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Center for Adaptive Optics 
Internship Programs 

 
            The Center for Adaptive Optics (CfAO) is a Science and Technology Center 
funded by the National Science Foundation (NSF). The center is comprised of eleven 
institutions across the U.S. and its mission is to advance and disseminate the tech-
nology of adaptive optics in service to science, health care, industry, and education. 
The Education and Human Resources (EHR) theme is one of four major themes 
within the CfAO. The goal of the CfAO EHR theme is to catalyze institutional and 
cultural changes that will broaden access to CfAO related fields, utilizing the unique 
resources of the Center. Within CfAO EHR, a strong emphasis has been placed on 
the retention and advancement of college students, especially students from groups 
underrepresented in the sciences, interested in pursuing careers in CfAO related 
fields, through direct involvement in research activities. 
 

 
 
            CfAO Internship Programs offer high achieving college students an opportu-
nity to get involved in CfAO research. The programs start with a unique one-week 
short course covering astronomy, optics, vision science, research practices training 
and adaptive optics. The design and implementation of the short courses is led by 
CfAO members. After completing the short course, interns complete a seven-week 
research experience at a CfAO site under the guidance of a research advisor, and 
one or more research supervisors. The students return to UC Santa Cruz at the end 
of the summer to share the results of their research projects at the Summer Intern-
ship Symposium at the CfAO Summer School. 
 

 
 
The management of the CfAO Mainland Internship Program is funded through the 
National Science Foundation Science and Technology Center for Adaptive Optics, 
managed by the University of California at Santa Cruz under cooperative agree-
ment No. AST - 9876783.  Students receive financial support (stipend, living costs, 
and travel) through two different sources: NSF Research Experiences for Under-
graduates (REU) Supplement (16 students) and the Hispanic Association of Colleges 
and Universities (3 students). 

   



Special Thanks… 
 

We would like to thank the following individuals for their commitment and support of the 
CfAO Internship Program.  These people have dedicated their time to work with an intern 

this summer.  We are aware that it takes a great deal of effort  to introduce a new student to 
your research place and we hope that it was a rewarding experience for you.     

 
Sincerely, 

The Education Staff at the CfAO Headquarters 
 

Research Advisors and Supervisors: 
Jay Ayers, Lawrence Livermore National Laboratories 

Gerald Cabak, University of California, Santa Cruz 
Li Chen, University of Rochester 

Billie Chitwood, Smithsonian Astrophysical Sub Millimeter Array (SMA) 
Julian Christou, University of California, Santa Cruz 

Imke de Pater, University of California, Berkeley 
Darren Dillion, University of California, Santa Cruz 

Karen Hampson, University of Rochester 
K. Miranda Hawarden-Ogata, Institute for Astronomy (IFA) 

Dave Horsley, University of California, Davis 
David Koo, University of California, Santa Cruz 

James Larkin, University of California, Los Angeles 
Rick Levesque , Lawrence Livermore National Laboratories 

Bruce Macintosh, Lawrence Livermore National Laboratories 
Franck Marchis, University of California, Berkeley 

Jason Melbourne, University of California, Santa Cruz 
Don Miller, Indiana University 

Siddharth Poonja, University of Houston 
Austin Roorda, University of Houston 

Scott Severson, University of California, Santa Cruz 
Krishnakumar Venkatswaran, University of Houston 

Shannon Ward, Lawrence Livermore National Laboratories 
Jack Werner, University of California, Davis 

Julia Wilhelmsen, Lawrence Livermore National Laboratories, UC Davis 
David Williams, University of Rochester 

Chris Wright, University of California, Santa Cruz 
Shelley Wright, University of California, Los Angeles 



Short Course Thank Yous... 
 

The following people were actively involved in planning, teaching and otherwise implement-
ing the internship short courses.  These individuals donated numerous hours to make our 

short courses a success thank you so very much for a job well done! 
 
 

Mainland Internship Short Course, 
Santa Cruz, California 

 
Adam Bergaser, UC Los Angeles 

Kerry Highbarger, UC Davis 
Juliana Lin, University of Rochester 
Joy Martin, University of Houston 

Seth Pantanelli, University of  Rochester 
Lynne Raschke, UC Santa Cruz 

Julia Wilhelmsen, UC Santa Cruz/ LLNL 
Shelley Wright, UC Los Angeles 

 
Akamai Observatory Short Course 

Big Island, Hawaii 
 

Sarah Anderson, W. M. Keck Observatories 
Patrik Jonsson, UC Santa Cruz 

Claire Max, UC Santa Cruz/LLNL 
David Le Mignant, W.M. Keck Observatories 

Mike McElwain, UC Los Angeles 
 
 

