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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. Since 1980, U.S. investment in nondefense R&D has re-
mained constant, roughly 1.8 to 1.9 percent of GNP, while in con-
trast West Germany s investment increased 13 percent between
1980 and 1986 and Japan's investment increased more than 27 per-

(1)



2

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:]



5

WRITTEN OPENING STATEMENT OF SENATOR D'AMATO

MR. CHAIRMAN, I 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 IS ESSENTIAL TO THE UNITED STATES IF

WE ARE TO REMAIN COMPETITIVE IN THE WORLD MARKETPLACE.

THERE ARE VARIOUS METHODS IN WHICH RESEARCH AND

DEVELOPMENT MAY BE STIMIULATED 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 FUNDING PROVIDES MORE LEEWJAY FOR WIASTE, FRAUD

AND ABUSE. TAX CREDITS TEND TO PROVIDE MORE INCENTIVE TO

BUSINESSES INVOLVED IN RESEARCH AND DEVELOPMENT.
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I 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.



7

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

STATEMENT OF ERICH BLOCH, DIRECTOR, NATIONAL SCIENCE
FOUNDATION

Mr. BLOCH. 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. BLOCH. What I 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.



8

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 arenot cognizant enough of and are not taking it as seriously as weshould.
One example is high-temperature superconductivity. The new de-velopments in high-temperature superconductivity came from allover the world: Switzerland, the United States, ia, Japan, andmany other countries. It did not come just from one particularcountry; it came simultaneously from many of these countries.
So, I think there is a new era in the importance of basic researchand 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 ofU.S. research and development and what is the proper mix for thatresearch and development. The central purpose of these hearingson R&D in the United States I think focuses very heavily on thatparticular issue. So, the question is probably "How are we doing?"and I think the answer is in some ways very well and in otherways not so well. Let me see if I can draw an objective picture.On the positive side, the strongest and most creative researchsystem in the world is still that of the United States. The explosionof knowledge that has occurred is something that has been veryheavily 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 inthe 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 asbiotechnology, materials research, and computer and informationsciences-and that is generally acknowledged around the world.Our universities, which combine education and research, are thebest in the world, and they focus on both of these aspects, educa-tion and research. As a consequence, they attract foreign studentsand foreign investments in our universities. That again is a signthat part of our system is working very well.
On the negative side, there is a concern about long-term fundingtrends. There is not enough investment in our universities' basicscience and engineering research and education. We are no longerleading the industrialized nations in percent of GNP. Some of theother countries, like Japan and West Germany, have caught upwith us in the percent of GNP devoted to research and develop-ment.
Your own chart on nondefense R&D has made the point thatthey are exceeding our investment in those very important areas.Basic research as a percent of Federal R&D is dropping. It isdropping-and so is, by the way, university R&D dropping-as apercent of our R&D budget. That is primarily because of the heavydefense investment and the fact that the defense R&D budget isnot spending a lot of money on basic research or in universities.So, I want to say something about balance within the FederalR&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 ofthe administration, is trying to address some of that balance in
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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
competitiveness 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
been focusing on and will have to focus on increasingly in the
future.

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. I 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 talentbase 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 inmy prepared statement to possible American brain drain, and I donot 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 alag between research and product implementation in the market-
place. The point has been made many times that in Japan it is ona 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. Ithink 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. Itis a cultural problem. It is also an attitude problem, and this issomething we need to work on.

There are fall guys on all sides, and the United States itselfcannot 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 thatrequires 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 thattechnology transfer will take place at a faster rate.

So, in summary, let me say a couple of things. First, science andtechnology 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 andbad 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 thatparticular 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 SA"BANS. 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 IS 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:

O 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. IN 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 IS 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.
MINORITIES ARE ESPECIALLY IMPORTANT, SINCE THEY ARE AN INCREASING
FRACTION OF OUR 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 COULDREINFORCE 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 WELOSE OUR LEADERSHIP POSITION TO JAPAN, THE ATTRACTION OF THE
FIELD WILL DECLINE; BOTH STUDENTS AND VENTURE CAPITAL WILL MOVETO OTHER AREAS. IN 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 THESESKILLS?

SUMMARY

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

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

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

O BETWEEN CIVILIAN AND MILITARY,

0 BETWEEN BASIC AND APPLIED PROGRAMS,

O BETWEEN SCIENCE AND ENGINEERING,

0 AND BETWEEN SUPPORT FOR INDIVIDUALS AND SUPPORT FOR
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CENTERS.

THIRD: 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.

O 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: TO STAY AHEAD WE MUST GENERATE NEW IDEAS CONTINUOUSLY
AND CONVERT THEM QUICKLY TO NEW PRODUCTS AND PROCESSES.

FIFTH: WENEED CLOSER COOPERATION BETWEEN THE UNIVERSITIES AND
INDUSTRY, OF THE SORT THAT NSF IS 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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RATIO OF DEFENSE TO NON-DEFENSE
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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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R&D SCIENTISTS AND ENGINEERS PER 10,000 LABOR FORCEPOPULATION FOR SELECTED COUNTRIES: 1965,1975.1984
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ESTIMATES OF 22-YEAR-OLDS IN THE U.S. POPULATION
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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, I think it would be helpful. They are
very graphic illustrations of some of these basic points.

Mr. BLOCH. 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. BLOCH. 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. BLOCH. 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 isno longer as pronounced as it was at one time, and that is a veryimportant point.
Senator SARBANES. That is an extremely important point, be-cause it is sometimes asserted to us when we are focusing on thisR&D discrepancy that is up there on that chart in the nondefense

area as one of the significant factors for the difficulty we arehaving in the economic competitiveness area. It is asserted thatyou get this spinoff or fallout from the defense R&D over into thecivilian sector.
I have been exploring this with various major companies who doboth defense and nondefense work, and the consistent response Ihave received from those who are in both fields is that they do notget 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 doprimarily defense R&D only who have really no vehicle for thattransfer. I am talking now about companies that do both so that

they at least have an internal vehicle for the transfer, if in fact itis 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 itwas there to be done.

Mr. BLOCH. That was really the point I was making. We alwaystalk about fallout from defense into the civilian sector. We should
talk about fallout from the civilian sector into the defense sector. Ithink 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 10years ago or thereabouts, you would find it would have been amuch higher percentage. So, they have been dropping. If theywould 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 muchof a problem with it.

I am saying within the defense R&D budget the balance isn'tright 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, 7 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 tobe in balance within the R&D budget and within the Federal R&Dbudgets, imbalance between basic research and the other areas ofresearch 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 thatthere was a very heavy investment in Federal R&D during thattime, 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
the heavy shift into defense R&D, basic research took this particu-
lar 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. BLOCH. Congressman Scheuer, you are asking difficult ques-

tions today.
Representative SCHEUER. What should we be shooting for?
Mr. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. 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 labor 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. BLOCH. 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. BLOCH. 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
might be more behind this one than meets the eye, I just don't
know.

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. BLOCH. Right.
Senator SARBANES. And this chart shows that the potential popu-

lation from which to draw scientists and engineers is decreasing.
Mr. BLOCH. 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. BLOCH. 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 minorities, in particular-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. BLOCH. 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.
Senator SARBANEs. Is it an attitude that comes from having been

No. 1?
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. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. It would be fewer foreign students.
Representative SCHEUER. As a percentage.
Mr. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. 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. BLOCH. I think that is very small for the foreign population.
Maybe, 5, 6, 7, 8 percent, something like that, but nowhere near 50
or azything like that.

Representative SCHEUER. 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 terms 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. BLOCH. 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. BLOCH. 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. BLOCH. 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-
toral 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. BLOCH. 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 SDI.

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

Mr. BLOCH. 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 will
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. I
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
AAAS.

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.
And the Federal Government supports about half of the country's
R&D.

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.

That is an important aspect of the budget process as it applies to
R&D.

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. TEICH. 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
Agriculture-those six account for about 95 percent of all Federal
R&D.

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
the 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 SARBANEs. 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 Advancem'nent of 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 holdsfew 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
NTH, 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 in 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

3
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first two months of the year.

The legislative creativity which produced Cramm-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 domestic 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 BudRet, 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 CRH 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.

With 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 CRH 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 the 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 salience 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 1-1 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 1-2 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 1-3 through 1-9 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 II 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 "General 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
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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:

* Despite the appearance created by the NIH anomaly, the
divergence 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. Nondefense R&D budget authority
appears to increase almost 11 percent in constant
dollars, but when the NIH figures are adjusted, this
translates into a 3.4 percent decline.

* 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.

* 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 (a 1
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.)

* 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 1.3

Character of Defense R&D
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Figure 1.4

Character of Non-Defense R&D
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and the Centers for Disease Control are slated for
substantial cuts (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
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has been in recent years. (A 38 percent reduction was

proposed in DOE's energy technology programs last
year.)

* R&D in other agencies comprise a mixed bag. USDA

shows ka5 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.

* 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 1-9. Both

of these items are discussed in more depth in Chapter

2.

* 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. Congress 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
Administration 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 obligations 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 Advancenent of Science

Stephen D. Nelson, Jill H. Pace, Albert 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 casual

15
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look at the figures (see Table 1-8) 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

apparen;,increase is accounted for. by the anomaly 
in proposed

funding for the National Institutes of Health (NIH), the

"advanced 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

subtracts 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 actuaJly 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 1-6. 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 1-8 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 III 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 1-9, 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-l1 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-li) 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 1-10 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.
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Table 1-12 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 1-13 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 $11.1 billion 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 1-1- Composition of the FY 1988 Budget 
(outlays in billions) 

FY 1986 FY 1987 FY 1988 % Change 
Actual Est. Budget FY 1987-88 

CURRI!NT 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) (2.3%) .... 
'" 

TOTAL OUTLAYS $989.8 $1,015.6 $1,024.3 0.9% 
... .... 

R&D included (52.1) (55.1) (59.5) (8.0%) en 
~ tTl 

CONSTANT FY 1982 DOLLARS i 
0> 

National Defense $242.1 $242.6 $246.9 1.8% 
<'. 

'" R&D included (31.1) (31.9) (34.2) (7.2%) <'. 
<:> 

Payments and grants* 440.9 437.9 433.8 -0.9% 
;:s 

<:> Net interest 117.9 115.6 113.0 -2.2% ~ 

Undistributed offsetting '" receipts -29.4 -32.2 -38.4 , N/A 5 
Other government 94.6 98.4 84.1 -14.5% III 

R&D included (14.7) (15.0) (14.8) -1.3% ,g. 
'" '" 

TOTAL OUTLAYS $866.2 $862.3 $839.3 -2.7% '" '" R&D included (45.8) (47.0) (49.0) (4.3%) 

Source: Budset of the United States Government, Fiscal Year 1988. 
*Payments to individuals and grants-in-aid. 



Table 1-2. Projections through FY 1992 in 
the FY 1988 Budget (in billions) N 

'" 
~ 

FY 1988 FY 1989 FY 1990 FY 1991 FY 1992 0-
N 

Budget Projected Projected Projected 
(\) 

Projected .... 
I 

"" 
CURRENT DOLLARS 'tJ 

6 
Outlays: 

"->. 
(\) 
(') ..,. 

National Defense $297.6 $312.2 $330.0 $349.5 $370.9 
<",. 
C> 

R&D included (41. 7) (45.7) (42.7) (43.3) (44.8) 
;:; 

'" Payments and grants 534.2 562.7 589.7 619.9 6It9.6 
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 

Deficit (-) or Surplus (+) -107.8 -92.8 -59.5 -21. 3 +12.3 



CONSTANT FY 1982 DOLLARS 

Outlays: 

National Defense 
R&D included 

Payments and grants 
Net interest 
Undistributed offsetting 

receipts 
Other government 

R&D included 

TOTAL OUTLAYS 
R&D included 

Table 1-2, continued 

FY 1988 
Budget 

246.9 
(34.2) 
433.8 
113.0 

-38.4 
84.1 

(14.8) 

$839.3 
(49.0) 

FY 1989 
Projected 

250.2 
(36.6) 
441.6 
111.1 

-37.1 
80.8 

(14.3) 

$846.6 
(50.9) 

FY 1990 
Projected 

256.0 
(33.1) 
447.8 
105.6 

-38.5 
77.8 

(14.4) 

$848.6 
(47.5) 

Source: Authors' estimates based on Budget of the United States Government, 
Fiscal Year 1988, Historical Tables. 

FY 1991 
Projected 

263.6 
(32.7) 
457.5 
99.5 

-41.5 
73.0 

(14.1) 

$852.2 
(46.8) 

FY 1992 
Projected 

273.2 
(33.0) 
468.2 
88.0 

-41. 2 
69.6 

(14.2) 

$857.8 
(47.2) 

0') 
....;J 

;:? 
()"' 

'" (\) 

.,. 
"" 
~ 

"->. 
(\) 
() 
<+ "'. Cl 
;:$ 

'" 
N .... 



Table 1-3. Budget Authority, Obligations and Outlays for R&D 
(1n millions) 

yy 1986 yy 1987 yy 1988 % Change N 
co 

Actual Bst. Budget yy 1987-88 

~ .... ., 
CURRENT DOIJ.ARS ... National Defense R&D 
Budget Authority $37.6 $41.2 $48.1 16.8% '" 
Obligations 37.1 40.9 47.6 16.5% <xl 

Outlays 36.3 38.4 42.6 10.8% ~ ... 
Non-Defense R&D 

til 
Budget Authority 17.0 18.6 21.3* 14.6%* ... 

I'l 
Obligations 17.0 18.7 19.1 2.5% ... 

t'. <:f) Outlays 16.9 17.9 18.4 2.8% '" ... 00 
t'. 
c:. 

Total R&D '" Budget Authority 54.6 59.8 69.4* 16.1%* 
Obligations 54.2 59.5 66.7 12.1% 
Outlays 53.1 56.3 61.0 8.3% 

CONSTANT YY 1982 DOIJ.ARS 
(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 12.1% 

Source: OHB "Data for Special Analysis J," YY 1988, and agency supporting data. 
Constant dollar estimates derived from OHB fiscal year deflators for national 
defense R&D and all other R&D. 



Table 1-4. 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 1 $8.8 $9.2 $34.7 $37.6 $41.2 $48.1 

Non-defense 2 $8.3 $7.9 $17.0 $17 .0 $18.6 $21.3 

Space 3 4.7 2.7 ----v.- 1.9 2.4 :).1 
Health 4 1.3 2.0 5.8 5.9 7.0 9.0 
Energy 5 

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 0) 

~ 
~ 

<:r 

69.4 7 
N 

Total R&D 17.1 17.1 51.7 54.6 59.8 '" ... 
CONSTANT FY 1982 DOLLARS .... 

Defense $29.0 $22.2 $31.4 $33.3 $35.4 $39.9 l 
Non-defense 2 $24.5 $17.6 $15.2 $14.8 $15.7 $17.4 c 

":! 

Space 3 13.9 6.0 2.1 1.7 2.Q. 2.5 &" 
4 .e Health 
5 

3.8 4.4 5.2 5.1 5.9 7.3 c 
Energy 1.8 1.3 2.2 2.1 1.9 1.7 ;:! 

6 '" General Science 1.5 1.6 1.9 1.8 1.9 2.1 ;:! 
<i-

All Other 3.5 4.2 3.8 4.1 4.0 3.8 '" '" '" 
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.

'Includes DOD and defense activities of DOE. t2
Includes all R&D not in defense. P3
Reflects totals for NASA R&D less space applications and aeronautics.

4Includes 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. °6
Includes NSF and DOE general science.

7Includes $2.7 billion "advanced appropriation" for NIH. See Chapter 1 for details.



Tabl. 1-5. R&D by Ch .. cter oa tora
(budgat authority in billions)

FY 1967 TY 1972 FY 1985 FY 1986 TY 1987 FY 1988
Actual Actual Actual Actual Eat. 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 Facilities 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 a,
Applied Research 10.4 9.0 7.9 7.2 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 .

-- - - - oK

TOTAL R&D $61.0 $42.8 $46.9 $48.1 $51.1 $57.3

Source: "OHB Data for Special Analysis J." as revised, and National Science Foundation,
Federal Funds. Conversion to constant dollars by authors based on O0B deflators.

Authors' estimates based on above sources. Basic and applied research figures adjusted to
reflect reclassification of DOD research for comparability with current figures.

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 I for details.



Table I-6. Defense and Non-Defense R&D by Character of Work
(budget authority in millions)

FY 1986
Actual

Basic Research
Defense
Non-Defense

$960.0
7,200.7

8,160.7Total

Applied Research
Defense
Non-Defense

2,521.0
5,715.9

8,236.9Total

Development
Defense
Non-Defense

33,427.0
3,242.9

36,669.9Total

FY 1987 FY 1988 % Change
Est. Budget FY 1987-88

Current $

$898.2
8,141.2

9,039.4

2,593.0
6,228.5

8,821.5

36,750.1
3,384.9

40,135.0

$924.6
9,880.8

10,805.4

2,756.9
6,682.8

9,439.7

43,354.1
3,798.9

47,153.0

2.9%
21.4%

19.5%

6.3%
7.3%

7.0%

18.0%
12.2%

17.5%

Total Conduct of R&D
Defense
Non-Defense

53,067.5 57,995.9 $67,398.1

% Change
FY 1987-88
Constant $

-0.6%
17.1%

15.3%

.~,

of0.

0-
a

R.

oH

2.6% °
3.5% >

a
3.2% a

13.9%
8.3%

13.4%

36,908.0
16,159.5

40,241.3
17,754.6

47,035.6
20,362.5

16.9%
14.7%

12.8%
10.6%

Total 16.2Z 12.2X



Table 1-6, continued

FY 1986 FY 1987 FY 1988 % 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 13.2% 9.2%

Total R&D Facilities 1,553.2 1,773.4 2,019.0 13.8% 9.9%

TOTAL, R&D
National Defense 37,643.9 41,160.2 48,087.0 16.1% 12.8%
Non-Defense 16,976.8 18,609.1 21,330.1 14.6% 10.6%

TOTAL, R&D $54,620.7 $59,769.3 $69,417.1 16.1% 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
Actual

FY 1987 FY 1988 % Change % Change
Est. Budget FY 1987-88 FY 1987-88

Current $ Constant $

DOD
DOE - defense

(TOTAL Defense)
DOE - general science
DOE - energy

(TOTAL DOE)
NASA
NSF
NIH
Other HHS
USDA
EPA
Education
NCAA
NBS
USGS
Bureau of Mines
All Other

(TOTAL Non-defense)

Total R&D

$35,000.1 $38,374.5 $45,071.2
2,643.8 2,785.7 3,015.8

(37,643.9) (41,160.2) (48,087.0)
662.9 716.8 811.7

2,233.5 2,058.6 1,857.4
(5,540.2) (5,561.1) (5,684.9)
3,728.5 4,302.1 4,952.1
1,400.0 1,520.3 1,773.7
5,013.6 5,895.0 7,970.5 1
639.2 814.8 699.8
959.9 1,027.5 978.9
323.6 325.8 345.2
131.2 131.9 134.5
270.1 278.2 215.3
104.9 109.3 122.6
219.4 208.6 213.4
78.7 73.6 70.9

1,211.3 1,146.6 1,184.1
(16,976.8) (18,609.1) (21,330.1)

$54,620.7 $59,769.3 $69,417.1

Sore OM DaafrSeilAayi , srvsd n gnybde utfctos

o

.

Co

17.5%
8.3%

(16.8%)
13.2%
-9.8%
(2.2%)
15.1%
16.7%
35.2% 1
-14.1%
-4.7%
6.0%
2.0%

-22.6%
12.2%
2.3%

-3.7%
3.3%

(14.6%)

16.1%

13.4%
4.5%

(12.8%)
9.2%

-13.0%
(-1.5%)
11.0%
12.5%
30.4% 1

-17.2%
-8.1%
2.2%

-1.6%
-25.3%

8.2%
-1.3%
-7.1%
-0.4%

(10.6%)

12.1%

Source. "OMB Data for Special Analysis J," as revised, and agency budget justification-s.



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

Table 1-8. 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 1987-88
Current $ Constant $

HHS
(NIH)

NSF
Defense-Military
Energy
NASA
Agriculture
Interior
Smithsonian
Commerce
VA
Education
EPA
AID 2

Other

Total, Basic Research
Current Dollars

(Constant FY 1982
Dollars)

$1,954
(1,841)

913
696
779
536
334
74
56
17
13
16
24

31

$3,324
(3,108)
1,256

954
961
919
433
129
69
26
15
11
40
5
22

$3,924
(3,622)
1,358

892
1,079
1,018
460
122
72
23
16
12
38
3

23

$5,394 1
(5,127)1
1,585

918
1,133
1,017

454
115
80
24
16
11
36
*

22

$5,440 $8,161 $9,039 $10,805

($5,440) ($7,123) ($7,652) ($8,822)

37.5% 1
(41.6%)1
16.7%
2.9%
5.0%
-0. 1%
-1.4%
-5.7%
II.1%
2.1%
4.5%

-2.6%
-4.0%
-84.6%
-4.3%

32.6%
(36.5%)1
12.6%
-0.6%
1.3%

-3.7%
-4.,9%
-9.0%
7.2%

-1.5%
0.8%
-6.0%
-7.3%

-85.2%
-7.7%

o

ta

0.

co

en

q
or

Source: "OMB Data for Special Analysis J."
Columns may not add due to rounding; percentages calculated on unrounded numbers.
Includes $2.7 billion "advanced appropriation" for NIH, of which approximately $1.7 billion

is estimated to be basic research. See Chapter 1 for details.
2
Reported 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 % Change Z Change
Actual Est. Budget FY 1987-88 TY 1987-88

Current $ Constant $

HHS $3,277.9 $3,937.2 $5,055.9 28.4% 23:;9%
(NIH) (3,017.9) (3,587.1) (4,742.6) (32.2%) (27.5%)*

NSF 999.4 1,079.9 1,259.6 16.6% 12.5%
Defense-Military. 992.0 1,090.4 1,157.7 6.2% 2.5% M
Agriculture 272.1 291.6 240.6 -17.5% -20.4%
DOE 409.2 467.2 370.1 -20.8% -23.6%
NASA 274.5 307.0 337.0 9.8% 5.9%
AID 44.1 44.9 51.0 13.6% 9.6%
EPA 54.3 61.3 64.6 5.4% 1.7%
Education 83.3 89.7 90.3 0.7% -2.9%
Interior 32.1 22.2 24.1 8.6% 4.7%
Transportation 16.8 10.2 9.8 -3.9% -7.2%
Commerce 56.3 50.0 35.6 -28.8% -31.3%
Other 16.9 16.0 17.5 9.4% 5.5%

Total Current Dollars $6,528.9 $7,467.6 $8,713.8 16.7% *

(Constant FY 1982 Dollars) ($5,701.9) $6,326.7) ($7,120.4) -- (12.5%)

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

Colu may not add due to rounding; percentages calculated on unrounded numbers.
-"Z-IMAP- -- s-s 'd, .ood HIao nl . 'fr m fI fYI sa. 8.. Chapte- I for d.tals..



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

Federal Industry Colleges & Non-profit
Government Universities Institutions

Federal Government

Industry

Colleges and Universities

Federally financed R&D
Centers

Non-profit institutions

$15,400
9.

$31,178
17.

$ 6,993
7.

$ 3,825
21.

$ 2,700
13.

6%

6%

6Z

7%

6Z

$59,872

$ 746

$ 730

8.1%

$2,504
45.5% 3.0%

$ 857

-- $ 395
112.8%

-- $ 15,400
9.6%

-- $ 91,050
8.2%Z'

$ 11,100
17.5% 9.1%

-- $ 3,825
21.7%

$ 3,825
-40.1% 13.1%

Total, All Performers $60,096 $61,348 $2,504 $1,252 $125,200
of R&D 14.3% 9.1% 3.0% -10.0% 11.2%

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. Capital
expenditures for R&D are generally excluded.

Performers
of R&D

Total Funds
for R&D

Q.L.)h

-



Table I-11. National Funds for R&D by Source of Funds 1
(in millions) X

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
Federal Government 30,986 34,546 45,481 47,895 50,748 x

Industry 26,679 36,064 48,682 51,165 51,805 1
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 2.20Z 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).

lAmounts 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

wn li1v ow ae



Table I-12. National Funds for R&D by Performers of R&D
1

(in millions)

1975 1980
Actual Actual

1985
Est.

1986
Est.

CURRENT DOLLARS
Federal Government
Industry
Colleges ?nd Universities
FFRDC's
Non-profit institutions

Total

CONSTANT 1982 DOLLARS
Federal Government
Industry
Colleges and Universities
FFRDC's 2
Non-profit institutions

Total

$5,354
24,187
3,409

987
1,276

$35,213

$7,632
44,505
6,060
2,246
2,150

$62,593

$9,308 $9,006
40,781 51,919
5,927 7,151
1,716 2,650
2,151 2,508

$59,883 $73,235

$13,150
79,500
9,500
3,400
3,250

$108,800

$11,715
71,166
8,463
3,029
2,909

$97,283

$13,525
86,225
10,600
3,675
3,475

$117,500

$11,750
75,100
9,250
3,212
3,038

$102,350

$15,400
91,050
11,100
3,825
3,825

$125,200

$13,000
76,900
9,375
3,225
3,225

$105,725

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

lAmounts 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.

2
Federally Funded Research and Development Centers.

1987
Est.

tr

0

., *.

0 0
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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 2%
Appliances 120.6 -7%
Automotive

cars, trucks 6,382.1 12%
parts, equipment 220.2 -4%

Building Materials 202.9 10%
Chemicals 3,648.2 0%
Conglomerates 2,356.9 42%
Containers 69.5 -5%
Drugs 3,996.1 4%
Electrical 1,613.0 -2%
Electronics 2,293.6 11%
Food and Beverage 596.2 -11%
Fuel 2,200.7 -8%
Information Processing

computers 7,553.5 11%
office equipment 412.4 -55%
peripherals 1379.9 105%
software, services 413.8 34%

Instruments: measuring devices,
controls 1,121.5 19%

Leisure Time Industries 1,302.4 10%
Machinery

farm construction 729.3 -5%
machine tools, industrial

and mining 623.1 36%
Metals and Mining 200.4 1%
Miscellaneous Manufacturing 1,544.7 7%
Oil Service and Supply 821.3 -7%
Paper 340.7 9%
Personal and Home Care Products 771.1 -8%
Semiconductors 1,164.5 18%
Steel 137.0 -8%
Telecommunications 2,925.9 5%
Textiles, Apparels 71.1 -13%
Tire, Rubber 550.8 -3%
Tobacco 21.6 2%

Total $48,777.2 7%

Source: Based on "R&D Scoreboard, 1985" (Business Week,
June 23, 1986).

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.

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

Senator SARBANES. 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. TEICH. 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
States, 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. I
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. TEICH. 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 SARBANES. 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 SARBANES. 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



87

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.
Senator SARBANES. Thank you very much, sir. That was very

helpful.
[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 committee-,

which is reviewing the current state of research 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 high-technology 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

surmmaize briefly the results of a two-year study that I have carried out,

financed by the National Science Foundation, which provides new information on

this score-.

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 industries,
1

there

was overwhelming agreement among firms from both countries that the Japanese

1 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. Mansfield, uThe Speed
and Cost of Industrial Innovation in Japan and the United States: External vs.
Internal Technology," paper to be presented to the 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 all industries, the time differ-

ential was about 18 percent, according to the Japanese data, or 6 percent,

according to the American data. However, the picture varies from industry to

industry. In some industries, like machinery, both the Japanese and American

data indicate that there was a substantial differential. 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 comercially introduced

new products and processes 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 American data, the cost differential

seemed substantial; 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 recognize that some innovations are based largely on external technology

(i.e., technology developed outside the innovating firm) while others are based

largely on internal technology (i.e., technology developed within the innovating

firm). To see whether these cost and time differentials depend on whether

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 petroleum), machinery (including computer),



90

electrical equipment, and instruments industries. The sample is composed of 30

matched pairs, where each pair consists of an American and Japanese firm of

roughly comparable size in the same industry. Every firm indicated how much

time 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 figures were converted to

dollars on the basis of 2Jrchasing power parities for resources used in the

innovation process, they, like the figures in the previous paragraph, indicate

how much (approximately) the resources used in Japan would have cost in the

United States.

Like the eutimuates obtained from the 125-firm sample described above, the

results 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 internal technology, there

seems to be no significant difference in average coat 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 conrmercialization part (beginning when the

product is developed and ending when it is first introduced commercially), 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 then 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 innovation process is particularly

striking. Whereas in the United States the commercialization 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 commercialization

of an internal-technology-based innovation.

Many innovations based on external technology 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 commercialimation costs for such innovations in

the United States.

Based on relatively crude econometric models, my results suggest that

American firms have obtained higher returns from basic research than the

Japanese, whereas the Japanese firms have obtained much higher returns from

applied R and D than the Americans. 2
The high estimated rate of return from

7 E. Mansfield, Industrial R and D in Japan and the United States: A
Comparative Study," American Economic Review, 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 small 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, it may have been due 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 ta

industrial basic research from university research. In the United States, there

often have been close working relationships between basic researchers in industry

and their colleagues in the universities. In Japan, university research seems

to have played a lesser role (and seems to have been less highly regarded) than

in the United States.

If we compare the official data in both countries, the R and D intensity

of manufacturing firms 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 in 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 leads; in other industries (paper,

petroleum, machinery, and instruments) the United States now leads; and in the-

rest there is a relatively -mall difference in R and D intensity.
3

3 The Japanese data were provided by Gary Saxonhouse of the University of
Michigan; the U.S. data were provided by Melissa 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.
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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 and 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 sise. 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 a 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

Tasmura 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 is even wider.) Of course, this is in accord with a great

deal of anecdotal information to the effect 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 firma

in their allocation of R and D resources between projects aimed at improved

product technology and projects aimed at improved process technology. The

American firma 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

Competitiveness 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 cheaply."4 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 than 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

cost 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 advantages 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.

_ -Prssident's Commission on International Competitiveness, Global Comoetition:
The Nev Realit , Washington, D.C.: U.S. Government Printing Office, 1985, p. 20.



95

Second, a large part of America's problem in this regard seems to be due

to its apparent inability to match the Japanese as quick and effective users of

external technology. As Harvey Brooks has warned, fthe 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 external 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 contention that applied R and D in Japan has yielded a handsome

return, higher'than in the United States. In large part, this can be explained

by Japan's greater emphasis on commercial (rather than government-financed)

projects, by its 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 Science, Research and
Technology, Jacanese Technological Advances and Possible United States Resnonses
Using Research Joint Ventures 98th Congress, first session, June 29-30, 1983, p. 17.
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the available studies, governments seem to be most successful 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 science, engineering, 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 available 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

6 For further discussion, see E. Mansfield et al., Technology Transfer,
Productivity, and Economic Policy, New York: W.W. Norton, 1982; and E. Mansfield,
"Federal Support of R and D Activities in the Private Sector," in Priorities and
Efficiency in Federal Research and Development. Joint Economic Committee of
Congress, October 29, 1976.
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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 Defense and NASA, which have helped to develop advanced

manufacturing technologies and have promoted their application in particular

industries, might consider doing more to transfer what they have learned to

civilian 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 Statea,w 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 I
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 I 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

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, it 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 is generally realized.

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 concerning 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 industry to another. It generally includes the designing
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of new products, 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 it involves a process

of endless minor modifications 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 smali1

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

is 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 interact

frequently with specialists responsible for manufacturing processes.

Slight 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

a
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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 visibility 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 flow 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 translate 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 is, 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

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 circuit, 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 television. 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 incentive

structure of the Japanese firm, -especially where it 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

initiatives 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 is 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 incentive 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, including design
and development or prototypes and processes." NSF, Science 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 superior 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 is probably already

happening.

II

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 least complicated - by the fact

that new technologies can be more readily 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 - effectively 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 Is concerned, the specific details of, say, a

major new product design can be transmitted instantly 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, including relative costs and the

nature of government regulations, an increasing proportion of their

R&D activity is being conducted abroad (some of these trends are most

apparent in the pharmaceutical industry3). 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 in

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.
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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 likely

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 insufficiency 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 is 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 received by a single British institution - the Cavendish

Lab. Nevertheless, it Is hard to believe that this has been a major

economic handicap to the Japanese economy in the past! Rather, the

Japanese experience forcefully demonstrates the great possibilities for

4 Part 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 In
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

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 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 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.

All this should not be totally surprising. The fruits of purely

scientific research have always been highly portable. What I am now

suggesting is that events of recent decades are rendering the findings

of technological innovation highly portable internationally 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, i.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. in industry to

make decisions on the basis of long time horizons. This 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 inescapably 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 will 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 quantities, 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 like the rates at which the service was marketed.

The Concorde is a brilliant engineering accomplishment that can span

the Atlantic in 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 rapidly become available to overseas producers, the

critical issue is no longer the ability to devise the new products but

to win out in intensely 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 like 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 quarterly report.

It is 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 - is 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 like to suggest that the fundamental

reason for short time horizons is also intimately linked 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 is still far below the

level that prevailed from 1948-73 (less than half).

The underlying macroeconomic facts that connect business myopia

and slower productivity growth can 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 - i.e.,

to withholding the use of resources from present consumption and making

them available 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 - i.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 in the more distant future, simply fall to meet the most

elementary market tests in an economy with low savings and high rates

of interest.

Thetre 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 is, most emphatically, no way to run an expanding industrial

economy 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 low productivity growth in the U.S.
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and for the economy's deteriorating 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, if 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 is 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 is, the absorption of this

flood of new entrants into the labor force, many of them with little 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

juxtaposing 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 in international

competitiveness, 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 itself is growing

very rapidly, high rates of capital formation become even more

important In 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.

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 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 i-n 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 it 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 in 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 inflation, 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 believe, 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, it needs to be recognized that those contributions are

directly shaped and mediated by conventional economic variables.

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 I

U.S. NET SAVING AND WINESTEN. 1951-86

I9-S60 9i61-70 19t1-80 1981 1932 t1oo 1%4 1981 1986

total Mgt Saving 6.9% 17.S 6.1% 5.2% 1.6% 1.0% 4.0% 3.11 1.91

N t Private Saving 7.2 8.0 7.1 6.1 5.4 5.9 3.4 6.5 5.4

Personal Saving 4.7 4.7 4.9 4.6 4.4 l.6 4.3 3.2 2.8

Corporate Saving 2.5 3.3 2.2 1.4 1.0 2.3 3.2 3.3 2.6

State-local Govt. surplus -0.2 0.1 0.9 1.3 1.1 1.3 1.4 1.5 ..4

Federal cOvt. lurplue -0.2 -o.5 -1. 9 -2.2 -4.8 -5.4 -4. ..49 -6*9

Total vat Investment 7.0% 7.5% 6.3% 5.4% 1.6% 1.8% 3.8% 3.02 2.71

00

"at Foreign Investment 0.3 0.5 0.1 0.2 -0.2 -i .n -2.6 -2.8 -3.4

Private Dooestic Investment 6.7 7.0 6.2 5.2 1.8 2.9 6.4 5.8 5.5

Plant and Equipment 2.7 3.5 3.0 3.1 2.0 1.5 2.4 2.9

Residential Conutruction 3.2 7.5 2.5 1.1 o.6 1.8 2.4 2.4 5.2

Inventory Accumulation 0.8 1.1 0.7 0.9 -0.9 °0.4 1.6 0.2 0.3

ieworanda: Capital Consumption 8.9% 8.S% 9.9% 14.2% 11.7% 11.4% 11.0% 11.02 10.82

Gross Private Saving 16.1 16.4 17.0 17.2 17.1 17.3 18.4 17.5 16.2

bttes Data *re aver&9ge axccpt for 1981-84) of annual lows, as percentages of gross national product.

Total net saving and total net investment differ by statistical discrepancy.

Detail -sy not add to totals because of rounding. 1986 figures are preliminary.

Source: U.S. Department of Commerce.
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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
United 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 SARBANES. For capital consumption. The percentage fig-

ures have gone up from around 9 to 10 percent to over 11 percent.
Mr. ROSENBERG. 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. ROSENBERG. 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. I 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-
proach, 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?

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. MANSFIELD. 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
substantially 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, atthis point.
[The written opening statement of Senator D'Amato follows:]



127

WRITTEN OPENING STATEMENT OF SENATOR D'AMATO

MR. CHAIRMAN, I WOULD LIKE TO WELCOME TO THE JOINT

ECONOMIC COMMITTEE THIS MORNING OUR DISTINGUISHED PANEL OF

WITNESSES WHO WILL CONTINUE THE DISCUSSION ON THE ROLE OF

GOVERNMENT INVESTMENT 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 R&D 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.

I 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.
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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. AMBLER. 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
program 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 alongstanding 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. ing 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-
ed in the record. So if you want to summarize the examples, that's
fine.

Mr. AMBLER. Well, thank you, Mr. Chairman. If it's all right
with you, 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 tryr and suggest that you might wish
to include this in the record. It s very short, Mr. Chairman, just
one page.

Senator SARBANFs. 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, together with the mate-
rial referred to for the hearing record plus additional material, fol-
lows:]
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PREPARED STATEMENT OF ERNEST AMBLER

Kr. 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, health 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 laboratories, State and local governments,

universities, and the private sector, particularly small business, in

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

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, 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, I 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.

We do this in a variety of ways. 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 laboratories on projects of mutual interest. This ensures our 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-sharing 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 made

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 measurement 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

manufacturers from interconnecting different automated equipment, and

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 machine 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 though 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 without industry's active cooperation and

help. The project originally involved a Research Associate Program with

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. In

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 be 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
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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 were

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.

Our 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 CEM 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 decomposing samples for analysis that takes less than 15.

minutes. Older methods typically take anywhere from 4 hours to 4 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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'Hizh-Temoerature" 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.

The NBS superconductivity program involves industry, university, and

government agency 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

sunercritical 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

academic, 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 required 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.



150

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 publish 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 Association, 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

working 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.

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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o 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.

O don't assume the task has to be long-term.

O 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.

O always look for new opportunities for collaboration.

O be attentive to detail.

O be flexible.

And by all means,

O 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,



154

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 U.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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Cooperate Research Opportunhifes at NBS
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Message from the Direct

Our prmaty goal as the nation's phystcal
wrenrses and engineenng measuimment
lakoratory in to senve krdustry and
snreceto make sure our research s
helping the nation svoe its measurement
probems. By doing so. we help industry eo
pat the naon's science and technology in
rs quest to copete sucoesiuly in bte in
tematonal marketplace.

At She National Bureau at Standards. we
lound tng ago Shat one of She most ehec-
tie weys to acomnplish This t Shrough
coopermte reaearch Each year mine than
900 people trom industry, unversites, and
other government agencies werk sdeoby-
stde wth NBS scienbists and engineern on
a wAde range of research projects iducing
auatnated manulactunng, botohncology.
computer networking, and mechaniical
latlure of matenals.

Because I hrmry believe we will best
meet today's eaonomc and technofegical
chaoenges by werkng together. we are in-
creasrng She opportunities for cooperakue
research here at the Nabonal Bureau oa
Standards. Let me menbton pust bniefy the
advantages, as I see them, t citoborative
reaeardh to both NBS and the cooperabng
organaation.

Reaearcherns Irom industry, unversbaes.
and other government ageectes get an opi
ponunty to work eah NBS specaists.
many of whom are renowned eopens in
Shr hields. and to use the Bureau's
premier research and twesng tacilites, They

take nensy deveoped teeh
thke orga urrns to be moor
ndyite p oto new Idean, neew
and nea Poeductns NBS reser
turn, learn hirsthand the views
Bureau diets and, as a resuti
ter abe to Sreet ear resear kh
these needs.

One ot our longest rnrng
projects has keen a remarhrad
rodlakoratbon vwrt ore Amenca
fluscation. Started in tB2B.
has rauted in the panorar
marhine, ccmporsite restoratve
and the high-kpmed turtane
enarpe, an wel as n4r con
dozens od standards tor dental
and hundreds of scentfic pa

The scope. duraton. and s
cooperatie prqjects are tartor

lna to be nved. Theyrantast
weoks or a tow years and in d

senera, or even hundreds o o
Our goal is to sole the probl
qairly. effoentgy. and ehtoovel

I nvite you to review the r
turties deacnbed in this bkhchr
then to call us to diseuss the
cr laborakee research in an ar
cortern to both of us. By weds
ve can facitate techrreogy t
ImProve industria productivity, a
strengthen this naion's ably to
intematonal makets

Ernest Ambler
Onnetar

84-098 0 - 88 -- 6
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Cooperatve Research at NBS

Numerous opportunbes exst for scerstists DUembed betov are a leer beet ex-
and engeneers tom industrial. proteseats amples of different types et cooperative
Uade, and other organizations to cordab projects and the resuets they have pror
orate in research at the National Bureau dured so lar.
et Standards on prdects at muta interetst.
To accomrpish us objectve t upplyinsg the Manutaring Reseatekh Feillty
measurement foundaton tar industry. The NBS Automated Manufaturin
scaerte, and technoogMy, NBS co tiu ts hreNearch tueracte vr Mar a t eAsegF h
researchr in imany areas, indachrt marrg ad R r tyelaMrPtt anreseAr
cartedceranits, euatd - ceer for surtprg turciarestal quesytues
ing. optoerteonas s. an al M ecting tactory aetrpnatotn, e oMF the

Operated on an annua budget 01 abu bgest cooperatee programs at the
$210 mitlon. Sthe Bureau ernptoys a sighsy Bareaa. Sirce 1982, 35 caompanies-4arge
stated staf of sanme 2.700 at on head- and small-ban paid mar Ina 501 Tf hen
quarters ti Gaitersburg, Md. and trat se researchers to work to The AMRF, and
in Beuder, Col NS asdv has d ensom soft h4n been leased or duqet tod
research and testing taes Tate arzessble dinerent been lac ed o donate
atlade for use in c perative research, NuS by industry tot tis project The Nay
starf as a 20-mnegawan research reactor. Mana~facturing Technodogy Progrue s aa
and erectrhis acceerator, a syntcrotron mapo y penrner ly the lactity, and the An
uttardet radiation acsty, a supersmn Parse teltigent Task Autoratian Project
peter, a large-sonae vsthNctures testing faoni and othes goverent agendrnaes in have
ty. a metaestpocesuing taboratory, a har sponared speh ife p arts 01 the AMRF 01
research rats.y ase a cmapeter eoerkar tan In aidtbinu A number 01 -reresites
prornedl testung and eviduatien laboratory hanecaontributedl tomte profect by loaisg

asscuhr mdusrynd the other =gown-im C are bTogeTher these researchers are en
ageocy to loan prb emns 0o mvtsal an mprantacg tu h thoe fUoS getting
men ane o0 the osth ppulear ways mNBS robout, canmtuters, and tachine lAR s from
research are foties we ardeaccssite different usadfactuere s to coure
to U.S. industry imthrough the Bareau's In- mad worl together in an integrated oystepr
dusteal Resatch Asouciate Prsgram. through standardized interfaces Thoir uher
Under dnthe prugram. onmrpanes.rase pmaery goal Ls to h9 d a means tor contrd-
asumsatsu, anrd techiical societies pay tii g quality in a Idly autanated factory en-
ther soientsts aryd engiven a to wrk ec r Conent by ingpnrong the measoremest
NBS aboratorees wiTh NBS researchers or Process d
a specisf e pro iade. Alt 01 thin will grh comparies, in pert-

to anogher typedo cooperative endutre. cube small fimh I ess ahIwSthan 50
mas~parves subscrobe to a cor nonm Shi eroployees. Ste flenbiitty to lary eq~uiperent
prordes resourmas 00 have NBS .1 firsm drifierest manufartorers at dlifferent
spcihc measuement problem lacing the times art Sthe assurarce that the muchines
industry Thus arrangement bus advantages they buy c n be made ts work together
when a cmaen prolem cenfronts a part, without enyetsi e custanvdesagned inter-
cube indastry anid Sthe research is te candy faes. Conerepts dewlopetl t orthe AMRAP
or eat possible for indiaa companies to are sum baing adopted by hardware

untlecuke also loanor duoutemanufacturers and the U.S. Navy.
.ondeakees erturylingatoiastudy bythe Manage-

meet or suitwae to the Bateau Wihen NBS NCere molaortnitan 01o ofe ChRFate The11
researchen ore worting an a iret nrcreasedi ave at numencial-acntrdl
cootd ultrtiato improve Their products or rnksetdinU idurywIpm
Sthe woy they do busutess. In such stoa, aht ol nUS.idsr alpo
harm., these hirms actiety manul~t or arle duce a saveigs to Sthe metatworking at
NBS researhems an, the seeds anid mat, doustr at behweeen $250 and 5760 milin
marns of Sthe industry. tn other canes, NBS per year by 1990,
makes 00s faclilues aseilable to corspanies
bar propodeary research an a cost-recovoy Chemicalol Engineering Consortia
hams, eden eqaal or supeocr~ tacilties are NBS recently coepsytetd a 4-year r-
rno doorans aviatae. seardh project an the properties of supe-

crtecal flids thich wo sporeared by a
consortium 01 14 puvat#e corrtparres anid
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the Department of Energy. The goal o The researchers have produced a
tMs research was to decelop aocurate database at informaton that wil aols onr
predicfie modeds for supercical fluid dusiral ch&emiss to talor ther own
mirtares and accurate elpesrmetal data rrcrowave dences eor deiured resais. They
tha ca be used to teat and further le- are aso helpng others appy thee tachnr

delop the preicwire models. Among the ques: So tar they haes goes ftormaton
results d this enort a a statod-the-a com- abd adte to more then 250 researchers
puter code to be used in the custody from compares. unrerees. and research
transfer of supercnical tnrd rixtures. laboratores

Meerrngs of the consortuum partciants
ware held tiwicre a year whee research Blmechnology Center
reslts ware disseminatcd and drectbon at Iea firsi-lts-ird agreement tot NBS, the
the Project doicussed. This effort as iidg Bureaai The Unagrerety at MatrylaN, aba
ad so successful by the participants that MonTgom eryo ty d wetablisang
two new consorfia were ormiedIro Montgomery Courty. M are estaa.tatnsg

es consorlaumcstonored prqects m Biotrchnology (CARB) to provide a forum
chemical engineering. One, consorbium, for collaboratue research among academic,
cherh rc studye g he measurcment proh b government, and industria scientrsts Vvheg
lems tha result wren a mrter is instated the ne CAerB but9dm. g es compteted in
loo cdose to a ppe elbow or valve, has 10 December 1t97o o is exabcted 1 o hruse
fies and the Department of Energy as steSlthe-at facilies and 100 rehearcheb s
members The other consortium has a from NBS, The Un mty d Maryland, m
roster that incudes nine companies and the dustry, and other goverrment agencres
Nabonat Aeronautics and Space Admini. and unaweroces
station, al ot whaclh are interested in im The goal o the center is to radacally
proving the performance of votex-shecling reduce bte brme and edort recyared to de-
pot metert e tewre the atomc sieucture or protens and

to model and predict thar properties. This
research b11 help build the loundation lor

Collaborative Research In Microwave the rapidy emerging 6eds of protein en-
Technololgy gineenng and rabonal drug design.
To refne technques tor rapidly dassoviqg
samples in closed vssels esthin a Phase Diagram Center
mcrowave chamber, CEM Corporation, a ASM lntetoalhs rased $4 msdtao as
produces of mcrowave equipment for tSo Inbemat ta ras t
research purposes, sent one d is cherists AmBstry s porbon at a clopera sce
to NBS to wait as an industia research ASM/NES yrogran that bat gree scests
associate with Bureau researchers As a and engineers more rebacle data, in the
rest oi bhis cooperasve prqect. mecrowave lom oi aioy phase diagrams, for desgnng
techndogy can not be used to dcsoie nes and better metal abioys and products
sawtpes-eserything Irom biogiad stcch metal atloys are used. Fdty comt
omens such as human bone and bostne panes, orgarzos, mrbues and age

bvers to botarical, geologia. metalic, and aes, and hundreds f indaduals made
glassy samdles-more safely and efficiency contnsubons, to ASM.
Uhan tradisonae me shods. Researchers irom NBS and industry

By cormbinrng the mircrowae technique's wai an the Aeloy Phase Daagram Center.
abiity to heat matenals quickly with the whch as located at NBS. ASM and NBS
tspesor disositnog propertes f closed als support abaidud data evauatoa pro
continers undes pressure. the NBSICEM grams in other laboratores. The cbecaly
research team has designed a method tor evatuated phase diagrams. which are
breaking down sampres that takes less graphic representabons of what happens
than 10 minutes. Tradibonally. usng hot when two or more eements are cots
piates and open-vented beakers, scienbsts bined at panous temperaures and
coudt expect drissolwv inbmes of anywhere pressures, are pubibihed by ASM as part
Irom 4 hours to 4 days. depending one of the d colaboratve eftort Data trem the
compexity at the samdple ASMINBS program are expected to save*U.S. firms hundreds of millions dollars

6
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Computer Networldng Workshops
For the past several years, NBS has been
working with industry and standards
groups to make i0 easier for those using
computer systems or equipment to corn-
munirate wth each other rhrough com-
puter netwoths regardfess ot who
manufactures the individual pces. NBS
has cooperated rth the standards
groups to develop the needed standards
and wrth industry to implement and test
the standards in commercal products for
the office and tactory.

As pan of thrs project, NiS sponsors a
senes of workshops for vendors and
users to discuss the implementation of the
Open Systems Interconnection (OSh)
Reference Mode. To date, over 200
cornpanres. including moso mapor computer
manufacturers communicabons carriers
semrconductor companies, factory controt
system corpane, and word processing
manufacturers, as well as governoent
agencies have participated in the work-
shops.

Two -iren-hd dwlonerurionn-ooe at
the 1SS4 Nariona Compurer Conference.
the other at AUTOFACT i35 -of standards
for the OSI reference model hae resuned
These cooperatio acisvties have now led
to the use of ne comp-ter netwotk prot-
cis by several hundred companies for
manufactunog and offce astomnoon

How to Participate
These eamples illustrate the range of
cooperative programs that t is possibe to
fstadlis-f rom a smarl, very focused prqo
xct wrn limrted resources to those in whish
numerous organizotoos me contibuting to
research Shat will affect an entire industry. It
you wre interested in worlkng wth NBS on
a project, large or smal, wrte or calt one of
the ofices listed below or one of the con-
tacts given in the Research Oppotunfes
snoesn of ins brochure.

* industnal Research Assocate Progrm
Under this program. which NBS has run
sance the 1920's, scienists and engineers
from industry, trade associatons, technirca
sociesie, and other organrations wotk

sideby-nide wrth NBS researches. Wth
their sesiff paid by ther employers, the
assodates work at NS, esualfy for ; to 3
years, on a rde range of research inorud-
rog robortcs, computer scece, advanoed
ceramics, and nondestmcbve analyis. For
lursher miormaiion, contact the NBS Office
of Research and Texhndogy Appicahons,
301 f9757-3087

* Prponetaty Fadhties
While most NBS faclifes are available for
cooperainie research, the Bureau recenty
opened up selected facibthe for propnretary
research. Ned makes these facilitces
available under ceran condbons to sup
pot U.S industry in ts deveopment of
nea compenive products and proceeses
For addnonal infomason, contact the NBS
Program Office. 301S975-26h7.

* Other Arrangemens
To inquire about other types of cooperasve
research programs roth NBS, such as a
consotium or research center. contact the
appropriate insdtate or laboratory

O Insttue for Materials Science and
Engineenng, 301S975-56iS: Provide sta-
dards. measurement methods, data, and
quntitabve understanding to aid in improv-
ing the procesing and pedommance of
metals, polymers, ceramics, compostes,
and glasses.

O National Measurement Laboratory,
301S975i-400: Provides the nation wth
state-of the-ac measurement sen ces in
themnodynam-cs, transport propertes,
chemical kinetics, sudace smience, modec-
ulfat spectroscopy. and chemcal analysis.
Conducts research to improve reaizabon of
basic phyical quantiffes

O Instruoe for Computer Sciences and
Techndogy. 301t97i-2819: Provides the
standards, specircations, measurement and
test methods, and technircal guidance
needed by government and industry to
make bener use of computer hardware,
software, networks, and secunty.

