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managers. Include employees in “"participative management®
so that more decisions are made by those clcsest to
production cperations. 1Incentive systems must be improved
s0 that more employees feel they have a greater stake in the
success of the company.

shift emphasis in our business schools—so—that -executive
responsibilities are taught more within the context of

‘mimmotnos i ~NouperstrEsponsibilitiss rather than—faanagementf - - Lo o eomsma
responsibilities.

We must promote a greater sense of the "common good" so that
government, management and labor interact on a basis of
achieving positive goals rather than on the historic
adversarial basis.

We must foster the awareness that there is no longer
anything such as a purely "domestic" market. What we think
of as the U.S. domestic market is, in fact, part of the
global market. Thus as soon as a product leaves the
shipping dock, it has hit the world market, even if it is
only being shipped across town. This perspective must
permeate all management levels.

BARRIER: RESTRICTIVE TRADE POLICIES IN FOREIGN MARKETS

Adaptability to foreign preferences should be improved by
U.S. firms. The result should be U.S.-made products that
better meet the special preferences of consumers in other
nations and better performance in the marketing/distribution
systems overseas. Increased exports and reduced trade
deficits are the obvious goal.

Foreign languages should be introduced earlier into the U.S.
educational process, so that our citizens will have a
greater ability to understand foreign needs/preferences, and
have an increased ability to successfully do business
overseas.

BARRIER: FEDERAL AND STATE REGULATIONS FOR PROTECTION OF HEALTH

AND SAFETY

Wherever possible, domestic regulations (from such sources
as EPA, OSHA, FDA, and SEC) should be reduced and simplified
in order to minimize their negative effects on industry's
use of new technology. In some cases, foreign competitors
have an advantage of less stringent or loosely enforced
regulations.

A better balance should be achieved between the desirable
safety goals of domestic regulations and the economic costs
to U.S. manufacturers and businesses. 1In addition to the

18
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added costs, firms-often have the application of new
technology or marketing of new products delayed
significantly. 1In the currént global economy, we should
recognize that economic viability is as important-a naticnal
goal as public safety. The key is to balance these goals in
a meaningful way.

BARRIER: EXPORT CONTROLS ON ADVANCED TECHNOLOGIES AND
HIGH-TECHNOLOGY PRODUCTS

The January 1987 President's Competitiveness Initiative
directs the Cabinet to review the export controls program
and provide recommendations to achieve the following:

o Decontrolling those technologies that offer no serious
threat to U.S. security;

] Strengthening enforcement controls on those technologies
that could harm U.S. security:

o Eliminating unilateral controls in those areas where
there is widespread foreign availability;

o Reducing the time required to acquire a license by at
least one-third and implementing a fair, equitable, and
timely dispute resolution process;

] Seeking agreement with our allies for concrete actions
to be taken which will make export control procedures
more uniform and enforcement more rigorous;

o Seeking overall to level the competitive playing field
while strengthening multinational controls over products
and technologies that can contribute to Soviet military
capabilities; and

o Recognizing the continued improvement in U.S./People's
Republic of China (PRC) relations and the commitment of
the PRC to protect sensitive technology, and working
with our allies to further liberalize high technology
trade with China.

BARRIER: RESTRAINTS AND UNCERTAINTY CAUSED BY PRODUCT LIABILITY
LAWS

The January 1987 President's Competitiveness Initiative
proposes several methods to overcome this barrier. Proposed
legislation would: :

o Retain a fault-based standard of liability:

19
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BARRIER:
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Eliminate joint and several liability except in cases
where defendants have acted in concert;

>
Limit noneconomic damages to a fair and reasonable
amount;

Provide for periodic, instead of lump sum, payments of
damages for future medical care or lost income;

Reduce awards in cases where a plaintiff also is
compensated by other sources, such as government
benefits;

Reduce transaction costs by limiting attorneys'
contingent fees to reasonable amounts on a sliding
scale; and

Encourage litigants to resolve more cases out of court.

ANTI-TRUST RESTRICTION AGAINST COOPERATIVE VENTURES

The January 1987 President's Competitiveness Initiative
proposes several methods to overcome this barrier. The
statutory proposals include:

°

Amending Section 7 of the Clayton Act to distinguish
more clearly between pro-competitive mergers and mergers
that would create a significant probability of increased
prices to consumers:;

Limiting private and Government antitrust actions to
actual (rather than treble) damages, except for damages
caused by overcharges or underpayments;

Removing unwarranted and cumbersome restrictions on
interlocking directorates;

Clarifying the application of U.S. antitrust laws in
private cases involving international trade; and

Requiring that any antitrust claims remaining against

other defendants after a partial settlement in a case be
appropriately reduced.

20
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Remarks by Deputy Secretary of Commerce Clarence J. Brown
News Briefing on Emerging Technologies
June 9, 1987

6ood morning, It 1s no secret that this country has a trade
problem. Likewise, it 1s no secret that at least part of the
problem has been our inability to take full commercia] adventage
of scientific and technological developments made in the United
States. Time and time ogain we have seen foreign competitors,
most notably, but not exclusively, the Japanese, turn our
technological developments into thelr commercial product
successes.,

I think 1t is foir to say that the country has awakened to this
dilemma. The notional ottention to the general subject of
competitiveness is evidence of our awakening. The President has
put forward a comprehensive package of proposals to deal with
this problem, and the Administrotion is taking a series of steps
to improve our situation.

This morning, I want to toke a longer view of our trade and
technology position. I want to drow attention to the future and
to the technologies that just now are emerging from the
laboratory and seem particularly promising in both a scientific
and commercicl context.
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I am firmly convinced thot America‘s abllity to explolt a new set
of emerging technologles with huge maorket potential in the year
2000 and beyond will play a big role in determining the country’s
economic successes or failures well into the next century,

Recognizing the importance of these technologies, I asked a group
of technical experts and top officials from Commerce Department
agencies to examine the latest sclentific ond technological
advancements ond to report to me on which technologies seemed
especially Importont, whot borriers stood in the way of their
commerclalization within the United States, and what steps could
be token to remove those obstacles.

This group, headed by Dr. Ernest Ambler, director of the Notional
Bureau of Standards, who 1s with us this morning, studied
sclentific and industrial plans and the commercialization process
here and abroad.

They ldentified 17 emerging technologles 1n 7 major groups which
are expected to lead to new products or processes in the future,
Among other things, the review panel considered the expected
contribution of each technology to the gross national product.

Here 1s the 1ist the group come up with:

SHOW POSTERBOARD WITH EMERGING TECHNOLOGIES LIST
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Advanced materigls. These include high-performance ceramics,
polymer composites, and advanced metals. They will bring
improvements in automotive and aircraft engines, electronic
components, electrical mochinery, ond manufactured components.

Electronics. Here the panel singled out advanced
microelectronics critical to semiconductor devices,
optoelectronics -- which covers optical fiber and 1ightwave
processing vital to advances 1n communications and computers --
aond millimeter wave technology, which can be used in voice and
data communication systems.

Automgtion. Computer-integroted and flexible systems for
monufacturing are on the 1ist, as are computer applications in
business and office systems as well gs applications for
commercial services such as financiol transactions and electronic
mail,

Biotechnoloay. Both genetic engineering -- for improved
diagnostic and therapeutic drugs ond agricultural and food
applicotions -- as well os blochemléul processing for chemical
manufacturing, are critical technologies.
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computing. Supercomputers, ortificial Intelligence, and @
variety of other computing techniques deserve a category of thelr
own, with potential applications to literally every industry in
the United Stotes.

Medical Technoloay. Progress in new medical drugs and
instruments and devices for improved dlagnosis and trectment of
illness 1s fast-paced and promises to continue into the next
century. We are certain to see new technologles thot are
nothing more than scientific concepts today.

Thin Laver Techrioloales. Electronic ccmnénents, chemical
manufacturing and food processing, and a varlety of other
industrial operations are expected to benefit from rapld advances
in using ultra-thin layers of chemicals to improve the
capabilities of devices and products.

The 1ist is not meant to be cast in concrete. For example, 1n
the few weeks since the original 11st was put together, there
have been significant ond highly publicized breakthroughs 1in the
development of superconductors -- moterials thot have absolutely
no electricel resistance, Basic sclentific questions and greot
technical problems need to be solved before we con reglize the
economic potential of these high-temperature éuperconductors,'so
for now they must remaln a potential emerging technology.
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But oll you hove to do is to look at one possible application for
these superconductors, the transmission of electrical energy, to
realize the enormity of their promise. We now spend $160 billion
a year on electrical power in this country, and we waste a full
20 percent of that power due to losses in transmissions, If
high-temperature superconductors con be developed to the point
where they can be substituted for conventional electrical
transmission wires, we could save more than $30 billion a vear.

When I tolk about the potential of emerging technologies, that is
what 1 om talking about, a revolution that could affect every
industry in Americe and around the globe,

But there ore barriers.

SHOW POSTERBOARD WITH GENERIC BARRIERS

This list of generic barriers to achieving maximum economic
benefits from emerging technologies should look familiar,

The relatively high costs of capitol funds and the less favorable
tax incentives in the United States compared to foreign
competitors top the list.

Management s focus on short-term, rather than longer range, goals
for returns on investments, poor integration of monufacturing,
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design, and research and development functions within U.S. firms,
and the lack of cooperation among American Institutions, hurt our
chances of exploiting emerging technologies.

So do inodequate laws, regulotions, and enforcement protecting
intellectual property rights in the United States or oversegs.

Complocency and o dependence on the domestic market -- the lack
of awareness of the need to compete with Japan and other
countries head-to-heed in the international marketplace -- are a
basic stumbling block.

Restrictive trade policies in foreign markets,

Federal or state regulations on corporate activities,

Export controls on advanced technologies and high-technology
products,

Restraints and uncertainty coused by product liability ond tort
laws, and

Ant1-trust restrictions -- real ond perceived -- against
cooperative ventures for R&D, marketing, or broductlon.

All are formidabie barriers to the commercializatlon of these
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emerging technologies.

Now, what do we do about brecking down these barriers?
You have a description of the recommendations in your press kits.
They include:

continued vigilance to reduce federal budget deficits
and to avold high interest rates which affect the cost
of capital

creation of venture copital pools at the stote and
local levels

additional tex incentives and other actions to lncrease
aggregate savings

a commitment to moking future changes in the tox laws
focus on the Incentives available for modernizotion
investment in all stages of production, marketing, and
distribution

fostering participative manogement by employees

training managers in the production process and
updating business school curricula
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-- eliminaoting provisions 1n foreign tax laws and
regulations that discriminote against U.S. products,
and

-- improving export controls, reforming product liability
and tort laws, and lifting ontitrust restrictions.

In a recent hearing before his Committee on Commerce, Sclence and
Transportation, Sengtor Fritz Hollings comploined, "America may
still invest enough in research to win most of the Nobel Prizes,
put the Jopanese moke 0li the profits on them.” Weil, we cannot
let thot continue to hoppen. As you con see by looking at the
barriers and recommendations for commercializing emerging
technologies, the government has an important role to play. But
the private sector -- the people who work in and run America’s

factories and board rooms -- must take the lead.

84-098 O - 88 -- 11
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This country has done enough looking back and talking cbout how
many different areas of technology we have olready lost to the
commercial competition. Our look aheod at critical emerging
technologles should be o warning that unless we pull together and
take swift actlon now to break down the barriers to the
commercialization of new technologles, we are going to be facing
the saome International trade problems we confront today right on
into the next century.

We have made some progress. Although we neither talk nor read
enough about them, this country has some wonderful success
stories and some good things happening to show that businesses
and even entire industrial sectors can ond are toking decisive
actions to improve the situation., We have firms joining together
in research consortia, corporations cutting down on excessive
‘manageriol positions, and companies finding new market niches
overseas.

We simply must be vigilant and moke cdditional changes now if the
country's economic future 1s to be bright when the new century

arrives.

Now, 1‘d be happy to take eny questions you may have,
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Senator SARBANES. Thank you very much, Mr. Ambler. I would
be remiss if I didn’t start by acknowledging the fine work that’s
done at the National Bureau of Standards. It was my privilege to
visit with you not long ago and it was a very informative and in-
structive visit.

I think perhaps you ought to take a moment or two to talk about
the Baldrige National Quality Award. I know it’s in your prepared
statement, it would be helpful for you to discuss it. Is this the first
year that it’s to be awarded?

Mr. AMBLER. Yes, sir. Well, we expect the first award to be made
in approximately November 1988. We have set up in the Bureau of
Standards to organize with the private sector, as the legislation
calls for. The Secretary of Commerce has taken intense interest in
this. He asks me about it every week, so he wants this to go. He'’s
helped us do several things. He has obtained the assurance that
the President himself will present the medal and now we are in
the process of putting together all of the procedures that the legis-
lation calls for—writing the criteria, setting up a board of examin-
ers, a board of overseers, seeing how the funding can be raised
from the private sector.

We have a very tight schedule between now and the spring when
we have to have everything in place, but we are on schedule and I
think we’re going to make it work.

The reaction from within and outside the Government has been
very positive. I think everybody wants to make this a very prestigi-
ous award, at least as prestigious as the Deming Award is in
Japan, and that it will be of tremendous benefit in encouraging the
pursuit of quality and disseminating ways to achieve quality.

Senator SARBANES. Is there going to be one award? Is it going to
be done by categories? Or will there just be one award for anybody
and everybody?

Mr. AMBLER. The three categories—manufacturing companies,
service companies, and small business. In each of those three cate-
gories there may be given up to a maximum of two awards. So the
maximum number of awards in toto would be six.

Senator SARBANES. I think it does have tremendous potential for
focusing national attention and I'm pleased to see the attention
that apparently is being given to it.

On a much lesser scale, in Maryland, we give a productivity
award. The Senate established the program and the Senators give
productivity awards in their States. We've managed to attract con-
siderable attention to our effort in Maryland and we focus a lot of
attention on improved performance. I think it has had a good
impact.

Of course, this is much larger in its dimensions and in its impli-
cations, but I think it is an important development and it’s certain-
ly a fitting tribute to Secretary Baldrige I might add.

Mr. AMBLER. Yes. I don’t suggest this for the record, but I have
just been handed a fact sheet that we put together just over a week
ago. This was when I was giving a briefing for the whole depart-
ment on the award. And I would like to leave it with you so you or
your staff can look over it.

Senator SARBANES. Fine.
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Mr. AMBLER. If you have any questions about it, we are open for

any comments or suggestions.
nator SARBANES. Is the award going to be presented at the
White House or out at the National Bureau of Standards?

Mr. AMBLER. We expect it will be at the White House given by
the President.

Senator SARBANES. Sometimes it might focus better attention if
you got the President out to the National Bureau of Standards.

Mr. AMBLER. I never thought of that, but I'll work on it, sir.

Senator SArRBANES. Well, it’s an interesting possibility.

Mr. AMBLER. Yes, sir.

Senator SARBANES. Which of your programs, if you had addition-
al funds, would you expand? I know that seems to be a very hypo-
thetical question in the present environment. But if indeed some-
one came along and said, “We're prepared to give you additional
funds,” where would you put them in your own programs?

Mr. AMBLER. Well, strangely enough in this environment—and I

know whereof you speak because I've lived in that environment
now for many, many years—this year, fiscal yvear 1988, the Bureau
of Standards is being treated differently. Let me say from my own
point of view much better in a budgetary sense. If you look at the
President’s budget, you will see a number of line items where we're
allowed to request increases.

All of these are in areas of emerging technologies. For example,
in bioengineering or automation. You know all the list of emerging
technologies. And all of our requests fall into these areas and that’s
exactly where I think we should be going and having the National
Bureau of Standards build on the kind of thing that it has proved
it can do very well over the years is very important.

Now the new role that may be assigned is not clear yet because
the legislation is in the trade bill and we don’t know quite what is
going to happen to that.

If we should get further responsibilities, this idea of working
with State and local governments in regions I think is a very good
idea. It’s a thing we would like to do. But we shouldn’t do that at
the expense of the ongoing activity. You’ll run the organization
down. You’ll draw on it without putting anything back if that were
to happen. So I think it’s very important that if we get that, it
should not be at the expense of the ongoing activities—and ongoing
in the sense of the mission being constantly responsive to new tech-
nologies and new developments.

Senator SARBANES. At the hearing last week, we had testimony
that much of the Japanese advantage in developing new products
results from their ability to take widely available findings of basic
Eesearch and create products cheaper and faster than Americans

0.

Do you have any observations on that point?

Mr. AMBLER. I think that statement is absolutely right. While we
shouldn’t be complacent, I don’t think our science is hurting us. I
don’t even think our inventiveness is really hurting us. It's the
speed with which—or the lack of speed with which we bring the
technology into products and process.

Senator SARBANES. Why do you think the Japanese are able to do
it faster and cheaper?
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Mr. AmBLER. Well, I think I could say a lot about it but I don’t
want to go on and on. So what I would like to do is to say that, at
the request of Deputy Secretary Brown in the Commerce Depart-
ment, recently I chaired a Department-wide committee. The first
objective was to identify the emerging technologies—what technol-
ogies are going to be important from an economic and business
point of view by the year 2000. And we were able to do that. It's
very easy to get a consensus on that very quickly.

Then to try to get some idea of the relative contributions they
might make to the economy. That’s a little more speculative, but
you can have a stab at it.

Then the thing that we did as Mr. Brown asked us to do, which I
think is very important, is to identify the barriers to the deploy-
ment of those technologies, and we did that. And that report has
received a great deal of attention.

The barriers fall into two categories I would say. Those that fit
into the macroeconomic barriers that you and your committee
probably know more about than I do. The relative cost of capital,
for example, here within the United States, and things like that.
There are a number of them enumerated that you and the Com-
merce Department all talk about.

Then there are some microeconomic barriers there that, speak-
ing as a technologist, we feel are very important, and not just us at
the Bureau or in the Department. We get the same thing when we
talk to our colleagues in universities or industry. That is the short-
range view that we take of the whole process. I don’t think our
managers are any worse. I think that the rewards, financial or oth-
erwise, are all short range. The Japanese don’t take that view.
They're concerned about the short-range view, but they are not
afraid to invest in something 5 years or more down the pike. They
are much more strategic. They see the global market. They're
going for market share and they’re willing to take a long pull in
things like that.

There are other things. I think we can also learn from the Japa-
nese when it comes to management, too, as a matter of fact. One of
the things that I think a number of companies here are doing and
doing successfully is a much closer integration of the development,
the design, the manufacturing, and the marketing functions. Those
have always been separate and it’s led to inefficiencies because
you have to go back and change things. It’s the rework problem
in a slightly different way. So having those work together is very
bereficial.

One very distinguished manager of R&D of a big company in the
United States told me that he has secured the biggest increase in
productivity from his R&D by focusing on that very thing, getting
these things together better.

So all of that is laid out in this report. But speaking as a tech-
nologist, I think the basic problem is we don’t set out to grab the
global market share over a long period of time. We’re much too
concerned with the quarterly statements and stuff like that and a
lot of other things this committee knows plenty about.

Senator SARBANES. Do you think there’s an attitude in this coun-
try that we don’t have a lot to learn from others, that we’ve been
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No. 1 for a long time and therefore tend not to look outside in
order to draw knowledge and guidance?

Mr. AMBLER. I think that was the point of view. I don’t really
think it is now. I think there’s an appreciation—well, I think
there’s always been an appreciation in the sciences of the world ac-
tivity. But I think in the sense of learning so we can fix the things
that are really hobbling us in our competition, yes, I think there’s
a lot of attention being given to it these days. I wouldn’t say a tre-
mendous amount of deployment, but the signs and directions are
all very favorable and you see more and more companies and you
hear more and more consultants on management lecturing on the
Japanese way.

In fact, we had one such person, a former Assistant Secretary of
Science and Technology, talk to us last week and he’s doing exactly
the same thing.

The old ideas, as you know, that were put forward by Mr. Taylor,
that made the mass production in this country what it is—mass
production, Charlie Chaplin modern times thing, with the headless
worker, is gone. We're in the stage now where we need everybody’s
efforts both in mind and body to make an organization work, get
them all involved. I think those lessons are starting to be learned.

Senator SArRBaNEs. Well, thank you very much, sir for your testi-
mony. It’s been very helpful and we appreciate it very much.

Mr. AMBLER. Thank you, sir.

Senator SARBANES. If the second panel would now come for-
ward—Mr. Saloom, Mr. Flamm, and Mr. Burton. Mr Saloom, I
think we will begin with you and then we’ll just move right across
the panel.

STATEMENT OF JOSEPH A. SALOOM, CHAIRMAN, COUNCIL ON
RESEARCH AND TECHNOLOGY, AND SENIOR VICE PRESIDENT,
M/A COM, INC.

Mr. SaLoom. Thank you very much.

I am here today on behalf of 152 corporations, universities, re-
search institutions, and associations that comprise the Council on
Research and Technology, or CORETECH. I am chairman of CORE-
TECH and also senior vice president of M/A COM, of Burlington,
MA. We are grateful today for the opportunity to appear before
you.

The subject of today’s hearing, the commercialization of new and
useful technologies, is of great importance to CORETECH. We
spent a great deal of time this past year discussing among our-
selves and with others how to improve and accelerate the process
by which companies apply technology. U.S. companies, as we’ve
heard many times, do not do this as well as we could or need to do
if we are to remain competitive in international markets.

Just 2 days ago, on December 9, CORETECH’s board of directors
met and voted on our policy agenda for 1988 and beyond. Our
policy concerns begin at the beginning of an idea and continue
until that ideas’ commercial viability is fully proved. In a moment,
with your indulgence, I will describe to you in greater detail our
recommendations on commercialization.
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First, though, however, our board asked that I convey to you a
message of extreme importance to us in the research community. It
is really a plea. It’s a plea for more stable R&D policies.

The United States, as I'm sure you will hear many times in this
hearing, is the world’s envy when it comes to research. Substantial
investment in research beginning in the early 1940’s and accelerat-
ing after Sputnik in the late 1950’s, put us ahead in science and
technology and helped propel us into a period of phenomenal eco-
nomic growth.

However, it is clear to many of us who have spent our lives in
science and technology that our work is being taken for granted. It
is with great sadness that I must sit today before Congress with the
distressing message that U.S. policy on research has, for the past
two decades, been inconsistent, inadequate, and sometimes actually
harmful.

The National Government has been long on rhetoric on science
policy but woefully short on effective action. It’s a concern that if
this pattern of the past 20 years is allowed to continue, then I
fear for our continued excellence in science and technology and
the commercialization of our new and more useful products and
processes.

Let me just list a few examples. First, there is the research and
development tax credit. At the urging of Americans, Japan adopted
a permanent R&D tax credit in 1966 to increase industrial R&D
spending. The United States finally adopted a comparable policy in
1981 following nearly two decades of stagnant private R&D spend-
ing. Although the new credit was a demonstrable success, it was al-
lowed to lapse in 1985. When renewed in 1986, it was reduced by 20
percent and effectively extended for only 2 years.

Second, there is Treasury Regulation 861. This provision, for
those not familiar, requires companies to allocate part of their
R&D expenditures to foreign source income regardless of where the
R&D is conducted. This provision is widely believed—and I certain-
ly believe—to actully encourage companies to move their R&D
abroad. If you're going to be taxed as if the R&D is conducted
abroad, you should consider conducting that R&D abroad. Congress
enacted a series of moratoria to prevent implementation of the 861
regulation. Then, in August of this year, the latest moratorium ran
out. Despite agreement by congressional leaders and the Treasury
Department on a permanent compromise to resolve this longstand-
ing problem, the budget negotiators knocked the compromise out of
both the Senate and the House tax bills and the 861 regulation is
now currently in effect.

