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as a business. Now, if you won’t write
me off as a crazy person, I do believe
that the day will come when humans
will go to hotels in orbit for a day or 
two and listen to lectures, experience
weightlessness, take photos of Earth
and other planets, and so on, as tourists.
That’s the only thing I can think of that
can really drop the cost of spaceflight—
like in the airline industry, you have to
get the volume up.
PT: Cost aside, do you hope to become
a space tourist?
AUGUSTINE: I’d love to! My father
lived to be 96, my mother lived to 105,
and as you know, I just celebrated a
birthday. I’d be the oldest person in
space by far! But I don’t think a person
my age has got a chance. Younger peo-
ple will do it, because humans are ad-
venturers. For example, one of my high-
lights this year has been a trip to Africa
to track gorillas. People just love to do
that sort of thing.
PT: You taught at your alma mater
Princeton from 1997 to 1999. What did
you teach and what did you take away
from your academic experience?
AUGUSTINE: I was teaching an engi-
neering course for both engineering and
liberal arts majors. It was intended to

teach the liberal arts majors how to sur-
vive in a world that is shaped to a very
large degree by engineers and scientists.
And I tried to teach the scientists and en-
gineers that just because you think you
have a neat idea doesn’t mean the world
is going to embrace it. We dealt with
project management, ethics, economics,
systems engineering, and so on. 

The first thing I took away was that
I absolutely loved teaching. It was one
of the most rewarding things I’ve ever
done. And the second was that teaching
is really hard work. I had no idea how
hard it is to try to be a good teacher.
PT: How do you decide what post-
retirement assignments to take on?
AUGUSTINE: One of the great things
about being retired is that I can say
what I think and I don’t have to defend
someone else’s position. In whatever
time I have left, I will continue to pur-
sue activities that meet one or more of
the following three criteria: First, they
have to offer the possibility of con-
tributing to something important; sec-
ond, they have to be something that I
would enjoy doing; and third, they are
often something I am doing for a
friend.

Jermey N. A. Matthews

NSF speeds funding for research
on BP oil spill
Sopping up oil with new materials, mapping the subsurface
plume, and accelerating biodegradation of the slick are among
dozens of time-sensitive research projects receiving grants. 

For David Schiraldi, a chemistry
professor at Case Western Reserve Uni-
versity, getting an NSF award to study
a novel material for soaking up oil was
“phenomenal.” The entire process,
from filling out the brief five-page ap-
plication “in one sitting” to receipt of
his funding, took less than a month. It
was, he says, “the best grant experience
of my career.”

Schiraldi’s experience is being shared
by dozens of other academic scientists
who are studying various impacts from
the millions of barrels of oil that spewed
from BP’s blown well in the Gulf of Mex-
ico in April. The disaster has spotlighted
a special grant mechanism, known as
Rapid Response Research (RAPID) that
NSF has used to support urgent re-
search that can’t wait for the agency’s
standard proposal-review process. The
environmental calamity in the Gulf,
when combined with the Haitian and
Chilean earthquakes, has made 2010 a
busy year for RAPID awards. As

PHYSICS TODAY went to press, NSF had
awarded a total of $8.9 million for 79
such grants in connection with the BP
spill; the bulk of that supports re-
searchers who are gathering data as the
event continues to unfold. 

To be sure, other federal agencies, in-
cluding the National Oceanic and At-
mospheric Administration, the Envi-

ronmental Protection Agency (EPA),
the US Geological Survey, and NASA,
also have been deploying scientists and
research assets to the Gulf. Six of
NOAA’s eight Atlantic fleet research
vessels and numerous aircraft were de-
ployed to collect data and images of the
slick and provide input to models that
tracked its spread. An interagency ef-
fort led by NOAA produced the gov-
ernment’s controversial early August
analysis estimating that of the 4.9 mil-
lion barrels of oil that spewed from the
damaged well during nearly three
months, only 26% remained in the Gulf.
NASA’s Multi-angle Imaging Spectro-
radiometer provided dramatic false-
color views of the spill from the orbiting
Terra spacecraft. An EPA review of dis-
persants found that the product used by
BP was no more toxic than alternative
chemicals. 

But academic researchers say
RAPID may be the sole program among
federal agencies that can respond so
quickly to their needs. “Typically, re-
search proposals require months for
turnaround. Weeks would be consid-
ered fast; days is astonishing,” says
Richard Camilli of the Woods Hole
Oceanographic Institution. Camilli was
the principal investigator for one of
three RAPID-funded research teams
that crowded aboard the NSF-owned
Endeavor in the Gulf.

Ephemeral data
Dennis Wenger, NSF’s disaster program
manager, says the foundation has a 
history of accommodating researchers
who must gather their data during or
soon after a disaster. Until a few years
ago, such “ephemeral data” grant pro-
posals were lumped in with requests
for funding high-risk, high-impact 
research in a program known as Small
Grants for Exploratory Research
(SGER). What the otherwise disparate
types of proposals share is a need to be
reviewed outside NSF’s external peer-
review process, which, NSF officials

Three research teams
sailed aboard the 
NSF-owned research 
vessel Endeavor in June
and collected samples 
of and data on oil-
contaminated waters 
in the Gulf of Mexico.
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say, tends to favor incremental, sure-bet
scientific projects.