O Natonal Engineedng Laboratory,
301f97i-2301: Condusts research in en-
gineenng and applied science. Studiae pob-
lems in electronics, manufacturing
automabon, chemical engneeng, the be-
haowor (and prerenfon) of frosf and the
design and constiction of buildings
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Research Opportunities

NBS ,eornes colaborafor th soertsts To dff cus ahe possacbiry of sethig up a
and engneers frorn ndasity. nrwvsbes, coopnafrae research prolmn m one of
and other gavernanent agernes on react of Piece areas. ante or caHt the contact tled
ns projecs. To give mose rterected In (Unless obrse speoiteid, af aontacts are
coaopeiate research an dea d1 the wde at Phe Nafronal Bureau of Standards,
range of NBS prograrrns, a sasrpndg cd Gadhicsbuig. MD 20899) For general
speifec Bureau research profects is de- infraon aon nooperaste research at

rcnhed on Pte fdlot ng pages. NBS, wnte or calt one of Phe offices bsted
on page 7.

Al the hwlzonbal wbubatin In the NBS Aurnait Afanueciwng Resarch Fecilitly, eng4,e Chistopher Stevenson (jeft) ofWbN Sundsewld And phypIchn fHowed fHwy of ffS dismiss do net generstion of m.chine tools
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Analytical Chemistry

Atomic Atomic spectroscopy methods are prob-
Spectroscopy ably the most widely used analytical tech-

niques in industry today. Considerable
research is required, however, to 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
nductively coupled plasma (ICP). as well
as euperimentig with the glow discharge
as an atom reservoir. Addtional research
concerns the use of spark sampling for
the direct analysis of solids, the
continued development of laser-
enhanced ionization (LEt) n flames, and
the evaluation of various types of
coupled chiomatographic-spyctrometic
systems for improving the accuracy of
spectroscopic measurements.

NBS scientists also are developing a
series of neutral density filters that can be
issiied as qtandenri Refereme Material=
for verifying the accuracy of the transmit-
tance and absorbance scales of
ultraviolet, visible and near infrared
absorpton spectrophotometers

Recently electroanatytical chemistry has Inorganic
had a key role in the development of Electroanalytical
methods and materials for environmental Research
and clinical determinatios, in particular.
pH and conductance While Bureau
research interests and activties include
most areas of electroanalyhcal 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 aqueous electrolytic conduc-
tance NBS scientists are giving special
attention to the development of novel
electroanalytical instrumentation, including
computer interfacing. For all these
projects. instrumentation is avarlable for
accurate pH. potentiometric, coulometric,
conductomethic voltammetric, and ion
chromatographic measurements

Contact: William F. Koch, A225
Chemistry Bldg. 301/975-4132.

More than 50 billion chemical analyses Actlnatlon
Contact: Rober L. Waners, B222 are performed annualy in the United Analysis
Chemistry Bldg, 3011975-4122. States The Bureau helps to ensure the

accuracy of these analyses by
developing new analytical procedures

Analyilcal Maos Analytical mass spectrometry has played and improving the reliability and
Spectrometry a key role in asasting industries, such as accuracy of present methods, One tech

the semiconductor industry, which nique under study is activation analysis.
require accurate measurements of trace which is a highly sensitive, nondestrc-
elements in their raw materials, products Ove. analytical technique not normally
and product containers Bureau research available in most industrial laboratories
in inorganic mass spectrometry Is In this research, methods of nuclear anal-
concerned with developing analytical ysis are investigated utilizing the 202MW
capabilities for the highly accurate deter- NBS research reactor Research is
minatioe of trace inorganics by stable performed in all areas of the technique
isotope dilution, the highly precise measn including the capabilities of cold-neutron
urement of isotopic compositions, and actvaton, the use of sample sell
the highly accurate measurement of consistent (monitor) activation, the deter
absolute isotopic compoctions for the mination of new mathematical procedures
redetermination of atomic weights. This for the resolution of gamma spectra. the
research involves development of development of prompt gamma activation
instrumentation in spark source, thermal techniques, and the use of charged-
source, inductively coupled plasma parcle activation techniques
source and laser source mass spectrom-
etry and research in chemical sepera- Contact: Ronald F. Flaming, 810d Reactor
lions at the trace level using ion Bldg . 301t97ti6279.
chromatography and other techniques

Contact: John 0. Fasveo, A21 Physics
Bldg. 301/975-4109d
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Analytical Chemistry

Liquid Liquid chromatography is one of the
Chromatography/ most widely used analytical techniqu es n
Electrochemistry nduStrial laboratories WIhile this tech.

nique has achieved ardespread apphca
lion, iss uses can be broadened eoen
unher by improvements in detection

methods. The locus of NBS research is
the development of novel approaches for
the electrochemical detection of organic
anapytes separated by liquid chromatog-
raphy (LC) To apply thns technique most
effectively, it is essential to ivestigate the
electrode reaction mechanisms of the
compounds to be detected usng tech-
mrques such as cyclic and reverse-pulse
voltammetry, coulometry and LC/ultra
rolet specttoscopy Ongang work

lecuses on the use of dfierential pulse
and duas-electrode detecton. as well as
the development of ungle and array
microelectrode detectors. Researchers
alsu are developing new liquid chromato-
graph~c separahons employng specitic
chemical nteractions ncludmg chelation,
onr-airimg. charge transfer complearwon,
and acd-base equilbia.

Contact: Wiham A MarCrehan. Al 13
Chenmsry Bldg., 301t975-3122

enhanced lluoescence or eectrechem-
rou sgnal Amplfication can be achiend
mith release to ippsome-encapsulated
molecules, mlu-turnover enzyme teac-
tions, ron-euchange polymer-modified
electrodes, and so torth The combnation
of high specificity for anauytes mith ehi-
cient ampification provides Ahe potential
for extremely senstive deorces

Contact: Rchard A Durs, A113 Chemis-
try Bidg .301 975-3118

Bloanalytical ginsensurs are the newest generaton of
Sensors analytical deurces havng the potential uro

wrdespread use in biomedical and mdus-
trial monitoring apphcutions These
devces wrll icorporate the latest
advances in biotechnology to proode
sensors ol high specificity and senstivity.
Bilogically derived substances have
imponant applcabon as components of
rapd-senung devices because of their O .
binding specfihdty. the strength of their
interacuons, and their potential lfr use is
a wrde variety ot amplifcation schemes.
ImmunoAgical, enzymatic, and receptor-
kIgand nteractions are being euplored as
the bans for analyical devices

NBS researchers are employing a -
variey of optical and efectiechemicai Using a secondatry ion mass opacrnnetay Instrutsent, meta-
techniques lor detection. Detection can haplst Dab Newburty is able to map the distribution of ale-
be based on such diverse changes as memts both on and below a sample's surface.
sze and rotational mobility of analytes or
bioding agents upon interactlon, or can
be the result ol enzymatic activity which
occurs due to analye binding. causng

t0
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Analytical Chemistry

Sopercritical Supercrnitcaliluid chromatography (SF0) focused on both the physical and chro
Fluid in both capillary and packed cotomns matographic characterizabton of these

Chromatography has recently received renewed attention stationary phases
because the process olers seneral A nariety of methods are available at
advantages over liquid and gas chro- NBS for physicat characterizalton of these
matography for hNghefHiclency separa materials, rctuding carbon analysis, gas
tions of nonvolatile molecules. Potential adsorption surface area techniques,
NBS research n this area would focus infrared and nuclear magnetic resonance
on the investigation of the nariables that spectroscopy, and small-angle neutron
influence the retention, selectvity and scanereg techniques. Currentty, Bureau
eniciency of SFC systems and on the scientists are anemypteg to develop chio-
development of SFC as a useful analyt- matographic test mixtures to evaluate LC
ical technique to provide high-efficiency stationary phase characteristics and cho-
separations of complen mintures \ matographic performance Such perfor-
packed column SFC is avalable and a mance standards would allow the direct
capillary SFC 5s being procured to make comparison of the varinos LC phases
state-of-the-an measurements. Auviiary produced by diferent manufacturers and
spectroscopic detectors have and are provide nsight into the development of
being developed to complement this SFC improved stationary phases fon specific
instrumentation. separations

Contact: Stephen N. Chesler 30S/975h Contaet: Stephen A Wise, Atl 3
3102 or Stephen A. Wise. 301f975-3112, Chemistry Bldg. 301S975-31t2.
Ah 13 Chemistry Bldg.

Multidimensional (dual column) and very Multidimensional
Liquid Liquid chromatography (L0) on chemi- high-resolubtor (> 1 C0 000 plates) gas and Very High-

Chromatographic cally bonded stationary phases (e.g., Cr chromatographic methods oiler the Resolutlon Gas
Stationary C, NH2 , and NO,) oilers unique capabil analyst an opportunity to perform dlficult Chromatography

Phases: ties for the separation of isomeric separations to facilitate species-specific
Retention compounds or compound ctasses. quantitation. These high-resolution tech-

Mechanisms and However, sign ficant differences n reten- niques are being investigated at NBS to
Characterlaation ton and selectivity characteristics, such develop h ghly specific analytical proce-

as relative retention, are observed among dures for the quantitation of egig organic
commercial phases produced by different constituents contained in compiea
manufacturers and even within different environmental and clinical matrices.
batches prepared by the some manufac- Research in this area focuses on the
turer. optimization of mufdimensional gas chin

One area of NBS research has been matographic experiments in mhich two
directed toward understanding which capillary columns, each possessing
factors influence LC retention on these individual and different retention
various stationary phases to predict, mechanisms, are serially connected by a
improve and control the separation pneumatic switch. In additon studies
selectivity In renersed-phase LC on Cr center on the use and development of
phases polycyclic aromatic hydro- tailored. ery high-resolution capillary
carbons ha-e been used as model columns An independency controllable.
nonpolar solutes to study retention dual-oven gas chromatograph is available
mechanisms and selectivity. Various for multidimensional research. Additional
physical parameters of these solutes. facilities and equipment include state of-
including siz, shape aqueous solubility. the-art smple preparation and gas chro-
and partition coefficients: characteristics matography laboratories 12 capillary gas
of the bonded phase such as phase chromatographs with multiple specifh
type, alkyf chain length. and igand and non-specific detectors, and a large
surface densty: and mobile phase laboratory information management
characteristics have been studied to systnem (LIMS).
determine ther innuence on retenton and
selectivity in LC. Investigations have Contact: Stephen N. Cheser. At 13

Chemistry Bldg. 30i/975-3102.
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Microbeam Interpreting the relationship between the
Compositional physical and chemical microstructure of

Mapping materials is important in understanding
their macroscopic behavior and in
enteeding their m service performance
Conventional microbeam techniques for
elementalmdoecular compositional anal
Ysas 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 leae However, recent NBS
research developments have led to the
production of the first true quantitative
compositional maps Ouanttative
compositional mapping with the electron
microprobe has been demonstrated
down to levels of 0t weight percent,
while quantitative isotope ratio measure-
ment in Images has been demonstrated
with the ion microscope

Current research activites include
eotension of compositional mapping to
analytical electron microscopy, laser
Raman microanalysis, and laser
microprobe mass analysis

Potential projects n this field include
applyiag the compositional mapping
instruments to materials characterization
problems, developing new techniques for
composition.l mapping on other
microanalysis instruments, and mves-
tigating basic topics in quantitative anal-

of useful gas measurement techniques
and to the degree of understanding of
their capabilities and limitations. While a
natiety of techniques have been applied
to trace gas analysts, research directed
at modifications. innovations and
rigorous assessments of these and new
techniques is needed to Improve the
present state of the art in trace gas anal-
ysis. This research is particularly mpor-
rant to the growing requirements tr the
analysis of specific gas species in mot,
component gaseous mioturns and in the
extension of accurate analyses to below
the pats per-million and pants-perh-bon
teelsn

Current NBS research is focused on
such trace gas measurement techniques
as new detection systems using
chemilomimescence, electrochemistry
infrared diode laser systems, capillary
gas-liquid and gas-solid chromatography
coopled to mass spectrometry, and
isotope-dilution mass spectrometry
Bureau scientists also are enamining the
ose of class-speciic detectors for gas
chromatography and evaluating elec-
ironic circuitry to substantially optimize
signal and reduce instrumentation noise
and drlh

Contact: Walter L Zielinshi, Jr., B364
Chemistry Bldg. 301/975-3918

ysis with morobeam instrumentation A mator lash in the industhalt proouccon Nuclear MagneticThe equipment avalable tar this actiuty at orqanic tone chemicals, drugs and Resonance
includes a Cameca electron microprobe, antibiotics, and biomtlecules is the Spectroscopy ofa JEOL analytical scanning electron characterization at the product for both Bloorganics
microscope, a JEOL analytical electron compositional analysis and qualitymicroscope, a Cameca ion microscope. control. Nuclear magnetic resonance
a Leybold-Herueus laser microprobe (NMR) spectroscopy has proaed to be a
mass analyzer, two laser Raman powerful and widely used tool for these
miroirprobes at NBgh design, and eaten- and related purposes.
sine computer facitihies, including a VAX One NBS program in this area involves
11/780 computer and a DeAnza image the development of new and improved
processor methods for the structural, qoantitatne,

and conformatconal analysis of materiats
Contacat Dale E. Newbury, B364 Chemis- of chemical and biotechnological impor-
try Bldg, 301t975l3921, tance. The principal techniques that are

being investigated include multtnuclear.
two-dimensional NMR and its combina-

Trace Gas Accurate measurement of gaseous tion with multiple quantum methods and
Measurement species is at paramount importance to a distotionless enhancement by polariza-Techniques wide narety of Industries m a number at tion transfer (DEPT). A specitic goal of

applications ranging trom the quantilca- this work is the development of new two-
tion of pollutant and toxic gas emissions dimensional spectrum editing and filtering
to the quality control of products, The techniques and their application to struc-
valid ty of data derived tram such meas tural and conformational characterization
urements is airectly tied to the availability via correlations with multinuclear chem-

ical shifts, coupling constants, reltoation
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times and nuclear Ocerhauser effects Additional studies will be directed
This work is conducted at NBS with a toward understanding the iteractions of
highhfield (400-MHz) multruclear NMR proteins with metal ions Image
spectrometer equipped with a new pulse- processing by state-u othe-an nstrumenta-
programmer (process controler) a high- tin will be implernented in the lormacon
capacty data acquistion system, an of meaninglul databases As part of this
array processor, and an on-line data program NBS plans to issue well-
processing station. characterized mintures of proteons as

Standard Relerence Materials (SRMs)
Contact: Bruce Conon, A361 Chemistry These new SRM's will be used to assess
Bldg. 301/975-3135 the abilities of existing and new elec

trophoretic technques tor separating and
detecting proteins

Protein NBS scient sts are using a two-
Chancterization dimensional electrophorees system to Contact: Dennis Reeder. A361

by Two- characterize proteins and peptides At Chemistry Bldg. 301/975-312B
Dlmenslonal present. they are probing the influence of

Electrophoresis size, shape, and charge on the migration
characteristics in the electrophorelc Inorganic and organic compressed gas Instability of
med em. Well defined protein markers. mixtures are employed entensicely Compressed Gas
especially of high molecular weight, are throughout industry to calibrate eqotp- Mixtures
required to allow standardization o poly- ment used in assessing the quality of
acrytamide gel electrophoretic systems products and the efectiveness of emis-
Charged polymeric materials other than sion controls. The stability of these
proteins may be considered fo - -rmaers mies ins icre ral n heir seccesslul use
Because staining and detection of such A number of instances hane been noted
markers is of special mterest. NBS in which instability has seen observed
researchers plan to examine the particularly in mixtures containing low
mechanisms of sulcer stains with neutron leres of reactice gaseous species such
activation techniques as nitrogen oxides, sulfur diox de. and

hydrocarbons The explicit reasons for
instability may differ somewhat for
different gaseous species, but they are
related to at least two possble
phenomena: gas phase reactions and
gas-metal interactions with the internal
surface of the cylinder.

NBS research is directed at impronig
the understandig and prod ctab lily of
both of these Phenomena The tech
niques innolued in this research include
those employed in suralac science
studies and other approaches, such as
Fourer transform infrared spectrophtolom
eftry diode laser and other lorms or spec-
trosepy, moss spectrcnmetry. metal
analysis. trace water and eygen anal-
y5i5 'chemiluxminescenic arralysi, urnd

the use of speci-icaly doped mixtures
and homogeneous gas phase kinetc~S

Contact: Walter L Zielinski. Jr .B364
Chemnistry Bldg., 3h1I975-391B

Research chemist Dennis Reeder is working to impMse the
accucocy of two-dmensional etactophorenis so hlotecltnologp
companies can use the technique to assess their products'
putfy. 13
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Computational Deogning comprehensive software lot
Mechanics modeling and database applications a

materials science and engmenring Is the
goal of this project. Current research on
computer aided modeling of the behavior
of strcctoral materials and components
ranges from microscopic feature analysts
of fatigue, fractUre, phase change, creep,
and polymer crystallization to the stress
life prediction of structora reliability of
critical components based on mechanical
and lam-derectlon testing In these
studies NBS researchers are
emphasizing the interplay among the
choices of data representation.
appropriate physical principles, nciste
mathematical and computatona 100ls0
and integrated software tot graphics and
databases, In addition, they are
interested in mathematical theories of
elasticity, plasticity. viscoelasticity and so
focth as well as mathematical methods
usng matin. theory, fftte-eleme-t
algorithms bifurcation analysis. statstical
distribution concepts and sampling
theory, and stichastic d fferential equa-
tons.

Contact: Jeffrey T Fong, A302 Adminis-
traton Bldg. 3011975-2720.

Measurement Duality assurance lot physical and chem
Assurance ical measurements and productivity

improvement in laboratory operations
depend on the development of new
statistical methods and models Current
interests at NBS include experiment
design lot calibrations. robust estimation,
time-series analysis. and graphical anal-
ysis In addition multtoariate problems
arise in the evaluation of compleo elec-
Ironic equipment. Thereforer estimation of
variance components and of stat stical
tolerance limits for populations with
several variance components are being
stud ed.

Contact: Mary G Natrela, A337 Adminis-
tration Bldg. 3011975-2854.

Mathematical analysis. in combination Nonlinear
with symbolic computation, leads to effi- Mechanics
cent analytical approximations by
computers Penrtubation algorithms
applied to nonlinear dferential equations.
especially in celestial mechanics, resull in
analytical developments whose
compleoty grows exponentially wth the
order of the approximation Seneral
diflerent avences are being enplored to
simpl fy literal developments generated
by perturbation algorithms applied to
nenlinear systems. These include the
tdentficaton of algebrac stractres on
the domain of the normaization
smoothing translormatrons to elinnate
pertuhbaton terms outside the kernel of
the Lie dericasce, preparatory transfor
mahons of a geometric halre. and the
creatio of natoral intermeciarien Prob-
lems currently under examination at NBS
are resonances at an equilibrium.
perturbed pendulums and the mater
theories of celestial mechanics. NBS
esearcheis using a LISP computer are

focusing their eoploration on algorithms
amenable to computer automation
throogh symbolic processors

Contact: Andre Deprt, A302 Admmistra-
lion Bldg. 3011975-2709g

Miti ldimensional geometric representa- Computational
lions and data stroctures provide the Geometry
basis lot developing algorithms software,
and computer techniques used to
describe manipelate, and control objects
handled in an automated processt NBS
applications loe this type of geometry
include manipslating objects in auto-
mated design and manufacturing
systems and opt-mal control of machining
and mechanical processes In addition,
technques of computational geometry
are applied to computations with digitozed
cartngraphic data and to the display of
qoasi-crystal strrctures th icosanedral
symmetries.

Contactt Chnistoph J Witzgall A302
Administaton Bldg 301t975-2725 or
Sally E. Howe. A151 Technology Bldg.
3011975-3807
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Vector To make effechve use oa vector There is currently tremendous interest in Studies of
Algorithms and computers. new algorithms appropriate to the growth of gallium arsenide (GaAs) Semiconductor

Mathemaliotl the special architecture of these semiconductors on silicon substrates Matertals
Software machines need to be designed and because such substrates ca. provide

incorporated in high-quality mathematical excellent mechanical strength and
sotware for general use. Very saccestul thermal properties that are not provided
vector algorithms have been developed by the GaAs material alone, A major difi-
tor computations in numerical linear culty wrth growrng GaAs on silicon has
algebra (e.g., computation ot the discrete been the mismatch of lattice constants
Fourier transform), but few are available and the concomitant incorporation of
for combinatorial problems. One area of defects However, new studies show that
NBS research is concerned airh a better match of the lattice nxv can be
developing vector algorithms appropriate achieved it the silicon substrate is cut at
to the combinatorial problems encoun- a small angle lo the crystal plane To
tered In molecular dynamics simulations, probe the interaction at relevant semicon-
in particular three-a mensional simulations ductor materials with the silicon substrate,
with very large ensembles ot panicles. NBS scientists are using sensitive.
Additional areas include methods for tunable laser sources to detect the
solving highly nonlinear elliptic and para individual states at the atoms and
bolic,pavial diterential equations as well molecules as they interact with the

as ... ..o ....... ....raind and uncon- growth.' substrate and grow-.ing matenal.
strared optimization problems and the Complete surface diagnostics and ultra-
solution of nonlinear systems of equa- high vacuum conditions are used in this
tons NBS researchers also are morking work. NBS researchers are determining
on the solution ot integral equations and the sticking coefficients and adsorption
numerical evaluation of integrals Soht energies of the individual spin-orbit states
ware development goals include port- of gallium atoms and other dopant atoms
able, interactive packages integrating plus the effects of vibrational excitation of
modern graphics with numerical the arsenic dimers on the growth ot
algorithms GaAs semiconductor materials

Another Bureau study involves the
Contact: Francis E. Sullivan, A438 Ad- deposition of thin films of amorphous
minisraton Bldg., 301975-2732 silicon, which are used in photosensitive

devices and in photovoltaic cells. Scien-
tists are examining mechanisms involved

:in silane discharge and thermal chemical
napar depouition (CVD) production of
nusch films_ Mass spectrometry is used to
study gas discharge processes, gas
chemistry, and surface chemistry and
their ehect on film growth, character, and
quality, Researchers are operating a
threcholed onization mono spectrometer
that can detect H and Si, Hn radrcals ai
densities of 1 part per million of the
parent silaoe gases. The spectrometer
also has a threshold sensivity in the
neighborhood of lo" cm

0
in the reactor

vessel. All electronics, vacuum, and gas
handling apparatus necessary tor
evamiving rf and dc, discharges and

Atelhemataictan Salty Howe is deveoping oigotoflhms andsoB- thermal CVD under controlled conditions
wart foe troot motior p fning that wil be utsd In th are ana able as Is a pulsed laser tor use
Bureau's Automated Aanufactatrng Rssearch Faciity in studying surface species by laser

blawfft

Contact: Stephen R. Leone, 303d497-
3505 or Alan C. Gallagher. 303/497
3936, Div. h25, NBS, Boulder, CO
80303.
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Advanced AC Thermal voltage and current converters
Voltage and offer the moo accurate and broadband

Current method tor measuring ac voltage and
Measurements current for applications a commumca

tons, power generation, aerospace. and
defense. Thermal transfer standards are
calibrated by NBS In terms of reference
counerern which hane themselves been
characterized by reference to the NBS
primary standards The primary stan-
dards are a set of special multijunction
thermal conveners whose performance s
known over quite limited ranges of
current, voltage, and frequency.
Complex. bootstrap methods are used to
extend the current, voltage and
frequency.ranges. However because
uncertainties expand consderably in
those regrons remote from the primary
standards. NBS is studying new methods
and converter designs to reduce sigoifi
cantly uncenainty for those regions Of

articular nterest are voltages below 0.5
nrat all requencies and frequencies from
1t00 Hz to 1 MHz at all voltages The
apparatus available for the studies
mcludes the NBS primary standards with
sub-pan-per-millon (ppm) uncenainty n a
core region of parameter space and a
number of high-accuracy comparators,
both manual and automated with sub-
yym accuracy capabil ty

noun technique utilizes a novel inter
ferometertphase-ocked rf system which
maps optical frequency change into
corresponding phase change of an f
signal suitable for control, stabilization,
and scanniog. This system is intrsically
free of errors which accumulate over
large noans. In combination with a Lamb-
dameter for coarse wavelength identitica-
lion and a single absorption line used as
absolute calibration tor enample NBS
tiscentists can noan a few dozen
angstroms with sub MHz accuracy.

Another NBS system under develop-
ment works entirely externally to a cw
laser to shif the output laser frequency
and reduce the intensity n a controlled
manner. The first application of this Is
cleaoy a boo which witl Sit m the output
beamline of any laser and 'eat' both
frequency noise and ampl tude noise n
the intrinsic output of the laser Bureau
scientists have demonstrated this function
by the combination of an external electro-
optic phase shiteir and an aco.usto-optic
frequency shtier, which also functons as
a fast controlled optical attenuator
Residual noise lvels near the values
fixed by the fundamental quantum fluctu-
ations have been ach eyed In laboratory
enper-ments

Contact: John L Hall Dv. 525. NBSP
Contact: Joseph R. Kinard 301a975-4250 Boulder CO 80303. 3031497-3126.
Or Norman B. Beteck. 301 975-4223. B146
Metrology Bldg

Laser Many of the most sensitue and sophisti
Stabilization cated applications of lasers depend on

the lasers spectral coherence, frequency
stability and low-mtensity noise. For a
number of years. NBS scientists have
been working on appropriate laser
control techvques In the doma n of laser
intensity stabilization. laser frequency
stablizaton, linewidih reduction with
actiye control techniques. and several
methods for produc ng quantitative 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
laser. allows scans over a -5-GHz range
with inaccuracy below 10 kHz. The other

X-ray spectroscopy can provide olorma- Study of Atomic
tion on electronic structure and on the Structure of
local atomic structure of atoms In matter Matter mith
Bureau scientists have constructed a X Rays
synchrotron radiation beawline at the
National Synchrotron Light Source which
provides the highest flux h ghost Mien-
sity and highest energy-resolvMng power
of any existing beamtive m the x ray
energy range from 1 keV to b keV NBS
equipment complements the synchrotron
radahon instrumentaton X-ray absorp-
lion 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 semi
conductors. polymers catalysts.
buotogical moecules and other materials
of interest to industry The Bureau has
additional experimental capabilities tor
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.-ray emission spectroscopy, -ray
photoelectron spectroscopy. and Auger
electron spectroscopy, which are
powerful probes of the electronic struc-
ture of solids. liquids, or gases.

The a-ray standing wave technique
uses interference between incident and
diffracted a rays to determine the precise
location of impuribes or imperfecbons
within a crystal or at its interfaces. The
technique can be used to investigate the
location of dopants and imperfections in
semiconductors or optical crystals,
growth of overlayers on crystals, and the
structure of catalysts supported on crystal
substrates. In additon, evanescent a 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
o rays (DEX). which combnes and
extends the capabilities of the x-ray
standing wave method and eaperiments
based on evanescent X rays The
synchrotron radiation beamline provides
an ideal facility for applying these tech-
niques.

Contact: Paul L Cowan, 301/754d46 or
Richard D. Deuates, 301/975-4841. A141
Physics Bldg.

Vacuum and A wide variety of industries depend on
Leak Standards 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
10ff to below 10-f std cc/s Facilities for
this research include five UHV systems.
two low-range llo-meters, high-accuracy
mercury manometers, pressure and
vacuum control systems, and a variety of
vacuum, electronic, data acquisition, and
data analyss equipment. These facilities
and measurement capabilities are used
to develop improved measurement tech-
naques and equipment and to investigate

Fhyputic De Hft at the NABtUnhret Of Cdoado Joint
Inaute for Laboratory Aatrophpc. odu rotwo In te
satebf on orati o Laer ays to bpr e sabnard aocea Of
nncnocloc topdic -t. Such denvics art of comMercIa

tertal for man, - of Idmutle and sclengt research.

the performance of vacuum and pressure
equipmentl including mechanical pres-
sure gauges momentum transfer
gauges, ionization gaugesd standard
leaks and residual gas analyzers. In
addition, NBS plans to use this measure-
ment capability to invest gate material
prapeffies and physical phenomena of
fundamental inlerest.

Contact: Chares R.Tifford, A515 Metroogy
Bldg. 301/975-4828.
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Frequency, Time, Advancements in avimunicatin and
and Phase Noise naurgabon systems require atomic osciI-

Measlunement lators wan increased performance and
reoability. NBS has several programs
amed at pravding advanced trequency
standards which have the Potental for
beneitting commerciat atomic standards
Bureau scenistn are currently workung
on an optcaly pumped cesum-beam
standard whrch should sgricasanty
surpass the performance of standards
based on magnetic state selection and
detection Their studies on ion storage
and radiative cosiing are probing the
potental for standards operabng at
accuracy levels of wne parn ta'r and
perhaps beyond.

Aerospace systems often require
extreme phase stability, which has led to
a need for high-quatty phase noise
characterzatron amplifiers. frequency
multipliers. oscillators. and other etec-
tronic components. Thus. NBS has
initiated a program to develop methods
for measuring phase noise in such
components over a broad trequency
range (irno the millimeter range) The
moyk will primarily nvonve the two-
oscillator technique. but other techniques
will be studied.

Requirements tor synchronization (time)
and syntoanzation (frequency) of broadly
dispersed sets of nodes for commumnca-
tion. navigation and other electronic
systems are increasng signilicanstly
Because of mhe inherent reliability.
simplicity, and law cost Of using satellite
transfer NBS is studying several possible
approaches for using this technique. The
excellent performance of the NBS Time
Scale and retable ties to many other
international timing centers provide the
basis for analysis of the performance of
these time-transter techniques In addi-
tion, the Bureau is equipped with GPS
receivers, Earth communication terminals,
and automated systems for statistical
analysis of Ihe performance of systems.

Contact: Donald B. Sullivan Div.
724.03, NBS, Boulder, CO 80303.
303/497-3772.

Precisron voltage standards based on Solid-State DC
saind-state references are finding Voltage
increasing use n dc vottage metrology. Standarda
particularly is the design and suppon of
high-accuracy digital voenteters and auto-
mated test equipment. To improve the
quality of these standards, Bureau scaen-
bss are cartryg eut a research program
on Zener diodes and similar decires
They are nvestigating deerce properhies
such as temperature casthoest, shon-
term noise, tong-term satAilty. and perta-
mance under temperature shock and
power interruption The aim of these
evatuaaeons is ta identity deices suitable
for a rugged 10-V transportable standard
capable of prawdmg sub-pan-per-mrlion
(ppm) accuracy when used as a trans-
pon standard behween laboratories. The
effects of temperature ecaemes, physical
shock. and shipping delays on diode
output is of special interest.

In another area of research. NBS is
producing a stabte 1.018-V output
deeved trom a solid-state reference The
researchers are specifically interested in
the design and manutacture of low-nose
stabue resistors that are immune to
temperature shock and power interrup
tion. Facilities are available to test Zener
diodes with 0P1-ppm resolution and to
manufacture both bulk metal toil and
wrre-wound resesors, Detailed study of
the dependence of device performance
on labrcation parameters is possible
through high-accuracy measurements
referenced to national standards arid
collaboration with Bureau scientists n
several NBS divisions on the fabrication
of Zener devices,

Contact: Bruce F. Field. B258 Metrotogy
Bldg. 301/975-4230 or Norman B.
Beleck. B146 Metrology Bldg.
301/975-4223.

High-precision mass measurements on Automated Mass
mechanical balances in industrial stan- Measurements
dards laboratories are now very stow and
labor ntensive Since fully automated
mass measurement systems are not yet
commercially available. the NBS mass
program is developing a low-cost
modular system. It will nctude a balance
beam servo-sysem for automatic data
acquisiaion; automatic modules to probe
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air temperature, pressure, and relative
humidity: a themsal seight-soaing- plate
semoed to the temperature of the
balance chamber; a robotic weight-
changer that can accommodate multiple.
weight combmations; and integrated sot.
ware to control the measurement process
and analyze the data with the NBS mass
code. Many of these concepts have
already been incorporated into a trans
portable mass measurement asourance
package that is now beng tested in
industrial and state metrology laborate
ries. A fully automated system will not
only reduce the labor cost ol mass meas
erements, but will also minimize the opeo
ator and enitonmental bases that enter
the manual measurement process.

Contact: R-n1ali M Srhesnw ter 1in7i
4216 or Roben D. Cutkosky. 3g1/75
4214, B1t0 Physcs Bldg.

Temperature Improved industrial processes and
Sennor Reneerch sophisticated scentilic research require

temperature Sensors that cover wider
temperature ranges with better accuracy
and precison For example. the degrada-
btn of thermocouples euposed to high
temperatures for entended periods of
time represents a serious impediment to
temperature measurements in let
engines, urnaces and so forth. NBPS has
several pr~oects under way to test and
mprove the pedormance of currensy
available sensors. These sensors iclude
thermocouples, platinum resstance ther-
momeers. and a variety of cryogenic
temperatere transducers. The lempera
lure range covered by Ihese proqects
enends from cryogenic temperatures
(O 005 K) to about 1500 -C For this
research, the Bureau has ecellent
temperature calibration facilities an auto
mated laboratory equipped to ecaluate
thermocouples at high temperatures,
severa laboratories equipped for work on
platinum reestance thermometers, and
cryogenic laboratories where measure-
ments can be made in the millkelvn
range. NBS scientists are planning a
series of studies of new materials, new
principles, and new technques to
provde uniform and accurate tempera-
ture measurements.

Contact: Robert J Soulen, B128 Physics
Bldg. 3019/7&4801t

In a strongly computer -onented program. Cement and
NBS researchers are seeking to develop Concrete
an improved understanding of the re a-
ions among the chemstry. mcroStruc-
ture, durabhity, and other factors that
attect the pedormance of cement.
concrete. and other inorganic budding
materials. Current areas of research
include mathematical modeling of the
development Of microstructure in cement
hydration and of the ettects of microstruc.
ture on cracking of concrete mneslga
lions of mechanisms of materials
degradation, and development of atificial
intefligence systems for optinsong the
selection of building materials. Bureau
scientists are conducting analytical and
enperimental meoarch on cracking and
the dynamic properties of concrete and
other brlrile iildinq materials They are
perdorming chemical and microstructaral
studies usng a vanety of techniquoes
including light microscopy. scanning
electron microscop. -ray dlfraction.
and thermal analysis.

Cement hydration research contributes
to making concrete a more predictable
material. Therefore, NBS Is seeking
tendamental understanding of ponrand
and related cements and ther reactions
wth water by Onveloping and validating
mathematical models based on plausible
reaction mechanisms. taking into account
such processes as dihesion, nucleaton,
and growth of new phases The modets.
which wil probably be run on a Cyber
205 computer. wr1 predict the coursys
and kinetics of the many reactions taking
place during cement hydration and the
development of microstructure under a

'rde (ange of conditions Special
enperimental technsques employed in
studying the reactions of cements
include, in addpiton to the techniques
mentioned ahoce. microcalorimetry pore
sodution analyses, ion chromatography.
and Fourier yanstorm infrared spec-
troscopyW

Contact: James R Cithon B3n8
Building Research Bldg. 3011975-6707

Eperimenal and analytical research is Structural
under way at NBS to develop desgn Engineering
criteria lor steel and masonry sructural
components sublected to dynamic loads
such as wids and earthquakes The
work inooes dentifying Imt states and
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To ad in the creation of buildings that Illumination
operate more eficiently and better meet Engineering
oser requirements. NBS researchers are
investigating the interaction between
hobuilding occupants and illuminationrday.
lighting systems The work includes
developing criteria for illumination quan-
tity and qoality and determining the
effects of light source color aed the color,
soe, and shape of the object on the
performance of visual tasks. In addition.
the research involves evaluaong both the
tradeoffs and availability of daylighting
as well as illumination contras 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, hile the applied'
research laboratories provide a realistic
environment for studying color rendenng
(distonion) of energy epficent lighting

Other research proents inicude
daylight prediction computer modeling
based on detailed simulation and
eoperimental measurements Also the

f is a :Bureau has initiated an experimental
project to determine thermal interactions
hetween lighting systems and HrVAC
(heahing. vent tating. ard air onditioning)
systems to provide improved design and
evaluation techniques from the standpoint
of energy elfcriveness, luminous
efficacy. and life expectancy of the
iighting I otures.

Contact: Balinda L. Collins A313 BuildingThis coopmutedted large-scale structural test tacilit i used to Research Bldg. 301/975-6456
test the pertomance of tuB-scale budge and building compon-
ents duaing earthquakes.

NBS researchers are studying techniques Indoor Air Quanity
establishing criteria to ensure structural tot measuring and moda/long indoor and Ventilation
safty. In the lahoratory, NBS contaminants, specificaly the enaect of air Efficacy
researchers use a unique computer leakage and ventilation systems on their
controlled test facility that can impose levels and movements NBS pioneered
forces and/or displacements in three the measurement science for air infiltra-
directions simultaneously and a 12 bion hy introducing the tracer gas tech
million pound capacity universal testing nique Currently the program has
machine capable of testing large scale evpanded into measurements and
structural components 60 feet tall A computer simulation modeling of various
high performance computer graphics indoor air contaminants. notably
faboratory including a VAX computer formaldehyde and radon Radon decay
system and specialized graphics based and dilution processes have been
finite element software is utilized for the modeled and several n ta1 measure
analytical work ments are being undertaken to develop

Contact: Charles G Culver B26B
Building Research Bldg 301/975 6048
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techniques to minimize enessve buildup An eatensve program to determine the Relrigeratlon-
of radon coming from the ground performance of heat pump and other Cycle-System
Bureau researchers have investigated noncrygenic refrigeratin-cycle systems Studies
formaldehyde emisaun rates from is under way at NBS n both the field
pressed particle boards and other and laboratory The systems beng
build ng materials to validate a prediction studied incude electric-driven. heat-
model developed by the Oak Ridge driven (adsorption cycle), and heat-
National Laboratory. In addition. NBS is engine-driven systems. As essential part
devefoping comprehensive computer of this program is the development of
simalalion models for predicting emission. analytical models that u-Il predict the
dilution, absorption, and convective performance of systems under transient
movement of contaminants n and as welt as steady-state cond,tions and
through buildigs arth a number of with angle refrigerants and refrigerant
rooms An advanced gas chromata miutares These models wilt be for
graphic mass spectrometer is used to specific systems, that is engine-drives or
measure and analyze many indoor eeclric-driven, wih or without storage, n
contaminants, especially the volatile specific apphcatiaes such as different
organic compounds. buildings and climates These models will

predict the energy performance with
Conlact: Richard A. Grot. B114 building various parametric changes, ncludeng
Research Bldg., 301l75-6431 component uzng.

Organn iruling As par! of a program to increase the
Materials usefulness. safety and economy of

budding materials. NBS Is conducting
basic and applied research to determine
the quality and predict the service fife of
organic building materials such as
prutective coatings for steel, adhesives,

aooftg materials, and plastics Specific
areas of basic research nclude
advancing the knowledge of degradation
mechanims, developing Improved
characterization methods, and designng
mathematical models of the degradation
processes The results of this research
are then used to derive stochastic
mudels for predicting the sersce life of
these materials The stochastic models
have a bass in reliability theory and tife-
testing analysa

Bureau scientists are now using
computer analysis of infrared therm-o
graphic images for studying the rates of
corrosion and the formation and growth
of blisters beneath opaque piotective
coatings They are also utilizng gel-
permeation chromatography, gas cho-
matography. and spectroscopy to study
the mechanusms of photolytic and thermal
degradation of poly (methyt methacry-
late) In both projects, reliability theory
and life-testing analyss techniques are
used for predictng the senrice lives of
the materials

Contact: Larry W Masters, B348
Building Research Bldg., 301/975-6707.

Contact: David A. Didon, B122 Buldng
ReerhBldg., 30V1975-5B8i.

Bureau researchers are devising and Thermal
improving methods for measuring the Insulalion
heat transfer performance of thermal lua-
larias and other materials used n the
construction of buldngs An essential
part of this program Is the development
of comprehensive analytical and mathe-
matical models that will predict the
performance of these materials under
transient and steady-state conditions of
use These models winl be developed for
individual materials and for combinations
of materials that are used n the design
and construction of budding walls,
windows, doors. floors, cetfings, and
ioofs The work is primarily of a labora-
tary nature, and encellent new facilities
are in place tor use in the program They
include a line-heat-source, guarded-hot-
plate apparatus that can accommodate
specimens up to 15 inches thick with
computerized cantrol and data-olgging
and redaction capabrities. and a
calibrated hot-bou test fasility to measure
simuttaneousy air, moisture, and heat
transfer characteristics through a full-sze
wall 10 feet high and 14 feet wide,

Contact: A. Hunter Fanney, B306 Building
Research Bldg., 3019755/B64d
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Ceramic Sintering of ceramics is a comrplex
Processing process that involves the interaction of

many dtiferent processing variables The
influence of these processing variables
on sintering cannot be determined simply
by measuring tinal density or some other
end point property Chemical composition
of the ceramic powders is known to be
of major importance and, under certain
conditions, can mask eHects of most
other processing nariables. As part of a
program on ceramics NBS scientists are
investigating the enect of trace levels of
impurities using clean-room processing to
produce. compact, and snter oltrahigh
prity ceramics. Compostaons wil be
measured at different stages of the
process song nuclear actiation analyos
(gamma ray spectroscopy). Results trom
this program wril enhance investigations
of other processing oariables including
pan cle size, shape agglomeration.
compaction method and atmosphere
under controlled composition condtions
Such data will lead to better models for
microstructore evolution during sntering
Use of predictivo models, in conjonction
with other ongoing eforts 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
Matenals Bldg. 301bt75-5795

protilometroy and scanning electron
microscopy (SEM) SEM facilities are
used to examine wear tracks and debris

Contact: Ronald G. Munmo A215 Metrol
ogy Bldg. 301g975-3671

Imperfections in highly perfect crystals Electro-optic
typically limit their performance in high Crystals
technology applications such as optical
commrmcatioas and optical signal
processing In particular, limitations In the
perfection of electro-optic and
photoretractive materials such as lIthium
niobate and bismuth silicon oxide have
severely inhibited the development of
opt cal switches and modulators. Bureau
researchers are investigating crystal
perfection at a unique, monochromatic
o-ray topography facility at the
NBS/Naval Research Laboratory beam-
lines on the high-energy ring at Brook-
haven National Laboratorys National
Synchrotron Light Source. The inofrma-
(ion from current studies, conducted
jointly with growers of high-qoality crystal
is expected to improve substantrally the
quality, and hence the performance. of
these crystals

Contact: Bruce W Steiner, A329 Matenals
Bldg 301/975-6122

Bureau scientists are conducting several Fracture of
long range programs on the fracture Ceramics

Tribology of NBS is examining the wear and frictional behavior of two types of ceramic
Ceramics characteristics of advanced ceramic materials ceramic composites and poly-

materials with state-of-the-art wear tea crystalline ceramics. The program in
analysis methods Studying high- composites focuses on determining the
temperature ceramics, especially the type ebects of the fiber/neatriv interface on
necessary for ceramic heat engines, fracture behavior of ceramic matrix
requires new test procedures and tech- composites, The fracture studies on poly-
niques and standardized methodologies crystalline ceramics are enyloring the
For such research ftriction and wear tests effects of grain boundary compostions
may be performed over a wide tempera- and structure on strength and stress
ture range with a controlled test environ- corroson susceptibility as well as the
went Equipment is presently available at elects of phase transformations on the
the Bureau to test ceramics from 20 to strength and fracture toughness of
1500 °C and a unique high-temperatore piezoelectric and dielectric ceramics.
controlled-atmosphere ceramic wear test Facilities for these programs include
facility mhat will produce temperatures up mechanical testing machines for tensile
to 1500 °C is almost ready for use and compressive tests, a microindenta-

Bureau researchers are also noes- non hardness tester and an enoironmen-
tigating the control of fricton and wear tally controlled apparatus utilizing double
by advanced lubricants and lubricant beam configuration for environmentally
transfer methods. Pre, and pesttest enhanced crack growth studies.
analyses include mear debris analyos,

Contact: Stephen W. Freiman. A329
Matenals Bldg. 301f975-5761
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Materials Utilizing microorganisms to extract
Bloprocessing eatraneous materials Is one gona the

steel, mining, minerals recovery. and
waste treatment industries have in
common Birolgica leaching is a low-
cast alternative to eapense energy
processes Theretore, NBS researchers
are investigating microbiological
processes for Iron ore and scrap steel
beneticiaaon through biosoaelabization of
copper and phosphatelslicate minerals,
and bioprocessng-leaching and
recovery -ot strategic metals by
mesophitic and thermophilic micra
organisms To develop appropriate
processes for each type of extraction.
characteristics of such microorganisms
must be understood Thus NBS is
developing and analyzing nondestructiva.
surface mnolecular analysis methods
including microscopic absorption and
emissaon spectroscopies In addition
Bureau scientists are using ultratrace
molecular speciation methods tor solution

d gas phats ar itere oatetnaf
diagnostic products or intermediates (gas

ath postbon sensitive detectors has the
potentia for rapid. prodaction-line charac-
terization of both phase composition and
material properties of powders and
monoliths. Characterization includes
determination of powder composition
(qsaliativae and quanttarive phase and
chemical constituents), glass-tocnrystallre
rayo, crystallite and particle size resdual
stress, lattice parameters, and thermal
expansion. Special equipment available
for stadyng the relationships between
paricle characteristics and processing
parameters includes SEM, STEM. DTA-
TGA. furnaces with atmospheric control
three automated powder diffractometera
ath high-temperature stage coslter

counter. BET. secigraph, and particle-
ace classifers

Contact: ATan L. Dragoo. 301t975-5785;
Cad R. Robbns, 301t975t578; ra Camden
R. Hubbard, 301t975-6121 A258 Materials
Bldg

and liquid chromatographa coupled with Techniques that probe the surface Ceramic Surface
graphite furnace. flame photomaetric, and environment of powders during crystalli- Analysts
mass spectrometric detectors) Other zation and compaction are likely to yield
areas under study iaclude engineering sgniticant intormation on the link
desgns, bioreator systems, and between observed reaction chemistry
development of standards such as metal and product quaity. To this end, NBS is
seltide Standard Reterence Materials and investigating Fourier transform infrared
are bioleaching test protocols, (FTIR) and electronic absorptionremisson

spectroscopes for ceramic serface anal-
Contact: Gregory J Olson, 301r75- ysi Twa lines of research in progress
5637 or Frederick E. Brincmanan enemplify the Bureaus approach and
301/975 5737 A329 Materials Bldg, seae as models for further esplorathn.

One protect insolves silicon nitride
powders trom various sources that have

Ceramic Powder Improved characterization of partide size. been evamined by FPIR. Compositiona
Characterlaatinn shape, and crystal chemistry of ceramic purity (Si-N/Si-O ratro) and percent beta

powders is now recognized as important phase are easily assessed by this
to the development and production of nondestructive technique. The other
high-quality ceramics for advanced tech- protect concerns a fluorescent tag that
nological applications To obtain precise has been developed for the silovy group
and reproducible measurements of The comples formed between the tag
particle characteristics. Bureau scienists and S.0- on slica gel has been detected
are utitibng a variety of instnumental by epilanrescence microscopy imaging
methods, including scanning electron This technique is expected to be useful
microscopy wTh image analysis. Theoret- in quantitating the chemistry occurring at
cat investigations and statishcal analyses crack tips in slica samples.
of data are then used to compare the
reselts of the measurement methods. Contact: Roben A Fabynek. 30th97h-

The broad NBS program also intudes h636 or Frederick E Brinckman,
development of x-ray diffraction tech- 30tt975-5737. A329 Materials Bldg
niques, reference materials and dcat
bases for characterizing ceramic starting
powders, and ceramic monoliths. Aut-
mated a-ray diffracton nstrumentation
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Optical Films Bureau scenusts are analyzng the rela- Furthermore. trunbsonal species, such as
bonship between processing. structure, clusters of atoms or molecules, present a
and properties of optical films grown by particularly unique measurement chal-
emectron-beam (e-beam) depostion. lenge Researchers need to measure
e-beam coenaporation. and ion-assisted such species to be able to understand
e-beam deposnon. To support industrial condensation and suRface phenomena on
deveyopment of new optical materials a molecular-feel and to deaelop
with superior properties such as materials with unique structures and
decreased porOeety. decreased stress propermes. In addison to experimentat
greater indes statility, and lower absorp- mark, the research nolnes computer
tinity, these researchers are studying the modeling to extend the laboratory-based
evolution of film structure starting trom data to indusral-process condubons.
nucleaton. growth, thin-film adhesion,
and thermal propemes of ilms. Charac- Contact: John W. Haste, A329 Materials
terization capaobities mclude refractiue Bldg., 301/975a5754.
indeu by maine spectroscopy and
channel spectra, thickness, absorption
coeficients by laser calorimetry, stress by Bureau scientists are investigating low- Ceramic
inteerometry, thermal doffsurties by temperature synthetic approaches to both Chemistry
photothermal radcomety, 0-ray photoelec oxide and non-oxide ceramic powders
fron spectroscopy, Raman spectroscopy, and the use of neutron and x ray scat-
extended x ray absorption line structure. taring expertise in atomic and micromruc
x ray dcfraction, and electon tural studies. Special emphasis is placed
microscopy. New areas to be pursued. on the use of nouel chemistry and tech
with impact on optical signal processing niques to sove the problems of gener
technologies. are epitaxial growth and ating homogeneous, muliucomponent
modulated structures for ibght-guiding materials with predictable properties In
optical films with enhanced electrc-optic general, systems currently under study
and nonlinear optical properties. include barium plytitanates. zirconia-

toughened aluminas, and silicon carbide-
Contact: Albert Feldman, A329 Materials stanium carb de particulate compostes
Bldg., 3011975 5740 These researchers are examining the

molecular structure of species in
multicomponent alkovide systems. the

Ceramic Phasa Ceramic phase equilibria studies at NBS kinetic aspects of sol-gel reactions. and
Equlilibria involve complementary research activities to the microstructure of product powders

in experimental, theoretical, data- and glasses. These studies were under.
evaluation, and compilation aspects of taken to define key process variables
ceramic phase equilibria These studies and guidelines for developing practical
include all classes of inorganic materials sol-gel processes Coupled with powder
except alloys, The dato-evalaiuon and synthesis and subsequent compaction is
compilation work is carried out under the the development of in-situ measurement
jont American Ceramic Society techniques, including small-angle neutron
(ACerS)/NBS program to provide industry and small-angle x-ray scanering, Such
and others with a comprehensive data- techniques will allow characterization of
base of up-ta-dote. critically evaluated key fundamental parameters controlling
phase diagram information eady stages of the material processing

The established, broad-based, fundsa This effort complements nondestructive
mental and applied high-temperature ealuation (NDE) sensor development so
chemistry research program examines that industry will be able to detect flaws
chemical phenomena tempeatures from at the very early stages of processing
25 to above 5000 °C, atmosphere pres where the raw material can be recouened
sores from 105-° to 20 atm, and and treated.
mulbcomponent solid, liquid, and vapor
systems. New or improved measurement Contact: Kay A. Hardman-Rhyne. A329
techniques are needed for idenstication Minerals Bldg., 301f975-6103.
and quantilication of species and comp-o
nents present under these conditions
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High-Temperature The success of structural ceramics in
Reliability of high-lemperature applica0ons, such as

Structural heat engines or heat exchangers
Ceramics depends on the reliability of those

materials at temperatures that approach
thnir thermal limit Because creep-
induced cavitation is the primary cause
of failure at these temperatures. the
characterizabon of nucleation, growth.
and coalescence processes associated
with cavitation is essential to establish
long-term reliability. Bureau scientists are
studying bans processes associated with
creep cavitation on a variety of ceramic
materials. To develop techniques for
predicting component lifetime, they are
relating damage accumulation during
creep to mechanisms of creep and
creep-rupture. This research includes
creep and creep-rupture measurements
at temperature_ as hlgh _- t6t)0 -C. and
the use of transmission electron
microscopy to evaluate modiications in
the microstructure that result in the
generation of strength-limiting defects,

COntact: Sheldon M. Wieterhorn, A329
Matesrils Bldg. 301/9755772.

