
WASHINGTON REPORTS 

CLINTON PHILOSOPHY TRANSFORMS 
NIST INTO 'PARTNER FOR INDUSTRY' 

In 1904 the great Baltimore fire drew 
fire-fighting companies from as far 
away as New York, Philadelphia and 
Wilmington. Presumably few real­
ized before they arrived that they 
would only watch the fire, not fight 
it. More than 1500 buildings in the 
city's downtown area were destroyed 
because the fire-fighters could not 
connect their equipment to the "for­
eign" threads on the hydrants of the 
Baltimore water system. 

Three years earlier, having antici­
pated that problems ofthis sort would 
appear with the great scientific and 
engineering progress begun in the 
19th century, and concerned about 
analogous issues affecting interna­
tional trade, Congress had estab­
lished the National Bureau of Stand­
ards . Physicists eventually came to 
think of NBS as a font of world-class 
basic research in quantum, electron, 
optical, atomic, molecular and radia­
tion physics. In addition to oversee­
ing fundamental physical standards, 
NBS was also responsible for helping 
industry set commercial standards, as 
the Baltimore fire reminded the then­
fledgling agency. 

These days, while the budget for 
physics research is staying slightly 
ahead of inflation, business concerns 
dominate the agenda, and the agency, 
now part of the Department of Com­
merce, has become a technology-fund­
ing minipower. 

In 1988 Congress passed the Om­
nibus Trade and Competitiveness Act, 
which among its provisions, renamed 
the NBS the National Institute of 
Standards and Technology. The 
legislation a lso enlarged the 
agency's mission: "to assist industry 
in the development of technology 
and procedures needed to improve 
quality, to modernize manufactur­
ing processes .. . and to facilitate the 
more rapid commercialization" of 
products based on new science. NIST 
was given an extra $5 million in the 
FY1989 budget for the trial estab­
lishment of regional manufacturing 
technology centers, which would pro­
vide technical assistance for smaller 
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companies . More recently, the large 
growth in NIST's budget under Presi­
dent Clinton illustrates the Admini­
stration's belief in direct government 
assistance on behalf of US business 
in the war of global economic compe­
tition. In last year's "Guide to NIST" 
booklet, director Arati Prabhakar 
wrote of the agency's plans "to trans­
form itself from primarily a measure­
ment laboratory program with three 
relatively small extramural programs 
to a full-service technology develop­
ment, funding, extension and quality 
improvement partner for US industry." 

As a symbol of the importance at­
tributed to strengthening US busi­
ness, NIST also manages the Malcolm 
Baldrige National Quality Award, es­
tablished by Congress in 1987. (The 
Baldrige Foundation funds the award, 
and the American Society for Quality 
Control administers the award for 
NIST.) The criteria for winning are 
"leadership, information and analysis, 
strategic quality planning, human re­
source development and manage­
ment, management of process quality, 
quality and operational results, and 
customer. focus and satisfaction." 

Technology to the fore 
The expanded tasks of NIST are best 
shown by the phenomenal growth of 
the Advanced Technology Program, 
which was established in 1990 and 
has since become the primary vehicle 
for the agency's new mission. The 
ATP encourages high-risk technolo­
gies by funding R&D projects at US 
companies. Much as an academic 
physicist would submit a research 
proposal to the National Science 
Foundation, companies submit tech­
nology-development proposals to 
NIST. In contrast to the NIST Phys­
ics Laboratory, the ATP is an "extra­
mural" program. In fiscal 1990 it was 
allocated $10 million, but by FY1993, 
in the last budget of the Bush Ad­
ministration (see PHYSICS TODAY, June 
1993, page 83), the ATP's budget had 
grown to about $68 million. Under 
Clinton, NIST's budget is skyrocket­
ing, and the ATP is leading the way. 

What started with a small supple­
ment six years ago has become the 
largest part of NIST's budget. For 
FY1995 the Clinton Administration 
requested $451 million for the ATP, 
or just under half of the amount re­
quested for all of NIST. Congress 
came through with $431 million out 
of NIST's total of $855 million (see 
PHYSICS TODAY, October, page 59). In 
FY1997, the last budget year of this 
four-year presidential term, the Ad­
ministration's target for the ATP is 
$750 million. 

By contrast, NIST's physics pro­
gram will see only a modest increase. 
Its budget for FY1995 will rise to the 
$30 million level, about 7% more than 
last year (see the box on page 76). 
Katharine B. Gebbie, the director of 
NIST's Physics Laboratory, admits 
that the change in emphasis has chal­
lenged the agency's physicists, "but 
that's the excitement-to demon­
strate that supporting the highest­
quality physics is entirely consistent 
with addressing national needs." 