Akamai Optics Short Course 
Maui, Hawaii 

 
Oscar Azucena, UC Santa Cruz 

Mark Hoffman, Maui Community College 
Michael Kuhlen, UC Santa Cruz 

Sarah Martell, UC Santa Cruz 
John Pye, Maui Community College 

Andy Sheinis, UC Santa Cruz 
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Abstracts 





Studying the Impact of Exposure Duration on the Quality of  
High-Resolution Retinal Images 

Edgar J. Alvarez 
 

Indiana University, School of Optometry 
Research Advisor and Supervisor: Donald T. Miller 

Home Institution: DeVry University 
 
Diseases of the retina begin at the cellular level, but unfortunately go clinically 
undetected until significant spreading has occurred. Recent advances in electro-
optics technology, most notably a technique coined adaptive optics, have dra-
matically increased the sensitivity of research-grade retina cameras, and have 
enabled retinal cells as small as a few microns in size to be observed in patients 
for the first time. The high magnification of these cameras, however, makes 
them highly sensitive to retina motion blur, which is present even in a well fix-
ated eye. Shorter exposure durations would reduce motion blur, but at the ex-
pense of reduced signal-to-noise ratio. The optimal duration that would gener-
ate negligible blur while maximizing signal-to-noise has not been determined. 
To this end, a prototype retina camera equipped with adaptive optics acquired 
images of individual retinal cells (cone photoreceptors) on two subjects using a 
range of exposure times (1/3,000 to 1/10 second). For each exposure time, power 
spectra were computed from the retinal images and then averaged to increase 
signal. Comparison of the average power spectra permitted a simple means to 
quantify the impact of motion blur. The power spectra for both subjects noticea-
bly dropped for exposure durations above 20 msec, indicating the presence of 
significant motion blur. Exposures less than 10 msec yielded  very similar 
power spectra, suggesting negligible movement of the retina at these short 
times.  Based on these findings, high-resolution retina cameras should operate 
with an exposure of about 10 msec to minimize motion blur, while maximizing 
signal-to-noise ratios. 

Edgar Alvarez is currently enrolled at DeVry 
University. He is a sophomore and is majoring 
in Electrical Engineering. He is the oldest of 
two brothers in a family of four. He is the first 
in his family to go to a university. He plans to 
pursue a career in aeronautics. 



Julio Barbosa finished his last year at Hartnell Com-
munity College in Salinas, California. He will be 
transferring to Cal Poly, San Luis Obispo in the fall 
majoring in Civil Engineering. He was a member of 
the Physics club at Hartnell and enjoys working 
with various physics projects that can be used as 
demonstrations. Julio is the first in his family to 
attend college and hopes to set a good example for 
his brothers to follow.  

Monitoring Vacuum Quality Using a Residual Gas Analyzer 
Julio Barbosa 

 
Lawrence Livermore National Laboratory 

Research Advisor: Rick Levesque 
Research Supervisor: Shannon Ward 

Home Institution:  Hartnell Community College 
 

The Very Large Optical Coater (VLOC), which is currently in development at 
Lawrence Livermore National Labs, has stringent requirements that necessitate 
the use of high vacuum systems. The system uses a Residual Gas Analyzer 
(RGA) to detect and identify any remaining gases. A series of tests were con-
ducted using known “contaminants” to determine the ability of the RGA in de-
tecting leaks, contamination, or otherwise unsuitable operating conditions.  The 
“contaminants” included materials such as O-Rings, wax used to seal joints, and 
oily fingerprints from dirty hands.  Significant changes in data were recorded 
and compared to a previously obtained baseline reading.  The overall goal of 
this project was to become familiar with the theory and operations of an RGA in 
order to build a solid foundation for the VLOC project. 



Extreme Adaptive Optics Testbed Planet Imager  
Short and Long Term Stability 

Nella Barerra 
 

University of California, Santa Cruz, Laboratory for Adaptive Optics 
Research Advisor: Scott Severson 

Research Supervisors: Daren Dillon, Bruce Macintosh, Julia Wilhelmsen  
Home Institution:  University of California, Irvine 

 
The objective of the Extreme Adaptive Optics project is to build a system capa-
ble of detecting young Jupiter-sized planets orbiting nearby stars. The Extreme 
Adaptive Optics Testbed is used to develop and test these high contrast meas-
urements (detecting a faint object near a bright one). Of particular importance is 
precise wavefront control and evaluating the stability of the system over short 
and long periods of time. The system has measured features 107 fainter than the 
reference laser light source. These experiments have used shaped pupils with 
low edge roughness to generate higher contrast images by suppressing diffrac-
tion from the laser source and increasing the ability to detect faint objects. The 
wavefront control is evaluated using a Phase Shifting Diffraction Interferometer 
to measure the wavefront errors with both a flat mirror and a MEMS (Micro-
Electro-Mechanical-System) deformable mirror. A MEMS mirror is expected to 
be a component of the final system and its stability is important. First, we per-
formed stability tests over short and long periods of time with a flat mirror in 
order to characterize the system. Then, the stability of the system with the 
MEMS deformable mirror was tested. At short period intervals, the wavefront 
error is dominated by measurement noise, and at long periods, the wavefront 
error is due mostly to changes in the optical system. Individual zernike modes 
(decompositions of the optical aberrations) were analyzed in order to identify 
which ones contribute more to the wavefront error over time. 

