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C ongratulatlons to SURF on another 

outstanding year! This summer marked the 

SURF program's sixteenth year--slxteen 

years of remarkable achievement and 

growth. As I have listened to the SURF 

seminars over the seven years since I have 

been President, I have come to value the 

achievements of SURF students and their 

research sponsors more and more. The 

SURF expenence provides a research­

oriented counterpoint to the normal class­

room experience. It also fosters collegiality 

between the research sponsor and the 

student-between mentor and protege. 

This combination creates a team that 

produces new Ideas and discoveries 

through superlative mutual stimulation. 

The success of the SURF program 

depends on the active involvement of 

many people. More than 450 individuals 

1ncluding donors, friends, students, 

research sponsors, and administrative staff 

participate on the Caltech SURF team. I 

want to express my deep gratitude to all, 

and especially to those who have given 

time, money, wise counsel, and leadership 

to enrich the students and the program. 

SURF ls one of the activities that helps 

Caltech achieve Its place of quality and 

excellence in the academic world. The 

Institute is indebted to those who make 

it possible. 

Thomas E. Everhart 

President 

California Institute of Technology 

DEDICATION 

This year's SURF program is dedicated to 

the late Dr. Edward C. Posner whose com­

mitment to the education of students was 

legend at Caltech and JPL Through the 

SURF program alone, he directly influenced 

60 students. Ed's legacy to the education 

of young people stretches far and touches 

many as evidenced by his involvement with 

SURF, one program on his long list of Inter­

ests. In dedicating SURF to Dr. Posner, we 

recognize his outstanding contributions to 

the SURF program and his passion for edu­

cation and research. 



FROM THE SURF BOARD 
Carl \~ Larson 
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Carl Larson 

n behalf of the S RF Board I extend our deep appreciation to Lew Allen who er<'ed as Chair of the 

Board from Janua1-y 1992 to January 1994. Under Lew's strong leadership the SURF program became 

financially more robu t through the important underwriting agreement with the Institute for URF 

student stipends and through succe ful fund raising. 

As the new Chair of the S RF Board , I am committed to the premier education afforded to 

Caltech students. SURF enhances the academic program by encouraging them to apply knowledge 

gained in the classroom to ask new que tion and to solve problems at the forefront of science and 

technology. By introducing students to re earch and through 

its innovative programming, SURF provides tactical support 

for Caltech 's strategic educational plan. 

The mission of the SURF Board, written twelve years 

ago, remains our guiding principle: The SURF Board is a 

rnluntary support o rganization consisting of individuals 

dedicated to the educational values of undergraduate 

research at Caltech, and who, through their advice, 

encouragement. and financial support, contribute to the 

vitality, continuity, and effectiveness of the SURF program. 

The activi ties of the past year have supported our mission. 

• The Administration, through President Thomas Everhart and Provost Paul Jennings, agreed 

again this year to undenvrite up to 20 stipend for Caltech students recommended by the 

Administrative Commiuee to receive awards. The agreement alleviates the uncertainty caused by 

the late receipt of stipend moneys. So far, SURF has not had to use any of the undenvriuen 

funds . 

• We thank Joanne Clarey, Director, and Phyllis Hosey, Corporate Acti\foes Coordinator, Corporate 

Relations Department for their innO\-ation and effort in creating the mall Busine Industrial 

Associates program. This ummer fh·e companies joined this new association, each sponsoring 

a SURF student, and gaining certain Insti tute privilege . 



• The first Doris S. Perpall SURF speaking competition saw the besl SURF speakers 

competing for three cash prizes. This contribution by Board member Bob Perpall to the SURF 

Communication Program provided important incentives for students to plan and organize their 

final presentations. 

• The SURF Board committees remained active this year. The Campus Liaison Committee under 

the chairmanship of Bill Whitney coordinaled the SURF Monday ight Discussions and the 

Roundtable speakers for this summer's program. The Student Relations Comminee, chaired by 

Joanna Muir, held the annual thank-you-note-wriling party to encourage named SURF students 

to personally thank their financial sponsors. 

We look ahead to 1995 with the goal of meeting the fund-raising challenge for SURF and 

anticipate increasing opportunities for these bright and talented students. SURF depends upon the 

support of its many friends, and with your commitment, SURF's future is very bright! 
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FROM THE SURF ADMINISTRATIVE COMMITTEE 
Terr)' Colt 

T he S RF Administrati,·e Committee ets the academic policies of the S RF Program, oversees the 

S

intellectual standards and ad\ises the Caltech Administration on long term plans for development of 

RF and other programs relating to SURF. The committee con i LS of faculty from each of the 

Institute 's academic divisions, senior members of theJPL technical staff, student representatives and 

members of the Caltech administrative staff, including the SURF Director. 

In addition to O\•erseeing and planning, the Committee participates in S RF directly. 

Its members re,•iew all of the tudents' research proposals-more than 300 thi year. All of the faculty 

members of the committee are or have been S RF re earch advi ors. 

During the past year the 

Committee worked closely \\-ith S RF 

Director Carolyn Merkel, Carl Lar on 

and members of the SURF Board, and 

the Caltech Development Office to bring 

additional fellowship funds into the 

program. Specifically, we strongly 

upport the Small Business Industrial 

Associates Program tl1at will bring fund 

to support SURF er working with Caltech 

faculty on research of interest to the e 

industrial firms. This will provide a 

vehicle for students lo learn about Terry Co/L 

research topics of intere t to the commercial sector and to im·estigate indu trial research and 

development career opportunities. 

We were pleased with the uccess of the first Southern California Conference on 

Undergraduate Re earch held at Caltech during the past academic year. Thi conference was 

organized and led b the SlJRF staff. This event should become a California academic tradition. 