No other country has a comparable provision. Rather, other in-
d}lllstrialized nations offer attractive incentives to lure R&D to their
shores.

The third issue is the state of our academic research infrastruc-
ture. The unique strength of the American research establishment
lies in the coupling of advanced research with education in our uni-
versities. Yet, for the past 20 years, Federal support of university
research facilities fell by 95 percent in real terms. At the same
time, the National Science Foundation funding of basic research re-
mained essentially unchanged. Pending legislation to correct these
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trends currently languishes in Congress, and progress appears to be
stymied by unrelated issues.

In the meantime, other countries, such as Japan, have realized
the intrinsic value of fundamental research and have taken steps
to improve their basic research capabilities.

In short then, our plea is simple. As the conscience of Congress
on economic matters, the Joint Economic Committee is in an excel-
lent position to urge Congress to review its policies on science and
technology and adopt clear, consistent incentives and programs.
Few Members of Congress come out against research and develop-
ment. Yet, when the crunch comes, as it did recently, R&D pro-
visions are often pushed off the table. We hope that the Joint
Economic Committee would highlight and criticize these troubling
patterns.

Now let us look at commercialization in the economic context for
a second. Our ability to successfully commercialize technologies de-
pends on the health of the research community. It is also depend-
ent on the health of the economy as a whole We reahze that even
H au OI L/Unﬂllmbn S poucles were duopwu, (.ommerudumng Le(,l’l-
nologies requires a healthy economy, available capital, and vibrant
markets.

Conversely, economists have demonstrated that productivity and
economic growth are heavily dependent on innovation which, in
our industrialized society, in turn depends on research and develop-
ment. During times of economic sluggishness or downturn, we
know companies often cut back of their R&D. This was the short-
range view I think expressed here today. It seems Congress does
the same thing on incentives and programs for science and technol-
ogy. We fervently hope that, under the Joint Economic Commit-
tee’s leadership and urging, Congress will see that during times of
budgetary stress and trade deficits, more, not less, investment in
R&D is needed.

Now to be a little more specific, let me just outline a few recom-
mendations to accelerate and improve commercialization.

CORETECH has looked closely at specific ways to improve the
commercialization process. With your permission, we would very
much like to have our recommendations on commercialization
become part of the record, and I have these here.

Senator SArBANES. They will certainly be included.

Mr. SaLooM. Thank you very much. I'll just outline them very
briefly. First is technology transfer. Recently it has become appar-
ent that many of our companies have trouble transferring an idea
from one division to another while the Japanese have become
adept at technology transfer from one continent to another. More-
over, we tend to be lax at pursuing ideas discovered in other coun-
tries and using and improving upon them. We in CORETECH feel
that this must change.

Like our other policy areas, successful technology transfer de-
pends on private initiative. Our initial recommendations are there-
fore addressed to industry, and to academic institutions. A substan-
tial number of our recommendations are addressed, however, to the
Federal Government. In part, this is so because our organizational
focus is on the Federal Government. Additionally, we believe that
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the National Government has a very significant role to play in ac-
celerating and improving our commercialization process.

Specifically, in technology transfer—and this is just an outline
and the recommendations are included in the prepared state-
ment—the Federal Government should encourage through pro-
grams the development and testing of creative models of technolo-
gy transfer. Importantly, the Federal Government can encourage
and support the people-to-people exchanges between industry, uni-
versities, and government laboratories that are essential to technol-
ogy transfer. Finally, the Government has a major role to play vis-
a-vis foreign countries and should work to achieve a more equitable
exchange of technology.

Second, we need specific programs and incentives on commercial-
ization. Let me mention for a moment in this context the role of
advanced manufacturing technologies. All too often, we are beaten
on the shop floor. Other countries elevate manufacturing to a tech-
nology and, in a myriad of ways, we need to do the same. I think
the testimony this morning from the Bureau of Standards indicates
that they have elevated manufacturing to a technology in itself.
This approach reflects our ideas.

Third, we need to pay more attention to cooperative research.
We call for new technology partnerships in areas where successful
commercialization appears likely and we call for the removal of
any remaining barriers, be they cultural, institutional, or legal, to
cooperative research relationships.

Let me just conclude quickly. CORETECH members realized that
our recommendations, taken singly, fall far short of the effort
needed to meet the commercialization challenge. Taken together,
however, we believe that they set us in the right direction. CORE-
TECH’s policy, I want to emphasize, is that the private sector
should take the primary responsibility for commercializing new
products, but we also feel the National Government has an ex-
tremely important role to play.

The National Government, we feel, must take stock and send a
clear message to all parts of the research community—from those
working on the very earliest concepts of an idea to those putting
the finishing touches on a new product—that this work is essential
to the future economic well-being and defense of our country.

Only clear, consistent, and supportive policies will provide the
framework that is necessary to bring ideas out of American labora-
tories and into American factories and onto successful competition
in world markets.

It is now time for Congress’ performance, however, to match its
rhetoric on research and development. Inconsistent, inadequate,
?nd harmful policies nip good ideas in the bud and prevent their

ruition.

We in CORETECH are committed to developing and helping to
implement stable public policies that we can live with during the
long haul. We feel we are all in this together. We cannot afford on-
again, off-again tax incentives. We cannot afford to continue harm-
ful regulations. We just cannot stand by and watch our academic
research facilities deteriorate. We cannot idly hope that technology
transfer will just happen. We have to understand it. We need
stable public policies and we certainly need your help to make our
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laboratories the world’s finest and our products the most competi-
tive.

Thank you very much.

[The prepared statement of Mr. Saloom follows:]
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PREPARED STATEMENT OF JOSEPH A. SALOOM

L AM HERE TODAY ON BEHALF OF THE 152 CORPORATIONS,
UNIVERSITIES, RESEARCH INSTITUTES, AND ASSOCIATIONS THAT COMPRISE
THE COUNCIL ON RESEARCH AND TECHNOLOGY CORETECH. I AM CHAIRMAN
OF CORETECH AND SENIOR VICE PRESIDENT OF M/A COM, INC. WE ARE
GRATEFUL FOR THE OPPORTUNITY TO APPEAR BEFORE YOU TODAY.

THE SUBJECT OF TODAY'S HEARING, THE COMMERCIALIZATION OF NEW
AND USEFUL TECHNOLOGIES, IS OF GREAT IMPORTANCE TO CORETECH. WE
SPENT A GREAT DEAL OF TIME THIS PAST YEAR DISCUSSING AMONG
OURSELVES AND WITH OTHERS HOW TO IMPROVE AND ACCELERATE THE
PROCESS BY WHICH COMPANIES APPLY TECHNOLOGY. U.S. COMPANIES DO
NOT DO THIS AS WELL AS WE COULD OR NEED TO IF WE ARE TO REMAIN
COMPETITIVE IN INTERNATIONAL MARKETS.

JUST TWO DAYS AGO, ON DECEMBER 9, CORETECH'S BOARD OF
DIRECTORS MET AND VOTED ON OUR POLICY AGENDA FOR 1988 AND BEYOND.
OUR POLICY CONCERNS BEGIN AT THE BEGINNING OF AN IDEA AND
CONTINUE UNTIL THAT IDEA'S COMMERCIAL VIABILITY IS FULLY
EXPLORED. IN A MOMENT, WITH YOUR INDULGENCE, I WILL DESCRIBE TO
YOU IN GREATER DETAIL OUR RECOMMENDATIONS ON COMMERCIALIZATION.

FIRST, OUR BOARD OF DIRECTORS ASKED THAT I CONVEY TO YOU A
MESSAGE OF EXTREME IMPORTANCE TO US IN THE RESEARCH COMMUNITY.
IT IS REALLY A PLEA.

NEED FOR STABLE R&D POLICIES

THE UNITED STATES IS THE WORLD'S ENVY WHEN IT COMES TO
RESEARCH. SUBSTANTIAL INVESTMENT IN RESEARCH BEGINNING IN THE
EARLY 1940s AND ACCELERATING AFTER SPUTNICK IN THE LATE FIFTIES
PUT US ARHEAD IN SCIENCE AND TECHNOLOGY AND HELPED PROPEL US INTO
A PERIOD OF PHENOMENAL ECONOMIC GROWTH.

I WOULD LIKE TO POINT OUT THAT WE WERE NOT ALWAYS A WORLD
LEADER IN SCIENCE. FROM 1901 TO 1941, FOR EXAMPLE, THE FIRST 40
YEARS OF NOBEL PRIZES, ONLY 17 AMERICANS RECEIVED THESE AWARDS
FOR SCIENCE. 1IN THE FOUR DECADES FOLLOWING WORLD WAR II,
AMERICANS RECEIVED 117 NOBEL PRIZES IN SCIENCE.

HOWEVER, IT IS NOW CLEAR TO MANY OF US WHO HAVE SPENT OUR
. LIVES IN SCIENCE AND TECHNOLOGY THAT OUR WORK IS BEING TAKEN FOR
GRANTED. IT IS WITH GREAT SADNESS THAT I MUST SIT BEFORE
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CONGRESS WITH THE DISTRESSING MESSAGE THAT U.S. POLICY ON
RESEARCH HAS, FOR THE PAST TWO DECADES, BEEN INCONSISTENT,
INADEQUATE, AND SOMETIMES ACTUALLY HARMFUL.

THE NATIONAL GOVERNMENT HAS BEEN LONG ON RHETORIC ON SCIENCE
POLICY BUT WOEFULLY SHORT ON EFFECTIVE ACTION. IF THE PATTERN OF
THE PAST TWENTY YEARS IS ALLOWED TO CONTINUE, THEN I FEAR FOR OUR
CONTINUED EXCELLENCE IN SCIENCE AND TECHNOLOGY AND THE
COMMERCIALIZATION OF NEW AND MORE USEFUL PRODUCTS AND PROCESSES.

LET ME GIVE YOU A FEW EXAMPLES.

FIRST, THERE IS THE RESEARCH AND DEVELOPMENT TAX CREDIT. AT
THE URGING OF AMERICANS, JAPAN ADOPTED A PERMANENT R&D TAX CREDIT
IN 1966 TO INCREASE INDUSTRIAL R&D SPENDING. THE UNITED STATES
FINALLY ADOPTED A COMPARABLE PROVISION IN 1981 FOLLOWING NEARLY
TWO DECADES OF STAGNANT PRIVATE R&D SPENDING. ALTHOUGH THE NEW
CREDIT WAS A DEMONSTRABLE SUCCESS, IT WAS ALLOWED TO LAPSE IN
1985. WHEN RENEWED IN 1986, IT WAS REDUCED BY 20 PER CENT, AND
EFFECTIVELY EXTENDED FOR ONLY TWO YEARS.

SECONDLY, THERE IS TREASURY REGULATION 861, THE PROVISION
WHICH REQUIRES COMPANIES TO ALLOCATE PART OF THEIR R&D
EXPENDITURES TO FOREIGN SOURCE INCOME REGARDLESS OF WHERE
INCURRED. THIS PROVISION IS WIDELY BELIEVED TO ACTUALLY
ENCOURAGE COMPANIES TO MOVE. THEIR R&D ABROAD AND FOR YEARS,
CONGRESS ENACTED A SERIES OF MORATORIA TO PREVENT ITS
IMPLEMENTATION. THEN, IN AUGUST OF THIS YEAR, THE LATEST
MORATORIUM RAN OUT. DESPITE AGREEMENT BY CONGRESSIONAL LEADERS
AND THE TREASURY DEPARTMENT ON A PERMANENT COMPROMISE TO RESOLVE
THIS LONGSTANDING PROBLEM, THE BUDGET NEGOTIATORS KNOCKED THE
COMPROMISE OUT OF THE SENATE AND HOUSE TAX BILLS AND THE 861
REGULATION IS CURRENTLY IN EFFECT. NO OTHER COUNTRY HAS A
COMPARABLE PROVISION. FURTHER, MOST OTHER INDUSTRIALIZED NATIONS
OFFER ATTRACTIVE INCENTIVES TO LURE R&D TO THEIR SHORES.

THIRDLY, THERE IS THE STATE OF OUR ACADEMIC RESEARCH
INFRASTRUCTURE. THE UNIQUE STRENGTH OF THE AMERICAN RESEARCH
ESTABLISHMENT LIES IN THE COUPLING OF ADVANCED RESEARCH WITH
EDUCATION IN OUR UNIVERSITIES. YET FOR THE PAST TWENTY YEARS,
FEDERAL SUPPORT OF UNIVERSITY RESEARCH FACILITIES FELL BY 95
PERCENT IN REAL TERMS AND NATIONAL SCIENCE FOUNDATION FUNDING OF
UNIVERSITY BASIC RESEARCH REMAINED ESSENTIALLY UNCHANGED. PENDING
LEGISLATION TO CORRECT THESE TRENDS CURRENTLY LANGUISH IN
CONGRESS, AND PROGRESS APPEARS TO BE STYMIED BY UNRELATED ISSUES.
IN THE MEANTIME, OTHER COUNTRIES SUCH AS JAPAN HAVE REALIZED THE
INTRINSIC VALUE OF FUNDAMENTAL RESEARCH AND HAVE TAKEN STEPS TO
IMPROVE THEIR BASIC RESEARCH CAPABILITIES.

IN SHORT, OUR PLEA IS SIMPLE. AS THE CONSCIENCE OF CONGRESS
ON ECONOMIC MATTERS, THE JOINT ECONOMIC COMMITTEE IS IN AN
EXCELLENT POSITION TO URGE CONGRESS TO REVIEW ITS POLICIES ON
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SCIENCE AND TECHNOLOGY AND ADOPT CLEAR, CONSISTENT INCENTIVES AND
PROGRAMS. FEW MEMBERS OF CONGRESS COME OUT AGAINST RESEARCH AND
DEVELOPMENT YET, WHEN THE CRUNCH COMES, R&D PROVISIONS ARE OFTEN
PUSHED OFF THE TABLE. THE JEC SHOULD HIGHLIGHT AND CRITICIZE
THIS TROUBLING PATTERN.

THE ECONOMIC CONTEXT FOR COMMERCIAIIZATION

OUR ABILITY TO SUCCESSFULLY COMMERCIALIZE TECHNOLOGIES
DEPENDS ON THE HEALTH OF THE RESEARCH COMMUNITY. IT IS ALSO
DEPENDENT ON THE HEALTH OF THE ECONOMY AS A WHOLE. WE REALIZE
THAT EVEN IF ALL OF CORETECH'S POLICIES WERE ADOPTED,
COMMERCIALIZING TECHNOLOGIES REQUIRES A HEALTHY ECONOMY,
AVAILABLE CAPITAL, AND VIBRANT MARKETS.

CONVERSELY, ECONOMISTS HAVE DEMONSTRATED THAT PRODUCTIVITY
AND ECONOMIC GROWTH ARE HEAVILY DEPENDENT ON INNOVATION WHICH, IN
OUR INDUSTRIALIZED SOCIETY, IN TURN DEPENDS ON RESEARCH AND
DEVELOPMENT. DURING TIMES OF ECONOMIC SLUGGISHNESS OR DOWNTURN,
COMPANIES OFTEN CUT BACK ON THEIR R&D. DURING TIMES OF BUDGETARY
DURESS, IT SEEMS, CONGRESS CUTS BACK ON INCENTIVES AND PROGRAMS
FOR SCIENCE AND TECHNOLOGY. WE FERVENTLY HOPE THAT, UNDER THE
JEC'S LEADERSHIP AND URGING, CONGRESS WILL SEE THAT DURING TIMES
OF BUDGETARY AND TRADE DEFICITS, MORE NOT LESS INVESTMENT IN R&D
IS NEEDED.

R, N ONS TO C AN ROVE COQ; RCIALIZATION

CORETECH HAS LOOKED CLOSELY AT SPECIFIC WAYS TO IMPROVE THE
COMMERCIALIZATION PROCESS. INTERNALLY, WE APPOINTED A SPECIAL
TASK FORCE ON COMMERCIALIZATION WHICH MET FREQUENTLY IN 1987. WE
HELD FOUR FORUMS ACROSS THE COUNTRY AND SOUGHT THE OPINIONS OF
NEARLY 500 SCIENTISTS, ENGINEERS, AND BUSINESS AND ACADEMIC
LEADERS. WE LEARNED A LOT. WITH YOUR PERMISSION, WE WOULD VERY
MUCH LIKE TO HAVE OUR RECOMMENDATIONS ON COMMERCIALIZATION BECOME
PART OF THIS HEARING RECORD. THEY CAN BE SUMMARIZED IN THREE
MAJOR AREAS.

THE FIRST IS TECHNOLOGY TRANSFER. FOR MOST OF OUR HISTORY,
WE HAVE HAD PRECIOUS LITTLE INCENTIVE TO TRY TO UNDERSTAND HOW A
NEW IDEA BECOMES NEW PRODUCTS AND INDUSTRIAL PROCESSES. SOMEHOW,
IT WAS ASSUMED TO JUST HAPPEN. MORE RECENTLY, THOUGH, IT HAS
BECOME APPARENT THAT MANY OF OUR COMPANIES HAVE TROUBLE
TRANSFERRING AN IDEA FROM ONE DIVISION TO ANOTHER WHILE THE
JAPANESE HAVE BECOME ADEPT AT TECHNOLOGY TRANSFER FROM ONE
CONTINENT TO ANOTHER. MOREOVER, WE TEND TO BE LAX AT PURSUING
IDEAS DISCOVERED IN OTHER COUNTRIES AND USING AND IMPROVING UPON
THEM. WE IN CORETECH FEEL THIS MUST CHANGE.

LIKE OUR OTHER POLICY AREAS, SUCCESSFUL TECHNOLOGY TRANSFER
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DEPENDS ON PRIVATE INITIATIVE. OUR INITIAL RECOMMENDATIONS ARE
THEREFORE ADDRESSED TO INDUSTRY AND ACADEMIC INSTITUTIONS. A
SUBSTANTIAL NUMBER OF OUR RECOMMENDATIONS ARE ADDRESSED TO THE
FEDERAL GOVERNMENT. IN PART, THIS IS BECAUSE OUR ORGANIZATIONAL
FOCUS IS ON THE FEDERAL GOVERNMENT. ADDITIONALLY, WE BELIEVE THAT
THE NATIONAL GOVERNMENT HAS A VERY SIGNIFICANT SUPPORT ROLE TO
PLAY IN ACCELERATING AND IMPROVING COMMERCIALIZATION.

SPECIFICALLY, IN TECHNOLOGY TRANSFER, THE FEDERAL GOVERNMENT
SHOULD ENCOURAGE THROUGH PROGRAMS THE DEVELOPMENT AND TESTING OF
CREATIVE MODELS OF TECHNOLOGY TRANSFER. THE FEDERAL GOVERNMENT
CAN ENCOURAGE AND SUPPORT THE KINDS OF PEOPLE-TO-PEOPLE EXCHANGES
BETWEEN INDUSTRY, ACADEMIA, AND GOVERNMENT LABORATORIES THAT NEED
TO OCCUR IN SUCCESSFUL TECHNOLOGY TRANSFER. FINALLY, THE
GOVERNMENT HAS A MAJOR A ROLE TO PLAY VIS A VIS FOREIGN COUNTRIES
AND SHOULD WORK TO ACHIEVE A MORE EQUITABLE EXCHANGE OF
TECHNOLOGY .

SECONDLY, WE NEED SPECIFIC PROGRAMS AND INCENTIVES ON
COMMERCIALIZATION. LET ME MENTION FOR A MOMENT IN THIS CONTEXT
THE ROLE OF ADVANCED MANUFACTURING TECHNOLOGIES. ALL TOO OFTEN,
WE ARE BEING BEATEN ON THE SHOP FLOOR. OTHER COUNTRIES ELEVATE
MANUFACTURING TO A TECHNOLOGY AND, IN A MYRIAD OF WAYS, WE NEED
TO DO THE SAME. OUR RECOMMENDATIONS INCLUDE SPECIFIC STEPS IN
THIS REGARD, INCLUDING, FOR EXAMPLE:

o ESTABLISHING A FEDERAL DEMONSTRATION PROGRAM FOR
DEVELOPING AND TESTING NEW COMMERCIALIZATION MODELS;

] ESTABLISHING A NEW FEDERAL FELLOWSHIP PROGRAM IN
ADVANCED MANUFACTURING TECHNOLOGIES;

(] EXPANDING THE R&D TAX CREDIT TO INCLUDE EXPENDITURES
MADE TO DEVELOP AND IMPROVE MANUFACTURING PROCESSES;
AND,

o MAKING THE R&D TAX CREDIT PERMANENT.

THIRDLY, WE NEED TO PAY MORE ATTENTION TO COOPERATIVE
RESEARCH. THE BENEFITS OF COOPERATIVE RESEARCH ARE JUST NOW
BEGINNING TO COME FORTH. COOPERATIVE RESEARCH VENTURES TAKE
PLACE BETWEEN VARIOUS COMBINATIONS OF COMPANIES, UNIVERSITIES,
RESEARCH INSTITUTES, AND GOVERNMENT LABORATORIES. THEY ARE
IMPORTANT BECAUSE THEY CAN BE VERY INSTRUMENTAL IN FACILITATING
TECHNOLOGY TRANSFER AND ENCOURAGING ECONOMIC EFFICIENCY IN
RESEARCH. WE CALL FOR NEW TECHNOLOGY PARTNERSHIPS IN AREAS WHERE
SUCCESSFUL COMMERCIALIZATION APPEARS LIKELY AND WE CALL FOR THE
REMOVAL OF REMAINING BARRIERS, CULTURAL, INSTITUTIONAL AND LEGAL,
TO COOPERATIVE RESEARCH. SPECIFICALLY, WE RECOMMEND:

[ PROVIDING FEDERAL SEED GRANTS ON A MATCHING BASIS FOR
TECHNOLOGY PARTNERSHIPS;
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-] MAKING COOPERATIVE RESEARCH ELIGIBLE FOR THE BASIC
RESEARCH CREDIT;

[<] ESTABLISHING A FEDERAL PILOT PROGRAM TO DEMONSTRATE A
SMALL BUSINESS UNIVERSITY RESEARCH PROGRAM; AND,

] MAKING THE BASIC RESEARCH CREDIT PERMANENT.

CONCLUSION

CORETECH MEMBERS REALIZED THAT CUR RECOMMENDATIONS, TAKEN
SINGLY, FALL FAR SHORT OF THE EFFORT REQUIRED TO MEET THE
COMMERCIALIZATION CHALLENGE. TAKEN TOGETHER, HOWEVER, WE THINK
THAT THEY SET US IN THE RIGHT DIRECTION.

THE NATIONAL GOVERNMENT MUST, WE FEEL, TAKE STOCK AND SEND A
CLEAR MESSAGE TO ALL PARTS OF THE RESEARCH COMMUNITY -- FROM
THOSE WORKING ON THE VERY EARLIEST STAGES OF AN IDEA TO THOSE
PUTTING THE FINISHING TOUCHES ON A NEW PRODUCT -- THAT THEIR WORK
IS ESSENTIAL TO THE FUTURE ECONOMIC WELL BEING AND DEFENSE OF THE
COUNTRY.

THE NATIONAL GOVERNMENT MUST, WE ALSO FEEL, SET POLICIES
THAT ARE CONSISTENT AND THAT ARE SUPPORTIVE.

ONLY CLEAR, CONSISTENT, AND SUPPORTIVE POLICIES WILL PROVIDE
THE FRAMEWORK THAT IS NECESSARY TO BRING IDEAS OUT OF AMERICAN
LABORATORIES INTO AMERICAN FACTORIES AND ONTO SUCCESSFUL
COMPETITION IN WORLD MARKETS.