Changing cultures? 
To understand the new NIST, start 
with its director. Arati Prabhakar is 
doing her part to implement the Clin­
ton Administration's industrial phi­
losophy, which was sketched in Feb­
ruary 1993 in "Technology for 
America's Economic Growth-A New 
Direction to Build Economic 
Strength," by President Clinton and 
Vice President Gore (see PHYSICS TO­
DAY, April 1993, page 43). Born in 
New Delhi, India, Prabhakar received 
her BS in electrical engineering from 
Texas Tech University (1979) and her 
MS in electrical engineering (1980) 
and PhD in applied physics (1984) 
from the California Institute of Tech­
nology. She told PHYSICS TODAY that 
she learned something very important 
about herself in graduate school: "I 
didn't want to do research myself for 
the rest of my life, or ever again." 

Immediately after receiving her 
PhD, Prabhakar came to Washington 
as a Congressional Fellow in the Of­
fice of Technology Assessment, where 
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Physics by Any Other Nome . .. 
The scientists at NIST's Phys ics Laboratory perform, in the 
words of its d irector, Katharine Gebbie, "directed" research. 
As has genera lly been the case at NIST, one finds w ithin the 
Physics Laboratory both pure and applied phys ics to support 
industry on timesca les from the immediate to the long range. 
The lab's new mi ss ion statement, developed by Gebbie and 
her d iv ision leaders, lays out the goa l explicitly: " to support 
US industry by providing measurement services and research 
for electronic, optica l and radiati on technology." 

Gebbie and her colleagues have thus chosen to concen­
trate on assisting three types of technolog ies. But the research 
areas are still w ide among the lab's eight divisions, each of 
which has its own specif ic mi ss ion. The d iv isions are further 
d ivided in to research groups. From an afternoon spent 
touring several N IST labs in Ga ithersburg, Maryland- where 
snatches of overheard conversations gave the d istinct impres­
sion of enthusiastic scienti sts at work- here are a few brief 
examples: 

W ithin the electron and opti ca l phys ics div ision, the 
electron physics group studies exchange coupling in mag­
netic films. They have found that w hen a nonmagnetic 
materia l is placed between two magnetic materials in a 
sandwich of order lQ-9 meters thi ck, the magnetic coupling 
between the material reverses direction w henever the spacer 
thickness changes by only a single layer of atoms. Thi s work 
supports technolog ica l applicat ions involvi ng recording 
heads and sensors. The group also stud ies very small mag­
netic structures usi ng scanning electron microscopy w ith 
polari zation analysis. This work, of fundamenta l scientific 
interest, has practi ca l appli cations in magnetic storage. 
The group is also studying laser focusing of neutral atoms for 
poss ible nanostru cture fabrica tion. Here the laser electro­
magnetic fields act for atoms as lenses and mirrors do for 
photons. 

W illi am Phillips of the atomic phys ics di v ision, who in 
1990, w ith Claude N. Cohen-Tannoudji, explai ned what 
were then new mechanisms for laser cooling to readers of 
PHYSICS TODAY (October 1990, page 33), has carried that work 
further, cooling atoms below 1 microkelvin. How does this 
research fit w ith NIST's mi ss ion? W ith an accuracy of one 
part in 1014, NIST-7 is now the world's most accurate atomic 
clock, but application of laser cooling to clock making wi ll 
substantia lly improve this accuracy, perhaps by as much as 
a factor of 100. Further research, such as that on laser-cooled 
trapped ions at NIST's Boulder, Co lorado, laboratories, may 
lead to clocks w ith accuracies of a part in 1018 

Through the radiation interactions and dosimetry group 
of the ionizing radiation di vision, NIST helps provide radia­
tion standards for those directly invo lved in medica l physics, 
for those in industry w ho help deve lop products using 
rad iation, and for all those w ho work near sources of rad io­
activ ity, such as nuclear submarines and food irradiation 
faci li ties ; NBS started this work in 1927. N IST works w ith 
government regulators, such as the Nuclear Regulatory Com­
miss ion and the Food and Drug Administration, as well as 
those w ho produce radioacti ve sources, such as radiophar-

maceutica l companies. Scientists in this group do physics 
inside an energy range of 20 keV to 30 MeV. 

The neutron interactions and dos imetry group has estab­
lished a neutron interferometry station at the Cold Neutron 
Research Faci li ty. (See PHYSICS TODAY, September 1991, page 
17.) Taking advantage of the quantum mechanica l "wave­
like" characteri stics of neutrons, the apparatus allows the 
study of phenomena using matter-wave interferometry. In 
neutron in terferometry a neutron beam is spati ally split and 
recombined using perfect crystals of silicon as optica l ele­
ments. The group cla imed to have the best such setup in the 
world and expects further improvements in the future. Ac­
cording to Gebbie, this program is motivated by a desi re to 
carry out worthwhile fundamental phys ics wh ile developing 
new measurement techniques . Ultimately, neutron inter­
fe rometry may prov ide a new tool for materi als sc ience. 