Nella Barrera was born and raised in Columbia. She is a fourth 
year student majoring in Aerospace and Mechanical Engineering 
at the University of California, Irvine. She plans on attending a 
graduate program at a University of California. She has done re-
search and has studied the behavior of turbulent jets in order to 
make jet propulsion engines more fuel efficient and reduce noise. 
Nella has also found special interest in analyzing the characteris-
tics of the Airborne Laser (ABL) system developed by Boeing to 
be implemented into Planetary Defense. Her interest has been to 
find ways to mitigate turbulence to avoid the deflection and loss 
of intensity of the laser beams through the atmosphere. 



Investigation into the Effects of Antenna Tilts on Pointing  
for the SMA Antennas 

Ben Berkey 
 

Smithsonian Astrophysical Observatory Sub Millimeter Array (SMA) 
Hilo, Hawaii 

Research Advisor and Supervisor: Billie Chitwood 
Home Institution: University of Hawaii at Hilo 

 
The Smithsonian Astrophysical Observatory Sub Millimeter Array is a sub-
millimeter observatory that takes advantage of an array of eight antennas to 
study molecular vibrations in the 200 to 900 gigahertz frequency ranges. In or-
der to perform its science mission at 900 gigahertz each of the antennas need to 
be able to accurately point within a tenth of an arc second anywhere in the sky.  
Currently each of the eight antennas can point within approximately 1.2 arc sec-
onds of a target.  A pointing model was built for an antenna by optically point-
ing to objects distributed around the sky and fitting a nineteen-term model.  The 
most significant of these terms is involved in a two term harmonic fit of tilts the 
antenna experiences as a function of azimuth angle.  These tilts can be meas-
ured independently thru tilt sensors mounted throughout the antenna.  Math-
CAD was used to plot and manipulate the tilt information for finding trends, 
which can be used to improve the pointing model.  It was discovered that the 
residuals of a two term harmonic fit of the tilt meters data have approximately 
the same magnitude of error  as the over all pointing model.  It is believed that 
if these residuals are inserted into the pointing model, the required tenth of an 
arc second pointing can be achieved. 

Ben Berkey is a student at the University of Hawaii at 
Hilo, where he is pursuing a undergraduate degree in 
Astronomy Math and Computer Science. He was 
lucky enough to grow up on the island of Hawaii 
which not only allows him to explore his hobby of 
amateur astronomy, but also hike and camp in para-
dise. He plans to pursue a graduate degree in astron-
omy and hopefully one day come back home and work 
on Mauna Kea.  



Using Adaptive Optics to Study Volcanism on Io 
Meghan Brennan 

 
University of California, Berkeley 

Faculty Advisor: Imke de Pater 
Research Supervisor: Franck Marchis 

Home Institution: University of California, Santa Cruz 
 

Io, the innermost Galilean satellite, is the most volcanically active body in the 
Solar System. This is due to internal heating caused by tidal interactions of Io 
with Jupiter and Europa. Data taken by the Voyager and Galileo spacecrafts 
suggest that volcanism on Io could be dramatically different from that on Earth. 
Volcanic lava on earth is silica-rich, while Ionian volcanism is sulfur-rich. Dur-
ing four nights in May 2004, high angular resolution images of Io were taken 
with the adaptive optics system on the W.M. Keck II telescope using various in-
frared filters. After applying cosmetic data processing, these images were care-
fully analyzed. Hot spots were detected in L and M bands, but observations at 
shorter wavelengths (H and K) also show the presence of two bright, high tem-
perature hot spots. Their positions were compared with observations taken dur-
ing the last 8 years, by the Galileo spacecraft, to determine if these volcanoes 
had been previously recognized. Observations of these hot spots in multiple 
wavelengths made it possible to determine the temperature and area of the ac-
tive regions of each hot spot.  A comparison of these new hot spots with the ac-
tivity of previously studied hot spots will also be presented. 

Meghan Brennan is currently studying Planetary 
Science at the University of California, Santa Cruz. 
She transferred from Santa Rosa Junior College last 
year, where she was actively involved in the Earth 
and Space Sciences department. Meghan hopes to 
begin graduate school in the fall of 2005 in order to 
obtain a graduate degree in planetary sciences. 
 