We look ahead with enthusiasm to the continuing de\·elopment of undergraduate re earch 

at Caltech . 
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DIRECTOR'S REPORT 
Carolyn Merkel 

T 

Carolyn Merliel 

wo hundred sixteen students SURFed at Caltech this summer, the program's sixteenth year. Days 
filled Y.ith re earch , lunch time seminars, and dinner time discussions made for a rich and satisfying 
mix of activity, reported below. 

SURF initiated many new activities this year. 

• The SURF team took the lead in organizing and hosting the first Southern California 
Conference on Undergraduate Research. 

• The Corporate Relations department developed unique industrial SURF opportunities for 
students jointly mentored by faculty and industrial researchers. 

• We held the first Doris S. Perpall speaking competition. 

• A team of six SURFers joined Caltech's Young Engineering and Science Scholars 
program to create California education units and to try them out with the high 
chool YESS participants. 

• SURF coordinated Monday 1 ight Barbecues for srudents in all Caltech summer 
programs creating a ocial emironment to trengthen the student community. 

• SURF joined the information uperhighway this year listing all information on the 

World Wide We b, accessible to anyone on th e Internet anywhere in the world. 

PROFILE OF SURF 94 

Total Number of Number of Number of 

Number of Caltech No11-Caltech Research 

Divisio11 Students Stude11ts Students Sporuors 

Biology 54 41 13 39 

Chemistry and Chemical Engineering 41 34 7 21 

Engineering and Applied Science 2 26 2 19 

Geological and Planetary Sciences 12 12 0 7 

Humanities and Social ciences 6 5 5 

Physics, Mathematics and Astronomy 9~ - => 23 2 20 

jet Propulsion Laboratory 45 19 26 29 

Off~mpus 5 5 0 5 

216 165 51 145 
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PROFILE OF THE 1994 SURFERS 

Freshmen 
Sophomores 
Junior 
Seniors 
Women SURFer 

Minority URFers 

Young Engineering and Science 
Scholars SURF 

<1 % 
17% 
31 % 
52% 
34% 
13% 

A team of ix SURF students, under the 
mentorship of Paul Robinson (Assistant to the 
ChiefTechnologist,JPL), researched, created, 
developed, and wrote California education 
units and tested their projects with the 40 high 
chool participants in Caltech's Young 

Engineering and Science Scholars (VESS) 
program. Three of the units focused on 
various aspects of boomerangs; the other 
three were radio telescopes, physbics (the 
physic of Frisbees), and catapults. The goal of 
each project was to teach basic phy ic or 
engineering concepts around an unu ual 
topic using a hands-on approach. 

Minority Undergraduate Research 
Fellowships (MURF) 
Fifteen tudents participated in the 1994 
MURF program which runs concurrently and 
is closely integrated \vith SURF. The MURF 
program provide upport for talented non­
Caltech undergraduates to spend a summer 
working in a research laboratory and is aimed 
at improving the representation of African 
Americans, Hispanics,. alive American , 
Puerto Ricans, and Pacific 1 landers in 
biological, chemical , and engineering 
cience . MURF students participate in all 

aspects of the summer program. 

Congratulations SURFersl 
At Commencement 1994: 

• 53% of students receiving their bachelor's 
degree had completed a SURF. 

• 65% of the tudents graduating with 
honors were former SURFers. 

• 78% of the tudents receiving prize were 
RF tudents. 

We are proud of these remarkable students! 

SURF IS PROVIDING ME WITH MORE 

THAN A SUMMER JOB. I HAVE THE 

VALUABLE OPPORTUNITY TO TEST 

AND, I HOPE, PROVE MYSELF IN A 

LABORATORY SETTING BEFORE 

ATTEMPTING TO GO ON TO GRADUATE 

SCHOOL. I FEEL VERY FORTUNATE TO 

BE ABLE TO PARTICIPATE IN THE SURF 

PROGRAM. 

Matth'w .lltlt, St n ior 
Rich/tr Scholar 
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SURF PROGRAM AND ACTIVITIES 

SURF Seminar Day 
Each SURF student i required to gi\'e an oral 
presentation of his or her re earch on SURF 
Seminar Day in October. The symposium is 
modeled on a profes ional technical meeting 
with parallel oral and poster sessions. Donors, 
students, faculty,JPL staff, alumni, and parents 
attend the S RF seminar to hear the cudents' 
reports. 

Communication Program 
For many students, the required presentation 
on S RF Seminar Day is their fir t experience 
in public speaking. To help them prepare for 
this talk, S RF offers a communication 
program of seminars and small group work­
shops led by trained peer coache . Mary Ann 
Smith, SURF communication consultant, 
designed the program and trained the coaches. 

We were delighted with the long article, 
including color photographs, featuring a SURF 
peer coach group, which appeared in the 
August 15 edition of the Los Angeles Times. 
Reprint copies are available in the S RF office. 

The SURF Talk Book 
NQw in its second printing, The SURF Talk Book 
provides written materials, exercise , guide­
lines, and checklists for presenters to help with 
o rganization and preparation for oral or poster 
presentations. This book contains the course 
material used in Peer Coach Workshops. 

Peer Coach Workshaps 
Mary Ann Smith trained 15 Caltech SURFers to 

skillfully facilitate workshop to help students 
organize and prepare their oral pre entations, 
learn public speaking technique and skills, 
and to de,·elop analogie to explain technical 
material to a non-technical audience. Through 
group interaction, students gain confidence 
and experience in talking about their re earch. 
Peer coaches also assisted with final rehearsals 
prior to S RF Seminar Day. 
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Scientists as Speakers 
Scou Fraser, Anna L. Rosen Professor of Biology, 
spoke to S RFers on Biologi.cal Imaging: An 
Interdisciplinary' Application to the Study of Embry­
onic Patterning. Following his lively, enthusiastic, 
informative presentation, he discussed how he 
prepares a talk for various audiences, the 
importance of communicating technical 
information to lay audiences, and how he 
develops analogies to help the audience 
understand technical information. 

