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Axial Resolution of Adaptive Optics Scanning Laser Ophthalmoscope

Model vs. Experiment
Krishnakumar Venkateswaran1, Fernando Romero-Borja1, Austin Roorda1,

Thomas J.Hebert2

1.College of Optometry, 2.Electrical and Computer Engineering, University of Houston,
Houston, TX

Purpose: Adaptive optics (AO) for optical wavefront correction and confocal imaging in the
scanning laser ophthalmoscope (AOSLO) has resulted in higher lateral and axial resolution with
the confocal scanning laser ophthalmoscope. Our purpose was to develop a method to quantify
the in vivo axial resolution of the AOSLO and compare with theoretical predictions based on a
mathematical model of the AOSLO.
Methods: A model of the AOSLO was developed to predict axial resolution. This model was
used to estimate the best axial resolution for a model eye and for 8 subjects after AO correction.
The model was also used to determine the effect of misaligned optics, uncorrected modes and
measurement errors on axial resolution. Experimental axial resolution measurements were done
in vivo in three subjects at different retinal locations. AOSLO measured and compensated
aberrations of the eye in a 1.5 degree X 1.4 degree area of the retina, at a frame rate of 30Hz.
Different retinal planes were imaged by applying defocus using the deformable mirror. The axial
resolution was estimated as the full-width at half height of the integrated intensity of a retinal
feature.
Results:  The model predicts the axial resolution in these 8 subjects with residual aberrations
varying between 119 to 146 microns and 112 micron for the model eye. The experimental axial
resolution in our 4 subjects varied from 145 to 193 microns. The difference between model and
experiment are possibly due to scattering in optics of the eye and instrument, which were not
included in the computational model. The model shows axial resolution improvement of the
AOSLO can be obtained by reducing the pinhole size, but would result in decreasing the detected
light levels and hence a lower signal to noise ratio in the images.
Conclusions: Experimental axial resolution lies within the axial resolution predicted by the
model. From these results we calculated a volume resolution element of 540 _m 3.
This is about an order of magnitude improvement over other conventional SLO instruments. This
demonstrates the capability of the AOSLO to optically slice retinal tissue in vivo.

#2
Adaptive Optics at Keck Observatory

Marcos Van Dam
Lawrence Livermore National Laboratories

Until recently, the resolution of large ground-based telescopes has been limited by the
atmospheric turbulence. Since the advent of adaptive optics, almost diffraction-limited images
can be obtained at Keck Observatory, resulting in unprecedented resolution. The Keck adaptive
optics system is presented along with some science images.



#3
Measuring the Mass of Monsters:  Quasar Host Galaxy Observations with

the Lick Adaptive Optics System
Elinor Gates (Lick Observatory), Mark Lacy (SSC, Caltech),

Susan Ridgway (Johns Hopkins), Wim de Vries (LLNL), Gabriela Canalizo (LLNL)

We report on early results of a campaign to study the hosts of quasars from the Sloan Digital Sky
Survey using the adaptive optics (AO) system at Lick Observatory.  Three redshift ~ 1 quasars
were observed in H band using natural guide stars (NGS) to perform the AO corrections.  Two
quasars were observed using the laser guide star (LGS) system.  Modeling of the host galaxies
plus quasar image reveals host galaxies whose magnitudes and scale sizes are consistent with
those obtained from HST/NICMOS observations of quasars at similar redshifts.  These galaxy
magnitudes and scale sizes are used to estimate central black hole masses.  Using adaptive
optics, we will be able to study a far larger sample than feasible with HST, and perform
statistical analysis of host properties as a function of quasar type and luminosity.