Detection Profiles of Adaptive Optics Systems  
for Binary Asteroid Images 

Jesus Enriquez 
 

University of California, Berkeley 
Research Advisor: Imke de Pater 

Research Supervisor: Franck Marchis 
Home Institution: University of Texas, El Paso 

 
Since the discovery in 1993 of Dactyl orbiting around Ida by the Galileo space-
craft, over twenty-five binary asteroid systems have been discovered using 
mainly adaptive optics (AO) available on ground-based telescopes. This work 
focuses on the search and study of double asteroids in the main-belt, in the Tro-
jan population and beyond Neptune's orbit. Related data were recorded in the 
last three years using Lick, Keck, VLT, and Palomar AO systems. However, the 
quality of this AO data varies significantly with the atmospheric conditions, the 
magnitude of the target, and its elevation. A method to automatically analyze 
the profile on the entire set of data was developed.  This will enable one to de-
tect a hypothetical companion around the primary asteroid. The detection curve 
of the images is approximate, to give a lower limit for size of a companion.  AO 
systems capabilities will be presented. Comparison with formation models of 
binary asteroids will be discussed. 

Jesus Enriquez is currently a junior majoring in 
Physics at the University of Texas at El Paso 
(UTEP). He works as a research assistant in 
space physics and is president of the Society of 
Physics Students (SPS) in UTEP. He is the first 
in his family to go to college. He enjoys math, 
physics, astronomy and learning new things in 
almost any field of study. Jesus would like to ob-
tain a PhD in Astrophysics and work as a pro-
fessor at a university. 



Galaxy Evolution at the Keck Diffraction Limit 
Rima Fata 

 
University of California, Los Angeles 

Research Advisor: James Larkin 
Research Supervisor: Shelley Wright 

Home Institution: University of California, Riverside 
 
An important goal of current astrophysical research is to understand the crea-
tion and star forming history of galaxies. To achieve this goal, it is necessary to 
study galaxies at many wavelengths and at high resolution to observe galaxy 
substructure. This project attempts to combine data retrieved from two different 
surveys looking at the same field of view, the Chandra Deep Field South 
(CDFS). The COMBO-17 survey uses traditional ground based images using 17 
different optical filters acquired with the Wide Field Imager (WFI) at the MPG/
ESO 2.2m telescope located on La Silla, Chile. The COMBO-17 public catalog of 
63,501 objects does not resolve internal structure, but it does allow us to esti-
mate the redshift (which gives distance and age), types and ages of stars, and 
total luminosity for each galaxy. The Center for Adaptive Optics Treasury Sur-
vey (CATS), by means of the Keck adaptive optics (AO) system on Manna Kea, 
Hawaii, is able to achieve 10 times the angular resolution of the COMBO-17 im-
ages, but only at one infrared wavelength. In this project, we’ve produced a da-
tabase containing all of the COMBO-17 information but also combining the high 
resolution images of the CATS survey. In this way, we can observe the mor-
phology (sizes, shapes, internal components) of galaxies as a function of cosmic 
time and star formation activity. Only with this combined information can we 
investigate the growth of galaxies, the role of galaxy mergers, and therefore di-
rectly observe the evolution of galaxies. 

Rima Fata is a Computer Engineering major at the 
University of California, Riverside. In 2001 she 
transferred from the American University of Beirut 
Lebanon, where she was studying electrical engineer-
ing. Introduction to coding lead Rima in a different 
direction and now she is pursuing a bachelors degree 
in Computer Engineering. She will be the first 
woman in her family to graduate with an engineer-
ing degree. Rima hopes to graduate by the fall of 
2005 and continue on to graduate school.  



Does the Best Aberration Correction for the Eye  
Depend on Neural Factors? 

Denise Gutierrez 
 

University of Rochester 
Research Advisor: David Williams 

Research Supervisor: Li Chen 
Home Institution:  Hartnell Community College  

 
Webster et al. (2002) found that the neural visual system adapts to prismatic 

distortions, contrast or blur. Our previous study showed that the neural visual system 
adapts to its own particular pattern of optical defects. In that experiment we used the 
Rochester Adaptive Optics Ophthalmoscope to replace the wave aberration from a sub-
ject, either in its original orientation or rotated version. Subjects viewing the world 
through their own wave aberration reported that it was much sharper than when the 
wave aberration was rotated.  Despite the fact that the rotation only changes the orienta-
tion of the aberrations and not the objective amount of retinal blur, the subjective blur 
changed dramatically.  
              The purpose of this experiment was to gain further insight on the plasticity of 
the neural visual system. In this experiment we use the Rochester Adaptive Optics Oph-
thalmoscope to replace the wave aberration from a subject by scaling the wave aberra-
tion from –1 to +1, and quantifying the blur of each scaling wave aberration with defo-
cus. Results measured from 3 subjects show that image quality from the positive scaling 
wave aberration is sharper than that from the negative scaling wave aberration. The re-
sults also show that the best image quality does not correspond to full correction. All 
subjects prefer to have some (average scaling from 3 subjects is 0.12) of their own wave 
aberration remaining in their eye for the best correction. This supports clinical wisdom 
that patients will often reject astigmatic corrections that improve objective image qual-
ity, but cause too large a departure from their normal experience of the world. This ef-
fect has far-reaching implications for vision correction, since it means that subjects who 
receive an aberration-free view of the world through customized correction may require 
time to adjust to the benefit. Alternatively, vision correction might best be accomplished 
through a multiple step process that ultimately converges on the desired correction. 