CONGRESS' PERFORMANCE MUST NOW MATCH ITS RHETORIC ON
RESEARCH AND DEVELOPMENT. INCONSISTENT, INADEQUATE, AND HARMFUL
POLICIES NIP GOOD IDEAS IN THE BUD AND PREVENT THEIR FRUITION.

WE IN CORETECH ARE COMMITTED TO DEVELOPING AND HELPING TO
IMPLEMENT STABLE POLICIES THAT WE CAN LIVE WITH DURING THE LONG
HAUL. WE ARE ALL IN THIS TOGETHER. WE CANNOT AFFORD ON AGAIN,
OFF AGAIN TAX INCENTIVES. WE CANNOT AFFORD HARMFUL REGULATIONS.
WE CANNOT JUST STAND BY AND WATCH OUR ACADEMIC RESEARCH
FACILITIES DETERIORATE. WE CANNOT IDLY HOPE THAT TECHNOLOGY
TRANSFER WILL JUST HAPPEN. WE NEED STABLE PUBLIC POLICIES.

WE WANT AND NEED YOUR HELP TO MAKE OUR LABORATORIES THE WORLD'S
FINEST AND OUR PRODUCTS THE MOST COMPETITIVE.
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Senator SARBANES. Thank you very much, sir. We will do all
of the panel and then we'll take questions. Mr. Flamm, please
proceed.

Mr. FLaMM. I'm going to let Mr. Burton go first.

Senator SARBANES. Fine.

STATEMENT OF DANIEL F. BURTON, JR., VICE PRESIDENT,
COUNCIL ON COMPETITIVENESS

Mr. Burton. With your permission, Mr. Chairman, since both
Ken Flamm and I are working on the same project at the council, I
will outline the contours of our effort and then Ken will be more
specific in certain areas.

The council would like to thank the Joint Economic Committee
for giving us this opportunity to discuss the commercialization of
technology and how it relates to U.S. competitiveness.

Specifically, what I would like to address is the Federal Govern-
ment’s role in facilitating the commercialization of technology. I
am here as the vice president of the Council on Competitiveness, a
private sector organization composed of CEO’s from leading Ameri-
can companies, labor unions, and universities. The council is
g}(l)aired by John Young, the chairman and CEO of Hewlett Packard

Senator SARBANES. Was the council an outgrowth of the——

Mr. BurToN. The President’s Commission on Industrial Competi-
tiveness, yes, it was. Although the council is a private, nonprofit,
whereas the President’s Commission was a governmental effort.

Senator SARBANES. We thought—at least I, for one, thought the
report and recommendations of the President’s Commission de-
served a lot more attention and focus than unfortunately they re-
ceived at the time, just to offer a predicate for your testimony.

Mr. Burton. Thank you very much. I think one of the primary
purposes of the Council on Competitiveness is to see to it that the
agenda items that were initially framed out in the President’s
Commission on Industrial Competitiveness move more into the
stage of implementation.

The council has been in existence for over a year, and it has de-
termined that a top priority in restoring U.S. economic competi-
tiveness is enhancing the commercialization of technology.

Although the United States excels at basic research, we need to
do a better job of translating new innovations into commercially
successful products and processes. _

The council recognizes that in the commercialization process, the
primary responsibility lies with the private sector. Nonetheless, we
firmly believe that government actions have a critical impact on
the commercialization process and that the Federal Government
needs to refocus its involvement in technology issues so that it
better supports the commercialization of products and processes. In
essence, I think it’s the council’s position that fostering the com-
mercial application of new innovations should no longer be an inci-
dental or a secondary objective of the Federal Government, but
should be among our Federal R&D priorities.

Just as commercialization is extremely difficult to define, so 1
think it’s extremely difficult to pinpoint one government program



334

that can be geared to address it. The Federal Government influ-
ences the commercialization process on a broad front, both directly
and indirectly. And it is our belief that in order to promote the
commercialization of new technology, the U.S. Government must
also act on a broad policy front. No one program can sort of solve
commercialization problems. Instead, we need to come at it from
many different directions.

In this regard, we think that the key to any effective solution is
to regard the issue of commercialization of technology in the
proper context and to develop appropriate Federal policy within a
broad framework.

In recent years there has a been a great deal of government ac-
tivity in restructuring technology programs. Nonetheless, it ap-
pears that there is no clear consensus yet on precisely what gov-
ernment programs should be in this area, and the council has
launched a task force to examine the whole question of the Federal
role in facilitating the commercialization of technology and to de-
velop a private sector consensus which can then hopefully help
guide government efforts in this area. We will be completing our
work this spring and we would be glad to share our findings and
recommendations with you at that point.

What I'd like to do very briefly this morning is to summarize the
context in which we are addressing the commercialization problem
and in which we think action needs to be taken.

First, we recognize up front that the macroeconomic environ-
ment and the educational environment have a tremendous impact
on U.S. efforts to commercialize new innovations. Unless we can
improve macroeconomic management and improve our education
efforts in science and engineering, we are going to have a very dif-
ficult uphill struggle in improving private sector abilities to com-
mercialize new innovations.

However, I am not going to address those two issues today. The
council is focusing more on specific government programs. There
are four primary areas that we think need to be considered in
developing Federal policies to assist the commercialization of
innovations.

The first is improving the climate for research. The second is im-
proving government support systems. The third is improving the
management of technology information flow. And the fourth cate-
gory is reforming the Federal technology policy apparatus. I will
Just briefly walk through those four areas before I turn the micro-
phone over to Ken Flamm who is cochairing the panel.

Under the category of improving the climate for basic research,
we recognize that basic research is a necessary but insufficient con-
dition for the commercialization of technology. The United States
has the world’s premiere basic research base, but I do not think
that we can redirect efforts away from basic research or let our
basic research institutions lapse. I think the fact that Japan is fo-
cusing heavily on basic research in its science and technology pro-
grams today, having borrowed a page from U.S. efforts, demon-
states just how important basic research-is to U.S. economic com-
petitiveness.

At the same time, however, the United States must do more than
simply basic research. I think the-connections between basic re-
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search and competitiveness and basic research and the commercial-
ization of innovations are more indirect and often long term.

In this regard, the Federal R&D budget must include more focus
on issues that are directly related to industrial competitiveness.
The numbers on the Federal R&D budget I think were cited earlier
by yourself in these proceedings—70 percent of the Federal R&D
budget goes to defense programs. Of the remaining 30 percent, I
think the National Institutes of Health accounts for almost half of
those expenditures, and the National Institutes of Health, the De-
partment of Energy, NASA, and NSF account for almost 80 per-
cent of the remaining civilian R&D budget. It’s our opinion that we
should reexamine this budget, with the issue of industrial competi-
tiveness in mind, to see if more efforts cannot be made specifically
to build up U.S. industrial competitiveness.

In this regard, research facilities and equipment must also be up-
graded. There has been a dramatic dropoff in Federal funding for
university research facilities over the past 20 years and we think
that this needs to be corrected.

In the second category, that of Government support systems, we
think there are three areas that should be taken into consider-
ation. The first is general incentives. The second is targeted sup-
port. The third is cooperative ventures.

Under general incentives, I think it’s well known that the
United States spends more on R&D than any other nation, both as
a percentage of GNP and in absolute terms. When you net out the
defense component, Japan and West Germany spend more in terms
of a percentage of their GNP, but it should also be noted that
American corporations tend to invest relatively less in R&D than
their counterparts in West Germany and Japan.

In this regard, we think it’s terribly important that the generic
incentives for American corporations to invest in R&D be strength-
ened and I think CORETECH has developed some admirable poli-
cies along these lines.

In the area of targeted support, the concern in the past is that
the Federal Government is incapable of picking winners and losers
and therefore should stay out of the business of targeting support
on specific technologies or industries, but I think there is also an
emerging consensus at this point that there are some actions that
the Federal Government can take in targeting support that are
either procompetitive or focus on generic manufacturing processes
that have wide application to industry and therefore can contribute
to industrial competitiveness and assist the commercialization proc-
iass without getting caught up in the thicket of picking winners and

osers.

Finally, in the area of cooperative ventures, cooperative ventures
have long been a standard of Japanese technology policy. The
United States is moving in that direction. I think at this point we
are exploring and experimenting with several different forms. The
council thinks that this is a terribly important area and we should
continue to support efforts here.

The third category is that of management of technology informa-
tion flow. I'll be very brief here. I think there are three issues often
discussed in this area—technology transfer from Federal laborato-
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ries to the private sector, intellectual property protection, and
access to international technical information.

The core issue that all three of these three areas have in
common is how to manage information, how to control access to it,
how to secure it when it is of a proprietary nature. We need to con-
tinue to think about government policies in this area since they set
the framework for which action is taken.

The final issue area or category is that of reforming the Federal
technology policy apparatus. We think there are two concerns here.
The first is reducing unnecessary government barriers. I think we
have seen progress in recent years in this area in terms of reducing
antitrust barriers which block cooperative R&D, and continued vig-
ilance needs to be given in this area.

The final category is effectively organizing and coordinating gov-
ernment technology programs. Here, the Young Commission has
some experience. They came out with a recommendation to reorga-
nize government science and technology programs. The council has
not yet taken a position in that area, however, we do believe that
it’s important to have a program which drives the reorganization
rather than vice versa.

In concluding, I would just like to reiterate three principal state-
ments here. The first is that the commercialization of innovations
and technology is critical to U.S. competitiveness and we need to
do a better job in this area.

The second is that the U.S. Government should make fostering
the commercialization of R&D an important R&D priority.

The third is that U.S. Federal action should be framed within a
broad policy context. No one program can address the issue of com-
mercialization of technology. I think action on a broad policy
framework and consistent over several years is the key to success
in this area.

Thank you very much.

Senator SARBANES. Thank you, sir.

Mr. Flamm, please proceed.

STATEMENT OF KENNETH FLAMM, SENIOR FELLOW, THE
BROOKINGS INSTITUTION

Mr. FLamMm. Thank you, Mr. Chairman. I'm pleased to be able to
come before you today. I'd like to begin by pointing out that I am
somewhat uneasily wearing two hats today. The first hat is as a
cochair of the task force on commercialization of the Council on
Competitiveness. In that capacity, I am in a somewhat curious posi-
tion, since we are currently in the midst of an effort to find a con-
sensus and can’t really speak for any definitive position that either
the task force or the council has yet taken.

The second hat I wear, in which I can be somewhat freer in my
opinions, is that of an individual who has been looking at questions
of Federal science and technology policy, and trade and investment
issues in high-technology industries. I am an economist at the
Brookings Institution and I have recently summarized some of my
views in a submission to this committee, the concluding chapter of
a book on government’s role in the development of computer tech-
nology in the United States, Western Europe, and Japan. That
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book was published by the Brookings Institution in June. A com-
panion volume, “Creating the Computer,” which is an economic
history of the computer industry, is going to come out in February.

Instead of merely pointing out the agenda that we're going to be
discussing in our task force, I would like to talk briefly about some
of the issues that I believe will be coming up, things that I think
deserve long and hard thought.

I would preface my remarks by concurring with much of the
analysis that I've heard already here today: that U.S. high-technol-
ogy industries really were a set of industries that largely emerged
from our World War II experience. That was a watershed in our
economy and in our policies. Prior to World War 1I, for example,
something like 15 to 20 percent of research and development was
paid for by the Federal Government. After World War II, it rose to
close to two-thirds and today, of course, it’s over one-half.

Our high technology industries attained a position of leadership
in the postwar decades that was built on that massive research and
development investment. Through most of those decades, we really
had no competition. But today it’s a different story.

The future of our standard of living hinges on cur response. I
think there’s a widespread perception of need for some kind of con-
sistent, coherent way of addressing that problem, and I take the ex-
istence of the council, and the task force which I am serving on, as
proof of the increasing recognition throughout our society that this
is a critically important issue. Wearing my hat as a private individ-
ual commenting on the sociology of all that I see today, it strikes
me that there’s been a substantial shift in attitudes toward Federal
support for technology and the Federal role in the support of tech-
nology. The variety of organizations that are testifying here today
are rather eloquent testimony to that fact.

Let me just briefly talk about what I think the issues raised by
the Federal role are. I think one easy way of thinking about it is to
think in terms of three issues. One is the objectives of the Federal
Government in getting involved in the area of technology; the
second is the functions that are served by the organizations that
are set up by the Federal Government to address technology issues;
and the third issue is the organizational aspects, how you go about
organizing and mobilizing the Federal Government to look at tech-
nology issues.

I think there’s a variety of good ideas that are floating around in
Washington today. Many of those ideas are of an experimental
nature. We're talking about undertaking experiments that we
really haven’t tried before. I think the odds of success are best if
we have a thought-out and coherent approach to those problems,
and that is what I would like to emphasize today.

First, I'd like to start with the question of objectives; that is, why
{ds it tgat the Federal Government is involved and what should it be

oing?

The first point is that the issue that comes up in the economic
literature to which the Federal Government should clearly address
itself is the question of appropriability; that is, the extent to which
private firms can reap the benefits of research and development in-
vestments.
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There is broad agreement that the extent to which private firms
can capture a return on investment in technology varies widely
with the type of investment in technology, whether we're talking
about basic research or applied research or development effort. The
general thinking is that it’s in development that private firms are
most able to capitalize on investment in technology, whereas in the
more basic kinds of research, it’s very difficult for a private firm to
capture the benefits of its investment.

Therefore, though they may underly competitive advantage for a
firm and an industry as a whole, it’s difficult for any individual
firm to have sufficient motivation to undertake those kinds of re-
search investments where the returns are difficult to capture.

Thus, it seems that one immediate role of the Federal Govern-
ment is to encourage, to provide incentives or to fund R&D invest-
ments, in areas where the private sector is unlikely to do so, not
because it’s not socially valuable to do so but because it's difficult
to capture returns privately. That means areas like basic, long-
term research. That means highly risky, very experimental, radical
kinds of research projects. It also means that when the Federal
Government does get involved in funding R&D, it really ought to
be looking at precisely those kinds of research projects that private
industry is least disposed to do. That is, more precommercial re-
search and applied research projects. :

It probably is not the role of the Federal Government to get in-
volved in development projects at the commercialization stage and
I think most everyone today will agree on that point.

Another objective of the Federal Government ought to be to en-
courage socially productive cooperation among firms. To some
extent, this can eliminate duplication among the efforts among dif-
ferent firms in areas where it’s not going to lead to private advan-
tage on the part of any individual firm. At the same time, there’s
obviously a Federal role in ensuring that cooperative, necessarily
collusive efforts don’t lead to anticompetitive practices down the
line. The natural fit between encouraging private cooperation and
at the same time ensuring that those efforts do not lead to any
social cost further down the line is through some form of direct
participation in those efforts.

Another point which has come up repeatedly is the question of
infrastructure. If you look at the history of science and technology
policy in this country, you repeatedly see examples of a whole
broad class of specialists being created as a result of an explicit
Federal effort. I think, for example, of the massive investment we
made in training computer scientists and materials scientists in
the 1960’s, and the fact that our prowess in computers today and
the optimistic forecast we have for advances in superconductivity
b}llliltlig(é% the infrastructure that was created by Federal policies in
the ’s.

Finally, I would point out that there’s an informational function
that the Federal Government serves, that it can collect informa-
tion, especially abroad, where it’s relatively difficult for private
and smaller firms to tap into information on what is going on, and
to disseminate it.

The final point I'd like to make on the question of objectives is
that historically we’'ve been rather bashful about linking Federal
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policy in the area of technology to commercial objectives, to
making our firms successful in commercial markets. Typically,
we’ve had to justify Federal policy in this area in terms of some
mission-oriented objective, be it energy, be it defense, be it health.
Today, I think we are at the point where we can recognize that in-
vesting in the basic infrastructure underlying competitiveness for
our industries also is an objective. It always has been an objective
to some extent. We have never stated so explicitly.

The second area is the question of functionality. What kind of
functions should Federal organizations involved in commercializa-
tion of technology be thinking about? Briefly, information gather-
ing, scanning the technological horizon, is something certainly in
which government can play some productive role; facilitation of
joint R&D ventures is a topic that comes up over and over again.
It’s an obvious area for the Federal Government to be involved in.
By the same token, some watchdog should oversee Federal moneys
that are spent on projects of this sort. And there clearly is also a
public interest whenever companies come together in a cooperative
way. Again, this ought to be a function of whatever Federal organi-
zation implements this set of policies.

Finally, the Federal Government really ought to have a contact
point for industry. One of the problems with Federal policies in the
past has been that the agenda really has not had a commercial ori-
entation. There ought to be some way for industry to discuss the
kind of projects that it thinks relevant to its commercial future,
that it regards as appropriate for a Federal role in precompetitive,
more basic kinds of research. And there ought to be some con-
tact point in the Federal Government for industry to come with
that agenda and negotiate how the Government can serve as a
facilitator.

Finally, I'd like to briefly talk about organizational consider-
ations. It seems to me that once having defined the functions of an
organization devoted to facilitating commercially oriented technolo-
gy development, that the organization should be specifically de-
signed to serve these objectives. Among other things, it ought to be
fairly flexible, reasonably quick moving, and reasonably small. 1
would say that DARPA, the Defense Advanced Research Projects
Agency, or perhaps the President’s Special Trade Representative’s
Office, might be an organizational model for a small, flexible,
quick-moving organization. It would not serve as a dictatorial
heavy hand on what is underway, but rather a facilitator, a contact
point, an oversight agency, a watchdog for the public interest.

And it’s also quite reasonable to suggest some technological capa-
bility ought to be attached to that agency. The National Bureau of
Standards has come up repeatedly in discussions of this sort, and I
think the National Bureau of Standards has a sterling historical
record and a great deal of talent that could more adequately be ex-
ploited in this type of function.

Finally, I would conclude by briefly observing that this is an ab-
solutely critical issue on which a lot hangs. I think we are gradual-
ly coming to realize that and I hope these issues attain an even
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higher profile because they are utterly crucial to the next decades
of economic growth for the United States.

Thank you.

[The joint prepared statement of Messrs. Burton and Flamm, to-
gether with an article by Mr. Flamm, follows:]
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JOINT PREPARED STATEMENT OF DANIEL F. BURTON, JR., AND KENNETH FLAMM

SUMMARY

® The Council on Competitiveness has determined that a top
priority in restoring U.S. economic competitiveness is enhancing
the commercialization of technology. Although the United States
excels at basic research, we need to do a better job of
translating new innovations into commercially successful products
and processes.

e Although the primary responsibility for commercializing new
technology lies with the private sector, government actions have a
critical impact on the commercialization process. The Federal
Government needs to refocus its involvement in technology issues
so that it better supports the commercialization of new products
and processes.

® Just as commercialization is difficult to define, so is it
difficult to pinpoint government programs that directly facilitate
the commercialization of technology. The Federal Government
influences the commercialization process on several different
levels, both directly and indirectly. Commercialization is not a
discrete issue, and no one program can effectively address it.
Instead, we must make incremental improvements in the array of
programs that affect the commercialization of technology. The key
to any solution is to regard the issue in the proper context and
to develop appropriate policies within a broad framework.

® The Federal Government is moving to restructure its technology
programs, but there is no clear consensus on appropriate
government actions. The Council has launched a project on
commercialization to develop a private sector consensus for the
Federal Government role in facilitating the commercialization of
technology. The Council will complete work on this project and
release its findings and recommendations in the Spring of 1988.
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Thank you Mr. Chairman. We are pleased to be here today to
discuss the commercialization of technology and how it relates to
U.S. competitiveness. Specifically, we will address the Federal
Government role in facilitating the commercialization of
technology. We are representing the Council on Competitiveness, a
private sector organization composed of chief executives from
leading American companies, labor unions and universities. The
Council is chaired by the President and Chief Executive Officer of

the Hewlett Packard Company, Mr. John Young.

Technology has traditionally been one of our greatest
competitive strengths, providing a major source of exports and
accounting for a significant portion of U.S. productivity gains.
In many ways, the United States remains preeminent in science and
technology. We house the world's premier scientific community.
The fraction of Nobel prizes awarded to Americans has continued to
rise. U.S. scientists continue to be responsible for major new
advances in knowledge. Students from around the world come to

learn in American universities.
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The problem we face is taking full advantage of our
scientific strengths. There is a general consensus in academic,
industrial and government circles that the United States is
failing to capitalize on its tremendous scientific resources.

This failure is usually described as an inability to commercialize
technology effectively. Frequently, major new advances made by
the American scientific establishment are not successfully carried
into the market place by U.S. firms, and too often the efficient,
low-cost production of new products takes place in other
countries.

Because of the sig

other nations, the United States can no longer take technological
superiority for granted. From a government point of view, this
means that fostering the commercial uses of technology can no
longer be viewed as incidental or secondary to other objectives.

The Federal Government must do more consciously to promote the

commercialization of new innovationms.
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There is no one indicator that sums up the U.S. failure to
successfully commercialize new innovations. Instead, a number of
different indicators must be considered: patents, high tech
trade, our education profile, industrial performance, and product
development. Some of these indicators are briefly described

below.

e The percentage of U.S. patents received by U.S. residents
dropped from over 80 percent in 1965 to 55 percent in 1986.
Between 1966 and 1984, two-thirds of the increase in U.S. patents
awarded to foreign nationals went to the Japanese. 2as a
consequence, the share of U.S. patents held by Japanese residents
almost doubled between 1977 and 1985. 1In 1986, Japanese residents

were awarded 17.7 percent of U.S. patents.

e In 1986, the traditional U.S. surplus in high-technology
manufactures trade was transformed into a deficit for the first

time.
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® In recent years, more than half of the engineering Ph.D.s
in the United States have been granted to foreign students. Ten
percent of the nation's engineering faculty positions are
currently vacant. If the United States continues to attract
students to science and engineering at the 1983 rate, we will
graduate almost 700,000 fewer scientists and engineers over the

next twenty years than in the past twenty.

® American industries built around technologies developed in
the United States, such as consumer electronics and

semiconductors, are threatened by foreign competition.

® The United States has failed to capture many of the
economic rents on the commercialization of innovations produced
here, such as the transistor, video cassette recorder, color

television, and integrated circuits.

If we are to improve U.S. competitiveness.in international
markets, the U.S. Federal government must systematically
facilitate the commercial application of new innovations.
Existing government programs must be improved, and new national

initiatives considered. Although it is premature for the Council
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to provide recommendations in this area, we can offer a framework

within which government actions should be considered.

In addressing the problem, it is critical to bear in mind
that real progress will be achieved only if the issue of
commercialization is approached on many different fronts. The
Council has developed a framework for understanding the problem
and determining how the Federal government can promote the
commercialization of technology. The framework has four basic
components: 1)Improving the Climate for Research, 2)Strengthening
Government Support Systems, 3)Improving the Management of
Technology Information Flow, and 4)Reforming the Federal

Technology Policy Apparatus. These issues are described below.

I. IMPROVING THE CLIMATE FOR RESEARCH

Objective: A strong research base (people, facilities and
equipment, programs, etc.) that promotes not only the advancement
of scientific knowledge and national defense objectives, but also

enhanced U.S. industrial competitiveness.
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The Federal research and development budget is an important
national resource that can be drawn on to maintain and improve the
competitiveness of American industry. Despite heavy investments
by U.S. companies in R&D (about $61 billion in 1987), the
magnitude of international competition in some industries has
raised concern that the R&D efforts financed by American firms
will fall short of what is required. The U.S. Government spends
about as much on R&D each year as all of American industry
combined. In the President's proposed 1988 budget, $69.4 billion
in budget authority was requested for R&D. Currently about 70
percent of Federal R&D funding is classified as national defense.