#4
A Compact Adaptive Optics Phoropter Using MEMS Deformable Mirror

Technology
Stephen Eisenbies

Sandia National Laboratories

Lawrence Livermore National Laboratory has teamed together with Sandia National
Laboratories and Center for Adaptive Optics (CfAO) partners to develop a robust and compact
Micro-Electro-Mechanical-System (MEMS) based Adaptive Optics Phoropter (MAOP) for
correcting high-order wavefront errors caused by natural optical distortions in the human eye.
This system provides two main capabilities: studying a subject’s perception of high-order vision
correction, and high-resolution retinal imaging.  MEMS technology and custom opto-mechanical
component design has been applied in the MAOP as a means to reduce the overall size of the
instrument, compared to similar existing systems, to a scale suitable for deployment in a clinical
setting.  A prototype MAOP system has been assembled and is currently capable of high-order
vision correction of an image or scene (such as a crosshair) viewed in real-time by a test subject.
The MAOP is currently undergoing initial clinical testing at the University of Rochester, and
preparations are underway to implement high-resolution retinal imaging within the system.

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin
Company, for the United States Department of Energy’s National Nuclear Security
Administration under contract DE-AC04-94AL85000.



#5
Non-Invasive Direct Assessment of Parafoveal Capillary Leukocyte Velocity

J.A. Martin, A.Roorda, K.Venkateswaran.
College of Optometry, University of Houston, Houston, TX.

Purpose: Alterations in leukocyte velocity have been implicated in many retinal disease
processes. However, direct assessment of leukocyte velocity in retinal capillaries has been
limited by a reliance on invasive contrast dyes which only allow leukocyte visualization for a
short time span. The recent application of adaptive optics in a scanning laser ophthalmoscope has
made long-term imaging of parafoveal leukocyte movement possible without contrast dyes. In
this study, using an adaptive optics scanning laser ophthalmoscope (AOSLO), we investigated
retinal parafoveal capillary leukocyte velocity without contrast dyes.
Methods: Seven normal healthy subjects ranging from 17 to 35 years of age with clear ocular
media, were imaged using an AOSLO. All subjects were dilated with Tropicamide 1% and
phenylephrine hydrochloride 2.5%. An imaging wavelength of 660 nm and a frame rate of 30 Hz
were used. The AOSLO field of view was 1.4 degrees by 1.5 degrees. Leukocyte velocity was
determined in parafoveal capillaries ranging from the foveal avascular zone to 2.25 degrees from
the fovea center. Leukocyte velocity was measured directly from movie segments where
leukocytes were clearly visible. Movie segments were extracted from imaging sessions that
lasted approximately 1.5 to 2 hours.
Results: Leukocyte velocity was determined for all seven subjects.Ê Standard error of the
repeated manual measurements of individual leukocyte velocities was ± 0.02 mm/sec.Ê The
mean parafoveal leukocyte velocity was 1.19 mm/sec ranging from 0.96 to 1.62 mm/sec. The
intersubject variability (standard deviation) was ± 0.20 mm/sec.Ê Leukocytes were not visible in
all parafoveal capillaries.
Conclusions: Parafoveal capillary leukocyte velocity can be directly and non-invasively
measured without the use of contrast dyes using an AOSLO. A shorter imaging wavelength
should be used in further studies to allow for increased visualization of leukocyte movement in
parafoveal capillaries.

#6
Direct Detection Of Extrasolar Planets With Keck AO

Denise Kaisler
University of California, Los Angeles

The Doppler-shift and other indirect detection techniques have revealed a wealth of information
about planets around other stars. But direct detection is the the ultimate step. This poster
describes our how we can achieve direct detection of planets around young, nearby stars by using
Keck adaptive optics at near-infrared wavelengths. Our survey comprises over 100 stars, all
within 60 pc of the sun and with ages less than 100 Myr. For the closest, youngest stars we have
the sensitivity to detect Jupiter mass planets with orbital separations on the order of the size of
our Solar System.