Denise Gutierrez is currently a sophomore at Hartnell Community Col-
lege in Salinas, CA. She is pursuing a major in Biology and will be 
transferring to a four year university by fall of 2005. She is the oldest 
child and first generation born in the U.S. from a family with a Mexican 
heritage. The day she transfers to a four year institution will be a sig-
nificant achievement for herself and a proud day for her family. Denise 
enjoys reading, traveling outside of Monterey County, dancing, joining 
community groups, and playing soccer whenever possible.  



Interferometric Characterization of a Bimorph Deformable Mirror 
Anglea Haff 

 
Lawrence Livermore National Laboratories, University of California, Davis 

Research Advisor: Jack Werner 
Research Supervisor: Dave Horsley 

Home Institution: Sacramento Community College 
 
     In the field of vision science attempts are being made to obtain images of the 
living human retina at the cellular scale.  To obtain pictures with sufficient reso-
lution to be useful, the wavefront aberrations must be corrected, and the new 
image sent to a camera.  Microelectromechanical systems (MEMS) may be use-
ful in vision science for their ability to correct wavefront aberrations in an adap-
tive optics system.  The purpose of this research was to characterize a bimorph 
mirror for possible use in vision science using a Twyman-Green interferometer. 
     Before the bimorph mirror could be characterized, the fringe resolution of the  
interferometer must be determined so that we know the limits of the deforma-
tion of the mirror that can be measured.  This is obtained by inducing a tilt on a 
test surface until the fringe pattern is no longer sinusoidal. A relationship be-
tween input optical intensity and laser power will be tested using a Gaussian 
model. The laser wavelength will be determined by measuring the step distance 
required to shift phase by 180 degrees. 
     A Zygo interferometer will be used for reference measurements, and then 
compared to measurements of MEMS taken by our interferometer. Interfero-
grams will be taken and a program written by Dr. Dave Horsely will generate 
surface maps. By creating surface maps of test surfaces of known curvatures 
such as lenses it can be determined how efficiently the interferograms are being 
converted into surface maps. Ideally we would like to be able to recreate all of 
the Zernike modes of optical aberrations to predict corrections that would be 
possible in an adaptive optics system. 

Angela Haff is a third year student at Sacramento Community Col-
lege, majoring in Electrical Engineering. She has been accepted to UC 
Davis for the fall quarter 2004, and is very excited about attending. 
She started school at Woodland Community College in 2000, and has 
been working non-stop towards her goal ever since. This internship 
was a major stepping stone for Angela because she has been able to get 
some hands on experience with scientific work.  In addition, she was 
able to become familiar with the UC Davis campus and staff before she 
begins classes in the fall.  



To See or Not to See: Visual Acuity With and Without Adaptive Optics 
Luis Henry 

 
University of Houston 

Research Advisor: Austin Roorda 
Research Supervisor: Siddharth Poonja 

Home Institution: Monroe Community College 
 

Aberrations degrade image quality in the human eye and limit the amount of 
detail a person can resolve from an image with their retinal cones. The goal of 
this project is to measure the effects of aberrations on visual performance with 
the Adaptive Optics Scanning Laser Ophthalmoscope (AOSLO). As images get 
smaller, resolution decreases and images can become blurred. One measure of 
the smallest detail that can be resolved is visual acuity (VA). To measure VA, a 
four-alternative forced-choice tumbling E method was used. Using this method, 
VA is defined as the smallest letter size for which the tumbling E’s orientation 
(up, down, left, right) can be correctly identified 72.4% of the time. We modu-
lated the scanning beam to project an Adaptive Optics (AO) corrected letter ‘E’ 
directly onto the human retina using the AOSLO. The E was presented at 7 dif-
ferent sizes ranging from 20/20 to as small as 20/5. VA was measured for three 
different conditions: i) 6-mm pupil with AO, ii) 6-mm pupil without AO, and 
iii) 3-mm pupil with AO. For each subject, VA was best with a 6-mm AO-
corrected pupil (average VA =20/11.61), followed by a 3-mm AO-corrected pu-
pil (average VA = 20/12.88). A 6-mm uncorrected pupil provided the worst VA 
(average VA =20/17.11). This experiment demonstrates that an aberration-
corrected eye will show a significant improvement in VA. After the optical lim-
its to VA are overcome, photoreceptor sampling and possibly neural factors 
provide the next strongest limitation to further improving VA. 