Funding requests for data-gathering
activities poured in after Hurricane Ka-
trina in 2005; NSF scrambled to locate
funding and award roughly $5 million
in the final month of that fiscal year. The
agency then decided to split SGER into

two new award mechanisms—RAPID
and EAGER (Early Concept Grants for
Exploratory Research). The RAPID pro-
posals are given a quick internal review
by the relevant NSF program officer,
who may also seek assessments from
two or three other program officers,
particularly if the proposal exceeds 

China and India will drive an overall increase in global R&D expenditures this year.  At
the same time, US science and technology companies are projecting modest reduc-
tions in their fiscal year 2010 budgets, according to NSF data and US industry surveys. 

Worldwide R&D expenditures more than doubled over the past decade—jumping
from $525 billion in 1996 to $1.10 trillion in 2007 (see figure). However, the 2010 Global
R&D Funding Forecast by the Battelle Memorial Institute and R&D magazine shows that
the trend flattened to $1.11 trillion in 2009; it predicts a jump to $1.16 trillion in 2010.

Highlighted in both the NSF and the Battelle reports is that developing nations, par-
ticularly India and China, are snatching shares of total global R&D spending. As the
table shows, the US and Europe accounted for a combined 60% of global R&D spend-
ing last year, down more than 7% from
the 1996 number contained in the NSF
bar graph. The Battelle/R&D magazine
report also projects a 7.5% positive
swing in R&D spending by the
Asia/Pacific region this year; notably,
Japan’s R&D spending is projected to
decline. More modest increases of 3.2%
and 0.5% are expected from the US and
Europe, respectively.

In most industrialized nations, the
private sector has traditionally been 
the biggest R&D spender—industry
accounted for 67% of domestic spending in the US in 2008, according to NSF. But due
to the worldwide recession, since 2008 the US and other governments have been
spending billions to prop up industry in an effort to stimulate their economies. Still,
this year many major US companies plan R&D spending reductions, particularly in-
house basic research, according to the 2010 R&D Trends Forecast by the US-based
Industrial Research Institute. 

Many of the 92 companies (all of them headquartered in the US) that responded
to the IRI survey plan to continue a decade-long trend of increasing their collabora-
tions with federal labs and industry consortia. Survey responses also indicate where
else industry R&D, and associated investments, have gone: Of those companies’ 
187 non-US-based R&D labs, China is the top host, followed by Germany, the UK, 
and India. 

Jermey N. A. Matthews
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Estimated worldwide R&D expenditures:
1996 and 2007

1996: $525 billion 2007: $1.10 trillion

Percentage share of total
 global R&D spending, 2008–10

2008 2009 2010
Americas 39.9 39.4 39.2
US 35.4 35.0 34.8
Asia/Pacific 32.0 33.5 34.6
Japan 13.2 12.5 12.3
China 9.1 11.1 12.2
India 2.4 2.5 2.9
Europe 24.9 24.9 23.2
Rest of world 3.2 3.1 3.0

Global R&D spending up, US industry spending down
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$40 000, says Wenger. NSF directorates
may spend up to 5% of their budgets for
RAPID grants, and individual awards
are capped at $200 000. But Wenger, for
one, believes that smaller is better.  “If I
have a choice between a $200 000
RAPID and five $40 000 RAPIDs, I’m
going to opt for the five most times.”

Recipients of Gulf-related RAPID
grants give the program high marks.
“The turnaround time was faster than I
had expected, literally just days,” says
Camilli, whose $131 000 grant sup-
ported gathering the data he needs to
map the subsurface oil plume. “I was
most satisfied with the team at NSF bi-
ological oceanography,” echoes Susan
Bell, a biologist at the University of
South Florida, who had her $128 000
grant for studying the impact of the oil
on beach ecosystems approved in just
22 days. Karl Linden, an engineering
professor at the University of Colorado
at Boulder, says it took about six weeks
from submission of his proposal to 
arrival of the funding on his $82 000
grant to study the sunlight-driven
decay of the dispersants used to diffuse
the Gulf slick. That was, he says, “a bit
slower than I would have liked, but we
can live with [it].” 

Surreal scene
Awardees say NSF also did a good job
of alerting them to the availability of the
grants. Schiraldi says the program was
“very well advertised” through e-mail
blasts to both faculty and university re-
search administrators. Linden credits
previous familiarity with the RAPID
program for allowing him to get “ahead
of the game” and submit his application
before NSF’s notification went out. Bell
says the program is well known, “espe-
cially by those of us older types that re-
member the SGER program.” Paul
Painter, a materials science professor at
the Pennsylvania State University, says
the speedy review and award process
allowed him to commit to a student
who wants to work on developing tech-
nology to separate oil from sand. Simi-
larly, Schiraldi says his award will let
him continue employing a graduate
student who is already familiar with 
the material. 

