
The Center for Adaptive Optics (CfAO) has brought together two very 
different worlds in science: one that treats the astronomically large, 
and another that treats the very small.

communities,” says center director 
Claire Max. “When we got started, there 
was one AO system for vision that was 
tentatively trying out what they could do. 
Now there are more than 50 instruments 
in clinical settings and university 
laboratories.”

At the heart of an AO system 
is a wavefront analyzer along with a 
deformable mirror, which can change its 
shape rapidly to correct for distortions in 
the incoming light. In order to analyze the 
incoming wavefronts, a bright reference 
source of light is needed. In astronomy, 
the reference may be a bright star or 
an artificial star created by aiming a 
laser beam up into a sodium layer that 
surrounds the Earth at a height of about 
100 km. It creates a spot of light called 
a laser guide star that can be used as 
a reference for measuring distortions 
caused by the Earth’s atmosphere. In 
vision research, a laser reflected off a 
spot in the retina provides a reference.

Based on this information, commands 
are sent to actuators that exert force 
on the surface of the deformable mirror 
to change its shape—for the Earth’s 
atmosphere, that means changing several 
hundred times a second. 
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Until recently, commercially available 
deformable mirrors have been relatively 
large and expensive, but for many 
applications, smaller and less-expensive 
mirrors are needed. The enabling 
technology is a micro-electromechanical 
system, or “MEMS,” deformable mirror 
that consists of a reflective layer on top 
of a membrane under which are many tiny 
electrodes that impart forces on the mirror. 
Each device may have from hundreds to 
thousands of such deformation points. 

The center has funded several 
companies including Boston 
Micromachines and Iris AO to spur 
improvements in MEMS deformable 
mirrors. “By setting benchmarks and 
performance characteristics to meet, we’ve 
helped to push the capabilities forward,” 
notes Chris Le Maistre, managing director 
of CfAO. 

One legacy of the center is the 
Laboratory for Adaptive Optics (LAO) 
at UCSC, a facility within the UCO/Lick 
Observatory established with more than 
$9 million from the Gordon & Betty Moore 
Foundation. The laboratory provides 
a place to develop and test new AO 
technologies and to train postdoctoral and 
graduate researchers.

These realms—astronomy and vision 
science—have found common cause in the 
need for technologies to obtain very clear, 
sharp images. Together, they are advancing 
a remedy.

It’s called adaptive optics (AO), 
a method for removing the blurring of 
images caused by changing distortions in 
optical systems. Turbulence in the Earth’s 
atmosphere, for example, causes images 
of stars and planets to appear fuzzy. But 
by using adaptive optics, ground-based 
telescopes can see as clearly as if they 
were in space. Imperfections in the eye 
cause blurring of images, but adaptive 
optics for vision science provides a way to 
sharpen an image of the human retina.

Headquartered at the University 
of California, Santa Cruz (UCSC), the 
center has united a team of astronomers, 
physicists, engineers, and vision and life 
scientists in the quest for next-generation 
adaptive optics.

When the center started in 2000, 
AO wasn’t something that the astronomy 
community had entirely accepted. NSF 
funding of the center helped make it a 
mainstay of astronomy—and transformed 
the field of vision science in the process.

“There has been a huge amount of 
cross-fertilization between those disparate 

Left: Star Trails Over Gemini North in Mauna 
Kea, Hawaii. Approximately 2 hours of stacked 
exposures of the summer sky over Gemini North. 
The setting moon provided light on right of dome 
and twilight provides a glow to the left side of 
dome, a small red light provides highlight on 
center of dome. A star field has been offset 
by about 30 minutes to show individual stars 
separated from trails revealing Scorpius and 
Sagittarius over the Gemini dome. 
Photo: Gemini Observatory  

Inset: Narrow-field image of the Galactic 
Center. Exposures were obtained at 3.8 and 
2.1 micron wavelengths, assigned a color, 
and combined to make a false-color image. 
Image is 10 arcseconds in size. 
Photo: W. M. Keck Observatory
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Education Project Yields Research Dividends: 
Experiment in Inquiry-Based Teaching