Federal funding for civilian R&D accounts for the remaining 30

A strong basic research base is a necessary condition for
U.S. competitiveness. A forceful Federal role in support of
basic scientific research is widely accepted, based on the
premises that such research underlies continuing developments in
technology and that economic incentives are insufficient to assure
that private firms will invest in adequate levels of basic
research. Over the last decade, government civilian R&D spending

has shifted to emphasize more basic research.
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The connection between basic research and competitiveness,
however, is indirect, long-term and uncertain. To be relevant to
industry, research must be directed toward technical problems and
market needs. Unless research is targeted on industrial needs,
simply funding more will not improve U.S. competitiveness. The
new scientific knowledge that results from basic research
generally enters the public realm where it is available to all
users, including our foreign competitors. Furthermore, much basic
research is conducted by universities and colleges that
traditionally have had little motivation to address research
problems relevant to industrial technology or to transfer research
results to industry when they are relevant. To be effective,
emphasis on basic research must be complemented by programs that

focus on carefully targeted and applied R&D.

Despite increased public support for basic research, the
proportion of Federal civilian R&D funding that is directly
relevant to competitiveness remains limited. It is difficult to
determine with precision how much Federal civilian R&D funding is
directed toward promoting competitiveness and how directly
relevant it is, but according to one study, in FY 1985 only about
ten percent of total Federal R&D expenditures was spent on applied

research and development of commercial significance.
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This problem is compounded by the fact that over the past
twenty years, while many of our foreign competitors have been
aggressively building up their R&D infrastructure, U.S. Federal
funding for university research plant and facilities has declined
by 95% in real terms. As a result, we face a deterioration of our
nation's research facilities and aging and obsolete research

infrastructure in our academic institutions.

II. IMPROVING GOVERNMENT SUPPORT SYSTEMS FOR INDUSTRIAL R&D

Government support systems for Industrial R&D can be divided

into three areas: 1)General incentives, 2)Targeted support and

3)Cooperative ventures. Each of these is discussed below.

1. General Incentives for Civilian Industrial R&D

Objective: Encourage industrial R&D to further U.S.
competitiveness and move relevant research toward

commercialization.

RA=-008 O = BAR —m— 12
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The U.S. R&D budget is by far the largest in the world, and
the gross R&D/GNP ratio is equal to the highest of other
countries. U.S. R&D is sharply distinguished from its two main
competitors, Japan and West Germany, in two ways: 1)the U.S. non-
defense R&D/GNP ratio is considerably lower than in either
country, and 2)American industry funds a lower percentage of

R&D.

The emphasis on defense R&D in recent years has necessarily
implied a relative shift away from direct government support for
civilian R&D. Although tax support for industrial R&D continues
to be available, the R&D tax credit has not become a permanent

part of the Tax Code.

2. Targeted Support for Sector-Specific Technology Development

Programs

Objective: Advance key technologies in existing or emerging

strategic industrial sectors.
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As a general principle, U.S. Federal support of technology
does not focus on specific civilian industrial sectors or
technologies. The preference instead has been for general
policies, like taxation, or support for technology related to
government missions, such as space or defense. Other countries
have typically based their technology policies on opposite
premises and tend to be organized, as in the Japanese case, around
programs directed at particular sectors and related key

technologies.

As the competitive position of U.S. companies has eroded in
certain high-technology sectors, discussion has focused on the
need for affirmative government support of strategic industries
and technologies. Semiconductors and the proposal for Sematech
provide the prototypical example of this issue. Proposals for
government support of key generic technologies, such as
superconductivity and automated manufacturing, are another
example. The key technology approach is becoming more and more
the focus of Japanese technology policy. These programs
necessitate joint activity among firms and close cooperation

with industry and government.
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U.S. reluctance to support targeted R&D relevant to
industrial needs stems from concern that the Federal government is
not equipped to "pick winners and losers." The kind of
industrially oriented applied R&D that seems to work in the United
States is generic R&D ~-- that is, R&D that relates to problenms
relevant to industry, but is somewhat removed from specific
commercial applications and is therefore of a nonproprietary
nature. Although almost 60 percent of Federal civilian applied
R&D funding goes for generic R&D, there is widespread concern that
Federal funding for generic applied R&D relevant to industry needs
is insufficient. Moreover, there is concern that Federal generic
R&D is currently concentrated in a few areas that may be
important, but are not necessarily those of greatest need to U.S.

industry and the enhancement of U.S. competitiveness.

3. Facilitating Cooperative Technology Development

Objective: Build new, more effective linkages among firms,
universities and government in order to develop and commercialize

new technology.
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Within the last few years, major changes have occurred in
business and university attitudes and public policies toward
cooperative technology developments. Cooperation at various
stages of the development process is now often cited as an
efficient means of sharing information, a low-cost strategy for
R&D, and an effective response to external competitive challenges.
Such attitudes have long pervaded technology policy in Japan and,

to a lesser extent, in Europe.

The many cooperative ventures that have recently been formed
in the United States can be divided into three types: 1)those
that primarily involve American private companies, 2)those that
bring U.S. industry together with other sectors, particularly
universities, and 5)internationa1 joint ventures. cChanges in
antitrust laws have encouraged the first type, government funding
for some cooperative endeavors supports the second, but little

public policy attention has been directed toward the third.

Recognition of the importance of cooperative ventures to the
technology strategy of individual U.S. companies and to the

nation's competitiveness has motivated the Federal government to
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expand existing Federal support of these initiatives. These are
relatively new ventures, however, and ways to maximize their

effectiveness are still being explored.

IIT. IMPROVING THE MANAGEMENT OF TECHNOLOGY INFORMATION FLOW

Three issues have been raised by the Council's Task Force
that can be categorized as having to do with managing the
information flow of technology: 1)technology transfer,

2)intellectual property, and 3)equitable international technical

access.

1. Technology Transfer

Objective: Maximize the utilization of knowledge generated by

Federal science and technology prograns.

Broadly defined, technology transfer involves sales, licenses
and other means of diffusing technical expertise among firms in
the private sector. It is widely agreed that technology transfer

is most effective when it is a people-to-people process. The
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Federal government's role in facilitating technology transfer is
usually defined as moving the Federal laboratories' store of

underutilized technical information into the private sector. The
government addressed this issue in the Technology Transfer Act of

1986, although full implementation of this act remains a problem.

To frame the issue of how to maximize the effectiveness of
the U.S. Federal laboratory system solely in terms of technology
transfer, however, is to underestimate the problems surrounding
the Federal laboratory system and its contribution to industrial
competitiveness. The U.S. has over 700 national laboratories that
receive one-third of total Federal R&D funding, employ more than a
half-million scientists and engineers, and house some of the most
expensive and sophisticated scientific equipment in the world.
Mechanisms need to be established to improve the effectiveness of
the Federal laboratory research system and to allow American
industry to work more closely with the Federal labs on R&D

relevant to U.S. competitiveness.
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2. Increased Protection for Intellectual Property

Objective: Strengthen the incentive system for innovation by

securing the rights of creators and owners of technology.
{

Strong intellectual property rights create, through legal
protections for invention, an essential underpinning for
innovation. Domestically, the level of legal protection has
recently been augmented through several changes in patent and
copyright law and government contracting policies. Major
difficulties have arisen, however, in the international context.
Copyright and trademark piracy is rampant in some countries, a
situation new being addressed in treaty negotiations. Inadequate

property right enforcement abroad is a corollary problen.

3. Achieving Equitable International Technical Access

Objective: Achieve reciprocity in access to world-wide
technology for U.S. interests without compromising national

security or impairing the openness of the American system.
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Historically, most of the U.S. government scientific and
technical enterprise has been open to foreign scientists,
engineers, and industrial representatives. While the openness and
rapid transmission of information in the American system are
unique strengths, there is growing concern that foreign industries
are profiting uﬁduly form this openness without reciprocal

benefits Eo U.S. interests abroad.
IV. REFORMING THE FEDERAL TECHNOLOGY POLICY APPARATUS

Objective: An effectively focused and coordinated government
program that enhances the commercial application of technology and

promotes U.S. competitiveness.

Two related issues have been identified in this category:
l)eliminating unnecessary regulatory constraints and 2)effectively

organizing and coordinating Federal technology programs.
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1. Eliminating Unnecessary Requlatory Constraints

Government regulations and bureaucratic procedures, though
necessary, also sometimes pose unwarranted barriers to the
commercialization of technology. Such barriers have a negative
impact on U.S. competitiveness. Broad regulatory systems, such as
antitrust and export controls, have been the subject of
considerable discussion. Although limited antitrust exemptions
now exist for research consortia and export trading companies, new
proposals would loosen antitrust law still further. Similar
concerns are expressed that US export controls unduly hamper
American companies ability to sell abroad. Specific sectors,
notably chemicals and related products, have been a focus of
particular concern. The need to minimize regulatory uncertainty,
delay, and inconsistency is an important part of the effort to

enhance the commercialization of technology.
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2. Effectively Organizing and Coordinating Federal Technology

P!‘Og rams

For most of the post-War period the Federal science and
technology policy apparazus was dominated by a few institutions
and sources of expertise, focused on science and large technology
projects, relatively unpolitical, reasonably predictable, and
largely isolated from the business community. Today, the
situation is characterized by many more actors, increased
politicization, perhaps less power in the technical agencies, and

a broader ambit of concern.

A major issue for the Executive Branch is whether the
existing organizational model, in which responsibility is diffused
throughout many agencies, should be supplemented by a more
centralized approach, such as a department of science and
technology. A related question is whether technology and
commercialization should be emphasized more through the creation
of agencies that focus on this particular mandate solely rather

than in combination with others.
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In Congress, the budget process is a main concern. Diffusion
of responsibility among authorizing, budget and appropriations
committees and the Executive have led to difficulties in program
consistency and implementation, as well as an increase in the

tendency toward pork barrel science and technology projects.

Lastly, although the contribution of science and technology
to national economic well-being is now well-recognized, few
institutional mechanisms have responded to the need to integrate

the business community into the policy development process.
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From: Targetmg the Computer: Govermment Support and
Inte;;xauonal Campetition (pp. 173-206)
Kenneth Flamm
Washington, D.C.: The Brookings Institution, 1987

CHAPTER SIX

National Technology Policy:
Past, Present, and Future

THE DEVELOPMENT of the electronic digital computer is a useful case
study in the development of modern high-technology industry. The
computer was born during the second world war, a product of powerful
and pervasive institutional change that reshaped the American economy.
It ranks among the most research-intensive goods, and development of
computer technology requires complex interactions among the interests
of the state, private business, and the public welfare. Determining the
contours of investment in technology is one of the most important
economic choices that societies make.

The computer emerged in an arena that was international in scope
right from the start, where it was impossible to separate competition at
home from rivalry abroad. Firmly connected to the United States’
national security, economic and military, the computer was guaranteed
a special status by the willingness of the military services to push its
development when civil authorities seemed to lack the interest, the will,
or the resources.

The Past: A Summary

At first the economic significance of computers went unnoticed;
military need, not the economic imagination, propelled the technology
forward. A few far-sighted visionaries saw the computer’s commercial
potential, but had it not been for the military’s interest in powerful
information processing capacity, its development would certainly have
been delayed by years, perhaps even decades.

Throughout the 1950s the links between commercial and military

173
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174 TARGETING THE COMPUTER

technology remained strong. Many of the American computers built
were government-financed machines adapted to the commercial mar-
ketplace. The differences between the United States and the other
industrialized countries during this decade are particularly striking. The
scale and scope of funding for computer development in the United
States dwarfed efforts abroad. The Air Force’s SAGE project alone
accounted for billions of dollars in development funds, compared with
tens of millions, perhaps, invested abroad. Great Britain, initially a
credible technological rival to America in computers, slipped further
and further behind. Close to one hundred firms entered the computer
business in the United States in the 1950s compared with fewer than ten
in England. When business demand for computers exploded in the carly
1960s, the scientifically oriented machines built by British firms were
overrun by business-oriented American computers, and the long, sad
decline of the British computer industry quickened. France, Japan, and
West Germany trailed far behind the United States in the infancy of
computer development. They each had a few small, primitive machines
not far removed from experimental research prototypes. Other European
countries dropped out of the competition altogether, and their research-
ers staffed the first multinational laboratories, the early outposts of an
increasingly internationalized industry.

The American market decisively shifted away from government
customers toward commercial business users in the late 1950s. The rapid
growth of the market was largely driven by technological advance:
continuous, accelerated declines in the cost of computing power opened
up new applications. Use of information processing machines had
become economic. But the technological base from which these cost
declines flowed, including electronic components, continued to benefit
from a steady diet of government funding.

As the market for business computers opened wide in the early 1960s
the technological lead of U.S. firms translated into solid profits. Depend-
ence on the United States for what was becoming an essential capital
good increased. U.S. export controls on shipments of high-performance
computers to France dramatized that the so-called strategic argument
for having an autonomous technology base was more than a thinly veiled
appeal for protection of an infant industry. Interruption of the supply of
products embodying state-of-the-art technology could have potentially
crippling effects, not just on military preparedness, but also on the
increasing number of user industries.
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France, then West Germany, and then Great Britain embarked on
crash programs to build up their national base in computer technology.
The basic formula was generous R& D funding, government procurement
preferences, and protection from foreign imports. The latter policy, as
it turned out, served mainly to increase U.S. computer firms’ European
investments.

Analysts at the time emphasized the advantages of market size in
reducing the per unit development costs for new products. Consolidating
all computer production into one favored ‘‘national champion’* was a
popular solution. The hope was that by creating a smaller, national,
‘‘scale model’’ of IBM, the European markets dominated by IBM would
be recaptured. It was an inward looking strategy that overlooked the
economic logic for tapping into global markets in technology-intensive
goods. And it was a losing strategy in Europe for precisely the same
reasons that facing off with IBM in established markets was a losing
strategy in the United States. Worse yet, no support was given to new
entrants in a position to go after new markets in the manner that was to
prove successful in the United States.

Of the European countries only West Germany reconsidered its initial
strategy. This change of heart came after Nixdorf, with absolutely no
help from the state, bested the performance of the chosen national
champion by pioneering the European minicomputer market. This more
diverse style of support has been relatively effective. Today the German
computer industry is generally regarded as the strongest in Europe.
Although computer research in Britain is quite highly regarded, its
commercial industry remains weak. And France’s two decades of
protective nurture for a single national champion has had little apparent
impact on its ability to prevail against its rivals in open competition.

Japan took a rather different tack. By carefully controlling access to
the Japanese market, Japan’s Ministry of Trade and Industry (MITI)
attempted to induce U.S. computer producers to transfer computer
technology to Japanese manufacturers. At the same time it promoted
research and development within Japanese industry. The development
of the underlying technological infrastructure took place under the
technical leadership of Nippon Telephone and Telegraph (NTT) and
MITT's Electrotechnical Laboratory. In the early 1970s this infrastruc-
ture was seriously shaken when many of the American firms with
arranged marriages to Japanese producers dropped out of the battle for
computer markets.
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A new focus on support for national R&D efforts, with heavy reliance
on MITI-brokered cooperative industrial research, was begun. In en-
tirely unforeseen ways this strategy proved effective. The key develop-
ment in international competition in computers in recent years has been
the steady and rapid advance of Japanese computer technology. Japan
now has achieved parity with the United States in many commercial
products. Japan's announcement in 1981 that it intended to become a
leader in frontier research areas (the oft-mentioned Fifth Generation
project) prompted considerable reaction around the world.

The bold technical goals of this ambitious project reflect a shrewd
assessment of economic realities. After all, if advanced parallel com-
puters or new types of software products render existing technology
truly obsolete, whole new methods of programming will be needed. Then
the existing stock of software—the basis for much of IBM’s advantage
in global markets—will gradually be replaced. A new generation of
fundamentally different types of advanced products will open up a vast
new market—a market where past hegemony will provide minimal
advantage.

The Role of Government

The role of government in stimulating the development of computer
technology in the United States, unlike Europe and Japan, became
considerably less visible during the 1960s. As the commercial market
mushroomed, the general influence of government sales and R&D
funding steadily declined. Nevertheless, the most sophisticated and
most advanced hardware and applications continued to be funded by
federal users.

The military services have always provided the bulk of government
funding for U.S. computer research. For a while, the military share of
computer research support declined, but the host of new military
programs to sponsor computer technology announced in the early 1980s,
inapparentreactiontothe eroding Americanlead incommercial markets,
suggests that this trend has been reversed. Civilian funding for computer
research, particularly for applied research and engineering projects, has
alsoincreased dramatically in the United States in the last several years.

Military dominance of U.S. computer research contrasts sharply with
the situation in Europe and Japan. The sources of funding have primarily
been commercial even in France, where access to supercomputers
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needed for military research was a catalyst to the program of support for
computer technology begun in the mid-1960s. In West Germany and
Japan, ministries charged with supervision of industrial development
and scientific research, not the military, have been the big spenders on
computer development.

In the United States, spin-offs into the industrial sector have been a
major objective of military support for computer technology. The
promise of significant ‘‘fallout’’ motivated programs begun by the
Defense Advanced Research Projects Agency (DARPA) in the early
1960s as well as its recent grand effort, the strategic computing program.
By upgrading the technology that the military can procure from industry,
the military, as a computer user, benefits. Needless to say, industry and
the commercial computer user also benefit, and the social returns reaped
from commercial use (which certainly overwhelm those from military
use in sheer numeric terms) have probably far outweighed the gains from
reduced cost and increased capabilities of military systems. In fact,
technological megaprojects like the SAGE air defense system—expen-
sive white elephants from a strictly military point of view—gave rise to
important new commercial technology. They are remembered with pride
and affection as great successes rather than as costly and failed attempts
at buying a technological national security fix.

Attempts to quantify the extent of government involvement in financ-
ing computer research turn some popular myths about ‘‘targeting’’
policies on their heads. While it is true that Japanese authorities heavily
subsidized computer development in the 1970s, these efforts have never
approached the relative share of all R&D funds supplied by the U.S.
government in the 1950s and 1960s. The proportion of computer R&D
performed in MITI-organized cooperative computer research projects
in the mid-1970s—the peak—was about half of the total, and only one-
quarter of all funds were supplied by government. This fraction is just a
little more than the share of all distinctly identifiable computer research
paid for by the U.S. government in the early 1980s. Moreover, the
Japanese government’s relative role in financing computer research
declined significantly in the late 1970s. Today government directly funds
less of Japan's industrial computer research and development than is
the case in the United States or Europe.

There are other means of supporting a research-intensive industry,
and historically they have been important. In Japan during the 1960s and
early 1970s, tax measures favored computer producers and users. But
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in the mid-1970s policy shifted to favor investment in particular technol-
ogies over other, more general subsidies to investment, and tax subsidies
shrank in significance. Emphasis was redirected to research and devel-
opment. Overall, there is little evidence that such tax preferences are a
major factor in competitiveness today. (But one unusual, and perhaps
irreproducible, feature of Japanese tax policies favoring high technology
is the frequency with which incentives have been set, adjusted, and
revised.) In Europe policy shifted in the opposite direction, and general
subsidies to cover the losses of the ailing British and French national
champions increasingly replaced the more targeted support for research
and development that was typical of earlier years.

There is also little evidence that the subsidies inherent in the provision
of low-cost loans from state-controlled, financial institutions have been
very important in recent years in Europe (with the possible exception of
France's aid to Bull) or Japan. Direct support for research seems to be
the targeting weapon of choice, and general subsidy the medicine of
need for truly desperate financial ailments.

Procurement preferences by government users have been a powerful
instrument of policy in Europe and Japan. By far the highest proportion
of government markets has gone to national producers in Japan. Euro-
pean procurement has also favored national firms but to a lesser extent,
perhaps in part because the products offered by European producers
have not matched those of Japanese manufacturers in quality and
breadth.

In the United States federal procurement of foreign hardware has
never been much of an issue, presumably because of the superiority of
American technology. But now Japanese producers are offering super-
computers that are competitive with American products (with the added
fillip of some degree of compatibility with IBM machines).! It remains
to be seen whether the United States’ open procurement policies will
continue. None of the new supercomputing centers sponsored by the
National Science Foundation (NSF) will use Japanese equipment. The

1. Benchmark tests run on Cray X-MP/2, Fujitsu VP-200, and Hitachi S810/20
supercomputers in 1984 and 1985 showed the Cray and Fujitsu machines roughly
comparable in performance for typical workloads from the Los Alamos National
Laboratory and the Hitachi machine somewhat slower. See Olaf Lubeck, James Moore,
and Raul Mendez, “A Benchmark Comparison of Three Supercomputers: Fujitsu
VP-200, Hitachi $810/20, and Cray X-MP/2,” Computer, vol. 18 (December 1985),
pp. 10-24.
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moment of truth may yetcome when one of the U.S. national laboratories
or universities considers buying a Japanese supercomputer.?

The structural aspects of Japan’s support for research, not just the
billions of yen invested, explain its successful record in catching up to
the United States in state-of-the-art commercial computer technology.
Japan clearly pioneered the concept of joint industrial research. Together
and in parallel, industry and government invest in a generic, precompeti-
tive, technology base, which is then further developed into commercial
products within individual firms. Such arrangements reduce duplication
of the least appropriable elements of investment in technology, which,
although critical to further progress, are not particularly rewarding to
the company that shoulders their financial burden. Cooperative research
also effectively shares the risk in more speculative, long-term research
investments. The best testimony to the perceived success of these
policies is the extent to which they have recently been imitated in the
United States and Europe, in many cases as the result of private
initiatives.

Perhaps the most fascinating aspect of these nations’ technology
policiesis thecycle ofactionandreaction stimulated through competition
intheinternational marketplace. Pushed by the desire to stay competitive
with foreign producers, governments have repeatedly altered their
policies in reaction to developments abroad. The United States’ superi-
ority in a rapidly expanding market pushed Europe and Japan to large-
scale intervention in their industries in the mid-1960s.

Asadirect consequence of the financial demands of the Vietnam War,
the U.S. government’s support for computer technology, insulated from
international competition by the lead it enjoyed at the time, declined. It
was the visible return on Japan's technology investments in the late

2. C. Gordon Bell, the NSF administrator charged with oversight of its supercomputer
program, recently noted that it was **NSF's intent to fund the five national centers such
that they can all have the leading-edge computers manufactured by our domestic
industry’’ (emphasis added). Willie Schatz, *‘Render unto Caesar,”" Datamation, vol.
33 (March 1, 1987), p. 22. In fact, the heavily discounted sale of an NEC supercomputer
to the Houston Arca Research Consortium (HARC) in March 1986 provoked a
considerable outcry. And the award of a procurement contract to Honeywell, involving
the sale of its largest mainframe computer model, sparked some public furor in the fall
of 1986. The reason for the episode was that the Honeywell computer was actually
manufactured by Japan's NEC Corp. See Richard Gibson, **Honeywell to Sell Pentagon
a Computer Designed in Japan; Competitor Cries Foul,”* Wall Street Journal, October
17, 1986; and Karen Gullo and Robert Poe, **Where There's Smoke, There's Fire,”
Datamation, vol. 33 (March 1, 1987), p. 18.
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1970s that awakened American industry and government from their
complacent slumber. And it was the direct challenge of Japan's Fifth
Generation program that provoked a massive new wave of American
(and European) R&D investment in the mid-1980s.

Ironically, domination of the international marketplace is in many
respects the least significant reason for a society to invest in computer
technology. The social rate of return to this investment has been quite
high. With rather conservative assumptions, an economic rate of return
on the order of 50 to 70 percent is produced for society; more realistic
assumptions would push the calculations even higher. Private returns,
on the other hand, are considerably lower because of the pressures of
competition from other high-tech firms and the relatively short time
during which private firms have an exclusive monopoly over the fruits
of their R&D investments. The social benefits of R&D investment may
last forever, but the private profits produced, while sweet, are short
lived.