Improved energy and manufacturing effi Separations
ciencies could result from using various
technques to separate and recover
desired products rom nfluid chemical
mixtures. To Improve separation proce-
dures. the Bureau is creating a scence
base for a variety of separations As part
of this projects scientists are workmg in
three rather divetse areas One project
ivdoves the aqueous two-phase partn
fioning of proteins and biomofeculos.
including measuring mass transfer
charactersbcs and d ffusion coehicrents
and d-enlopmg mass transfer correlatons
for classes of biomolecules In another
project NBS researchers are studying
membrane separations of carbooylic and
amino acids from reaction products and
waste streams using ion exchange
membranes This research includes
separawiug Oi u it ionp-unds from
polar solveots and developing models for
the transport of weak and strong electro
lytes through cation exchange columns
Work in those two areas is enpected to
Impact the commercialization of products
in the burgeoning biotechnology industry

In a third study. Bureau scientists are
separating gas u0,g novellehicaent sepa-
ration methods such as facilitated trans-
pon through liquid membranes while
conducting complementary modeling
activities. They are currently working on
acid-gas separations using rin exchange
membranes

Contact; Sulhas K Sikdot. 3031497-5232
J. Douglas Way. 303/497 5298. or Richard
D. Node, 3031497-3416. D.. 773.10, NBS.
Boulder. CO 80303.

Thermophyscal properties data are Properties of
essenbal for the desgn and operation of Fluids
many chemical processes such as super-
critical extraction. To obtarn these data
NBS scientists are using three new phaseequilibria apparatus for studies at

I)end ja!"Ical wowanc elevated temperatures. One ha, bee,
I with the rpaetor they used to perform VLE measurements on

ntn powdmteos t carbon dioxide-hydrocarbon systems andrefrigerant-hydrocarbon systems the
second is a dewlbubble point apparatus
extending to 800 K, and the third
employs a palladium-siver membrane to
measure the tugacity of hydrogen-
containing mixtures. Four exceptional
instruments are available for making PVT
PuTX and heat capacity measurements
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on pure fluids and tluid mixtures- a0
isochorc PVT apparatus, a combined
Burnetlisochoric PVT apparatus. a
magnetic suspension densimeter for PVT
and PVTx measurements, and an mstru-
ment to measure constant voume heat
capacly. In addition. en apparatus tor
sound speed measurements is avuatabte.

Bureau researchers are also devsing
techniques to characterize fluads and tluid
miatures when the temperatures, pres-
sures, and times nvolved can result in
reactrons during the measurement
process Included in this work is a mellt
equipped analytical laboratory and
specialized apparatus to study reactions.

Contact: Thomas J Borne. 3031497-51 5d,
James E Mayrath, 3031497 3553, vWilam
M. Haynes, 303/497 3247: or Gerald C.
Shrytv, 303/497-3502. Do, 774.03, NBS,
Boulder, CO B0303

Radio Frequency The successful processing ot paper pulp,
Wave Diagnostics flour, coal surries, and sudge depends

of Disperse on accurate measurements ot the
Systems percent of solids suspended in waler in a

pipeline. To help improve these measure-
ments, NBS is studying the propagation
ot radio waves inside a conducting pipe
tilted with complex materials. Ono result
ot this research has been the successful
measurement oa the solids traction in a
two-phase waler-solid surry. This was
accomplished by measuring the wave-
length and attenuation ot radio waves in
a pipeline utiliring a 32-element antensa
array placed along the axial direction.
From the known trequency and wave-
lengnh ihe speed oll he radio wave, and
hence the dielectric constant. can be
deduced By then applying a mixing rule
and the dielectric properties ot the
individual components researchers can
determine the solids traction in a slurry
NBS is eulending the protect to ncorpor-
ale systems with axarty varying dielectric
constants such as adsorplion columns
and setling suspensions. Other measure-
ments such as polarization rotation in a
swirling sdurry llow and Doppler shits
due to fluid llow are being planned

Contact: Adollas K. Gaugalas, 109 Fluid
Mechanics Bldg., 301/975-5941.

The accelerating costs oa scarce tfled Flow
resources-parcularty gas-are Measurement
producing increased concerns about the Transfer
performance levets of gas meters For Standards
these reasons, improved flow measu,e-
ment traceability needs to be estabtished
and maintained so that realistic, quant-
lied data are generated on a continung
bass to assure practical gas measure-
ments at satistactory specified levels ot
performance. To acheve the desired tlow
measurement traceability. the Bureau is
desgning transler standards to link the
performance oa calibration taciltties to
appropriate national reterence standards
As pan ot this program. NBS researchers
plan to develop a fluid measurement
transter standard and evaluate its perlor-
mance.

Because ot the importance oa these
measurements, transter standards nsed
to be designed so that high levels of
confidence can be placed m them and
their pertormance. The new transler stan-
dards nill be rigorousty evaluated against
NBS gas tlow calibration standards This
evaluation phase oa the proposed
program dll involve the appropriate
range oa calibrations to be done on the
developed standards so that pertor-
mance levels can be assured at specilied
levels.

Contact: George E Maningly, 103 Fluid
Mechanics Bldg.. 301/975 5939.

NBS researchers are gaining a Fluidized Bed
tundamental understanding ot chemical Reactors
processes in tluidized bed reactors in the
areas ot bioprocessing and advanced
optical measurements at high tempera-
tures. Their worh in bioprocessing is
aimed at improving the design and oper-
ayon oa liquid tluidized bed and
expanded bed Ooreactors tor industrial
termentation processes. To demonstrate
the teasbitiiy oa monitoring bolilm
development in fluidized-bed termenters.
they plan to investigate the effects ot
hydrodynamics on the development and
detachment oa immobilized-cell layers
trom individuat carriers. and the eflects ot
these layers on carriertpaflicle
hydrodynamics, using magnetically
suspended spheres and other tech-
niques.
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Research in the high-temperature area
Is based on a tfludized-bede reactor that is
beig adapted for aduanced n-stu
optical measurements at temperatures up
to 1150 -C. The principal adnance
beyond the sate-of the-an probing of flu'
ldized beds has been the desigo of an

optical probe that alloes observatons at
one or more arbitrarily chosen locations
in the nterior of the bed Presently, NBS
Is interested in studying s-lids movement
m tuldized beds based on the fact that a
burning particle generates a distinct
signal as it arrixes at an optical probe
location. The goal of this work is to
adxance the understanding of the eixng
protbem in multiphase chemical
processes

Contact: Andrej Macek, B312 Physics
Bldg., 301975-261t0.

Thermophysical Chemical process technology renuires an
and SuperceItical accurate know edge of various ther-

Properties of mophysical properties of pure, poyfunc-
Mintures Tonal chemicals and their mixtures NBS

scientists conduct research on the most
important of these properties -equilbrium
phase composition, deusity, and
enthalpy. One NBS project deals ath
dexeloping predictive methods for the
properties of chemically dissmiflar
compounds Of special interest are those
compounds found in gas and coal
processing as mull as chemical systems
Bureau researchers are panning related
experimental phase equilibria studies

A second project is a combined
experimental and theoretical study aimed
at developng accurate predictive models
tor the thermodynamic and transport
propertes of suporcritcal solvent
mixtures. The work includes PVTx and
VLE measurements on mixtures
containing carbon dioxide. halogenated
hydrocarbaonse and similar suprcr.itical
solvents. Other epoerimental motk
includes the use of supercritical chro-
matography to measure diffusion coeffi-
cents in supercritical mixtures while
theoretical stud es focus on the appfica-
non of extended corresponding states to
scpercritiual systems.

Contact: James F. Ely, 3031497-5467:
Joseph W. Magee, 303/497-3298: or
Thomas J. Bruo, 303/497-5158, Div
774.03, NBS, Boulder, CO 80303

Through the use of very thIn rfinms and detailed surface
analsls, physak/c Stephen Senarcnalk and his colleagaes ham
chlraacteraerd the surface inouption properties of tin ondae.
Such Inornatlon can be used to Imprpwe tin osde soensors.

To understand performance of thin ilm Chemical Sensor
and chemical sensors, NBS is pertorm ng Research
experimental and analytical research
related to these types of sensors Such
studies are epected to improue the
accuracy, stability, selectrvrty. and
response of chemical sensors and to
stimulate deas tor entirely new measure-
ment techniques. The Bureaus activities
icorporate adheson, oxidation inter
laminar diffusion surface adsorption and
desorprion. and phase morphology to
uncover mechanisms of chemical
sensing Analytical methods relate the
structure and composition of sensing
devices to fabricating parameters and
performance Sensors include thin fin
thermocouples fber optic thermometers
thin-film resistance devices, moisture
sensors. pH sensers and gas detectors
Fabrrcaton facilities include d and dc
spucerrg for both alloy and reactice tlm
depostion and gas reactors
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To determine the feasbility at thin-film fluorescence is being used to determine
systems as chemical sensors, NBS scien- characteristics of amino acids. dipeptides
tists are inestigatng the electrr- polypeptides. and esters mhile Raman
properties of spytter coatings including and resonance Raman scattering wiI be
dielectric strength, surface conductance. utilized to preside more species and
and capacitance. To examine surface- selectiity. Fluorescence techniques are
sensitine techniques. they are employing also expected to pronide a powerful tool
o-ray and on photoemisson, thermal for cell activity and intracellular kinetics
desorption spectroscopy, SIMS, and in measurements.
situ electrical measurements to charac-
terize appropriate chemisorpinve systems. Contact: Hratch G Semnerqin B312 Phy

sics Bldg. 301/9752609.
Contact: Kenneth G. Kreider, 301/975-
2619 or Stephen Semancik 301/975-
2606. B312 Physics Bldg. To minimize the cost of high-price fuel,

U.S industry mants to obtain maximum
energy output from fuel combustion.

Optical Sensing Recent advances in molecular biology Bureau researchers are tackling this
in Bioreactors have led industry to recognize the poten- problem by attempting to improoe

ral benefit of applying these advances in combustion efficiency To investigate
a diersiLy of industrial sectors. such as droplet vaporization, pyrolysis. combos-
the production of new drugs. food addi lion. a-d particulate formation processes
ines and chemicals and conoersion of and to delineate the effect of chemical

biomass Howener, implementation of and physical properties of fuels on the
these new technologies requires meas- aboce processes. they are studying the
urement capabilities which do not dynamics of spray fames. Results of this
currently eoist Bioprocesses require a study will pronide an experimental data-
nery closely controlled enoironment. base with well-defined boundary condi-
normally realizable only in batch tnons for developing and nalidating spray
processes This is mainly due to the combustion models The experiments are
complex kinetics of most bioractions, being carried out in a spray combustion
separate periods of growth and product facility, with a moneable-cane swirl
formation biocatalyst degeneration, burner, which simulates operating condi-
contaminant risks. and mechanical tions found in practical combustion
dificulties of handling theologically systems. A combination of nonintrusice
compleo material Therefore deelop- probing techniques is being used to
ment of new on-line measurement tech- obtain comprehensioe data on the spray
ondee is critical for future implementation combustion characteristics, includng soot
of bioprocesues. Furthermore. nonintr- particle and droplet size, number density
sine measurement methods are desirable and colume traction, gas composition,
to avoid dificullies associated with and celfcty and temperature fields,
sampling, contamination, and long Currently Bureau scientists are bocsong
response time. their efforts on laser scattering and laser

To help sane some of these problems Doppler celocimetry measurements,
NBS scientists are developing optical which are being used to determine the
techniques, especially with the use of correlation between droplet size and
tunable lasers, for making nonintrusien celocity distributions. respectively, in both
rapid, and selectioe measurements The low-temperature and burning sprays.
use of fiber optics also permits the
development of probes which are steriliz- Contact: Hratch G. Sememjan. B312 Phy-
able, can provide measurements wth ucs Bldg. 301/975 2609
good spatial resoluton, and can be
multiplexed to provide multipoint
monitoring capability Laser-induced

Particulate and
Droplet
Diagnostics In
Spray Flames
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Properties of A rde array of enperimenta and theoret
interfaces cat tools are bang applied to obtain

practical and fundamental understanding
of the structure. propertes. and effects of
mterfaces between fluid phases NBS
scientists are studying a number of prob
lems in this area ranging trom the
conceptually simple to measure and/or
caculate the mtedacial tension between a
Irquid and Its napor, to more complicated
ones such as the phase behavor of
surfactant miotures at waterair interfaces
the thicknesses of adsorbed liquid layers
at solid-gas interfaces, the stability of
foams, and the evlution of mists Bureau
facilities include an automated elipsom-
eter and an automated film balance.
quaselastc light scattering tor studying
the evolution of mists, an apparatus for
measuring toam stability. and simofe
setups for measurimg interfacial tension
Computing facilities maclude a CDC 855.
a Cyber 205 nector processor, sof ware.
and enperience in simulalian of ouids

Bureau scientss are plannig research
in seneral areas. One proqect w.il inolne
applying quasetastic light soanlermg to
the measurement of Mterfacia tenson of
liquid-eapor ti.tares at high pressure
and the measurement of the dynamics of
woeing layers. Another proqect .dl Iocus
on measuring the permeability, surface
niscosty. and surface diffusion coeffi-
cients of surfactant layers. In addlion the
researchers wrI test NBS theories deed-
oped for the large increase of the surface
tension of a hquid-napor nterface when t
forms n a coneined geometry (such as n
a pore .rthin a pellet) and for the large
effects of ions on the thicknesses of
adsorbed layers They wr11 also study the
enotuton of the drop size dislribution of
simple, but nontriral. mists comprised of
two hydrocarbons suspended n their
own napor

The study of chemical knetcs at NBS Chemical
has numerous applications, including Kinetics and
controling and monitorig esnrronmental Thermnochemistry
pollution. of imnest to ndustry energy.
defense, and standards experts. Bureau
scentists hane been delerminng the
kinelics and thermochemistry of ndustri-
ally important organic molecules.
molecular ions, and free radicals Poly-
cydtic aromatic compounds are important
as reactants n coal-connerson processes
and as products i nitually all pyrolytc
reactions of organic substances Facilities
are analable at NBS to determine the
elementary rate constants and
mechanisms for reactions whch contrd
the formaton and destruction of aromatic
compounds at efenated temperatures.
These facilities can be used to study
reactions inol-ng polnaromerc free
radicals i a nucety of physcal eniron-
ments micluding high-temperature liquids,
very low-pressure gases. and graphite
surfaces Complementary thearoraf
miestgautons also are possible Other
research inuovies the thermochemistry of
ion-neutral interactions usng variable
temperature. high presoure, and ron
cyclotron resonance spectrometry In
addition a new slaer laboratory mcor-
poratieg the technique of multiphoton
ionization mass spectrometry is available
for state-ol-the-art detection of free
radicals- particularly biradicals Other
chemical dynamcs studmes can be
carried out using pcosetcond spec-
troncopy

Contact: Stephen E. Stan, A147 Chems
tiy Bldg.t 3011975f25068

To enatuate the properties of mportant Btotechnology
biolgcal building blocks such as
orote-ns and in i unmi a NBS
began bothermod-yamics studies toContact: Ned Olien. 303/4973257 Do ealuale evistng thensodynamic data.

774d NBSh Boulder. CO 80303 Biamot'Cale crystals. wh ch can be pur-
tied and grown at the Bureauo can be
enammned by -ray and neutron d firac-
lion techniques for single crystals

NBS researchers have developed
quantum chemical computation tech-
niques to calculate how compdex systems
of organic molecules interact with metal
ions in metalbloenzymes. Computig faciti-
ties mude an IBM 4381. an Enans and
Sutherland color graphics system for
model building, and the NBS Cyber

29

183

Chemnicl Engineestrng



184

Chemnical Physics

Using esperimental data and snphistlcaled comiputers, physicist iren. Weber maps the detailed chemnical strcucture of blonooleculas
to dotes-ine hoer they can be tafilo,.nade to cay out specific reactions.

8551205 supercomputer In addito the able at SURF It and in other NBS
thermochemistry ot enzme-catalyzedl laboratories. These can be used to iden-
systems can he studied using a varety 01 ttfy molecular species and structures on
calorimeters including micro-calorimeters sudfaces. In addition, reaction chamoers
designed and constructed at NBS. are connected to some for innestigation

ot sud'ace composition and catalytic reac-
Contact: Stanley Abaramowtz, B348 tions. New atom probe tield ion micre-
Chemistry Bldg., 301/975-2586. scpes offer nigh-resolut ion surtace and

depth protole analnsis capabilities. Morn-
over, spectrometers are anailable at theSurtace Surtace characterization is now an NBS reactor to pertorm neutron inelastic

Ch~aracterlzation integral pant of many technologies and scattering and t me-ot tlight enneriments.
industries such an catalysis, coatings, Neutron scantering in used to study high-
corrsion, semiconductors, computers, area catulytic materials under high-
automobiles, and communications. The pressure reaction conditions. The sensi
Bureau hsa several surtace characteriza tivity 0f this technique to hydrogen mahes
ron tacilities available, including the use it yanticularty anractive for industriat
0f synchrotron radiation at the NBS chemical process studios,
synchrotron i t radiation tacility
(SURF ll) and at the Brookhaven National Costact: Cedric Powell. B2dB Chemistry
Synchrotron Light Source. A toll comple- Bldg., 301t975 2533n
ment ot sudface spectroscsepfs are avail
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Peroronal The personal computer has become an
Computer omnipresent element in todays business

Security and scientific envimronment. However, as
more sensitive and crotcaI mnformaton is
processed and stored on such systems
there is an mcreasng need for methods
to protect fhat information against
unauthorized access or modification The
selection of nformabon security
measures, however, should be based on
an analysis of the cost of such measures
and the resuling reducton m losses.
NBS researchers are investigating various
lechnologles that can be employed to
achieve additional control and security of
nformation on personal computer

systems. Their research invdlves the
identification, analysis. development, and
apphication of these lechnalogies

While It is desirable to have security
mechanisms as an ntegral part of
computer systems, this is not always
pnsslen or economiral herauim such
mechanisms are oaen not pan of the
original system design. Theretore. NBS
researchers also are evaminrng the tech-
nelogy available to enhance the security
of e-isting systems This research
Involves identitymng. analyzing, and
comparng security mechanrsms used rn
isolation or combinaton.

Contact: Atten L. Hanlknson. B266 Tech-
nology Bldg., 3011975-3289

Database Testing To improve the management of mforma-
fion resources. NBS researchers are
developmg test methods and techniques
to be used in evaluating implementations
of neetork database language (NDL).
structured query language (SOL), into-
mation resource dictionary system (IRDS),
and data descriptive tile (DDF) or confom.
mance to the emerging federal, national,
and inernatonal standards. Researchers
wil attempl to denve a general method-
ology for designing conformance tests, to
use this methodology to generate test
suites. and to evaluate the test suites ton
eneciveness A prototype Implementaton
of the IRDS specifications wri be used in
this project 0I may be suitable for such
tasks as modeling the structure of a stan-
dard and for recording what pans ol a
standard are tested by specitic tests.

Contact: Alan Goudfine, A2B6 Technldogy
Bldg., 30119753252

To help protect data communicated Public Key
through comp 'fer netwofr, NBS Cryptographic
researchers are developing protocols for Protocols
secure key distnbuon and secure data
transmisson using pubic key algorithms
The protocols wll protect keys from mitial
generation to fIal distribution to all
authorized panies In designing the
protocols, researchers wfi give special
anenbon to preventing substatubon ol the
keys by unauthorized panes The
protocols wil also transmit keys and data
wthin a large comptuer network wth
automated communications capabilities.
And they wLI be consistent wth those
used in the Open Systems Interconnec-
oan Reference Model. The profect resulLs

wil be the bass for an NBS publication
on public key cryptographic protocols

Contact: Miles E Smid, A216 Tech.
nelogy Bldg.. 301tB75f2938.

In the area of global coimrunications, Global
NBS researchers are attempting to detine Communicatlons
present and future data communication
applications, penormance metrcs, and
characteristics of satellite channels, public
data networks. and local area networks.
In addition, they wil develop smuaation
and analytical models to permit perism
mance predictions for open systems
protocol end systems and various
subnetworks Through various simulation
eapemiments and analytical calculations.
NBS researchers wfil ideslity areas
woNhy of luture investigation a live
enpemimunts These live enperiments wil
be performed to verify the significant
simulation and analytical results

Contact: John F Healne,. B217 Tech-
nology Bldg., 301/9753616

NBts a pursuing the development o0 Computer
several graphics standards and is Graphics Testing
worklng on related conformance testing
and measurement techniques for
graphics sohware Specifically. Bureau
researchers are testing the implements-
lion of the graphcal kernel system (GKS).
the computer graphics metafile (CGM),
GKS for three dimensions, and the
programmers hierarchical interactive
graphics standard (PHIGS) for contor-
mance to the evisting and emerging
federal, nabonal, and imernational stan-
dards. The researchers are atiempting to
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derive a general methodology for
designing conformance tests, to use this
methodology to generate test suites, and
to evaluate the rest suites Ior effactIve
ness In these studies, they are using the
computer graphics laboratory, mhich
contains various computer graphics hard-
mare and compuaer graphics sohware
systems designed to support standard
specifications An enisting test sulte for
GKS is now aoailable 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 Shall., A265 Technology
Bldg. 301/975-3264

Software National and international standards
Engineering groups are worhing on standards

designed to reduce software engineering
problems As part of this efort, the
Bureau has been worhing on specdica-
ions for documents representation The

principal specifications are the office
document architecture (ODA) and the
standard generalized markup language
(SGML) NRS researchers are also
striving to adopt a Federal Information
Processing Standard (FIPS) tor UNIX-
based operating system environments In
this proeect, work is centered in three
major areas: development oa the tech-
nical description of the standard:
development of guidance tor federal
agencies on implementation oa the stan-
dard, and identifcation oa test methods
for testing conformance to the standard

In addition. NBS is evaluating
emerging software engineering w-rksta-
lion technology, specifically the use of
stand alone and interconnected worksta-
lions for requirements analysns and
design, prototyping, verification, and
resting

Contact: Allen L Hankinson, B266 Tech
nology Bldg., 301t975f3289

SCSI Verhifcation Standards development is just the first
step toward compatibility oa computer
products Test and measurement
methods are essential tor ensuring that

products and systems meet the increas-
ingly complex standards, At NSS
researchers are seating up a laboratory rn
which procedures for nerifying the contor-
mance of computer storage peripherals
to the Small Computer System Interface
(SCSI) standard, X3.131-t986, can be
developed. The laboratory is being
equipped with a variety oa SCSI diag-
nostic tools and peripherals

Verification of the conformance oa
storage peripherals to the SCSI standard
is difficult because oa the wine range of
functionality, features, and options
included in the standard. This research
wl resnot in a procedure toa test ng and
verifying the conformance of storage
peripherals to the standard, which can
be publishted and used by others to rest
storage peripherals.

Contact: William E Burr, A216 Tech-
nology Bldg., 301/975-2914

The Bureau is designing tools for editing, Automated
compiling, and interpreting computer Protocol Methods
communicautons protocol specifications
The goal of this research is to advance
the state of Ihe art in the application oa
ools to automatcally realize enecutable
Implementation of computer commuvica-
lions protocols which are based upon
and comply with formal specifications oa
protocols As part of this pronect, Bureau
researchers are developing a synan-
directed editor for Estelle and, using the
same grammar, densing a portable
compiler for Esreile and the supportmg
runtime frbrares

Contact: John F. Heatner, B217 Tech-
nology Bldg. 301/975-361t.

To enable computer vendors and users Local Area
ao test her computer systems to make Networking
sure they conform to networking stan-
dards, NBS has established a laboratory
for conducting local area network
research and development activities In
this specially designed laboratory,
researchers are studying conlormance
testing, perdormance measurement,
anaiytic and simulation modeling, integra-
lion testing and networh management
and control of local area networks Local
area newatokng technology is necessary

32



187

Comnputr Scimces and Tetehology

* Electronics and
t Electrical Engineering

for data communication in offices. facto-
ries, and laboratory enviwonments where
distributed computer network applicabons
are needed. While the mteroperabiaty
rec-irements of such networks can lead
to unique and eapensve communcabon
sutions. the use of standards to achieve
product compabiblity permits selecton of
*od-the-shelf' equipment based on
cost/performance consderabons

Contact: John F. Heatner. B217 Tech-
noloy Bldg., 301/975-3618.

Network Security To protect computer systems and
Arehtitectune ntworks, NBS s deseopng a compre-

hensve security architecture consistent
auth the Open Systems Interconnection
(OSO Reterence Model, Cryptographic
!uncaora arc br:n- impinnleied mn
cetnan OSI layers to pronde data
secrecy, data mtegrity. and peer entty
authentication The research sl11 combine
the security standards tor ndiardual OS0
layers nto a unfied security framework
As part of this protect, Bureau
researchers wr11 define a common mter-
face for cryptographic algorithms and
develop a key management methodology
capable of prourdig keys to the crypto
graphic lunctions of any layer.

Contact: MWies E. Smid. A216 Tech-
nonly Bldg., 301N975-2938

e E rceraran MaeA bStin (uea ) wrt
computer ie Ust DGand BaIenoon discuss cryptogrepilc
techniques for ecuhdn netwlrk ccrmrrr caltlns.

As part of an NBS program aimed at Wneforrm
meeting Ohe metroin0cal needs mvOned Recorder
in improvng sgnal acquisbon and Standards
precessing systems. Bureau researchers
are devlopng theory, methods, and
standards for wavelorim metrology of
conducted sgnals. In one area, they are
canducting the theoretical and
euperimental research necessary to
develop standards for determining the
performance of waveform recorders oper
ating nominally below 10 MHz. Tech-
mques for synthess o0 precison
waneforms and for characterizabon of
those wavetorms sell be developed.
Theorebcal sud es will be conducted on
Fourier analyss, deconvduibon tech-
nques and time-domasn anayss.
Enperimental work Is planned in precision
pulse generation. static and dynamic
testi-g, and ass-mbly and nifnrPraiv
level programming for hardware contro.

Contact: Barry A. Bell, B162 Metrology
Bldg. 301/975-2402

Research In the Bureaus antenna Antenna
metrology program results in reliable Measurements
techniques and standards lor measuring
key performance parameters of antennas
and components used wIth sateltitesn
Earth terwmials radars. and commnuica
tions systems Scientists are now usng
near-ield scanning to characterize micro-
wave and millimeterewave antennas. The
principal emphasis o0 this work Is on
developing spherical scannig to accom-
modate the largest antennas and
adapting near-field scanning to anechoic
chamber environmenta, to permat greaty
increased use o0 near-field scanniog In
industry

Contact: Allen C Newell. Div. 723 05,
NBS. Boulder, CO B0303, 303/497 3743.

Research to improve the metrology used Gallium Arsenide
to characterize compound semiconu Studies
ductors, especially gallium arsenide, Is
under way at NBS. Scienbsts are
studying the electrical. optical. and phys-
cal properbes of gallum arsende to
etter understand and characterize

presenoy avalable derve materal. They
are using a number of measurement
teahrques In this work. iruding optical
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absorption, photolufminescence. infrared
and Ramnan spectroscopy. Hall effect and
resswivity measurements, capacitance-
voltage profiling, deepfeanl transient
spectroscopy, photoconductrvity and
photocapacitance, infrared Imaging, and
.-ray topography and racking curne anal-
ysps.

Contact: Michael 1. Bel, 301/975-2081 or
Richard A Forman, 3011975-2047, A305
Technokogy BIdg

Integrated Circuit Theoreaical and enperimental research on
Process semiconductor materials and process

Metrology physics at the Bureau is focused on
improvjng understanding of integrated
circult fabrication technology and
increasng capability to measure and
characterize fabrica00n materials and
processes. Utilizing processing equip-
ment and fechniques appropriate to VLSI
chip fabrication NBS scientists conduct
experimental studies on issues related to
sale-of-the-an semiconductor processng
is a well-equipped clean room semcon-
ductor processing laboratory. For
example, researchers are studying ion-
implantation damage. o.idasan growth
and interdace trap formation materials
effects caused by ion etching thin-film
properties, and plasma and onebeam
chemistry. Other areas of interest include
submicron (subwicrometer) photolithog-
raphy, reactwe ion etching, beam
processing, and chemical and physcal
vapor deposition

Contact: Stanley Ruthherg. 301/975-
20a2 or Gary P Caroer, 301/975-2091,
A331 Technology Bldg.

Silicon NBS conducts research in semiconductor
Characterlzallon materials, devices and integrated circuits

to provide the necessary basis for under-
standiig measurem e nt-related requnre-
meats in semiconductor lechnology. As
pan of this program, NBS scieritists are
employing electrical, optical. and n-ray
methods to study the resiswry. dopant
dstribu~ton and concentration of electri
cally macfne impurities, such as carbon
and oxygen, in silicon. They are
developing new or improved lechniques
for two- and three dimensonal mapping
of these propenies, reflning the quantta-
tine aspects of enistmg methods, and

kiecorca engineer rooerr ritas meenes re eorrh or
mulnft-mode optical fibers as pert of an NBS porlam to de-
aelop measurement mrethods that can be used In fiber
developrent, fiber evalouetin In the narlre~rpce, and fiber
compatsbtlfty In cosmmunrcetlons systems.

developing methods that are nondestruc-
tie. Measurements perfommed for this
research include tour-probe. spreading
resistance, and capacitance-noltage
profiling; Fourier transform infrared spc-
(roscopy; deep-leael transient spec-
troscopy; and a-ray topography,

Contact; Michael I Bell, 301975-201 or
Jeremiah R. Lowrey, 3011975-2048, A305
Technology Bldg

NBh scientists are developing a basic Magnetics
understanding of magnehc propertes of
materials and structures to provide a
sound basis for measurement techniques
Specifically, researchers are studying
precision cryogenic vibratng sample
magnetometers, systems based on
superconducting quantum interference
devices (SCUIDs), and laser-based
magnetooptcal systems. The primary
emphasis of this new program is in the
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field of coprpurer refated magoetics. bur ions and electrons in semrconductons for
work is aso under way on bre basc improxed process modeling while
physies of rgagoetie materialssuch as experimental research on the nature and
sPin gfasseE and on the measurement of characterization of electronic stains in
very low-eael magnetic effects In a osides and at onide/semiconductor fler-
reoated program in eddy current nondes- faces is under way. Bureau scientsis are
tnructie evaluabon (NDE), NBS deielopiog methods for physical and
researchers are developing methods for electrical measurements of device and
mapping the very sman ac magnetic material parameters whrch are critical for
fields associated wth eddy current test venfying the accuracy and validity of
probes. dece modes. In addition, they are

researching the electrical and thermal
Contact: Fredeock R. Fickets, 303/497 properties of power semiconductor
3785 or Ronald B. Goldfarb 303_497 , derices.
3850. Ore. 724.0 . NBS. Boulder, CO U
80303. Contact: David L. Blackburn, 8310

Technology Bldg.. 301975t205i3.
Cryoelectrenics Advances in digital electroncs for

ielecommunications, radar, weapons
esting. fusion research, and data Integrated circuit test structures devel Integrated Cincult

processeig oill demand higher measure- oped by NBS are widely used by the Test Structures
meot speed than is now possible. The semiconductor industry and other
Bureau is nose conducrng research ganernment agencies. These specially
amed at enyleting superconducting designed semiconductor devices can be
systems for measurements of exaor- used to characterize integrated circuit
dianofy high speed. accuracy, and sensi- fabricaton rocesses, to evalate the
rivity. For examyle, researchers are etnectiveness or semiconductor
studying a series array Josephson processing equipment, to obtain crucial
noltage standard, which is an eoitng parameters for devce and process
new approach to simter. more accurate, models. and for product acceptance.
and less expensve voltage calibrations NBS work invoves test structure design,
and ultra-high-speed analog -to-digital mathemabcal modeling. fabrication. data
converters and counters, employing as acquisition, and data analysis. Bureau
active elements. superconducting scientists are conducting research on test
quantum interference devices (SOUIOs) structures tor random tault detection.
Their goal is to develop the theoretical yield analysis, and dynamic circuit
and eaperimebta bosis for new designs characwerizaion.
and to fabricate and test these remark-
able devices Contact: L[en W. Lnholm, B380 Technol-

ogy Bldg.. 301/975-2062.
Contact: Richard E. Harris, Div. 724.03,
N35, Boulder, CO 80303, 303/497-3776.

As pan of an NBS program to denelop Electre-Optical
theory, methods, and physical standards Metrology

Semiconductor To develop physicalfy sound techniques for the measurement of electrical quanti-
Devices for characteeong. anayzing, and tes in advanced high-nfoagelhigh power

predicbng the operation and performance systems, Bureau researchers are
of semiconductor decrees. NBS is developing efectro optical methods for
designing and impreang measurement measuring electrical quantibes and
methods for determining critcal dence phenomena. Finte-element code tor elec
parameters for both VLSI scale and inc field computation and computer aided
pwer decices Research in derice data acquisition and analyss are the
modeling includes two-dimermonal slicon focus of theoreticai studies. High-voltage
MOSFET and GaAs MESFET model ac, dc, and impaulse measurements; high.
development and invesigabons Mino the speed cameras; optcal multichannel
validity of the physical assumptions typ- anatyzers, and lasers and detectors are
calfy employed in silicon bipolar and addressed in the experimental work
GaAs deoce models. Theoretical
research is carried out on the transpon of Contact: Roben E. Hebner. 344

Metrolagy Bldg. 301197-;2403
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AC Voltage NBS is conducting both theoretical and
Standards eupernsenta research on the synthesis of

precosi9 ac waueforms for use in ac
coltage standards operating nominally
below 10 MHz. The thenrebcal work
ictudes Walsh functions and Founer
analysis, ine-domain analyns. and preci
non RMS-fodc conuersion techniques
Experimental work innoes high-speed,
high-accuracy digitaltuanalog conmer
sion; precision, high-speed swtching.
assembly and interpretne lesef program
wnmg for hardware control: and wde-
band, fastosenling amplifiers.

Contact: Barry A. Bell. B162 Metrofogy
Bldg.. 301/975-2402.

Testing New strategies are needed for enaluatnog
Electronic the performance of complex electronic

Systems circuits with the fewest possihle tests
NBS is planning a new program which
wil include theoretical studies of
modeling for nonlinear systems, optmiza-
tion techniques using matrices, statistical
and random PrOcesses. and anihcial inlel-
ligence. In addition, experimental work
would address lest srateg es for compo
nent and instrument testing, fault diag.
noosn, function testing, and calibration,
and computer analysis using both
desktop and supercomputers.

Contact: Barry A. Bell, B162 Metrology
Bldg., 301l975l2402.

Raman Scattering Some of the worlds most advanced
measurement techniques for the rapid
advancement of electrical and electronic
technology are available at NBS. For
enample, a Raman spectroscopy facility
Is used for light scatering studies of
liquids, solids, and gases Specific
research being done at the facility
includes chwmical and strucrural analysis
of thin films and on-implanted layers,
investigations of impurities and other
defects m semiconductors. studies of the
structural and electrical properties of
semiconductor superlattices and quantum
wells, and development of new quantita-
fie spectroscopic methods.

In this laboratory, equipment is wvail
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 usng a
diamonduanof pressure cell. The labora-

tory is equipped with a Raman micro-
scope for examining regions sesera
micrometers in size, automated digital
data acquisiton and processing, nariabfe
waoelength lasers, and mulfiple-grang
monochromators.

Contact: Mdrael 1. Beai, A305 Technodogy
Bldg., 30ft97Z208f1.

NBS scientists are developing measure. Gaseoas
menf methods for characterizing gaseous Dielectrics
dielectrics for highnoltage power
systems. In thiS study, the theoretical
work is expected to address Bolfzmann
equilibrium statistcs, chemical kinetics
code, and computer-aided data acquis-
tion and analyss. Expenmental work will
fIcus on highuoltage ac and dc tests.
gas chromatograph and mass spectrom-
efer techniques for chemical character
ization, and partial discharge
measurements. Much of fhe Bureaus
work in adoanced power metrokgy is
performed in newly completed high-
voftage and high-current laboratories.
These fachities can generate noltage
pulses with peak amplitudes up to
600,000 nIts and current pulses with
peak amplitudes up to 100f000 amperes.

Contact: Rohen E. Hebner, B344
Metrology Bldg.. 301/975-2403.

Pthyslrclt Gary Caeer prepaes to Inspect a sllicon waler under
a mncroscope in th tBo as's semiconductor GinoessIng
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Flammability and Bureau researchers are creahng ways to
Toxicity measure and characterize the combusti

Measurement bility of furnishings and building materials
and the extent combustion products
affect sing organisms. Typically NBS
research focuses on assessing the
appropriate applications 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 detailed
model for the burning of upholstered
furniture, devising a measurement meth-
odology to predict the propensity of
cigarentes to ignite soeh furnishings, and
aiding the use of the cone calorimeter in
engineering and code applications

Contact; Vylenis Babrausas. A363
Polymer Bldg. 301 975-6679

Fire Simulation Over the past decade, NBS researchers
have developed many computer models
of various aspects of fire. Research in
this project is amed at pyoiding the
eupedient transfer of scientihically based
technology from NBS to the professional
user community and creates a link
between the computer-based activity of
the Bureau and others doing similar 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-
t,.ns.

Contact: Harold E. Nelsen A247 Polymer
Bldg.. 301 9759-6g(9

Huaard Analysis The United States has one of the worst
tire records in the industrialized world.
The Bureau is providing the scientific and
eingineering bases needed by manufac-
turers and the fire protection community
to reduce both these losses and the cosd
of fre protection. One project involves
the development of predictive, analytical
methods which permit the quanttaove
asusunnt of hazard and risk from tires.
The Bureau bases these methods on
numerical modeling, but also includes

hand calculation methods for estimating
hazards and production of design
cumesdtables to be used by architects
and engineers. To ensure widespread
use, the necessary data muod 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-ut the-art computer graphics and
computer-aided design techniques

Contact: Rchard W. Bukowski. B356
Polymer Bldg., 301/975-6879B

Predictieg fire growth requires a Fire Growth and
fundamental understanding of elemental Extinction
Bre processes Therefore, the Bureau is
attempting to develop predictive methods
to describe the processes of tire growth
and elemental processes of fire growth
and extinction as related to gasiusn
liquid, and solid fuel combustion and the
performance of fire safety systems
Researchers are probing fre growth
within a single compartment, the spread
of tire to adjoining spaces in multi-
compartment structures, and the action
of fre suppressants. In addition, they are
euamining the overall dynamics of the fire
scenario and related elemental processes
such as ignihon flame spread, pyrolysis,
extinction and tire-related transport
processes. For these studies, they utilize
mathematical techniques, experimental
studies correlations, and similitude
methods to develop predictions

Contact: James G. Quintme B250)
Polymer Bldg. 301 975B-6b3

NBS is conducting research to develop a Polymer
science base for the gasification and Combustion
combustion of natural and synthetic Research
polymers, particularly 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.

Contact: Takashi Kashiwagi. B258
Polymer Bdg. 301/975hd6693
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Welding The integrity of welded jaints is a primary
Research concern in the design and tabscation of

engineering structures. Therefore. NBS is
directing research toward improving the
fracture resistance of wetdments 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
meta of materials for low-temperature
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
(EMATs) for ultrasonic inspection of weld-
ments. The research is conducted in the
Bureaus welding and NDE laboratories
which house equipment for shielded
metal arc, gas metal arc, and gas tung-
sten arc welding, radiographic, ultrasonic,
eddy-current, and penetrant techniques
for NOE 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 reducton in
aluminum weldments, spatter reduction in
gas metal arc welding of steels, faw size
measurements in steel welds using ultra-
sonics, and resdual 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

To ensure the safety and reliability of Fracture
engineering structures, the Bureau IS Mechanics
working to establish a sound technical
basis for codes and standards for struc-
fures. Specifcally, researchers plan to
develop a rational basis for material
toughness requirements, allowable stress
levels, minimum serice temperatures,
and weld quality standards. NBS capabil-
ihes include test equipment with load
capacities up to 6,000.000 pound-force,
numerical analysis of cracked structures
enpenmental mechanics, and tractos
graphic techniques. Bureau scientists
evaluate materials performance at cryo-
genic and elevated temperatures. under
static and dynamic loading, n corrosive
and hydrogen-charging environments.
and with random amplitude loading. They
have recently completed a fitness-for.
sessice evaluabon of steam boilers, a
failure analysis of a refinery pressure
vessel, dynamic crack arrest tests on
structural steels, and a new test method
for measaring the fracture toughness of
weldments

Contact: Harry 1. McHenry. Div 430,
NBS, Boulder. CO 80303, 303/497-3268
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Automated Automated manufacturing systems analysis. In robot metrology, researchers
Manufacturing include flaeie manutacturing systems are innestigabng techniques tar meas-

Systema and machine toals into which intelligent uring robot end-eftector positioning.
Hardware sensors and controls of the production includieg a spherical-system generaliza-

processes, including the machining itself, ton of the extensibe ball-bar and a six-
have been embedded. To support such transducer laser-tracking approach In
developments by industry, NBS conducts the area of absolute air retractivity,
seneral research programs In manutac- researchers are developing a prototype
turing systems, scientists are investigating refractometer based on a heterodyne
generic control systems, lull-task trachng relasie to a stabilized two
programming, data organization, sensor frequency laser. Research on advanced
organization, system initialization, and the coordinate measuring machines is aimed
object-data analogy. In the area of small at devising a sub-0.1 nanometer
displacement measurement, researchers accuracy coordinate measuring machine
are deneloping transducers arth 100-kHz based on precison mechanical design,
bandwidths tor measuring tractional high-resolution interderometry, and efec-
micro-inch displacements oaer wide tron probe techniques.
temperature ranges for the next genera-
tion coordinate measuring machine. Contact: Robet J. Hocken, A109 Merol-

Their efforts in real-time error correction ogy Bldg., 301/97-3464.
ot machine tools are centered on
extending mcroprocessor-based tech-
niques tor real-time correction of the For those industries which create and Automated
kinematic (as well as static) machine use computer-controlled manufacturing Manutacturing
errors and tool wear. they are studying systems, soltware systems are the crutial Systema
transient wanes in solids by innesfigabng element. NBS provides research for sobt- Software
the origin, propagation, measurement, ware in automated manufacturing
and direct-and inverse-prediction of systems in several areas. In automated
micro-mechanical waves in acoustic emiss process planning, researchers are nes-
sion and ultrasonics Furthermore, ligating data structures for automated
Bureau researchers are tacusing their process planning, distributed system
studies of transducer helds on the fields architectures. machinable-feature identii-
produced in solids by electromechanical cation, and expert systemstmachine-
transducers by modeling and measuring learning for manufacturing systems.
of the fields pont-by-point mithin the Researchers are also studying architec-
solids. tures. algorithms, and techniques for real-

time adaptive control, scheduling, and
Contact: Donad S. Blosriquist, BrIO optmization of cell- and workstaion-level
Sound Bldg., 301/97-6600. operations for FMS cell and workstation

control systems. In addition. for manutac-
turing systems architectures, they are

Precision The precisonsengineering industries devising lunchonal models of manutac-
EngIneering create and use precision mechanical turing organizaions to standard system

machines for production applications, architectures
such as high-tolerance diamond-turned
optical disks as information storage Contact: Houard M. Blpor, A127 Metol-
media NBS conducts research in the ogy Bldg., 301/975S3509.
design and high-accuracy performance
of sereal types of next-generation
machines. Bureau scientists are pcusing
their studies of thermal modeling of
machine tools and coordinate measuring
machines (CMM's) on thermal distortions
of the geometry of machine toolIICMMs
using enpernmentally-verified linde-element
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Robotics The industries which create and apply
robotics systems, I.., intelligent machines
which can autonomously operate on the
physical environment, range trom the
makers of industrial robots to the
producers of machine vsion and other
advanced sensory systems NBS is
conducting research on the desgn of
generically applicable control systems for
such devices. One project evolves Image
processing architectures. Here,
researchers are investigating methods tor
machine-processmg of colplev sensory
input data employing low-level image
processing systems such as PIPE inter
laced to hNgh-level symbol-maniplating
computer algorithms. Another study
concerns world modeling, in which
research tacuses on methods of
constructing computationnlly efficient
world model representations of three-
dimensonal object descriptions and
geometry of osunl images to support, for
example. spatial reasoning aid predic-
tions of dynamic properties of objects

In addition Bureau scientists are
studying artificial intelligence for robots
by developing techniques to bridge the
gap between high-level intelligent plan-
ning, decision-making, optimization and
goal selection, and low-level servo
control In the area of ohf-line program.
ming, they are studyng group tech-
nology, interactive graphics, and
object-oriented programming as tech-
niques to overcome the limitations of
eapticit programming required for robot
control

Contactr James S Adbus, B124 Metrol
ogy Bldg, 3t1/9753418

In many industiat operations, the wear of Wear of Metals
machine components and materials is
one of the princpal processes that limits
the service tife of equipment. At NBS an
eatenvve research program on the
effects of wear and erosion on materials
is under way to investigate many of these
industrial problems. NBS scientists are
studying a wrde variety of wear modes,
including adhesive wear, abrasive wear,
erosion, galling wear, and lubricated
wear. One area of emphasis concerns
the effects of materials parameters such
as toughness, hardness, ductlty, work-
hardening characteristics, alloy composi-
tion, and microstracture.

As part of this program, NBS scientists
are also working with indaustrial
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 transmimion electron microscopy
and various surface analytical methods
Research has shown that high-resolution
microscopy can frequently be used to
identily the causes of wear for enample,
through examination of wear debris
particles. NBS has many instruments for
conducting wear and erosion eapeoi-
ments under controlled conditions and
researchers incorporate standard test
methods and equipment where
appropriate.

Contact: A William Rua B106 Matenals
Bldg, 30119756o010

The use of artificial joints and Iracture Synthetic Implant
livation devices has increased at a rapid Metals
rate in recent years This is due largely to
the impressive success of early designs
such as the artificial hip joint that used
anatlable 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, freting, processing methods, than to use hardness numbers. From an
and sedace reactions that occur when ndustnal rieapoinf, the lechnique ads
the materials are placed in the body. In developeret of new materials, studies of
addition. NBS is characteizing the thermal and mechanmcal processing
biocompatibirty of these materiats by effects, and sondestructine exammaboens
observing cetular growth on metatlic of fracture resistance.
surfaces and by studying metal/organic
reactions For this project, NBS Contact: Robert S. PotNam, Bt 12
researchers are workng Wth severa Materials Bldg. 301/975-6003.
manufacturers in the artificial implant
industry to eramine the properties and
pertormance of relevant materials. The Corrosion is a mator limiting factor i the Corrosion Date
equipment aartlable for this research serice life and cost of many products, Program
indudes mechanical testinr machines. plants, and equipment. The costs of
tctioi and wer testers, scannig and metaltrc corrosion to the U.S. economy
trasmission electron microscopes, and are estimated to be S167 billion in 1985
electrochemical apparatus. dollars, $25 bilron of which could be

saoed by usng euisting technology. The
Contact: Anne C. Fraker, Bt28 Matenals Nationat Assocation of Corroson
Bldg., 30t/975hSOOB. Engineers (NACE) and NBS have jfned

together in a coilaborative NACE/NBS
Corrosion Data Program to reduce these

Micromechanical The success of many technically enormous costs of corrosion. The central
Propertles of advanced materials, such as composite focus of the Corrosion Data Program s

Materials matenals, electromagnetic recording to establish an eualuated corrosion data-
lopes and dsks. and inteqrated circuits. base that researchers can access easly
depends on their mechanical perfor- by computer to obtan data in a number
mance These materials haoe refined, of possible graphical or tabular tormats.
complen. and heterogeneous microstruc- The researchers are developng evaua-
lures, but problems arise when they lion methodologies and a prototype data-
behave as systems and rePect the overall base for areas covering thermodynamic
mechanical contributions of components and kinetic corrosion data NBS scientists
a micrometer or lea in size. Generally, are emphasizng interactions Wnth industry
hardness numbers trom the indentation both to help set prionties for data
resistances of ponted tools are used to proqects and as a source of corrosion
determine mechanical performance daoa for the database.
However. NBS researchers are develop
mg a new and significantfy benter solu Contact: Gilben M. Ugiansky. B25f
tion, which is derived from the hardness Materials Bldg., 30S/975-6022.
testing practice. We have expanded this
technique .eth the NBS dynamic mcroin-
dentation instrument, an apparatus that Corrosion has been recognized as one of Cornosion
can be used to determine mechanical the major causes of degradation os all Measurements
performance within sample volumes of kinds of metallic structures, sith financial
less than a micrometer on a side. costs well in the billion-dollar range.

Three important innovations haoe Since corrosion reactons are of lec-
resulted from this project. Two haoe been trochemical nature, electrochemical
completed: indentations can now be measurements can give imppoant ionr-
described by continuous measurements mation about the chemical processes
of applied loadings and penetration causing the corrosion and the rate of
depths, and indentahons can be made corrosion as well as its orms, whether
using loading times ranging from hours uniform or localized corrosion. These
dean to milliseconds The Bureau's goal, measurements involue the determination
at present, is to obtain conventional
uniaxial tensite properbes (Youngs
Modulus, yield stress, and strain) rather
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of current and potential and ther varia-
lions with tme; the frequency spectrum
of the ac impedance of corroding elec-
nodes: and the detection and abalysis of

the random fluctuations of electrical
parameters.

Electrochemical methods for measuring
corrosion rates offer the possibility of
following the course of the process in a
nondestrucive way and assessng the
ehfect of various environmental variables
Other electrochemical techniques can
shed light on the hinetics of the corroson
reactions and on the critical factors which
may contribute ether to catastrophec
failures or corrosion prevention For
eoamnple, Bureau researchers are now
using these methods to investigate the
efectrochemicai processes astectated
with stress corrosion cracking of brass
and copper in ammonia solutions and to
evamine film breakdown and pit initiation
on passve metals.

Contact: Ugo Bertocci, B254 Materials
Bldg., 3011975-6017.

The rapid solidification of alloys can Rapid
produce new types of materials unob Solidification
blwnable by convenbonai means. Because
of their speciat properties, rapidly soiidi
tied ailoys are being widely tnwestgated
and are beginning to be introduced into
commercial devices. Equipment is avail
able at the Bureau to study alloys
produced by each of the three mator
funds of raprd soidlficabon techniques:
atomization techniques in which fine
liquid droplets are formed and rapidly
frozen to produce alloy powder: ribbon
techniques in which a oery thin liquid
stream or ribbon is rapidly soldified, and
rapd surface-melting and rehreezng tech-
niques in which a directed energy
source. such as an electron beam, is
scanned aeoss a surface. The emphasis
in the NBS work is on measurement and
predictive modeling of the rapid solidifica-
tion processes. fesrearchers are studying
crystalline, metallic i ass, and the new
quascrystal aloys iecenhy discovered at
NBS. Ehons are under way to apply
advanced sensors to an inert gas atomi-
zation system to allow feedback and
controt of this process. Because

Process Control NBS researchers we using special facil precessing conditions inffuence alloy
Sensors ties to develop advanced measurement homoqenerty, microstructure, eufended

methods and standards in support of solid solubility, and the production of new
emerging process control sensors and alloy phases, control of these features is
ther application to intelligent processing critical for producing speciae properties in
of materiats Measurement methods avail- these new materials
able include ultrasound, eddy currents.
and acoustic emissionl panecular., Contact: John R Manrnng, A153
noncontact ultrasonic facilities have been Materials Bldg.. 301ff975-6157Z
designed featunng highintensity pulsed
lames, electromagnetic acoustic trans-
ducers, and laser interferometers The corrosion of metals in natural and Mield CorrosIon
Coupled with state-ov-the-art materials- man-made environments is very costly to of Metals
processing equipment and eopenle, industry and govemnment For several
these facilities offer a unique opportunity years, Bureau researchers have been
to ascertain feasibility and develop proto- invoved in developing methods for
type specifications for a wide spectrum of measuring the corrosion of metals in field
sensor needs including the measurement conditions such as steel piling in soil and
of internal temperature, phase transtor- seawater, electric utility lines in sot, and
mations, surface-modified layers, porosity, most recently, steel in concrete To
grain size. and inclusioetsegregate distri- measure the corrosion of reinforcing steel
butions. in concrete bridge decks, NBtr scientists

have developed a small, portable
Contact: Haydn N.G. Wadley, Al67 computer system. With this system. scns-
Materials Bldg . 301/9756140ftr y tsts apply electrochemical techniques

normally limited to the laboratory Io
measure the corrosion. This new
approach, which atows laster, more
accurate corrosion measurements. can
be used to evaluate the effectiveness of
protection systems in place. The system
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Neutron Scattering
and Diffraction

has been applied to several bridges in
Maryland and will soon be used on
bridges n Virginia

Contact: Edward Escalante, B254
Materials Bldg., 301 9756014.