#7
Organization of the Human Trichromatic Cone Mosaic

D. R. Williams, H. Hofer, J. Carroll, M. Neitz, J. Neitz
Center for Visual Science, University of Rochester, Rochester, NY

Medical College of Wisconsin, Milwaukee, WI

Purpose: The numerosity and organization of the three classes of cones in the human
trichromatic mosaic is important for color and spatial vision.  While the organization of S cones
has long been known, it has become possible only recently to distinguish L and M cones in the
human retina.  Roorda and Williams (1999) used adaptive optics to determine the numbers and
arrangements of cones in 2 human subjects finding L:M of 1:1 and 4:1, and all three cone classes
randomly arranged.  Here we determine the organization of L, M, and S cones in the retinas of 8
new subjects and use the flicker photometric electroretinogram (ERG) to estimate the range and
distribution of L:M ratio in the population.
Methods: L, M, and S cone locations were determined in ~0.5 degree patches of retina at ~ 1 deg
eccentricity with spatially localized retinal densitometry made possible by imaging the retina
through the Rochester Adaptive Optics Ophthalmoscope.  L:M ratio was estimated using the
ERG over a ~70 deg field in the same subjects as well as an additional 82 color normal subjects.
Results: S cones made up 4.6-6.6 % of all the cones in each mosaic in accordance with previous
estimates for this retinal eccentricity. ERG estimates of cone ratio were highly correlated with
those from adaptive optics indicating the validity of the ERG technique for determining relative
L/M cone numerosity.  L:M ratio among color-normals varied from 1:3 to 16:1, with an average
of 2:1. The range was larger than suggested by previous psychophysical evidence.  In accordance
with the results of Roorda and Williams, L and M cones were not found to be evenly dispersed
and in all mosaics, patches of all L or all M cones were evident, consistent with a random
assignment rule.
Conclusions:  Unlike S cones, there are large individual differences in the L and M cone
submosaics.  The high correlation of cone ratios obtained with adaptive optics and those
estimated by the ERG over a large retinal field indicates that this variability is not simply local
retinal variability but represents true individual differences in the organization of the cone
mosaic.

#8
The 2002 COSMOS "Variable Stars" Research Project

Patrik Johnsson
University of California, Santa Cruz

During the California Summer School for Science and Mathematics, COSMOS, course on
astronomy and vision science sponsored by the Center for adaptive optics, a group of three high
school students worked on an astronomy research project about variable stars.  The intent was to
give the students a feeling for what doing research and astronomy is like, and the project
involved real astronomical observations using the 1 m Nickel telescope at Lick Observatory,
experiments, computer simulations and problem solving



#9
Adaptive Optics for Vision Science

Daniel Gray, Julianna Lin, Remy Tumbar and David Williams
University of Rochester

Recently, adaptive optics has been used in vision science to compensate for imperfections in the
cornea and lens of the eye, allowing researchers to look inside a person's eye and to see
individual cones located on the person's retina.  Alternatively, adaptive optics can also be used to
enhance human vision and to improve how well a person can see, particularly under low light
level conditions.  This poster will explain some of the engineering aspects involved in building
an adaptive optics system for vision science. It will highlight two key components of the system,
namely wavefront sensing and wavefront correction.  Typical results from the Rochester
adaptive optics system will also be presented.

#10
Applications of High Resolution Retinal Imaging with Adaptive Optics

Jessica Wolfing1a,b, Jason Porter1a,b, Stacey Choi1a, Joseph Carroll1a, Heidi Hofer1a,b,
Krishnakumar Venkateswaran2, Fernando.Romero-Borja2, Austin Roorda2 and David R.

Williams1a,b.
Center for Visual Science1a and The Institute of Optics1b, University of Rochester, Rochester,

NY.
College of Optometry, University of Houston, Houston, TX2.

Conventional ophthalmoscopes used to resolve structures in the living human retina provide
limited resolution due to their inability to overcome the aberrations present in the eye's optics. In
many cases, retinal diseases are detected only after significant and irreversible retinal damage
has occurred because of this inability to image the retina on a cellular level. Adaptive optics is a
technology that can not only allow us to explore the ultimate limits of visual acuity and the
potential for improving it, but can also provide us with non-invasive, highly magnified views of
individual cells and blood vessels in the living retina. This poster will show high resolution
images of normal and diseased retinas recently obtained from the University of Rochester's
Adaptive Optics Ophthalmoscope and the University of Houston's Adaptive Optics Scanning
Laser Ophthalmoscope. The first adaptive optics images ever obtained from patients with Age-
Related Macular Degeneration (AMD) and other retinal diseases will be presented. Retinal
images from color blind individuals will also be shown, indicating that there are different
mechanisms responsible for color blindness. The increased contrast and resolving power
afforded with adaptive optics ophthalmoscopy may help to diagnose retinal diseases sooner and
develop better treatments for them.