Doris S. Perpall SURF speaking Awards 
The first Doris S. Perpall SURF speaking 
competition was held during the year. Robert C. 
Perpall, a member of the SURF Board, endowed 
the prize as an incentive for students to prepare 
excellent final oral presentations on SURF 
Seminar Day. Three prizes were awarded at the 
conclusion of a three-round competition. 
Winners were J onathan Weinstein, Adele Shakal, 
and jasmine Anderson. 

Professional Development Seminars 
Caltech alumnus William M. Whitney, Ph.D. 
(Division Technologist, Observational Systems 
Division,JPL) coordinated a series of six 
informal weekly discussions on issues students 
\\~ll face as they prepare for and commence 
their profes ional careers. The sessions and 
participants were: 

Ro/,e of Communication in Careers 
Mary Ann Smith, SURF Communication 
Consultant 

Scientists as Speakers 
Scou Fraser, Ph.D., Anna L. Rosen Professor of 
Biology, Caltech 

Decision Making: Yes, You Can Change Your Mind! 
Kathleen Bartle-Schulweis, Director, Women 's 
Center, Caltech 

Important Career Decisions: The Benefits 
of Thinking Ahead 
William M. Whitney;julia Kornfield, Ph.D., 
(SURF '81, B.S. '83), Assistant Professor of 
Chemical Engineering, Caltech;Jacklyn Green, 
Ph.D., Project Scientist, SR-71 Hypersonic 
Aircraft Research Platform,JPL; Michal Peri, 
Ph.D. (Ph.D.'94, Caltech). 



Career Options: Whal Can You Do 
with a Technical Background? 
Carolyn Merkel; Pedro Pizzaro, Ph.D. (Ph.D. '93), 
McKinsey and Company, Inc.; Eric Korevaar (B.S. 
'81) , President, Astro Terra Corporation; James 
Dunn, M.D., Ph.D. (B.S. '85), Resident in General 
Surgery, Unh·ersicy of California, Los Angele ; 
Virgil Shields, Ph.D. (B.S. '74), Member of the 
Technical Staff, JPL. 

Ethical Condud and Miscondud in the \'\.'orkplaa 
William M. Whitney; Ann Bussone, Director, 
Employee Relations, CaJtech; Kathleen Katovich, 
Associate General Counsel, Caltech/ JPL; Gerard 
Tembrock, Manager, Busines Ethics Office,JPL. 

Seminars 
Special Seminar by Professor Freeman Dyson 
SURF welcomed Freeman Dyson , Professor of 
Physics at the Institute for Advanced Study at 
Princeton , a Distinguished Visiting Scientist atJPL 
this ummer. Professor Dyson inspired an enthu i­
astic and interactive audience of students and 
faculty with his talk, Modern Directions in Applied 
Physics. 

Weekly Noon Seminars 
Each Wednesday, 111embers of the Caltech faculty 
or JPL technical staff presented overviews of their 
areas of re earch. Speakers and topics were: 

J esse L. Beauchamp, Professor ofChemi try, 
Probing the Secrets of Biologi.cal Mol£cules Trapped in 
an E/,ec/romagnetic Boll/,e 

Geoffrey A. Blake, Associate Profe or of Cosmo­
chemistry, New Tools for Exp/ming tralospheric 
Chemislr)' 

. George Djorgm·ski, Associate Profe or of 
Astronomy, Exploring the High-Redshift Universe from 
Palomar and the Keck 

Diane Evans, Jet Propulsion Laboratory, IR-C 
Project Scientist 

Douglas Flamming, Assistant Professor of History, 
African Americans and the Transfonnation of the 
Democratic Part)> 1865 - 1965 

THIS SURF PROJECT HAS HELPED ME TO 

CONFIRM MY FEELINGS ABOUT A 

CAREER IN RESEARCH WHILE WORKING 

ON TOPICS ATTHE LEVEL OF GRADUATE 

STUDENTS HERE AT CALTECH. 

Sergt Btlongit, Stn 1or 
Carl and hrrlry Larson SURF Ft/low 
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Melany L. Hunt, Assistant Professor of 
lechanical Engineering, Particle Flows 

Stephen L. Mayo, Assistant Professor of Biology 
and Assistant Investigator, Howard Hughes 
Medical Institute, Protein Design Automation 
(Steps Toward an Ultimate Biotechnology) 

Axel Scherer, Associate Professor of Electrical 
Engineering, Nanofabrication of Semiconductor 
Structures: Have Our Dreams Come True1 

'ai-Chang Yeh, Assistant Professor of Physics, 
Novel Vortex Properties of High-Temperature 
Superconductors 

Each Friday members oftheJPL technical staff 
presented summaries of their work to the JPL 
SURF students. Speakers and their topics were: 

Martin G. Buehler, Electron ics and Control 
Division, Reliability and Radiation Assurance 
Experiment (RREL4X) for the Clementine Mission 

Bonnie]. Buratti, Earth and Space Science 
Division, The Bursi)• ature of 2060 Chiron 

William H. Duqueue, Information Systems 
Division, Exploration of Huge Data Sets Through 
Parallel Image Rendering-or- How to Monopolize 
Expensive Super-Computers 

Jacklyn R. Green , Observational Systems 
Division, The SR-71 Blackbird: NASA's Newest 
High Speed, High Altitude Research Aircraft 