Steal Slag The U.S. steel industry needs Iher-
Thermochemitryg mechenicat databases and models for

the desgn of new or improved steel-
makmng priceso. To desgn such
processes, NBS inibated programs in
three areas. Bureau researchers are
measuring refractory and stag ther-
mochewcal equilibria. evaluating the
scanered literature data, and devseoping
computer models relabng enperimentat
data to industnat condibons. NBS has
unique experimental tacilitres tor meas-
uring key phase equilibria and kinetics.

Contactt: John W Hate, A329 Matenals
Bldg. 3011975-5754

Dlocussang quasalrifall sagcturan In aloys are t. to r.) Dan
Shechbruan, taradl lnatltute of Tchnly; Frant la canlelllo
NiS, vtn tsnrai National Science RIseewch Canar Fance;
Joht Cohn, NBfS, Loonid Bandersky, Mlns Hopklna, UnhNrnityll
ttd Robtrt Schsefutr NBS. The dticonre at NiS of quaati
cryataf atructnus In mntes chsrllerge a Ibtryewold theory
of crysieography, and the exlatence of qracsytstals moy
make it poslible to produce terialas with radically dtttecent
p erwtiest

Precise intormation on the crystal struc- Neutron
ture (arrangement ot atonrs and Diffraction
motecules) in soatds is often a key to
understandieg or improneg the proper-
ties ot modern materials or creating new
ones. Many imponant materials eop.
ceramics. catalysts. and rapidly aolidied
alloys, often can be obtained only in
powdemed torm. State- p-the-an capabli-
ties are in place at the Bureau tor meas-
urng and analyzing the magnetic struc-
ture oa potycrystatlie materials by
neutron didraction. The lactiaes avwtabte
tor dihract on enperiments tor both
powdeis and crystals include a tour-circle
difractoieter and a mulidetector,
high-resolution powder diffracrometer as
walt as instruments which allow measre-
ments in a sngle-crystal or energy-
dispersve mode.

NBS researchers contiue to develop
improved methods tor accurate structare
retinement and tar measurement ot
internal stresses in materials Currently, a
number oa industrial scientists are
cotlaborating rth NBS staf m neutron
difraction studies oa inorganic catalysts,
new kinds of ionic ceaductors tor small
bateries and toel cells, improved
ceramics for microcircuit suhotrates and
engine components, and high-
performance tightweight alloys tor
advanced aircrabt. NSS scientists are also
working to determine how residual sress
and tenture in bulk metals and ceramics
affect thsr appicaton in high-technology
products.

Contact: Edward Primce 3011975-6230
or Antonio Santoro 301/975-6232, A106
Refctor Bldg

The vibrational dynamics and difusion oa Neutron
hydrogen in metals and molecilar Spectroscopy
species i heterogeneous catatysts are
studied at the Bureau wth inetastc and
quasielastic neutron scaftering and
neutron dihractron, The results ot this
research reveal the bonding sates and
atomic scale interactons and drfuson
paths in such materials. Recent progress
has altowed i-stu spectroscOpic stmues
ot hydrogen and molecular species down
to 051 oa an atomic percent. These mean
oreerents can preside direct irormbon,
for evampte. an the mdtecular processes
that afect reaction and selective release
ot chemicals in industrial catalysts and on
the local trapprog and clustering oa
hydrogen in metals and sem rco.dcltors,
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Nondestructive
Neutron Scatsteringt ttmd 0 ction Evaluation

which cause emhntoemern Of corrosion Rapidly sotidlied metal powders Proade NondestructwveOr changes electronic propenries NBS a basis tor alloys which exhibit, after Evaluation turScienbSts are workng with researchers consolidation high strength-to-weight Metal PowderIrom sseral ndustrial laboratories to ratios. improaed fracture toughness and Productionstudy zecito catalysts. For this research. atigue resistance. umnque magnetcthe equipment avalable ncludes threea propernes, and high corroson resistanceaxis neutron crystal spectrometers and Secause neither real time automatedtimet-atight spectrometers tor melasbc process control techniques for produacrgscanering along wwth neutron cbhractom. rapdly solidified metal powders nor tech-eters which measure structural and nques for real time process control oldynamic processes in the time regime materials exist. NBS recently initiated atrom 0.
0

to 1010 s. Controlled temper- model research prOtect which brigsature devices are available Irom 03. t together specita capabilites that already300 K exist at NBS Using a pilot taclity for
studying the automated production ofContact: John M. Rowe. 301/975 6229 rapidly s.1bdlfied metal powders, NBSor John J. Rush, 3011/75b6231 A106 researchers .ol develop process modelsReactor Bldg. sensors, and adaptine control technmques
to, producing rapidly solidilied metal
powders. Twx general categories atSmall-Angle Small-angle neutron scanering (SANS) is sensors are innoxedo, one whichNeutron used to characterize submicron structural measures processing parameters suchScattering and madeeln propenies or materials m as temperatures. pressures. and hlowthe sze regime laro 1 to 100 nm. The rates; and the other includes nondestrucSANS ditraction ponerns produced by toe enaluation sensors which measure orstracturaeatures i this size regime-tor monlor ae on-trusvely imponant proper-example, by small precipitates or catices ties or characterisbcs oa the molten.i metal alloys, by mcropores or cracks saiddlyng or solid metal powders whlei ceramics, by colloidal susPensons and they are being produced.microemalions or by polymers and Bureau scientists are designing a new,biological marromolacules-can be inen gas atomization system, and tneyanalyzed to give informatron on the size are conducting basic research in solidilf-and shape oa the scattering centers as cation science to relate the microstroc-well as their size distribution, surface tres formed during solidilication to thearea, and number density. This detailed processing condibons and to the subse-mnrostructere nlormasio is often a key qupe Pp s Research at theto the prediction or understanding to the completed laitity is wmed at combinpernormance or lailure modes o struc- the process models and the real-btmerural matenals and matenals processing sensors wrth exper computer systems torconditions 

adaptlve controlA number ol scientists from the chem-
ical, commuanications adnanced Contact: H. Thomas Yolken, B344materials, and aerospace industries are Materials Bldg. 301/97-S5727.aready engaged in SANS research atNES Ther meacaremeots are carried out
with long wavelength neutrons on the S The eddy-current method oa nondestruc- Eddy-Cunentm-long NBS SANS spectrometer which tine ealn ( is cbl Pt Nondestructiveutilizes a 65 by 65 cm posibon-sensitine detecting aetermaly minuate cracks, pits, Evaluationdetector to record data oxer the entire and other discontinurties rn surlaces andsmall-angle region Oihltanecudy. near-surlace regions o0 melals, alloys,Computer automated apparatas is axail- and other eletrically conductineable tor maitaing samples at tempera materials. In addition, i can be used tolures tram ato 70t0 K and in magnetic characterize near suiace propenries oabields ap to 20 kilogauss. To extract thin coabngs tilms and bulk materialsstructural rnformabon trom the data. the However to characterize ssh tlaws oreseachers analyze SANS peterns anon propenies reliably and reproducibly,an iteractive calm graphic system and eddy-current NDE must be made into arelated programs. quantilalive measurement system There-

Contact: Chates J. Glinka. 30197S flore, the goal of an on-going NBS protect
6242 or James A. Gotxas, 301/975-6243
A106 Reactor Sadg.
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is to devefop measurement methods cat-
Oration procedures, and standards
needed tor quantitative eddy-current
tesnog Expernmental mnvesfigatoons m
several NBS groups are linked with Iheo
retical studies at Stanford Unversty and
other related NBS research.

Studies on eddycurrent caibbration
standards, based on electrica-dincharge
machined notches, have shown that sach
artfacts must be used wth cardeon
Therefore, comparisons of theory and
enperrmenr were recently extended to
fdm-conducbsty materials and to real
fatigue cracks in order to smulate real
test situations more accurately. Results
show that magnetic field mapping of
eddy-current probes enhances capabili
ties for characteri-ng flaws na eddy-
current measurements In additon. field
mapping can delect differences in
probes of apparently identical construc-
bon Funhermore. lield profiles of ferrite
core probes. which are difficult to calcu-
late, can noy be measured directly
Bureau scientists nave dwesnoped a new
calibration method for uniform field
probes and demonstrated an eddy-
current tecpnrhqe for monitoring fatigue
crack growth. Future studies wilt also
address reflection probes

Contact: H Thomas Yolken, B344
Materials Bldg. 301b975 5727.

Fiber-reinforced composites offer major Composites
advantages, particularly versatilty rn Processing
processing combned with high strength
and stigness atow werght Continuation
of the current growth in the production of
these materials, howeer, is hindered by
a need for more rapid and reliable
processing. For this reason, the NES
program is aimed at devetoping now
measurement tooes to study the reactions
assocrated with procesong and the use
of these methods to understand the rela-
tionships among processing parameters.
the microstructare of the fabriscated
materials. and their performance proper-
ties. Such scientific understanding wit
facilitate both advances in processng
methods and implementation of on-tine
control and automation. The development
of this understandiug requires
researchers to monitor the materials
during the curing process to observe
simuftaneousy chemistry, morphology
development flow. molecular network
fgrmation. buldd-up of residual stresses,
urietriaal fflIs, -ri w-tti 5 id

spreawdg.
The NES program currently has 10

different spectroscopic. dielectric
thermal, and mechancal techniques
available for cure monitoring and others
under development. This diversty of tools
provides a unique capability both for
evaluating and calibrating new measure-
ment methods and leo analyzrng mode
thermoset systems. For exampe through
cooperative profects wth NBS several
industries have selected and developed
monitoring methods for their particular
probtems0

Contact: Donald L. Hunston. A207
Polymer Bldg. 30t19754-833

Knowledge of the relationships bwiween Polymer
mechanical propeties of polymers and Structure
polymer structure is mposust to the
design and processing of materials for
optimal performance. Theretore. the
Bureau is studyiog semcrystallne

, polymers, polymer glasoes. elastomers.
molecular compostes, and fibers to

a develop improved models of mechanical
behasor, characterrae structure from the
atwiic to fine nature level. and elucidate
relabonssips between mechanical perfor-

_-- mance and structure.
Using eleabohydhodyrnahic etomtatton, metailaglsot Stephen A wide variety of techniques is used at
Aider prodtces -pveily stoltidified dlolr oowdem. bhe Bureau to characterize the structure

of polymers in the solid state. Nuclear
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magnetic resonance spectroscopy is higher strength, resistance to oral 11ludS.utilized to determine molecular orienta or s-ray opacity.tion, molecular dynamics, and microstrrc In an ettort to improve the strength otture on the 1- to lo-nm scale dental systems. hrnerent combirations oaMicrostructural Intormation Is deduced materials are bang designed and testedfrom C.13 lineshapes obtamed with They miclude ceramic metal resn matoremagic angle sprining or by proton spin conosites, metal-cement. cemet.-tooth.dihusoo exPyriments m which domain- and composile-adhesveetooth materialssize iformation is interred trom the rates To improve the systems. Welbullat which proton magnetzation dihusoes n #absbcal analysis Is employed to idenblythe Presence ol magnetzation gradients the weakest links. Finte ewement analysisFourier Iranslorm imfraed spectroscopy is can be applied to dehne stress satesapplred to determinaions ot molecular wthin systems.architecture, orientation, and molecular In the area at precision metal castingprocesses, such as measurement ot the Processes, researchers are usng strainamount oa chain scisson associated with gauges to montar changes is dmen-mechanical detormation oa polymers sions of investment panterns at panernOptical and electron microscopic studles sites A unique casting montor has beenoa polymers elucidate microstructural designed that could also be uses torfeaiures. 'ncluding spherulybc morpholo- rapidly sobidilied alloysgies. lamellar testure. fiber structures.
and crystallization habits. To eanumine the Contact: John A Teok. Al43 Polymerrelationships between mechanical penor- Bldg. 301/375 e01lmance at polymers and One structures,
NBS scieutisrs are myestgating the
moaphological changes that polymers NBS is conducong a number oa studiesundergo when they are delormed. Wide- on the electrical Properties at polymersand small angle a-ray dihraction tech. The research is tocused on dielecticniques. which nclude the use ot position measurements, fundamentals and apyt-sensitive detectors, are also employed in cations oa piezoelectric and pyroelectricthese investigations polymers, measurement ot space charge

distribution within polymer films, and ionicCtontct: Bruno M. Fanconi, A305 conduction in solid polymers In the arlePolymer Bldg. 301/975-6770 oa dielectric m-easemen ur eau O.r en

Dental and Modern dental and medical materials
Medical Materials utllze numerous substances in an array

ol combenationa. NBS has a comprehen-
sve program that is aimed at increasing
basic understanding ol the causes lor
lailure or poor Penormance oa these
materials, proposing and testing new
material systems. and translerring the
resultant scence and technology to
industry, The program has the action
panicipation of researchers tram the
American Dental Association, the
National Institutes ol Dental Research.
denta industries, and universites.

Researchers are workdng in a number
oa areas For eeample, in a tribology
study, scenbists are examning wear and
degradation oa materials m various
envronments, and in a bioadheson
project, they are making new monomers
tor adheson to tissues In addition.
improved resns ore being synthesized to
produce polymers that have improved
proprties such as wear resistance.

Electrical
Properties

tists have developed insimentation and
data analysis which can measure the
dielectric constant and loss Of polymer
rIlms over a hrequency range ol 10

4
to

10 I Hz in lees than 30 minutes This
makes it teasble to boalom changes is the
dielectric spectrum as a lunction oa time,
processing conditions, or other
parameters

The toughness, Ileohility, low dielectric
constant, and an acoustc impedance
close lo water make piezoelectric
polymers ideal for many transducer appli
cations. NBS stan have considerable
euperience with the iundamental proper-
aes Of polymers such as polyvinyiidene
Iluoride and its copolymeos and can work
with industry to develop transducers tor
novel applications or assist m measuring
the proPerties ot new prezoedectric
polymers or composites.

Bureau scientists have designed
instrumentation and data analysis to
measure the charge or polarization distri-
bution across the thickness ol polymer

200

polymer,
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sim by anatyzng the transtent charge
response lollowing a pulse of energy on
one surface ot the tilm. This technique
has been used to detect the presence ot
non-u.norm electric fields n the poling of
piezoelectric polymers and is currently
being used to mvestigate the role of
space charge ,n the dielectric breakdown
of polymer nsulation.

Ionic conducton in poymers has
potential application in polymeric electra
Iytes for high-energy density batteries
The dissolution of salts in polymers and
their effect on ionic conduction as Wel as
ether polymer properties are being
studied by a uariety of techniques
mcluding thermal anatysis. -ray difrac.
ton. optical croscopy, and impedance
spectroscopy

Contact: George T. Daus. B320
Polymer Bldg. 301/975 6725.

Molecular Thermosets are used extensvneiy in
Networtls numerous pracrical appicaaon.s espe,

cially polymer based composites.
However. luouiedge of the basc struc.
tural entity of the thermosets. .e. their
molecular network structure, is uery
limited. Therefore, Bureau researchers
haue deveioped a neutron scattering
technique that can be used to quantita-
lively determine such characteristics of
the network as the average distance
between crossoinks, the rigidity of the
network, the molecular weight distribution
between crossfinks, and the topological
heterogeneity of the network structure.
Current NBS research tocuses on
developing correlations among chemical
compostions, procesing conditions, and
resulting nebwork structure for epouy.type
polymers. To establish precessm-g.
structure-propeny relations these
materials are then evaluated to determine
pertormance properties such as fracture
behavior The neutron scattering tech.
nique is a rs being used to study hou
the molecular netbork defoms when the
material is placed under load. These
studies can directy benefit industries by
pronidmig guidelines tor designing and
processng polymers for opbmum pertor
mance.

Contacd: Wen-ti Wu, A209 Polymer
Bldg. 301197b-6839.

Small-angle a ray scanerimg (SAXS) can
be used to characterize structural
elements of polymers, ceramics, and
metals i the t- to 100-nm uze range.
The Bureau has successfully used this
technique to study phase separation.
crystallite morphology, molecular dimen-
uons, crdd formation, pore charac
leristics, and many others. A state-ot the-
art. 10metnr SAXS facility has been
constructed at NBS tor Ouch studies, and
it is avalatble for cooperabue research.
This SAXS facility uses a 12 kW rotating
anode source, pinhole colimaon, and a
two-dimensonal pobont-nseive
detector to prourde high resolution and
simultaneous recording of all scattering
data omer the entire smalI-angle region. In
addition, a computer-asosted interactie
data reduction and analysis program is
avabtale with color graphics display tor
the two dimensonal image Structural
and dimensonal mformabon can be
eatracted usng various availabe model
analysis and cuave-titng procedures

Contactr Charles C. Han, B203 Polymer
Btdg, 301U975-6772.

Takahho Stlo, a guest scientmt frntu Osaka UUnhveritly, Japan,
utet the terrperaturer*mp light scathrtng techniquw to
reCorD tho ptM o0eperwifon behnvior ih Motecutl

SmalihAngle
X-Ray Scattering
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Polymer Blends Standing polymers has become an aftec
te method low producing high
performance engineering polymers. The
tundamental data required to design a
manufacturing process inocue the
equilibrium phase diagram, the energetic
mteraction parameter (Compatibitity)
between the blend components, ditluson
coefficients, and the otedacial tenson At
N8S small angle neutron scanering has
been used to measure the interaction
parameter and phase diagram ot
polymer blends NBS scientiss have
developed torced Rayleigh scattering and
temperature-tump light scanering tech-
.nques to measure polymer-polymer dittu
son and other parameters which control
phase separatoon kinetics and
morphology

Currently, Bureau researchers are
testing ,arious kinetic theories oa phase
separation and late-stage coarsenog and
studymng the control oa mwophology and
mechanical properies oa microphase
separated polymer blends. As part oa this
program they are working wth industry
to study the homogenzation and phase
coarsening oa nubber bends

Contadt: Chares C Han, 8208 Polymer
Bldg, 301/975-6772

Fluorescence Bureau researchers are evaluahng
Monitoring tluorescence spectroscopy which Is used

to characterize the structural and dynam-
cal prapeities at Polymer molecules For
evample. tlunrescence quenching is
employed to monitor the unitormity oa
mining in polymer blends and In particle-
tilled polymer melts In addtion, encimer
fluorescence is utibec to monitor the
cure oa thermosesing oesns. while
frllasCence ansotropy is used to
monitor the non-Newonian lOw ot
polymer solutions and melts. At NBSh the
measurements are carried oMt with a
spectrotluorimeter and a nanosecond
spectrluorimeer. In combication rth
optical tibers, whch are used to get the
exacting light into the menoer ol a
composte par, the nuorescence tech
nques are attractive tor process
monitoring oa composites,

Contact: Francis W. Wang, 8320
Polyme Bldg.L 30t1975-6725

To help ultLIl the needs of laboratoaes, Laboratory
industry, governmental regulatory agen- Accreditation
cies purchasng authorihes. an0 Program
consumers tor reliable lahoratory testing.
NBS operates the National Voluntary
Laboratory Accreditahon Program
(NVLAP) NVLAP is a voluntary system
tor assessng and evaluating testing
laboratones and accrediting those aound
competent to pertorm specific test
methods or types oa tests on products
and materials Through this program,
laboratories are accredited tor testing a
nariety oa products, including telecammu-
aications equipment, thermal insulation,

and radiation desimeters
To establish a lahoratory accreditation

program NBS works closely with the
appropriate industry to develop the tech-
nical requirements and documentanon
needed tor the accreditaton Process. For
example N8S sponsors public work-
shops to obtain technical guidance trom
experns in related industry. government,
and standards-developng organizaatons
NBS also works wth industry to deagn
proaiciency testing requirements,
including selection oa test methods tor
which proaiciency testing is necessary
and appropriate. the frequency oa proft.
clency testing rounds,- and the artlaCts
to be tested

Laboratories interested In receving
ascreditation are sent a LAP-specd,c
handbook that contains the generic
admnistrawlie and operahonal require-
ments tor accreditation as welt as the
specific technical requirements for
accred laion and a set oa critical
elements which detines those aspects ot
each test method that an amsessor must
consider in determining the laboratorys
competence In addition. the lahoratory
receives application aorms and mstruc-
tins tar providing essential intormation
on laboratory ownership management
key personnel, scope and operation, test
method selecrion, nstrumentation and
tacilities and other releant information.

Contact: Harvey Wt Berger. A531
Administrahon Bldg., 301975-4017.
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Radiation Research

Accelerator The NBS accelerator research program Is
Research aimed at developing advanced partcle

accelerators for applications rn nuclear
physics. free electron lasrs. nertial
confinement auson. and dosmetry. The
major focus of Ihis NBS program at
present is to estabtish the teasiblity and
provrde the technnfogy needed for cw
accelerators by desgning. consaructing.
and evaloabng the performance of a 200-
MeV contmuous-beam racetrack micro-
tror (RTM) usng a room temperature If
acceleratng secton In addibon. NBS
scientists are anempting to modify this
racetrack mcrobon tor use as a tree-
electron laser driver

To improve industrial applications of
panicle accelerators. NES sceststs are
mnerested is worskng th industry
researchers to evaluate performance and
optmize the RTM design, to design and
develop high peak current and high
brightness infectors. and desgn and
develop ree-electron lasers usng the
RTIM as a dusvcr

Contact: Samuel Penner. 1 19 Radiation
Physics Eldg. 30197t Si6iO1.

Autoxidation/ The knentc and mechaistc aspects of
Antloxidants autouoadtion I foods, organic materials

systems, and other bhochemrcal systems:
the design of appropriate antiovidants for
the prevention of the deleterious enncts
ot onygen. and the estension of the ile-
lime of chemical and biochemical
systems are important to many food.
drug, and medical Industries. Wide-
ranging NBS research involves nvestiga
bons in these general areas the free
radical chemistry of organic systems and
bhochemicals susceptible to autovidaiuon
and treeradical mechanims and eac-
lion rates of antourdants. particularly in
the case of key components of foodstufs
and other lde-supportig substances.
Scianbsts are studying the enects ot
parameters such as ovygen pressure.
temperature, additives, and concentra-
lons on the optimization of these
parameters and the development of
products less sensitve to onidaion.

NBS researchers are seelkng rndustrial
collatioraton in the analysis of shoun and
long-term intermediate species in puose-
irradiated ovygenated organic and
aqueous solutions: derivation of kinerc
data and onravefing of ante and
radiationnstimulated ondation processes

and design of new antoiidants as
protective agents against food spoilage,
carcinogeneis atheroscleross. and
nairosamrne formation in foods. Kinetc
and analytics chemical technologies.
such as GCIMS. HPLC, spectroscopy.
chromatography. etectrophoriesis and
ESR spectroscopy thrghrstensiy gamma-
ray sources, pulsed and continuous
beam electron accelerators. and various
organicchemical anayticaf equipment
are available.

Contact: Mchael G. Smc, C206 Radia
bon Physics Bldg.t 301 975h-555.

Imaging by use of penetrating radiation is Industrial
one oa the most powerful investigative Radiologlc
techniques avaifabhe to industry for man- Imaging
taiong or improving the quality of
products Desegners are now aware of
this and are creating components which
facilitate such nondeslrucove testing.
Research Is under may at NES that ell
allow bener quantification of the radio-
graphic images. Panicularly relevant to
mage evaluation are compoter-based
systems that permit pseudo three
dimensonal Images and the implementa-
lion of image processing on these or
traditional images in real time or near real
time.

This research focuses on a number of
areas including image processng for
improved imaging f lowocontrast or
noisy images: adoption on tomographic
equipment to industrial needs and meas
urement of the performance charac-
teristcs oa such systems; and
development of reliable techniques for
image storage and retrieval. For these
projects. avaifable equipment includes
ray sources, low-energy electron acceler-
ators and gamma-ray surces as wet as
state-oofthe-ar radiologic imaging
devices

Contact: Roben C. Plabous, C215
Radiatron Physics Bldg. 301W975h5579

The use of rradiation as a food preserva- Food Irradiation
(on technique has made research into Chemistry
the chemistry of tloe processing by
ionwng radiaions, such as gamma rays
and high-energy electrons. important to
lood industries. NES is addressing these
concerns by studypng chemical changes
Induced by irradiaton processing of food
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components inouding proteins, fats,
sugars, and vitamirs. In one project,
ressarchers are selecting radiotytic
products which could be uond by tood
processors as mdicators to determine
whether soods have been irradiated
Other investigaetons compare thermat and
irradiation tood processng chemistry and
the effect ot irradiation processing
parameters. such as dose rate and
temperature. on tood chemistry and
qualty. Researchers work closely with the
Food and Drug Admmisuraton and the
Unted States Deparment ot Agriculture
to obtain up-to date intormation about
regolatory and Safety requirements tor
soods and tood processeng and
associated quality control measurements

Specific areas m which cooperative
research is encouraged roctude kinetic
and steady state analyses of radiolyric
products in tood components compor-
son of energy absorption mechanisms in
foods, design of post irradiation quantta-
tive and qualitative analyses of various
foods and their components and
development of food component Stan-
dard Reference Materials Sophisticated
analytical techniques such as GC/MS,
HPLC, spectroscopy. chromatography.
electrophoress, and ESH spectroscopy
as well as highoenssity gamma ray
sources, pulsed- and contsuous beam
electron accelerators and various
organic-chemical analytscal equgpment
are available

Contact: Mchae G. Smc. C206 Rada
hon Physics Bdg. 301 1975-555B

Neutron Fluence NBS researchers are studying mdustrial
Measurement anbl applications of neutron fluence and dose

Neutron Physics determ naton in the neutron energy
region from thermal to 20 MeV They are
concentrating on the deveopment of
entctve methods to transer personnel
protection technology to the private
sector This research provudes a basis for
standardizing personnel protection
control procedures m nuclear reactor and
high energy accelerator operations. for
example

Specfic research profects involve:
measurement of reference standard
neutron reaction cross sections, charac
terizalion of reference nisson deposits;
development of neutron detectors wth

fast timmg: calibrations usng standard
neutron and gamma-ray fields; and appl-
canons of neutron resonance radiog-
raphy.

Equipment availabe includes a 100-
MeV Imac based dedicated pulsed
neutron source, a 3-MV pulsed post.re
ion acceleraor, and a 20 MW nuclear
reactor

Contact: OrenA Wasspn B111 Rads-
bon Physics Bldg., 30U3g75-5567

To produce radiaton for enperimental
purposes, N95 has buil a synchrotron
ultravsolet radiation facility tSURF-11)
SURF-It is a 300-MeV electron storage
ring that radiates high-mtensity synchro-
iron radiation i Ohe energy range from
about 3 nm (400 eV) n the soh o ray
reg on to wavelengths m the visible
region of the spectrum The radiatron is
highly collemated, nearly Imearly pola
rized, and of calculable mtenslty. SIn
beam lines are available and a users
program is n operation SURF-11 is well
suilted for several diderent types of
research, such as atomic, molecauar-
biomolecular, and sotid state physics, I
sudace and materials science, radiatlon
chemistry and radiation effects on matter,
Ultraviolet and -ray optical systems, and
the calibration, characterization, and
development of spectrometers and
detectors

NBS scientists are particularly
interested m conducting collaborative
research in the use of snft x ray synchro
Iron radiation for high-ressluion lIthog
raphy: measurement of the reflection
charactermsics of novet. high efficiency
multilayer far ultraviolet optical devices,
and calibralion, characterization, and
development of spectrometers and
detectors

Other avamlable equipment mcludes a
stale-ofthe-art multipurpose detector cali-
bration facrdty, a large uatrahigh vacuum
spectrometer calibraeton chamber, and a
beamline dedicated to high-resolution
radiation research wrth a 6.65 m vacuum
spectrometer wsth a reson.og power of
about 300,000.

Contact: Robert D Madden, A249 Phy
scs Bldg.. 3011975-3726 a Willam R
Ot, B206 Merology Bldg.- 3011975-3709.

Ultraviolet and
Soft X-Ray
Radlation Effects
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Optical The U.S. delense, aerospace. health, and conductraty measurements Various
Pyrometry. fighting, and photographic industes n-ray and gammraray sources and elec-Radiometry, require radionerric measurements to, tron accelerators rth energies in the 0.1-Photometry product deeopirent, quality control, ard to 10-MeV range are employed. In add,

equitym trade Compatiblity of ndustrial tion, conventionsa ultrauret. visible. andradiometic standards seth national and intrared spectrophotometros and spec-
internationat standards is a key require- Ir0tluorimeters. hlgh-intensty gamma-ray
meat to ensure a cOmpestlue posion n sources, pulsed and continuous beam
world markets tor these industries To electron accelerators. and narious
help ensure reliable radiometric measure- orgamc-chemical analytical equIpment
moets, NBS is conducting radimnetic are anailabe.
research m the near-ultrauiuet, vsible,
and insrared spectral regions and Contact: Willam L. McLaughlin, C209
deveopi-g accurate standards and calb Radiation Physics Bldg,, 301t9755 559.
bration Procedures for these regions.

Specific research tocuses on calibration
ot near-intrared pyrometers; geometrically As pan o0 its resear:h to understand and Vacuumtotal spectral tnu standards; detector- measure varsous forms or radiation. NBS Ultraviolet
based radiometric standards, diode-array 0s conducting vacuum ultrauroet studies Radlomertryradiometry, Photometry. and ceorimetry: inuolving radiation damage, polymeriza
low0lighbteel calibration standards, near- tion of organic miecules, and selarinlrared detectors: infrared spectral radi smulation. NBS scientists hveo wMiked
ance standards: and absoute spectral neth idustry researchers to devetop andanalyzer systems. Aailable for thes3 test acum ultraveolf nstrumentation,
protects Is sOphstcated optical equip- new spectrometer designs and detector
ment such as tunadbe dye lasers, electro, systems, especially for tight in space,
optical devices. and intererometers

Contact: A. Russell Schaeler. A313
Metrology Bldg., 301/975-2331_

RadiatIon To enhance quality control methods
Processing employed in mdustnal radiation

processing of oods and the production
and use of medical devwces, electronic
components, and polymers, NBS i
researchers are developing standardiza-
bon and measurement assurance
methods related to ndusrial high-dose t
applications Ot On..ng radiation As part
of this program. Bureau scientists are
investigating radiation chemcal
mechanisms and kunetic studies applied X

to chemical dosmetry systems in the
condensed phase. mclugig liquids. gets. ,
thin films, and solid-state detectors They 5
plan to eamine such sensor materials as
doped Plastics slid -state matrices.
organic dye solutions, semiconductors,
scintilators, doopolymers. amnmo acids,
meratloporphyris, and Organic or inr-
ganc aqueous sdlutons and gels.

In this research. scientists use a
number ol analytical methods icluding By combining an uftrahigh ,acoom, hlgh-,eson acmnlngtranvsinson and tluorescence spec- elctron mkciscop3 with a new, compact elactron spjn-trophotometnY, electron spn resonance polarization detace, phpsicigta (I. to r.) Gay Hembree, Robertspectrometry, chemrtummnescence Celbofta, John Ungurls, and Daniel Pience can oboerwe etriul-photometry. as sell as liber optics anal btraousy the magnetic otiracte, of a surface anW lo physicalyss, microcalorimetry, pulse radiolysis, sotcture ore, dimenslons a- -matn - 1t n
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They have also collaborated on special
sources. narrow band filters. and lasers.

Bureau scientists are interested in
doing cooperative research in several
other areas incuding studying the
platinum-neon hollow cathode lamp as a
secondary standard, laser plasmas as
secondary standards, and a spark
discharge light source as a secondary
standard. Stateo-the-as radiometric facil-
ities and advanced optical equipment are
available at the Bureau for these studies.

Contact: J. Mesin Bndges. 3011975-
3228 ar Jules Z. Ktose, 3011975-3230.
BO6 Physics Bdg.

Submicron WefIcharacterized, focused electron
Physics beats are used to interrogate the

properties of surfaces and magnetic
materials on a microscopic scale NBS
conducts a broad-based research
program evptonng the physics of
submicron systems wrth eectron
microptobes. The program includes
studies of electron-surface interactions,
surface magnetism, electron interaction
theory. and eectron spin polarization
phenomena Extensive enpesmental tacili-
ties are available for this research,
incloding 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
poarizabon 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 propertes of high-
densty magnetic recording media. and
small-pasicle magnetism. Bureau
researchers are asing the scanning
tunneling microscope (STM) to study
surface topography at the atomic level,
mechanisms of film growth at the
nabmonotayer level. reconstructions of
semiconductor surfaces, and, ultimately,
correlahon of surface microstructure with
macroscopic properties.

Contact: Robert J. Celotta. B210 Metro-
fogy Bldg., 3011975-3710.

Using computers to provide timely and Computerizatlon
inexpensive access to reabde chemical, of Standard
physcal, and matevals data contributes Reference Daot
greatly to increased productivity and
lower manufacturing costs of industrial
operations. The NBS Standard Reference
Data program works closely won industry
to develop the toeds and standards
necessary for oamputerizng industrial
technical data-the numbers, graphics.
tables, and test that convey research
results.

The National Standard Reference Data
System, coordinated by NBS, is a major
tocal point in the United States for the
evaluation of chemical, physical, and
materials 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 phyocal sciences with specialized
knowedge in computer science Areas of
activity include preparation of databases
of evaluated data and predictive software
for use on personal computers, conver-
sion and combmation of published data
compilations into searchable databases.
standardization of formats for scientific
information, development of expert
systems, and establishment of distributed
systems linking scientific databases
Computer and telecommunications capa-
bilties at NBS offer challenging alterno-
tives to the handing of these projects.
with state-of-the-ad mainframes, minis
and micros, database management
systems, graphics, and applications sof-
ware available.

Contact: David R. Lide, A323 Physics
Bldg., 301/9752200.
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N3S Gailthersburt Laboratories

Foreword
Every laboratory in this country
is a valuable national resource.
Along with the people who mork
in these faclities, U.S. Iaborato-
nes constitute the basic founda-
tion of this country's Scientific
and industrial strength.

As the nation's foremost Sci-
ence and engineenng mea-
surement laboratory, the Na-
tonal Bureau of Standards has
some of the premier research
and testing facilities in the
United States, and several of
our laboratones are unequaled
anywhere in the world. Bureau
scientists and engineers use
these special facilities to pursue
the meesurement-reiated work
that U.S. science and industry
need to grow and prosper.

Many of the fadlities are
available for use by the eden-
Otic and engineering commu.
nites either on a cooperative or
independent basis. N3S has a
long history of cooperative work
in these laboratories with re-
searchers from industry, govern-
ment, and academia. For eaamn
pie, our Research Associate
Program, established in the
1920's. hes provided the oppor-
tunity for numerous collaborative
projects over the years. Through
this program, research associ-
ates have their salarios paid by
the sponsoring organizabons
while NBS contributes its en-
pertise and permits researchers
to use the Bureau's facilities
and equipment

NSS b3oulder Laboratorios

Now, recogninng the strong
challenges from abroad and the
need for U.S. researchers to
pool their resources. we have

decided to make selected NBS
facilities available to U.S. re-
searchers tor proprietary work
on a cost-recoyery basis, when
equat or superiw tacilities are
not otherwise readily avaitabte.
We hope this new policy will in-
crease the transfer of technol-
ogy to industry and encourage
commercially important research
that otheraise might not be
done.

This brochure highlghts only
a small number ot the special
facilities available at NBS and
provides informaton about their
availability for collaboratbve or
independent research and test-
ing. Indroduals or organizations
wishing to use a faolity should
contact the faclity manager
listed in each moite-up. NBS has
designed its system for revoess-
ing such requests to be as eof-
dent and responsve as possi-
ble. to encourage maximum use
and minimal paperwork on the
part of both NBS and the pro-
spective user.

We encourage you to take ad-
vantage of the nation's invest-
ment in N3S.

Ernest Amblor
Diector
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Capablflew scale phase struture in calb- tor small molecules in solids,- The NiS r-arctor is an ched lYsts. electronic and dielectic magnetic prsperties.
-rnu.heavy-water niodera- crnuitcs, 5smcofclduictor. ari Eal n Aa sNahmaNBS Led reactor operating at 20 MW bomaterials, fsor eample. Sub- Elnd mnt Antaly -neutrod devei-Research provag a pekhe_ , analyse mehod studies

Research Cre fk. of4 X 1014 nutrons r g molecular conformations in opert applications to studies;Reactor curn S. A large clselrn blwch In eniromra chemisty. nusoeree is under deelpe alion sf nicraocaclks and po- lnion. maionnece, and enertgyThe National Bureatu o Stan- which will imrease the ffus of rosity damage in ceramlics, systems. Neubon capturedards research nmactor is a na- lng wavelength (v 1 nm) r creep cavitation n metal alloys yrsiPl gamma actrvation anal-lional center for the application Sons by an order of magntude. and characterIzation 0o precl4. yan method daelopmenLof reactor radiaon to a varilety Eperimental facilies are late distributions is hg-strength, A af ityto0 problems of national con- availbte lor neubon snge- loi-alloy steels. Phase transition tcern. Maior program areas at crystal and powder diffraction kinetic studies in alloys. Atomic- There are 25 evperinmenal taici-the reactom include the applca- and nelastic scattering studies level magnetic structure and be- ties at the reacior providingtion of neutron scattering math- smali-angle neutron scanering hainor in crystalhine and amor- roughfy 125,000 insbrumentods to research in materials sfi- (SANS), sample preparation, .- phous materials. hourn per year to approxmatelyence. bace analysis by neutron radiation and post-irrdiation Inelastic Scaafenrng-annice 200 users. The users of the ia-activation. nondestrucive evalu- processinga neutron depth pm- dynamics and vibrational spec- clibes represent I8 NSS divi.ation (via neutron radiography fiing, neutron dosimetry, and re- troscopy studries ot oyikgen in sns and offices, 18 otherand scattering), neutron stan- laled physics. metas a bw cocentrafons vi edera agrescies. and approx-dards and dosimetiy. and iso Aptii-orsational spectra ot molecules mralelaboratunivers. Claboraiveutape Production end radiation Apsahons adsorbed in hetersgeneous teat lahoratones.satioratv
effects. Elastic Scanffteng-Atomic- catalysts, diffuson processes programs we arranged through________ ________ _______ ________ ________ _______ ________ _______ the INES Reactor Radiation Di-

vision or other NBS groups us-

ing the faclity. Proposals for
ter~rfae5ibr- FwsiTri.Ais spect-rmater colaborative or independentl~~rgu-uvisn~~~~ls ~~1 FSI-COIS ~~~~use of the faciirty aera '---Diffraclmee t_ Dinraciomeler by a committee which examines

the n-erit and conditions of each
application.

Contact

Sp3ctrasater . -< Spactruler Or. Rsbeit S. Carter, Reactor
Radiation Division, Room Al06

The iSal rL-Lo:.eS _ m ss Arsle ScanerReactor Building. National
SuiAioScaftadog Bureiau of Standards,

Gaithersburg. MD 20899.
Telephone: 3011921-2421.

( .perimental Facilities and
Research Areas at the NBS
ReactorHigr.Resolution

Powder Diffractometar *iO Nestrss r ,-

P.Wrded Seamy Pl.fil-v F-W--�
Sp-monet.
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Neutron Depth Profiling
Facility

Neutron Depth
Profiling Facility

The neutron depth profiting
(NDP) facility at the National
Bureau of Standards uses a
neutron beam tor nondestruc-
ive evaluaton of elemental
depth distriutions In materials.
Working with the Bureau's 20
MW nuclear reactor. research-
ers use the technique to provide
concentration profiles for char-
actearing the near-surface re-
gme of semiconductors, metals.
metallic glasses. and other glas-
es to depths o0 several micror-
eters. The lfality uses filters and
collimators to create a high-qual-
ily neutron beam with good ther-
mal neutron intensity and minr

neutons and gamma rays An
aluminum target chamber Is hich is limited at present by layers of borophosphosilicate
used to contain the samples in the energy resolution of the sur- glass measurement of helium
a vacuum, and a tull array of lace barrier detector used. release in single-crystal nickel
etctronic components is avail- Once calibrated mith the appro- to investigate the He-trapping
able for data acquisition and priate elemental standard, the phenomena; and measurement
analysis, concentration scale is feed in- of high-dose nitrogen implants

dependently of the sample com- in steals.
Capabillties position. The depth scale is

With the clean thermal neutron monotonically related to the en- Avallability.
beam created by the reactor, ergy scale by means o0 the The faclity is anailable to qual-
depth profiling can be calrried charged particle stopping ioed researchers on an indepen-
out with sensitrates approach- power. Elements that do not dent or collaborabve with
ing i0'

t
atoms/cret. The meth- produce charged particles under NSS stag.

od is not desructtive to the thermal neutron irradiation con-
sample and produces negligible tribute no interference. Contact

radioacnivaton and energy Appltotlons. Dr. Ronald F. Fleming. Inorganic
deposition in the sample. A ~~~~AnayiclResearch Ototsion,

single analysis produces a pro- Some of the many applications Rombta Reacto dng,
file typically S to 20 pm deep of NDP include range measure- Room B10B Reactu Buoldards
with a resolution ol 30 sin, ments for beaon implanted in r.Gu. . MD 20133

silicon; obsenations on near- Telephone: 301/921-21b5.
surface boron in glass; boron
concentration profiles in thin
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loys, minerals and ceramics, ware to allow two-or three-i n i n |n J and ionk conductors dimensional displays of mated-
als Crystal structures, including

High.Resolution Capabiltaes: steographic protections.Neut-reonuPowde The NBS powder diltractometer
N~eutron Powe'er system is designed to be user- AvaliabilltDiffractometer ftiendfY" and highty Dlemble. For This facility is available for useexamnpfe, a variety ot programs by industry, academia, and gou-The higiresoluaion neutron are available and dorumiented. emment on either a coliabora.powder diflractometer at the which allow the use of ton- We or independent basis underNational Bureau of Standards strained refinement procedures the supervison of the NBS Re-research reactor, wth fve de- to make use ot known structurul actor Radiation Divsion staff.tectors tor sinuitaneous cor information on atomic or motrc- The NBS powder diltractometerlection of data from different ular units of the matenal being system is heavily utilized Proqparts of the difraction padem, examined, along with adoanceod cts are scheduled on a regularis used widely for studies o0 the procedures for background. basis by a commioes of NBSstmrctures ot many important lineshape. and absorption cor. staff.crystaltine materials that are not rections. Structural information

available as large single crys. can be analyzed at the NBS ra- Contacttals. Accurate structural informa- actor using a high-speed, h- Dr Edwarh Prince Reactortion can be obtained at tam- Capacity speu~erscomsputer or Dradiatio Drrionc. ReoomArperatures hrom 4t to 1200 K, caaiyspmikmu r Readiation Drvision, Room A106
peratres fro 4 to 200 K, can be provided in coanement Reactor Building. Nationalwhich is often the key to under- tomm on a floppy disk to be ana- Bureau 01 Standards,standing the properties of tech- lyzed back at the users own Bau o 20899snologically important materials, laboratory. A sophisticated tech- embur. MD 20Sa9inCludng catalysts, magnetic nicolor graphics system is also Tetephone: 30t1/921-3634.

aterlials, high-temperature al- available, with appropriate soft-

Hich-Resolution Neutron une-g _Powder Diflractometer
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Small-Angle _
Neutron Scattering
Facility

Small-angle neutron scattering
(SANS) is a tachmique in which
a highly collimated beam oa law
energy (long wavelength) sea-
trons is used to probe the struc,
tare oa matenals on a size scale
from roughly 1 to 10t em The
small-angle dittrachon pattems
produced by structural teatures
In this size regime-tor exam-
pie, by small precipitates or cav-
ities in metal alloys, by micro-
s~ores, or cracks in ceramics, Or, beam system which presides Applicationsi Small-Angle Neutron
by polymems ar bialogical the instrument's best angular SANS is becoming en increas- Scattering Facility
macromolecules-can tie ana- resolahion (1I grmilliradians). Ap- -ngly imporant toci__nmat___al
lyzed to yield important inform- paratus is available afor mantain- siWng mant toon matenals
tion about the size and shape a t samples at temperatures
the scantering centers as well trom .700 K and in magnetc pIe, to study the kinetics and industry, universities, and gov-

the scttean castrs aswall ram d to 700 K aed in magnetic morphologyoatprecipitat growth eminent. Proposals tar collabo-
as ther size distribution, surace fields up to 15 kilogauss in high-strength allys, to mae- li rndeedee
area, and namb.r densirty. to For measarements at near rtv ridpnetueo h
contrast to a complementary ambiant tamperatures (0 to sure molecotar contormation at tacility are reviewed by a SANS
tcchnique such as electron ml gp C). a mutspecimen sample polymers and biological macro- scheduling committee, which ea-
cosropy, a relatinety large vat- atag ms used ta change sampmlleclar cmpees. to detect amines the merit and conditions
uma (up to about 1 cc) ot mate- pies automatically under com- and fatigut damage in eep at each appication.
nal is examin in a SAS putre control. The neutron deo and camics, and to study the C
ineasuremenL As a reple the tector is a large (65 by 65 cm), magnetiac micrantructure at new
stommation obtaver d represents two-dimensional, position- crystalline and amarphus ag- Dr. Charles J. Glinka. Reactor
statistcal averages which are sensitive proportional counter ncSy mallnal In mrap ao Radiation Dsion, Room aiag
characteristic oa the bulk mate- which. in moat cases, enables ntese apticatons. espenian ly Reactor BuDiding, Nahonal
bul and wrhich are related to an entrre scaering patam t those involving polymers, biol- Bureau oa Standards,
bulk properties. be recorded in a single mea- ogy. and magnetism, the struc- Gaithersburg, MD 208gg.
Capabilities: ourement' The detector can, tural intormation provided by Telephone: 301/921-3634.

CePebltlllew however, be rotated about the SANS cannot be obtained by
The SANS spectrometer at the sample position to measare any other technique
National Bureau of Standards scattering at brger angles when
reactor ublizes a variable speed necessary. An interactve color Avilabilty
velocity selector to provide a graphics tenminal is used tor
beam whose wavelength is con- imaging and analyzing com- The SANS tacility is heavily uti-
Onuoudly tunable hom 0.5 to 1.2 plated data sets. Computer solt- lized by NBS staff and others in
nm. Several choices oa pinhole ware is available tor many iorms
beam collimafron are available, ot routine data analysis and
including a unque converging model fnling.

I

I
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processing equipmant is vail-
able for rapid collection and
analysis of data arom state-a
the-art one- and two-d

140 MeV sWnha neutron detectors. A
Electron Linear high-resolution electron spec-
Accelerator tmneter and a photonuclear ac-

ovatron -adiatio. station are

The National Bureau oa Stan- avaable in the target rooms.
dards operates as electron lin- Applications:
ear accelerator (LINAC) whicth LINAC a used isa broad
can produce beams is excess t TheL
50 kW and be used with high- range o0 programs in physical
quality beam control. This facil. research and standards devel
ity provides the capability tor opmedt. Examples oa the vide
conducting precision research sanety ot experimentation per-
with high-energy beams at elec- tanned include: acltation anal-
trons. Photons, |and ne [¢ors ysis with photon-induced reC-tons phot eopns andanutrns fiens, preparation at Mossbaser
ment standards for these type sources, preparation of neutron-
oa radiation. This nine-section, der-ent radioacve isotoes
L-Band, traeting-wae UNAC neutron cross-section measure-
and its beam transport system meot by time-at-right inctduigW
provide a wide variety of beam both total and reaction cross
conditions to satesy user needs secoons and resonance neu
The electron beam can be di- tron radiography
rected to either oft vo heavily- r 13r 1_
shielded underground target
rooms or to en above-ground
target room where secondary
neutron beams are produced or _
time-otFlight measurements at
distances up to 200 m.

Caepetl:Oter

The LINAC operates at energies
between 14 and 140 MaV, peak
current up to several amperes,
and average currest up to 200
PA. Seam pulse length is vari-
able from t ns to S 0, at pulse
repetition rates up to 720/s.
The time-ot-lght tacility includes
light paths of 5, 20, 60, and -
200 m. Neutron praducton tar-
gets provide 101' n/sec (4w) at
energy ranges at thermal to I
KeV, I KeV to 5 MeV, and 100
KeV to 15 MeV. Automated data

Ablo. research is conducted in detectable by a rays. Too-
electron-volt neutron rcattenng, dimensionat detectors and roultd
nucear sturxcte studies by ing target techniques haoe been
means ot photonuicear re- devakoped and used with these
actions and electron scattering, tacilities to provide the capabdity
stodies oa the measurement oa ol three-dimensional analysis
high-per electron beams with (i.e., neutron tomography).
nan-intercepting beam monitors.
absolute methods ot high-power Avagetltltyn
electron-beam current mea- The UNAC and associaW ex-
surement, accelerator research, TherUntAC anda asseciotedabo-
and medical dosimetry tor hgh Pwsmentt careas are avglabla
energy radiation therapyt research by NSS and outside

These laciitis are used to sci.ntsts in ares ao mutual in-.
produce neutron data and stan- terrestnd sreaot In in
dards tor neutron personnel lo- .. f and beneet. In spercial
simetry. for applied nucler cases idependent reerch at
technotgy, and forpro- benefit primardy to an outside
technologyiend orad pro- user can be performed with this
ducing neutron radiography facililyonaU ailbecot
measurement methods and r or a time-available cost-
standards used to measure con- recovery thasi Current plans
centrations ot specific elemental crited research Lacities to be
isotopes is various matenils anidlrlesear esle obe
bound in reactor construction ativle in the present oonfg-
materials and to test welds tor time the nINAC will be shut
the presence ot elemasts sot down tor modiscabon and dedi-

caboe strktly to neutron re-
search and standards develop-
ment Electron and photon re-
searcn and standards work wril
be transterred to the new toy
MeV cononuous-wave. miro
ton-type electron accelerator.
The modified LINAC and the as-
crotron should be avewlabte tor
research and standards devel-
opment in early or mid-1t987.

Contact

Dr. Sam Penner, Radiation
Source and InstOumentation Di-
msion, Room B102 Radiabon
Physics Building, National
Bureau o0 Standards,
Gaithersiurg, MD 20099.
Telephone: 301/921-2503.

Measuring Room at the Unear
Accelerator

I
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-ncidence vacuum spectrome-
r, with resotving power of

about 300,000, is avaibble on a
beam lineo dedicated to high-

Synchrotron resolution vacuum ultravkiete

Ultraviolet radiation research.

Radiation Facility-ii Application:t

The Synchrotron Ultravioet The continuous radiation from
Radiation Facility-l1 (SURF-Il) is SURF-Il is used as a national
a 280 MeV electron storage ring standard of spectral iradiance
at the National Bureau ot Stan- or radiometic applications and
dards that radiaes synchrotron for tundamental research in:
radton which is highly collima- 1) atomic and molecular absorp-
ted, nearly linearly polarized, Uon spectroscopy' 2) optical
and oa calculable intensty. Six propeities oa matenals; 3) elec-
beam lines are available, and a tron density o0 states in solids:
user s program is in operation. 4) nurtace characterization; 5) &
SURF-Il is well-stbed for stud- photoelectron spectroscopy; 6) P
ioe in: atomic, molecular, bio- molecular kinetics and exacita
molecular, and solid state phys- ion and ionization dynamics;
ics; srface and matenals and 7) radiation interactions
science; electro-optics: and with maoter (e.g., lithography,
chemistry and radiation effects radiahon damage, dosimetry,
on matter. photobiology).

Capabilitiesr

The typical storage nng electron
beam current is 50 mA at 280
MeV. The photon intensity in
the region 60 to 120 nm bi
about 11 x 10

1
photons per

second per milliradian ot orbit
tor an instrumental resolution of
0.1 n.m Expenments can be
made conveniently throughout
the wavelength range 4 to 1000
sin, from the soft n-ray region to
the infrared. A grazing incidence
aid several toroidal grating
monochromatom are available
to disperse the radiation. A
large, ultra-high vacuum spec-
trometer calibration chamber,
1 2 m by 1.2 m by 2.5 m, is
available tor radiometric appli-
cations. A 6865-m, nonmal-

Availhbility.