#11
Why Improve the Optics of the Human Eye?
Jason Porter, Heidi Hofer and David R. Williams

The Institute of Optics, University of Rochester
Center for Visual Science, University of Rochester

Clinicians, doctors and visual scientists have known for centuries that vision is degraded by the
eye's poor optical quality. Conventional glasses and contact lenses are typically prescribed to
improve vision by correcting only two basic types of aberrations in the eye, defocus and
astigmatism (or sphere and cylinder). Recent developments in a technology called wavefront
sensing now allow for the measurement of additional, higher order aberrations beyond defocus
and astigmatism. We will discuss the optical properties of the human eye and the effects of these
aberrations on vision. Correcting the eye's optical aberrations can yield significant improvements
in optical and visual performance. However, there are several factors that limit the maximum
achievable visual benefit. For example, some individuals possess superior optical quality and
would not experience as large a visual benefit from the correction of higher order aberrations as
would a person with average optical quality. Implications for methods of correcting the eye's
aberrations using adaptive optics, laser refractive surgery, or customized contact lenses will be
discussed. Clinical and scientific applications of these technologies will also be explored.

#12
Extreme Adaptive Optics and the Problem of Speckle

Julia Wilhelmson
University of California, Davis

Lawrence Livermore National Laboratories

Indirect detection of more than 100 planets via radial velocity measurements is one of the most
important astronomical developments of the past decade. Direct imaging of extrasolar planets —
seeing photons they emit or reflect — is the next major step, allowing us to potentially detect
giant planets in wide orbits (like the giant planets in our solar system). Such direct detection is
extremely challenging due to the bright glare from the planet's parent star. For example, Jupiter
is more than a billion times fainter than our sun.

When a star is imaged from the ground some of its light is scattered by the turbulence in the
atmosphere. This “halo” of scattered light hides potential planets. Adaptive optics can be used to
redirect some of that light into the center of the star’s image — reducing the halo. Extreme
adaptive optics uses a deformable mirror with ten times more actuators to correct more of the
scattered light. Reducing the scattered light around the star will increase our ability to detect
planets. Understanding the temporal evolution of the scattered light will help us better
understand the challenges in direct planet detection.



#13
Development of an AO-OCT Camera for Imaging Single Cells and Layers of the

Human Retina
Ravi S. Jonnal, Melinda J. Kidwell, Donald T. Miller, Junle Qu, Karen E.

Thorn
Indiana University

The human retina is extremely thin and delicate, much like a piece of wet tissue paper.  Yet its
1/100th of an inch thickness supports a variety of cells organized in discrete layers, each playing
a critical role in how we see.  Current clinical cameras are not good enough to observe individual
cells in your retina to see if they are healthy or sick.  If such microscopic observations were
possible, they could greatly enhance our ability to detect, monitor, and treat dangerous diseases
of the retina. There are two main reasons why the current cameras cannot enable these
observations.  First, individual images must have enough detail that single cells can be identified
and distinguished from cells next to them; i.e. the camera must have high transverse resolution.
Second, images must be taken of cells at specific depths so that the cells can be distinguished
from tissue in front of and behind them; i.e. the camera must have high axial resolution.  The
recent use of a special camera equipped with adaptive optics (AO) to correct the ocular
imperfections that naturally occur in all of our eyes has yielded images of extremely high detail.
This has permitted the first observations of cone photoreceptor cells in patients' eyes.  The
camera has been limited, however, to viewing only the brightest retinal structures, and not
structures in front of or behind them.  At Indiana University, we are developing a retina camera
that couples AO with a technique called optical coherence tomography (OCT) which allows us to
image particular layers of the retina.  Early results suggest that this unique combination of AO
and OCT will substantially improve our ability to detect single cells in the retina and hopefully
someday allow your physician to see these cells in your eye.

#14
Monitoring Turbulent Layers in the Atmosphere, Flying Kites Over Mauna Kea.