For Camilli, this summer’s NSF-
sponsored trip was his second visit 
to the site of the blown well; in late 
May he led a team of scientists assem-
bled by the US Coast Guard to estimate
the rate at which oil and gas were gush-
ing. For that effort, BP provided a 
remotely operated vehicle to sam-
ple and image the plume. During
Camilli’s more recent visit aboard the
Endeavor, subsurface seawater sam-

pling continued around the clock.
Coast Guard, NOAA, and EPA sci-

entists also joined the crew to ensure
that samples and data to assess the ex-
tent of environmental damage were ac-
quired in accordance with protocols es-
tablished by the Oil Pollution Act of
1990. Camilli recalls the “surreal” scene
of 80 ships and multiple drilling rigs
floating within a three-mile radius of
the blown well. The flaring of gas and
oil was visible for “tens of miles,” he
says, creating a roar not unlike a jet en-
gine. The humid air was further thick-
ened by a range of light hydrocarbons,
including carcinogenic benzene. At one
point, Camilli, the chief scientist aboard
Endeavor, had to order the vessel to
leave its sampling position when the
vapors exceeded limits deemed safe.

Straying from guidelines?
Most Gulf-spill-related RAPID awards
are for data-gathering projects, but
some are going to activities that seem to
stray from NSF’s guidelines requiring
that funds go to “proposals having a 
severe urgency with regard to avail -
ability of, or access to data, facilities 
or specialized equipment, including
quick-response research on natural or
anthropogenic disasters and similar
unanticipated events.” BlueInGreen
LLC of Fayetteville, Arkansas, for ex-
ample, received a $175 000 RAPID
grant to try out its proprietary technol-

ogy for injecting dissolved oxygen into
some of the contaminated coastal bays
and estuaries. If the results are success-
ful, the added oxygen could boost the
rate at which microbes biodegrade the
oil. The federal Small Business Innova-
tive Research (SBIR) program, which is
explicitly designed to help small com-
panies develop and commercialize their
technologies, is the source of funding
for that grant. BlueInGreen has previ-
ously received $800 000 in SBIR grants
over fiscal years 2004–07 to develop its
oxygenation technology, according to
Small Business Administration records.
Like other major scientific agencies,
NSF is required to set aside 2.5% of its
research budget each year for competi-
tively awarded SBIR projects.

An NSF spokesman says the agency
has not relaxed the RAPID criteria to ac-
commodate oil-spill proposals. The
program has never restricted awards to
just those that collect ephemeral data;
what is common to all its awards is their
urgent nature, he says. Thus, program
managers saw an urgent need to fund
proposals for technologies that could
help clean up the Gulf pollution, partic-
ularly while the well was still leaking,
he explains.

Schiraldi’s $96 000 RAPID grant is
funding the development of technology
that he doesn’t believe will be ready for
deployment in the Gulf cleanup. He
says the work will provide a scientific

In a research project funded by NSF’s Rapid Response Research program, Ping
Yang and others at the University of South Florida identified multiple forms of oil
contamination along Alabama and northern Florida beaches. Clockwise from upper
left, the forms are tar ball, tar patty, tar cake, oil stain, and oil sheet. Measuring stick
is one yard long.
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understanding of how an aerogel mate-
rial invented in his lab can soak up as
much as eight times its weight in oil
from water surfaces and then be wrung
out for reuse. He hopes the cost of the
material can be lowered, so that the
technology can be used during the next
big spill and for cleaning up routine

spills at refineries and marinas. In an-
other case, researchers at the University
of Central Florida received a $67 000
grant to develop a chemical process
they hope will turn fly ash, a waste
product from coal burning, into a low-
cost, recyclable oil absorbent.

David Kramer

China, others dig more and
deeper underground labs 
From tiny to gargantuan, experiments are in the works to exploit
the shielding from cosmic rays that being deep underground
offers. 

Initial experimental plans are
modest, but with its drive-in access and
extreme depth, the new China Jinping
Deep Underground Laboratory (CJPL)
has the potential to become a major in-
ternational player. China is plunging
into the vibrant global scene of under-
ground labs with a small dark-matter
experiment set to start collecting data
this fall.

“Underground science is really
booming,” says André Rubbia, the ETH
Zürich physicist who chairs LAGUNA,
a study of European underground sites
for a megaton long-baseline neutrino ex-
periment. “With bigger and bigger accel-
erators more difficult to build and fi-

nance, physicists realize that there is a
huge amount of science to be done un-
derground—in a low- background envi-
ronment—that is complementary to the
high-energy frontier,” he says. Physicists
go underground to block cosmic rays
from experiments that look for neutri-
nos, dark matter, proton decay, double
beta decay, and the like. Underground
sites are also attracting projects in other
areas, including geology, electronics,
gravity waves, biology, and engineering.

Small but fast
The CJPL grew rapidly from an idea to re-
ality: In mid-2008 scientists got wind that
the Ertan Hydropower Development Co

A new under-
ground lab
(below) in China
will be the world’s
deepest research
site, located in 
Jinping mountain
(left) of Sichuan
Province. 
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