Beam time on SURF-Il is aval-
able to any qualified scientist
provided beam line vacuum re-
quirementa are met and schd-
uling arrangements can be made
Proposels should be submitted
for NBS review at least 2
months before use of the facility
is desired. Inbornal contact is
also encouraged.

Contact:

Dr. Robert P. Madden, Radi-
ation Physics Diraion, Room
A251 Physics Building, National
Bureau of Standards,
Gaithersburg, MD 20899.
Telephone: 301/921-2031.

Synchrotron Ultraviolet
Radiation Facility-1l
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Electrohydrodynamic
Atomization Chamber In the
Metals Processing Laboratory

CapabF fJ es- powder. Powder produced by
Ine1tt G AtoM1Zatjon-The in- ths process is well-uated for
ert gas atomization system can studying soeldification dynanscS.

Metals be used to produce up to 25 kg As the system rs presenfty ron-
MetalS of rapidly solidifed afloy powder fgured. small quantities tor i,-

Processing per batch whMie maintaining an croscopic examination can be
Laboratory inert environment throughout produced trom atoys sith mefi.

the atomizig and powder han- ing points up to 900 C.
The metals processing labora dung process. High-pressure in-
tory at the National Bareau of en gas (Ar. He, or Ar-He mis- Melt SpInning-Melt spinning
Standards contains special toci tUses) Impingting on a iquid tecrhnqtues can be used to pnr
ties tor the production of rapidly metal stream breaks ue the bq- dace rapidly sonfiled alloys n

Solidified alloys, Inctuding equip- ued into small droplets ehich ribbon fodi. Becaese of themast tor oine ga atorruzation rapidtly sotsddty. Coohing rates ore high cooling retes (ay to I
and electrohydrodynnr c atom- up to 10' K/s. The atomized K/s) sith this method. amor-
ization to producerapidl si- powder. entriined in the inert phous alloys as all as crys-
fied alloy powde. met-spinalng gas hoY.w is Collected in remoN- taiime alloys can be produced.
to produce rapidly soldified!al able, vacutut-tght canisters. ptbbons Op to 3 mm we and
ioy ribbons. and electron beam ElectrohydrodYnanmc Atoml- ducpd in qu0nmitiek oc bevprol
and aser surface melting to zatton-In the electrohydron grnms per batch. Materials wth
produce rapidly solidifled sur- dynamic atomization system, a a wide range of melting points,
tco layers. Hot isostatic press- liquid metal stream is inected from aluminum a"oys to super-
ing equipment is available for into a strong electric field. The alloys, have been produced.
consoldation o0 the aloy pow- fied causes the stream to disi-
den. A ptasma-trautserred arc tegrate into droptets which rap. Electron-Beam and Laawr Sur-
system is used to study alloy idly solidity to produce extreme- tace Matting-An electron-
coairng processes. ly fine (-<t lpw diameter) alloy beam system which provides

we 35 7 ?
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surface metting and subsequent
rapid resoliditication of swrtace
layers can be operated in either
a pulsed or conanuous mode.
The electron beam can be lo-
cused to a spot less than 1 mm
in diameter and deflected at Ire-
quencies up to 5 k~l-. A pulsed
neodymiam-glass laser comple-
mcnts the electron-beam unit in
producing these surlace-modi.
bied layers. The laser produces
pulses with energies up to 200 J
with pulse width variable from
0.1 to 7 ms.

Hot Isostatic PrecA hot
isostatic press (HIP) with mica
processor control o0 the
temperature-pressure-time cycle
is available Ior consolidbdion o1
powder or compacted powder
shapes. The HIP has a cylindr-
cal working volume 15 crn in di-
ameter and 30 cm high. The
mesimom working pressure is
207 MPa. The molybdenum hur-
nace has a maumurm heating
rate of 35 K/min and is capable
o0 maintaining 1500IC.

Plama-Transgerred Arc Cost-
lng System-The plasma-bans-
tarred arc equipment is capable
ot leeding independently one or
two different types o0 powder
deposits and automatically coat-
ing a surlace area up to 2 in
wide by 5 I long in a single
pass. This system is also capa-
ble ot providing deposits under
conditions of constant deposi-
lion power, while the relative
heating of the substrate and de-
posit may be independently
controlled.

Hot Isostatic Press in the
Metals Processing Laboratory

I
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Av allailltr.

These facilities are designed to
produce alloy research samplas
which are diticult otherwise for

trial companies or universutes
send wothers to NBS to par-
ticipate in preparing alloys of
special indusitrial and scientific
interest for further analyses in
their horse laboratories and to
collaborate wiih N8S scientists
in imestigations of geneic re-
lationships between processing
conditions and resulting alloy
microstructures and properties.

Contact

Dr. John R. Manning, Metallurgy
Division, oorom Al i3 Materials
Building, National Bureau of
Standards, Gaitherusiag, MD
20899.
Telephone: 301/92-335i.

Melt Spinning Apparatus in the
Metals Processing Laboratory

Electron-Bearn Surface Melting
Apparatus in the Metals
Processing Laboratory I

10
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Toxic Chemicals
Handling
Laboratory

The toec chemicals handling
laboratory at the Natonal Bu-
reau of Standards is used to
store, handle, and analyze or-
ganic compounds that are ex-
tremely toxic and/or possess
undesirable biological activity.

The laboratory was designed
through the joint efforts of sci-
entists from the NBS Center for
Analytical Chemisty and a pri-
nate architectural and engi.
neering firm. Its features offer
special protection for those us-
ing the laboratory. The facility
was specially designed and is
used to allow scientists to per-
form research that involnes the
characterization or analysis of
toxic or mutagenic organc ma-
terials in a sfae manner. The
laboratory is equipped with tacit-
ties for weighing, sample stor-
age, sample preparation (extrac
Sons. etc.) and gas and liquid
chromatographic analyses.

Capabilti es:

Laboratory Wort Space-The
laboratory has appoximately 10
m of bench space for sample
preparathon and analytical acti-
ibes. The air throughout the
woriong area in the laboratory is
recirculated at a rate of 225
ms/min (j8000 -f

5
/min)

through charcoal filters to re-
moye organic fumes and HEPA
filters to remove particulate ma-
tenal. The air flow is directed so

U*
I

.i
that scientists using the facility Other-The laboratory also has Toxic Chemicals Handling
are continaousty bathed with showar facilities. Torat l ni
clean air. The air supply to the Laboratory
laboratory is - It ml/min less Avatitbility,
than the exhaust. thereby Pre The laboratory and id tacilities
nesting diffusion of possibly can be shared with qualified
toxic vapors from the facility nto staf from NBS other govem-
the hail and adjacent laboruto- meat agencies. universities. and
nes. industry. Since space is limited.

Cabinet Spare-The laboratory preference will be given to NBS
has h ml of actvely vented cab- users and to projects that are
inst space for storage of toxic related to NBS interests. Due to
chemicals. Air lowing from the the toxic nature of the chem-
storage areas is charcoal fil- cals inconed in various expe6-
tered and totally exhausted to ments and stored in the facility,
the outside. all projects will be monitored by

Satety Hoods-The laboratory NBS personnel.
is equipped with two air barrier
tume hoods for manipulations of Contact
pure chemicals (including Dr. Willie E. May. Organic Ana-
weighfng) or concentrated solo Iytical Research Division, Room
bons. All air entesng the hoods At 13 Chemistry Building.
is exhausted to the outside after National Bureau of Standards,
charcoal filtration. Gathersburg, MD 20899.

Telephone: 301S/921-3778.

If
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100 kV are atso avaitable. Sup- spectrometer system; a tWo- Applicllnos
porting equipment inctudes high- speed aind tunnel; and a sys t
vottage standard capacitors tom to produce a knovn electric Instrumentaton and fom.
rated at 200 kV; high-accuracy. feld and current density in air at ponent Evatuaton-tnmputseHigh-Voltage cunent-comparator bridges tor atmsospherc pressure ac. and dc dividers; electric andMeasurement 60 Hz measurements; a prh- The enpenmental capabithy is magnetic field meters: capac-Facility csbon dc divider rated at 200 presently being expanded. For torn: transformers: lghtning ar-kV; dividers to measure stan- exampie. a 400 kA source ot renters: and on counters.

The National Bureau ot Stan dard lightning impulses up t t pulsed curents o milisecond DIelectrtcs Research enddards maintains a high-voltage MV peak; partial discharge mea. to second time scales is sched- Deeelopment-Chemical deo
measurement facility in "rhich it surement systems; high-speed uled lor installation dunng 1984. gradation studies; measurementdevelops and evaluates th cameras and supporting optical A calibratbon system tor instru. o0 the tundamental processesmeasurament technbques eoqupment a computer-con- ments used to measure tran- of discharge initation; onset andneeded in the ordety deliv trotled system to measure the sient voltages and currents on magnitude of Partial discharges;neldedrin thwer ordr deliery o electric field in transformer oil; nanosecond time scales also is space charge measurement;electric pomer for defense andto support idustnial and univer- a mass-chromatograph/mass. being developed, streamer propagation studies.
sity research. The major pro-
grams nom being pursued using Avalabillty-I
this facility are the measurement _ CThe high-voltage facility is usedot transient voltages and cur- by stagf fm the NBS Electro-rents, the develtpment o0 tech- systems Division and by guest

tbueslo quantity pro- |_orken;trom industry, unmer.breakbwn nd brakdon l iR sites, and other federal agen-phenomena in liquid and gas- ,es. Use ot the facilities musteous dielectrics, and the be scheduled in advance. 0e-measurement ofto l-freqaency cause of the compexity of theelectric and magnetic fields. system, it is anticipated that typ.
ical use o0 the facility will be inCapabitliess 
the torm o0 a collaborative in-

With exsting power wumes, di- vestigaosn with staf srom the
roMt voltages o1 300 kV, 60 Hz Electrosystems Disbn.
alternating voltages o 175 kV,.
and standard lightning impulses Contt:
of 00 kV can be produced. Se_ Dr. Rober E. Hebner- Electro-lected wavetorms, such as mi- systems Division. Room B344crosecond duration trapezoidal Metrology Building, Nationalmavetonms up to 300 kV and Bureau o0 Standards.gated 60 Hz wavetroms up bt Gaithernburg. MD 208g9

0atod t e_ S Telephone: 30t/921-3121.

High-Voltage Meanaremeot
Facility

12
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Appiacatln o Calibration of ad measure-

In addition to radiated electro- mertnstsumants
magnetic compatibility/inter- O Susceptbibity testing of alec-

) testing. I~~~~~~~~ronic equipmentTransverse tarasce (EMC/EMI)tnng Electromagnetic o Shielding effectmeness and
other applications of the TEM

Electromagnetic calls include the calibration of Anechoic Chamber material parameter studies
(TEM) Cells antennas and the study of bio- o Special tests for government

logical effects of radio-trequen- The electromagnetic (EM) anec- agencies, industry, and unrer-
The National Bureau of Stan- cy radiation. hoic chamber at the National sties
dards has designed and con- Bureau of Standards is a facitity
structed several transverse U.itatons: for generating standard (known) Avaflabillty
electromagnetic (TEM) cells The usable frequency range is electromagnetic fields. Such This facility is used heavily in
that are available for use. A limited by an upper bound deter- fields are fundamental o the re- pertorming calibrations for in-
TEM cell is a device for per- mined by the appearance of the search, development and eval- dustry and other govemmten
forming radiated electrc, lowest high-order mode. The uation of antennas. field probes, agencies. The taoidities are
magnetic emission and sus- volume available for testing par- and EM material properties. available for independent or cot
ceptibility measurements of poses is incersely proportional laborative work with NBS.
electronic equipment. It is de- to this upper frequency limit Capabi fttes:
signed based on the concept of The size of the device to be EM fields up to 1tO V/m can be Conthat
an expanded transmisson line placed inside a TEM cell for established in the chamber over Dr. Norris S. Nahman. Electra-
operated in a TEM mode. The testing should be small relative the broad frequency range from magnetic Fields Division, Room
cell os a wo-conductor system to the available test volume in 200 MHz to 18 GHz. and up to 4643 Radio Building. National
with the region between the in- order that the field structure as- 200 V/m for certain frequency Bureau of Standards, Boulder,

ner tendaster onductos T used sociated with the ideal TEM bands above 1 GHz. A majority CO B0303.
as the test zone. The tapered mode existing in an empty cell of the indiurdual systema which Telephone: 303/497-5167.
sections at both ends are re- not he significantly perturbed. comprise the measurement Sys-
quired to match the cell to stan- tam are under computer control,
dard 50 ft coaxial-cable con- Avallabtlt- thus enhancing statistical con-
nectors. Several TEM cells with fle dif trol of the measurements. Work

Capabilites: ferent sizes and boe upper tre- is underway to extend the hre-

The call provides a shielded as- qMU~quency limiHt in the range 1 00 quency range to 40 GHz and toThe allproide a hiededer, MHz to I GHz are anaelable. In improve the comnputer control of
,ionment for testing without in- collaborative programs, NBS the chamber systems. The
Producing multiple refections ea- staff are available to advise and chamber dimensions are 8a5 m,
penanced with the conoentional interpret measurement results. 6.7 m, and 4.9 w in length,
shielded enclosure. It simulates Independent testing also can be width end height respechvely.
very closely a planar far field in arranged thmtugh the Electra-
bree space and has constant magnetic Fields Division. Applcatitons
amplitude and linear phase 0 Research, development ard
charactetistics. The external Contact evaluation of new EM field gen-
electromagnetic signals will not esion and measurement
affect the measurement of low- Dr. Mark T. Ma Electromagnetic eraods
oval radiated emission from the Fields Diasion, Room 4073 Ra- methods
device under test The high- dio Building, Nahonai Bureau o 0 Antenna and tield probe de-
level test field generated inside Standards, Boulder, CO ag303. velopment and wavuatbon
a cell for radiated susceptibility Telephone: 303/497-3800.
tests will not interfere with e.-
temal electronic systems.

13
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- the HF portion of the spectrum
while the mesh dimension pro-
vides for an efficent ground

Ground Screen plane wel into the UHF region.

Antenna Range Applications:
o Antenna calibrations

The ground screen antenna 0 Antenna patters at any
range is an open area test site polarization
located at the Nabonal Bureau 0 Electromagnetic susceoti-
of Standards. The range is com- bility measure
plotely enclosed by an air-inflat- o Electromagi
ed. synthetic fabric structure emission met
which allows use of the facility oCalibrtions
on a year-round basis. The air- meters
supported structure provides an c Wave propi
unobstructed span of the entire frequency or
range with no metal parts above
the level of the ground plane. Avanlabillty-.

ments
1efic radiated
i-surements
lo field intensity

agabon studies in
time domains

Capabillttes: This facility is used heavily in
performing calibrasons for in-

The ground screen consists of dustry end other govemmest
1/4-in mesh galvanized hard- agencies. The facilibes are
ware cloth stretched ever a available for independent or col-
level concrete slab. The screen laboratve work with NBS.
is 30.5 m wide by 61 m long and
is sping-loaded around the pe- Contact
dretor to ensure uniform ten-
sin. a fat eudace. and ad, Dr. Novra S. Nahman. Electo-
quate compensation for thenmal magnetic Fields Division, Room
enpansion. Antenna masts up to 4643 Radio Building, Natonal
9 m in height can be erected Bureau of Standards. Boulder,
within the structure. The overall GO 80303.
size of the ground screen per- Telephone: 303/497-5167.
mits far-field measurements in

Appications:

Antenn, Chiacterlo cs-The
taclity is used puranily or de-

Near-Field tesrining the gan pattern and
polarzathon of antennas. Accu-

Scanning racies are typically ±0.15 dB

Facility for for absolute gain and ±0.10
Antenna dB/dB for polarization aal ra

fro. Paterns can be obtained
Measurements down to the -50 to -60 dB

levels with side lobe accuracy
Capabfittles: typically about ±1.0 dB at the

This automated faciliy is d- -40 dB level. (The ecact uncer-
signed to measure the near- tainties depend on the frequen-
zone phase and amplitude distri- cy. type, and size of antenna,
butions of the fields radiated etc.) The ner-field data can
from an antenna under test. also be used to compute near-
Mathematical transtormatons tieid interations (eg., mutual
are then employed to calculate coupling) of antennas and radi-
the desired antenna character- ated field distabutions in the
rstcs. Near-field data can be Ob- near zone.
tatmed over planar. cyfindrn al Antenna Diagnosttcs-Near-
and sphencal surfaces, with the field scanning is also a valuable
planar technique being the most tool for identifying problems and
popular. Ethizent computer Pro- for achieving optimum perlor-
grams are available for prcess mance of various types of an-
ing the large quantifies of data tenna systems. It has. for eoam-
required. pie, been used to advantage in

When operated in the planar scaling faulty elements in
mode, the facility is capable Of phased array antennas and for
measunog over a 4.5-m by adjusting fend systems to obtain
4.5-m area with probe positon the proper illumination function
enors of less than ±0.01 cm. at the min reflector. Phase
Improved position accuracy is contour plots of the near-field
possible with further alignment, data can also be used to deter-
especially ever smaller areas. mine surface imperfections in
Antennas with apertures up to refectors used for antennas or
about 3 m in diameter can be compact ranges.
measured with a single scan
and the facility has been used
successfully ever the frequency
range 750 MHz to 75 GHa. By
eady 1985 the facility will be en-
larged so that larger antennas
can be measured by scanning in
segments.

Ground Screen Antenna Range

Probe Zallbratlons-The faul-
ity also is used as a far-field
range for measunng the recei-
ing characteristics of probes
used to obtain near-field data.
These measurements are re-
quired to determine the probe
coefficients which, in tum, are

14
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--- .- iJ-e F I -
used to calculate accurate te -
probe-corrected tar-field gain Near-Field Scanning Facility
and patemn characteristics of an

vantage of developing first-hand
Avaltability. knowledge of the measurement

processes, and the user is re-
Two kinds of arrangements can sponsible in large part for the
be made to use this facility. The accuracy of test results. In ei-
staff of the Electromagnetic ther case, arrangements need
Fields Division can perform speci- to be made well in advance, and
fied tests or measurements on reimbursement is required for
a reimbursable basis. In this the facility use and time of NBS
case, the customer has no di- staa involved.
rent interaction with the facility:
all measurements are performed Contact:
by NBS staff and the customer Mr. Allen C. Newell, Elentro-
is issued a test report. As magneoic Fields Diursion, Pooem
an altemauve, work may be par- 4065 Radio Building, National
formed on a cooperative basis Buea o Standad Bonl
with NBS staff. This arrange- BCeau of Standrds Boulder
ment permits the user the ad- Telephone: 303/407-3743

* + tc' solute gain and pocanzation
parameters. For measurements
above 1 GHz, the uncertainty in

Outdoor gain is approximately 0.1 dB forOutdoor antennas with gains between 6
Extrapolation dB and 45 dB. The uncertainty
Range for Antenna in polarization axial ratio isabout 0.00 dB/dB. gelow IMeasurements GHz, gain accuracies may de-

grade to about 0.25 dB tor an-
Capatiltfelec tennaswithgains as low as t0 dB.
This unique facility was de- The facility is also useful for
signed to perform accurate some tar-field antenna mea-
measurements of absolute gain surements or for other types of
and poarination ot microwave measurements where it is im-
antennas using the Extrapo- portant to know how a trans-
laton Method' developed by miled signal vanes with
the National Bureau of Stan- distance-nillimeter wave prop-
dards in the early 1970s. It agaton studies for example.
consists of two towers mounted Availabillty:
on a pair of accurately aligned
rails. The towers support all or Two kinds of arrangements can
parts of the source. receiver, be made to use this facility. The
and data systems as well as the staff of the Electromagnetc
rotators for supporting and posi- Fields Divisin can perform
toning the antennas. specified tests or measurements

Both towers are free to move on a reimbursable basis. In this
and the separation distance be- case, the customer has no di-
tween them can be vared rect interaction with the facility:
smoothly from 0 to 60 m. The all measurements are performed
tswems are approximatey 6 m by NBS staff and the customer
high and the antennas under is issued a test report
evaluathon can be mounted t to As an altemative, work may
2 m higher if necessary. Means be Performed on a cooperatioe
are provided for accurately basis with NBS staff, and the
aligning the antennas and for user is responsible in large part
maintaining that alignment for for the accuracy of test results.
all separation distasces. The In either cas, arrangements
ails were originally aligned us- need to be made well in ad-
ng a transit and precision level vance and reimbursement is re-
in that the maximum angular quired for the faility use and
aeviation of the antennas was time of NBS staff involved.

less than ±0.02 degrees about
any axis as the towers were Contact:
moied the full length of the rails. Mr. Allen C. Newell. Electro-

Appticaanito magnetic Fields Divisuon, Room4065 Radio Building, National
NBS uses this facility primarily Bureau of Standards, Boulder,
for the accurate characterization CO 80303.
of antennas by measunng ab- Telephone: 303/497-3743.
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1986 nia workstations ot the handling, realtme control oa ro
faclity are aleady being used in bots and aggregations ot de-
acbve research programs by vices, wortstation conol, cell
NBS researchens, industial re- control, and matenats handlingAutomated search associates, guest ark- control. t is partcularty valuable

Manufacturing en, university personnel, and for studies ot intertaces be-
Research sdenbsts and engineers trom teen control modules andFacility other goaemment agencies. among data users. The AMRFFaclity is unique in the opportuniCies it

Capabilities: provides tor studies oa an inte-
The Automated Manuaactunag grated system oa signiticant size.
Research Facility (AMRF) at the The tacility currently supports The AMRF consists oa three
National Bureau of Standards is research in machine teat and ro- machining centers, a coordinate
a major national laboratory tor bot metrolagy, sensors and sena measunng machine, and a
technical matk related to inter- snry prcessing, rabat satety, cleaning and debuaing station,
laces and standards tor the robot control, soattare accuracy each tended by an industial o-
neat generation ot computer. enhancement ot machine tools, bot and served by a matenals

Automated Manutacturing automated manulactunng. The pracess planning and data handling system based on an
Research Facility faclity, begun in 1981, Milt be in preparabon tor machine tools automated wire-guided vehicle

full operaton by the end of and roaots, pants routing and and an internal buher storage

16
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system for tools. matenials. and
work in progress.

These devices are organized
into wokstations consisting of a
major machine tool, its robot, a
vanety of sensors, and a work-
station controller. Worksta-
tion activities are scheduled and
coordinated by a cell controller.
Two further control levels pro-
vide long-range planning and
scheduling as well as design
and engineenng serices, such
as process planning and off line
programming of machine tools
and robots. Data, commands,
and status information are han -1
dled over a network comma-
nications system employing a
distributed data administraton
approach_

Analtablllty: I o

By the nature ot the problems
addressed, the AMRF is gener, |o
ally best saited tor research
projects of an e.tended nature.
Most tnifful work to date has in -_ Coordinate Measuring Machine
volved a close working relation- L in Automatic Inspection
ship with NBS which extends tor Workstation
6 months to 1 year.

Cenflact:

Dr Philip N. Nanzetta, Center Turning Workstation
for Manufacturing Engineeing,
Room Btt2 Metrology Building, 9.
National Bureau of Standards,
Gaithersburg, MD 20899.
Telephone: 30t/921-3421.

17
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4 into~~~~. the corridor

' adsecondary target rooms.
Fire Research The design of this tacility makes

Fire Research * / _; ,-* ,^ V ,, it possible to measure the haz-
Facilities - ards associated with the bum-

- t ^ >^ vi _ | t ing of wall fbings or room fur-
As the federal govemmens r _ nishings by evaluating the rate
pncipal fire eseatch tabora of heat release, smoke pro
nry the Center for Fire Re- daction, and toxic gas genera-
search at the National Bureau ot _on. The tacility is available in
Standards mains some of its present form or with design
the country s best and most en- modifications for the evaluation
tensive fire testing facilities. A ot a variety of building contents
substantial porhion of NBS' f-re and fumishings.
tests are performed in a Bum Rooma A standard bum
specially-equipped fire research - room built to ASTM specifica-
building designed for large-scale - tj; _ tons. 2.4 h by 3.7 m by 2.4 m
fire expenments. The building is a high, adjoins a large overhead
27 m by 57 m. Smoke abate- hood which collects the exhaust
ment equipment permits large - products from the room fces.
fire tests to be conducted saoely _ , The exhaust collechon system
withourt polluting the environ- is calibrated to measure the rate

ment. of heat release and the gener-
In addition to several individ- _ F ation rates of smoke and other

eal bum rooms, which are mod- be dedicated to a single test combusbon products hom the
bed from time-to-time to accom- Dring on expenmont reatme, Heat-Release Rate Calorlmeter fIre. The bum room is availble
module special NBS testing tull-color graphics present the r developmental and valida-
requirements, the lacdlity also data as they are collected, with Son studies of mathemaoical
houses several specially de- ' utomofic conversion to engi A laboratory-scale caloimeter models and for studies of fire
signed calorimeters for mso nenrng units for gas atinaysis for measuring the heat-release perfomunco of lumishings and

oring the rate of heat release rate of heat release, tempera- rate of moterials up to 300mm interior finish materials.
from materials and large semw tarend other measrements by 300 mm under extemal The room fee environment
pies, a new room/corridor fo-P m irradiation up to about 100 can be characterized in terms of

dty for studying smoke end tone apbliis kW/ml in enwilable for fueda- temperature and pressure gra-
gan transport pilot fronaces, Cah es mental research. Of special in- dients and the spatial distnhb-
and reduced-scale model en- Heat-Release Rate Caborl- terest is the lumiture Son of thermal flu.. gaseous
closues. Also, in 19f4 con- meters-The Center for Fie calorimeter used for moasa"ing combusbon products, and
struction began on a two-story Research at NBS pioneered the rate of heal release of up- smoke. Other measurements
tonhouse for studying lee and developed the oxygen con- holstered chairs or fumishings permit the calculaton of thermal

spread from a burring room, sumption methodolgy for mea- of similar size: this apperatus losses to the room bounduries
smoke transport between lev- saing the rate of heat release, provides data on the free- and mass and energy flows
els, and spnnkler performance. and has used it longer and in burning fire behavior of fur- from the room. Other smaller

A new computer-based data more devices than any other mnshngs. bum rooms also we available.
acquisition system provides laboratory. The mapor beneft of
state-t-theart data collection this technique is the indepen- Room/Corrldor Facillty-NBS Pilot FumacesTwo pilot fur.
capabilities for all lage-scale dunce of the apparatus in mew- has constructed and used a naces for evalauating the fi-e en-
fire testing Up to 300 insotr wrnng enthalpy responses to room/comdor facilty to eyalu- durance of wall assemblies or

ments with scanning rates over changes in heat-release rate. ale an analytical model that pro. foor/cairing assemblies are
100 channel. per second an dict the transport of smoke avalle. Tesa furnces, one
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-I
capable of handling specimens
2.4 m by 3.0 m and the other
1.0 m by 1.0 r, may be used
for research purposes only and
cannot be used for code accep-
tance testing. Typically, fire ex-
posure similar to that specified
by ASTM E 119. under caretlly
controlled conditions of furnace
pressure and oxygen concen-
trathon, can be carred eut rou-
Unely. Depending on the parin-
eters required, e vaiety of other
exposure conditions can be ep-
plied.

Reduced-Scate Models-NBS
facilities are anailable for
reduced-scale modeling of lull.
scale fire contigurations. Phys-
ical models offer an economical
means of achieving suhoient
anratron of physical Parameters

for a generalized understanding
of fire behanior. Based on the
results of reduced-scale eupenr
ments. limited tull-scale van-
ficahon then can be performed.

Two-Story Structural Steel
Facility-This test structure
consists of a two-story, tour-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
bumer. with a capacity of 4.4
MW and requirng a 10 horse-
power electric blower, is mount
ed in a masonry wall across we
end of one of the bays.

Any of the eight compart-
menlo, or comoinahons thereot.
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

ever steel in two of the oppos-
ing quadrants. The other two
quadrants hare no fthe. Exten-
sive instrumentation and data
acquisition capabilities are avail-
able for any part of the struc-
ture.

The test frame is anailable for
ause as a bum compartment in
which products could be bumed
and the resulting energy and
combustion product measured.
The bay containing the bumser
wall can be used as a fire en-
durance furnace for evaluating
walls or floor/ceiling assem-
blies.

Analtabillty:

Industry, university, and govern-
ment representatives are en-

couraged to use NBS fire test-
ing tacibtias on a collaborative
or independent basis, with cer-
tain restrictions. For safety rea-
sons, NBS staff must closely su-
pervise all use 0o such facilities.

Contact:

Dr. Jack E. Snell. Center for
Fire Research, Room A247
Polymers Building, National
Bureau of Standards,
Gaithersburg, MD 20899.
Telephone: 301/921-3143

Burn Room in Fire Research
Facility

19
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Plumbing
Research
Laboratory

The plumbing research tabora-
tory at the National Bureau of
Standards in a hve-storty, highly
adaptable facility capable of
simulating the plumbing config-
urations of a low- to medium-
rbse building. An appendage to
the prinCipal tower alkows for the
simulation of single-faeily
plumbing systems including a
spyit-level configuration. Data
are recorded using a high-speed,
preprogrammed data acquisition
system wfsch can be pro-
grammed to handle both water
supply and waste drainage sys-
tems.

Capabilities:

The facility allows for the con-
stnuction of innovative or con-
ventbonma plumbing systems at
each of the five floor tenels and
the split-tenel appendage. Water
closets, lauoratoties, both tubs,
or other devices may be installed
and provded with water sup-
ply systems, drainage systems,
and venting configurations.
Each of the fixtures may be ac-
boated remotely, either sepa-

rately or in combination, with
operation controlled manually or

bfy computer on a programmed
bass. Among the dynamic per-
formance parameters that can
be measured are pressures, ve-
loctes. and mass flow or
volume-discharge rates of air
and water, water levets, tom-
peratures, piping strains and
stresses, and linear or rotational
movements. The faciliy also
can be programmed to provide

I a measured quantity of water at
I a given flow rate from a holding

tank at the top of the fatciliy to
simulate upper-story loading.

Applicatlonet

The facility is well suited to
measure system dynamics of
flow and pressure for drain
waste and vent (DWV) compo-
nents under simulated loadings.
Posite and negative pressures
also can be introduced at sari-
ons points in the system to de-
termine the plumbing character
istics under these conditions.
Recent applications hase in-
-euded awpuriienis to datu-
mine if plumbing systems perform
satistactorily with reduced-
sized venting.

Anelabillty:

The plumblng research faclify is
available for collaborative pioj-
ects and for independent re-
search. It must be operated
under the cognizance of the
NBS stag.

Contact

Dr. Lawrence S. Galoain, Build-
ing Equipment Dr-sion, Room
0320 Building Research,
Nationai Bureau of Standards.
Gaithersburg, MD 20899.
Telephone: 301/921-3293.

-at
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through the building envelope. industry and universities. Colat-
energy conservation moisture oratine programs and individual
condensation and air infiltration research are arranged through
under simulated and dynamic- NBS Building Physics and

Large aely fhictuating outdoor temper- Buiading Eqruinment Divisions.

Environmental ature cycles. The chamber has
Chamber been used to test a wide variety Contact

of conventional and special Dr. Tememi Ksuda, Building
The arg envronenta chrn- sticicturen and eq~uipment. in- , sc Dr uiTrr ion, emB

ber at rhe Natmonam Beeauin- chiding military hardware (such Physics Divisione Room B28t
btncarat the Natona Breno 01 en olatable file rafts, retocat- Bardngeolstanards, Ntoa
Standards is 14.9 m by 12.8 m able airnltatable hospital units Garthersburgo 2andard89
by 9.5 im high. It has en earth Gaiotalet-ncolr) tephoe:sugM 20t992t33.
floor end may be excovated as under extreme climatic condi- Telephone: 301/921-3637.
needed for building construe tons
taon. The chamber is one ot tne
largest of its lend, capable of ac-
commodating two-storyt houses
under simulated environmental
conditions. This chamber has
been used for thermal pertor-
mance, heating and croling
load measurements, and energy
consumption for buildings of dd-
terent kinds.

Capabilities:

The chamber is capable of auto-
matically maintaining steady
and/or dynamic temperate
profiles trom -45 to 65 XC and
humidity from 50 percent RH at
1.7 tC up to 35hC dewpoint at
49 C. A wider range of relatare
humidity (15 to 80 percent) may
be obtained manually. Air accu-
bation maintains the temperature
variation within the chamber to
within ±1 'C. Damper-control
return ducts in all eight corners
of the chamber permit good air
distribution. Supply air is Ifr-
nished by coiling diffusers.

Applicationsu

The chamber is used to mea-
sure indoor temperature tlactu-
ation, heat lose and heat gain

Availability.

This facility has substanial po- Large Environmental Chamber
tential for use by researchers in

_a
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be neasured with an error rate standards. These standards are
less than 0-3 percent. used to calibrate or verity heat

Capabilities: flow meter (ASTM C508i orCapabitltlesi ~~guarded hot-plate (ASTM Cl 77)
Line Heat-Source This apparatus has a test tee- equpment.
Guarded Hot Plate perature range of 200'C for the Anatabit

hot plates and -20 'C for the A ty:
This 1.000-mm guarded hot cold plates. The apparatus per- This apparatus is available for
plate apparatus at the National wits measurement of verical use by those outside NBS. but it
Bureau of Standards measures and horizontal heat flow to son- must be operated by NBS staff.
the thermal conductivity of late the heat transfer through CollabratWe programs may be
beilding insulation. NBS uses ceilings and Iloors respectively. arranged through the NBS
the hot plate to provide cali- This apparatus operates within Building Physics Dvision.
bration specimens for guarded its own carefully controlled tem-
hot plates in other laboratones. perature and humidity environ- Contact
It also is used to Investigate ment shielded by an insulated Mr. Thomas K. Faison. Building
edge heat loss from thick ther- aluminum enclosure. This faal- Physics Dmsion. Room B1 14
met insulation materials. This ta- ity provides for absolute meae Building Research. National
cility is the only one of its kind surement of thermal resistance Bureau of Standards.
in the world which will permit of thick- and loa-density test Gaithersburg. MD 20899.
law-density thick insulation to specimens used as transfer Telephone: 301/921-3501.

ane Heat-Source GuardedHat Ho t U _ ii ||Plate II 3-2~ a & I
" Id UL_ n s

in,, I ,'iU
A-'I't+a
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Calibrated Hot Box
Facility
This National Bureau of Stan-
dards apparatus measures the
heat transfer coetticient of tull-
scale building wall sections. 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, f.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 oa its
kind designed to perform simul-
taneous dynamic transfer mea-
surements of air, moisture, and
heat durng smulated winter and
summer conditions under
steady state and dynamic div-
ing functions. While the ennon-
mental chamber temperature
and humidity are maintained to
simulate a relatvely steady and
narrow range at indoor condi-
tions, the climatic chamber can
attain temperatures ranging
from -40 to 65 C with relative
humidity between 20 to h0 per-
cant. The apparatus measures
the performance of homoge-
neous or composite walls hav-
ing a range of thermal resis-
tance from 0.35 to 8.8 m

2
C/W,

air leakage rates up to 255
mahrt, 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.

Applicitlons:

NBS will be using the taalitp to
develop standard test methods
to evaluate dynamic thermal
performance of full-scala walls
under cyclic temperature, hu-
midity, and air pressure condi-
cons. Currentiy these test meth-
ods do not sidst. The building
industry and govemment agen-
aes are seeking reliable evalu-
ation techniques for wall thermal
mass. especially to predict en-
ergy consumption of buildings
with heavy mass effects in coin-
parison to standard wood-frame
buildings.

Using this apparatus NBS will
provide industrial laboratories
and others with standard reter-
ence test specimens represent-
ing selected types of walls of
different thermal conductances
and thermal mass under steady
and dynamic conditions. NBS
has participated in round-robin
test actriies with domestic and
overseas thermal insulation lab-
oratones.

Availability.

This apparatus is undergoing
calibration tests and will be
available for external use in the
spring of t985. The facility is ex-
pected to provide a unique op-
portunity to measure simulta-
neous transfer of air, moisture,
and heat tsrough wall and roof
specimens with openings for
windows and doors. While it is
available for use by those out-
side NBS, this apparatus must
be operated by NBS staff.

Calibrated Hot Boa Facility

Contact

Mr. Thomas K. Faison or Mr.
Douglas Burch, Building Physics
Division, Room t14 Building
Research, National Bureau of
Standards, Gaithersburg. MD
20899.
Telephone: 301/921-3501.
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Tri-Directional
Test Facility

The tri-directional test facility at
the National Bureau of Stan-
dards is a computer-controlled
apparatus capable 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 vanery of loading phenomena
such as earthquake or wind.
This is on. of the largest such
facilities in the world, both in
terms of its high-load capacity
and its capability to handle
large, lull-scale specimens.

Capabllites:

The facility can apply forcms
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 orthogonal axes.
The forces are applied by seven
closed-loop, servo-controlled hy-

draulic actuators that receive in-
structbons from a computer.
Operating under computer con-
trol, the facility sinultaneousty
maintains control of the load
and/or displacements in each of
the three orthogonal directions.
Loads may be applied up to
2,760 kN in the vericat and
about 890 hN on each of the
two hormontal directions.

Applications: with a combination of boundary
conditions and vertical loads.

The tri-darectionat tes tacility is This faclity supports NBS role
limited only by the soe of the in developing research for seis-
test specimen. Loads may be oic design and construction
cyclic or unidirectional depend- standards in the National Earth-
ing on the type of loading caotd quake Hazards Reduction Pro-
tion being simulated. Currently gram.
the facility is being used to study
masonry shear walls subjected Avatlabllty:
to reversed cyclic lateral loading The tri-directional test facility is

used by the NBS Structures Di-
ision in a vanety of NBS re-

search projects and collabo-
rative protects with other agen-

W ~~~~~~ d~ces. It also is available for indc
pendent research, but must be
operated by NBS stall.

Contact:

Dr. Edgar V. Leyedecker,
Structures Divsion, Room B168
Building Research, National
Bureau of Standards.
Gaithersburg, MD 20899.

1 \D F ~~~~~~Telephone: 301/921-3471.

i, e_^ ~~~~~~Tri-Directional Test Facility
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Large-Scale
Structures Testing
Facility

The large-scale structures test- .
ing facility at the National Bu-
reau of Standards consists of a
universal testing machine to ap-
ply tensile and compression 1 -_ .
loads to tull-scale test specij -
mens. A 13.7-i-high reacban : '
buttress is currently under con-
strucaon which will allow use at
both the testing machine and
the buttress to apply combina-
bons of vertical and lateral loads

to large-scale test specimens. * --

Capabilittes:

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
measunng devices of large ca-
pacity. The machine can apply
axial forces of 53.4 MN to col-
sin 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 t2.2 m above
the floor level.

Appltcatlons:

The large-scale test facility may
be used to test specimens un-
der combinations of vertical and
lateral load. Currently a testng

Universal Testing Machine in
the Large-Scale Stnactares
Testing Facility

program is underway to evalu- arranged through the NBS
ate performance of concrete Stnuctures Division. The facility
columns up to 1.5 m in diameter must be operated by NBS staff.
and 9.1 m in height. The univer-
sal testing machine portion of Contact:
the facility may be used con- D Ed
veniently to test large tensile Sr. cgtre V. Leyendeckir8
and compression specimens Structures Davision, Room B168
and to calibrate large-capacity Burlaing Research, National
force measuring devices. Bureau of Standards

Avaltabiltty:

Collaboratmve or independent
programs for this test facility are

GiaiversaUrg MU 20899.
Telephone: 301/921-3471.
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Acoustic
Reverberation
Chamber

This facility at the Nationat Bu-
reau of Standards is used to de-
termine sound absorpbon coethf
oents of building materils as

well as sound power emiued
from anuous equipment, such as
air-conditioners and household
appliances. The facility is a
vibrabfon-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 in. The
chamber's interior and its sur-
murding 1-m-wide air envelope

are ar-conditioned and humidity
cuntrolled and pruvidud arts
conduits for communication and
data acquisition. The chamber
in equipped with adjustable, van-
able speed, rotating vanes to
create a uniform sound-field dis-
bibution. Numerous pipe-sleeve
openings of various sizes are
available for other specialized
uses such as conduitftor hy.
draulic, pneumatic, fuel, or ex-
haust lines.

Capabilities

The chamber is designed to pro-
vide a fighly diffuse sound field
in the frequency range of 100 to
10000 Hz. The sound pressure

is sampled by an array of 12 mon
crophones, sic mounted on
stands placed on the floor and
sin suspended from booms at-
tached to the ceiling. The booms
may be rotated to ghie a wider
range of microphone locations.
Also, the facility is equipped
with eight microphones mounted
at each of the tihedral corners
of the chamber-a unique char-
acteristic among U.S. facilifies.
The loudspeaker used to deter-
mine the decay measuurements
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 coefficients and to determine
sound power of sound sources.
It supports basic research to de-
fine the accv, intl pr-mearers
for building materials and spaces
and to develop and validate
mathematical models for pre-
dicting acoustic field. The chae-
oer is operated and maintained
by the NBS Huilding Physics Di-
viston.

Avaitability:

This tacliy has substantial po-
tenbial for use by researchers in
industry, universites, and other
government agencies. Sched-
uling arrangements for collabo-
ratise programs and indhidual
research era handled by the
Building Physics Dhision.

I

I I. I

Y.

b4

Contact
Dr. 5amone L. Yanr. Building
Physics Dision, Room Al 05
Sound Building. Nabonal gureau
of Standards, Gaithersburg, MD
20899.
Telephone: 301/92143783.

Acoustic Reverberation
Chamber

i
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Acoustic
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
to calibrate acoustical equip-
ment such as microphones and
loudspeakers. The facility is a
sibration.isolated, shellMithin.-
shell structure 6.7 m by 10.t m
by 6.7 m, creating a volume of
45O m

5
. The absorptive treat-

ment consists of glass wol
wedge modules installed on all
si. inner surfaces of the room.
Access to equipment within the
ream is provided by a wire mesh
flour. Additional accessones in
the ream include communication
line outlets and rigid supports
for equipment on all 9X Sur.
faces. Air-conditining ducts are
acoustically treated. Humidity
control provides 45 percent ref-
ative humidity within ±5 per.
cent.

incident sound energy at all fre-
quencies above 45 H.. The
chamber's airflow can be cut off
i a lower background sound
level is required.

Applications:

The chamber is used to develop
procedures for measanog sound
power, to determine the direc.
bon of sound intensity, and to
calibrate acoustical instruments.
The chamber also can be used
in psychoacoustic studies. It
supports basic research to de-

* _q

fine the acoustical parametes
required for the development of
mathematical models for pro-
dicing acoustical fields.

Avalabillty-

This tacitly has substantial po-
tential for use by researchers in
industry, universities. and other
gvenmment agencies. Sched.
sling arrangements for collabo-
rative programs and individual
research are handled by the
NBS Mechanical Production Me.
trology Division.

Contact

Mr. Daniel R. Flynn, Mechanical
Production Metrology D-seon.,
Roum B106 Sound Building,
National Bureau of Standards.
Gaithersburg, MD 20899.
Telephone: 301/921-3565.

Acoustic Anechoic Chamber

Capablitites:

The chamber is designed to
provide a highly anechoic sound
held. The walls of the chamber
are designed to absorb 99 per-
cent or more of the normally-
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(ntitute Of Electrical and Elec-
tronics Engirteets standards.
Automated techniques awe used
to develop formal descriptions

Network Protocol and reference implernentations

Testing and of protocols. Automated testing
Evaluation Paciity toutS have bendeveloped toEva l uation Fac l ity measure prototype implement-

atioms against reference asple-
The Network Protocol Testing mentatioans
and Evaluation Facility at the
National Bureau of Standards Satellite Communecations-
consists of eight laftoratories for Protocols are developed and
research in the design, imple- tested ever satellite comma-
mentation, and testing of cor- nications where very high band
puter network protocols. The width and long propagation de-
laboratones are used to ad- lays affect performance.
vance measurement method- Htgt-Speed and Iluttlproce-
ologies for computer retworhs. sor Networks-Protocols are
A varety of communications developed and tested over net-
technologies and applications works that transfer data at very
environments have been devel- high communication speeds (50
oped for cooperative research to 10O megabits per second).
and testing under conditions ap-
propriate for both current and Vfdeotex-Techviques and
emerging technologies. These methods are developed to test
research efforts support the de- implementations of the North
velopment of international stan-
dards for open systems inter-
-nnerction to enable computer -

systems of different manufac-
turers to be interconnected for
computer-to-computer commau
nication.

Research in developing proto-
type implementabons and test-
ing techniques is carnied out
cooperatively aith federal agane
sies and industry.

Capablitfles

Network Protocols-Prototype _
implementations of middle- and
high-evel protocol standards
are developed and tested over
a commercial X.25 public data

aet datanetwo rk, ament a Delo
ene data networkt and a ofal
area network based on IEEB

American Presentabon Level to test the correctness and per-
Protocol Standard (NAPLPS) for fommance of different local area
videote applicatons. network technologies, including

Publc Datae Networks- camer sense multiple access
Verifcatio tmhnques re ewthi co=on detection (CSMA/

available for testing equipment CD) and token bus access
and services for conformance methods.
to FIPS 100, Interface Between Computer-Based Office Sys-
Data Terminal Equipment (DTE) tems-Message and document
and Data Circuit-Terminating interchange protocols are develk
Equipment (DCE) for Operation oped and tested in envion-
with Packet-Switched Data ments suitable for communi-
Communications Networks cauting word processors and
(based on X.25 standard of desktop computers.

CITT) .

Network Security-Encryphon AvaitabilWty:
techniques are developed and Cooperative research in net-
tested to protect data trans- working involves more than 30
mined in networks, manage computer manufacturern, 10
secret cryptographic keys, pro- other federal sgendes, and five
vide for personal identification research laboratories in other
of users, and provide for data countries. Collaborative pro-
integrty. grams are arranged through the

NBS Center for Computer Sys-
Local Area NetweorkdTools terns Engineering.
and techniques are developed Cotc

Cont act

_ , \ - Mr. Roberl P. Blanc, Center for! f . . Computer Synstms Engineenng.P Room A231 Technology Building,
National Bureau of Standards,
Gaithersburg, MD 20000.

V I !I,~ Telephone: 301/921-3817.

Network Protocol Testing and
Evaluation Facility

a-
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Cooperation in R & D: Whose Responsibility?

Spurred by competitive and financial pressures. U.S. research labora-
tones in universities. industry. and government are searching for collabora-
tive agreements to improve their performance. Many successful a-rangc-
ments are being expanded and new ideas put forward. The National Bureau
of Standards (NBS) has had considerable experience in coopertive re-
search arrangements, 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 muilimillion-dollar research ventures. we have found
that cooperative effnos need not be long-term nor resticied to "big ticket'
items. The big national research facilitics must be shared. as wc share our
research reactor. synchrotron radiation source. and oiher facilities. but
these need not be the models for all coaperatve ventures. Our Research
Associate Program has fostered a sanely of useful cooperative research
programs, many of which require little in the way of nuique facilities and are
narrow In scope. Each agreement has been tailored to fit the work at hand
and the capabilities and goals of the participant.

Over the past decade. NBS initiated a senes of research projects to
improve our knowledge of the properties of liquefied natural gas ILNG)
mixtures, containment matetials, and measuring techniques. About half the
work was funded Ilv relatively small-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 successful 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 1 months to make
the arrangements for a project in the LNG program. Likewise. we recently
announced a major cooncrative 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 evamples of the variety of oarjoint research ventures.
About 11)0 indastrial research associates and 40 postdoctoral fellows are
working taday at NBS. More than 325 professors and students are stationed
in NES laboratories each year under various guest worker arrangements.
We have iltication agienments with 101 universities and colleges and joint
research programs with the Electric Power Research Institute, the Gas
Research Ins'itute, the American Dental Association. the American Society
for Testing and Materials. and others.

In carrying out cooperative research programs. one must be persistent,
attenfive to detail. and involve both the technical staff and managers in the
initial detailed formulations and the later criiiques of progress. In all our
agreetitens ihboe has been no substitute for the involvement of bench
scientists and engineers. Lebrtories wishing to collaborate in research
should seek the advice of all potential participants. swhether they amc in
ind-stry unersities, or governent. At NBS all research managers are
encouraged and expecied to make such interaction a way of life. That
corcemn i manifested b) daily contact with university and industry peers
and users and bh a variety of formal evaluation panels involving scientists
and engineers sclerted by the National Academy of Sciences and the
Natieal Acadimv of Engineenng. This kind of regular interaction fosters
an ensironment that i- recepfiis to cooperative research.

The pisralistic nature af American society presents a real variety of
oppoitinities for cooperaitoi. and these opportunities should be imagma-
tively explored. It is up in managers and researchers to be ambitiocs and
innovative in their planning for cooperative research and to have the will to
work out seemingly small but neserthcless crucial details of mutual nuder
standira.-EsNEsr AuntLER. Nwrrie -Nhocl.d BRiivi vf Stadedi
ll-hiiircin. .C. 20234

Cunyt got CJ 
1982

by the Air.can Assaciatiun tor the Advancement 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 Oualification: 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.

o 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
o 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)

o 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

o 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.

o 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.

o 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.

2
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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 Award 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 Dzvelopment
- 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 ProEram Contact

Dr. Curt W. Reimann
Malcolm Baldrige National Quality Award
National Bureau of Standards
Gaithersburg, MD 20899
(301) 975-2036

3
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Foreword

,;._ _T _

ewktng at where we are today and where we want
to be Wieh to ohe Natrenat Bureau of Standards
as an nstrtcton and the carton as a whde-oee

ease tact keeps -nmrsg to errd Our knowwedge whd
technetogy are teN souety s majp aset and advan-
tage bhe rn ernurng doees:e strenglh and heatdh and
n cgtmpetng w yh eher eatono trut means we must
mate the moslpor or eaesearch reseurcos-eor egup
meet as ro I as our peop e Ceeperarwon e researee
and decetoprtent os one ohvvous answer Thts tosa=me.
heg MaT we have been dame s-ree NBS was estadbshed

t 1901 as he eatnS phyncatSoetreS measurement.
and ery-eerng tbuhratery As an agency ot mhe Depan-

meet ot Commerce NBS has made coperatr see .rc
de ry a way or deny bauness and tt has served 0 0
moean tar ceeperIttve arrangemett Swhch are becom- r
more pypular today as tedatary. t ,rvesttes and gou
emnent form resear-.h pnr ps a across the corn
try We are terry oest sharmg arrangemenfs tth ethers
whenever and wherever posbe. and tehr brochure
preOdes a namber of euamdes ot our ceeyeratue

Bar -eeyerarren re research and devetlpment aft not
be seyngh DPerc The research 0 only half the bantle
The results et ten research eus be -enurporaled Mo
newreas newprocosses andnewprodacts Newtech

ndotgy east dftuse threcyhout our tedusyres an dt-
use more raprdly than t dues now We need to think
acour choeyratton re the trandter one orhfusron or tech-
nology In the sane cay that we nave -ddressed heop-
erar on-e research and devetapMent

NgS s tafng a readhere We speed a good d
of ter oSh rstg sweeh t er en- neem. and masegen
trom r .dIorrat Irers AbnrW 200 of these syecrdrser work
at NBS each year as research ashocrates, wrte he.r
Sponsereyogranatnsyayng ther satarIes They
come to NBS T. cosevr research. bWr they da come
to tears hew they con put ear werk to ce-

We hate tatkee Mhet Beps to enoourage tenhelogy
fanster oy hecding Iteruhy husereds ef contererwes
workseps, and seeearo each year. by encouraygg ear
staff to pudbse resutoS of thetr werk as brutdly ns pss-
dlen and by working actrcety cur yrotes .eat end tech-
neat so etres and standords organinohosn We are wng
rdeotapes Tw ec.tar nor research se thut ones can

take ad-antage wt out werk We new ore matng wany
ot our databasesand eapees valtboe through com
pter netwnrks and we are consderrng erpandnyg thoS
s e sa that mdusty wlf be abe to ap oto even
ware olor eatinnomaton

We wl continue to leek tot new ouffew new ways to
dt seerrate ear research reoats and serv -es through-
eat the U S economy Iten co- nnced foat as a eabs
we must att .n tugether to deveyp crearrue caps tn
transter teshnolygy. rust as we -no seem to be deelop-

yg ohe napacinty to conduc research together There =
.ot much &h.,ce t we want ynrs ontry to be compete
roe.tea tanrnygn wodd -coewey

Erne tanber
Oinrecto
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Institute for Materials Science and Engineering
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Amorag bhe materials ot the tuturea me adnavcedt
A hgh-pedr, aroe oram cs. wh ch have urngve
properties that make themirdsugted ta use n

aeo eWss settpos. cattatg tads. broedual deuces.

and advaced heat engres The ttiae tar Materrats

Sceece and Eng ieti g ha begun v investigate ore

reataetps amorn ae synthesis, m uosttuttute. prop

eres. ard petmtnance or these .eranra mterls In
Their vita worn. teseamoers are rrphaswtg new
dhe-ncal aPProaches to synthe-seVg ehe subarton.