The bulk of the social return is mainly reaped by domestic consumers
in lower prices, and it far outweighs any technological rents derived
from domestic and foreign sales. Yet, because foreign sales are a large
portion of private revenues (typically 40 to 50 percent for U.S. firms),
rents derived from foreign operations are a major source of private return
on U.S. investments in computer technology. Without them, marginal
projects would not be undertaken, and the pace of technological advance
would slow considerably.

The Directions of Technical Advance

The economic rationale for a continuing government role in computer
development is closely tied to the degree to which private firms can
capture the results of R&D investments. No matter how great its payoff,
basic research is more difficult to appropriate privately and therefore
less likely to be undertaken by private firms. Private firms also are less
likely to undertake radical innovations (as opposed to incremental
advances) because much of the uncertainty in moving far beyond existing
demand curves can be resolved only by actually developing and market-
ing a highly innovative good. Prospecting for profitable innovations on
the technological frontier yields information about the nature of demand
that is as easily grabbed by claim jumpers as by the risk-taking explorer.
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Therefore, private firms have a considerable incentive to hold back and
not hazard their own capital in removing these uncertainties.

Over time government support has assumed its greatest role in exactly
these twoareas: the most basic researchand the most radically innovative
projects. In the very beginning of the computer industry, government
dominated all aspects of the technology, from financing development to
buying production. But as computers evolved and diverged technologi-
cally, government became more important in some aspects of technology
development, much less important in others.

The growth of the U.S. market is instructive. Around 1950 the
government (defense contractors included) was the only significant
customer and funder of research. The technological directions that were
being explored were aimed at improving all dimensions of computer
performance. Around the mid-1950s small start-up firms began to deliver
machines that were smaller and offered lower performance but were
much, much cheaper. Their designers took established technologies and
invented clever ways to cut cost without proportionate losses in perfor-
‘mance. Government users remained the initial customer for many of
these machines, but they played little direct role in their design.

In countries with less-developed computer industries, such as Japan
and France, the market for smaller machines was the niche into which
their early computers fit. Because of the emphasis in this market on
clever designs using already developed component technologies, and on
settling for lower performance, a recent entrant has some chance of
becoming competitive without spending enormous amounts on research
and development. U.S. government research support, on the otherhand,
clustered around the high-performance, large-scale, scientific end of the
computer spectrum. Government users began to purchase commercial,
business-oriented machines for their ordinary data processing needs,
and federal support for research and development was reserved for
technologies that pushed the limits of speed and size and therefore
favored developments most applicable to the very largest, high-end,
scientific machines.

When the commercial market began to really take off in the mid-
1950s, government sales became considerably less important to U.S.
vendors of small- and medium-sized scientific computers and business-
oriented machines of all sizes. Government purchases rapidly shifted
toward more commercial types of applications. Even before private
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Figure 6-1. Public versus Private Investments in Technology
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business, government had begun to automate and computerize its record-
handling and data management functions.?

Thus as the U.S. industry matured, the government’s role in stimu-
lating research and sales grew quantitatively smaller. Federal research
support was concentrated in leading-edge, high-performance machines.
However, since the most advanced technology ultimately diffused into
the mainstream of commercial computing, the impact of this support
was considerably more influential than the numbers might indicate. The
results of these efforts were transferred to industry through the publi-
cation of research and, more important, through the mobility of engi-
neers. Then and now it is the most advanced, risky, and speculative
technologies that benefit the most from government research expendi-
ture.

Figure 6-1 portrays one way of viewing the distribution of potential
R&D projects. On one axis, projects are sorted by the mix of R&D effort
required, from most basic to most applied and developmental. On the

3. Government users pioncered the commercial uses of computers in the early 1950s.
The first computers sold for commercial-type applications were used in the military.
(UNIVAC number 2, for example, went to the Air Force in 1952, for use in inventory
management and logistics applications.)
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other axis, projects are distributed by the extent of their departure from
current practice, from marginal, incremental improvements on current
technology to truly radical leaps into the unknown.

By definition, basic research is undertaken with no concrete applica-
tion in mind, but rather to add to the general stock of knowledge.
Ultimately, of course, basic research may influence both incremental
and radical commercial innovations. The results of the most basic
research might be scattered somewhat randomly along the ‘‘nature-of-
innovation’ axis. Applied research and development, by contrast, are
focused on particular results, and the objectives of the organization
undertaking the project play a much greater role in determining the
outcome of the effort. Forthat reason, innovations resulting from applied
research and development projects are depicted in this figure as clustered
along particular areas of the nature-of-innovation axis that are related to
the interests of the R&D sponsors.

Commercial projects tend to be concentrated in the lower right
quadrant of the diagram. Conversely, public support grows proportion-
ately more important as more basic, radical projects are considered,
moving up and to the left in the diagram. The results of pure basic
research will tend to be scattered along the entire nature-of-innovation
axis. But, as more applied research is considered, it will be the most
*‘far-out,” radical projects unlikely to attract the interest of private
sponsors where public resources will make a difference in determining
whether or not the project is undertaken.

Such radical **blue sky’’ projects may have relatively little existing
stock of trained manpower to draw upon. Whole new sets of skills and
expertise may have to be created. The people who embody the fruits of
this very costly investment can easily pull up stakes and migrate
elsewhere. Thus in precisely the most radical, costly, and risky projects,
the difficulties of capturing the payoff may be the greatest.

If one considers technology policy as a tool for joining public support
for more basic research to the less radical, developmental effort most
profitable for private interests, the varying character of national tech-
nology policies might be sketched in figure 6-1. In Japan the government-
sponsored cooperative R&D projects are adirect bridge of sorts between
upper left and lower right, between government-funded basic effort and
privately sponsored development projects.

In the United States the link between government-sponsored basic
research undertaken in universities and private development has been
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less direct. If military interests in research and development are located
in the upper right quadrant (that is, the development of radical new
weapons systems yielding qualitative strategic advantage), then partic-
ipation by both industry and academia on such projects has provided an
indirect link between the public radical/basic and private incremental/
development orientations.

Public investment in the basic and radical has always been linked to
private investment in development of the practical. When far-out gov-
ernment research projects and starry-eyed university research have
begun to pan out, commercial firms have frequently *‘bought in’’ to the
concepts by hiring the persons involved. On a more mundane daily basis,
by recruiting graduate students trained in more exotic academic research
funded out of the public coffers, commercial firms have maintained a
continuous inflow of good, basic, new ideas without much of the large
and relatively unprofitable (from a single firm’s perspective) investment
that would otherwise have been required.*

It is at the most daring leading edge that government research support
continues to play its crucial role. These projects are too risky, too long-
term, and too little of their results can be kept within the firm, for
companies to be much interested in investing in them. Basic, pre-
competitive, radical, long-term—these are the adjectives that describe
the types of research where public support can be most important in
supporting a social investment that otherwise might not be made or made
at a considerably slower rate.’

4. There is a growing body of literature on the statistical relationship between federal
contract research and development performed in the private sector and both productivity
and private R&D effort. Such studies have generally found small but significant direct
effects on private productivity and a considerably more important indirect effect in
stimulating private R&D. See David M. Levy and Nestor E. Terleckyj, “‘Effects of
Government R&D on Private R&D Investment and Productivity: A Macroeconomic
Analysis,” Bell Journal of Economics, vol. 14 (Autumn 1983), pp. 551-61; Edwin
Mansfield, *'R&D and Innovation: Some Empirical Findings,” in Zvi Griliches, ed.,
RA&D, Patents, and Productivity (University of Chicago Press, 1984), pp. 127-48; and
Zvi Griliches, *‘Productivity, R&D, and Basic Research at the Firm Level in the 1970s,”’
American Economic Review, vol. 76 (March 1986), pp. 141-61. For an alternative
analysis, see Frank R. Lichtenberg, ‘‘The Relationship Between Federal Contract R&D
and Company R&D,” American Economic Review, vol. 74 (May 1984, Papers and
Proceedings, 1983), pp. 73-18.

S. Several researchers have found that a general slowdown in basic industrial R&D
coincided with the decline of federal R&D support in the 1970s. See, for example,
Edwin Mansfield, “‘Basic Research and Productivity Increase in Manufacturing,
American Economic Review, vol. 70 (December 1980), pp. 863-73; and Griliches,
‘‘Productivi*v, R&D, and Basic Research."
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The Present: Probing the Technological Frontier

Computers are a thriving industry in the late 1980s; shipments amount
to almost 1% percent of the U.S. gross national product.® Sustained and
continuous technological innovation explains the dynamism of this
sector, and——despite a temporary setback dealt by the economic slow-
down of the mid-1980s—continued long-term growth near historical
rates is probable well into the indefinite future.

Amid this prosperity and growth, are government policies to support
innovation superfluous? After all, the U.S. computer industry is con-
stantly turning out new and more powerful products. Why should
government fund research and development when the competitive
pressures in private industry already seem so effective in generating this
constant stream of innovation?

The answer is not simple. American industry certainly continues to
be effective in introducing new, technology-based products. Much of
this innovation, however, takes the form of marginal, incremental
improvements on established technologies. The fundamental aspects of
a bread-and-butter business computer of 1985 were not terribly different
from the designs of 1965. Some marginal architectural improvements
were made, and enormous improvements in component cost and per-
formance were achieved, but essentially the designs represent a much
improved embodiment of concepts that have been floating around for
decades. When one looks carefully at the mosi radical, truly revolution-
ary concepts that are still quite experimental in nature and just beginning
to come to market, a rather different impression emerges.

‘*Newwave’’ computer products include high-speed communications
networks linking multiple computers (or even multiple processors within
a single computer), systems and languages using artificial intelligence
(Al) concepts, special computers designed to run this Al programming
efficiently, and ever more powerful supercomputers. All these products
draw heavily on a continuing legacy of government-funded research
support, and many of the first commercial sales continue to be made to
government users.

A November 1986 advertisement by Texas Instruments (TI) in Sci-
entific American makes this linkage explicit:

At the heart of Knowledge Technologies [Texas Instruments’ new

6. Sce table 2-2.

84-098 0 - 88 -- 13
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line of high-performance Al computers] lies the development of a
pioneering semiconductor chip. We developed it under contract to
the U.S. Government for use in aecrospace and defense, but its impact
will be felt in all areas. One of its first commercial applications will be
to enhance the power and performance of the TI Explorer computer,
already one of the world’s most advanced Al development tools.
Also, it will add new members to the Explorer family of products.”

Even today, public support primes the pump of tomorrow's commercial
technology. ’

Issues for a National Technology Policy

Currently economic theory does not go much beyond explaining why
public policies to increase investments in some types of research
(particularly long-term, basic research) might be socially useful. Empir-
ical studies (including this one) have repeatedly suggested that fairly
dramatic underinvestment in R&D is often the outcome of laissez faire.
In many respects, it is not very useful to debate this point. Economic,
political, and social forces have made government support for high
technology a given of the political economy of an advanced industrial
country in the late twentieth century. Discussion, then, must necessarily
focus on the details of how governments support technology.

FOCUSED SUPPORT FOR RESEARCH. The economic arguments for public
support for R&D primarily revolve around three issues: the inability of
firms to totally capture all returns ontechnology investments, economies
of scale in the use of new technology and their consequences, and the
difficulties of capital markets in dealing with very risky and costly
projects.® Policies to correct the imperfections of real-world markets

7. Advertisement run in Scientific American, vol. 255 (November 1986). Other key
clements of the Explorer computer's design are licensed from MIT, where they were
developed with DARPA support.

8. One such difficulty involves the issue of moral hazard, first raised in Arrow’s
classic 1962 article. Kenneth J. Arrow, *‘Economic Welfare and the Allocation of
Resources for Invention,” in National Bureau of Economic Research, The Rate and
Direction of Inventive Activity: Economic and Social Factors (Princeton University
Press, 1962). If an inventor is able to completely shift the risk of an R&D project by
selling all the equity in his venture in competitive capital markets, he will also shed the
incentive to perform the R&D in the most efficient possible fashion. On the other hand,
if constrained to retain some minimum equity share in the venture, suboptimal allocation
of capital may result.
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should address the concrete details of these three problems. If the
purpose of public support for research and development is to ensure that
socially worthwhile R&D investments are made that otherwise might
not be, then public resources should be directed to the areas where
appropriability problems are greatest (that is, basic, high-risk research
and radically innovative, leading-edge projects).

Such considerations argue against using an R&D tax credit as the sole
instrument of a technology policy. The strength of the R&D tax credit is
that it marries market forces to public tax expenditures. But this strength
is also a weakness since an objective of public support ought to be to
direct resources into worthwhile areas that the market does not find
privately profitable. The R&D tax credit is a relatively blunt instrument.
Ittendsto produce overinvestment (from the social viewpoint) inprojects
where returns are most easily captured and continued underinvestment
in projects that are most difficult to appropriate privately.® Sufficient
resources can be directed into the hard-to-capture areas only by vastly
- overinvesting in easily captured research and development, if a tax
credit were to be used as the sole instrument of policy.

This is not to say that some R&D tax credit may not be valuable. For
most kinds of R&D—basic, applied, and development—thereisageneral
tendency for social return to exceed private return. Some level of tax
credit is a useful measure to correct for this fact. But a tax subsidy can
direct resources into the areas with large differences between private

9. This argument is easily made in a more rigorous fashion. Let the total social
return to development expenditures, E,, be given by Ry, (E,); the social retumn to basic
research be given by R, (E,). Let the per unit cost of R&D effort be r. Also, let R'p,
R's > 0; R''p, Ry < 0 (diminishing marginal returns to R&D effort). It is assumed that
fraction c,, of the social return to development investment cannot be captured privately,
fraction ¢, of basic research, and that 1 = ¢, > ¢p 2 0. Let a rate of subsidy of s be
granted to all private R&D expenditure. Then profit maximization implies investment
in R&D up to the point where

U9 )]
RD_(]-(.‘D)’ and R._(l—c.)’.

Social optimality argues for sufficient investment such that the left-hand side, in both
cases, is equated to r. Thus, because ¢, and ¢, are different, setting s such that just the
right amount of D takes place implies continued underinvestment in B, while sufficient
B is undertaken at the cost of excessive D. If ¢, and c, are very different (that is, cp
close to 0 and ¢, close to 1), the problem will be especially great. In principle, different
values of s could be applied to the two categories of expenditure, but this would be
impractical given the impossibility of defining or enforcing a rigorous separation between
research and development.
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and social returns—particularly basic and risky, far-out projects—only
by pulling far too many resources into the easy, already profitable types
of projects. Public policy ought to be designed to favor research in
general, as well as those specific types and areas of R&D activity where
both the payoff and the obstacles to private capture of that return seem
greatest.

The large social rate of return reaped from all U.S. investments in
computer technology, while not unheard of, appears to be greater than
the returns available in certain other sectors. Because there is no market
mechanism that necessarily directs resources into research areas with
the greatest social returns and because social return on investment in a
technology may be quite different from private return, large disparities
between the social returns on alternative research expenditures may
exist. Therefore, some form of targeting is inevitable when actions are
based on assessments of relative social return. Those with government
research dollars to dispense well realize that they are charged with
putting that money where, in their judgment, it will do the most good.
Their professional assessment is what plays a key role in approving
projects. In practice, targeting decisions of sorts are made routinely on
a daily basis.

THE COOPERATION-COMPETITION MiXx. An effective technology policy
may seek to encourage a mixture of cooperation and competition among
private firms and between industry and academia. By encouraging
cooperation on the least appropriable, basic elements of technology,
more long-range research with a potential broad economic impact on
industry may be undertaken. Joint research involving industry and
universities can focus on commercially important (but difficult to capture
for private advantage) themes that firms would otherwise neglect.

Yet a competitive market has always been essential in increasing the
pace of computer innovation. A sheltered monopoly has less incentive
to innovate than a firm feeling the hot breath of competition on its neck.
The best evidence of the desirability of maintaining a competitive market
for downstream products, even when firms share considerable research,
is the history of otherwise superficially similar technology policies in .
Europe and Japan.

MULTIPLE SOURCES OF R&D SUPPORT. Diversity in funding sources and
in research has a positive value. The history of support for technology
in the United States and Japan, where different supporters of high
technology have pursued distinctly different research agendas, is one of



377

NATIONAL TECHNOLOGY POLICY 189

good and not-so-good decisions being made by each group. In the United
States if one group had been the supreme arbiter of research policy,
ENIAC, UNIVAC (universal automatic computer), Whirlwind, and
other significant technology projects might never have been undertaken.
Even within a single large and closely managed organization like IBM,
various forms of competition in research have been carefully used to
reduce the probability that any single erroneous decision will have a
lasting impact on the fortunes of the organization. Because research is
such a small part of the total expenditure required to develop a new
product, funding multiple approaches in the research stage is a cheap
way to reduce the risks involved in innovation.

MILITARY VERSUS CIVILIAN CONTROL OF RESEARCH INVESTMENT. After the
first great wave of investment in technology during World War Ii, voices
within the U.S. government argued for continuing federal support for
technology but with a focus on helping industry to develop useful
commercial applications. For a brief time the experiment flourished: the
first fully operational computer in the United States came out of this
effort.

At the time the economic arguments for investing public resources in
technology had yet to be articulated. Scarcely a glimmer of the full glory
of the harvest to be reaped from the unprecedented wartime effort was
then visible. To powerful critics, this experiment represented a needless
meddling with market forces. The effort was publicly crushed, and since
then—except for basic research in universities and health research—
federal support for technology has had to be justified in terms of some
well-defined mission of the federal government. Defense, a cure for
cancer, and putting aman on the moon are objectives deemed appropriate
by Uncle Sam. But helping to build the technological infrastructure
needed for a competitive American industry has not traditionally been
on his list.

Since the mid-1950s, the only politically acceptable way to support
the technological development of U.S. industry has been to declare it
militarily strategic. Rather intricate contortions have sometimes been
required to justify military expenditures that are fundamentally intended
to build up the general level of industrial and scientific capacity in the
U.S. economy. Unfortunately, such ‘‘frills’’ are often among the first
casualties during military budget cutting. From the perspective of
military planners, technology investments, like otheritems in the defense
budget, are judged in terms of concrete, deliverable results and perfor-
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mance. The general benefits to the economy are counted only insofar as
they show up in the cost and performance of other military budget items.
Thus for the military, like private industry, the widespread diffusion of
new technology into industry is best enjoyed if someone else’s technol-
ogy dollar has paid for the show.

Cyclically, almost predictably, years of budget plenty end and lean
years begin. Ax in hand, military cost cutters go after items of least
immediate operational relevance, and military-sponsored research pro-
grams defensively must show near-term results. DARPA, for example,
has weathered several of these cycles: tolerance for visionary research
projects with only indirect military relevance has been followed by
budgetary distress and renewed emphasis on immediate applications,
engineering, and working hardware.

Pressures to focus defense R&D on specific military missions are a
constant of the political process. Even today, when economic competi-
tion with Japan is high on the agenda of projects like DARPA'’s strategic
computing program, military research expenditure is constantly forced
to define itself in terms of concrete military applications. Strategic
computing, for example, must channel a significant portion of its funds
to traditional military contractors, and evidence of production of con-
crete military applications—deliverables—must be presented to justify
continued funding. For DARPA the pendulum has swung back toward
applications and development.'° These constraints in all likelihood make
for aless effective policy in support of the long-term, industrial technol-
ogy base.

Even in good times it is not always clear that the talk of ‘‘fallout’’ and
economic benefits is well founded. The problem with using such appeals
to justify military investments is that they cloud the issues on which
judgments are to be made. If the investment were justifiable on purely
military grounds, no such appeal would be required. If it were Jjustifiable
on purely economic grouads, then a rationale replete with numbers and
bottom lines would have to be constructed. By moving in the no-man’s-
land between strategic and economic benefit, a project can slip past the
snares of both economists and tough-minded generals.

Is there any way to evaluate the effectiveness of a policy that explicitly

10. See Tim Carrington, ‘‘Pentagon’s Research Agency Will Shift Emphasis to
Building Arms Prototypes,” Wall Street Journal, September 16, 1986; and George
Leopold, *‘Will Shifts at DARPA Weaken Basic Rescarch?’’ Electronics, December 9,
1985, p. 47.
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seeks out technology with long-range commercial value (rather than
relying on the incidental spillover from military projects) in giving
American industry a competitive edge? This is the heart of the matter,
and unfortunately there are no easy answers.

One of the continuing preoccupations of scholars studying the rela-
tionships between research and development activity and technological
advance has been to characterize the differential effects of different
types of R&D activity on productivity and innovation. There have been
two broad types of studies—statistical analyses, which examine corre-
lations between different categories of expenditure and measures of
innovation, given some assumed web of causation; and case studies,
which attempt to trace the links between particular advances and the
concreie research prograims from which they resulted.

- Each type of study has major limitations. The statistical studies have
been hampered by the limited amount, poor quality, and high level of
aggregation of data on research and development expenditure. If all the
major linkages among the different types of R&D expenditure, product
sales, and innovation were examined, a very detailed breakdown of
research funded as well as performed by government, industry, and
universities would be needed. The segmentation of research and devel-
opment by funders reflects the fact that a funder’s objectives in all
likelihood influence the outcome of an R&D project. Because of econom-
ically significant differences in private appropriability, research and
development probably should be broken down furtherintobasic, applied,
and development expenditure. But because of limited data, even the
best statistical studies rarely attempt to do more than disaggregate
between basic research and applied and development activity or, as an
alternative, between all privately and publicly financed research and
development within industry.

University-based research is generally not even considered when
studies unravel these relationships within industry, although—as the
development of computer technology makes strikingly clear—major
outputs from government-funded R&D programs have repeatedly been
transferred from universities to industry with few dollars changing hands
and little in the way of a paper trail. A 1986 study of industrial research
and development that distinguishes between military and nonmilitary
funding roils these troubled waters more. Frank Lichtenberg argues that
military R&D expenditures, by stimulating contract-seeking research
and development on the part of private firms expecting future procure-
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ment contracts, substantially undercount the true magnitude of resources
drawn into the military R&D effort.!!

A broad survey of the origins of key elements of computer hard-
ware reveals significant links between major concepts and pioneering
government-supported projects. The innovations cover a variety of
technical areas. Many important companies repeatedly declined even
subsidized opportunities to explore these new technologies in the early
years, and if the federal government had not stepped in, private interest
alone would certainly have generated much slower development of the
technology.

Spinoffs from military computer projects continue to have a profound
impact on the development of commercial computer technology. But it
is far from clear that channeling such funding through military programs
maximizes commercial spinoffs. Funneling R&D funding through mili-
tary sponsors may even impede commercial applications in some re-
spects. For example, compilations of patent statistics show that research
and development connected to military sponsors yields considerably
fewer patents of commercial interest than do equivalent expenditures
by other government agencies. 2

The Case for Civilian Objectives
A highly trained and motivated civilian agency, if given the mandate
of cooperating with American industry and academia to improve the

11. Frank R. Lichtenberg, *‘Private Investment in R&D to Signal Ability to Perform
Government Contracts™ (draft, Columbia University, Graduate School of Business,
1986). Sce also Mansfield, **Basic Rescarch and Productivity Increase in Manufacturing'’;
Griliches, **Productivity, R&D, and Basic Research’’; and E. Wolff and M. 1. Nadiri,
‘‘Interindustry Effects and the Return to R and D in Manufacturing,’’ 1984, and *‘Linkage
Structure and Research and Development,’* 1984, as cited in M. Ishaq Nadiri, *‘Eco-
nomics of R and D Investment,”” NBER Reporter (Summer 198S).