Deborah J. Jackson, Telecommunications 
Science and Engineering Division, Photonic 
Processors: A Systems Approach 

Steven £.Johnson, Systems Division, 
SURFSAT-1 

Norman E. Lay, Systems Division, Mobile Satellite 
Communications Research at ]PL 

Allen P. ikora, Office of Engineering and 
Review, Software Reliability 

Sarita Thakoor, Electronics and Control 
Division, Can Ferroelectric Memcries Replace Disk 
Drives1 
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Roundtable Discussions 
Roundtable di cu ion provided students the 
opportunity LO meet in mall groups with 
leader in academia, industry, or government 
to discu current topical or career develop­
ment i ues. Di cussion leaders this summer 
were: 

Lew Allen, Retired Director,JPL, ational 
Security Research and DeueWpment in the Post-Colil 
War Era 

Jay Aller, Science Writer for Caltech, and Lisa 
Wil on, Science Writer for Pasadena Star-News, 
Communicating Science to the Lay Public 

James M. Bower, As ociate Profes or of Biology, 
Teaching Science to Pre-College Students and 
Teachers 

Bill Gross, Chair and Founder, Knowledge 
Adventure, l nc., The Entrepreneurial Experience 

Melany L. Hunt, Assistant Professor of 
'.\-techanical Engineering, Career and Family 
Intersectio11 

Carl A. Kukkonen, Director for the Center 
for Space Microelectronics Technology,JPL, 
Raising Mo11l')'for Research and DeueWpment or 
for Business 

Arthur J. Murphy, Jr., Technology Development 
Manager,JPL, Recent Changes in Research and 
Development opportunities in industrial and 
Government Laboratories 

Henry McBay, Distinguished Visiting Scientist 
atJPL 

Jerry, unnally, Director ofDe,·elopment, 
From Student to Alum 

Mimi Sengupta (S.S. '93, SURF '90, '91), 
First-Year Medical Student at University of 
California, Los Angeles, From Caltech to Medical 
School 



Monday Night Barbecues 
SURF coordinaled weekly barbecue for ludents 
in all ummer program on the campu . The 
dinners, held in front of Winnett Center, offered 
students a chance lo get together for fellow hip, 
food, and fun. The barbecues immediately 
preceded the SURF Profe ional Development 
Seminars. 

CONFERENCES 

Southern California Conference on 
Undergraduate Research (SCCUR) 
SlJRF organ ized and hosted the fir t annual 

CCUR conference in :">io\'ember, 1993. Q,·er 400 
tudents, faculty, and admini tralOrs attended the 
ympo ium with more than 125 students 

presenting their research in oral and poster 
session . The second conference will be held al 
Caltech on November 19, 1994. Keynole speakers 
will be Fredrick H. Shair (Manager, Educational 
Affair ,JPL, and founder of the S RF program) 
who will peak on Grand Challmges far Science in 
Society and Joann M. Stock (Associale Profe or of 
Geophy ics) who will speak on The tress Fields that 
Cause Earthquakes in Southern Califarnia. The third 
conference will be held al the Claremont 
College . 

National Conference on Undergraduate 
Research (NCUR) 
Twenty Caltech students attended the eighth 
annual NCUR at Western Michigan ni,·ersity 
in April, 1994. This conference is multi­
disciplinary including the sciences, mathematics, 
engineering, humanities, and fine and 
performing arts. Students report the experience 
was timulating, interesting, and rich. Caltech 
hosted the fifth. CUR in 1991 as part of the 
lnstitUle's centennial celebration. 

I HAVE LEARNED A GREAT DEAL 

ABOUT THIS PROJECT AND HAVE 

GAINED INVALUABLE LABORATORY 

EXPERIENCE. CONVERSATIONS WITH 

STUDENTS FROM OTHER SCHOOLS 

AND FROM OTHER COUNTRIES HAVE 

HELPED ME REALIZE I AM EXTREMELY 

FORTUNATE TO HAVE THE 

OPPORTUNITYTO DO THIS EXCITING 

AND CHALLENGING WORK. 

Amanda Ecktrmann, Sophomort 
Ernt .<I Ha)wood w1Jt SURF Endowmml Fund 
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SURF FUNDING 

As with any fellowship, S RF students recei\'e 
a stipend; in 1994 the amount was 3600 for 
the ten week period, a total salary budget of 

777,600. Most of these funds are rai ed from 
external, non-federal sources as shown in the 
table below. Since the Institute pays adminis­
trati\'e costs for the program, and research 
sponsors pay research expenses, all moneys 
raised from other sources are used for 
srudent stipends or pecial research-related 
opportunities. 

Individuals 
Endowment 

Corporations/ Foundation 
fPLand 'ASA 
Caltech Faculty and other 

Institute Sources 

Current Operating Funds 

8% 
12% 
16% 
21 % 

43% 

We thank the Administration for agreeing 
again this year to underwrite up to 20 SURF 
stipends against funds expected, but not yet 
received, from fund-raising efforts. This 
agreement has been important in allowing us 
to make SURF awards on schedule and 
eliminating the lengthy waiting list necessary 
in previous years. We thank President 
Thomas E\·erhart and Pro\'OSt Paul Jennings 
for continuing this agreement. We are 
pleased to report that we will not draw on 
Institute underwriting this year. 