-etu-mponeri powders needed by ndustry to pro-

dra-e sthro pfte peramc Theyhavestabthed

leneratory tawijins to study the synthests and

dtiaractereaton otvf adv d varanis Other in

seeruhets are enavening canvas propeniss or tusharr
v .eramnis end developg a unique p oglrm to meehure

Urea high-temperature Wear diarvvterisec

Anothel dar t advanced m stels is pelymar-atri

vnposltv Pni,mers rvintvrved wIth high-strength

liners such it glaphite vi gQas have votsWadorg

strength ang silene tot Ther soeght They ale new

fo-nd e tenvuly in ae-ospave appiuatnvs and vl be

used mutsangq y r atwomvbies and oneuttitw. The

lnstituiv iv dev.!.ping mearretent methnds to imesti

gate eve ntrut cvmpoie proesung rend naastrp in

et-titing ptedwct quatty whde iorasVing prvdavrn

-'thu '-ncy iMSE to innestiging Uhe mhanisms by

aheh fibcrv-ntarved vmptsites fad The tst meIethds

and data producad by this program theald lead to ire

crvned wonpase ettoeras and better woyn to pievu

the maerals uvtclu serr lIne
One ot be fastet g nt segments or he U.bS. syn-

Thet dymer vrdustp ahe prodoCbo ord patynnet

dends. wvhih are ma tuires otw bey mole palymers
Thes etatels we pandcuady useti a engienrig

vtist desg-nd to rePdace metas in products svch o

gears pumps, and meohine hvu .ngs Wtlhen e pOdymer

bhad s proes-ed. the cporpento pdymens sparate

into phass o dfferent manpoitwes. affbeng many ot
en rsetu proptes The Isttute' s podynr hbnds pi-

eseng pogram sotuoed on measuretret metrvdn.

data, predawe remdas, end genral thoietcal desrip-

rthes btat sd beer a ot soetof basis rle optmbnqg cent

or eend pr sng. Reseoars s us the moal-

eange eOmn eaterr (aqNb) acilby at bte NES e-
-ath macte to study fro erocedreer by w hb pdy-

mew seParate s- each other
Intednto advc s aacalnd poymers. eLar-

opec emrerSa hetp peoter m ofy d re Sdeam reae or

4
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foonard thinkng engineers MSE hts bsgun a program
to me hsar e eoptal propenres S btshtinm matetas
and to study bhet dependersCt on proes-ng dharrter

stcs Ths raseardh .d vomribae SCenutc karnddge

tv the ongong etton to rnpr-te the petotmance d

matendps i npftal intonation-proesueg de-ces and

In the ture., many prodvuts made ot advatced mate-

rias wit be prOdu.frd a autonated marutavtunng fadv

tni Ths tdtis vM t uW - ontrdrS e ent-abon

(NDE) tatnhiques to monntr product quality Advanced

NDE tirahnques ca rmm monto npotant matenal
properas and produc parametes The Institues NrDE
program s dev elopig the sienoe base measurement
meahods, nd strdards that sod be needed to us NrE
ar, # ov ,nnt in atoemted manutavtunng Pan.t

The tbed torard awomated manwacturatg sso ete -e
prced to afoea tdvg NK vAebmated sre oldvery
to ontabish the Aar-ran Welding Ietooe (AWI), nhnCh
ad shly aprd drstensear edorrbn abed advartced
sonding terhonday. 0ne ot AWIs high-Prenry pro-
grers wi freue en sodnated wedan. Ned ad study
hoew lars are lomead dwram the sdeg p-o by
oeduoteog oettotd sd addaben eepnrimnro in.

ho at"op - 0. to ,.)
D1elS Snhtanrn,
scsi Instnto of
Tstehnoslg; Fnnk
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mode -aterrats The etperrentts wtf ore - oteru
-mrrsoe andtitrasene techeiques to detecflaws as

dhey are teased r mhe tedded ratecat These erper-
meets stretd leaI to better cosud ot detecf totteonw
mete ettecte feedback sUede Ir dhik secuon wied
autamatio and rpr-sed oed etef toes tot spe-tf

procesttes
To provtdre mhe soreece btase tot Ore moteroats of the

insure the atertueto p ganees its resoorub aroundo tea
teceec~at themes morertaisprocesoetg. monostruc
ture characrerauston prepertos. ace pedtmortane
Scietur stis fo each IMtSE dineco dan acde adrdieaic
acuntes .c each et these areas

Fm eetaampde moere s a coordiunated effon wansthe m
Insutute to measure cdlect. aed eoatuate phase
dogram data for the pr-ce"sieg ot me.W aoys.
ceramcs. and pdyrer bend matertab This m-formauon
is -sed in she deutiopmeet of new materrats and Ohe
deoge ot sew mateats procestso The tostiture in cud
taboraton woth pretesiorrat so teties pererdyoty
pubdhes ph.ose oagramc tot oteys and ceramtcs Otd
makes them auoabeto researhes sand rdustru-
users 1 forge body ot ecafuated dets bSrg con-
ceted mto computeroed lese so at ft it fI be avafade

to se.s Uhrough on-f me access The trstitute s phase
degram cork is M arretd w cflopetady w-th me
A-reroon Society for Meetats the -Anerw-a Cer-tnkr

Society and mhe Soctety of Pbsucs Ertgeems Ex-
perament re"t or metst seraemts, and piad-is are
-cprled acd evatated by aseretlbes ic 35 det

centers throughpuf thie wnd to addtoe to proadiog
phase diagram dats. Mre ttsstrde carr.es ot tepernen-
tt and threuecat research is suppt ot mhe dots
program

Ac eampe. of the cnbtute s actorty or mtctostucture
charaurereafon is thewoh carrted Moat the SANS
tacdrry This adity is used mted

0
mtory rut u d asd

.aw dmudopme-t in -ew Wr-ctora certrrs, t obbetv
p-ecpitacce troctiermafiocs in s tPersariatetd retftic
systerrs. and to charaterlre mdecutar sSucture and
cecormabon in popymer tbeeds Simitarwot wd be car
red out roth the NBStNava Research Laboratory beam
tIes at the Natesaf Sycthrotron Light Source a Brook-
havee Naricn Laboratory Researchmr wit use reat-
tone Orpography rt sneec studies of sadiiforat-oc

retotlangfe c-rap suatterg to measure bock coodymer

ocasturi features and mTe f achicdaswi spectrosuopy
for characfrewng mrt totyer metWmooa oside charn gs

Research on the propetes of maIerats boctses er
weart raracterroato. measoremects and ssndrds for
me-ats. eramts and pdymer maero compesues Re
searchers obaracterne merat t-meust wear under both
cteani anti abrasce cocdt ors us wdl as the wear of
fubrcated sudaces They devdop measuIemect
methods ret wear resetant reaferats and pro-de
reteretue materas ret cat ibraebg wear test eqeprre-t
testsute suranusts are itrestigating the erosoc of retrac
tory materits by erperimenotfy ob-ercing the efects of
snttgtepar cte ordotatt-w Ther retearch has tir
sheocn that the wear cr0a podymer macUx chmposrth w in
Suesed by amb-ct fiqurds whch rette mhe ma.rin

Pedormance is a crcia- characteretc of aft mheroats
A m-rur mater-ts pdenrmance probtem s errrowmeec
btsy reticed cracfkg For exmde. chess corron
coo cease macking it eng-neerrg drops. hydrogen we
brilderect can crack highot-engrh stens cracking in
gasses and ceram- s is on-inmdoced by wafer caper
and emsiromeetsf s resses cac crack ethytene-based
pianon Toward the goofat reducing such damage in
stitute retearchnens esaobtibo the basec mechamsmos of
the cacking processes and deop two meohods I
doetemise the toifure rotsirance of careers marerats

As pan of its genata Pingram. the fcrfiife operates
bevera forge i tacif, whch are used erfensicey by
guest wctirul -and research atrocafeor rem academia
ocnd rndeweat research iwettsoans iron across tbe coun-
try Ott so entear trrIor ndedaret to materi- actid
radiation standardr research Another so mids-
pr cessng tocddy capabe of medrtying surface reth
docoon Seams and by let mencq. as wefI as pi-
vidimg meas-t-ments of sampie qgdity and micro-trac
tue Togetherwith tu. Na Resetch Laboratory the
towitute has fed an ofte to cIcstrrtr hard eVrorio
brot-h fmes a the Narenaf Synchiotroc Light Source
The tacirty permb ucique eper-me1taf work in
materits cha tctereawo.

The tnauet is of . desedpiN a cde neutron source
tacity or dedanced marafIs r"each. The fadity is
being desgned to remant a owt-backgrountd rarec
eapotimenst hat and op to t sew m Erument statues
It nlt be managed and operated a a eabo-f reserch
ftdty ret indtsuat, uccvrsty. and goceirnmet
oroenbs

Odd section beare can augmect research ic uiuafly
ecery brarh of materats science Some of the eperi-
mont daneod ettbhe sew tactlhy io tocur us the mag-
noeu properses of new adotn-od atloyr. the growth of

.^* - - , -
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C The Aer.can Cera-oc Society-estabdshment at
ootpvter assess to phase dagrans and drsenra-rain
at phase dagrames af iterest to -eramists The

Aearan Ceram. r Socety mit developidustry suppor
and d-seminate the phase diagrams and related

Ol The Society Ior Plaosi Eng-nears-development
and disoarinahon of data on thermedynamic behea-r
af paymer Needs This ftormation i be puttshed
through the Natronai Standard Rererence Da.a Systnm

at NBS
Ol The Amer-can Iron and Stee nstltute-research
aimed at denioprment at process contrt sensors tot the
sent odasity The met program concentrates on rapid
on-lie measurement af temperature distr butions and

automatic detection at poros-ty i not steel
l The Nalionat Association tf Corrosion Eng nems

(NACE)-provision a evaluated aorroson data on alloys
and other maNeriats NBS svpplies rechnial gu dance
and NACE develops program and fundag suppn tram

O The Amercan Dental AOsociation-deveopmentlf
dramaotiay impround tasth restorative adhesives and
more eHa te fltoridatn treapeents based on

understanding at tsthy m.nera. dase d egrams This
research is pa t f a 5-year-dd cooperative program
partly suppoted by the Natonat taci turn at entot

Research
L The Amercan Welding todute (AWI)-
eataithrment at the Aui/NBS Weiding Date Bank tar
rapid di-semination af melding data U. S. ind-tty and
improvement af arrom gap. thck-plate welding pro
cesses in order to increase idustriat productivity
O The Wetding Research Council-deve-oPment af
improved maid procedure quatltiction methods
Ol The Joint Comm-neb on Powder DreMchon Sta-
dardsinrernr tionai Centre tr Dfhraction Data
(JCPDS9ICDD) critiat evaluation opemoer dlrction
data, measurement af reerence data. and dssemi-a-
tine at resets The JCPDSItCDD provides funding sup-
pert through sates f the Powder DMHracon File They

aso din-emnate pudicoatns and a cwnpute tile fram
mhe Crystat Date Centor maintained by NBS

Wr ,w r
cracks and nature at oids in new advanced ceramicsd
the disthiution af dopants i advanced semicondutor
materias deuveopenen at new cra Iytc materials r
petrieum relign and measurement af the s-e and
shape af engineared bbmdecules

In additon to managing and carrying out thoe tacii-

te end programs me tsegtute supprts tndamentel
th-eretlcat oord in phase stability and materials -racure
This work is basc to dIn its tecrNeical programs and to
mtoerias science reseatch throughout the Unted

States.
Many af the todivUe s promient research activties are

carried out in cooperoWn weht industrial organi.ahns.
wmch hund the work at reearch associates athe
Bureau For enample. Exxon has suppored research in
cheracterarIg potymer beeds inh smal .angie neutron

saeer g; Ganeral El-irc h used NBS' unique tIme-
demain dielectric specrometer tar pelymer
measuremems Macin Mariena has cooperated in
charureraing res-s used on the space rhile Orgo-

mg cooperative programs mivde:
O The American Society ar Melas-evaluation and
dissemination fo corputereed adoy phase dograms
and bbiographic rbtrmarion oddwdrhr anunding
supprt tram in dustry

A ::zrulught Jst
.-rry d~oph .

tycAl aly ta ph
dagna.,. Sect digram.
- antd h, thi dwlbp-
rrtrart 061W sa m adelit
and the daalges ot fas-
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Natnal Engineering Laboratory
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F or over a ce tury U S facores have ed Ihe wold
or prodmtr of eratelid goodf From apprwes
.or aicraft. Ie donesl -mandaaluf e of prodWlcs

having dsciete Pens annualy adds $200 billat to the
gross naE ra product This keystone 1 mhe US -corn
omy under mIapt chlanenge rom forergn onpetors.
operates pn a swornm of measuretrents oand steodards
soprond Sy the NES Cerner fo Meecta.uing Eag
ceetig (CME)

Through lts measureeirt ser ces. She Center pr-
vides manuucuorts mifnh acess to She vareal Etaat
otdo of lenoth. toce. aed roted quantes such as
suface telture. acdoeratco. and acarsttoal p-ae The
Cemnes strdards actvt es ge industry Ohe rechne
sipPonit needs to devafop vdluntary andards for mr

tan cal manufacturing To ertcnd and Improve mea
suremenfu and the recevual ve for standards in Ihese
p eas CME cEnd o- research or measurnemmo sece
precision engoreevmg, roboucs and software for
automatd manufacturing systems

A foer paint tor he Centers measurement and tarn
cards womh for the factory of mhe futum. the
Atomated Manuacturing Ressearh Fedity (AMRF).
Schedufel or be tdy operatonal by mhe end of fy06.
Ihe AMRF isa research form alo aevanced feviee
manufacturig -Istom mace up of rIovts end machin
tods rknrvg togeher under c-mputer oc la

A cooparatee industy overery-goverrrmt profe
Ohe AMRF has r-ered sub'anbEa funding from the
US Navy, and$2fmdmoInequipmentha been
Ivaned v dunafed bS idustry Thiny eight retearch
asaates fie midustry and researchers from 20 ute
vs-es wotk cidaborasey wsttNES saff on warus
aspects of te AMRF

The AMRF c.nsos of a comber of work gaoits,
whtbh tygicafy have a numertcally cotrolld mhcen
fod, aIoul and aIcmput.rdler The woks -
tors ame orgeid into ceos. wohc are soPpied by a
materias ndfing system and o-ntroed through a
conputer netwohk Upan coiret-rn. the AMRF vod be
capade o car ying rum metal emeni through a serIs
of machiig operalorns r produce a fintnhed. in
specrd pan Irom a computer esige of thar pan. at
under autaoma -onputer oonuC

le the AMRF. the Center E addra-ng Iwo cical prob
twos in computer-integraled manufacuring Ste basb of
the factoly ol on future The first proboem b to get
robot. conp ers, and mahoer fods from dinfent
manufacurers to oprnrrnecaln and woAk logebe icne

tgrated Wsylm. The second " lo bed a mn""s for
corrynng out qualty control in a tiy automaed facory
envrirnmenf

A saulf to the first probem b the deyevpmrnvt of
interfe slandards for the many gevices. idudidg Ve

itloe .h. lo-% .- . .d - p -I Th fiM _

o-bafo machine gals, sensors. ountrofims, and cumpu ta me Tha spce-
es. wheth make upon ornufted faory system Such * r doet tb
sadards pemms maunactrers of automaeevrd qpamoel W -
to desgn and bld lredaes for their Producte tat pro -NESS tal R
et the prPelary espedl these prvduMtswhealOw Uttll vm-mt
my rhom to work mith Stve d h olher manufacturers

An impanant erompe of stch an interfa gEndard is ~md polymyerr
the Ivan Graph-cs EchWnge Speor~ cor (fGES). qh nO lI o be
whch was deodped by on adusrygoverwonmetca aoed to Irrpeone ir-
he led Yby NES and adpted by She Amener Neliral acoptc m-urenunU
Shrdards Insf ute. a privale vuntary stadards orgni- ere Io eleolroslda
aton. IGES allos the t-er of par- design datbe ho medine end othne

Meeen cmputer ailed dasrgn (CAD) syst ms from cc
foeed nerdors Eey omato producer of CAD sms a p t o To
too-wo- IGES and organeahomso-basSte.S.n
Navy. the Natoral Aeroneuf. o and Opace Adminsa e d
ion (NASA) end General Molars amenung IGES info H."-tmn (eatled) vsed
procuroment speohc" s' .eclhnlqoe celled

WithrMte AMRF. NSShas adeleped and apngi ted trter dl r Sod
a h-nrcha cairtrd syslem wsh unsecIued softoe Ig 0 make eapy
and database systems as a bass for an Iere fomily of -fte meahror
standard iteraes n suh a cmputer ctral schome. of the eWphre.

0
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Center for Chemical Engineering

e h. NBS Cemer for Chem. a Engleeorg (CCE)
P proodos measurement meetods Iraceablity to

r national rreasurenrent standards. turrdoorntera
chemical erigiinerg science and rehale ewntnatod
data and databasos This work helps to strenghren rhe

cmelIvees o U.S. indi in the word -eket, eo1 _,

assure equuy in dwoestc ond iternohora rode. nd to _
provide ndustry with the engineerg basis f rprovped
design and control of onemica procosss Through re-
search progrars i chemic process metrogy, Pher

modphysica propenies of fluids and oids, and chdnerat
engneerig scI ence Cinter roseoruers develop noper-
imota and theoretical terhques to preside needed

-reasuremnns and databases The results 0f thw nf-
fons mndud calibration and owher measurement , er-
oces measurement practices and standards and engi-
neering data

The CCE rt work dUrey orth tade associations
steerig comm-nees and consonia 0f the dhemka. pot-
rocheica. pla tic gas ptrleom and paper indus-
ties The.r r.search ton contribtes to the science hose
0l the ruber ners glass tos pharmaceutica, and
related idustries as wolt as Phr chemira engineering I
science programs of other government agencies

As the prices 01 natural gas and oil have rten in-
dustty has sougNt more precise saps to measure rhese
fues NBShas deeloped a uniqueway to mak pre-
cise gs flow measurements on a mass flow bass
CCE's mass flio facifity in Boulder Colo has the
capatbty to test measurement systems woh pipeines
up t1 cenlimervis in diameter A large hnat en-
changer is used to vapsrize liqgud nihogen fw gas flow
tests at room temperature and high pressure The gas is
recondeonsd and weighed as a liquid provid ng benor
than nomma accuracy The Gas Resoardh Inscr.uto s
spensoring ealuaton of orifice meters sing thisrot -
once measurem- nt technique In a compaion program
supperted by the American Petrleum nstute. CCE
resea- ,ers at NBS in Gaithersburg Md. are using a
water test flid to mpro-e liquid and gas low measur- In response to ehe
monts made by orifico meters nolgy industry the

An indadry-goonroment cononruom of users and wokmshops in colab
manufacturers is spnonsorg researnh at the Cener on Process Measorem
vortex sedding flomeers, a deovk that measures a dardiation Problem
wide raoge of tow rates Researchers are desgning lon of Boreacrtes
computer flow modess as wel as advanced laer tech- small tfousd progr
niquesto odtin tho meter Pow fild Thor work AIl lead o rementand bose
to a fundamental undersand rg of thmis ype of flwmeter Center reseorche
and will giue idustry the bass for de-g-ng and using consotium f 13 pi
improced von-a howenoers needed to exlpoit su

fi

techniques They or
of-sate and phas.e

long-range needs of the bwoth
Center ha infrated and sponsored
oraton ith Lehigh Uversty on
rent r Biotechnoogy" and Stan-
is i the Desgn and Scale Transa-
These workshops com lement a
-rn in the Coiner on bioreactor moo

pe-ratons
is are ollaborating 1th an idustrial
crie hrms to develop the propefles
tupercritcal Oetraoion separa-tn
e workiog to develop the equaons-
eqolibria properes of superc.tict

LW Ka omogntphly
'' -dby y ea

I.ol anginoor gtoSto
RPy to oborn high-
temparafturo roanflona
Impotant In a no-bor
oflodostdal pr
aeh -pow.' and
anlmo gnarmbn. n-
nooty of moeolol, and
nrh poalog.
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somehM 1. dtl6;.w brge -MouQ of plher 11Oedt (suc
a. crLde dQ h od recwey operucn) By I.-MK tee
pressue of the eratuto the soltde can be tecoo-tod
(separated) and the sooedron on redarmed to be
used agats The se of supero-iet wauds may tedswe
.god-Ionoy the oot ot ohirot sepatatroos 0 many
haute oidL~tof POfposd

toproved energy and equ prtront ehuiCenu ouqtld
teUst fhrm the twe of oaw- types of cQamue a tof e
sepaetoe 00d teudnr desred products fram Pod
uht -Io a rrtores The Center c condWttng both
theaotroaf and enpeotoenat oude s to ptosnde ret
er,"ce dto and methodc Hf orfsour the pedormarnce
of dIereof types oH tnetbtone CCE toseordchos ore
modong obrrdand [qgd erbn'n do ercoatige
membranff. and emubon IfQrd memobahes odeter-
mine the "r.t of such lectors us geomety. ne.
rWuay pprostats dWduoron coefliethm. ond fowwod
and reverse rtlon rolis on oass tranter rate

To erimneerpendturoonghr-pce id US 0-

dotty w-ots to obtain the macmum energy output tram

tbelcobusotn Ada-drreo -thd of o st ng ead
eyatuaurg cobuston ore necsTsary to tho eho to
sccceed The Cener s5 prsu ng new ways to mpr.u,
oonbLcsco etffcency by stop og parode ctuebaurn and
growth or htgh ror atures For eaplne Crer r e-
sea-etsI reohrrg tao naeeg e' n "of
Doplter vdocmn-eLy to deten' no shete o! soot Par
tides ne' O ltr bttnon and r. o In sopr on a
too studes. resoarchnrs wont to into how to adWs nho
'ame oxygen and .e' ents 'a ortn Pn .np'nrm
amount or seat and then oRw mhe pope' nrnt or
m -e 'o t.e root to bn ot These 0-des ae an -d a'
mpoongthe pc. fo-ance or0 b t dryes a-d
h-racos

The hternorna: AssoarUtnb tothe Propoesm of
Steon har enoorsed rtt totes deneoped by NdS
and the Nosona Reseatoh Count o' Canada The
rs ofer or snpecedented range or tamperatures
and pressures fo swen, - c aMd genera use T hore
nod deamh totes hi 0epd enysnand ernrnet sI
decgnn q:ndutrt and atohems p-oe s etper og
tot pehoeumtan nd mners degnnp hoa.r ynser
cyste'a boetes and tu b-re end n hanest ng get
them6a energy

CCE esearnchns -ctotrr ed an esontag qgatIty thor
thodynam dataon eater and steam woth a wtde-rangmg
equator H date new known as Me H.art Gaagher Keg
equa-e. cn"toay thedeam tote are tiarod The
equator eslatohes a tto.on thra proo-d -
etu and engiheers .srh thermoodynamway netr-test
data on the propoes and de oCty of waorr fram the ttr
p.e pooP or 2500 -C od fram zero presureo ofn .dea
gus to eore than 20 tdobars

Other opona-o the-nophypr1 phope.es dara are
Wemg prosadd to ndusy thrusgh net corroations
rquauoes. hodets. aId oanspotaabe uorpt- pro
grois These preqrams predot the uucrty denty.
and Uherma crOnadl rty t rar- pure fudsand W uld
errtures Additwoa1 work r n progress to eAteod the
ronge of these ptedwe codes to r.rod n ature -onor
tSP -omponenoS and to etude phase equatbte proper
ates NbS S mehig these euaLtdT propon-spted
rue uoopnter cador aveaobe to Lhe pLbo through the
NbS Dnco H1 Standard RSetetenu Data

toI

Ue t. ttIke ci
*J m.- I tile Suid

fklieg n sold sr-
the. The ticie
data -os thee usd In

it. dig at moetn n-
oset itrd easrtnpgn
end meitds of da
etsdotl.

i



252

Center for Fire Research

he Umd States has -ot ewost te los
-hecord adot -edold Th NBS

*Cenr or F esarch (CFR) sn onned I
Pr,-dogie st c and engoehr- bganeureeded
oy ovact and the fire peconi oner tyto

reduce htoh esM sss ad th ot 0 f 0 . P Otecg _

Pm p he d tdg chr try and
phryscs that take plane du3 yomotnunfi atdhoy t- .
developtg accurate o-mputer roded of fie hazards
Ohe Cetter protrdes rechnical rmtrmason to Ivdotaty

Mazdards organizations. 00e 000009 and desgn cons

eroties hoideg rdustry tIe srlwa antd tIre protec-
tuO ergat zat ons. atnd eateriat sianu tactu-rers The
Copter aso helps thes gloups toIrundate thie tindogs
roto new erigneerirrot psactces, test methods antd pro-
posals tor mrprotted stantdards or code proorsiors NtPS
however. dope nsot prernusgate os entwca dtantdards or
segtaus PI

One ot the moot comnet and yet crucal phenomea A
ahecog ttire growths soot termacoe Its tWartescer
oot, radiatMg thermal energy thot convens frishinig .

or ormstrrwhoonmaterials into ga0 sruedthat drrcM O--
fire growth Soot also atfetct peoples surroatitlity In

fires both trom irdialatonand the obstr UCca f -t ow
Yet theIsme partJeso the tire ogeatura thata L

vates the n -ow-coemon smoke derectors Center soe

hoc are corductig a long-term study af the tuedaaee -
Ml chesty and physicso ootf oaatwn Theyho

deod new laser-basd technues tots measuri g key
eciesinthechemical dri ot soot growth, Us _

erc~ltirotoncnzeahoomeasurements reneattitems~ 00
detect cenarn mganov species sucan as butcaaietee.: .
throughoud the tlame malt. They haue also ohbtarwd pro- _
ties at potycydo anoatomdc hydrocarboots usrng riezaow-
let antd ascot flhuorescen ce Contcurernr mhecretwat_
CttkUIdatraO en tEhe strolursss at aromatic mokteccubs
rhaye further dactied whstch cremasty s s gnioadto in lethal aedects at lire-gen
hoidinq soot partdes from small mrdecdles ers are sot studying t

Pennaps the wopw ot mowd aoorern 0n lire research to -sees at a too princpal
day is that 01 lire gas lociciry Most tire deaths are caused predic mouality Terta
by the trrhoenadet sm oke Carodo masort da, a own- mrottoacde. aarbtt dO'
huotian product 01 most burning materials has been rariurda and reduced
w rdety maondered as the prer ay cause at these deaths plain the eatha by at hot
Pecentt lahorastry tests and ealtayss at samples Item Cemder researcoersa
nomne lire vitilms however, have suggested that other the precis conhtibtaici
tox carro er fadorn may cuetti~btte ci somne deaths Then aoxygent ountanmp
Puibding on a decade 01 leadership ie measuring the toe meatsurement at a

..AvphM,, -t- ~ ~ ~ ~ ~ ~~~trece ky atohi
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prWome be predoctnr ure toage ale rare at heat
rsease -wg rmnl apimes

Ptedasbrg Tee growth tatqrres a tandarmeda trd-

soandng oa elemental tre protooss roanh o ana e
spread, and the ,haratmiCoa, er oa rredmdced torso

Reeodh-s 'ave devaoped mcowds to Q rerate Ore

speed at wh tome spreads across and down a burn-

mg ael Ifaae wst the bas c erma properses oa

the burang malera-s Measromrnto at Dame heighl

and tame rad atiar are now prourdong roy mttarmaaOn tn
our underdandmg t upwad tame spread. a tater and

theratae mare Cret.W prociss
The bmoyaop-Ydrhen ftw at toe gases throt-qh deas

and aon windows and their re.Pae-net- by oontlated

air w also predwtabt VcnLatan and the rate a heat

release o1 Oa burr-no marats we u e promary odors

whrd detcmite it andt when a room ad ttaahooer a
Dreuset d to descobe Ihe todta !e oC d o dt aV

Intoreratee cobated mn espe~rononta worir wooed nt
matesneatDg tmodes desiged to predwt Ote vulncabd-
cy ef a buddang and as oceopants to tle These

opoter baSed mtodetl matre d psobl ICmanate

rea toe sd"alona tt- n a tooed budget It tlar less
osetytLo burn a topn or buldog usneg a wenparer
Comes resuer s ate rp desgning a .ue genal
purpose model a fio ha-ard It e h nude Ore bur.oeg

behatowd ea roan the mcrerneer at so gases ntraragh-

out a buddng. aned the eteut o xs gases cn peo-0e

By tong roan a mcodel fire protes.ooet ma be abo D
9Lmdy e-e tire an e comnspr deryog each ompo-

rent as needed. and ma-kneg CanPtaWe deorc lo
rprouog tire satety

beserat predcton cdets ae already avaable n

ne rose. tIermed ASET (Avoablae Sat Egres Tme)

Ore aompuder .ode -eanporates sornd but -mputfid
angae-rown fire groohr tt aatuates Ohe tore at whn a

smcke deteatar c e waded and he Doe at whach the

mrn beanoes un-nhabitboe The diference between
these too enets wore tm.e that ahe oneupaots of the

roan baue to euaPe.

Aathne .ode. rated FAST (Fire and Smcke Tr-an

pWm Mode). can we wood to deron m e sokbe leye
and Icmperoture oa muttrwom buddiog oaIs a bro n

The Ceet recendy set up a Fire 9mulalln Ltaboa.
Wary whee seretaO ad c -gmec Iran the tire proton

won commuolty ean - doemaoraes end obmn

bands ar eaperotre oath rlO tire eodels
Reseaahes whso ow rhe rotatory to mod y moossl
tar patoordar app tuatono

Mare wadespread and proper ow a sprnklder systms

albo auld sgrao ahy reduce to losses To assure their

eetcacy. bette apeata aod desgn Qrera ae reeded

The Ceeter has rcensy produced a computer program

tar ealculating the response time at hotsnoWted
sprieeers It oredots re t espOowe tmq'ttaued 0n

attareutorwDcs ath lme end toohe Iota Von and thermal
proPeDrsa the sprinker hoado ptedwled temper

Iarewttoe dWes agree wat wrleady mote
laoalsLag ca essWh rw tires are

p Iane lo -esl l appicablay ol e e
comrptder code

The Ceder tot Fre Reseaah e sM. asors a pro

gran at grats. ad It a ese degree. noats tt tire

researor 0n 9sppoat o Me 'terna resemubh progrem at

Uhe Cower Approomatey 25 grants ae awadd to

onreroties and resoarh naltrtes anoualy
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Center for Building Technology

vet 1,so-otds d0 00 r.m. s ftoed repeoduoleeO cadth r ovoeted! In rouedfasetres Moe . _
00oe. theoostoose oidastr eonadfteoazors ' _

I.rgost and sroded O hes otte oodsuppo ri' 4 _
mord hvnan motes. The (qpoo Of mete tries od

feds the saedty and quody of Ide of the A rean peo0e0
wed ast he prd "d o U S mdustry
The NBS Center for Budrog Tedhnoogy (CBT) I

urezoes the usehd'eso. soety. end esonomey of buid-
not Ihdrougth 010 odvrcomoeo od ng fedrachneogy
and 01 apd oaoor lhe roproomeot hoddiog prc-
Ices CBT -ooduts taboaorry. tld. and a ol _
reseoroh lo deoelop tedroolotes for Ire pedcmono.
measureemor end festor of V.e pedormanoe d4 Wodd
Iog mIteralo, -oponenms, syoefos. and predo-os

CoeMt hesearers ntrceotoe Ihei efforts n -oo-
puor-totegrofed -Wrsonrmho. stordoret engrverrnog
arthquake hazard tedurbon. busddNg phy-rps, bsdintg
adnteris. and b.udieg equlprent They Carry t doeh

motk In vtohvatend0nd rmpehmw bboradory faoi.
dOes. hoh Itolude ae -dewreed-noaoedr wrluret
tsLvdg faulty .a torge-ocao structures tensog tady, 0-
coomoret rthtmbnrs, a guarded hol pote, a hadiroted
hot oy., a fore-story pdumbtlg mee, 0nd avurooh and
teetewoatoo orambers

CST providni tohndrud suppn snd 00tformaoo or a
nuvoerte od vuontry Wrstdoros groops ruth .r ASTMM
the Amercan Conc e trth te the Arnrav Sooety od
Hoarg. Roengetoovg and All Cordont q Engteers.
010 Admncan Smorey d Cord Engners, and bubddVg
Code ogo-zatloc - WNIe 0 C-rvbdes or the dooewop-
etem d4 touoary pdod= startands, the Contr does
nprom t-gate or eoforue standards or renguaooons
Through hft eork. the Cenot heops Sororrote t.uttroh-
ogoot mIetdt btrers ot the conOstrodro t mdustry end

redes Um burdens of unnovssooy o roe sesawi
buddlng regu abor cwhe m.taotnralg afety.

CBT repesItese e Unced States orn evera deran-
cool bhodrog raroth enu srtodods orgaroroo-s rt0
adros the tnterheoo Counrr for Bodding ROear-c, p
Stodes and Doctrmaucon; the Itnoeatarool uhmo of
Testmg and Rnearuth Laboratoris thr Motorats and from roeohoat., cod
Stututes: end mte U.SJapan Pual n Wind and tn CBT statfets rome
S-ro cfEunts Thme off oons ltribute lo US. ue of As en opatho third
loengn teseurh occomplt-fsornd me ttseteota o -rcoogote M.e pho
_rrpoheomet O U.S. buidng tedrod y ONvsrroWtl0obe, 5
Mvh od the Cenrro r-oarh o dorn Ir -coaoeroton the tosans Cry Hyaf I

wtth, or for. othne edero noge ,-s etu, es the Depa- Chcg. odona. rem
menl of Ergy. mhe Ge.er.d Sevs Admrnkrtraon. the mhe Comerts rovestgo
Fedetat Emergoncy Mtagomern Agersy, the Ooropa- reportd t1 holp pred,
torus Safety 0nd Heth Adm-iotrao.n, 0n0 Me Whale Moe ot me Cenorto
House In 0dd.00, each year botd 70 tesedoets dekppto r d I
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I ntualy arite M ur. u s resarch pogxrams, and 5
felraaes thrtog-of ore Urnfed SBlt. Bore e a
. .bstral need o adnanced math-emactl. htaelh
c xdng and erosp r teohoq Its Mt .Ie.rde

of the NBS Center fo, Apped Mathenrftoc (CAM) to
prosrde rhe bed aaiabl Wds of mxden apd ed
rnafrerato and crMrp 9ng D the NBS huf Such

born developed a NEfS. reOften dl -dely by
Amrertan and foergn researchers

Write scholed Onteh.ry. NBS mathreatr hans have
eher feer fimrry Lanted n the grond O appdcarca
They are ceonerned p-martV wth deyebopg and
adaMpng OatherraD technrques O NBSresearch

prgrams Theor _ork bkos Orer nf the ers of space
scoence. robouch flrrresearch econvoncs ranufactur-
org easurrent and d"eIaprert of ne- hardware

and sotware for future xrprers Center reseachers
are wdod rn B.r work by crIang soenstos frar a

dustry. govnIent. and unmversDes
tn proedIrg 15 suppn s-rvce the Centers profen.

Bona shhnteracts and xadobraen wth the fIBS
_oosc or huff to savo a wde naerry of sc enut and

.ngnevefN prodems Th. work ceas fr research rm
co-putlog rtnhds and for computer etensce stud en
In Ore app ld Oathntwmal sa tnces Current pd ca-
tarts eudna a specr Of n den orentdf c eptrg.

edrdnVg atvarord prxgranmg tanguagen k bdge-
bastd sysems ntoractve saftare toos odor
graphtc. and supercorypuer ato rIthns

Th. C.n.t. u. operarv tn sarrtral comrpusg fad-

ty-a CDC Cyber 205 pupercorrprdr wth a Cyber 055
front end-whch servos xrh the NhS Gare1rsdrrg
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o oth tha Cehnar far Fe Research d.Mev deb
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ron and Sooke eynutan Patrn for en mndo foe
Researchers tested ctiC tian.S baerd on bxtwho and _
thraee-dareendal derode

The Igh r-toltum dyrarc graphcs d spay syszer
0000 nhr e Ooec anro- researchers to Observe the

wnarg aaon of heated at one canprder sdehn Th.
systeen los potato usrs to cydeo rapdty thronoth any
sererr e gOfradc figures stared a Ohe onmpuer .
mg tng temn around a ailmOt any woy and abeoraqg
thrmt erMany aes As th pOcur appear to
rotato urreeh-drensanlty a the opter screen ness _
puferns can be percewne The rrsearcher an axm -
cr0 study detas or zm away to take a the foger

Soon aer to nreuctia the Cantr s graphcs
dlSpay systemh brhame pxputlr Orrogtrot NhS pro-
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tak ntmo bvcrnt ba Interactens bhtaren very arge
numrbers Od atos me order a acheye reatr orewrs - t I

4
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The need Irta Ohghly sohtriafr

swela dynamc nomput., gradcph
sent whe Anteens robotcs rfeeatl
rdxnlkke enaubtes tr eopetate te ar
factutsg annoy Ohetr grppersmus
through space frhout codtatg CA
the Bureaus Center for Manufactur
develwp a1gorhms and ft..wae w
te ffor mvngn nbrevts t space -
trg eff-ent methods for dnetmtt
regee. aoodog boaucoos

The Center has aoes deveoped
difforer area d manofacrureg me

-panet. custom twegrated toronCt
pnters and ther elentr-cs system
pettte ten dependson eHent a
deeg owl1S Cooperakng wah the I
and EIlredA Eng .eewng CAMm

dffgnnqi a fawy f speoaleed ce
whet can bewn en m-sarrpLtet:
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offers feaures Oral Were presdy awsbtae oriy tn
codeswhchr reoturied large manframe comrputets 11
has beer) prosrded ro eore - e bd tars strwe 18i2

Appked maerematcs also wabks en epotart -errr
huterI tho Ie quaty ard ,abdeiy d toe Bureaus
measurerenl sences Spectlcay CAM slatwlwo-m
_ eed treu tleorethaf stat atca research wtr ertere
eupererwe to ad at we .es gn o measarerettn assur
arwe progratr ard tn reh developheer arid Uer -.ate
d Stbarad Redererwat Materals

Measurement assurance prograrr provsde a Irame
work lor radutriat ard other governmenl taboratortes to
_rtyare ther measuremern system to taotJW wlan-
dards ned tUos. mproe quabty c-ttt Workng wrth

rIhe Ofce ol Measuremenl Sences. Center statswo-rr
devrerip spete mreasuremrent setqetces aId CUetrOl
prcoeidures They have Ioreta e. helped npie-el
tfour p a measurement assuratce yrgrams at the Ford
Motor Compacy Cectal ResOarch Lacartory

_ _ Ithe case of Stndard Reference Materatswh oht
hate comoqgeneeus stble Maerta hat cane rie o

more phy-wal andOtr chemscal properses accurately
_ measare d dcedIed by NBS. Center researchers
_da tIevscgautww of hnogeenety of the materats and
_awsu varabdbty Itom deferent sourcesto ncutted
work chey are ttueshatmg imprused methuds for usng
Standard Reference Materas tI enhance the pret.doo
of measurements naIe abaoraty

i In vzsrrr~acai;w-k, Cc.nnr tan
Stteamnrhted toe emanen of atc phase stato

ty data or edusite uoses - orengh deveopment of eter
_tend ceomputer program thet generaloe camera-
ready dtagrems

ted "threedimen t Desgned a model that hepss aet and fecat gri
s dtspay also pret ermeets Io eduate the csts d poposed waste te

1ch fI order for mue y facrt~ts
autwoated wau- C Deseeped awd drethated a graphen and taustes
he ble Ite eree - neracceaignage system aSed DATAPLOT -owused

AMs werfsrg wrto a mere wan I sues trrlagtdtcg matot rndd.re tin, s
ng Prig eetteg te to poHeld deseop a -tdel met eMproves atrtrd o a
nwt dan trajes manuanturtg method known as um.d-rtcat sOd fn

They are constc-c at- . used II the preduttn of htgh-quaIty went
V mts throgh allay and -erwarIdactows

odlIs whch ad n a
deelepret of
fnbr advanced wart
us The htghcy o-m
enpvter atded
Zenter ter Etesctroriws
natheesatctans wre
oryster packages
sThe CS 1 packge
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log), CAM, and sror
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Center for Electronics and Electrical Engineering

p he scpe of research tn fhe NBS Center for Elc-
fronto and Eftf Ecat Pngneertng (CEEE) endends
squrte I.ferafly two iRhe sand Io te Ears Graes of

sand are the genea-s of otn based Mttegraed rrcuts.
fhie m-redo Crps of she computter nundtry and one
ma-or focus of CEEE s work Dttant oars eWrrr- g rado
srgnao are used by Cbnletsfm ientasfo evd a faa-taed
fetec muntwattons safe dqtfeoprrent a secondem Q u#<
phasts of the Center s resear

tn these ares acdothks Ceot Creseahrensare t3,
working to oItm safe measurementbretard sarrcers to the 1
eftectcue use Of otectrutechneogog to a arde range of ap- i
pocattons That are tnponat at o cndusftrat prnduchuvrty. .
nattond dofense. atfh1y. energy and commerce To
futfill thts goat. tey ceeduct research. devefop measure-
-nt metheds and physruat stndaros proutde -atbra .

ton and spect tlest seroruos and duevop moeaus and
data

The Centers research h concentrated t four wapr

9 Measurements and anatyses for adoanced rntegrarod
ccrcutfs and for sematueducfor marercats. proc~esses s_
and d--cs ->: ~

Fundameotat metrnolgy for fas tigno acqns-twn t
processtg and transmrssos coerng the anogand r- ^ .--
drta1 techeqges and frequencres from fred current /
through w -urowaus to trghW-aue
F Impro-ed ccnqctues tor measur-n- g etocrtc power CEE. for eIamd
and energy, fast hgh energy trarsneso. and the qoat r nqu ptent used k
of efectrat- rosuattocn the four-prone ant
[ Metoods or creasurog and charactorritng the -ec Thoo SRM sWhe
trenragnettc nnteonmest sources and refedaors o elec- dua yto obtain m
tremagnetrc energy. annd immoy of equipment to Out uttdy. one of them
orde nerferenue the tasrt b-on oft,

hery larg-suae rntegraton (VLSI). whhch yoeds -nte As -tereatscnat
graterd ucints sth hnundreds of thousand of trancstIrs neolgy spreads th
ona sefite chtp' o f sicnn 5i revootcttonzogsgn t eatnonat standratd
processng cemmur rartor .and computtng Before The koy rde n bintg nc
Uot potantrat of VSLI on he reat Ied howeoer eng nears organartos that.,
mugt -oercme stgnfirant techninl aearriers retamed to conduaor mater-a
matmtats pur-ty, demancdng tafrtcatron tech.otgy anfd mon bast--n the L
ctrcutt compeooy To aedrd s the barr.erc. CEEE cc Teohniqnum del
de-efoptg Theauremeots. anatytisa temnrques and wdlhns on photem-
St.rdard Roeterco Mafercas jSRM s) for euoatuaing tho -ery U S. marufa
qusaiy of semtonduaor mater-ats and the podormanco to manufacturers
ul tnueguted cIrcuot fabrraaIton eqg pmoct fabr-catcon whcch detne the
proc sses, and ccrcut elemenk duCor wafers, are

fegrated ccrcucts Tl
nemtcondaCtor cur
emnars. N tBS p

sconat meet gs Ft
Cruet measuremer
totes aced nrume
be carted so by tf
nesting

to ~ ~ ~ ~ ~ ~ -

pIe. has preparend SRM t eatl bratmg Phyotoal ohemit
Imeasure semtcondator re-oorty by Geore Candetl
sroaecdg re wance. tuhnrq-es (tOnt) ed physiIst
engm-eers Inc he semD.onduChor c e * cnd
more ocurate measurements Of rt Ho-rDsntt areso

tregrated &urco with the computercon-
trade mcreases and antputor tech- trottd pocita to-pngI
t1ogheut the world. te 0eCr for Oner elIp.ometer they
-btcomes crltda NBS has dayed a designed te, mesodeg

together aft tIre fhe trer wosd the optiost preportties e
rrte test-mothod sMndards for smn thin fitts on e-noes

nal nose metnods con haoe a om- motodoto
IntodhStlfs Europe. and Japan
etoypd by CEEE for moaso ng tre
caks have ben transferred to rually Phye Ro
acturer of rotegratd crruots as Iset as Hbneer djusts a
r photomack oqorpmont Ptotkoast. onieo N58S desise that
Ntgrated ".r.u"r paterns on sarnron optttlly etetore
key elemenk In rhe fabrrcetroo of - teoetrtiatl fltode and
tins worTk wa ds-mInnafes to "tc tpate oherg.s In high-
nmt-cty through a serros Of rnrng volttN- i..Wating

.ns and aruhoot t apers, and proton optorsf .
Ium work cn t s area. wihch wr11
enkfor a broadened range of strc-
ln inmpIcant to Incththography aMt

tf8 NBS Center for Ma-ufauturng Eng

"i �.
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* oharactenhng adcal Ibers. nlaand meascrenet =h, A Ecqbindgrlr afn
dads for =irasav and mhnetns wave paaeters. DOvnd Det take
ereaorerneot metnads for cordete anternsas, and mea- readi'ngan ires tshiter
_sremeots and siandards be laIs s tings fI t. seL (4

The. nae, has tken the ead n poavdig the fW by 25 fat)I AWACS

ttehnwal bass far meaasureent msiods and sta
cards far faa rapdty e.panadg optc fiber cons t inieg messrS
monmuaoos indusy Meascremant mefhods are tesica Ni tli nee-bdy enlarged
i sa.moun rae rn mersarpasoans o gaan n vobasa e t__ lu~~~~~~~,h NB -41.id f.1fi c >EctY_!d-/.ss

_on (EIA). enad in the faberay. and dasJmiaaned
__asEtAi mtarWy sandaids Thi khas aded the
hri sarf m tiarode ti snal-ermda fibe.s and w
kunevie inhe p ad hen e appja d odpcal war,

-' _ .mnicairons tecstahndogY
n the area vt microwave and mllimern-ave pota

Integrated c.IstIsts uctures detaped by CEEE metmo CEEE is dewdpag h aghvvoiaey si-p-P0
me safy toed by dhe sem Wnt inir dusy zr d -fasurenem syomos to suppat calibration szros
aor gvnmmnmrt ageiwies Thes specltly-designd ownvg onortcs-a qanutss to d GHi The Cenlre

ssmwndvcotv deavpes can be vued in characterize aso working an an asa-matd sadoneter har cI zd in
vegraled crw0 ftaibnatin ptvcesses lo evalvate fhe fa cahbbaavi at soid state and gas-dctage -nos
enecrsia& is of semwndutcla ponirg Nsipmhert. swrces by notendag tse m-asure n.a fma n the
so aMt _vals pramefers fin datrv and p-oouss ranger to 12 GHz and hea In O 50 G .A 94g-G- nasa
mndes, and vs ptndvU aeptance Cooting caob- standardof nove deign a already in pae whih ad

orations h wverl vtegrreda .- It manvsaciursare perna erension at misc sandardds M enr wave
yelding mprved test saiuaures and procedares treruenn

To addres the meUegual needs ivoved in impron Ceter researchers have developed a new tat sys
ing sional ecvitiwa and procesing sstwem. the em ins socuratey defermiog tie npoant properbe
Cente a advng on standard wavefom generalas d pr-tsia 12-18 be diglst-oozing (DIA) rd anutog-
end measurementlapr sys . wne d crabh von wiper. lo dgol (AID) -naerssain sautc ineaI- y wad dy-

-andocteg estionat To hap stve signal hasi t, nam- step response chaeraufecsts can be m-ared
sin p.ddems, CEFE t devdopng measuremenU ins and reponed can NES aSibraton santa now anal-

ebe for aese dences
Using pheuwiqn waedfne syehesy s lechn.qu eras

irwrprase mucrvproar sbadsea enconcs CEEE
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reseachers re markng an a n gbenertononatwae
tor standards An audio treqweay phase-angle stan
drd r th a 20 rlidegree ap urocy acer 2 Hz to 50hH-Zo
tow P-oodes npacal ciAbiacon tents r ph, a- anglo
motors Nes cttge power and energy catibaugnrs
are beng denetoped basse an a dua-ohtnni synre-
szed -aretorm sateca mar 18 be DCA c hnnerer dat
geerates reasIon ampintude and phase at -areotnns

Many Center praJcts endve deed MInabaraton arh
rru fsal earn 0 tabarataries For instance. CEEE
carplletd a sypeo study tar a raa doem aero
space narutacturo The -onp-ny wanted to tuor a
near told a-te-na Ientt -cutd proold u-nracesa
goad as at bcaer man tar tIeld testig rota .o -pete
range or measurements Boned on re NBS study rsstsu

ahe company selected the Borneo a near tidd antenna
reasurment mLthodobgy ftry pedyor tsting a

entaeas to be Sona en a near sallite The idoor
near fteld lehequ. Pponeered by NB. oaers htgher
reutrn as are assngs ipeonne.. Uavs and
equprMent costs ver the --nuenrion1 atbor tar field
tethrique It s ftrquenly used by inunry tar parOta-
once testing and is now fng use in monutacturng
pr-o onetrl ta -mPIee anterars

Sore pI-Pacts mvdve st-rnoaa oneabarason NBE
resoarohtm woarng ath sMentiss tram a tses German
stndards laboratory taue demonsrated onotani uob
ago step at 1 2 vuc ram a series array o 1 .464
Jxephson oroitrou operas g arts a 90-GGH sgnr
Tha mope acheynmmo neOaed Ut Imhere so sonat
Id bar-ns to Ihe de-atapiert at Joysa-ynaa
dotge standards at -acen-eor udlage letss N85

researchers aue proxndmeg wanh Ihe deselopren o
such a praUcat a-nuenot standard

A recnt actiorameet a a a -ernempuler baoo stan-
dard tar measurrg are aumg per nea d i
htghty deOned oeWnar waue-ft s Tho Waadarad PE
eden an poyined bas tor eompoNg the pedormenc
at - -elerctsty odilyada aidehand wamoeters and
permits n ite power tels usng an BNS stondard

Much o the Centers mark i ad-anxd poear reld
ngy as been pedarared in the -ey mepeed t
vuaegn aMd hight-urrest bht-ata-s These tbba-
mien can generate abtaga putsss wma peak fpimdend

op ta 600.000 nas and a rrent pudses tsh peak emi-
tuden up to 100.000 amperes They am ats equipped
arh a wde range at dnoensnat. -anpotar based
and otds sydens ta measure arose pisnes and am rot
sperses ol uarous sysems to puried stnd These to-

!sen ore bong ared by unoe-siy and ido,.Is goad
sinientarn in careobaraten arts Catenr sta

The nationnatmeirwi peoverayturru tdrituicatns
neharotks umepulers and detense systemsa are aD v l
neraba to dtaurbanc by doctamadgnc puses Ta
readnesySmo pendo nce Pabens caused be ofi.Wb
magreda otDnererce. arre s mad bex bad mea o re
meoliarnagnear errao- nenua OOKduons pladubed by
signal Panorn tram m- pdp sources The Center o-
coang on measurements at cmydc interteting eecuor

9agneLc ktart and W ectr-magneso emsions and on
genratng standad ftnds tar -Acny ltang

As paa at ths ao. am Center in asbabaroUn ash
Sa3do Natorr Labdar sas.bob pedoreNad steFLO
opical aroosuremenLS of 25 aillibn-tio pulses a tad
nanese-ond durabon The Centor also hba deueropEd
the cpablity to charleroe octlage sesors i ohe

or -id range, onc step' oard ae nrdend
Iohnm.ue tar eys lcang pss pOer systems Is oddr
son mnCeMsD ha mhe apaebry to make he. qnuiaL-
w-e measurements neessary to euactee etfef.s of
aging an gas.-m s -oavton

Re-earc - charautmar be danbemagne-E enn
mers reqaires - lots Broadband seoar (-oomng
oem 10 MHz to beyard 10 GI and eackroptar ars-

daes in arlnarn ath fiba apte banmpsIion - nes
are-uner deep.est Cster reserchers reaso
wor-nkg an smsler isotropic sensors nede tor aea-
sung fids within small endosures. suc as sdecon C

AR at ahese pIn-ebs prosede bbe of mhe cesdds -ta
adoancd moIouremem ah.naqoes tar ae rayrd desn-
omea.. tI the dtcatW an elactrancs tecdorrlgy aehtc
pervades almost eey tfotit a moarern lIe

A Here eeoncgasl
angleo.e RobIt

Gtama.. moasares the
bdiderlith f maltI-
eode aptisal fhee ast
part of a NBS program
to deactop masor
meat methods that baa
be as d in fiber denS-
op-en, fiber rotn a-
flo Is the mcthetplaar
cod fiber -omptlbillty
in bammoelbatloas
Systems.