Jason Melbourne
University of California, Santa Cruz

Turbulence is created between the boundaries of atmospheric layers.  When starlight passes
through a turbulent layer, it causes the image of the star to blur or twinkle.  Adaptive Optics
(AO) systems are used to remove the twinkle from the star.  We can optimize the performance of
an AO system by identifying the altitude of the turbulent layers and measuring the strength of the
turbulence in each layer.  In October 2002, we began a campaign to monitor the atmosphere over
Mauna Kea. We used a series of balloon born, kite born and telescope mounted instruments to
measure the turbulence over Mauna Kea.  We hope to continue this campaign over the next
several years and provide the astronomical community the information necessary to improve the
adaptive optics systems on the mountain.



#15
Searching for Dark Matter Using Cryogenic Detectors

Sharmila Kamat, CDMS Collaboration

The Cryogenic Dark Matter Search employs silicon and germanium crystals, cooled to ultra low
temperatures, in the hunt for WIMPs – Weakly Interacting Massive Particles, believed to make
up most of the dark matter in the Universe.  The detection process involves simultaneous
measurement of the charge collected and the heat deposited due to particle interactions with
these crystals.
WIMP interactions with matter being rare, identifying and eliminating backgrounds is critical for
detection. Event-by-event discrimination by the detectors eliminates the predominant
backgrounds arising from gammas and betas while Monte Carlo simulations help estimate, and
subtract, the contribution to the signal from high-energy neutrons produced by cosmic ray
interactions.
Preliminary results from a recent experimental run at the 10.6 meter deep Stanford Underground
Facility point to the detectors demonstrating excellent gamma and beta rejection with additional
shielding attenuating the fast neutron flux.  The shift to the 713 meter deep Soudan Underground
Mine will further reduce backgrounds from 1 event/kg/day to 0.01 event/kg/day, improving
sensitivity to dark matter by a factor of 100.
The poster presents an update on the ongoing search for WIMPs using cryogenic detectors.
Besides focusing on detection and discrimination techniques, it examines the sources of
backgrounds at the shallow and deep sites, the shielding schemes adopted, and simulations used
to distinguish between background and WIMP candidates.  It also highlights how moving deeper
underground gives a better handle on the hunt for WIMPs.

#16
Searching for Brown Dwarf Companions to Nearby Stars

Mike McElwain
University of California, Los Angeles

Brown dwarfs are intrinsically faint objects that have spectral features similar to the planets
Jupiter and Saturn.  Until recently, these objects have eluded detection due to their faint
luminosities that almost entirely emit at near infrared wavelengths.  Results from studies show
that the distribution of brown dwarf separations from main sequence stars peaks at small
distances, where the brown dwarf is located within the halo of the host star for even the best
ground based telescopes.  When searching for a brown dwarf in the halo of the host star, the
brown dwarf spectrum is added to the host spectrum.  A characterization of the host and brown
dwarf spectrum can help to guide the construction of a digital filter that will exploit the
differences in the spectra.  The ideal filter will optimally amplify the brown dwarf spectrum
relative to the host spectrum, thus extracting the otherwise hidden companion from the halo.
The OSIRIS instrument is an infrared imaging spectrograph expected to operate with the Keck
Adaptive Optics System in the summer of 2004.  Its data product is a digital image that contains
a spectrum at each pixel, which makes it a perfect match to implement this new technique.
OSIRIS is currently being assembled at UCLA.