Donors who contribute the amount of a 
SURF stipend ( 3600) or more, by annual 
contributions or through endowment, are 
listed with the students in the index of 
students and sponsors in the annual report. 
The sponsors frequently meet the students 
whom they have supported. All funds raised 
from private sources are used to support 
Caltech students doing SURF projects with 
Caltech faculty. 
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Small Business Industrial Associates 
Joanne Clarey, Director, and Phyllis Hosey, 
Corporate Activities Coordinator, Corporate 
Relations Department, e tablished the Small 
Bu ine s Industrial Associates program to 

encourage small companies to affiliate with 
Caltech. An annual fee supports a SURF stipend 
and gives companies access to uch Caltech 
resources as the library and the Research 
Directors Conference. The SURF tudents carry 
out their projects in joint collaboration with a 
Caltech faculty member and a researcher at the 
company on problem often initiated by the 
companr. This program gi\·es SURF students the 
opportunity to expand their research experi­
ence into the industrial en\'ironment. Ini tial 
re ponse from the students and their re earch 
sponsors has been enthusiastic and positive. 

Cryopharm; First Quadrant 
Corporation; Kinemetrics, Inc.; Kinetics 
Technology International Corporation; and 
Vestar, Inc. are the five charter companie m 
thi program. 

Endowment Funds 
The RF endowment was created to en ure 
the continuation of the program. Individual 
may establish an endowment, named as the 
donor de ignate , for 100,000; the proceed 
from the fund will uppon one student annually 
in perpetuity. A SURF endowment is an 
excellent investment in the future of bright 
and talented tudents. Currently, 22 endowment­
supported students S RF each summer. 

This year we were delighted to add the 
Arthur Rock S RF Endowment to this Ii t. 

Given by Teledyne, Inc., this fund was 
established in honor of Mr. Rock upon hi 
retirement last pring as a director of the 
corporation. 

Memorial Funds 
We thank the family, friends, and colleagues of 
Erika Vote for their generous contributions to 
the Erika C. Vote SURF Memorial Fund. This 
fund will support a woman student working in 
the Microde\'ices Laboratory at the jet 
Propulsion Laboratory, a fitting memorial 
to a young woman who was enthusiastic about 
learning and captivated by her own 
undergraduate research experiences. 



We also thank the contributors to the 
Edward C. Posner and the Chandler C. Ross 
memorial funds for their continued generos­
ity in pro\·iding stipends in honor of their 
colleagues. 

THE SURF TEAM 

The SURF team numbers more than 450 
individuals. SURF"s long-term success can be 
attributed to the strong commitment of the 
research ponsors and outstanding students. 
We depend upon and value the generous 
financial contributions of our many friends, 
the vigorous support of the SURF Board, the 
dedication of the SURF Administrative 
Committee, and the efforts of our volunteers 
and con ultants. With great ki ll, compe­
tence, and good humor Susan Clark and 
Carol Casey auend to the day-to-day, year 
round details of making SURF happen. 
A special acknowledgement to Fred Shair, 
\\ithout whom there would be no program. 
Thank you, SURF team! 

SURF IS TRULY A GREAT OPPORTUNITY 

FOR UNDERGRADUATES TO GAIN 

EXPERIENCE IN SCIENTIFIC RESEARCH 

AND TO LEARN SKILLS THAT WILL HELP 

IN GRADUATE SCHOOL, INDUSTRY, AND 

OTHER FUTURE PURSUITS. ABOVE ALL, 

SURF FUELS THE LOVE FOR SCIENCE 

THAT BROUGHT ME TO CALTECH IN THE 

FIRST PLACE. 

Josi Mig u• l Hu rtado, Jr., J unior 

Ru ht<r Scholar 
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SURF INDEX OF STUDENTS AND SPONSORS 

STUDENT 

. .\KE~A ABEDI~ 

Han'ard University 
Senior, Ch 

MISA A G.·\SAGIC 

Senior, Ph 

PR..\BHAT A G.-\.R\\"AL 

Trinicy CoIJege, 
Cambridge ni,·ersicy 
Senior, Ph 

D O :":-\A A. AKLl..\G..\\\'A 

ju11ior, Bi 
Howard Hughes Medical Institute 
SURF Fellow 

ERIC:.\ L. AWSfO:\ 

Senior, Bi 
Edward C. Pomer Memorial 
SURF Felwwship 

j.\S~H:\E R. A.'\DERSO:-\ 

Senior, ai 
Edward W Hughes SURF E11dowlllnlt 

E\'E A. A. '\DERSSO:-\ 

Ju11ior, iWE 

MEGA.'\ Y. A.'\DR.E\\' 

Sophomore, Bi 
Horuard Hughes Medical Institute 
SURF Fellow 

CA.ITU:-> ARDL'\ 

Cambridge Universicy 
Sophomore, Ph/ Ge 

A'l~A E. ARREOL.\ 

Stanford niversicy 
junior 
MURF 

SHRL'TI BAJAJ 

Junior, Bi 
Richter Scholar 

ALEXEI Y. BARSKI 

Senior, Ph 

A'\:-\ALIESE K. BEERY 

Sophomore, Bi 
Northern California Associates 

URF EndOWll!ml 
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TOPIC 

Modification of Microperoxidase-8 

Applications ofTime-Dependenc Hartree-Fock 
co Scudies of AlOmic Collisions 

\Vavelet-Ana.lysis of Structure and Sea.Jing 
Processe in Interstellar Clouds 

BDNF-Expressing Cells in the Visua.J System 
of Xenopus laeuis 

A Simple eura.J Necwork Used to lnve tigate 
Mechanisms of Figure Ground Segmentation 

Detection of Cleavage of DNA by Rhodium 
Complexes in Bacteria 

Vibration-Induced Mixing and Segregation 
Phenomena in Granular Materia.Js 

Cloning and Sequencing ofCYIIIa P71 
Tran cription Factor cD. A 

Infrared Observations of the Influence of the 
Impact of Comet P / Shoemaker-Levy 9 on the 
Atmo phere of Jupiter 

