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Learning 
From Tragedy

In April, Xi-Cheng Zhang was preparing
to teach a short course on terahertz

imaging when he was contacted by a sci-
entist at Lockheed Martin Space Systems,
the company that had manufactured the
external fuel tank on the Space Shuttle
Columbia. The shuttle disintegrated over
Texas earlier in the year after a large sec-
tion of foam broke away from the tank.
Lockheed Martin and NASA were con-
sidering terahertz imaging as a way to
detect defects in their foam.

Compared with technologies based on
neighboring regions of the electromag-
netic spectrum (light and radio waves),
terahertz-based systems are relatively
new. Zhang, a professor at the Rensselaer
Polytechnic Institute, is among those
studying their potential. After the acci-
dent, Lockheed Martin sent him several
samples of the foam, which were identical
to the kinds used on the shuttle.

The largest chunk had 57 defects built
into it; Zhang’s imaging system detected
49 of them. Of the other technologies
being used to study the foam, including
back-scattered radiography, microwave
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The Oak Ridge National Laboratory
in Knoxville, Tenn., hosted its first

annual Hybrid Solar Lighting Summit
in early October. The event drew
energy and environmental policy-
makers, scientists and engineers, solar
and clean energy advocates, lighting
designers, architects and green power
providers to talk about making better
use of sunlight.

The summit focused on the devel-
opment and commercialization of
hybrid solar lighting technology, which
specifically targets the energy con-
sumed by electric lights—the largest
consumer of electricity in commercial
buildings. Lighting in U.S. residential
and commercial buildings consumes
close to 5 quadrillion BTUs of primary
energy and one-fifth of all electricity,
according to Oak Ridge. In commercial
buildings, one-quarter of all energy
demand is for lighting.

Hybrid systems concentrate sun-
light into flexible optical fibers.
Sunlight is routed into buildings using
the cables, and the light is combined
with electric light in hybrid light fix-

tures. The natural and electric light
sources work together to illuminate the
inside of buildings. Lighting controls
automatically reduce the amount of
electric light used in accordance with
the amount of sunlight that is available.

Oak Ridge has organized a partner-
ship of about 20 institutions around
the nation that are hosting hybrid
lighting projects. “We felt this technol-
ogy is somewhat multidisciplinary.
We need designers, optical engineers,
architects … and we knew it wouldn’t
necessarily happen naturally,” said Jeff
Muhs, the technical director of the
partnership. “It’s an idea with high risk
and high pay-off.”

Ohio University is using the tech-
nology to grow algae in a research lab.
Sacramento Municipal Utility District
in California is using a hybrid system.
“I get phone calls every day,” Muhs
said. “People are looking for new ways
to use solar energy.”

For more information about 
hybrid lighting, go to www.ornl.gov/
hybridlighting or write Muhs at 
muhsjd@ ornl.gov.

Optical Fibers Bring in the Sun 

Optical
fibers are
routed
from 
roof-top 
collectors
through
plenum
spaces into
traditional
ceiling-
mounted
light 
fixtures.

(From left to right) NASA's Eric Madaras works
with Xi-Cheng Zhang and Jingzhou Xu from
Rensselaer Polytechnic Institute to analyze
foam used on space shuttle fuel tanks.
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imaging and laser shearography, Zhang
believes terahertz is the most effective.
“Compared to conventional technolo-
gies, which provide only the intensity
information of different pixels, terahertz 
time-domain imaging records an entire
waveform of a terahertz pulse for each
pixel,” Zhang wrote of his work. “As a
result, T-ray imaging provides multi-
dimensional information relating to
scanned objects.” Terahertz travels
through the foam, which has a very 
low index of refraction, with very little
attenuation.

Terahertz radiation is generated from
a large-aperture photoconductive
antenna illuminated by a femtosecond
laser and focused down to a 10-milli-
meter diameter beam which is directed
onto the foam. The terahertz radiation
reflected by the foam is collected by a
mirror that sits beside the parabolic mir-
ror. The reflected radiation is focused
onto a ZnTe detection crystal by another
parabolic mirror and the foam is scanned
in the plane perpendicular to the tera-
hertz beam. The terahertz waveform is
then recorded using an optical gate pulse.