Luis A Henry is a sophomore at Monroe 
Community College. His major is optical sys-
tems technology. Luis has been fascinated 
with optics ever since high school, when he 
was given the opportunity to participate in a 
co-op program.  He attended school for half a 
day and went to work for the other half. This 
gave him hands on experience and knowledge. 
Luis now attends school to broaden his hori-
zons and expand his mind.  



High Vacuum Motor Drive for the Uniform  
Deposition of Nanolaminates 

Elizabeth Hernandez 
 

Lawrence Livermore National Laboratory 
Research Advisor:  Rick Levesque 

Research Supervisor: Jay Ayers 
Home Institution: Oxnard Community College 

 
The large optic fabrication community has interest in using nanolaminate films 
for the fabrication of hybrid mirrors instead of conventional optics. A motor 
drive was built in order to aid in the production of these nanolaminate films. 
Using nanolaminates in hybrid mirrors significantly lowers production cost and 
manufacturing time. In addition, nanolaminates have the ability to correct mir-
ror figure by integrating adaptive optic drivers to thin film nanolaminate optic 
elements. Nanolaminates’ technology can be applied in ultra-strength materials, 
magnet transducers, high performance tribological coatings, EUV, soft x-ray 
and x-ray optics, coating for gas turbine engines, high performance visible op-
tics, etc. Nanolaminates are thin film bi-layers structures. In order to produce 
nanolaminates, they must be deposited uniformly on the face of a metal or glass 
mandrel. This mandrel is then passed alternately over a pair of deposition 
sources (magnetrons) in an Ultra High Vacuum (UHV) chamber. The mandrel is 
spun on its axis to average the irregularities of the sources and achieve uniform-
ity. In order to spin the mandrel within the UHV, a DC motor drive was built to 
run within the conditions of a High Vacuum environment. The motor drive 
consists of a rotary motion feed through that utilizes ferro fluidic or liquid mag-
net (seal). The final motor drive prototype will be tested under vacuum. The 
source coating must have a uniform film for this prototype to be utilized. Previ-
ously, this technique was used by the Extreme Ultraviolet Lithography (EUVL) 
with successful results.   

Elizabeth Hernandez is a student at Oxnard College. She 
plans to apply to transfer next fall to California Polytechnic 
State University San Luis Obispo to pursue a career in Civil 
Engineering. Elizabeth is the oldest daughter in a family of 
five and the first that will transfer to a four-year university. 
She is a  math tutor about 16 hours per week. She is the 
president of a dance club which promotes the culture of Mex-
ico through dance and music. In addition, she is the secretary 
of the Math Club where she works to motivate and inspire 
people to have fun with math and get involved with the cam-
pus and community activities.  



Evaluation of 1MHz, 16-bit Analog to Digital Converters (ADCs) 
Sahar Kashef 

 
University of California, Santa Cruz 
Research Advisor: Gerald F. Cabak 
Research Supervisor: Chris Wright 
Home Institution: University of Iowa 

 
There is an ever increasing need for faster readouts and multiple 

charged couple devices (CCDs) in telescope instrumentation, such as that at the 
Keck telescopes in Hawaii. CCD controllers are used to regulate the timing and 
readout of astronomy-grade CCDs.  Small compact CCD controllers consisting 
of semi-custom integrated circuits (IC) and smaller, faster ADCs are needed.  
The objective is to shrink the size of the video board component of the CCD and 
use a 16-bit analog digital converter (ADC) with faster readout speed with 
equivalent or better performance. 

The performance of new integrated 16-bit ADCs from Analog Devices 
will be tested and their performance will be later compared to the existing ADC 
on the Astronomical Research Camera (ARC) video boards, on which the con-
troller design is based.  A full evaluation of the ADC will be performed using 
evaluation boards supplied by Analog Devices.  Performance testing of the 
ADCs will include offset, gain, noise, and frequency response tests. These re-
sults will eventually be compared to similar tests that will be performed on the 
old devices.  

Sahar Kashef was born in Iran. She came 
to the U.S. in 1998 with her family. She is 
a Junior in college and plans to graduate 
within the next two years from the Uni-
versity of Iowa with a bachelor’s degree in 
Electrical/Computer Engineering.  She 
plans to attend in graduate school and get 
her degree in Computer Engineering. 