M MM�
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National Measurement Laboratory

O R _O hfghly fecrheat society
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coduc resarh at the
fronier uf phyoc onhr
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ms ̂ ertth. rim term n

and radiur t Id icinty Their
resarh ato dfnps toim-
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Center for Basic Standards

s the iheritor ot the government s reany century

otd antempto to standar dn wmmghts aeo
* mes.ures,. he NBS Center or Base Standerds
(CBS) s r-Pon-b.e tor theioonh. stetvcy o1 physca
measurement standards in the Unted Stats It deyed
ops and menains mhe natiM.at stanoards tot mass.

length time end ftrenneny. temperaure, pressure
vacuum aid etectrl q Intis The Centers work en
Sores that these national starardas are vmpatidbe adh
those ot ther nations. and the stat provde a variety ot

meassrement srstues to rhe pobSi
It addoivon. the Center conducts busy experimental

and theretcal rsearch to budn a stronger and mote
accurate taundation tr physical meassrnments end to

improu our understandedg ot the phenomena upon
which physical measurements are bSed For enompe
researchersr the Ceter and mhet cotlabortars ram
me State Uniuvisty oT Nem York at Stamy Brook (SUNY)
recenfy announled the tfisl dectromagnetc trappr g oT
neutral atoms in enperiments at NBS Githersburg TI
trap the atms the NBSSUNY team deudopod tech-

iques tar produmeg ulta-cdd atoms usng aver ood-

ing With theme tenhnque.s an atom-c sodium beam is
decelerated stopped, and finaly tropped usng the

radiation pressure hem a laser beam The dopped
atoms are thee contined in a magnetic trap Demorstrr
tine do paractcal method 01 centining netral aoms inn
trap npens the po-bility ol nef generation 0 ex-
porimeets ,n atmic physcts

The Center is al working agnrnusy t. deedop an
atomic standard ot resistance based one phenome

non otf svid-stte physic knoem as the qua-tum Hat d

fest or OHE This phenomenopn ocurs in certain semi
conductor deyices when they ore coded to tempera
tuote neat ab tltez ero and placed in a large magntic
theld Under these condiins the testafceo the

deece is quan-tded tha is it hri specI. disrete
vals end these valu depend upon certn invariant

fundamemal consemts ot nature. Ceer reserchers
have now devised and put into operaton a tem auto-
noted resatne bridge tot meanrieg quan.teed Hall
reistiaos wih an accuracy te a few pos in ted
million The OHE ha been used ta monitor the US

legal hnm sne the' mmerof B19, and tis epeaed
dhat by 1987 the OHE sell be used to deOin and mate
tate the U.S. legal hm

To woure accuracy of the klogrm,. the lstw reminirng
andtact standard, the NBS kilograms mete ppmpred

22

wsh those ST the rthersationd Buteau ot WeghE and
Mesures, ard they wore oend to opine to a few pans
per billion A new generaton of high-pre-son cilogram
_onporatnr is now being designed and cno-toted at

NBS
As paot tits responsibiliies tot maintainig and

diseminating the nation s physich meacomnant stan
dards totr he beret of ndnstry. commerce and
siece. the Cetsm pr-ets -swiinarsson andards
and meastrement tedhhdogy tot technicans engaged
in idnstriit meorrlgy The Coentr e.r hco published
the fitst vaume of a nea indostrial Meaurement Series

calted A Ptimer tot MSav Metrotpgy
Thrcogh the Joint Ioteote Tot Laborotoy Asrodhysips

in Boulder. Cdn, ohich NBS cosponsors oth the Ulin

versty of Cdorado. Center suientats collborate widh
universty facuty and aseing scieosts to conduc mhe
kind of ong teen basc reeatch or which the Bureu's
standards. m urements andda ultimatey depend
One recent achievement complementng the atom-trap-
ping ecyomena it Ganhersborg ha been the am at

from the St t
Usersthp of Now York,
phypslsdts Aloe M1igdtll,
John Pnd, oed
Williore Phillipe, plot
ftoed, -omploted ehot
ib hele .. d to hte the
first wr sl nepeta-
went to trPep entrl
Sto-ro n r.pofto od-
e-enr in the ttsheoiop
of t.oliC phyrptis.
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ralan lro a unable dye laser tsow slp 000
'averse a free -lYng atom c bea of S0d Pee T eraO
hroWao here s re Oecelopr1 0 eeceQ electrP
apse phase h celulals Slat produce a !'equery -sp:
laser sdehand to nats tre changg ngahrplon fIe
gualloy as yhe aorns s oo dwon In addt lol tO poteel al
adwas nfregonag slalldards these etpereecls
s klaha : p-ac c e,,, t1 thlMr s1 .n ltr,.'n e~ec
tohdyhamcs and gocra' re-ala ly

Cenlal ttclensrQ also are erporrg the pracl"caly of a
Space e'pe'-Mrr to aetect gra tatallo vtes Iron
Sources such ash bary oars The eoper'en' nowes
the use ot rases holer-dye lechoqoes to meacare varl
aloes l the ml 00 kIeeler separaloll 0101100 mahseQ
onhaEadhke orb rs ororra 1110 Son

A -ea geea"lon oa potaoe ahsqcre gravy h eeers
des-glad by Center 500010 wl ard 09 00010c gP-
physoa geosgapl NUId alalecloole Sd-Ts maem

srteers tsea the free taQ relh, and OhrS-a 01 fo-r
ps a drag free droppngcarer a 0Ipg perod
sdataon deyce a sahzes laser and twe necasoary

> Kilogram Protypwt
K-2t, one of two

peosorypos thia M Itas a
kIlogram of m it. thm
U otld Statos, and
htrace tha aMs. U.S.
msaoromotnt oygtom
tar masr a th. small
pltlsonm ioddhm 0)11'
ondor esasisg on t'h
halsoos pan oaths
dgmht-asd aidt of this
photograph.

101-09 ceclronsos mae merers ore seers: se croaghr 0
dleolt vertcal eotor'c a-ollqs as sw as 2
oar" mIerers

"Inoher eopar'rrrc 0011 resea'c'e'sra~e 0"
arrsrrared all agendaus root apprpacr for noasar 0g
higly a c..at. pho'aossclal pn qaa't-m yreds 0
etronlcaty eo e ..soles The mthloa s a'as
lmeretstporotaerc'serowxoeas,'e "0111 ""
datey aler phooy"ss ,d 150 cuosaul ! 'na acsorp
to w.e rato g""l nngrelalne gualIar y"rawa I I
depeldent or mp t c rento parareols a-ser
researcher has sceedaed n - -easr ng ne t! ,e
ahandance of101 rao-a' s coeposeo or con a- d
hyorogan prsetl 0 decT W d Oha'90r oslave Sucn
diWsages ate used n prTdac= g I st ue s o arc'
phoos s Iwo v.1 could be ra'ahe or. c ' tOa
deC!nd alergy 1100 psoesses th oveloce 1 000e 0
10.0 of the icoom teods were xter un-dosood

I.para-looopelrrr, rs Ceotrs, en-stc aV, ean
opt a hber (re'Ort er (OFT) ad a N0 S NES o nclo
eleclo pyro-eeror I deew no ohe Oar-.too chn
no eteUhemoynawr l00'Peratureh ot gddo ando 64c'
Iltrrng pols The g a!1 of the00 1 m--. s sO L prp
nd0 state ,=-th Is-aler-s-re-rens of he oar p s
palameetes Pt the OFT spee qwe aoer urc t'la 0100o a
tMperatura dtorernayol w11 o less nthll 20 palo per

Eecaase of Il heh '00001 relrac-on 000 rs proce
hy 10 150 source he soppore prose 0 the OFT captures
cigolcaollyomoreasqalrmanllhe oporcrr '"r' ou.eiral
pyrohetots As a c onsequoce whe OFT hr. gralcl
sertoLloy a0d can ope aea 01wer I e-, pra'-'s wan
th-,lose 1 M10 IIn rocIpe lO woe OFT s
c tIaloted at a slogle teperpatluro 01th1 1 tange It s
capabe ot 0eas r ng'he-hody-a'C lamperoron
so051 -a' 30 (600 to 2000 'Cl

Usng hngo nenrgy a.seerators add extors around
111 oorld Cooler scoont ss hav dvotpaad tho capabIllty
of makong wey aocclotO c-ay and grY oa ray wace
1ng1h - -easlrmenO They h-ae also dergned now
techltos tor hncest0011 ng cstrLe 01 eaner and
otayrng hig-hencrgy -teraclIant toa est IhndaenrIatl
Lhre Poperpe-ots h10e been 00110a ol al a

unumbe of locahons ncodg 0e101001$ al we - ro tateM
Laae-LaogelN- -b Gbrrpctc. Ftrane ang at the eset-
schaht fu ShooerIoeftolshulg In Darwoat. G.,r
many Wrk.0s praoecd tIa nea herm too 0 h001
Na=ona Syahrsron L ght Soarce at Bekh-aen
Noatqol Labatory
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Center for Radiation Research

- Iinintant~~awh S4M juT srough to re-earcr o underssnod and measure
earpus foms of radstqn NOS prndacs rdorma.
con rath tised to enhance ndustria produd tiey

asure pud c healrh and safety. ePr.ore outer space.
centra poltutior. conducl energy research. and deagn

advanced tehocarrrruncauans eqtu pmcent
In the NOS Cenot fr Radation Reseadh (CRR).

sudenusts erarrcne horn decfronnagnetc rada aton ase
duding .sde fight and rays. Oed panrde radtron.
such as beams of elecrons lons and neutrons They
Study and measure ways i whc sch rn radiauon b
tenats w Ih maner rangmg fron elended materats sur
faels to dhe rrnoeuar and scbnudear tevos

-uch t ehs cone scdts n aesurai rrelhods for
measuring Characterrnnd and produing radiation
sources and stanards to recent years radiat-on
r-esaru has devcoped an npenant new rea ansrihp
o health andm d.ne Fore.-Pere d orse re now

trtyng to doeormmo the tong-range health ePecs of
hcmwn neysare to tow-le radatr u To dose they
need now measurement lusts and daa describig how
radlarton inrocts winh the human body

Coe rosoardh group '. CRR o studyig the chet gs
mectranarsms orogh wtiuh uo-eg- radatron attc5
bdogcal sYstems Such miformaion a rta to the prop
eraus of radiation toad irradiation prusesng and
Post-iradiaton donmety. a tenhnqiue uSd to deer-
mce tf a substanco has been Irraldied and how much
radiahcon it has seceroed

CRR onentets hane dscoyrd nvel dhyasaogwl
ancondans oa may , inbiht the enecs of adbt on or
possibly. en promote rececery from rodratron
domage Shme o the fMdings winch show how the

.strocru ot anlicoidams affecs = hr peformance co dd
be used n the dssgn of noa.t tailor made angrdan-s
These researchers are ass eoptororg the ide aructure
p inys m the behauor d DNA-bthse materats ridradted
cells

In addition Center scentiss ore odlaboratng wth
researhrsfrom tusat cnnersdies. the Naonat Cancer
noutute. and [he Armed Forces Radarion Resestch or-
stdie to study the DNA-damagetradatiosnssr6ty
uuidaiirrns m normat and Atah-mer cbds

24

Other research s aiding i the rod iw monitoring o
radiation used to treat cancer pyaents ohere the ac-
curacy wioh wh ch Uhe dose o admimaered helps deter
one teatment swucess Specta opteat wacegrde
dosmsere wih One same reosisecraracterw cos as
human -su e a ing deceaped or CRoR tneprove
dincat donmefty and thereny help reduce the dan
gerous side efects a raodltherapy These doseneers
are srra enough to be plced dalecoy low the body
Urruhgh cecenhtr hathefes

The r.ddomfpre-cong rtusty is grow ng by about
30 percent annua.y. n pan becaus e h use o seeral
cenmisca doontominants recendy fund to oe unsae.
is now it*ted by federal regdtatoy agencies Ionaing
radbton fr ecomp'e ccdd be used itead f EDO
(edytfene dibromdn) or centa pes r foodsdffs as
wee or sto .erdan eedw deuces "stead at EO
(Whyfeneocide) Radaron pruesng idustries aue
indatled more than 200 radition =urcos to meet the
new ndutril demand The Canter has coecibWee to
thn toesrctogy by deoooPtng radtson st.adards and
nprowed Malot qauabty coend synems to nontgr

raditern doses s that stely sterdoed prodcts are
detruered to c-o.smets

A By .embtiee an
tt.thigh e.core

higb-rootate o sti-
Oteg eltoceen rtee-
-aope Mthta tw, cent-

postM eltron pin-
potartaotton dtete.r,
phyipactts (L to r.) G.r
Hembr, CME, Robert
Coteto, John Usgart,
orld Letot1 Pierce won

the .rgnetif shaster
oat o urlteosa a eon

phyewali strutnsoe
direneotes - noft -
50 oegotesrnom.



The seady growth of the utc of rect on ' mrdec
,dvitldat and enegy appkcal ons has edaed a need
I.r eoreased asecrc of ereascreerent acourray A
svyrm of secondary orafors hat wit provide Ah

svppeding Ieinces iegvcrd lot eresorerer t qvaity
assvrance s being decetopet r jonjuncionwth o

fores orga-aos Mther. ve state arc federal
sectors These aboralor~os tl riaet docirertid per
oimar cetera and use proFeocres thal ah-eve a

hrgh degrenofcnOfsOiec-y vhie standards manta nd
by CRR

To prodvce rada aon for eeperimectat pc-poses the
Cofer belds ard operafrs opnisicated accdeteatis
and ofher 'ad Awn notices dhaft shares cdi the
grora scet rfc connve y The argest a the Sye
chietf-c Ult-ttaeol Radation Faolty (SURF 11) otter a
bacftwos - rei a wide range ofv uviernites go-ern
-eret tahotaords. arid pivafe comp.rt.s

SURF ft 1ove of a tev novices nthe wen that ear
provide orifruiocs ad aton in the uthavioelarid seai
t ay region ot the spri- The speiat propers of

dih rad.a on nahble NBS to us h. isnictrIol -ce as di e
vdy absdet 0atsat rado-renod haard ,n tho Ia.

ultra-trt range Of the tght fspect-um (below tea nao-

.Physclst Peat

ioe-chamber type d-
tWster In .c ttiry

altbratlan Ieility (laser
bt. i. t ututd to align

the detector). The ln
chamber will be used as
* tearntbr standard'
to cabubratte s-rep
seances end other
detector.

Irtrs) ft s used ai a research end eatbaorin MI by
-nerov n se r seit.s and fo the sudy Of popcat

popees of n-ateraiv e .rar arctics oozta_ o
dynay as ad od., fieds of -vesig=o,,

to vwlabetafloo i ore Cana N osdarOh Laboalory
and the Un vers p oMaMyand. wth a ppot f pidhe
Natrw- Sconce Fotaao ahghfrestIto spec.
relroter was .- rlay en SURF ft to pere.t resevice os
die cynaviws of energy haiteter in Aves and eredts

0-ri c enrgy roat-c to O times bner rthan evs

ptOcv.tsy obla-ace
Other eigoing CRR projrcts w.t aid a wide carely Of

dhrieicat and practe1at ¢oectit and tIhriotobgiat m0
ve1 gt cipn Thmes protects mvdve

Cprbrn rg eann - eug ecOc mcwrospy wah
esrcr potataatv ahatyis to poduce righ rrostut-on
magn of cerecopyc magneto domai Deveopedin

cooperaton with toe c Center for Otaruradrmg

EnrIgmnI rih d sesnewmasctrce Ivehn quvers berg
usd to atudy sber -cr 9h eragneLc merestiev Of ad.
-arod magnejlc mactdea it is erpeceId to cave n.

penant appycat~oc n a numiber ot fIed Oto huding the
develpment Of h gh-denty eaghnete rcrordIng meda
force, erifr end snat high effcency dectre -oorre

C-ivrecthig a taco-ca microtiri (RTM) election
actehoraot that or he used in a ear cy of radoaion
research prograv-s of mterr to NES. odre gmnem-ere

a -enci inWduslial toboratorhes ard c-overey
ra-ach-r

AEsabihbiNg anew co brahntno sevie fo- r beta per

tdo ¢urus and eaner crumcnb toI. s r esa
udtvd in radal-vn eonforrig In mecadci ard nudlear

Cat bri ng ieckr-. satfelte ard sahUIcboioe .n
stitmehis used Wor asure fo iUavwtet rodatis iron

the Sun and stars
.ov Deeoping wOtmic physics codes rioddd tc den-
Ofy atmon -es prodteed by hot pa.o ,.s in fuso teas
1,Oh and vir coripter codes that de- be c.o1sial
ictoraclons between errs and plas-as These codes
provide data nhenoaty fur mooctirg un n p-asma

behavior
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Center for Chemical Physics

amttornsonaI rteorntlorat rngaoss ta coerbaonbo
and botechndtogy ore tmong the applaations of

_ resnarch conducted by the NBS Center for
Cnemoat Physcs (CCP) Center researchers denelop
advanced reasurernent eteeyn~qf sn sur

t
ace scoence.

chemcat unetcs. rermodyeannn end mete-uttr
spectonscpy UnqN thdrn teonniques- sentats can
aniene greater understand ng of the motecutar tonda-
tors of neprrle physcochemtral hystems

Many ragidly groing areas t Of technogy itntudodng
tee deuetOeyI r of high pedromtance raterain omm

puters and sem-conductors ant - nudAne cearacter-
uat on Ore Oiust ot NBS sorane nuance ronearorh s In
develnp measurement tectiquoe tOr suro tce uhtracter-
aeaWon A second moor geat of NS surace eoieeoe
resetaroh is o determine the structure and reactsirty of
mdecutes adnorbed ea surfaces. oeptatty thdoe e
penant in oatayss To conduct f ,n researcn tne Center
ias estabasthed seme unque eatperimenta al non

Center enearcners. fr en ampe. constructed an atom
probe fid on mcoscope that has seveal. rnde fti-
Ires It oombien prncples ot teod on mtonoopy-
wh rcht prowrden magon orea crystal strictures s rdcidaua
atoms at magnitoarore upto sorat miatt e timo - and
a time-nt ifngh mass upoctromerte The mocroscope. a
powedul loot i materials anedysis car detect the Ica-
tions and main or indirdual eltoms in a crysutal structure
Wbth I soenusto can probe regMor rang:ng trom dry
angstrotns a d ateer to ares 8sttitamen as oide Re-
earchors ftrom NBS and industry are nea usng th,s

microscope to .n"tyze hirgntecntrhogy antlys

The NBS sychriotron (SURF 11) and ac xray light
source at Ohe Beokhraven No mnal Laboradtoy tre being
ued st study Uhe bend ng of atoms are -r-1eouj to
oudact ot mewtls aed ooiden C-bisied wah dtn sut
tace- sensuLe moiods ,tis research- 6 prording -ne
msghts into the geometrical and electronc structuren ot

tmdnuln on surtaces and the electonic propeoton of

he substrate The ronutis or the r-scuc.h coud hedp
rpon o -rotaln used n decuonrs and este htghs

tecthttogy Odustrion
The Sudy of chmiCat kcrer.c at NBS has numerous

near-term appcanons. patticulody in controlng and
monitorg enorroome!nt pdluton. W m Werest u n
dunty. energy. deense. and goedeids eupes Ft ee.

mdPe. Costor resetrcbets have ptoposed a nea cay to
monitor Ore efecbneess of the burn-ng of haeaous

2S

wade uwng tracer ceinpounds krinont to be moe dir-
fmult di desnmy uhan the hbaardous compooNm d ine
caste miuture

They tace d conducted the ftso detinie Study or
tue chotnem contester municipal sld dtaste in ure
Unted Stitt Tha iok ptosden a -mptat lousda
ine tar understanding boa cirterated pdlutianat. suc
as diocir are toeed and destroyed during dade is
_neruaros Sponseord by tre Department of Enorgy, Otis
tetearch opec 01 t aopetadue ehord atrh Uhe W.barren
SPting Laberauty Uned "Kmgomi .to bdy aste
ceibu=ion In addoion. CCP -oensrs ere coopetatng

A Phys.Ioa chemi.s
Engeoc. D-Momali

cod cogioccdng tohnol-
nice belly BEuce tscnc
ie tht. NMS 2.5-ilo-

grem _omethcctla floe
lodmctc hr to, coco-

pedehrco to meesoec
the hectiog -I..e tt

teloe-dterod f.I
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5" -~M

wth Hre Sotr Energy Research IFWtute to prowde
esuaated Urermodyaham data tar mps wangene nr of
soe was te

tndusrry is interested in the Center's re-eory patented
idea th1 neuId help serve thetnatons aura rain probt
lem Center s enertr proposed a new dresat process
tar renov ng M.e tozrous pol taunr suWrIr dourde rare

arund, gas streams rh -h tood pgere mo-e eofren
and mrhalte.O an din sturry syWVens presently in use
Odhet Center s-Wnets are camping and evatastng
th r'odnam c data tar Hue gas deanu.p -sNg current
ftsst luC teuhrotogy

The rarIonade ehn to develop mare etrurnt and
tew po.RlIng comtsbon systD ms has created a grw-
,eg nOeed tr dtrem a knercs data and models NMS a
worhog to provide rhe swenttc database tar Ur
design nrodlng and opt ato o high-teMpeature

processes WMt the DepanonlI of Energy. NS ask-
,ng researrh groups througnourt Me Unied States to
oooperate n prepain.g an esteWted thrar--J k-rarrs

database of elementay sunglestep reatons tar use in
norbuston modeing

Au pal of ts data enWuutron seruns- the Center in
centuncton ah me Standard Referen. e Data Program

produced anew net 01 ta. esol htrr ntaarnhrmody
namt properDes Ma e than 60000 relernces were
used to corpte the arpgura data whoh were then
rarefully evaduiend and checked tor thermodynamc

uotrueenny -sng spetotly deve oped -aenP..r pro
grams Thre Warei have teen prucirrea ty -nr Ameri
van Chtemcat STriey aed Uhe Amer-an Physa-

Sovety
tn the NBS awson or prourdog Uh meaurement

base tr new and grohng idustri e Center is
begirnrg sude.s the area d1 bthtermonynam--

CCP resnarnnnru are evea nmg CvIWng imermodybamrc
data to t-tiate Inn propenaes ol impnnant brlogcat
biading clocks They -ar ekammmg enaymne-dawtyzed
m-acbon ar obtain dasa on prwd Iw tormaron under
wary ng process cendru1 s and meassrng re ener-
getis d1 udeic auds by corbctoon nbtraarmerry

NBS-desgnnd murocalorimelew and a high pelor-
-arce Irqgud chronatography roehgqun devloped

and vauldaed tt NBS are bang used to nuMnagare Ure
tHer-odyrramus dt -w.iato reacios

n a related area. CCP and mhe National Fouida.ic
tor Cancer RPseniuh have utabrstre a coupetalso
rffeareh program to study the dhonm ae betrawr 01
-rea y-ennyr These pgrerns amearpanant n DNA
repuaton and nay prapy rode at Me gr-ot 01 rurons

NBS reor-ners have developed quantu- chemuea

( Reeareh dhesmb
J7eriter Co.i4r

ed Dose. i Kindle

Prepare Smndird Refer-

. W G ; ; ~~~~~~~tihb pr anebion o s e i-n
the ti eod eae mkd

* _- - _ k properties ofefeds.

- -1! - _ iaiok~~~~~Netgles matenial

computarion techgques to haz utote boo tom-pen
syle-s of organic molecules ntelaut wth mmml runs
These aalcuialos o- l enabte mho to predut Pnp-nau
,--,ne res

Anshet moapor eono n Uh Center s a stoy o' the
propodnf of weldy bcnnde mdecules Center suen.

lists are prenny interested in hydrogen oending t Inhe
molecuiar level n tronoersid prae syoTns They are
asuplar theaerw troSprostropy.h a hrr en rared and

m-rewave e-pnretla reuits tloezapn the hghly
reorted rotation-abrlo.n spent-um 01 hydrogen-
banded mdecules Pram Uris nphlp ostoprtr data sren-
tots can obtain bood sengtns and potential energes 01
mhe hydrogen bonded systems

In supped of the Main.nat Aeronauves and Space Adi
mmntrotron 5 plnleci HALOE Ceter scientists are mak.
ing very precse spntooscorpu anasurements of hydro
ge fuoi and hydrogen cr,de Th, work samed
I btuaden-rg 'h dataoae used to mahk and esatuate
spe-troxcopc measuronenrs 01 ualrnsphero censte
tuents by ground based and balor- and satellte-borne
rotrments They are aaso trlaborarMg th the

Chae-a- Manuflrurers Asso-a"rn to denelop Uhe
spetroscepy needed Ior nhe dare dted on or pace
ompanenrts of me M.reosphere Mon recenDy mey
dudred the compound hypochlorus ad. thought to be

,rpOPtwo iv dozne dstlructun

27
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Center for Analytical Chemistry

--
l g ore bhan 50 Murrn chemCar anyses are per-t

W formedeaoch yreb r he Unhted Smates by soenrr ,n
v N i ts and tectrtsch ans me gse,.rment etdcrry .

academa. and prIvate and publ~ cesng Iaharatorrss r,
The NBS Cenet .or Araltynrn Chee swy (CAC) hreps to
ensure Ire accuracy of these nalyses The Center _
serves asthe fnarons referenceabcatry fa chem
camponorr0n measurements of rorgan- organc.
gaseous anndpanuare maeras _

Ta hepsaue nahna pradenr fret Inoae natytly Y
ohensry. the Center deneaops accurate ereasurennen _
eefWads and Standard Refrene Mterds (TSRM s) by
f )nestrgatrrrg tunarnenaf chamn and physcs I

pyropies to daonp neat anrdytIAt prcadares (2)
denvaspsrg aracybua mehrds. oha chave been r -
uescgafed elhalrusefy to letane an bta hlgh
m easurement aouaracy and pr t 3) eenoan _ g
and modsyang eong anahyr mhothds ne dud.
new sanpre types and to peI-,t accu cean . em
at samples ccl fusser earmenbasUns aortpoan i
uftem. o atbtnuents. and (4) pedrmg staoatdCa
on research cftdeg cenrrcafon mrtod bore-
posruorns rm SRMs_

Much of fhe Ceofer s reoearth has Capo,,t apdc i
bansrn fteuoogy daefopnent For., -pe tode-
srgn neeb hIghra fe odgy machines and mstrume,,M
engnears must be abe to predct the permanun f
mater als such as alloys. CaPorten d . ectrc
componsnts Theperfcmnncefhrese i slk
tf thler chemeaf co-nposrlIon and snu . o a
m--roreter suae In cIaboraron oh more Ihan
gace -Orkes and research ssaat the e erm_
space. meas and eletronrIs rodustre. acadenr.
and other eal-nal fabboato es. Cetm surenttsF e
ung beams d neutros and errs to measure aemenW decces such as to
corpsrt-rars r metehrs rmpona rn htgjtbh-f qdgy a Centor prce
redures The data corn tense ttnrchhqes-seutn cand ao beuse patces
depth praadng err m rOps1ebe as rdd g s enretdcn
cusg dVURa mage pracessai to form conpueo ma organents Ot o
maps These haps wtn tesdubon at ahe te- m huIn the a^ er-
dreds of eanord[whs ens play a maor r Of SPh-e thae Ieee
eselautrrsg rtaafrenntrrps behnen hre dhemrc e on- pr
posnte at materIls and atedr pe dmttaoce n e pus a e

In the baeacrhdogy area. de Center-s woat las fn Cnd tIm rqee ar the c

Iccses fo deyefop measurement mebrods and sDan- meed Mat .are thet
dards for use re separang. denrfymq. and measr-nng naMeyca ohrrey Uo
bomtcnufen and to u are uery speo.a1-ed reactan enfrds cethrms yr
proPen af borolb enulfe thfemseives smeaurement crentyof conere bar
rods Thrs researub oin gwu screnacts n bhe pbec and cremoaI cemportn
prrIafe sectors the means to determine the purrly of hRMas cauer a s

_;, . -- .s hr w,

28

huran serum,. meals

dr.n produced by bengreererg
am at bfrenaoror? The research
Ms N.ue epplma-nts as denufy
mmeroaly rperam tha nd adrm
nlae prataes and deetsmtrog
aguanets en bhe geseac make up

utsremcaimeanaremeatmebrnde
lohng edge O? tetelawgy.

1 prdua hIghly accurate
-rneataee of quanteatru
Ung these metfros Center
hemal conunntruabns for a ode
ple typs and haun cented she
f more ahan 700 SRM's. These
Ipecrum of rsrgunrc andour
a uarety a -mabs, rdudreg
ges. nudear maerra. end

A T chnicb n JD
Non b adios.. 55.

.nc phtonr tn. hIchRoe...'."oje. 5e

50 ood lort1-1n." todad Ion
Zffbirtrng ahs Mn-

000 phtoWoe te
E.sfrensnnr5W Prolt
ton Ag.noy oglena
0b oo.rod.d-
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a

* gas-es Se-n s s ve vmr the putYc and p' cale sedo's
use S5tM sot aseess the ave.'avy o nerc vyns anarynas-eSRM .d o - m

S n one speo'u a'ea o1 reseed'K Center sc entTds szee
* very accurate mas specnpmetry to dc e c hdrhe dOc

raups They ha- toar . pie tenry redeterrred
the atom cerghts a gad rnat dsl er An arsrare
atste orTheaoceytrOht ofat uns rpvnan! n the

serrvnasdclr ndudstr ahte an aPCurate ndv ueor
sr.t s heeded 'a dererrn no rcdsarrer-rt d fhysoat con

can= sate as the -aralay
* The In-tcr ratonat dee, C m.o 'n has revert

mended to the Wadd Metedrdoageat drganaateon Mat
CAC o-ohe crss- s evon data br aeaepten as the nter
atOnet sta.dard These crass oeavs rpotalt n

deterrn , -arare erncenrrar prs at o -one n the at
mosphete and stratosphere are used n the neeng ot
ozone atmpspher-c processes ana have atreavy
sgndtcandy redtee preYoudy repoded d.srepances
fhveten vers- (piano and satellte) and ground- ased
ozone neasurerents

Usingp a setoen(Derp

melep lnnlrustrnen mart-
alle rgie Dade Nebtut
hn abl to mep thIr di.
tMbotton ot eleeenn
bLth en and betam a
.smple' sar.tssf .

Center cent o a'e ado .e.dvprrg hreahu enrc
methods and rerersene tarerats or sereored ''anm -
and haee en'erts loods and body '.*ds as oa".
mate SahonaCancer tesae edenh ogca St-d. '

_es theedect Or nu "uas a -ance pesenten
T. erosde thy mten accurate and highty perp te

measurn-ents that a'e nneede today Ceo"'' '-reta'
ers-have 'etdgated the rtnravturr heseectn c.-"s
ragraph cPdumn n'ateTrat and 'he chen vas r -W
a,'ratd ttng tho resi dtsnrs nsn' )' C' 'Its
te aSe to dosetop vhrerratottraphc s-stesa e raTd

e he separatenand a'athyso 0 spetc p'ganc ocr
phouds onpmpien samdies conta n ng nahouarrd 0'
chemnds

to vher ortk done to resPndp to nens y - rme' '5-

ars'tg freeh eat hand er r r' teres C.
seentsTd anatyced se reac' ve gaes r s c de
nr'ogen de -de and nr- c ac d us'r n'rared 0 ode
taIses C resate d s-ep.atc'es T, ,.asurnrenth She
anatyzed chotestre ad ever vane - tuosts n human
serum tot prtofsency tesing I aveaera eth 'hr
CdAege a' Amercan Patheotg gs end geveoped a
dnese paoetate SRM and an' tarynuv ear a'vra'':
hydro-athon tetererte mater, wdh the Cded nd aq
Rescatch CsettoI add on hr; the' pded trace
otyatoc retetence nratm~ats fte andars's ot thea
peyvntorsnarnv fphcnyss (PC8 s) and Cho',rs anan
cooperata atth ndushty ana the Food and Drug aO
m-asrater devetored mcrospecttuor 'metrc Can
cards to use t eda research

The Cemer Pcooperahnwth StehnE-nrre"'
PrFteeOg Agency estatbhed a plvt ehertanrer'!
spepmen fank that cohet-es en'- character ed tsr-us
cat sam-pes te onalysts ot vhmnrsds preen ,n the n'
- -rovere These sampies ca theused at Mv tuture to
esauate enenonmentat chaoges thl may ocr oar
emr and d tp o dangu sh humahcausad changes
tree hrurd o-es The prorect to hate has M ti. ca
dnsetapag ana.y-C.) pvtetos te saI d ng process
tg and Stor1n9 sampies. eduang anatynat metad,
tor dvtermtOng trace e ments and orgamc pttlutants 'n

Adogcd samdes. -stad'trng asselmte dataeon an
tented erehanerentat spehaens and evadursg thn tna
S.Ohsy od toog term saindy s.Tagd under sat ass oond
Ides Seseat htmhat oeal ccnterences ease resulted
free M. project and oIbtaltBarqn has espanaod to
dudeten M ateNetOb eane and Ansnftphet Adme-s
statton. the U S Dparnment ot Agtevtture ard the
Food and Drug Admnsstraon as wed - the gosern
meot ot Germany. Japao Careaa and Seaden

2g
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Office of Measurement Services

R etiabde measurementscan hsp avord costty
manutactur=ng misakes and ensue more etec-
true use 01 products and systems They can pro-

,de the basis to, sound and eConomis envirormenta
and satery regulations Good measurements can doe
Improve healeh care by ensurig the edidoty of diica
tests and procedures

At the heart ot the NBS mission are serves teat en-
sure the accuracy and compaLbifty of measurements
on a national and rtereationia scale Through these ser-
aces NBS-deudoped measurement techrdogy atso is
dscemiated to users around ihe wotd Two such pro-
grams are dirocted by the NBS Oice of Measurement
Servies Ihe Sandarod eterefce Mater-at (SRM) Pro
gram and the Caibration Seices Program

SRMs, produced by NBS siee 1B06 are srad
hnmogeneous materials that have one or more physical
aedlur chemical propeeles accuradty measured od

cer-liod by NBS They aro used throughout Ue wod t o
catinrate istrumens and evalnate test methods used in
redustr al quality Control redicat diagnosuics neuvron
mental monoring and bahn metrdogy NBS curren- y
maitais an inveetom yo about 00 ddterent bRMsW
which are described e the NdS Standard Petemnoe
Mbaterras Cataig t18 d87 NBS Speoia Puh1cio,

2B0 Eah year NBS sels nearly 40000 SRM uts o
ver 1t 000 customers mcluding 2,500 foroige

Weite NBS has been prordig basi measurement
seruces such as SRMs or about 80 years the as
veeraten pace uf tosheotogy development has ca-ted
or new and more accuratay cenified SRM s Swie of
the most revengy developed SRM s are used n high
techndogy applctlions anedd maerials pro-
ducton Thee einude SRM s des-gnd lor odtrolting
the qualIly ot ilegrated circuits -Or evuoaling the per-

turmanse of automated anaytica istrument sysems
-ush as mass setrp meters, and for nuatuaeg the pr-

ftrmanve propemes 0 new materias, such as ad

uveved lubrk atg oils
Billions of ty (10-micWmeter) pdystyrene spheres

made aboard th Spaca Shunle ChateInger have been
centied as 3RM 960, the first produd made in space
to beodemed or sae This SRM is one f a seriesof

30

micro- meesrona SRM s designed for calibrating par A Mechiniot Frank
td- aeimg quiuMrnt cusd in rcrh fitddu au ureriigy ' Mills - * lath to
stoicl chemistry environmental motnAg. and toed chip Metol that will be
tchoogy. as welas i the proda ot printing inks grund, ived, end
enpoisive pwders. and cement Deudopad by Lehigh blended Into . tit.niun
Uniuersty aId meh Na.nal Aeronautcs and Spa. Ad- .11oy St.ndard Refer-
mmisrallon SRM 1960 was ceied by NBS i n Metetlo1, whibh
cooperation with a research associate spons-red by m ftaeuer cill bh
ASTM. usng an array sweg optical microscope able to ue to CoMtro
lechnique the qualty of their

tittniew producto.

:;ZIA----- ------ -
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The seel and bane metfas usir,,es uso more era,
250 defereNo srekr-e mater"a" t atere qrady Pro
dun and lo albate ae.ten d nOeeasereerrf Wy-
aems The SRM 1200 sores of bw 'sDoy sees. Prepared
o NSS Weprfiarrons has been Ore eardard for uhe
lowa-aroy 0 rndursy for no le.an a decade NSS a
nbre propessof repa-ng hr enr sernes of SPM s by
maferas Otaf nine 0-of Deard speeleaorm OtCher
rOcenfy deyefoped r1.1 SRM s ndde urrafyed LMa
n- rr Ew1- boae ard sober elV n sed cas se. aid
ne ckflseetS

SRM s are used M0t ary rAmercas bese nodunres
and mandacturrmg bW dn to areas mppori D0 peble
hesA, ard sarery sudh Is eronnmerift rorion 3 ard
d -c eerery 5nowBa- h. cr 30PSRM s 1sup
pod c neat dlir sry meas enrmenS and seer 100
SPM s for e-r n iororinnu tes rig neu rng 0Di00

SRM sores for use elfin aniatlss of uape prgarsc
pdlefan's

The eaIhbraton and other physrveasureronr sor
vries prmnded by NSS are as ensenat as ore SRM sor
vces SBy e barlrg a nefy r ease-Ireesa
Walds and nsrariris of duesfy ard other gaeern
cord a-enies inse se-roes protnd b e base for a

mpere and ponsrson a $W0 yem of physcel
naserremeftS NSS ofers one- 300 orft-reof Weaibrafon
sens cesnrd are descerbed rn NeS SPec.] Pot ea
t-, 250.td Ca:, 4 -= Ser-- tGaD; Cde
18b6-88 Ber Cfn rodude a nor ely nr Debbdedsen and
specal tees for perarN parameters D ndedr,, fen
danenratqeai n (erase l.nger fme abeuracu r
roof and eepesatuin) arnd der- oed qpanuttes (-uth as
feUode rain eletDJresnaree spenUafradda-ce
ard icr-wdee abenenual) NeS peorrs nearly 75000
ceL bratno eafh yesor pna eaiey r o"NumenSa0
traoser sfandards Subm-fed by mere elan 1 DOO

rN is seer nug searfih to deen
0

few - inasuieeft
lre tmees and deeop pirordes tenew sorseos

NBS eorks veiy dosny arth su.h nignariot as Mrie
Nor on's Conrfereon of Suandard s Lbooratorres Uhe

Caousr -n Opfwca Radraro Moasosmens. one ore In
nto.e fr Eler-oncs and - oEle Eng neers These
argar-aagns hn mereeDy .wed seyera reporf
aed at os, I NSS 0 pacari futurepnyswa
ceanereneor Det n acfrofsr

ehrr eesfencs propery one Wertes adybated
by NeS they ca be reasonaby essured of aratae
ceasurmeen's corr rabaranes tnarraey ewe
o -fwwear UMe devee daaietd on DhpreeN d

ehe, fardors (-,h an aedeued peraords or neron-
cent's Condoord) Nhmper -rienra meer~enee's Fe
custc ers whose ceae -rtens cue be of uhe hrghee

ned rany ard frabeable .eaton' -easureent ear
dart, NSb has decolped aIlmod sombe- do Mea
k- Assuraa Program (MAP) sercees

VAP s ar ee -.abaroyty tnst ,g prwqts na
rta peec pant.,I r osreare Urn pe p enooe of Uher,
k I - -asurnrent nyj s ;rn ae to ea on'soa Is,,
darn. ma craned by NbS and to irepero mare of
ouher parirpar g Iaberatoies NBd oers MAP sor
eVes fornWonoat eseane. doagro par rn
rirsarne Mernos massgage bocks waa-loor
metes taser powa 00d ener00gy oPt- roIere-ec-
aene ond optear rrarmdma~e MAP shaye been

sbhri to -pson fin piewh on and a-curapy d par-
trerpants ceaeerecenrsysecssueoatty To pie
rIde reoraond 00 how D Set 0p000 operate a MAP
NGS haf PaUedaa tao ueaureiw ,-- aes r noe As
NSS Spe-a' Publ-atons 6764 aid 67B ti Measure
meet A-ueraoee Prrogras

To erha-wo the use -f d or e Mrus-reme's
Urroghr the eente -Cr-mu NBS has arP
deoeoped a srees of sper's _easeremer aereranon
semerars ard 1ro-ng CJarsen oh-en re had
per.-d- eay at d eerent Irordto eroughont re UoIted
Strs These sem ear preede r- oa.rertg bede
measurementr eliflesge and nst r -ea enaleate o
measuremeer prCOees and are 0000dd0 to asset pr
reipents esrDabhisirg igorous quagt ryeua p p-
grams in herr oedbratorrns Areas easored by rese
semmars refude eleetrr-n ceourernents powoone
themneerry and aibraon of ps00 gages NS 'saro
aorne a -ery ppUWar -eontar n Th. fin d of demcdi

ncasuremens w0 hch rne tr se of BRM s
d-ers' measurement ppleDa-os

Af Here osgln.neig
I-h1ohleil Unwood

J.I.sko cdiboa...
foa-n is g Drsr-
m.nt whsoh is In tIn
need Wo alilb oes eq o4 -omes rlmos sebnse qulp..m-nt ht tof 1hes.
cWreneh f m.rtd.I.

31
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Office of Standard Reference Data

S ntats and engaseera ftrqtay fid a ddtcat to
be sure aban trhen rdabiay ol data r lechn.r

paters Yit mesartih and d d-an zmernedtdoneman
banad an radteqate a autdated lehneaA matNraanar

oater 1 thre costy pverdesgn t mndustal fadties
or taura at prducts_

Pesearchere at at tanI at industry. ganeranent and
asadenia depend anthen aluatad physcal and cheni-
cal datatasas deveaped and distbuted by the NETS
Onon t Standard Reftronca Data. this pgram a
daed by the Standard Ratamanse Dat Abt (Pubhc Law
90-396), -daranatas theahtstoes a 23 -nstminig data
ente and 40 ther data eeualt praets Each

data seaer monsnrs an anpesast scenhk ara and

deye op n ad sarba-s n e s aserl databases, h'
TaeesmaierdTiam uoe fohen answerhe need 5' ,

sp-Ara-nd databases in pnaraiady arrnnais areas a.
s.ensae nnd lechralagy These dAabasas i nhe
mada ania-bne taste techt cahelrr- ly seyerat

ftannas pabtatrd. comput ler-reade o -i i

Tho Office sw dahibutes 10 manp databases a
compuner- readapb te at an magne tLap inS IST-
daid Roferonce Dinabasa bare s I -w. th e I
databasos are mare acceeibe to ta mtyo u se Ind - 1 J

can bh upbatnd mare asilly Thasa da basas hi

numeraus uses. such as 0aniit~rng ane stat unktinasin t ¢
_naaunteren in dittratI enaramntsin phedcag}

dhemhat reactan equ.ilbra., and drsgmng ndnd at
pmeIeasIs Far e-aipla. Tha PhpMlt and Chargd P.
de Daia Coanie has tea pepared sea such databases

at aucarato c oss soaton data tar inithemreatnatsd
phatus and deehnasw a manr Thredata ame Ruds Aatdt"yand 0
needed by many sc=rets waring mn energy -rhear, Eletrndyre SWnuara.t

manct physs. space sq ence. rndadat starlaatnn, See t sthe Off-e

at inatesins prco-sag The rIt, catted Phatan At- bae deudaiein at

tehuatian Caetlcients in Materia, senfains data penar nd se in
ing ta the intera-tian a a rays and gamma iays ith datrme ha nte

aubstatyns in the energy ragion t keV and 0 DoGeV herm aura thi
The secnd. shch a known as Eltctran and Pasnra soa.tly saftcansasost

Stoppimg Pawers a Materiate, qnst at staping NS5 Chemnti Thorm

pawets tr fiestra s in 285 matertes and 1ta passtns tnn dara an tha shen
i 3 matertats ddsaebs ininrest i the aningy range suts , al tasay
tO keh in to Day- sth-inoes

The ser databases pr-serty nwahbbt an magnellc sa araains u ft

tapeam NgtVNtFEPAPMSDCMassSpetrNData- d an t
base. N85 Chna1ca Thoraadyn-amos Databano. N8S des,, tan hn qua
Thamaphyacat Prapeaies d Hydraarb Miuses , ed P
Datatase, NoB Crasat Data Idantihanti-n Ate, Thara dyinures ba steyr

physati Praponias a Hobust, ntranste Fanian Pra- pate ad etrnalat
gram t Caldtc e Thermaphyscal Papeniesd i Six ure erasorre. adrde

32

e9tar Cruora.ts f Aqt as
:ad the NB5 Stem Tabes
e sent data eauattcr and data
a, mmnvs sthe use f predaiai
iques Thse tahMque help

.sur, data and prayide intorna
a patcuiar databeses scion-
nAn -ampte a Th ta edat a the

modyaaase Database whch -orm

Iyotatsleri wih the tans d

aRud MiWtA-es Data Cster are
I whb i reae ectenttts nT
rises at pane flodIs see nena-
as data, in preden prapesces a
pettan at pare nu ds. and to iner
o deaa Out, a ran ge d tapera.
InAtrveo a ntrabans (ia mituses)

A Ptteit Steph
gebree met.tt en an

-elM.d, Intlee
u-roy attedeeell data-
oaue desine~d to bet
end tn mdalieetb tsattty
end medicali physs.
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I ' '

N .. R .*roh oh i t

wIth tth JCPDS lt.,-
nt.ttlotl Cf rtos tIo Did-
fflllon Dttta WW tI.l

mo ord pdod. d*ftoo-

tit ed hd Osa 1.00 ..