The desire to develop too ls for materi als research has also 
motivated a program for the po lari za tion of neutrons using 
nuclea r-spin-polari zed 3He spin filters. Recently groups out­
side NIST have made significant progress in 3He polari za tion, 
motivated by target deve lopment for medium- and high-en­
ergy electron scattering experiments. NIST is engaged in 
extending this technology for neutron po lari zation for tests 
of fundamental symmetr ies as well as for its applications in 
polari zed neutron scattering. 

Agency with a mission 
How does NIST di ffer from a typica l university physics 
laboratory? Gebb ie pointed out that NIST is a mission-ori­
ented agency and all its research is directed toward ful filling 
th at miss ion. Phillips to ld PHYSICS TODAY that one of the 
advantages he sees in doing phys ics at NIST-a place he 
ca lled "extremely stimul ating and exc iting"-is the opportu­
nity to work in a strong research group with a team of focused 
senior colleagues and young Nati onal Research Counci l 
postdoctoral fe llows. In Phillips's picture of NIST, top-notch 
senior scienti sts bring great experi ence and an institutiona l 
memory, and the postdocs bring new ideas and "new energy." 

W hile overall funding for NIST has grown greatly and may 
be expected to continue to grow during the Clinton Admin i­
strati on, the Physics Laboratory enjoys more modest in­
creases. Gebbie says she has had the freedom to make 
decisions about redirecting Physics Laboratory programs, a 
process that began in the Bush Administration when she 
reprogrammed a project to build a free electron laser and 
greatly reduced efforts in astrophysics. She explains, "NIST 
cannot do everything. We have to make decisions about 
those programs where we can have the greatest impact on 
our mission." 

Gebbie thinks that one of the great strengths of NIST 
phys ics is to instill confidence: " I fee l very strongly- and I 
think I am supported by NIST's upper management-that the 
quality of our services rea lly depends on the strength, breadth 
and exce llence of our sc ienti fic research. O ur contri butions 
are cred ible only to the extent that they' re based on the best 
scientif ic judgment ava ilab le." 

she an alyzed microelectronics r e­
search and development at the re­
quest of the House science, research 
and t echnology subcommittee. In 
1986 she moved to the Defense De­
partment's Advanced Research Pro­
jects Agency as a program manager 
in the el ectronic sciences division. 
She helped create ARPA's microelec­
tronics t echnology office and served 

for two years as its director, managing 
a $300 million budget, before coming 
to NIST at the end of May 1993. 

the taxpayer," she says. NIST must 
"maximize the value we deliver," help 
change the ''behavior" of companies, but 
let them "drive the agenda" of the ATP, 
which she describes as a "partnership" 
between NIST and the company it's 
working with. 
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lllustrating why many are saying 
that the best vehicle for technology 
transfer i s the moving van, Prabhakar 
brought the corporate culture of ARPA 
to NIST. She speaks the business lan­
guage heard often these days in Wash­
ington. ''Ultimately, our customer is 

Pr:;~bhakar says the ATP is "de­
signed to do a job that lies between 
research and product development." In 



the "proposal preparation kit" for 1994's 
competition, one sees the new goal of 
NIST manifest in the ATP. ''The ATP 
mission," it states, "is to stimulate eco­
nomic growth in the United States 
through technology development." It de­
fines ATP projects as having "a rela­
tively high technical risk." 

This notion of taking more risks, of 
stretching, pervades more than one Fed­
eral agency. At NASA headquarters, 
one high-ranking official was heard to 
say that "you'll know that NASA's 
turned the comer when someone is re­
warded for a project that failed." Prab­
hakar told of a former DARPA director 
who would "accost program managers 
and ask if they'd had any funding re­
quests bounced. If they said no, he'd 
chew them out for not taking enough 
risks." At NIST, Prabhakar continued, 
''We're trying to get some of that cul­
ture-! think we got it." 

Funding through the ATP lies 
somewhere in a middle ground be­
tween grants and contracts. Unlike 
a contract, no specific product is de­
manded. Compared with a grant, the 
ATP provides more technical support 
and monitors a project's progress 
more closely. Also, the company or 
consortium of companies always 
shares its project costs with NIST. 

Consider the case of X-Ray Optical 
Systems, a physics-related comp'any 
with eight employees, located in Al­
bany, New York. It first qualified for 
a Cooperative Research and Develop­
ment Agreement with NIST to de­
velop x-ray and neutron lenses from 
arrays of carefully bundled tiny glass 
capillaries. After failing on its initial 
attempt to get funding through the 
ATP, the company's second try netted 
$1.9 million to develop lenses to form 
parallel beams of x rays; the company 
contributes $350 000. 