“In a blind test, [terahertz] was
deemed the most successful in finding
flaws in foam compared with several
other promising technologies,” said Eric
Madaras, a senior scientist with NASA’s
Langley Research Center. “Our system is
now …undergoing testing and certifica-
tion for possible application to the next
shuttle external tank.”

A Boy and His
Paper Airplane Soar

L ast fall, Ben Rosenberg
stood up before scien-

tists gathered at a NASA-
sponsored beamed energy
symposium in Huntsville, Ala. “I asked if
anyone had the time and money to have a
high school student come work in their
lab,” Rosenberg said.

The 15-year-old from Hilton Head,
S.C., has been entering and winning sci-
ence fairs for a decade. He took an interest
in lasers after reading a Science News arti-
cle on the use of lasers to fly paper air-
planes, but the only laser he had access to
on his island community was too small.
The Huntsville trip put Rosenberg in

touch with some of the most sophisticated
scientists—and equipment—in the world.

His initiative paid off. Two people
took a particular interest in Rosenberg.
Takashi Yabe, of Japan’s Tokyo Institute 
of Technology, was the researcher behind
the paper airplane experiment Rosenberg
had read about. Michael Lander works
with intense military lasers at Wright-
Patterson Air Force Base in Dayton, Ohio.

Lander invited Rosenberg to his lab
for a week. The boy’s work there got him
another invitation: Yabe has invited
Rosenberg to spend two weeks at the
Tokyo institute this fall and present a
paper about his work at the second
International Conference on Beamed

Energy Propulsion in
Sendai, Japan.

Yabe told The
Island Packet,

Rosenberg’s hometown
newspaper, that the boy “is

brilliant and active. He will be 
a good scientist.”

In Dayton, Rosenberg attached an
aluminum target to the tail of a paper air-
plane. A drop of water was placed on the
target. He fired the laser at the target,
causing the metal to explode and form
plasma gas. The force propelled the air-
plane forward 75 centimeters, and it skid-
ded another 30 centimeters.

By sending the laser beam through a
transparent liquid such as water, the
plasma is formed behind the drop of liq-
uid, and it sends the liquid back toward
the laser beam at supersonic speeds. This
additional accelerated mass dramatically
improves the total thrust. Rosenberg has
found that oil and water both are effective.

His paper, “Beamed Energy
Propulsion by Means of Target Ablation,”
has won him a number of awards, includ-
ing one from OSA.

The 10th-grader is taking both physics
and chemistry, and he hopes to attend the
state’s Governor’s School for Science and
Mathematics next year. “But I’m always
trying to not make it my whole life, to
not be the massive nerd, wearing button-
down shirts every day.” He’s also a Boy
Scout who plays hockey and drums.

And he’s not convinced he’s going to
devote his life to science. “It’s too soon to
say. I’d like to mix art and science. Maybe
I’ll try architecture.”

SCATTERINGS

Brookhaven National Laboratory
in Upton, N.Y., was among those
affected by the blackout that
struck parts of the United States
and Canada on August 14. Here,
a data graph from the National
Institute of Standards and
Technology (NIST) beam line U7A
shows the data dropping to zero
and the monochromatic energy
scan halting as the blackout hits.
NIST scientists working on that
beam line signed the graph as a
record of the event. “We lost about three days of beam time for data acquisi-
tion,” said NIST scientist Dan Fischer. “But things could have been much worse.
Since our soft X-ray beam line and the synchrotron are all part of a giant vac-
uum system, a catastrophic leak was a real possibility.”

DID YOU KNOW?

Ben Rosenberg spent a week at Wright-
Patterson Air Force Base conducting experi-
ments with a high-power laser.

Tell us what you think: http://www.osa-opn.org/survey.cfm
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