Wih sahdr tch tat-tdes. reseacrhc st ge-eatfareeted
sarampelsd data t.ne to, s ,te potdtmaaent

mtattules IWtd re asptrble to pano, ar s to,-
mErWoa oa tt soba mattures tn onnted Watdo, too

To makte ge Stantdad Reteneae Data pogra, sun
Cesslut e ss mnagers must be awIare u data rN.-re
rrers atn th US teCSnto atNrnun 'V antd ootatn that
tommundy S anss tancat the Po atf Pronrnrg needd
data Fo ths reasoa. pram rr-ag-en oebatoare
aro, a aanetY dtmhtnat ard protes-onat groom
Th ese t erx tfateat arae s o aoMraderade
anntoce atn hnd to the program an wet hoTrghere
tI.tne routeso, d -eserrtan of data

For e.amP. tate Nat nat Asundacan at CorIoson
Erg nears and NBS thaae astaUthd a odnt program to
Peo-de enatuared -aroson data n aovs ,et other
naerato Ct roson t -ararata ouch an n-ahn nary

4_

ard btdgan tast Ie V.Unted States an estmated S167
oDtonr a r985 Th.e ne natatratn e ettot w anted at
redang mesa costodsuvgh mprped ut catma of
matmats and apcoo of good nt-nwrrpson pac-
hoes The Offc ot Standard Ratren- e Data has
esbtauhed a new Cntsod n Data Center sthn the
NBS Irrorrut. tr Matearls Scance att EnGeermg
The data naeter wt patude -ovra t gbdanca or ate
Wed6 e att atat t the poograt end wi a ,re to an.

fV of the data eatuaacr6
The O effc o Standard Ref-m Deta a!. inao-

rat. oAh tht Detg Itstitute tbr Physnt Protxt es
Data (DIPPR). snptraed through the Akerruan ItwAbra
at Chamcat Engnears DIPPR s purpea a to pronia
rterea dat to the cheacat ndultor by a aneana
t n of crtcal data enduatan and enanrattt men
suremrnt The mare fhan 40 organ-.ar on tsat spopn
DIPPR atatuda wanparar ohnt mantactureare at - s
dettgn p -vcatoes and POants and proade a naerty Or
seturnes to th nharncal edutnty As a re-It ot this
coPxratwe effpn. Once w t d mnnate te -rag
netc tax nerson ot the Am-ran !nstute or Chmatat
EnG neeas DtPPR dafabe

in addon to newE tes the ODfeof t9andard
eerentce Dafa e. uYs a nathar nf ang-stanng taoS-

eratne arrangement ODne -n 14 yeat cotlaboratnp
wth the Amer can Chemtcal STnety and tne Ane -can
nt twat of Physcs to pb s the Jouaaf otPhysca and
Cheenct Raterence Datae the ttan D-otted bou!t
char.me tor na Nataha Standard Petererice Data Srs
tem The ourna presents cor; 3tano ot phy-siu and
Chdrarcf PF'p°tY data ha hawe Sean heatated by
scenfst knuladgeahe m the eatent ralrd of
rmaearch

Th Amnercan Che-na Sun ety handles pranoti-n
anad sutir.~ons as wetl as at sqoe snrne se1t1ng
bound ottprt at atdes The Amt-can nottute a!
Physcs in respoatbi.e tar cvor pentnn tnIng and
ma I nG .hia N6S pro tdes techncaf and edMunl car
fdr By opnnt ng thu eon and actuary anaannarng
the results to theai atabersh ap these tan prolessnana
soatas anaotistrate their reougnuritftt. the data
npornannce
These dara. ae deynop.ern and cmanpracaf Ott

ties are ternty rearmenra na tohe large and oatmpr-
henswe enons through wh ch fre DOce of Standard
Raterene Sara PDrtpdos up-ta-data -auatad -l ntirt
aftr-aOian nfte technica commuity
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Institute for Computer Sciences and Technology

One ot the rood s gnedatnt
tot hnddotott deeIdOn

nt the pas 40 years.
corrputer I'ddndoti s
usod to tar out to.d
nnaautatunng prot sss..

loaugnoi Oe p attgrannsnty.9 PutOg'o Wn
tnarogy produds and den

vic.d. and taad ;ang- _

once and egntoerrre
searceslhassat e

C gtnrer thS cen and

d-I.M-net .thgh-shs :t

Th NM he U. f,:K

Technology (ICST) pdya. .lo2
vtac nd uiqucrd eopr.-
ecng the standards.pecpo .-f ..J:

gudanconeeded bygov 4 i.I
ern et and indirry 1.
make boer use of aput-
er tchndIdgy ICSTs_1

dusari re-h odnhb-
ude to doe donetopeent otfu v
bette ptedda .the g-drth
ot nrarkets. and productive _i t_,
app tcat ron dt cornpufer _ a< -
produdt and serOdes_

Through paderpat-n in
thod ddetpmenet otns tonal^d ._i ~
and internattdnat vdlunta y.- -r'..__ _'.:

Wdandard ICST dcPPdrt

pa> r. .e - .,

t~bmsgentont of tn- l7'/u<

I- e) P _ed. Konig.
H.I.. Wood. Oed Aloe

.peotrl.tik- Io. tod-
ttnt, ANSI. sod Iow.
nr.tod St~ndKid Ior
d.U ddkO.-q -ft-.o.
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C M Me reruhupoya tlephnotouy d rapd
crarive-'re I n new udinst antd raw pte
c arre us canm deru Vey day As wdJ,

at new. traeprn lechg caupas. hmeret. Iri lsa leds
an nrew prdahhers re6nrrr Ia t onyr et tutt

The Itr lute Ir t ompter Scees and Tedradu y
p eprairretn siaiuardsdueluiarreru rnuhnuaaaasrart ca
aitd research laura ire heusyri gi~rs errae arid tritiry
rranagaarscihanrgngrtir hnpOCVDOnprovepruauvDary
and hey US. ttdDStry keep asr6 eririual laad in utter
ra ral tratte

To carry ears tSprraprrs ICST researchers ward te-
aperabugely sir a u road speirarrur ar ptandatrrur
arch us ferarta sdar arid etepesrerrrern r s. rndutiry
pprmputr tuser and mialult trers. rasadiir otarirara
DTun and udunrrrr aumirards C'ruus In marry cases.
speribS6 and arr nerS tram ardurytcane o ICST lair
irrurunes an co anraheae on aont rrsxarhir pryeci Tech-
nooCVp andre nriryruriu daduperim In rirutue lst~rra-
rates are eranserran an .ndrva and atcadern as aidwe
us corhr Cpasawnat agencies Indimsiry depends iupon
ICST s naurratty atnd Dy iucant aeprynrua tP SUpyutreha
detsdaprane ot Tread sauser uas staudarda arid mae n-
pasta treia narried rir asara teal pradactlut rdartm tD

Vie mstar edwa rryale n ari ards warrs a ie ira id6
snip an Xrin radar ruVtea wanpuler erarkarttacr and ao
irraarin tee nrarler ran otpmprer Prodtuaru The camr
placnas ot eariryalr SySleres arnd Vinet rirar anmdacas
Tarmeirn users,. prosramns data, upararirr hsvteria, hard-
ware arid inammnwnerPniS syisten make a drycal ao
hair dihereni cannhiaarrl arid svstems. Ia acarairpe an-
lumatnari T~arvin drireerrlt amutaniaed uiatesr. and to
artte ltu asuartaga id atrtoabnarr

Ad a large warryarar use. Via laderat CP sanmnrnas
iripuirrenerr tar sanraaras are brina m r oamter larca
users Mane mhan P15 irdrir a aptnt annualytv wan-P
pa~rerrelated acisaras iry ledari agencies and Vi en-T
paaread ot lautb .ampuer upararto .waste, and rir-
eareV are tar racr- rg ManIgy arPanraDa S ave
made Trie aceS nen yn skarat why-ters lot mdc
adt. apriaet-a. ua Via mrncmars and dige
mrantirame wanrariters sarse ordtr arcnpaataraDta nemil
Ye pep Versa assstsn lugeartr Ian bTwa dararleded pier
cesrig w drIll a lecirwuat chratenge

Ad m e ld nd to anaorat enaning aulannaed
syderns Viae dadaids prua mimt6 ems wane carnryhar
and dumiured Suandards dnidaperal a secranted
bVy rechnapw 6siues addrerad, iry special user cainira
rel wads, and bVy argeDarere devadala Vie uan-
dards. Ta meat lire ldIrtra puerraials nried tar us-
iereand -canala daruard .tCST ecyperis Via
denelulirniit ot voarlunry riarusrl an d anranaloait
dandads Vihal are -anprahuer pirddcar by usden and

,ndustrvy and liar rraT at n o -ffsthe cnC paLbt
mare and se-me piadiCt

ICST ard .- t.ers yurpdde tcrhnkaa ertyars
ledrship an ffe M.udcray daalards dsetoepr
ease by hdap an anile Irelh.mW spachairr t
Idig .aherabny railds They waik alw wn it
drfferr warm-fans in raanral ,nd t,,narnI,
zan6 etch a the Amiac n Numeral Sianaadi
tLte (ANSS) he Inatuta at Eectrital and PmaurenW
venueerthEEE) Via Inlernabaut Orgrtiadgati II S
bautw dE4). Vie Euiapear Cpmpuir Martacu
Ass-actr (ECMA). ana feCairtilars Comr
Iuarrar Teepraph and Teechior (CCITt)
aity. mae ra ol the InsUture sinedadrdbaksr
U-tisr h er bfn snran Meara riranratoras bT
ot Vfe goba naturaet fa-m auarr and clan

Ieciranpeand U. eapoeran at TampnC U S le
used in ineranun danriarda Ai e re s ot el s
audahratw X art UTS duary. lCST eyrpstS
terff a nrmternaDana aitad6 deveomep t

Far hevral years. Vhe Ina tlue has bha ctndi
wptksirps tan candes end Usrs to drcts theIn

_ruab el dfe Open STyrti Ietarsiecirn (
irr.eI Med The 0SI erei Medde wIh
dffveropad by ISO m ICST assairwr. prande
lIaesadk tx ftea dreeho-et d a cmenia SYn
Wrandearu lia raS enabte difteranl aanalaciurirs
eqarp.nrM rt mark tepeher a ppmputer nietrk

a hri hel eIre..elgarteg es

P` e. reake ewIrarmt bd cie raearret slatttirng rti~
Wo .. st -. W.,W 1tit.

sr V iles.1bland er arid

a ins. age WMens.
ltn Engl
Slaridarm

nCac

US n

051)

ian ant

b[tCST
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cepe Ing wsh ISO ANSI and ares groups de-
ve op thneeddandards ndwhr dustryinpi-
meintg are standads mr caemerod producer or the
stfoe ard ttwary

Pacarpents in mhe ewrksthopsore represented mare
than 175 organirt1ins. mulding computer manutan
murts, sem=coedactar manudacturner. wo d procesuNg
uenrdows procers cntalsdvendws. comnmunocatore car-
-e, and industry and goerment users - rem mhe Uited
Sares. Canada nd Europe Ta succestul demon-
dreatione- at mhe t14 Nationa Compstnr Cooter
enc. mhe the at AUTOFACT f5-al standards Wor fre
OSI relerence rodal hane resulted trom fhe worksthps
Two metor U.S. sorprcorn. Genera Mdors and Be-
ing Computer S.erces Sane adopted standards be
err -opueter opesasbos based an are wo[kshop otwt

The corporarn standards are Manutacturing Automation
Pratord (MAP) and Teshncal and Ofce Pro.tc.
(fTOP) respecthhy

ICST conIibtund ta hese d-monstratfns and tohe
devdeopmem d cmmercial produuts apementreg the
Mandards by hraping partgipahgorancations test
freir producs usag test medrods devndped in tnstute
tabeatn es Now teWhiw ower also demised to auto-
ma-t fh designtth mptemenration. esting. and pentor
mance measurement prooesses, ereby redu-ng ahr
ama needed to anl.e tee sophk thated twong poce-
dures Inaddres lCST WM cotd atea gbay do-
tributed digyd data network fot O51 researchcalled
OSINET-to ohch 15 -ompanies Mae agreed toImn

tructide researchsers are also work ung on are dtandatos
needed to itegrate diferent comypute programs and
ue apdwarns and to estb ish sanruurd tof.at and
dWtrons b data prenesoed by -enpr.nr They hMe

.-stbsded to edountry standards tnt prograrsg ap-
picet-tos tar database ard graprhns systems assel as
toe tying Hdie atcatic snguages Wt hgh-td par
g-a 9ts languages. These standards oe make p-ro
gra-ngp eases end progrems. tra. g. and skts tranr
pronable tarn one systerm to anoarer

l~In T standants ethers ctew tes aprtjcato~n areas
tiduding systest interlaces and fintarreatarn nentrange
Far examrpin. trsytde teseardters arc renohed n deeS
otpng standards tar ragnntc meda and to structurng
daet bes en eteda ICST i suppring mrae nan 35 dif
terest te, proposd and planned standatds hat rep-
resent basic reguitrrments tsr eocniangimg intorurtan
stared an di0-rest types ot eagrrero neda

Dedop.rg standards s lust Hme tes yp toward cow
paibility ot products The standards must be impin

-eesrd propery in produceb to aI. re conpatbday ah
odret produsr and test td maentem meregtbs nie
e-snat tar eneun-g H-ta products and nystems most
Hhe increasngy c pnlo standards Wbtoht tnsts staN
dards are s-plpy paper spesf-tasst. and ne ose can
besore HMat prnduacs are compasbe

Industry is nentribuIing to ass eon by proudmg to
saarchres to cdtlbabao aewsh Gnsuturn stat members and
by douing research nquiprret Mare thm 2t mnayx
cmpu.ter and o-rrurscasosm conpaans hMe been
workig arh ICST in deoprng test ertIodsk tet
work standrds To extnnd w tht on tomfe crilatru3 t
ware needed tar procesong data dsribured u netwoks.
ICST has saned a nes prolect at industry to deneop
test -eehods tur software dandards Thesa indude data-
base management systems, data ditaonary systems.
coeptrer graphecs prngraenirg bnguages. usr inte-
noces to cperatbng sys~terrs. end dTfed systemnstdocu
ent interchange.

In tee case d1 magnetic meda, rnterence measurerrtnt
systems and reterenca materas ee needed to suppos

.e standards mat are dnevaped a tapes. dsks. and
canridges ICST has dedeoped and mainains sch ret-
erer.c- sevces tar so ditterer types 0f magneuc
medi Standad Retereroc Material are used to e-aJu
ate are pertnnnrnce o nade and systems and to ma-
lain qudity o-ntrd nuer fhUer producton.

NBS and he Physika bes-Techsmche 8urders-ustaft
(PTB) in West Gen.-ny are fnr oiy arganuats pro-
ading mesa serices To Iocss ma eftons of beth
organratuons more ettenudy. NBS has agreed to coI n
connote en dneloping new Standard Retererwe Mate
riat taI magnetc tape produts whbd PTB we center m s
wok asoud the production d1 retererwe wateras ta
fecitan disk cuaridges ICST is den -orking on stan
dards n d supponng se-cues be Optarl dgite date
dsks, a mno staxage tIndhcogy.

I f3T raca e tr
(I. tar.) Rkh.nd

Utic, Jr.. Jeifrpy G.a,
DfWttl Rmer, Wayec
M Cacy, end Steph.e
NIghtiefzgt (cetd)
wasked wfn ktry to
dentet p a t ear part pee
tcol test ptes., which
katteriav nedarc ard
str n toat tber -oo-
peter ts..c. to rk.
car they scotwm to
eomt.watimg atadd.
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- I

Itrruie reseatc~es prOvide rliihrcat assistawe ts
ogher goserrett agencres aend Mrdauby u ntmber of
areas. shdudnrt coenesure nacuity. anrnrrorrabrrrs be
urity. antd ied Cttit of Wstware ntatagemrertl orst

i The nee for nerrly has s-cead as grpanoasorr
becoIe -me dependent o- eanpotern Synte-s and
nerwnftSn mast be PVotce a .et.m aD hazards edueng

* hatrks bteaek-r otpster center dowcsere o-epo-
' or-retat rones errshn rs trants dwbrsrer do.
litosure of nestste intoraon an-d teft of data and

Iohorare 1t utt ta system antd network ctnr-
abatdes ortd reIt in casey lobsss and dangerons n-
t-erupbtos to data ptot ,wntf

oICST tes-archern are turrenty -nentipoting setty
-11for otnt annyer systems- ctntateeicy ptannsg

pcnotinroatarirs secorby. ond peiond fentitwahon
meblods Owhes tctinhcal eh`ts nctm e denoynonent of
rI~k abttsmb .Mebsd. bs tt cryotggaph. a td
deientlnont of oantnpoeaccess annUyos A trumbe of
tataenentm prides. tents. perto-oarce meawoes
fSbta ndards. ad ptadatoes bore beent soped or
asst orgiag te ort Protectng brear caropate intor
ortion freer anaertoroea rnodi"ton, Iestriarrn or
ddesarn and in - 9iting Phot -on ..ders ore ocavtade
for processing when heeded

tWftorog with Phe Prndent s Ctctyt on Iteyrdy and
Effhocy as woo a ooputret orperrs anM d auditarn
tf groop e t and adtisrVy. tle Irtie . desefoo-
zig procadresfoW hedp auddaseenrnee ore ascot c0 '
Cat aspects of byvbtm sodomy to te-ew

Protarn of efeeyornv lut ds ,asfos r s lpotant to
bMe stabedy of the bankrg systen a bits of ddzs

are wtrrnn elocrrew aly each day ICST roseardlrerS
erewtrkiag a ohrhe banfgine uwniwurry and the Treasury
Dnpornent a. appy data eserypt-n tectimues to pro
t b thn tnsfer of fmarow mzsaees A Treabcry Pdcy
requnentsar dechorec funds bIander (EFf) nenaos oe
oaethe.carod osop federal endd un ty rddy stan-
dards to -otire drat messages rhye boon sett by an
a tieozed paytay ad hboe set been W anyPnod Mh dcc
erg b arsorte- Thene t es ew.czen a stow hbpi Ptr
a'dintarystariaad obrttmuny to nerop Pro Marrdards

eeded fo dMa a.dhetwotan attd etrVrYPdon o data
As pant of di stae propect. ICST tearcbero hbore

devefoped s ents P vtdat dans mtat ep.ee tihe
tandards tVendrs cat now fed tietb devices eae c-
been hook tp arh tie f.nIute The an reutffJs Ml be
ara by Treaturv y Cersti deontcn beO ore or EFrT crn
rri-orw The NtaotaN SPcrby Agaicy no ise ae-re
ti mewt

Itsobttit reneathen are plaOe.np a wpenatee pro-
grarl ta -bsrraa Pro peotbl cow .c dotal. cred.
card-zed deaden for petsoni identinabee end recod
keeping Meetings wthr gpyerree and dndosoy repre-
oentahuen hare Potnte up the ptetYee apdcacerr of
s tai dnes as we us t he -etarry teehfnfogy tih t
need Pr make tben praccat end effecfve

Sened ICST prope"n stpport tin Orfft of Mnage-
mett and Padget s gorenenrt ertvde tn-ra~oen Pr re-
deco the cpts at noitwar mratadenetr and to eroage
endt-rer oaptmpubg WellpaIcad probems wth
-Pi.e. systiisc hboe fontsan aftentaton oe ft i caltd
teed be hgfh qat erroy -free toftwae The .stfte n
tciptl.ng ways make the Pro-c of softwae
rwtrntanc ces otriies and one -trsaMng
tMSaie reSe or oe tie-thef soffwar d iiages acwds

softae deeropen ot Prose softwae packages
erred be abiead eh nqg softwae they Zae Pr
be integratd te e ting ysyeen fnsttare researches
are ecanrorag epprond.es far evaluatingt sotwoe pck-
ayes ta asure Prof sieV man user retuiremen,, They
ten pdar w Inse guidnen Prg he p feal agenes
deyetop Prez renuiremteri for nff-the-Mtf sefhwo an d
to eal ot he setew of softgware packages thit eren

lCST s nos nudWynP .- y P erpoef ft pro
drtviy od norfiks abe detoip thet wan anepetde
appbcator fo enampie. tie ton of ftwrtfgen"aiwr
prograsrg tgulagasts ma-kepogramngmerao
wore ehf1bn1 end ea-e a maintain To maka ore en
onange of intr-arsdr between oompuro bed offn
poems mome ehcar. ICST n dewdopng stlandads fao
doctiient Ifherubang between dihlen edeomanuturers

fn andraa ts prordng general tfed-ioa suppsed to
onmpuler -ses ICST catt wit spentic profac one
remborsable nasa for fedra aes Tptacl projecr
t dode: -asWde i entadt rghN and ra-rtameg soff
wce desdooonen noises and ocoddines evahrabtu a
the data m-.9aseeret cpbearat of tware. Z-b-
Wa-e m denopgnqg end plemeritng n tnesfer nurby
procdure aed devopernt of prototype ttdwork syr
fees to man spends gepcy reqguaerots

The rescw of ICST renaicth we weeiraato throuqh
gudes, forecasts itys okrop. nd ey pesa
ICST pt".hS. a anriputor ce and trchnotopy seties
that banters redrtrnlopy abodtntew opptwaranns a

In whet cases. tdoneferrt-e are usd to xchtange
ntforman wth statea nd local goeernMen d atni

dstrly users Working direcey witha indusy and can
pMIrr users to get Sanduds -ripltneas n products c
CST.s preferred wa of borndnrring t o gyts Thts
hbospts edyorce the dedopmeent of dardard prodicst
and fte prtucorre applictaor of oomputarn
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Special Programs

The peheing, organiing.
and enecutog f NBS re
search prograts retqueT

extensue riterdctlee with
numerous groups toassure
that NBS is developng the
measurement techndogy
needed by the country and
that il s reaching the
Bateausd-ents Manyof
these iteractions ate co-
id-iated th-ough the As-
ociateDirectortotDtoter 1 _

naimna Affairs responsible
ltorpoperative work woih ,t * u
ther countrres the OffceI

of Reseatch and Tech
ndogyAppiaticos whicht
d usmnates the results cf
NBS research to indastry
and stare and localr gceth
moors and the Offie of
Produat Siandards Policy
which amoog he ath lie
tie. prondee ga dance
aid _-u es iur a
loca weights and mea

huoncic als.

>tEne Rei ernauer _
from Naoos Ordnance
Sotiton examines a
micrecempotoroa-cr _
trollad be~fr system ter
rebot tingern, tumiag
cnter cotets, sad
qoickchsnge tootlig in
the NiS Autemeted
Mantfactoring Re-
Hasech Facility.

3B
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International Affairs

I I whu-r.NLoAt .r U
The bass oh scence end tre a t oh eeasurereirt
knowcwno internasosat boundaries To adnene hos

T guEnONBhS must Fntetot warh s Moenhto tt0 taiti
tutons 01 0wt t abie whose ottgotyens are rotated to
01ose of NBS The Burettu.s nMernahonat acutots

BRewesontnart of the United Sares mn internatoia
goverotrenta bodies such as rhe International Bureau
of WOghts and Measures. ohd was created by Ore
Treayo tohe Mete .end the International Ogaenoatea of
Legal Metotogy
E PartcePatto tr n arerP agreements l ottcopraton
In s-etice and te-hedogy N5S curren-y a prUc pattng
tn otowpetrun programs with Can ada. ohe United Krng-

dwt. Japan lnWa. Italy. Korea. China augesaIa.
Span. Egypt Hungary. Patustan 0nd other countnes
C Pronson of ,anng and Wechnwat assstance to do-

oang oounrs
O tnteruhangn or guesit suienits wath fOreign countries
in lIaS iNBS sOted trtt uC o , -Ltrm,, -endS
nMtors plus 2t6S fuergn guest D Msr fhoer 40 win-
n's who -wko d alto Bureau . or pend-t tr- 2 weeks
t o year r ewe Tho nuawnr h tote gn swenUtss woth
ng at the Bureau has Irtceased dramatcaty in recent
years. s nash to numwbr a NBS perwniel using or
wrking at eign tYtbauorns

Unuted States patnt asp n tn iterna mnal standads
organwatrons dslft rote 175. when the Uised States
poted othr tountei in s nbgq the Trety ha the Meter
Frwm toe Ime of the Bureaus b th tn 1901, NBS has
bean sog,,ed toe rsyons btay Of reprsentng tohe U S
ganerwont o teisc r atotbet usu toatedh w Vt
nrary The NBS DiLectot avs the U S deegate to
me quadonnat Gewsr Confteeno on we ghts 100
Measure end so a mer ber h the ternasons Cotm r-
tee of Wogehts and Measures whwoh ers pwty and
gurde ma lerntawd wok oh the G-ewr Canftrece
NBS Jtah .enbrs sere an too e ght ectho sute
coteinen of this patrer body

U

-p

In a s -rnar vei NBS ooeaeraes th related I sursd A'L
totstn ton maPr ohauWaland c0unesh ofthe wold. 'r
mcdudmig Japn. Germany. the Unued Kingdo, Fratn fiw
ard Canada An etamPte h ton- cooperat us eho the ottt
U S Japan Ravel us Wd an S._e Eems. or eIh
wows NBS servsas-c-chaii lot We Usted States By et Y.
siharagq rffeatch results in an avnuha part sem mLar. and ta YH
by ote n utermining oblecob ltf tihure research e Shto
wo couno re bttbe o work ogetoh mt miaee IuOuro MMtrt
daaiae bp eabthquak.s burranare ad tytpoo-. R"eo

An etampe of 0he Bureaus work ats developing 1s to
main ftai who ptogram ha pruovrdinq arbhreal r5w sneirc
tatrce to Egypsan eanoar~ars Oorgartsoa Sporot=ed s1 A
ond lundet by the U S Agnecy for Imeravonat Devel-o
oprr.t Egyptan swerosts ore teed at NBS. and
NBS specralrts areo to Egypt ts pronto coemUott an
and astaite i proriiin sputra cyuiprenr

AI
Iterlty hunrreds
't guest wtorkes
other ewuntries
so wak Itt NBS
year. Shewn her
t9 Z. Zhtrng oh the
ghel Bureau of
tlogy. People.s
Bubi of Chi-, -hs
,king with ra-
her In the Centee
ant.utI-. ChttmLrter.
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Office of Research and Technology Applications

re oh. re tdrae of U.S uLtaty adth oee..j
bong of U S SetY are mreasingly detpendent

T on techndogy In 19bP the Unted Staten spent
SlO7 bfton on researeh aed deaetoytent The tedara _
goerentt spert about S50 boor of that a un wt h en
federa laboratorieso dng epproninatey tip bilion O'

e reseach and deutoproent For the naon togan g the
Waxelr bne abrn the tednaty sponsored research.

the resutt mas ho ash1ey made enadabe to usr and
iterested nmbers of the pubic The btenenstenrydler
Tehnoogy Inrarnatini Act at t1t98 pronmoten Pr aee -
,ar.ato at tdn-t tehnology to pr-oat industy and
stae and loal govurnnerts

At ES. the Oftfe of Research atd Taehocdgy Apdc F
canons (ORTA), e r-otaired by tho Act, prov des pnoat *
sduss and state and Ilal govemments rea anoess
to tedr techndogy and to NlBS rosesarh and fanliten _
in PantcuL ORTA sutaff -rrd! okmtumn-and *

estatdsh coypereav research pgr ares bearesn NBS I
and othero~am, ons _M

Ona of the most mputar and ffoctre naps to make
NBS resea rh and itars acessble es U S nduarty
through he tndusUral Research As.nacto p orgam wkb
NgShasruncn-"thed920 s Undertha po.g-, n,-
dustuat s-entIts and eagVeoers joi NBS resears n _
soleng tedhnnal prtes at mutuat intmers Indasrai _
irtorost in ollo.breeve research is as at sne- high In-
dustsy earrensy sponsors ad pays the salaries .1 about and nrp Amnt nonferencst
200 reseech arsscaten n tone than 80 dterent pro iedeat tschndogy ORTA s
grams at the Bureau Recant chaotges make the program managers mined the Dpap
ces mare antractu e to industry. For ample, rensions lntergusormontal Afar-s a
in patent pday gi aasdusttol research assocates reghts Commeca ageces n ios-
t -nvenoons -ocered nhie aodung at NBS And Pounsylnor. and Mnaneso
under preseribed aircunstance. Pcmrpanies can now about tederal sernices that
nonduct Proprpetary research ia NBS facoies a deleloepnt.

In koopog arts the groog natonel itared in indu- The Otee a pan of a fat
try-goner-mont interacon, ORTA prnpaots in a wde oh ser tup to lowate tede
tango of jint atmboes The One orangen atd Pan- ansfn to ptentel users
pates nindiaby govenment abnhtqos that promote teadership tar thoU S. Tec
the exchange at taonatnn an e-ong adances i ORTA panipates in me
technolgy. The Oficals helps state niasorganir ings p.anda, atd arknhy1

ganerntnon otfcras to hat,
problems Sabrect ot pan,
odrCkas are computer 5ecL
reearch, building tecynkh
Product AarKards

40

ea opponundes In usig
faT and other NBS
..nost at Commece Otue of

nd reptesonuntaes ham other
tt to Loc-sana, Oregon,
st to ed-oa the state otTCiss
might pamnte their eeonom

boeat lboratoy compute tea
W technology and faditato its
N.lo, ORTA staff provd

hneolgy Transte Soery.
natbonal and regonal reirt
op of ity, causty. and state

mon than Pv rt tedhnoal
caet carre uttered t these
rity and technolgy fire
sty, and law enfarcemnt

A lna eooperttle
Andu trplgertm-

mennt eort to develop
procect ecrol cartoon
Ic tr steel tidaucty,
NBiS Moreallrglst Ftoyd
A. Macer (ioft) and
Danld C. Rogen, Amd-
c freo and Stolf InH

ttt re.areh -
aete ireo, U.S. Steel

Corporotlee, cot upa
sylidrle1 steetl billet
tor ugrotornic tom-
grohW teteperot ei-
aging otaocrnee s.
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Office of Product Standards Policy

r. !@at- - ,-. Sii i .

T h NBS ff- co o Product Stadards Pouy WOPS) raedinineratura dartoods and guid.1f E00It stff I To prod.tea.-
fomrutatesand carries- o fdrd potay rdatarg to serve on ke -oornnuets oftehsuted Notnrr Esadrane- allay to noattott
natoat and In-eroauorat taodadaaroo. ratrra t Ct rrouor Itar Euwrope the totertona Latoratory t. th. Onto

toy oted tatto ard tegal mieroogy As pad ol dro Aored tattonr Cuntererce. the Intrearort Etouterts 'pen oa. jryst.e ot
effot the Off -ekurttu h dones-o tmogn artfftr na-ar Cornsron theSte0to oarr Organoafan for st teweigh -tnd
eaotoatrgart-ator-to uuo d art Oaodardnatr Starrdatdeart OIML and -any M-ters
ard lated meosur-ent autos The Offc at P- u Iboetode..
edes gudanca and sue-ares to date and loo btoreghrr .
and measures luradorrs artd manages US na-
torra toga neitoy obtgaLorts

The Offd tmantains adorrrraroro anq ted ofQua ta
torn utandardoretatod documents art tesoros to rOU - _ . _
sands of rnfftiies eachr year fIs Nohorrat Correr fur r _
Standards and Cerofocatont Infurora devrtops torc.
tores art aees and dssem rofes otrrrratort to ore
proc In suppot of US ctada. the Odffe servsasSte
US trruiry Poet for oe Agreement on Techrsat Bar
tas to Trade ( Standards Code ) df the GenerA Agree
mons os Tar ffs and Trade and turishes teuersut ass
toroe to atudry and raegetator s naddresnog
rade prode t ost-r counne
Tnprroo fqfty V. somarkoriace OPSP sporr-s

ore Nat.ont= Corefere-ce an Wnhtftf .and Measures Of
I toedff decetp pronduros to en caf mesuigI
Srumerits for the aktptaco. aordinato raentg pot-
gramu suppd date metroogy taoraores and -_-t>
mea vnth Vte Corforereca to porre eatborde undue
uty of date and tfoca governmffm reqereotests penbin

.,g to m'asurements t I Ste marketpaoe At Ste nterna_
tort tend tho Off- tonanagas US paninpat in uner
t merorrinees of Ste temateoat Organ-aaot ot

Legal Mforgy a(ItML) hahf -arru tr onereattoral _ _ _
utntortmy of togaterrae tar eo _ .Igy

te -.triteh rponaoue of acrg anaid U S tes
dat acoprd ohnod, ith Off. Ceorrkft Sthe -oat
and gnrrtaadoal toads to assu retbae tabotatoy
fsteq OPSP ocnduoas -codkohops ou ted mnlods. der
vetops tesh ques for pr otoy tesrt'r ard operates
the Natar Vdumary Laboratory Accredoaaor Pro.
gram (NVLt P N APo a oduntary sytem for asse- s
reg and evauuang eundg laborotories an acredneg
0_se found oompet. to pedcrm speor tadt methods
or types of rtor an pradaso" art matenais Thfrorrih Star
program. bbraotators are afxred ted for tesdog a warrety
A podutms ctdudr nqfetesourun-ations cqtap-Mer.
Sterrrat tutatqnr. and rad atdo dnmetersi

The Offn Cteo orsoey at terhatiaa organ., a_.
tons to hav. U S edhntdogy and praaces irotupo-

41
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Resources

The Bureau s werk s carried .

out by eighty sWIWIt shah
wee are oft-enoedgeied as
riulihiral or iterratiOna1t
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The Department of Commerce has concluded, in a review of
emerging technologies and their future impact on the economy,
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
new 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

1
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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 Dotential emeraing technoloav.

The accompanying appendices describe in detail the
technologies, barriers, and recommendations.

2
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Table 1

EMRGNG TCNOLOGIES

What does it do new ho
or betber? ruc

1. hAvanoed Materials

A. Oeramics

(high
perfomc
structural and
electronic
ceramics)

B. Polymer
crmpoeites

(high strength
fiber reinforced
plastic resin)

C. Metals

(rapid solid-
ification, &
metal matrix
composites)

2. El

A. hdvanx
Microelectrcnics

(edarwed VISI
and VHSIC chips)

Better high tep-erature
strnth-t-eight
properties

Better dielectric &
optical proerties

Higher etrength-to-
weight ratio

Design flexibility
bFuse of spatial
asyn-try

n strth &
high-tep performence

Iproved magnetic
prcperties

Dn -ed performance in
sped, size

Lqprvei magnetic
properties

Higher efficiency
photovoltaic conversion

Heat engine comonments,
turbine blades, beat
shields

Electronic substrates,
integrated optics

Strucbjral mponents

Stnrctrral cponments

Stuchwal coonprents
Super crmducting
cxnponm nts

Electro-magnetic
equipment

Semiccrductor devices

Inforimtion storage

Autative & aircraft
engines

Electronic azqxnents

Aeropace, automotive,
ind. const.

Aerospace, autative,
ind. cnst.

Manufacbmxd -onpats

Electrical nachinery

Electronic & optical
c ts & systems

Information processing

Energy generation

bD
CD
cW

Solar cells



Technlogyr

B. Cptoelectrdics

(cptical fiber
and light wave
proessirq)

C. Kiflineter Wave
1lvcqy

3. Atnrg3

A. Muifacturiwi

(c ter
integratid and
flexible

B. BtsiYS9 arid
Office Systsm

(o utr appli-
catiois within
an organizatia')

C. Thnical
Services

(cmxt appli-
caticns in the
proviaier of
Camercial
services)

What does it do new
or better?

Iapvved perfor-noe in
speed, size, capacity,
and seirity

Higher density
informaticn storage

When replacirg radio
systemy it frees RF
spactrum for other uses

Flexible
reonfiguraticn of
productiao processes

Integrated antrol of
all productian
cperaticwu

Efficient informaticn
storage, retrieval, &

Efficient high-volume
information storage,
retrieval & e~iawxe

Awplied to what
Products or vrocesses?

Electronic equipnent,
informatior processing

Cprter systema of all
sizes

Voice & data
Dmmnicatian systels

All manufacturing
prcsses

Networkin, word
processing, & data base
management

Informatior retrieval
and distribution, data
base .anagemst,
education ard training

2fitl Wa~t Maior

All rgahiizatcns&

Finajicial servie
eleclronic sil,
telexnsmmications,
PrOf4esSia&il Service

5 'i

:;



Tecnolori

4. Biotedhnov

A. Gentic
Enineering

(design &
prodIrtiao of
highly selective
agnt)

B. Biodwsmical
Processing

5. C

A. Oompuitng

(stTerm ers,
parallel
processing,

mpiter ardi.)

B. Artificial
Intelligence
Tehniques

(inldes e-Vert
systes, natural
laguage, anr
rc4otic 1trvl)

What does it do new
or better?

Improved diagnostic ard
therapeatic drugs

Inpr-d plants,
pesticides, & animal
asuplemnts

Neutralize pollutants

Inproved ccotrol of
diemical processes,
aitputs, and yields

Faster, larcost
ccmpting

Impruved computer
replicaticn of human
jnenflt

Npslied to what
prficts or ?

Healtlh Services

Fbods and pesticides

Pnwirnmental ccitrol
pnrceses

niemical separaticns
and reactions,
biosensors

Information processing
and cciputer cotrol

Information processing
and crxiter control

Used byv What Mai
Irdutries?

Medicine,
marmsaticals

Agriculture
Fbod processing

Cheical snrufacturirg
& treatnent

Qwmical mnfacturing

Potentially all.

All aplications using
c-Pters

6



What does it do ne
or bte?

Aulied to what
Products or Dess

Used by Caiat Major
Industrie?

6. Medical Tdom

A. Drus

(other drugs are
included in
category 4 -
Biotecology)

B. Irntxrsents 6
Devices

7. Thin

(semicoductor
applications
also are
included in
Electronics)

A. Surfaces &
Interfaces

B. Yleabranes

Idproved immmunlogy and
treatiest

IFproved diagnostic and
therapeutic systems

Inproved control and
yield of chenical
reactions

New electronic &
optical properties

New dhemical
properties, better
chemical separation
tedniques

Health Services

Magnetic Pasonance
Imaging & AT scanning,
radiation treatment

Chemical catalysis

Semiconductor devices,
surface modification
and coatings

Chemical separations

Melicine,
1harmnncticals

Medicine

Chemical sanufacturing,
food processing

Electronic cmponents,
caters

deical n~mfacb-ing,
food processing
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Table 2

EMERGING TECHNOLOGIES RANKED BY ECONOMIC IMPACT

Group A (Highest)

Group B

Group C

Advanced Materials; Composites
Biotechnology; Genetic Engineering
Electronics; Optoelectronics
Electronics; Advanced Microelectronics
Computing; Computing equipment
Automation; Manufacturing

Automation; Business and Office Systems
Biotechnology; Biochemical Processing
Medical Technology; Drugs
Advanced Materials; Ceramics
Automation; Technical Services
Computing; Artificial Intelligence Tech.
Medical Technology; Devices

Thin Layer Technology; Membranes
Advanced Materials; Metals
Thin Layer Tech.; Surfaces & Interfaces
Electronics; Millimeter Wave Technology

8
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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.

9
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APPENDIX B

DETAILED DESCRIPTIONS OF
GENERIC BARRIERS TO ACHIEVING MAXIMUM ECONOMIC BENEFITS FROM

EMERGING TECHNOLOGIES

1. High costs of capital funds in the U.S. relative to foreign
competitors.

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.

2. Tax 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.

3. 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 amona 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,
regulations 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.

5. 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.

6. 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. Included 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)

12
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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.

Non-trade and Non-government Measures and Practices 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, occupational 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

13
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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 fro- 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. In 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 closest to
production operations. Incentive systems must be improved
so 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

=- - - - - rosnerzponsrbtlttis-rather than-ananasqsmet"- -
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. In addition to the
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added costs, firms-often have the application of new
technology or marketing of new products delayed
significantly. In the current global economy, we should
recognize that economic viability is as important-a national
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;

o 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;

o 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;
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o Eliminate joint and several liability except in cases
where defendants have acted in concert;

o Limit noneconomic damages to a fair and reasonable
amount;

o Provide for periodic, instead of lump sum, payments of
damages for future medical care or lost income;

o Reduce awards in cases where a plaintiff also is
compensated by other sources, such as government
benefits;

o Reduce transaction costs by limiting attorneys'
contingent fees to reasonable amounts on a sliding
scale; and

o Encourage litigants to resolve more cases out of court.

BARRIER: ANTI-TRUST RESTRICTION AGAINST COOPERATIVE VENTURES

The January 1987 President's Competitiveness Initiative
proposes several methods to overcome this barrier. The
statutory proposals include:

o 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;

o Limiting private and Government antitrust actions to
actual (rather than treble) damages, except for damages
caused by overcharges or underpayments;

o Removing unwarranted and cumbersome restrictions on
interlocking directorates;

o Clarifying the application of U.S. antitrust laws in
private cases involving international trade; and

9 Requiring that any antitrust claims remaining against
other defendants after a partial settlement in a case be
appropriately reduced.
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Remarks by Deputy Secretary of Commerce Clarence J. Brown

News Briefing on Emerging Technologies

June 9, 1987

Good morning. It is no secret that this country has a trade

problem. Likewise, it is no secret that at least part of the

problem has been our inability to take full commercial advantage

of scientific and technological developments made in the United

States. Time and time again we have seen foreign competitors,

most notably, but not exclusively, the Japanese, turn our

technological developments into their commercial product

successes.

I think it is fair to say that the country has awakened to this

dilemma. The national attention 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 problems and the Administration is taking a series of steps

to improve our situation.

This morning, I want to take a longer view of our trade and

technology position. I wont to draw 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 commercial context.



311

2

I am firmly convinced that America's ability to exploit a new set

of emerging technologies with huge market 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 scientific and technological

advancements and to report to me on which technologies seemed

especially Important, what barriers stood In the way of their

commercialization within the United States, and what steps could

be taken to remove those obstacles.

This group, headed by Dr. Ernest Ambler, director of the National

Bureau of Standards, who Is with us this morning, studied

scientific and Industrial plans and the commercialization process

here and abroad.

They Identified 17 emerging technologies In 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 Is the list the group came up with:

SHOW POSTERBOARD WITH EMERGING TECHNOLOGIES LIST
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Advanced materials. These Include high-performance ceramics,

polymer composites, and advanced metals. They will bring

Improvements In automotive and aircraft engines, electronic

components, electrical machinery, and manufactured components,

Electronics. Here the panel singled out advanced

microelectronics critical to semiconductor devices,

optoelectronics -- which covers optical fiber and lightwove

processing vital to advances In communications and computers --

and millimeter wave technology, which can be used In voice and

data communication systems.

Automation. Computer-integrated and flexible systems for

manufacturing are on the list, as are computer applications In

business and office systems as well as applications for

commercial services such as financial transactions and electronic

mail.

Blotechnology. Both genetic engineering -- for Improved

diagnostic and therapeutic drugs and agricultural and food

applications -- as well as biochemical processing for chemical

manufacturing, are critical technologies.
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ComputIna. Supercomputers, artificial Intelligence, and a

variety of other computing techniques deserve a category of their

own. with potential applications to literally every Industry In

the United States.

Medical Technoloav. Progress In new medical drugs and

Instruments and devices for Improved diagnosis and treatment of

Illness Is fast-paced and promises to continue Into the next

century. We are certain to see new technologies that ore

nothing more than scientific concepts today.

Thin Inwar Torhnrininnia; E trPnI c comnennnts. chemical

manufacturing and food processing, and a variety of other

Industrial operations are expected to benefit from rapid advances

In using ultra-thin layers of chemicals to Improve the

capabilities of devices and products.

The list Is not meant to be cost In concrete. For example, In

the few weeks since the original list was put together, there

have been significant and highly publicized breakthroughs In the

development of superconductors -- materials that have absolutely

no electrical resistance. Basic scientific questions and great

technical problems need to be solved before we can realize the

economic potential of these high-temperature superconductors, so

for now they must remain a potential emerging technology.
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But all you have 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 can be developed to the point
where they can be substituted for conventional electrical

transmission wires, we could save more than $30 billion a year.

When I talk about the potential of emerging technologies, that Is
what I am talking about, a revolution that could affect every

Industry In America and around the globe.

But there ore barriers.

SHOW POSTERBOARD WITH GENERIC BARRIERS

This list of generic barriers to achleving maximum economic

benefits from emerging technologies should look familiar.

The relatively high costs of capital 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 manufacturing,
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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 Inadequate laws, regulations, and enforcement protecting

intellectual property rights In the United States or overseas.

Complacency and a dependence on the domestic market -- the lack

of awareness of the need to compete with Japan and other

countries head-to-head 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 caused by product liability and tort

laws, and

Anti-trust restrictions -- real and perceived -- against

cooperative ventures for R&D, marketing, or production.

All ore formidable barriers to the commercialization of these
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emerging technologies.

Now, what do we do about breaking down these barriers?

You hove a description of the recommendations in your press kits.

They Include:

-- continued vigilance to reduce federal budget deficits

and to avoid high Interest rates which affect the cost

of capitol

-- creation of venture capitol pools at the state and

local levels

-- additional tax Incentives and other actions to Increase

aggregate savings

-- a commitment to making future changes In the tax laws

focus on the Incentives available for modernization

Investment In all stages of production, marketing, and

distribution

-- fostering participative management by employees

-- training managers In the production process and

updating business school curricula
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-- eliminating provisions In foreign tax laws and

regulations that discriminate against U.S. products,

and

-- improving export controls, reforming product liability

and tort laws, and llfting antitrust restrictions.

In a recent hearing before his Committee on Commerce, Science and

Transportation, Senator Fritz Hollings complained, 'America may

still Invest enough In research to win most of the Nobel Prizes,

bUt the japanese make ail the profits on the8i," Weil, we cannot

let that continue to happen. As you can 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 0 - 88 -- 11
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This country has done enough looking back and talking about how

many different areas of technology we have already lost to the

commercial competition. Our look ahead at critical emerging

technologies should be a warning that unless we pull together and
take swift action now to break down the borriers to the
commercialization of new technologies, we are going to be facing
the same Internotional trade problems we confront today right on
Into the next century.

We hove mode 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 and are taking decisive
actions to Improve the situation. We have firms Joining together

In research consortia, corporations cutting down on excessive
managerial positions, and companies finding new market niches
overseas.

We simply must be vigilant and make additional changes now If the
country's economic future Is to be bright when the new century
arrives.

Now, I'd be happy to take any 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.

Senator 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 SARBANES. 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, fiecal year 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
research and create products cheaper and faster than Americans
do.

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
beneficial.

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 SARBANES. 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-
dustrialized 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 realize that even
if all of CORETECH's policies were adopted, commercializing tech-
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,
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 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

I 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 AHEAD 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. IN 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 REQUIUES COMPANiIES TO ALLOCATE PART OF TnnER 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 COMMERCIALIZATION

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.

RECOMMENDATIONS TO ACCELERATE AND IMPROVE COMMERCIALIZATION

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
rANUFACTURING TO A TECHNOLOGY ANDj 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;

o ESTABLISHING A NEW FEDERAL FELLOWSHIP PROGRAM IN
ADVANCED MANUFACTURING TECHNOLOGIES;

O 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:

o PROVIDING FEDERAL SEED GRANTS ON A MATCHING BASIS FOR
TECHNOLOGY PARTNERSHIPS;



332

o MAKING COOPERATIVE RESEARCH ELIGIBLE FOR THE BASIC
RESEARCH CREDIT;

o ESTABLISHING A FEDERAL PILOT PROGRAM TO DEMONSTRATE A
SMALL BUSINESS UNIVERSITY RESEARCH PROGRAM;AND,

o MAKING THE BASIC RESEARCH CREDIT PERMANENT.

CONCLUSION

CORETECH MEMBERS REALIZED THAT OUR 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
chaired by John Young, the chairman and CEO of Hewlett Packard
Co.

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 onthe 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 I
think it's extremely difficult to pinpoint one government program
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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-
ess without getting caught up in the thicket of picking winners and
losers.

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. FLAMM. 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 bediscussing in our task force, I would like to talk briefly about someof 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 theanalysis 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 oureconomy and in our policies. Prior to World War II, 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 toclose 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 anddevelopment investment. Through most of those decades, we reallyhad no competition. But today it's a different story.

The future of our standard of living hinges on our response. Ithink 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, asproof 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 todayare rather eloquent testimony to that fact.

Let me just briefly talk about what I think the issues raised bythe Federal role are. I think one easy way of thinking about it is tothink in terms of three issues. One is the objectives of the Federal
Government in getting involved in the area of technology; thesecond is the functions that are served by the organizations thatare set up by the Federal Government to address technology issues;and the third issue is the organizational aspects, how you go aboutorganizing and mobilizing the Federal Government to look at tech-nology issues.

I think there's a variety of good ideas that are floating around inWashington today. Many of those ideas are of an experimental
nature. We're talking about undertaking experiments that wereally haven't tried before. I think the odds of success are best ifwe 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, whyis it that the Federal Government is involved and what should it bedoing?
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
build on the infrastructure that was created by Federal policies in
the 1960'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. I
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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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.

* 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 significant technological strides made by

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 innovations.
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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.

* 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. As a

consequence, the share of U.S. patents held by Japanese residents

almost doubled between 1977 and 1985. In 1986, Japanese residents

were awarded 17.7 percent of U.S. patents.

* 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: l)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

percent.

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.



349

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: l)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.

84-09R 0 - RR -- 19
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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: l)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 problems

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: l)those

that primarily involve American private companies, 2)those that

bring U.S. industry together with other sectors, particularly

universities, and 3)international joint ventures. Changes 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.

III. 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: l)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 programs.

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.



356

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 problem.

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 unduly form this openness without reciprocal

benefits to 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 Regulatory 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

Programs

For most of the post-War period the Federal science and

technology policy apparatus 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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CHAPTER SIX

National Technology Policy:
Past, Present, and Future

THE DEVELOPJ4ENT of the electronic digital computer is a useful case
study in the development of modem 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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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 early
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 (NMT) and
MITI'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,
in apparent reaction to the eroding American lead in commercial markets,
suggests that this trend has been reversed. Civilian funding for computer
research, particularly for applied research and engineering projects, has
also increased 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-controlledfinancial 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 S810/20, and Cray X-MP/2," Computer, vol. 18 (December 1985),
pp. 10-24.
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momentof truth may yetcome whenone of the U.S. national laboratories
or universities considers buying a Japanese supercomputer.2

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 ofjoint 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
policies is the cycle of action and reaction stimulated through competition
in the international 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.

As a direct 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 Area 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 farbeyond 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 two areas: the most basic research and 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 other hand,
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
Nature of innovation

Radical

A I -- _

(U.S.)

Cooperative R&D
projects (Japan)

Basic Developmental
Character of R&D expenditure

business, government had begun to automate and computerize its record-
handling and data management functions.3

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 pioneered 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.)

182

Incremental
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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. For that reason, innovations resultingfrom 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 wiil 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 skiils 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 forjoining 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 a direct 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. 4

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.5

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.,
R&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. 73-78.

5. 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,
-Producti" Tv, 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 hi percent of the U.S. gross national product.6 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 tihe 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 1%5. 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 most 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. See 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 aerospace 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.7

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 on technology 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. 8 Policies to correct the imperfections of real-world markets

7. Advertisement run in Scientific American, vol. 255 (November 1986). Other key
elements 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.
It tends to produce overinvestment (from the social viewpoint) in projects
where returns are most easily captured and continued underinvestment
in projects that are most difficult to appropriate privately.9 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-there is a general
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, ED. be given by RD (ED); the social return to basic
research be given by R. (E.). Let the per unit cost of R&D effort be r. Also, let R'D,
R' > 0; R"D, R", < 0 (diminishing marginal returns to R&D effort). It is assumed that
fraction CD of the social return to development investment cannot be captured privately,
fraction c, of basic research, and that 1 2 c, > CD a 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

(I- S) (I-)
R'D = (I Jr and R's= I )t.

Social optimality argues for sufficient investment such that the left-hand side, in both
cases, is equated to r. Thus, because CD and c, 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 CD and c, are very different (that is, CD

close to 0 and c, 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 MIX. 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
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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 11, 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 a man 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 tojustify 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 other items 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. '0 These constraints in all likelihood make
for a less 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 justifiable
on purely economic grounds, 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 Research?" 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
concrete research programs 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 further into basic, 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-



380

192 TARGETING THE COMPUTER

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.'I

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
I1. Frank R. Lichtenberg. "Private Investment in R&D to Signal Ability to Perform

Government Contracts" (draft, Columbia University, Graduate School of Business,
1986). See also Mansfield, "Basic Research 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," NEER Reporter (Summer 1985).

12. In 1976 only I percent of the unexpired patents owned and available for licensing
from the Air Force were actually licensed, as were I percent for the Navy, 3 percent
for the Army, and 4 percent for NASA. This compared with II 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 been an obstacle to adoption of statistical quality-
control techniques in the American electronics industry.' 3 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. 14

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 on reducing 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. 15

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 Naegele, "Englemeier: 'MU Specs Drive People in the Wrong Direction,'
Electronics, October 28, 1985, p. 57.

15. The case is made in Leslie Brueckner with Michael Borrus, "Assessing the
Commercial Impact of the VHSIC (Very High Speed Integrated Circuit) Program,"
Roundtable on the International 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."' 6 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
secondary 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. 17 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 an a
Program for Postwar Scientific Research (GPO, 1945), p. 17.

17. See NSF Advisory Committee on Merit Review, Final Report, NSF 86-93
(Washington: NSF, 1986), pp. 11-12.
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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 ofjudgment-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
joint, 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. '8 With little publicity, powerful
bureaucrats are taking steps on their own to fund such programs."19 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 federal 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 Academy Press,
1986), pp. 15, 156-57; and Richard R. Nelson, High-Technology Policies: A lFive-Nation
Comparison, American Enterprise Institute Studies in Economic Policy (Washington,
D.C.: AEI, 1984), p. 73. See also Richard Banibrick, "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-
dation, for example, recently budgeted contributions of SI.1 and S0.1 million dollars
respectively to the nonprofit Semiconductor Research 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 20

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. See 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),
pp. 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 was intended 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 investment in America's future
are to be made. They must share the risks and rewards of their long-term
technology investments. Each must contribute if they are to jointly
prosper.

As aclearinghouseforjoint research, the NTOcould eliminateobvious
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
on eligible 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 using this research base. Toensureequality
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 keep its technical skills at the cutting edge of innovation,
it might have an internal 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 onjoint 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 such 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.2'

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.22 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.23 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.24 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.

84-098 0 - 88 -- 14
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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 forjoint industrial research might improve
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-stylejoint 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 arm 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
context of U.S. institutions, but it fails the othertests 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 commercial 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 a commercial 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.21

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 Jolla, 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 sectors in 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
elements 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.27

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 Japan-Britain
and Japan-EEC Technology Agreements," Political Studies. vol. 31 (June 1983), pp.
212-15.



393

NATIONAL TECHNOLOGY POLICY 205

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 impact 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 ofthe 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. 28 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
a scale 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 ofthe 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. FLAMM. 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-
gy. 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, which 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. SALOOM. 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
commercial products quickly. It has come up in these hearings
before.

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. SALOOM. 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. SALOOM. 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. BURTON. 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 industry
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. SoLooM. 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. SALOOM. 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. BURTON. 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 I 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



398

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 you 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. BURTON. 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 SARBANES. 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. BURTON. 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
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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 3 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 hasbeen 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 hasdropped 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.

In 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
been a decline in doctorate awards to black Americans over the
decade.

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 too 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 1½ times as likely as men to have to
rely on self-support and loans to get through. We may be support-
ing foreign 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 needs. 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 1950. and

1960s (figure 1). Internally, within the science and engineering fields, large

changes have taken place. They include a 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 1970, and the

proportion of all bachelor's degrees that are awarded in science and



405

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 1985. 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 American 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, blacks 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 increasingly 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 bachelor's 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 Americans in similar jobs. The unemployment
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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.

I 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 a 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 6f the funding for research assistants comes from federal grants

and contracts.

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 engineering.

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

foreseeable 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 faculty 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 have 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
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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 all 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 graduate study

when they have completed their training 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 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 Congress-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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figure 2. Science and engineering degrees as a percent of all Bachelor's
degree awards, 1950-1986 [Data Source: Center for Education
Statistics]
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figure 3. Percent of science and engineering bachelor's degrees earned by
women, 1950-1986 [Data source: Center for Education Statistics]
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figure 4. Number of science and engineering doctorates earned by U.S.
white, non-Hispanic citizens, by sex, 1975-1985 [Data Source:
National Research Council Doctorate Records File]
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figure 5. Number of science and engineering Ph.D. degrees earned by U.S.

racial/ethnic minorities, 1975-1985 (Data source: National
Research Council Doctorate Records File]
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figure 7. Primary 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 SAmBANES. 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. FEcmmrsm. 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 SARBANES. Do you have a view on that?
Mr. FECHTER. 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-Jews, 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
other languages aren't so popular. That may be an important
factor.
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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
with any 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 of 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 a.m., the committee adjourned, subject to

the call of the Chair.]
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