What is the Size of the Isoplanatic Patch in the Human Eye? 
Columbia Lloyd 

 
University of Houston 

Research Advisor: Austin Roorda 
Research Supervisor: Krishnakumar Venkateswaran 
Home Institution: Estrella Mountain Community College 

 
The isoplanatic patch is defined as the area in the image plane over which wave 
aberrations remain constant.  The goal of this project is to measure the size of 
isoplanatic patch in the human eye to better understand the limits of human vi-
sion and to get the maximum field size of the retinal image that can be corrected 
using Adaptive Optics (AO).  Three eyes were measured over a six-millimeter 
pupil using a custom built Shack-Hartmann wavefront sensor.  The measure-
ments were made while the subjects looked at a target with thirty-seven differ-
ent fixation locations spanning plus/minus three degrees on either side of the 
fovea. The wavefront sensor data was interpreted with different metrics to find 
similarities in the wavefront at unique locations. By comparing the aberrations 
at each location with the aberrations measured for central fixation, we were able 
to compute the angular size of the patch on the retina where the wave aberra-
tions remained nearly the same.  Each eye was different, mainly because aberra-
tions vary between individuals. But, on average, the isoplanatic patch size was 
about +/- 2 degrees in each direction from the central fovea. In conclusion, the 
maximum retinal field size that can be corrected using an AO system for the eye 
will be about 4 degrees. 

Columbia Lloyd is a sophomore at Estrella 
Mountain Community College in Arizona. 
She will be transferring to the University of 
Arizona to obtian her Bachelor of Science in 
Electrical Engineering. Columbia is active in 
her school from student organizations to be-
ing involved with the faculty and staff. She 
enjoys meeting people and exploring new 
things in math, science, and engineering. 
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Recently the IRTF decided to monitor its environmental conditions surrounding 
the mirror and telescope’s facility with units of temperature, humidity, wind 
speed, and wind direction. An inherited initial implementation for a web-based 
plot generator was a basis for working. Optimizing, adding features, and verify-
ing the program’s usability were the main tasks. A lot of reading from the data 
file archive was being done redundantly. This slowed the plot process down. 
Required error checking mechanisms were not inserted into the code. The new 
implementation reads data into main memory all at once, manipulated, and 
stored in such a way to minimize the amount of memory used. This in turn 
speeds up the plot process. The plot generator utilizes HTML, TCL, and POST-
SCRIPT languages to generate PDF and text files of the collected data. This pro-
gram will assist in finding patterns in the environment of the telescope to assist 
in future observing with IRTF. 

Noah E. Luis was born in the town of Hilo located 
on the Big Island of Hawaii. He graduated from 
Waiakea High School in 2001. Currently, he is at-
tending the University of Hawaii at Hilo and is ma-
joring in Computer Science. Noah works for the 
NASA Infrared Telescope Facility (IRTF) located 
within the Institute For Astronomy (IFA). Re-
cently, he has started a student programming posi-
tion where he will be assisting two systems pro-
grammer in reimplementing the IRTF's system for 
maneuvering the telescope for observing. 
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Astronomical adaptive optics imaging suffers from anisoplanatism.  Anisoplan-
tism is the spatial variation of a point spread function, which is the image pro-
duced by an optical system when looking at a point source. Pairs of stellar im-
ages had the anisoplanatism measured between them in order to improve the 
object estimates from deconvolution.  An Interactive Data Language (IDL) pack-
age was created and applied to analyze pairs of stellar images to compute the 
normalized cross spectrum between them. The quantitative measure of aniso-
planatism, and the measure of difference between point spread functions is rep-
resented by the normalized cross spectrum.  Anisoplanatism was investigated 
for a broad range of data sets, and there are results showing spatial variation 
between the stellar images.  These results give us a better understanding of the 
point spread functions of the images. 
 

Danielle Robbins just completed her junior 
year at the University of Maryland Balti-
more County (UMBC), where she is a Mey-
erhoff Scholar. She is a Mathematics major 
and a Computer Science minor. At UMBC 
she is heavily involved with Track and 
Field, the National Society of Black Engi-
neers, the New Student Orientation com-
mittee, and various other programs and or-
ganizations. Upon completion of under-
graduate school she hopes to attend gradu-
ate school, where she plans to focus in com-
putational or financial mathematics. 



L and Ms Band Spectroscopy with NIRC2 and Keck II Adaptive Optics: 
Feasibility Observations of NGC7027 and DH141569 

Sunny Stewart 
 

Keck Observatories 
Research Advisor and Supervisor: Randy Campbell 

Home Institution: University of Hawaii at Hilo 
 
L and M bands present a challenging regime for spectroscopy with NIRC2 and 
Adaptive Optics (AO).  The atmosphere emits more strongly in these bands to 
add much noise and other spectral features other that the source.  Especially in 
the L band, heat form the telescope and optics adds signal to the observation 
and must be subtracted out of the data.  This heat is hard to measure and thus 
must be modeled with a black body curve onto which the signal from the sky is 
superimposed.  This project was to research the issues related to L and Ms band 
spectroscopy and to test feasibility by observing HD141569 and NGC7027.  
HD141596 is a five million year old A star that has been observed to have a 
proto-planetary dust disk surrounding it.  The disk is near 5” in size and pre-
sents a challenging target due to the brightness of the parent star.  NGC7027 is a 
planetary nebula with a high state of excitation and is now ejecting material into 
space.  NGC7027 has been observed many times before as an object to test the 
capability of new instruments.  Presented in this paper are discussion of data 
acquisition and reduction as it relates to L and M band spectroscopy with AO. 