A tudy of Copper Uptake by the Type I 
~ethanotroph Methywbacter alb-us BGB 

PI and AP3 Protein Distribution in Wild Type 
and Tran genie Arabidopsis thaliana 

Raman Thermometer 

Creation ofa Myogenin Transplacement 
Vector for Use in Transgenic Mice 

RESEARCH SPONSOR 

Harry B. Gray 
Amolil. 0. Beckman Professor 
of Chemistry 

Karlheinz Langanke 
Senior Research Associate 
in Physics 

Thomas N. Gautier 
Member of the Tech11ical la.ff, 

}PL 

Susana Cohen-Cory 
&search Fellow in Biolog)1 

Christof Koch 
Associate Professor of 
Computation and Neural Systems 
Jochen Braun 
Senior &search Fellow i11 BioWg)' 

Jacqueline K. Barton 
Professor of Chemistry 

Melany L. Hunt 
Assistant Professor of Mechanical 
Engi11eering 

James A. Coffman 
Senior &search Fellow in BiOWg)' 

Glenn S. Orton 
Member of the Technical Staff, 

}PL 

Mary E. Lidstrom 
Professor of Applied Microbiowgy 

Elliot M. ~eyerowitz 
Professor of Biowgy 

Kenneth G. Libbrecht 
Associate Professor of Astrophysics 

Barbara]. Wold 
Associate Professor of Biowgy 



STUDENT 

SERGE j. BELO:'\GIE 

Seniar, EE 
Carl and Shirky Larson SURF Fellow 

ZACKARY D. B ERGER 

Senior, Bi 
Samuel P. and Frances Krown 
SURF Endowment 

VANCE C. BJOR.'\ 

Senior, EE/ CNS 
Arthur Rock SURF Endawment 

SETH B LCMBERG 

juniar, APh 

CHARLES K. B OYCE 

Senior, Bi/ Lit 
Samuel P. and Frances Krown 
SURF Endowment 

l.AL"R..\ E. BRADY 

juniar, Ge 

J EFFREY R. B RA.\IEL 

junior, Ph/Ee 
Arthur R Adams SURF Felwwship 

j..\..'\E R. BROCK 

junior, Ch 
Glad)'S K T1tcker Memorial 
SURF Felwwship 

J OH:'\ JOSEPH I. CARR..\SCO 

Sophomore, Ph/ Ma 
Richter Scholar 

M AR\'CR..\CE A. CASTRO 

University of New Mexico 
junior, PS)•/ Pre Med 
MURF 

A.'\DRE\\" J. CHAJKI:'\ 

Universi ty of SL A.ndrews 
Senior, Ma/Ph 

R.>.YMO:\D s. C HAS 

junior, Ph/ Ma 
NASA SURF FelWw 

TOPIC 

The Use of Two-Dimensional Gabor Functions 
for the A.nalysis of Local Orientation 

Magnetite-associated Protei ns of Cryptochiton 
stelleri 

Financial Data Forecasting Using Wavelet 
Radial Basis eural Networks 

De te rmining the Heat Capacity for Binary 
Fluids with Fixed Impurities 

Investigation of '.\iagnetotactic Bacteria 

Teachers Touch the Sky: A Week Lo ng 
Astronomical Wo rkshop for Elementary 
School Teachers 

Development of Interactive Database Software 
for J apanese Department 

A New Resolution for 2-amino-2'-hydroxy-l ,' l -
binapthyl 

On the Modal A.nalysis of Microwave Resonators 
Towards Optimization of the Quality Factor: 
A Finite Element Approximation 

A Study on Cytochrome c Oxidase: A.n Insight 
into the Mystery of Aging? 

To Photometrically Reduce SFCA.\11 Images 
of Shoemaker-Le'y 9 Collision with Jupiter 

Initia l Spin of Degenerate Dwarfs 

RESEARCH SPONSOR 

Rodney M.F. Goodman 
Professor of Electrical Engineering 

Joseph L. Kirschvink 
Professor of Geobiowg-y 

Yaser S. Abu-'.\iostafa 
Associate Professor of Electrical 
Engineering and Computer 
Science 

David S. Cannell 
Professor of Physics, University 
of Calif omia, Santa Barbara 

Joseph L. Kirschvink 
Professor of Geobiology 

Bo nnie J. Buratti 
Member of the Technical Staff, 

}PL 

Kayoko Hirata 
Lecturer in Japanese 

Erick M. Carreira 
Assistant Professor of Chemistry 

1 ai-Chang Yeh 
Assistant Professor of PhJsics 

John '.\1. Allman 
Hix on Professor of PS)•chobiology 
and Professor of Biolof!J' 

Glenn S. Orton 
Member of the Technical Staff, 
}PL 

Peter M. Goldreich 
Lee A. DuBridge Professor of 
Astrophysics and PlanetG'I)' 
Physics 

13 



STUDENT 

CLARK c. CHA..'\G 

Senior, Ch/FAS 
William H. and Hel£n Lang 
SURF Endowment 

LILY CHA..'\G 

junior, FAS 
Howard Hughes Medical Institute 
SURF Fellow 

A.\IAl.A\'OYAL ' .CHARI 
junior, Ph/Ma 

PRJSTA CHARL"\\"OR.'\ 

Sophomore, Bi 
Richter Scholar 

STEVES M. CHASE 

Sophomore, CS 
Mr. Robert M. Abbey SURF Fel/,ow 

F1N:--'Y G. CHAVA.'\11\A.\l>\.'\NIL 

Senior, Ch 
Dr. and Mrs. Robert L Nolana 
SURF Fellow 

Auxj. CHEN 

Senior, Ph 

A'\N w. Cl IEN 

Sophorrum:, Bi 
Thomas Hunt Morgan SURF 
Endowment Fund 

CINDY H. CHfX 

Sophomore, ChE 
Camille and Henry Drt!)fus Foundation 
SURF Fel/,ow 

Lt:CY CHEN 

Senior, Bi 
Samuel P. and Frances K:rown 
SURF Endowment 

K.\J WAJ E. CHIL: 