#17
The Dynaic Jet and Torus of the Crab Nebula

Dione Sheltus
Gemini Observatory

The Crab nebula is a typical pulsar wind nebula – a bubble of relativistic positions, electrons and
magnetic field powered by a young pulsar, the Crab.  The filamentary structure of the inner
nebula (20” x 20”) is formed when the pulsar wind interacts with the supernova ejecta, producing
a shock wave which accelerated relativistic wind particles, causing them to emit synchrotron-like
radiation.  The results presented studied the dynamic interface between the Crab pulsar wind and
the Crab synchrotron nebula, imaged with the Hokupa’a/QUIRC adaptive optics instrument
mounted on the 8m Gemini North telescope.  It is based on a sequence of images taken in both
K’ (2.12_M) and J (1.25_M) at 10 minute intervals – the highest temporal resolution of the
Crab nebula to date.
Existing optical (Hubble Space Telescope) and X-ray (Chandra Observatory) “movies”, with
successive frames separated by a week, show arc-like wisps in the equatorial plane of the pulsar
wind progpagating outwards like wave crests and fluctuating in surface brightness.  Two bright
knots have also been discovered along the axis of the X-ray and optical jet to the southeast of the
pulsar.  It has been suggested that these knots are associated with some sort of shock to
instability in the collimated relativistic out-flow within the jet.  Changes in the positions and
brightness of the wisps and bright knows on 10 minute to three day timescales were investigated
and are presented here today.

#18
Steps Toward Extreme AO using the Air Force AEOS Telescope

Marshall Perrin
University of California, Berkeley

"Extreme" Adaptive Optics is the term for the very high levels of wavefront correction needed in
order to image faint objects located near much brighter ones, such as extrasolar planets next to
their parent stars. Without a very high degree of correction, remnant scattered light from the star
(glare) will swamp the light from the fainter planet, preventing its detection. Achieving the
necessary level of performance requires Extreme AO systems to have much better wavefront
correction capabilities than conventional AO systems, which translates in practice into more
deformable mirror actuators and faster control loops. Currently, the highest-order (greatest
number of actuators) astronomical AO system is that of the AEOS Telescope at the Air Force's
Maui Space Surveillance Complex. An ongoing program of observations has begun using this
telescope to test high-order AO correction and begin preliminary science observations. Data
from AEOS will help shape the design of future planet-finding ExAO systems for Keck or other
large telescopes.



#19
Light, Color, and Spectra: Using Inquiry at the CfAO Summer Research Internship

Orientation
Seth Hornstein

University of California, Los Angeles

The Light, Color, and Spectra inquiry activity is a complete inquiry-based learning experience
designed for undergraduate science, math, and engineering students. The inquiry was developed
specifically with the CfAO Summer Research Internship Orientation Program in mind, and thus
designed to build upon other activities presented during the orientation and to get interns
thinking about some of the ideas related to their internship assignments. In addition, it was also
an ideal opportunity for the instructors to gain first-hand experience implementing much of what
had been taught during the CfAO's Professional Development Workshops. This inquiry activity
was first performed at the 2002 Summer Research Internship orientation. This poster will
summarize the entire lifetime of the inquiry activity from the initial design phases, through the
activity itself, to feedback we have received and future plans for improvement.

#20
The CfAO Treasury Survey: Making “GOODS” Better

Matthew Barczys
University of California, Los Angeles

Four space-based telescopes comprise NASA’s Great Observatories: the Hubble Space
Telescope, the Chandra X-ray Observatory, XMM-Newton, and the Space Infrared Telescope
Facility.  These telescopes have begun to make observations on a project called the Great
Observatories Origins Deep Survey, also known as “GOODS.”  Like the famous Hubble Deep
Field, the images taken by these telescopes will allow astronomers to study some of the faintest
and most interesting objects throughout the universe.  Among these interesting objects are
galaxies like our own Milky Way, which are distributed throughout the Universe.  The most
profound scientific results occur when these galaxies are studied using light from all parts of the
electromagnetic spectrum.  GOODS will provide superb data in the x-ray, ultraviolet, optical,
and far-infrared parts of the spectrum.  Ground-based observatories will fill in two noticeable
gaps – radio and near-infrared wavelengths.
The CfAO Treasury Survey, known as “CATS”, will fill this near-infrared “gap” by using
adaptive optics on some of the world’s largest telescopes: Keck, Gemini, and Subaru.  CATS is a
major project for the CfAO, involving professors, researchers, and students at UC Santa Cruz,
UC Los Angeles, UC Berkeley, Caltech, University of Hawaii, W.M. Keck Observatory, and
Gemini Observatory.  CATS will observe hundreds of distant galaxies in near-infrared (1-5
microns) light to learn about galaxy formation and evolution throughout the universe.  This
information will also complement scientific results made through the GOODS project.