12. In 1976 only 1 percent of the unexpired patents owned and available for licensing
from the Air Force were actually licensed, as were 1 percent for the Navy, 3 percent
for the Army, and 4 percent for NASA. This compared with 11 percent for the Energy
Research and Development Administration (now the Energy Department), 13 percent
for Interior, 15 percent for Commerce, 10 percent for Agriculture, and 23 percent for
the Department of Health, Education, and Welfare. See Federal Council for Science
and Technology, Report on Government Patent Policy, Combined December 31, 1973,
through September 30, 1976 (Government Printing Office, 1976), pp. 440-41.

However, since the practice of Defense and NASA has generally been to grant to
contractors patent rights when requested, this may merely mean that the best inventions
are harvested by contractors, leaving the chaff for the government sponsor. This is
consistent with the fact that the Army and NASA, which show higher percentages of
their patents actually licensed, give away their rights somewhat less frequently. See
chapter 4.
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long-term technological future of the American economy, ought to be
able to get at least as big a commercial bang for the federal research buck
as a Pentagon planner looking for an economic hook to pull in additional
support for a new weapons system. If the streamlined efficiency of
defense programs was an unassailable article of faith, Pentagon budget
administrators might be the best that could be, and the secondary
importance of commercial objectives to many such projects might be
offset by the superior performance of Defense Department administra-
tors on technology investments. But this is not the case.

Support for industrial technology ought to be decoupled from a vola-
tile military budget. Military perceptions of the size and nature of the
external military threat change. The needs of American industry do not
necessarily march in harmony with the rhythm of international military
competition. Military objectives, like commercial objectives, revolve
around concrete goals, like delivering weapons systems on schedule, on
target, and on budget. Inevitably, the long-term, the basic, the not
immediately tangible are given short shrift when funding shrinks and
purely military objectives are used for triage among wounded programs.

Moreover, military and commercial objectives can conflict. Research
on weapons systems, by nature, imposes a curtain of secrecy over
developments that might have beneficial consequences for industry if
widely diffused. During the 1940s and 1950s, scientists running military
programs actively worked to propagate the new technology as widely as
possible among American industry. This played a major role in the rapid
development of American industrial muscle in computers. Conversely,
more recent attempts to control the export of information across national
boundaries may directly limit the distribution and application of useful
results within those boundaries. '

On occasion, control can prove indirectly counterproductive to
economic interest. America’s attempt to deny the French nuclear
program access to a supercomputer in the mid-1960s (a futile attempt)
sparked crash development programs and ultimately reduced American
computer sales in foreign markets in later years.

Important military systems requirements may sometimes have small
commercial value. Resistance to radiation and electromagnetic pulse,
for example, yield a relatively small return in commercial markets but
are a central focus in products aimed at military markets.

Military specifications and test procedures sometimes drive technol-
ogy in the wrong direction—that is, away from the most important
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commercial markets. For many years military testing and *‘burn-in"’
requirements may have beenan obstacle to adoption of statistical quality-
control techniques in the American electronics industry.” Military
testing requirements for electronics packages emphasize extreme and
rapid changes in temperature—relevant perhaps to aircraft, but not
normally encountered in most natural environments. On the other hand,
the test most relevant to commercial products—simulating the stress of
switching power on and off—is not included in military specifications.™

The American armed forces have strongly supported research on
manufacturing technology. They generally fund programs that reduce
the cost of military weapons systems, which, like other highly specialized
capital goods, are usually produced in small lots or batches. They have
not focused onreducing costs in large-scale mass production, as is typical
in consumer markets. Some have argued that similar focus has affected
the type of semiconductor research supported by military programs and
has made such spending less useful to commercial industry.'s

Finally, government subsidy to industrial computer research (which
largely comes out of U.S. military budgets) is distributed in a highly
uneven fashion. The firms that receive assistance are not always the
ones most able to successfully introduce new innovations commercially.
DARPA funding for the strategic computing program, for example, has
departed from past practice and placed a heavy emphasis on supporting
research in the large, specialized defense systems contractors. These
firms, had they the inclination, may not have the ability to rapidly
commercialize new technology in the marketplace. The skills needed to
compete effectively in the military market may be quite different from
the ones needed to succeed in the commercial market, and programs
that channel research resources to more heavily defense-oriented con-
tractors may yield proportionately less commercial return.

13. See Kenneth Flamm, *‘Internationalization in the Semiconductor Industry,” in
Joseph Grunwald and Kenneth Flamm, The Global Factory: Foreign Assembly in
International Trade (Brookings, 1985), p. 122.

14. Tobias Nacgele, **Englemeier: ‘Mil Specs Drive People in the Wrong Direction,® **
Electronics, October 28, 1985, p. 57.

I5. The case is made in Leslic Brueckner with Michael Borrus, **Assessing the
Commercial Impact of the VHSIC (Very High Speed Integrated Circuit) Program,”
Roundtable on the Intemnational Economy (University of California at Berkeley, 1984);
and Jay Stowsky, ‘*‘Competing with the Pentagon,” World Policy Journal, vol. 3 (Fall
1986), pp. 697-72. The semiconductor manufacturer Intel is reported to have opposed
VHSIC on similar grounds. Glen R. Fong, **The Potential for Industrial Policy: Lessons
from the Very High Speed Integrated Circuit Program,’* Journal of Policy Analysis and
Management, vol. 5 (Winter 1986), p. 277.
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A Missing Link

Outside of the military research agencies (and, to a lesser extent, the
National Aeronautics and Space Administration and the Department of
Energy), the government organization that spends the most research
cash in the national interest has been the National Science Foundation.
Recently the NSF has shifted a larger share of its budget into more
applied, engineering programs with a distinct emphasis on cooperation
with industry. This shift clearly reflects its (and the government’s)
growing preoccupation with maintaining industrial competitiveness in
an increasingly challenging international marketplace.

Supporting industrial technology, however, is not what the NSF was
set up to do. Its first and most outspoken proponent, Vannevar Bush,
believed that basic research divorced from the immediate needs of
commercial industry was the essential foundation for applied forms of
technological progress. This conviction prompted his call for the estab-
lishment of the NSF. Forging direct links between university research
and applied industrial objectives is far from the foundation’s original
charter of supporting basic scientific knowledge, unfettered by any
requirement that it show industrial relevance. To quote Bush, “*basic
research is essentially noncommercial in nature. It will not receive the
attention it requires if left to industry.’’'* The whole decisionmaking
structure of the NSF was set up around academics making judgments
about the academic research projects of their peers based purely on
scientific merit: profitability and potential industrial application were of
secendary concern if any.

In the late 1960s the NSF began to edge toward other priorities.
Applying technology to solve social problems emerged as an objective
appropriate to the times, and Congress in 1968 amended the NSF’s
charter to include applied research among the agency’s concerns. Much
of this thrust fizzled out in the late 1970s.'” By the 1980s the challenge of
newly felt international competition sparked a new emphasis on eco-
nomic relevance, and the shift began toward engineering, particularly
the NSF's Engineering Research Center program, which has been the
focus for recent growth in agency funding.

A wholesale shift in NSF priorities toward applied research, engi-

16. Vannevar Bush, Science: The Endless Frontier, Report to the President un a
Program for Postwar Scientific Research (GPO, 1945), p. 17.

17. See NSF Advisory Committee on Menrit Review, Final Report, NSF 8693
(Washington: NSF, 1986), pp. 11-12.



384

196 TARGETING THE COMPUTER

neering, and advanced development projects represents a major change
in course for the NSF. If one agrees with Bush that basic research
deserves its own organization, then NSF’s new focus on industrial
technology fills one space by emptying another. Judging what areas of
applied industrial research merit long-term support is a very different
type of judgment—in part an economic one—than the pure consideration
of intellectual merit around which NSF procedures are organized.

A vacuum now surrounds an important social purpose: to support
applied research and early development of the new technologies required
to keep America’s industries economically fit. The industrial technology
base is no one agency’s explicit target. All responsible public servants
in the various research-funding bodies, of course, realize that the
technology base is a fundamental national interest, even if it is not
explicitly written down in the Federal Handbook. So the missions and
charters of the various agencies are stretched whenever a particularly
worthwhile investment comes along.

The Future: New Technology for American Industry

How can national policy better serve the common national interest in
expanding and improving American society’s investment in technology?
For decades this question was rarely asked. The United States’ lead
with respect to other countries’ technologies was so great, its economic
muscle so strong, that the unforeseen fallout from its huge investments
in military R&D was quite sufficient to keep the nation’s industrial
technology second to none. Today, however, competitors have caught
up to the United States in important areas and may even have passed it
in others. They are investing sums comparable in magnitude to U.S.
military R&D programs in commercially oriented research ventures.

As chapter 2 made clear, public investments in computer technology
are justifiable on purely economic grounds. The wisest investments are
in the most basic research and high-risk, radically innovative projects.
To plant technological seed corn that industry can harvest later, the
areas of research with the greatest commercial and industrial potential
should be selected. And the selection mechanism should be workable in
the institutional context of American industry.

What is the simplest national policy to achieve these objectives? It is
to use public resources to partially offset the costs of joint industrial
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investment in basic and ‘‘generic’’ technology development. The policy
is clearly workable. Concerns about increased international competition
have already prompted American business to form cooperative, joint
research associations in unprecedented numbers. Today support for
Jjoint, precompetitive, generic R&D is quite widespread. Influential
figures within even that most entrepreneurial of American high-technol-
ogy sectors, the beleaguered American semiconductor industry, are now
calling for a massive new cooperative research program to tackle the
technological roots of its current distress. '® With little publicity, powerful
bureaucrats are taking steps on their own to fund such programs.' Never
has the moment seemed better to explore a new direction, an experiment
in policy, and never have the stakes seemed higher.

Underwriting some portion of these ventures with federa! funds or
tax expenditures would pull more resources into the applied research
and generic technology development undertaken by these organizations,
as well as raise the overall level of R&D investment. Moreover, such a
policy would guide public funds into areas that industry believes to be
productive, but where the benefits are difficult to capture and individual,
private efforts therefore unlikely to succeed.

If, say, 40 percent of the investment is offset through the tax system
or direct funding, firms will still be providing the remaining 60 percent
of the funding by risking their own resources. The resources so invested
will then be funneled to the projects thought to have the highest payoff
for the industry as a whole. A funding mechanism that shares costs and
risks creates built-in incentives for allocating resources efficiently.

And, of course, jointly pooled resources will be directed into precisely
those areas——basic, and generic, precompetitive research—that are least
likely to be appropriated (and hence funded) by individual firms. Perhaps
the most eloquent testimony to the effectiveness of these arrangements
is the extent to which their use grew in Japan, where they were first

18. See ‘‘Editor’s Overview," and Harvey Brooks, **National Science Policy and
Technology Innovation,” in Ralph Landau and Nathan Rosenberg, eds., The Positive
Sun Strategy: Harnessing Technology for Economic Growth (National Ac.demy Press,
1986), pp. 15, 156-57; and Richard R. Nelson, High-Technology Policies: A Five-Nation
Comparison, American Enterprise Institute Studies in Economic Policy (Washington,
D.C.: AEI, 1984), p. 73. See also Richard Bambrick, ‘‘Sematech Gets SIA Go-Ahead;
Target Gov't, Ind. for Funds,” Electronic News, November 24, 1986.

19. Administrators in the Department of Defense and the National Science Foun-
daticn, for example, recently budgeted contributions of $1.1 and $0.1 million dollars

respectively to the nonprofit Semiconductor Rescarch Corporation for precisely these
reasons.
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devised and tested, and is now being emulated in Europe and the United
States.

The institutional mechanisms required to establish such a program,
in some sense, already exist. The Stevenson-Wydler Technology Inno-
vation Act of 1980 called for the establishment of a cooperative generic
technology program, new organizations within the executive branch to
study and stimulate the development of technology applicable to indus-
trial needs, and the organization of centers for the development of
industrial technology at universities and other nonprofit institutions. The
Commerce Department was empowered to fund up to three-quarters of
project costs at the centers for industrial technology, which were
eventually intended to become self-supporting.2®

The Commerce Department, however, never implemented most of
the provisions of this law. This was a political decision. But the
fragmented and sprawling bureaucracy of the Commerce Department
may not be the best organization to implement such a program. It already
wears too many hats: protector of declining American industries, cham-
pion for small business, forecaster of the weather, compiler of economic
and demographic statistics, promoter of American exports, registrar of
patents, traffic cop for the radio spectrum, extoller of the virtues of
tourism in the United States. Although the Commerce Department does
have isolated centers of technological expertise—particularly the Na-
tional Bureau of Standards—overall it has not displayed a solid under-
standing of, or informed interest in, important technological issues. A
more effective steward of America’s technological edge in world markets
might be a smaller, totally dedicated organization.

The National Technology Office

The purpose of this National Technology Office (NTO) would be to
monitor the international competitiveness of American products both
on the market and under development, report on its observations for
public debate, facilitate the formation of joint research ventures within
American industry, and serve as custodian of the public interest in those
associations formed to carry out joint industrial research. The organi-

20. Sce Office of Technology Assessment, Information Technology R&D: Critical
Trends and Issues (Washington, D.C.: OTA, 1985), pp. 32-33; and J. A. Alic, “The
Federal Role in Commercial Technology Development,'* Technovation, vol. 4 (1986),
pPp. 266—67.
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zation might resemble a civilian DARPA, charged with stimulating long-
term investment in key industrial technologies. The private sector could
define areas for investment by forming joint research associations with
particular objectives and then seeking partial federal financial support.
The role of the NTO would be to approve the bona fides of the group
seeking partial support—something like approving the tax exemption of
a nonprofit organization—and to certify that the project involved the
kind of activity that the program wasintended toassist—namely, generic,
precommercial technology development.

The precise method of backing private investments, be it tax credits
for eligible R&D or direct grants in important but imperfectly appropri-
able technology projects, is less important than the principle. Business
and society must be partners if needed invesiment in America’s future
are to be made. They must share the risks and rewards of their long-term
technology investments. Fach must contribute if they are to jointly
prosper.

Asaclearinghouseforjoint research, the NTO could eliminate obvious
duplication and aid the flow of nonproprietary information within indus-
try and between industry and academia. And it would be in an invaluable
position to mobilize American industry in the face of new technological
challenges. It could constantly scan the technological horizon, identify
important new developments, sound the alarm, or propose an initiative
when necessary. And it would safeguard the public interest in the
collusive arrangements that cooperative research must, by definition,
involve. Joint industrial research programs generally require some form
of antitrust exemption. The National Technology Office might offer
cooperatives antitrust relief, in addition to partial matching of funding
oneligible projects, as a quid pro quo for a public representative (perhaps
drawn from its ranks) on their boards to keep an eye on the public
interest. That interest would include the responsible expenditure of
public funds and the guarantee of adequate downstream competition in
products developed privately usingthis research base. To ensureequality
of opportunity and absence of political bias, such ventures would be
open on equal terms to all firms willing to meet whatever transparent
and nondiscriminatory financial and participatory requirements were
established.

Setting up the NTO would require skilled personnel able to develop
useful working relationships with industry. Technically knowledgeable
specialists would mix with economic and financial analysts within the
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organization. To keepits technical skills at the cutting edge of innovation,
itmight have aninternal research capacity, not unlike MITI s relationship
with its internal industrial science laboratories.

Fortunately, there already exists within the federal government a
small but competent band of technical specialists that has extensive
experience working with industry on joint research projects. That group,
of course, is the National Bureau of Standards, the same NBS that back
in the 1950s built the first fully operational stored program computer in
the United States. Today it is deeply involved in applied research on
manufacturing technologies, computers, and robotics.

Standards issues are reshaping commercial markets and technology.
With General Motors, the NBS is testing an architecture for future
automated manufacturing systems as part of the program to develop the
Manufacturing Automation Protocol (MAP). With the cooperation of
other firms, the NBS is working on computerized manufacturing and
design standards sugh as the integrated graphics exchange standard
(IGES) and the product data definition interchange (PDDI) standard. In
addition, it is doing work under contract to DARPA as part of the
strategic computing program.?!

One simple solution, then, would be to take part of the technical
core of the NBS, transplant it to a new organization, and greatly expand
the scope of the work those specialists currently direct. This technical
staff and trained economic and financial analysts would make up a small
hybrid organization—something like a cross between the current NBS,
Arthur D. Little, the Congressional Budget Office, and the Office of
Technology Assessment. The charter of the new organization would be
to monitor the technological health of American industry, keep abreast
of developments abroad, issue periodic reports, and formulate long-
range proposals for accelerating the advanced research and development
needed to maintain the quality of America’s industrial technology base.

The President’s Commission on Industrial Competitiveness released
a report in 1985 that advocated more radical changes. It favored the
creation of a ‘‘superagency’’ to preside as czar over all nonmilitary
research.2 The National Technology Office, however, would have as its

21. NBS is doing research on speech coarticulation as part of the speech understand-
ing segment of the program. See Defense Advanced Research Projects Agency, Strategic
Computing: First Annual Report (Arlington, VA.: DARPA, 1985), p. 9.

22. See President’s Commission on Industrial Competitiveness, Global Competition:
The New Reality, vol. 1: Report of the President’s Commission on Industrial Compet-
itiveness (GPO, 1985), pp. 22-23, 51.
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only concern the state of American industrial technology. Although the
only group in government with this specific charge, it would be one of
many influences in the government’s research policy community. The
NTO would supplement, not replace, the voices of DARPA, the NSF,
and NASA. These agencies could get back to performing the missions
for which they were designed. No longer would they be involved in the
contorted justifications required to deal with unmet social needs outside
their charters.

How might the NTO mobilize the collective efforts of American
industry in the face of technological challenges from abroad? The
following scenario describes one set of circumstances in which the NTO
might function as a catalytic agent for joint industrial research.

Synchrotrons and Other Developments

The NTO might play a vital role in the development of high-intensity
X-ray lithography apparatus to etch microelectronic devices with very
fine, dense features. Such devices are essential for future generations of
high-performance semiconductors in general, and computer circuitry in
particular. The technology is still experimental, and a practical system
awaits the development of a compact, superconducting, synchrotron
storage ring. (Developing this equipment might dovetail nicely with
applied research on newly discovered superconducting materials.) This
equipment, once developed, may be quite expensive—perhaps $10
million for a synchrotron X-ray source and the capacity to etch six to
ten semiconductor wafers at once.?® Although most semiconductor and
computer firms are interested in the technology, few can afford to risk
the large investments required by such a costly and highly speculative
project.

As of mid-1986 this technology was being explored on a large scale
with government support in West Germany and Japan but not in the
United States.2 IBM has been cooperating with the Brookhaven Na-
tional Laboratories of the Department of Energy in the development of

23. The cost estimate was given in a presentation by Peter Rose of the Eaton
Corporation at the National Research Council Seminar on ‘‘Advanced Processing of
Electronic Materials in the United States and Japan: A State of the Art Review and Its
Policy Implications,”* Washington, D.C., June 4, 1986.

24. See National Research Council, State of the Art Reviews: Advanced Processing
of Electronic Materials in the United States and Japan (Washington, D.C.: National
Academy Press, 1986), p. 24.
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a synchrotron-based etching system, but this appears to be a modest
effort falling well short of the large investment required to develop a
practical prototype machine.

In the summer of 1986 MITI formed a cooperative research venture
company, K. K. Sortec, to develop compact, synchrotron-based X-ray
etching systems. This effort was part of the Japan Key Technology
Center, a new organization founded in the fall of 1985 and authorized to
fund up to 70 percent of the cost of private research ventures. Seventy
percent of the funding for the ten-year venture, with a budget now
pushing $5 million, is coming from the government, the remainder from
a consortium of thirteen Japanese firms.2* Another synchrotron project
is under way within NTT.

Many U.S. electronics specialists (including those of the National
Research Council) believe synchrotrons merit further exploration, but
no major private venture in this costly and speculative area had been
announced in the United States as of early spring 1987. An alert,
disciplined, and well-motivated organization like the NTO—even with
less government support (say a 30 percent share)—could quickly take
the lead in mobilizing U.S. firms in ventures similar to those of the
Japanese.

Other areas where support for joint industrial research mightimprove
the competitiveness of American industry abound. In early 1987 Amer-
ican electronics producers appealed to the government for support for a
joint venture to develop advanced semiconductor manufacturing tech-
nology. This is another logical entry point for an NTO-type program.
Why not have industry organize a Stevenson-Wydler-style joint venture
to direct such an R&D effort, with perhaps half of the expense shared
with the federal government? Industry, rather than Pentagon planners,
could select the most commercially promising areas and direct its
collective efforts there.

Other frontier technologies that might usefully be explored in this
fashion for the collective benefit of American high-tech industry include
new and exotic materials (high-temperature superconductors, ceramics,
diamond films), optical switches and transmission, experimental soft-
ware production systems, and molecular engineering methods. The

25. The companies include computer producers NEC, Hitachi, and Fujitsu. Other
members are Matsushita, Mitsubishi, Sanyo, Sharp, Sony, Oki Electric, Sumitomo,
Toshiba, Nikon, and Canon. See Charles L. Cohen, “‘Japan Kicks Off X-Ray Fab
Project,” Electronics, August 7, 1986, p. 44.
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ultimate authority on the wisdom of particular choices would be Amer-
ican industry. It would have its own cash at risk—a powerful incentive
to choose what will prove the most commercially successful.

In the final analysis the question may be whether the United States is
willing to change the way it does research. For forty years it has avoided
difficult questions about the role of government in the development of
technology by relying on the military services as the custodians of the
nation’s economic future. The military option is workable within the
contextof U.S. institutions, but it fails the other tests ofagood technology
policy. The cyclical feast and famine of the military budget process
inevitably directs research and development away from long-term proj-
ects of only indirect military interest when the crunch eventually comes.
Worse yet, economic judgments about long-term commerciai promise
are not part of these budget choices. In fact, appeals to commercial
fallout are generally the sign of a military project that cannot be justified
on its security merits, just as appeals to defense applications are the sure
sign of acommercial project that isn’t making it as a business proposition.
We are left with a muddle—too little accountability and too much pork
barrel.

The military option kept the United States moving along nicely in an
era when it was the king of a one-lane road, but it needs revision as the
country turns onto a four-lane superhighway crowded with other drivers
jockeying for position. Panels of respected American scientists and
engineers have recently published a virtual blizzard of reports that warn
of dangers on the technological frontier in a number of important areas. %

Opening Markets in High-Technology Products

To meet the challenge of the competitive international environment,
the United States must keep open global markets for its technology-
intensive products. This should be the country’s first priority. The
protectionist backlash that is unleashed in the United States by foreign

26. National Academy of Sciences, National Research Council, High-Technology
Ceramics in Japan (Washington, D.C.: National Academy Press, 1984); J. Nevins and
others, JTECH Panel Report on Mechatronics in Japan (La Jolla, Calif.: Science
Applications International Corporation, 1985); H. Wieder and others, JTECH Panel
Report on Opto- & Microelectronics (La Jolla, Calif.: Science Applications International
Corporation, 1985); and G. Turin and others, JTECH Panel Report on Telecommuni-
cations Technology in Japan (La lolla, Calif.: Science Applications International
Corporation, 1986).
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targeting policies, and more blatant moves around the world to favor
national firms in national markets for advanced products, is a short-
sighted reaction that works against the United States’ long-term objec-
tives. A recent trend toward erecting protectionist barriers around high-
technology sectorsin the United States(in semiconductors and advanced
machine tools, for example) may work against the long-term interests of
American high tech by setting dangerous precedents for the nation’s
trading partners and competitors.