 

Sunny Stewart is a student at the Univer-
sity of Hawaii at Hilo majoring in Astron-
omy. He has been living in Glenwood since 
he was in the first grade. Besides his inter-
est in astronomy and science, he grows or-
chids. Sunny plans to go on to graduate 
school and become a professor.  
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The research consists on the upgrade of electrical parts for the Hires spectro-
graph used at the Keck Telescope in Hawaii. These instruments usually contain 
a chamber of light-sensitive detectors that because of their efficiency and accu-
racy must be kept in a vacuum environment. Those detectors are crucial to the 
telescope since they transform images into digital data via electronic signals 
through the use of feedthroughs. Therefore, these electrical feedthroughs must 
be hermetic in order to preserve the vacuum. Observatories require the use of 
hermetic feedthroughs or customized connectors that may be too expensive and 
require long time for fabrication. The ideal solution was to buy connectors and 
make them hermetic by the use of quality potting compounds. These potting 
compounds were subjected to a series of environmental, electrical, and me-
chanical tests to evaluate sealing ability and out-gassing rate. Sample specimens 
and connectors using these compounds were also tested by a residual gas ana-
lyzer and a leak detector to examine leakage and system contamination. Further 
results are expected at the end of the research. 

Sandra Toro was born and raised on the beautiful 
island of Puerto Rico.   She grew up loving the 
environment and beaches. Therefore, she enjoys 
helping the environment as much as she can. Cur-
rently she is a junior at the University of Puerto 
Rico at Mayaguez pursuing a bachelor's degree in 
industrial engineering. After graduating she 
plans to pursue a master's degree in computer 
science.  She would like to follow in her father's 
footsteps, with a career in the organization man-
agement of industry.  
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There are two things that hinder the image quality in retinal imaging in vivo.  
The first is aberrations, which can be compensated for with Adaptive Optics.  
The second is diffraction, which there is no way around.  Even with perfect op-
tics, the diffraction limit is a seemingly ironclad barrier.  An imaging technique 
called structured illumination can beat the diffraction limit, and when com-
bined with Adaptive Optics, can give us a super resolution image of the retina.  
When you impose a high frequency grating on the retina, a low frequency 
moiré pattern will result which contains high frequency information about the 
image.  This moiré pattern has been shown through psychophysical experi-
ments only and has never been captured as an image.  This experiment will try 
to imprint a high frequency grating onto the retina and capture the resulting 
moiré pattern.  If this is successful, the moiré image can be processed for a 
higher frequency image and produce a super resolution image.  This can be 
helpful in the future for taking high quality images of the central foveal cones. 

Li Wei is currently a freshman at Monroe 
Community College. His major is Mathemat-
ics and he is particularly interested in its ap-
plications to all sciences. He hopes to obtain 
at least a Masters degree in mathematics and 
build mathematical models of various things 
in science. Li works as a chemistry lab assis-
tant and a math and physics tutor at Monroe 
Community College. In his spare time, he 
likes to play soccer, tennis and ski. 
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The goal of this project is to determine how well current and future adaptive 
optics (AO) technology can measure the size and shapes of distant galaxies. 
Such technology can be used to sharpen images blurred by the atmosphere. 
First, images of artificial galaxies are created with user specified profile shapes, 
disk radii, bulge radii, and luminosities. The images are then fed to a program, 
DEGRADE, which simulates AO systems. DEGRADE convolves the image with 
a map of the AO point spread function (PSF). The PSF is an image of a point-
source of light after it has traveled through an optical system. In this case, the 
PSF is the light from a distant star after it has been distorted by turbulence in 
the Earth’s atmosphere and optics in the telescope instrument, and then cor-
rected by the AO system. By knowing the PSF, one can in principle reconstruct 
what the galaxy actually looks like before all the distortions. This has been at-
tempted with a two-dimensional galaxy/point-source fitting software package 
named GALFIT. From these simulations we determined how well the PSF of the 
AO system needs to be known in order to accurately recover the galaxy’s struc-
ture. Such information is vital for the use of AO on the Keck ten-meter telescope 
to explore the evolution of galaxies.   

Conswela White recently completed her 
junior year at the University of Maryland, 
Baltimore County (UMBC). She is a Mey-
erhoff Scholar majoring in mathematics 
and works for the Mathematics and Statis-
tics Department at UMBC as a teaching 
assistant. She desires to continue her edu-
cation when she graduates from UMBC in 
the area of applied mathematics. Outside of 
the classroom, she is involved with many 
clubs and organizations such as the Na-
tional Society of Black Engineers and the 
Upward Bound Program where she tutors 
high school students. 
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