Neptune observed in the near-infrared 
(1.65 microns) with and without adaptive 
optics. Neptune is the outermost of the 
giant planets in our solar system, but also 
has the most dynamic and rapidly-changing 
weather patterns. This near-infrared image 
is primarily sensitive to such high-altitude 
clouds, which appear bright against the 
darker disk. Adaptive optics allows ground-
based telescopes to monitor Neptune’s 
evolving weather systems and to use 
spectroscopy to probe different altitudes 
in its poorly-understood atmosphere. Image: 
CfAO

What started as a workshop opportunity for 
graduate students has led to unexpected 
dividends for researchers at the Center for 
Adaptive Optics and even for the university 
as a whole. 

It was the brainstorm of education 
director Lisa Hunter to engage graduate 
students at the center in a workshop on 
how to teach inquiry-based learning of 
science for advanced high school students 
and undergraduates, in a process involving 
staff from the nearby San Francisco 
Exploratorium. Inquiry-based learning 
refers to learning science in the way that 
scientists actually think and work: by 
posing questions, designing and conducting 
experiments, and analyzing results.

Teaching science in this way has 
captured the imagination of graduate 
students and cultivated ideas that they 
have applied in their own research. It has 
generated a sense of community and has 

become “a platform that unites the whole 
center,” notes CfAO director Claire Max. It 
also led to a bit of serendipity. 

Through the workshop, a postdoc from 
astronomy met a graduate student in vision 
science and ended up helping to solve a 
problem with an optical system in the vision 
science lab. 

The inquiry-based teaching experience 
has been made possible by long-term 
funding from the center grant. It led to 
the creation of a graduate course in the 
education department specifically for 
science and engineering graduate students.

”AO in the Service of Vision Science

“The Center for Adaptive Optics has given 
us contact with a branch of science that 
we would have no commerce with at all 
otherwise,” says David Williams of the 
University of Rochester. “Just listening and 
learning about astronomy has been a real eye-
opening experience for us,” he laughs at the 
unintended pun. “That’s been exhilarating, but 
at a more practical level, we’ve been able to 
leverage off of a lot of the work that’s being 
done in adaptive optics in astronomy to do 
much better things for vision science than we 
otherwise would have.”

There are two main applications of 
AO in vision science. One has to do with 
correcting vision, namely, enhancements to 
the phoropter. If you’ve ever had an eye test, 
you know the phoropter—it’s “that binocular 
thing you look through and the doctor asks 
you which is better, A or B, one or two,” 

laughs Williams. Next-generation phoropters 
incorporating AO will determine your eye 
correction automatically in a fraction of a 
second. The technology is currently being 
developed for commercial instruments, he 
says.

The second application is to enhance 
retinal imaging for the diagnosis and 
treatment of eye diseases. For example, 
center researchers are using AO to image 
ganglion cells in the retina, important in 
treating glaucoma, one of the three major eye 
diseases. Using AO with fluorescence imaging, 
scientists are studying the layer of cells called 
the retinal pigment epithelial (RPE) cells, 
which are involved in macular degeneration. 
“Nobody had been able to see RPE cells in 
living eyes before,” says Williams. 

CfAO allowed vision science groups to 
build and maintain engineering expertise in 

AO, something that would not ordinarily be 
affordable for vision labs, says Williams. “The 
budgets would be prohibitively large—outside 
the scope of a typical NIH grant. Having the 
center helped us to jump-start this area of 
research,” and it subsequently led to funding 
for two major research initiatives.

But the center mode of operation is not 
for every scientific project. What Williams 
worries about is over-hyping the team science. 
“What you need is a mix—and I don’t know 
what the right balance is. It’s very important 
to maintain both modes,” he stresses. “It has 
to be grass roots, not top down. When you 
start to mandate something, that’s when you 
lose the magic.”

David Williams, University 
of Rochester

“
—  D av i d  W i l l i a m s

We’ve been able to leverage off of a lot of the work 
that’s being done in adaptive optics in astronomy 
to do much better things for vision science than we 
otherwise would have.