Specific technologies 
Prior to this year the ATP had been 
open to proposals in any area of tech­
nology. In April Commerce added to 
the general competition five "focused 
program areas": tools for DNA diag­
nostics ($145 million spread over the 
five years); information infrastructure 
for health care ($185 million); manu­
facturing advanced composite struc­
tures ($160 million); component-based 
software ($ 150 million); and com­
puter-integrated manufacturing for 
electronics ($105 million). More pro­
gram areas are expected to be an­
nounced late this year, and NIST pro­
jects about 20 such programs by 
FY1997. 

Although NIST asked for help in 
choosing the program areas through 
"white papers" from industry, some 
are not impressed with the govern-
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NIST's Physics Laboratory 
Of the eight divisions in the Ph ysics 
Laboratory, the first six listed be low 
are located at the main NIST center 
in Gaithersburg, Maryland; the last 
two are in Boulder, Colorado. 

Electron and optica l physi cs 
Atomic physics 
Mo lecular physics 
Radiometri c phys ics 
Q uantum metrology 
Ioni zing rad iati on 
Time and frequency 
Quantum 

ment's track record in picking win­
ners and do not agree with this idea 
of a "focused" ATP. Robert White, 
who now chairs the department of 
electrical and computer engineering 
at Carnegie-Mellon University, was 
undersecretary of commerce for tech­
nology in the Bush Administration, 
and, as such, one of the fathers of the 
ATP. He believes that "potentially, 
ATP is a good program," but he cau­
tions against too much focusing "at 
the expense of a category that may 
contain the seeds of a whole new 
industry." 

Prabhakar and others at NIST ar­
gue that the focusing has improved 
the proposals themselves, because the 
business and technical goals are 
worked out in advance with industry. 
But the application numbers may 
suggest that those actually submit­
ting proposals prefer the general com­
petition. This year 200 proposals 
were received in all of the five focused 
areas together, compared with 397 
received in the general competition. 

Making the grade 
In contrast to typical scientific grant 
proposals, ATP proposals have two 
ingredients, technical and economic. 
The evaluation criteria include scien­
tific and technical strength, as well 
as "plans for eventual commercializa­
tion of the research" and "potential 
broad-based economic benefits." 

NIST can usually find knowledge­
able government people to do the sci­
entific and technological "expert" re­
view-th e NIST term. But for 
judging the business plan, private­
sector experts are needed. In either 
case, Prabhakar is adamant that "the 
criteria are the criteria are the crite­
ria, period. We're constantly working 
to see if we can improve the process, 
but that review is non-negotiable. A 
program like this will crater if it be­
comes politically driven- by any kind 
of politics." 

After the projects have been chosen 

and funded, what about under­
standing the effects? In J anuary 
NIST published a booklet , "Setting 
Priorities and Measuring Results at 
the National Institute of Standards 
and Technology," which warns that 
"there is little precedent in the Fed­
eral government-and inconsistent 
results in industry-when it comes to 
measuring the results of technological 
investments." In regard to the ATP, 
the booklet says that "too high a tech­
nical success rate would suggest that 
the project selections are overly con­
servative." 

Prabhakar admits that "there are 
things that are easy to measure, and 
there are things that tell you a lot 
about how well you're doing, and 
they're almost two distinct sets." She 
still feels that the "easy" things ( typi­
cally , things that can be easily 
counted) are important to measure 
because they tell you "if the activities 
are at the right level." However, she 
says, the real measure of what's com­
ing out of the ATP is whether com­
panies are working in new areas (and 
new markets) or dramatically short­
ening their time horizons for research 
and development: "Basically, it's be­
havior changes that lead to opportu­
nities that are different. These are 
the kind of indicators that say to me 
that we're on track." 

Several studies commissioned by 
NIST confirm that the ATP benefits 
those it funds, but can one distinguish 
between effects specific to the ATP and 
the simple advantage of having more 
money available? In a February 1993 
report by an outside firm, the first 
recipients described what they felt was 
the single most important effect of an 
ATP award. The report summarized 
three main types of perceived benefits: 
1) affordability of research that is 
deemed high risk, with possible pay-offs 
a long time in coming; 2) a so-called 
halo effect, where winning an award 
increases stature and validates the pur­
suit of the new technology; and 3) in­
creased industry-industry collabora­
tion (facilitated by NIST). White 
mentioned that numerous consortia 
have been created to apply for ATP 
funds, including one that he is heavily 
involved with, the National Storage In­
dustry Consortium. 

In the complacent 1950s, says 
Prabhakar, the US was the unchal­
lenged global leader in one industry 
after another, and inefficiency didn't 
matter very much back then. These 
days of global competition are differ­
ent , and she enjoys the ch allenge: 
"It's really good for your soul to have 
to run hard and fast. We're having 
a blast." -DENIS F. CIOFFI • 
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