#21
Membrane Mirrors for Adaptive Optics

Peter Kurczynskia,b, Gregory R. Bogartc, Warren Y-C. Laia,d, Victor Liftona,
William M. Mansfielda,d, J. Anthony Tysona, Bernard Sadouletb, David R. Williamse

aBell Laboratories, Lucent Technologies, Murray Hill, NJ 07974
bUniversity of California Berkeley, Berkeley, CA 94720

cBell Laboratories, Agere Systems, Murray Hill, NJ 07974
dNew Jersey Nanotechnology Consortium, Murray Hill, NJ 07974

eCenter for Visual Sciences, University of Rochester, Rochester, NY 14627

We are developing membrane mirrors for use in adaptive optics, particularly in astronomy and
vision science.  When controlled by a computer, these mirrors can change their shape to distort,
or “un-distort” their reflections.  Mirrors are fabricated from silicon and aluminum using the
same technology that is used to fabricate computer chips and other integrated circuits.  Unlike
computer chips, these devices have a moving part (the membrane), which is controlled by signals
from underlying electrodes.  These membranes are more flexible, and have more control
electrodes, than previous membrane mirrors.  These and other improvements will enable
astronomers and vision scientists to better correct optical distortion than is possible with current
adaptive optics.

#22
AMNH:  A Research-Driven Learning Environment in New York City

Sasha Hinkley and Brian Abbott
Department of Astrophysics/Hayden Planetarium, AMNH.

The American Museum of Natural History in New York City attracts nearly 4 million visitors
each year and has long been a powerful force in public education. With it's newly established
research-oriented Department of Astrophysics, and the rebuilt Hayden Planetarium, the Museum
is part of a growing trend of using planetaria as public education tools facilitated by the modern,
state-of-the-art research of the scientists in residence. Specifically, with our 21-meter dome and
through our web site, we have brought complex scientific visualizations and our three
dimensional atlas, the Digital Universe, to millions of visitors. Also, one can use The Digital
Universe for data analysis or to simply explore the Milky Way and the extragalactic universe
interactively. The software that allows the display of this atlas, Partiview, has been developed at
the National Center for Supercomputing Applications (NCSA) and runs on a personal computer.
Since April 2002, we have been distributing our Digital Universe to the public at no cost via our
web site (www.haydenplanetarium.org) and have served over 18,000 downloads of our Milky
Way Atlas.



#23
The COSMOS 2001 Astronomy Research Projects

David Lai, Scott Seagroves, Marla Geha, Nick Konidaris, Patrik Jonsson
University of California, Santa Cruz

We present 4 astronomy research projects that were carried out by high school students as part of
the COSMOS program at UC - Santa Cruz.  The projects exposed students to important concepts
in observational astronomy and basic research techniques as well as gave them insight into the
lives of professional astronomers.  These research projects could also be used as extra-credit or
enrichment projects for motivated high school students and 1st or 2nd year undergraduate
students.

#24
Galaxy Center: Black Holes and Galaxy Formation

Lynne Raschke and Patrik Jonnson
University of California, Santa Cruz

One of the biggest questions in astronomy today is how did galaxies form.  In order to try to
answer this question, astronomers observe many types of galaxies using a variety of telescopes.
A few years ago a group of astronomers observed several nearby galaxies with the
Hubble Space Telescope.  Their goal was to learn how the light and the stars creating the light
were distributed in those galaxies.  Learning about where stars are and aren't located in a galaxy
is an important clue in understanding how the galaxy may have formed.  We have looked at a
group of similar nearby galaxies from the ground using a telescope with an adaptive optics
system.  Only the Hubble Space Telescope (HST) and telescopes with adaptive optics (AO)
systems can take images that are sharp enough for us to measure how the light is distributed in
the galaxies.  However, there are significant differences between the images taken with HST and
our images taken from ground with the AO system.  In this poster, we will discuss how we study
the distribution of light and stars in a galaxy and what the major differences are between HST
images of galaxies and our ground-based AO images.