Sophorrum 

WILLIAM C . CHL'ONG 

Senior, Bi 

MATTHEW A. CL>\PP 

Senior, EE 

14 

TOPIC 

Inve ligation of a Solid Superacid: Zr02 
Promoled by Iron, Manganese and Sulfale 

Characlerization of Strongylocentrotus purpuratus 
Coelomocyte cD A Library 

FemLosecond Studies Employing ~olecular 
Dynamics 

RESEARCH SPONSOR 

Mark E. Davis 
Wa1Ten and Katherine Schlinger 
Professor of Chemical Engineering 

L. Courtney Smilh 
Associate Biologist 

Ahmed Zewail 
Linus Pauling Professor 
of Chemical Physics 

The Energetic Co l of Differem Brain Lructures John .M. Allman 

Parallelization and Visualization Of 
Electromagnetic Scattering Code 

Probing Lhe Spliceosome Using Affinity 
Cleavage 

The Infrared Studies of Lhe Cemer of Lhe Galaxy 

How Does Lhe :\'erYous Sy tern Control Mating 
Behavior in C ekgans? 

The Development of Electron-Transfer 
Activated Coball Drugs 

Clarifying Lhe Role of Brain Area Uva in lhe 
Motor Control of Zebra Finch Song 

1MR Conformational Analysis of Butanedioic 
Acid in DMSO 

Applications of Digital Analysis in Lhe 
Resolution of Timing of Purkinje Cell 
Afferents in Lhe Rat Cerebellar Cortex 

KidSAT Science and Education Plan 

Hixon Professor of Psychobiowgy 
and Professor of Biowgy 

Stephen Taylor 
Assistant Professor of Computer 
Science 

Peter B. Der.'all 
Bren Professor of Chemistry 

Michael W. Werner 
Member of the Technical Staff, 
}PL 

Paul W. Slernberg 
Associate Professor of Biowgy 

Thomas J. Meade 
Senior Research FelWw in Biowgy 

Masakazu Konishi 
Bing Professor of Behavioral 
Biol.ogy 

John D. Roberts 
Institute Professor of ChemistT)1, 

Emeritus 

James M. Bower 
Associate Professor of Biowgy 

JoBea Way 
Member of the Technical Staff, 
}PL 



STUDENT 

MICl-l'\EL E. CLHIE:-.IS 

Oklahoma State University 
Senior, FE 

ERICK w. Co 
Senior, Ch 

CAROL\~ F. COHR..\.'\ 

Tougaloo College 
Senior, Ch 
MURF 

JEN:-."IFER L. COit.\tACK 

Senior, Ch 
Mr!. Hannah Bradley SURF Fellcw 

ROBERT H . CRESS\\"E.LL 

junior, Ph 
Cra)' Research, Inc. SURF FeUow 

JERE~llAH K. DARLf:\:G 

junior, Ph 
/\SA SURF Fellow 

CJ-l.\.'\ORA P. DAS 

Senior, ME/Ee 
First Q:Ladrant Corporation 
SURF Fellow 

CHITRALEKHA DASGCPTA 

Senior, Ma 

MICl-l>\EL j. DEBAR 

Senior, EAS 
Ford Motor Company SURF Fellow 

DA\10 R. DERKJTS 

junior, APh/ ME 
Mr. and Mrs. Ralph W. Jones 
SURF Fellow 

VA.-.;O . .\.'\A R. DESAJ 

Sophomore, Ay 
NASA SURF Fellow 

JEFFREY M. DICKERT 

Senior, APh 
Sidney R. and Nancy M. Petersen 
SURF Endowment 

ERIC S. DICKSO:'.\ 

junior, Ph/ AMa 
NASA SURF Fellow 

TOPIC 

SURFSAT 

Controlled Self-Assembly in Aqueous Media 

Spectroscopic Studies of Light-Atom Hydrogen 
Van Der Waals Complexes 

Linker Chemistry for Solid-Phase D A Arrays 

The Chemistry Animation Project 

Intensity Measurements of the Supernova 1993J 
Progenitor to Determine Variability 

Learning Induced Time Series Properties 
of Excess Stock Returns 

Convexity and Helly's Theorem 

Investigation of the Static and Dynamic 
Mechanical Properties of Bulk-Micromachined 
£pi-Silicon .M"icrostructures 

Experiments on the Caltech Spheromak 
Plasma Gun 

ROSAT Deep Galactic Survey 

Apparatus for Use in an Undergraduate 
Physical Chemistry Laboratory 

A Search for High Redshift Quasars in Lhe 
Second Palomar Observatory Sky Survey 
(POSS-II) 

RESEARCH SPONSOR 

Steven Johnson 
Member of the Technical Staff, 
]PL 

Dennis A. Dougherty 
Professor of Chemistry 

Mitchio Okumura 
Associate Professor of Chemical 
Physic.s 

John D. Baldeschwieler 
Professor of Chemistry 

athan S. Lewis 
Professor of Chemistry• 

Judith G. Cohen 
Professor of Astronomy 

David M. Grether 
Professor of Economic.s 
Peter L. Bossaerts 
Assistant Professor of Finance 

