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Ask any astronomer how to get a quality
image of an object in space andyou will
be told that it’s through a good telescope

and good weather.
Ask a scientist at the Air Force Research

Laboratory’s Directed Energy Directorate and
he or she will agree that it’s through a good
telescope and decent weather, but true quality
is only achieved with adaptive optics.

“You could have a 100-meter  mirror on a
telescope, but without adaptive optics, you will
get the same image resolution as an off-the-
shelf 4-inch telescope. You just cannot get the
full use of the aperture without adaptive op-
tics,” said Lt. Col. Dennis Montera, chief of the
analysis branch at Starfire Optical Range.

Adaptive optics refers to optical systems
that are able to compensate for optical effects,
such as the twinkling of stars caused by air tur-
bulence between the ground and space, leading
to better imagery.

 With better images comes better resolution
and object brightness, and for astronomy,
where light levels are often very low, this
means fainter objects can be detected and stud-
ied.

The Starfire Optical Range, a world-class re-
search facility of the laboratory’s Optics Divi-
sion here is outfitted with a premiere adaptive
optical telescope capability. The primary mis-
sion of the range is to develop optical sensing,
imaging and laser technologies to support aero-
space missions.The Optics Division conducts
research to improve optical and imaging sys-
tems and develops technologies to accurately
propagate laser energy through a turbulent at-
mosphere. The division operates the largest and
most sophisticated telescope facilities in the De-
fense Department.

Much of today’s adaptive guidestar optics

was pioneered at Starfire. The laser guidestar
method uses a laser fired into the upper atmo-
sphere to create an artificial star.

The light from the artificial star received
back at the telescope allows measurement of the
distortion.

Adaptive optics then de-
forms a mirror to compensate
for the turbulence and enables
scientists to get a sharper view
of objects.

Craig Denman, a physicist
with the directorate’s Laser Di-
vision, and his team led the
development of a revolution-
ary all-solid-state sodium
guidestar laser technology, a
technology that can potentially
help ground-based imagery
surpass even that of the Hub-
ble Space Telescope.

The sodium laser is pro-
jected into the night sky, excit-
ing a layer of sodium atoms in the upper atmo-
sphere – creating a very bright yellow light
source that is used with AO to view space ob-
jects.

“The Air Force Research Laboratory has pi-
oneered the development of new AO technolo-
gy and seen its use worldwide. Beginning as far
back as twenty years ago, there was a need for
the sodium guidestar laser,” said Mr. Denman.
“The first guidestar lasers used dyes as the las-
ing gain media and were very expensive and
hazardous. We devised, in-house, the first com-
puter-automated all-solid-state sodium guide-
star laser system that would work with Starfire’s
3.5 meter telescope and achieved 50 watts of con-
tinuous-wave power.”

The success of the technology, coupled with
the adaptive optics built into the range’s 3.5-
meter telescope can be measured as 10 times

more efficient photon return from the mesos-
pheric guidestar with five times more power
than other systems.

 Though, Mr. Denman said, “we are learn-
ing as we go.”

Adaptive optics and guide-
star technology at the laborato-
ry was initially for defense and
military applications, but the
research also benefits the as-
tronomy community. Scientists
at the Laboratory share infor-
mation with astronomy com-
munity.

“The Air Force can spend
time studying the intricacies of
how to make guidestars better.
It costs so much to do astrono-
my on the big telescopes that
astronomers can’t afford to do
the more time-consuming laser
and guidestar scientific stud-
ies that we can. It’s a nice mar-

rying because we both get to learn in the long
run. It’s a symbiotic relationship,” said Mr.
Denman.

By year’s end, Starfire should have its own
mirror coating capability at the site’s Telescope
and Atmospheric Compensation Laboratory.

Cooperative research agreements with oth-
er observatories such as Gemini and WM Keck
have been conducted from time to time to fur-
ther astronomy research and Air Force technol-
ogies.

“Our work toward improved sodium guid-
estar excitation sources and understanding bet-
ter the sodium guidestar physics can benefit the
astronomy community. By helping them, it
helps us to do the work necessary to improve
our own systems as well,” said Mr. Denman.

It’s a relationship, it seems, written in the
stars.
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The Starfire Optical Range here
uses lasers to improve space op-
tics.
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Using the telescope pictured above and to the left, research-
ers at the Air Force Research Laboratory’s Directed Energy
Directorate can obtain high-quality images of space objects.
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