What may be needed is a set of agreed upon principles of nondiscrim-
ination on the basis of national origin analogous to those ruling trade
in conventional goods, as in the GATT. At a minimum, the United
States should continue to work for a reciprocal opening of markets in
technology-intensive goods that would explicitly strengthen provisions
related to government-controlled procurement. Exceptions based on
national security considerations should be few and well defined.

Attempts to eliminate subsidies to research and development from
international trade in high-tech products—given the compelling eco-
nomic arguments for, and history of, government involvement in foster-
ing technology development—seem fruitless. A more useful approach
might be to open up programs to fund the development of technologies
used in internationally traded products, on a reciprocal basis, with the
United States’ major industrial trade partners. Indeed, bilateral initia-
tives of this sort have already been discussed publicly. In 1978 some
clements in the military and the Department of State favored a bilateral
accord permitting Japanese participation in the Defense Department’s
VHSIC (very high speed integrated circuit) program in exchange for
U.S. participation in MITI's VLSI (very large scale integrated circuit)
program. Opposition within the Defense Department ultimately killed
this exchange, but the proposal demonstrated that serious interest in
such accords exists.?’

Opening up U.S. research programs to industrial competitors on a
reciprocal basis would be particularly advantageous in the computer
field. All the major industrialized economies are currently funding
computer technology programs of comparable sizes. Making the results
of these programs available across national boundaries would improve
the efficiency of global expenditures on computer research and devel-

27. See Jill Hills, *‘Foreign Policy and Technology: The Japan-US JapanBritain

and Japan-EEC Technology Agreements,” Political Studies, vol. 31 (June 1983), pp.
212-15.
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opment by reducing duplication, help others avoid blind alleys, and
generally improve the flow of basic, precompetitive information.

The Japanese have edged in this direction by seeking international
academic participation in their Fifth Generation program, as have the
Europeans by accepting IBM and the Digital Equipment Corporation as
participants in the Esprit projects of the European Community. In a
sense, the United States already has, too, by training in its universities
so many of the world’s computer scientists. If all current computer
support programs in industrialized countries were opened to firms from
the other countries active in the field, each country (including the United
States) would gain access to research with funding exceeding that of its
own national program.

This piecemeal approach toward reducing the impaci of any single
nation’s public R&D support on the competitive position of its firms in
international markets seems a useful step toward rationalizing global
R&D and improving the potential welfare of all. But the risk of interna-
tional competition in high-tech products heating up into open trade war,
with individual countries closing off their research and markets from
competitors, will still exist.

Ultimately, all would lose with such a balkanization of national
markets for high-tech goods. Policies designed to slow the international
diffusion of technology may well inhibit advance within domestic indus-
try, and by limiting foreign sales reduce the incentive to invest in the
development of new technology and the competitiveness of the industries
involved. Rather than attempting to erect a fortress around existing
national technologies in a futile attempt to preserve some static advan-
tage, international competition could more fruitfully focus on developing
new technology as quickly as possible, in order to stay one step ahead
in the game.

The most reasonable outcome might be a gradual series of small,
partial, and perhaps bilateral steps that liberalize participation in and
access to research programs in some equitable fashion. For example,
the Japanese government might be asked to permit American firms to
participate in its synchrotron research in exchange for entry by Japanese
companies into American joint venture research in another high-risk,
exploratory area of semiconductor manufacturing technology.”® The

28. The United States retains a lead in key areas of exploratory research on
microelectronic manufacturing technology, including ion implantation, thin-film epitaxy,
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exact outlines of a finished package remain unclear, but it is time to start
thinking about what sorts of experiments will lead policy down a
productive path.

The challenge for an increasingly technology-intensive American
economy will be to steer itself away from the worst, and toward the best,
of all possible high-tech worlds. In the worst case—fractious interna-
tional discord over trade in advanced products—a heavy lid would be
slammed over free access to information, U.S. borders would be sealed
against the entry of new foreign products, and, overall, use of new
technology and the rate of technological progress would slow measur-
ably.

In the best case, international economic rivalry would be channeled
into competition based on innovation and differentiation; an ever greater
variety of useful products would become available to all people. The
greatest fruits from continued growth would then flow to those countries
that were best able to nurture innovation and to meet the demands of a
wide and sophisticated global marketplace for quality, reliability, and
utility. In such a world, basic scientific information would flow freely,
international cooperation on fundamental research would be the rule
rather than the exception, and competition would focus on the socially
beneficial provision of variety and quality.

The choice of futures is America’s to make. The only certainty is that
the global economy in the next few decades will be tied to technology on
ascale never seen before. The development of the computer will perhaps
be remembered as the first large step down this road.

and film deposition and etching. See National Research Council, State of the Art Reviews:
Advanced Processing of Electronic Materials, pp. 10, 16, 20,
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Senator SARBANES. Well, thank you all.

Mr. Flamm, I'd like to ask you where you think the locus of the
Federal effort should be with respect to research and development,
organizationally? Do you have a view on that?

Mr. FLaAMM. Again let me preface my statements by saying that
this is my personal opinion, that the council is in the middle of
talking about these issues. I think there’s a couple of things that
are important when you talk about a locus.

First of all, I don’t think there should be necessarily a single
locus. There are diverse objectives in Federal support for technolo-
gg. Commercial infrastructure is one of those objectives. Defense
objectives are entirely appropriate and different locus. Our social
welfare, health research is another locus. I think it would be a mis-
take to gather all those functions into one organization.

However, I do believe there ought to be a specific organization
looking at commercial technology and how the Federal Govern-
ment can improve investments in the technology infrastructure rel-
evant to industry.

Now as to where within the Federal Government we should
locate such an organization, that’s a very controversial issue. I
would just simply lay out my personal opinion. I think the Nation-
al Bureau of Standards is a fine organization with a lot of talent. I
think the problem of the National Bureau of Standards is that it
historically has been part of a very large, diverse organization, the
Department of Commerce, whicli wears many, many, many differ-
ent hats, and the National Bureau of Standards is only a small
player within the vastness that is the Department of Commerce.

Historically, if you look at the history of the National Bureau of
Standards, one of the problems that is repeated over and over
again, almost cyclically, is the National Bureau of Standards some-
times getting squashed by the Department of Commerce. In the
pursuit of other objectives, Commerce tends to give the Bureau
short shrift, and in times of budgetary crunches it tends to just
slash the budget for the National Bureau of Standards. Also, from
time to time a debate on the fundamental issue of the nature of the
National Bureau of Standards’ mission resumes.

Now at the moment there seems to be a push to move the Na-
tional Bureau of Standards out front as the main interface between
Federal R&D policies aimed at commercial technology and the Fed-
eral Government. Historically, that has happened before, and what
has resulted is that the National Bureau of Standards has moved
out a certain amount in that direction. That tentative thrust has
then been chopped off by the top leadership in the Department of
Commerce, which often has had different objectives and different
feelings about policies that may even have been mandated by the
Congress.

Stevenson Wydler is a good example of that sort of thing, and
there have been others.

Senator SARBANES. Mr. Saloom, did you have any observations on
that question?

Mr. Saroom. In the Council on Research and Technology, we
really haven’t addressed where the locus should be. We rather
have been formulating our policy and looking at specific substan-
tive areas where we could suggest legislation. Then we can deter-
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mine where might be the best locus. We are working now—and we
want to share with you when we’re finished—a few specific things
for our future agenda, as was mentioned by the Council on Com-
petitiveness. We need to model and test new methods of technology
transfer. We also need to develop and test new commercialization
models, rather than just technology transfer—the whole model of
commercialization for companies. This should include how you
modernize the manufacturing technology associated with commer-
cialization. Further, we are trying to work out what type of seed
grants we might suggest for technology partnerships.

When we know what is the function of a point of concentration,
then I think it will all probably fall out naturally where the locus
should be.

Senator SARBANES. Let me ask the panel this. As you look
around the world, who is doing this well?

Mr. FLamM. I would be remiss not to at least say the magic word
“Japan,” when talking about success in moving technology out into
gz}nmercial products quickly. It has come up in these hearings

ore.

Mr. SaLoom. I think we are slower than the Japanese when it
comes to commercialization.

Senator SarBANES. Well, if you do it slowly, you lose, don’t you?

Mr. SaLoom. Well, yes, and that may be why we need incentives
to accelerate the process. For instance, in 1983, we became very ex-
cited in our corporation about the research and development tax
credit. We got a tremendous message from our Federal Govern-
ment that we should be braver and riskier in our R&D undertak-
ings. It was a very important message to us.

,The R&D tax credit helped the CEO really discover his research
and development department. CORETECH sponsored a seminar in
Texas just recently and in the course of talking about encouraging
industry/university research relationships, one person said it
was going to be a little difficult because management in his own
company was just discovering their own research and development
laboratory.

I think that the message that can come from this government is
that R&D is important. That message will accelerate our efforts.
The R&D tax credit certainly did that in my company. It focused
our attention on research and development.

Senator SARBANES. What do each of you see as the role of the
academic world, the universities, in addressing this situation?

Mr. Saroom. Critical, in my mind.

Senator SARBANEs. Why is that? I'm inclined to agree with that
position, but let me just simply ask why you couldn’t have a system
where the Government works with the commercial firms to address
the question?

Mr. Saroom. I don’t know whether you can or cannot do that,
but I haven’t done that with government laboratories. But with in-
dustry, when we start to commercialize one product, we often come
across technological gaps across a broad range of technologies re-
quiring research that no single company generally can afford,
unless they are one of the very major ones. We are talking on the
order of $500 million. Most companies cannot afford that.
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The universities play a very significant role in “gap technol-
ogies.” Universities lead us to competence and better understand-
ing and hence swifter commercialization. As a research director, I
find the link to universities very vital.

Mr. BurTton. Can I just add to that? I think that universities and
academic research institutions play an extremely critical role. I
think that that role will increase if anything. I think one of the
trends that we are seeing now with cooperative R&D efforts is an
attempt to really break down the barriers between industr
and academia and try and draw more on the good work that’s
being done in the university research facilities that has broader
applications.

Senator SARBANES. What's your view of the relevance of defense
R&D to this problem?

Mr. SorLoom. I don’t understand the question.

Senator SARBANES. Well, some assert that these charts are mis-
leading in talking about the economic competitiveness issue be-
cause there’s a large spinoff—or fallout, or whatever term you
want to use—from the defense R&D. What'’s your view of that as-
sertion?

Mr. Saroom. CORETECH has really taken no position vis-a-vis
one type of research versus another.

I'll answer more individually that they use the same rules, the
same DB’s, the same volts, and in that sense, it's research. Some-
one in a broader position than I am can determine its effect on the
economy. CORETECH has not taken a position on that.

As a researcher, I follow defense R&D, I use it, I sometimes par-
ticipate in it, and I don’t know sometimes whether I’'m doing one or
the other.

Mr. BurToNn. The council has taken no position on that issue per
se. I think that there is a widely held suspicion that spinoffs for
commercial industrial application from defense R&D are less than
what they once were. I think that’s partly because in many civilian
sectors you find technology more advanced now than what is going
on in the defense sector. I also think that may stem partly from
the fact that defense R&D is overwhelmingly devoted to the “D”
side, the development, and basic research comprises a very small
part of that budget.

Mr. FLamm. If T could just add one comment—again, this is a
personal opinion based on my research. There’s no question that
very important spinoffs come from defense R&D. In the industry
I've looked at, the computer industry, it’s especially striking.

But the issue is really not the historical importance of the spin-
off to particular industries. The issue is the bang per buck ratio, if
I can put it that way. We spent enormous amounts of money on
these technologies, and for a long period of time, for decades, we
were really the only nation spending such enormous amounts of
money on this technology. That has changed and our commercial
competitors are now spending amounts of money which at least to-
gether are approximately similar to the amounts of money that we
have been spending.

The question then becomes not so much did this serve us well
historically, but are we now getting the kind of commercial return
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on the dollars that is going to keep us ahead of the new
competition?

I think the answer there is, as Mr. Saloom pointed out, that it’s
the same equipment, it’s the same science to some extent, etc. How-
ever, there’s also the question of objectives. That is, what kinds of
projects do you support? What areas do you explore? I think there’s
a growing interest in the question of whether some of the objec-
tives that are pursued in military-oriented research—you can think
immediately if certain kinds of things: radiation hardness, for ex-
ample, or the ability to cycle very quickly between extremely high
and low temperatures—that may be important in a fighter jet but
aren’t really all that important on the factory floor. A dollar spent
on those kinds of objectives really isn’t going to buy you much in
terms of commercial return. You'll be better off putting your dollar
somewhere else if you're interested primarily in commercial
return.

There’s also another issue. The Defense Department, because it
is in a unique position of being the big spender on technology in
government, essentially performs a social role by funding programs
which are in the long-term interest of the United States as a coun-
try, even when those programs may have no direct immediate mili-
tary impact of significance. For example, the development of time-
sharing systems on computers in the 1960’s or setting up the basic
research centers in materials which DARPA undertook in the early
1960’s didn’t have a real immediate military goal. The problem is
that when push comes to shove in the Defense Department—and
cyclically these fat years are followed by lean years in the budget—
it’s the programs that have no immediate relevance to operational
systems and immediate defense concerns which get sliced. And his-
torically, there’s been this up and down quality to DOD support for
more basic, longer term projects without immediate military rel-
evance because, after all, the planners in the Pentagon are mainly
concerned about getting what their troops out in the field need to
them: in terms of weapons systems, in terms of procurement, etc.
And if we rely on the military for our commercial technology, we
perhaps are saddling them with a responsibility which is best
served by some more focused organization.

So I think it is a serious issue that we ought to consider and look
at.

Mr. SaLooM. You have the nondefense R&D. I think that if we
talk about civilian commercial R&D as a subset of that nondefense,
then I think you can say, indeed, our nation should encourage and
enhance that and funds certainly should be applied there, but
that’s a big area.

I'm sure that there are many nondefense civilian commercial
areas where we could use more R&D at this point.

Senator SARBANES. Do you all regard that chart as significant?
Does that tell us anything, or is it irrelevant. Is that important? Is
the fact that the United States is where it is, compared to Japan and
West Germany, on nondefense R&D as a percent of GNP, something
we should be concerned about?

Mr. FLaMM. I'm not sure whether it’s the council’s position—but
I think the council is concerned about it.
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Mr. BurtoN. The council is very concerned about it. We use
those numbers often in terms of trying to capture the very elusive
measures of how technology relates to U.S. economic competitive-
ness.

Senator SarBaNES. Now suppose someone comes along and says,
“I have a chart that shows R&D as a percent of GNP” and drops
out the phrase nondefense. Suppose he shows vou that chart and
says, “Now here’s the United States—above Japan and West Ger-
many as R&D as a percent of GNP.” What's your response to that
person who says we're doing more than they're doing? Of course,
this includes all R&D.

Mr. BurTtoN. I think that can very appropriately lead you into
the question that you just asked. That is, what are the defense
spinoffs, spillovers, and contributions to commercialization of inno-
vations and industrial competitiveness?

Senator SArRBANES. I take it from your answer that it’s not very
large, or at least not anywhere near sufficient to offset this. So that
to the extent that R&D is an important part of the competition in
the civilian sector, the thrust of this chart is that clearly we are
lagging behind, we're carrying a, as it were, deficit in that area.

Mr. BurTtoNn. Yes, I think that’s correct.

Senator SArBaNEs. Well, gentlemen, thank you very much. We
appreciate your contribution. The prepared statements will be in-
cluded in the record.

We will hear our final panel now: Miss Betty Vetter, executive
director of the Commission on Professionals in Science and Tech-
nology; and Alan Fechter, the executive director of the Office of
Scientific and Engineering Personnel, National Research Council.
Miss Vetter, why don’t you lead off.

STATEMENT OF BETTY M. VETTER, EXECUTIVE DIRECTOR, COM-
MISSION ON PROFESSIONALS IN SCIENCE AND TECHNOLOGY

Miss VETTER. All right. The commission that I represent is con-
cerned with all the manpower issues that are concerning you this
morning—the demographic trends among graduate students, the
degree recipients, the faculty in science and engineering, including
the trends among women and minorities and foreign students, the
declining interest in these fields by American students, and the
adequacy of current enrollment to meet future U.S. demands.

Although both the number of full-time graduate students in sci-
ence and engineering and the number of doctorate awards in these
fields have stayed fairly constant for the past 15 years, the propor-
tion of all doctorates that are in science and engineering has
dropped substantially since the 1950’s and 1960’s, and I've given
you a figure to show you that.

Further, the characteristics of the degree recipients have
changed. Today, there are more women, more foreign nationals,
even a few more American minorities, among the doctorate recipi-
ents than was true 15 years ago.

Some of these changes have been anticipated at the bachelor’s
level, where in addition to more women and a few more minorities,
there have been large shifts among fields within the science and



400

engineering group. Figure 2 in my prepared statement shows you
some of those shifts.

The total degree awards in science and engineering are essential-
ly stable since 1950. As a group, science and engineering degrees
have been a remarkably steady 29 to 32 percent of all bachelor’s
degrees awarded since 1953. But we can’t count on a steady output
of science and engineering bachelor’s degrees in coming years for
several reasons.

First, women are now earning slightly more than half of all
bachelor’s and master’s degrees in all fields so that their propor-
tion of the total is not likely to continue upward.

Second, the size of the college-age population where most natural
science and engineering graduates come from will decline steadily
through 1998.

Third, the college-age population is increasingly nonwhite, and
minority students have been very poorly represented in science and
engineering fields.

Finally, freshmen plans to major in a science or engineering field
peaked for both sexes about 38 years ago, and is still declining.

The proportion of women in the freshmen engineering class
peaked in 1983 and that proportion has fallen back to 15 percent.
Their proportion among computer science graduates dropped from
37 percent in 1984 to a little over 35 percent in 1986.

The proportion of freshmen men and women who plan computer
science majors has dropped from 4.5 percent of all freshmen in
1943 to only 1.6 percent in 1986. Only 1.5 percent of 1986 freshmen
said their probable career choice was scientific researcher. That’s
down from 2.2 percent in 1978, of a much larger class.

Women’s share of science and engineering bachelor’s degrees has
been a steady 32 percent for the past 4 years. But they have earned
at least half of all the bachelor’s degrees since 1981. As figure 3 in
my prepared statement shows you, their representation among
physical science graduates never went above 28 percent. It has
dropped back to 27 percent in 1986.

Only in the life, social, and behavioral sciences did women attain
or even come near their proportional half of bachelor’s degrees in
any science or engineering field.

The non-Asian U.S. minorities achieved even less entry into sci-
ence and engineering professions over the decade. Among bache-
lor’s graduates in science, blacks have dropped from 6.4 percent of
the class of 1979 to 5.6 percent of the class of 1985, Hispanics
earned 3.3 percent of the science bachelor’s degrees in 1979, 2.7
percent in 1985. In engineering, where a very concentrated and
fairly costly effort has been made to increase minority participa-
tion, blacks make up only 2.7 percent of the 1986 bachelor’s gradu-
ates; Hispanics only 2.4 percent; and American Indians less than
0.2 of 1 percent.

The data at the bachelor’s level are discouraging, but at the
Ph.D. level I think they are dismal. The steady state of doctor-
ate awards in science and engineering has held only because of the
increasing numbers of foreign students and women earning these
degrees.

n 1975, 13,800 American citizens earned doctorates in some field
of science and engineering; 18 percent of them were women. By
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1985, that number had dropped to 12,900, 32 percent were women.
As you see in figure 4 in my prepared statement, the 68-percent in-
crease in doctorate degrees earned by American women has not
made up for the 23-percent drop in the number earned by white
American men.

So by 1986, U.S. citizens earned only 67 percent of all
Ph.D. awards from American universities in all of the sciences and
engineering.

Efforts to increase graduate participation of U.S. minorities show
mixed results. As you can see in figure 6 in my prepared state-
ment, science and engineering doctorate awards have risen slightly
for Hispanics, American Indians and American Asians. There’s
geenda decline in doctorate awards to black Americans over the

ecade.

In the combined fields of engineering, mathematics, physical and
computer sciences, foreign students earned six times as many doc-
torates in 1975 as did all American women and all American mi-
norities combined. By 1985, they earned four times as many.

Does that indicate we're educating toc many foreign students in
our graduate schools? A lot of people think so, but I am not one of
them. The real problem is that we need more American students,
both sexes, all racial and ethnic groups, rather than fewer foreign
students.

Although U.S. education of foreign students does represent a sub-
stantial cost to American taxpayers, these individuals both as stu-
dents and as additions to our own science and engineering labor
force also make large contributions to American research, particu-
larly at the university level.

About two-fifths of foreign graduates in technical fields at the
doctorate level return to their home countries. The remainder fill
U.S. needs for researchers and faculty which cannot be filled by
American graduates. If foreign students and faculty were suddenly
all withdrawn from U.S. universities, the research and teaching ac-
tivity of many university departments would totally collapse.

In order to protect jobs for U.S. citizens, the Congress has re-
quired the Labor Department to impose a series of onerous, expen-
sive, time-consuming steps to be taken by any employer desiring to
hire a foreign graduate who’s here on a temporary visa. The fact
that so many are hired and stay here, in spite of this burden indi-
cates our need for their services. The unemployment level among
U.S. doctorate science and engineers, particularly in the fields of
engineering, math, and physics, where foreign students predomi-
nate, is less than 1 percent.

We have no current shortage of bachelor’s and master’s level
graduates in science and engineering, but few foreign graduates
at these levels remain in the United States except as graduate
students. ‘

Although I have seen no evidence that qualified American gradu-
ates have been denied admission to U.S. graduate schools because
of the admission of foreign students, there is a question as to
whether many of the best American students bypass graduate
school because of the significant drop in direct Federal support for
graduate study. This has occurred over the past two and a half dec-
ades and you can see it in figure 8 in my prepared statement.
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Indirect support is provided to students through federally funded
research grants, but we don’t know the relative amount of that
support that is spent to support U.S. versus foreign students who
are serving as research assistants.

As you can see in figures 6 and 7 in my prepared statement, uni-
versity support is the major form of support for both groups and
that support includes both teaching assistantships and research as-
sistantships. Some of that money comes from the Federal Govern-
ment. But twice as high a proportion of Americans as of foreign
students who have earned science and engineering doctorates over
the past decade report self-support and loans as their primary
source of support for graduate study.

Further, women are almost 1% times as likely as men to have to
rely on self-support and loans to get through. We may be support-
ingdforeign graduate students at the expense of American graduate
students.

The final question is whether we will have enough scientists and
engineers to meet our foreseeable needs for the next decade and
the answer is very uncertain. There are already areas for which we
would not have enough qualified graduates without utilizing our
foreign graduates. These include faculty positions in engineering,
computer science, and increasingly in physics. Nonetheless, assum-
ing that we do not force all foreign graduates to leave the country
after completing their doctorates, it's unlikely that we will have so
few scientists and engineers that major funded projects will be
scrapped or even seriously delayed by a lack of technological per-
sonnel. As we've always done when we needed more professionals
in these fields, we will entice them in from peripheral fields. We
will bring back those who left these fields the last time funding
and therefore jobs dried up. We will encourage these transfers by
raising salaries, perhaps softening the immigration requirements to
allow more of our foreign graduates to stay here.

But this doesn’t mean we will have the best we could have. Only
if we utilize a wider segment of the Nation’s talent pool, including
its women and its increasing proportion of minorities, can we get
the best that we could have. If we don’t do more to encourage and
assist women and minority students to prepare for careers in sci-
ence and in engineering, we almost certainly will fail to produce
enough good U.S. graduates to meet our n . And that will take
some changes.

Both an increase in support for American graduate students and
some indication by the Congress that jobs will be available for
those who pursue graduate study may be required. The uncertainty
about future U.S. budgets for activities that require significant
numbers of scientists and engineers is a deterrent to embarking on
a 7- to 10-year program of graduate study. Our future requirements
for scientists and engineers are not dependent on how many we
need to maintain technological leadership; they are dependent on
how many can be hired because positions are funded.

It’s largely the Congress that determines where research money
is allocated and thus where job openings occur. So I think it’s terri-
bly important that Congress consider together the needs for sup-
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port for graduate education and the needs for technological ad-

vancement.
Thanks for the opportunity to express these concerns.

[The prepared statement of Miss Vetter follows:]
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PREPARED STATEMENT OF BETTY M. VETTER

I want to examine briefly all of the issues you are concerned with this
morning - the demographic trends among graduate students; degree recipients
and faculty in science and engineering, including trends among women, ’
minorities and foreign students; the declining interest in these fields by
U.S. citizens; and the adequacy of current enrollments to meet future U.S.
demand. All are deep concerns of the Commission that I represent.

The number of full time graduate students in science and engineering,
and particularly in the natural sciences, has remained essentially constant
over the past 15 years. Doctoral awards in these fields also have stayed
approximately level, although science and engineering PhD degrees have
dropped as a proportion of all Ph.D.s awarded, compared with the 19508 and
1960s (figure 1). Internally, within the science and engineering fields, large
changes have taken place. They include & significant increase in the number
of degree recipients who are women; an equally significant decrease in the
number who are American men; and a large increase in those who are foreign
students on temporary visas. .

At the bachelor's level, there have been large shifts among fields within
the science and engineering group, but the total number of degree awards in
science and engineering fields has not changed much since 1870, and the
proportion of all bachelor's degrees that are awarded in science and
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engineering fields is remarkably steady at 29-32 percent from 1953 through
1986 (figure 2). Over the past decade, the total has been made up of
increasing numbers of women and decreasing numbers of men earning degrees
in these fields. However, we cannot count on a steady output of degrees at
the bachelor's level in coming years for several reasons.

First, women are now earning slightly more than half of all bachelor's
and master's degrees, so that their proportion of the total is not likely to
continue upward. Second, the size of the college age population - a group
that typically produces the vast majority of all natural science and
engineering majors, will decline steadily through 1998. Finally, freshman
plans to major in a science or engineering field peaked for both sexes about
three years ago, and the decline in interest in these fields is beginning to
show up at the baccalaureate level.

For example, as a proportion of first year engineering students, women
increased from 2% in 1970 to 17% in 1983, or an average 1.1 percentage points
per year for 13 years. However, in fall 1984, the proportion of women in the
freshman class dropped back to 16.5%, where it held for the fall 1985 -
freshmen, before dropping to 15.4% of the fall 1986 freshman class.

Women's share of bachelor's degrees in computer science rose from 13.6%
in 1972 to 37.1% in 1984. However, by 1986, the proportion had dropped
back for two years to 35.7%. The 1985 peak of 27.5% of bachelor's degrees in
the physical sciences dropped to 27.4% in 1986. Only in the life, social and
behavioral sciences did women attain or come near to their proportional half of
baccalaureate graduates in the science and engineering fields. Their
proportionate representation now appears to have peaked in each of these
fields, and has been a stable 32 percent of all science and engineering"
bachelor'sa degrees for the past four years (figure 3).

Non-Asian U.S. minorities have achieved even less entry into science
and engineering professions over the past decade. Among bachelor's
graduates in science, blacks have dropped from 6.4% of the class of 1979 to
5.6% of the class of 1085. Hispanics earned 3.3% of science bachelor's degrees
in 1979 and 2.7% in 1985.

Data at the bachelor's level are discouraging. At the Ph.D. level, the
U.S. data are dismal. The steady state of doctoral awards in science and
engineering has held only because of increasing numbers of foreign citizens
and women earning these degrees. In 1975, 13,853 American citizens earned
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doctorates in some field of science or engineering, and 18 percent were
earned by women. By 1985, that number had dropped to 12,940, and 32
percent were awarded to women. While the number of doctorates in science
and engineering earned by American women increased by 68 percent over the
decade, the number earned by American -men dropped almost 23 percent, and
the drop occurred in every field except the life sciences. The increase in the
number of Americen white women did not make up for the decrease in
American white men (figure 4). Thus, by 1986, U.S. citizens earned only 67%
of all PhD awards from American universities in the sciences and engineering.

Efforts to increase participation of U.S. minorities have had mixed
results. In the combined science/engineering fields, the number of doctoral
awards to non-Asian minorities has increased slightly over the decade, but
the increase is largely in the social and life sciences and the numbers are
small. There has been an actual decline in doctoral awards to black
Americans over the decade (figure 5). In the combined fields of engineering,
physical, mathematical and computer sciences, blecks earned 52 PhDs in 1975,
but only 49 in 1985. Hispanics earned 42 such degrees in 1975 and 58 a
decade later. American women earned 309 in 1975 and 607 in 1985.

Meantime, foreign nationals earned 2,742 doctorates in these fields in 1975 and
3,526 in 1985. Even adding in the few American Indians and the relatively
large number of Asian American recipients, foreign students earned six times
as many doctorates in these fields in 1975 as did American women and all
American minorities combined; and four times as many in 1985.

Does that indicate that we are educating too many foreign students in
American graduate schools? Although many individuals think that is the case,
I am not one of them. We need more American students - both sexes and all
racial/ethnic groups, rather than fewer foreign students.

There are many legitimate reasons to question the wisdom of educating so
many foreign students at the expense of the American taxpayer - .and it is an
expense to us. Tuition pays less than half of the cost of graduate
education'~ probably considerably less in science and engineering where
equipment costs are very high. Foreign governments pay an insignificant
share of the cost of educating the students from their countries. Foreign
graduate students are supported principally by teaching assistantships and
research assistantships, just as American graduate students are (figures 6
and 7).
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The language barrier for many foreign students makes their service as
teaching assistants a questionable practice. Further, because of their
cultural backgrounds, they often view women in ways that are inappropriate
in the U.S. and may discourage or turn away American women students who _
.must work with foreign teaching assistants and/or faculty members. This is
particularly troublesome in engineering, in computer science, and in physics,
where foreign citizens are a large and increasing proportion of graduate
students and of recent faculty hires. '

About two fifths of foreign graduates in technical fields return to. their
‘home countries, taking with them the technical knowledge acquired in U.S.

universities. The rest become a part of the U.S. science and engineering
labor force, resulting in a brain drain from their home countries.

That is the negative side. On the other hand, foreign students provide
their knowledge and talent to American research in the universities where
they serve, first as research assistants, and later as low-paid postdoctoral
researchers, and finally, in many instances, as faculty members. If foreign
students and faculty were suddenly all withdrawn from U.S. universities, the
research and teaching activities in many university departments would
collapse.

The approximately 60% of foreign science and engineering graduates who
stay in the U.S., become a part of the immigrant base that has provided talent
to U.S. science throughout its history, and which includes such immigrants
as Einstein, Fermi, Von Braun, and Wang. They have enriched the nation.
Further, the foreign graduates in science and engineering who stay in the
U.S. are far more likely than the handful of U.S. graduates to remain in the
university system as faculty researchers -~ earning less than they might in
" industry. Perhaps most universities, if they had a choice of equally qualified
U.S. and foreign applicants for faculty positions in science and engineering,
would choose to hire  Americans. But they do not have that choice, because
too few Americans are earning doctoral degrees in these fields to fill the open
positions in industry, government, and academe.

Foreign graduates who return home bring back to their countries (who
are our trading partners) new skills and knowledge, thus repaying some of
the brain drain of those who choose to and are able to stay here.

Congress has been ambivalent about the utilization of foreign students
and graduates, and has considered and rejected legislation forcing them to
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return home (or at least leave the U.S.) for periods of time after completion
of their study. However, in the name of protecting jobs for U.S. citizens,
the Congress has required the Labor Department to impose a series of
onerous, expensive and time-consuming steps to be taken by any employer
desiring to hire such graduates. The fact that so many are hired and do
remain in the U.S. despite this burden indicates the need for their services.
However the new immigration law caps the number of years that foreign
citizens may continue to work here on temporary appointments, even after
being certified as essential employees, as if American workers with similar
qualifications were suddenly going to be available.

America has always relied on the extra energy and drive that immigrants
bring with them. The fact that American students are not choosing to enter
science and engineering fields in growing numbers, or to pursue a long and .
arduous doctorate, makes it imperative that we utilize those in whom we have
invested training and money, when they wish to stay. Brainpower is a
precious comodity, without which we cannot continue to hold a position of
leadership in an incressingly technological world.

The fact that the best and brightest students from other countries want
to study in our universities indicates the high quality of U.S. technological
education. The large fraction of foreign technical graduates who remain in
the U.S. increases the quality of our science and engineering work force. A
decision to make these choices less available to foreign students and
graduates, by capping foreign enrollments, charging significantly higher
tuition to foreign students, or prohibiting their employment here after
completion of their education, would reduce our opportunity both to improve
our own science and engineering capabilities and to maintain the high quality
of our universities and university research.

We have no current shortage of bachelors level or master's level
scientists or engineers, and few foreign graduates at these levels remain in
the U.S. except as graduate students. But we are not producing a sufficient
number of U.S. Ph.D.s in several of these fields to meet our needs for
faculty and researchers.

Despite complaints by some groups that foreign graduates remaining in
the U.S. take jobs from Americans by working for lower salaries, studies
show that foreign Ph.D.s who stay here and become a part of our workforce
are paid at the same levels as Americens in similar jobs. The unemployment



409

level among U.S. doctoral scientists and engineers, particularly in fields
where foreign graduates predominate, including engineering and some of the
physical and mathematical sciences, is well below one percent. .

1 have seen no evidence that qualified American graduates have been
denied admission to U.S. graduate schools because of the admission of foreign
students. There is, however, a question as to whether many of the best -
‘American students bypass graduate school because of the significant drop in
direct federal support for graduate study that has occurred over the past two
and & half decades (figure 8). We do not know the amount of indirect
support provided to graduate students through federally funded research
grants, nor do we know the relative amount of that support that goes to U.S.
vs. foreign students. What we do know is that "university" support in the
form of research and teaching assistantships predominates as a support source
for both American and foreign science and engineering graduate students,
and much of the funding for research assistants comes from federal grants
and contraets.

As you will note in figures 6 and 7, twice as high a proportion of
American as of foreign students who have earned science and engineering
doctorates over the past decade report self support and loans as their
- primary source of support for graduate study. Further, even among U.S.
citizens, women are much more likely than men to have to rely on self
support and loans to complete a graduate degree in science or engfneering.
Probably more federal help for American graduate students would increase
American enrollment in these fields.

The final question is whether we are enrolling enough students in
science and engineering, and educating them sufficiently to meet our
foreseesble needs over the next decade or so. The answer is uncertain.
There are already areas for which we would not have enough qualified
graduates without utilizing our foreign graduates, including feculty positions
in engineering, computer science, and increasingly physics. In general,
assuming that we do not force all foreign graduates to leave the country after
completing their doctorates, it is unlikely that we will ha;re so few scientists
and engineers that major funded projects will be scrapped, or even seriously
delayed, by a lack of technological personnel. '

As we have always done when we needed more professionals in these
areas, we will entice them in from peripheral fields, bring back those who left



410

these fields the last time funding (and therefore jobs) dried up, and
encourage inter-field or inter-sector transfers by raising salaries, and
perhaps softening immigration requirements to allow more of our foreign
graduates to stay here.

But this does not mean that we will have the best we could have. The
number of Americans of typical student age is declining, and at the same
time, this group is increasingly non-white. Only if we utilize a wider
segment of the nation's talent pool, including its women, can we get the best
we could have. If we do not do more to encourage and assist women and
minority males to prepare for careers in science and engineering, we almost
certainly will fail to produce enough good new graduates to meet our needs.
And that will take some changes. The available data indicate that without
further encouragement, American students of both sexes and sll racial/ethnic
groups will continue to decrease their participation in science and
engineering. :

To avoid or lessen further decrease, both an increase in. support for
American graduate students in these fields, and some indication by the
Congress that jobs will be available for those who pursue graduste study
when they have completed their training mey be required. The uncertainty
about future U.S. budgets for activities that require significant numbers of
scientists and engineers is a deterrent to embarking on a long program of
graduate study.

Our future requirements for scientists and engineers are not dependent
on how many we need to maintain technological leadership, but on how many
can be hired because positions are funded. It is largely the Congre§S‘that
will determine where money is allocated, and thus, where job openings will
occur. It is therefore important to consider together the needs for support
for graduate education and the needs for technological advancement.

Thank you for the opportunity to express these concerns.
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figure 1. Science and engineering doctorates as a percent of all Ph.D.-
awards, 1950-1986 [Data source: Center for Education Statistics)
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Statistics]
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Percent of science and engineering bachelor's degrees earned by
women, 1950-1986 [Data source: Center for Education Statistics)
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white, non-Hispanic citizens, by sex, 1975-1985 [Data Source:
National Research Council Doctorate Records File]
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National Research Council Doctorate Records File]
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figure 7. Frimary source of support during graduate school of foreign
recipients of U.S. science and engineering Ph.D.s, 1975-1985
[Data source: National Research Council Doctorate Records File]
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Senator SARBANES. Well, thank you very much for a very helpful
statement.
Mr. Fechter, why don’t we hear from you now.

STATEMENT OF ALAN FECHTER, EXECUTIVE DIRECTOR, OFFICE
OF SCIENTIFIC AND ENGINEERING PERSONNEL, NATIONAL RE-
SEARCH COUNCIL

Mr. Fecuter. Thank you, Mr. Chairman. In the interest of con-
trolling a chronic affliction toward long-windedness, I am going to
read my prepared statement in the interest of time. It is slightly
amended from the prepared statement I sent over, so those of you
who have copies will notice there will be some slight difference in
treatment.

I am delighted to be able to appear before your committee to
present my views on this very important subject. Although I am
employed by the National Research Council, I wish to emphasize at
the outset that the views provided in this statement do not neces-
sarily represent the views of the National Research Council, the
National Academy of Science, the National Academy of Engineer-
ing, or the Institute of Medicine, all part of the academy complex
from which I come.

Your letter of invitation indicated interest in a number of signifi-
cant issues: demographic trends of graduate students, graduate-
degree recipients, and teachers in science and engineering fields;
the reasons for the apparent lack of interest among American stu-
dents in pursuing careers in these fields; the adequacy of current
enrollments to meet future national needs in these fields; and the
proper role of Federal policy in dealing with these issues. These
issues are being raised in the larger context of Federal research
and development policy.

In my remarks I shall only briefly review the issue of demo-
graphic trends, since my colleague, Betty Vetter, has treated it
much more knowledgeably and eloquently than I could. Then I
shall focus my attention on other issues, although I must say,
having heard Betty’s statement that there is a great deal of agree-
ment between us. )

Let me start with demographic patterns. The broad pattern of
trends is familiar to most of us who toiled in the human resource
vineyard. The number of doctorates granted in science and engi-
neering fields has recently begun to increase after an extended
period of decline. The increase can be attributed entirely to growth
in the number of degrees granted to foreign students and to
women. The number of white males earning doctorates has been
declining steadily and the number of minorities earning doctorates
has been struggling to remain level. I could have simply taken
Betty’s statement and simply given it for the record.

But the numbers only tell part of the story. Prominent members
of the scientific community have expressed concern that, regardless
of field, the most able academic students are no longer opting for
research careers.

We also miss an important part of the story, if we confine our-
selves only to the doctorates. Most of our technology comes from
the efforts of engineers and, more recently, from computer special-
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ists—fields in which holders of the bachelor’s degree predominate.
The number of bachelor’s degrees has been growing dramatically
in both of these fields. However, as Betty mentioned earlier, evi-
dence of shifts in the career intentions of freshmen suggests that
degree production may peak this year in these fields and will begin
to decline until at least the end of this decade.

Another element of the demographic story is the relative under-
representation of women and members of racial and ethnic minori-
ty groups among these degree recipients—at the level of both the
doctorate and the bachelor’s degree. Women currently receive
about one-fourth of the doctorates granted in science and engineer-
ing fields and about two-fifths of the bachelor’s degrees granted in
these fields. They constitute an even smaller share of the degrees
granted in what I call the “quantitatively oriented” fields—for ex-
ample, engineering, physical sciences, and mathematics. Among
minority groups, Hispanics currently earn less than 5 percent of
bachelor’s degrees and 2 percent of the doctorates awarded in these
three fields, and Native Americans earn less than 1 percent of both
of these degrees. For blacks, the underrepresentation is most pro-
nounced in the quantitative fields. In 1986, 24 blacks earned doctor-
ates in engineering, 8 blacks earned doctorates in physics, and 6
blacks earned doctorates in mathematics. I think that’s a dramatic
statistic.

Offsetting these grim statistics for women, blacks, Hispanics, and
Native Americans, a relatively large number of Asians earn de-
grees in these fields, and their degrees are particularly concentrat-
ed in the quantitative fields. Parenthetically, I might add that an
interesting research question has to do with why the Asian Ameri-
cans gravitate to these fields, whereas the other minority groups
don’t. We might learn some interesting lessons from such a study.
Many people think it's a matter of values. Others say it is social
class. I think we need to look into that question much more closely.

Senator SArRBANES. Do you have a view on that?

Mr. FecHrteR. I think it’s a combination of both, although I think
values are probably the more important factor in this case. The
behavior of Asian Americans reflects the combination of two
things: the goal of social advancement that is common to most
second generation ethnic groups and the value that particular
ethnic groups place on achievement that will come from advance-
ment in scholarly careers in these areas. It’s remarkably similar to
what we saw back in the 1920’s and 1930’s with other ethnic
groups—dJews, Italians, who are now as a matter of fact coming in
our research community in large numbers. Amongst American
Asians, the pattern seems to be more like the pattern that we saw
in the behavior of earlier minorities. So I think the value system is
very important.

Senator SARBANES. Well, conceding that the value system places
a premium on learning and education, why does it lead into the sci-
ence and engineering fields?

Mr. FEcHTER. I can only give you speculation on this issue. Lan-
guage difficulties in this case may be a part of it. The language of
mathematics is universal; then disciplines requiring facility in
?ther languages aren’t so popular. That may be an important

actor.
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Let me now turn to whether interest has declined amongst
American students. Do these statistics indicate a relative decline in
interest in science and engineering careers? If so, what are the pos-
sible reasons for this decline? The answer to the first question ap-
pears to be a resounding “yes’—at least for the period of time
when degree production was falling. The declines occurred at a
time when the statistical indicators of the pool from which these
degree recipients could be drawn—the 22-year-old and the 30-year-
old populations—were rising.

Possible reasons for this apparent decline in interest center on
incentives—the monetary and nonmonetary benefits to pursuit of
such careers relative to the cost of acquiring the necessary train-
ing. Simply put, many believe that students do not perceive such
training to be a profitable way to invest their scarce time and
family resources.

One consequence of the buildup that occurred in the 1960’s in
R&D and graduate-level training activity was a saturation of the
academic market so that in recent years, job opportunities for new
doctorates have been meager. Betty Vetters’ testimony earlier rein-
forced that position.

Moreover, even if a new doctorate was able to acquire an aca-
demic position in a reasonably prestigious institution, the security
of that position would depend critically on the ability to acquire
funding, typically from Federal sources, for his or her research ac-
tivity. Federal funding of R&D activity fell steadily in the early to
mid-1970’s—the period during which degree production in most sci-
ence and engineering fields began to fall from their earlier peaks.
Although Federal funding for R&D has grown dramatically in
recent years, much of it has been oriented to defense activity and,
in the current Gramm-Rudman-Hollings environment, all Federal
sources of funds have been subject to a considerable amount of un-
certainty.

It now takes approximately 8 years for the average student to
complete a Ph.D. in science or engineering, and this number has
been rising steadily since 1970. Given the poor state of conditions
in academic labor markets, the primary employer of these Ph.D.’s,
the relatively low salaries that are paid in that sector of the econo-
my, the declining trends in Federal R&D funding of the early
1970’s, and the uncertainties with respect to Federal funding that
exist today, it is not unreasonable to surmise that students per-
ceived this to be a poor investment of their time.

Will the current rate of degree production be adequate to meet
future national needs? This issue is clouded by a considerable
amount of uncertainty.

On the supply side of the market, the demographic situation is
clear. The pool from which degree recipients will be drawn is al-
ready declining and will continue to decline into the 1990’s. It is
also clear that there will be a substantially larger need to fill job
openings created by the retirement of the generation of researchers
spawned in the halcyon days of the 1960’s. In addition, it can plau-
sibly be argued that the increasingly technological complexity of
our society and the growing value of this technology in maintain-
ing our industrial competitiveness in an increasingly global econo-
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my will give rise to the need for more scientists and engineers in
the years ahead.

What is not clear is whether, in the absence of government ac-
tions, these needs will produce changes in the market—for exam-
ple, salary increases, increases in the number of job opportuni-
ties—that will induce an adequate number of additional students to
consider careers in science and engineering. Even if they do, a
question remains as to whether these changes will operate on stu-
dent choices rapidly enough. If students’ choices are based on con-
ditions that exist at the time of their decision, and if these deci-
sions are made at least 7 to 8 years before the ultimate receipt of
the degree, then it is possible that there will be problems if produc-
tion rates do not increase above current levels. Recent data indi-
cate that these rates may be starting to increase, but it is not at all
clear that these increases will be sustained.

Given these uncertainties, decision theory suggests that policy be
formulated on the basis of minimizing the costs of a wrong deci-
sion. In this particular case, the tradeoff is between (1) acting as if
the problem will be solved by the normal operation of market
forces and being wrong and (2) acting as if the market will produce
an inadequate response and being wrong.

Clearly, a wise policy decision would be to invest resources in re-
ducing the range of uncertainty that exists about these issues and
in disseminating the information about future market conditions
widely. In the absence of better information about the future, it
would also be prudent to adopt policies that will facilitate coping
withdsany stringency that may arise from the adverse demographic
trends.

I believe that such coping will require us to consider a variety of
alternative mechanisms: (1) policies that will increase the available
supply—such as reduction of barriers to employment of foreign sci-
entists and engineers, increased financial support to graduate stu-
dents—either through fellowships and scholarships or through
R&D projects—and encouragement of women and members of un-
derrepresented minority groups to pursue careers in these fields;
(2) policies that will use the existing supply of scientists and engi-
neers more effectively—such as more systematic use of midcareer
training or new equipment or technologies—for example, automat-
ed data processing equipment. In addition, Federal policy can aim
at reducing the degree of uncertainty and cost that is associated
with the Federal R&D process itself. This uncertainty can be re-
duced in a variety of ways—by reducing year-to-year variability in
R&D funding—including the funding ofy fellowships—by funding
projects over longer periods of time—for example, by appropriating
multiyear R&D budgets rather than going year by year—and final-
ly, and not least, by simplifying the grant-application process that
we now confront.

If we are judicious in how we proceed through these uncharted
waters, I believe we will be able to bring the science and engineer-
ing vessel safely to port.

This concludes my testimony, Mr. Chairman. I would be happy to
answer any questions.

Senator SARBANES. Well, as sometimes happens around here, all
these bells and lights and beepers mean that there’s a vote, and ap-
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parently there’s going to be a series of votes. So I think what I'd
better do is thank you very much for your testimony. We may
submit some written questions to you, but we very much appreciate
the contribution you have made to our examination of this issue. I
apologize for the fact that the pressures of the Senate are such that
we are not going to be able to have a questions session here this
morning.

Thank you all very much.

The committee stands adjourned.

[Whereupon, at 11:45 am., the committee adjourned, subject to
the call of the Chair.]
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