J ohn L. Blanchard 
Harry Bateman Instructor 
in Mathematic.s 

Yu-Chong Tai 
Assistant Professor of El.ectrical 
Engineering 

Paul M. Be llan 
Professor of Applied Physic.s 

Thomas Hamilton 
Senior Research Fellow 
in AstronOm)' 

Mitchio Okumura 
Associate Professor of Chemical 
Physic.s 
Jesse L. Beauchamp 
Professor of Chemistry 

S. George Djorgovski 
Associate Professor of Astronomy 

15 



STUDENT 

V1KAS DL\YLRJ 

Senior, Bi/Ch 

SA.\lt:f.L E. D~:-.: 
Yale Unh·er ity 
Senior, Ph 

A.\L\SDA L. ECKER.\IAX:\' 

Sophomore, Ch 
Ernest Haywood Swift SURF 
Endowment Fund 

CHRJSTI:'\£. D. Em.10:-:0 
niversity of Chicago 

Senior, Oi 
MlfRF 

1<£LLYK. Em1 

J unior, Bi 
Howard Hughes A1edical Institute 
SURF Fellow 

BlAIR R. Essy 
j unior, Ch 
Richter Schol,ar 

M1:-.'TAO FA." 

Senior, Bi 

GHF.:'\E E. F At:LCO:-.: 

Senior, Ma 

JA\'1£.R FA\'EL>\ 

Senior, CE 
Arthur R Adams SURF FelWwship 

AXATOLF. B. FA\KI;\' 

junior, Bi 

JL' DY A. Fn:ss 
Univer ity of California, 
San ta Barbara 
Senior, EE 

DARLF.XI:. GABEAt: 

Wellesley College 
Senior, Bi 
MlfRF 
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TOPIC 

The Use of Caged Forms of Nitric Oxide (1 o) 
and Arachidonic Acid (Aa) to Study Their Role 
in the Expression of Long-Term Potentiation in 
the Hippocampus 

BA TSE Earth Occultation Obser.'<ltions of the 
0.02 to 1.8 MeV Emission of the Crab 'ebula 

Synthesi , Characterization, and Reactivity of 
Iron 2,3,7,8,12,13,17,18-octaethyl-5, lO,l 5,20-
tetrakis [pentafluorophenyl] porphyrin 

Diaminobenzidine Staining for Cytochrome c 
Oxidase Activity 

Molecular Analysis of the Spatial Expression 
of ovel, on-Protein Coding Transcripts 
from the BXD-Region of the Bi thorax Complex 
of Drosophil.a 

Undergraduate Surface Chemistry Experiments 

Fine Mapping of /sQJ Gene By SSLP 

A Search for Multiply Reflective Surface : 
Bouncing Off the Walls 

Damage Detection on Structures 

Cloning of the Genes Involved in the BRI -
Mediated Dipeptide Uptake 

Fiber Optic :\1.icro-Sensor 'etwork 

The Role ofTryptophan Residues 68 and 222 
in GABA Transporter Function 

RESEARCH SPONSOR 

Erin M. Schuman 
Assistant Professor of Biology 

James C. Ling 
Member of the Technical Staff, 
]PL 

Harr} B. Gray 
A mold 0. Beckman Professor 
of Chemistry 

Giuseppe Attardi 
Graa C. Steele Professor of 
MolecuUir Biowgy 

Susan E. Celniker 
Senior R.esearch Associate in 
BioUJro' 

Mitchio Okumura 
Associate Professor of Chemical 
Physir.s 
Jesse L. Beauchamp 
Professor of Chemistry• 

Elliot M. Meyerowi12 
Professor of Biowg)' 

Adam Epstein 
Bateman lmtructor 
in Mathemalir.s 

James L. Beck 
Associate Professor of 
Civil Engineering 

Alexander Varshav ky 
Howard and Gwen Laurie mils 
Professor of Cell Biowgy 

Duncan Liu 
Member of the Technical Staff, 
}PL 

Henry A. Lester 
Professor of Biowgy 



STUDENT 

A.\fY L. G .-\R.'\ER 

University of Southern California 
Senior 
.VASA SURF Fe[/qw 

B O B M . G1:-.:CR1CH 

Universi ty of California, Santa Cruz 
junior, Ph 

ELITTHERIOS GKIOGLEKAS 

Junior, Ph 
Richter Scholar 

Al\'THOXY H . Go:-.:ZALEZ 

Senior, Ph 

ROBERT A, GR.~"AT 
junior, EE 
Arlhur Lamel Memorial 
SURF Endawment 

H ARRY B. GRAY 

University of California, Santa Cruz 
Senior, Oi 

EL\'lN G UTIERREZ 

University of Puerto Rico, 
Cayey University College 
Senior, Ch 
MURF 

OLGA T. HARDY 

Duke University 
j unior, Biomed. Eng. 
lvfURF 

Y1ICHAEL D. HARTL 

Harvard University 
junior, Ph 
NASA SURF Fe[/qw 

K ARL A. HAL•SHALTER 

Rice University 
junior, Ch 

D L"NIS M. HAUSMAN:\ 

University of California, Irvine 
Senior, BioPh/Ch 

C"-IUN C. H EXDERSON 

Sophomore, Env 
Ri.chter Scholar 

TOPIC 

The Production of Dibromomethane and 
Bromoform by Macrocystis pyrifera 

Exploring the Opposition Effect in Highly 
Reflective Particulate .\1aterials 

Linear Transform Methods for Sequence 
Property Profile Analysis 

Infrared Analysis of the Coma Cluster 

RESEARCH SPONSOR 

Mary E. Lidstrom 
Professor of Applied Microbiology 

Roben M. Nelson 
Member of the Technical Staff, 
]PL 

J eny E. Solomon 
Member of the Beckman Institute 

Peter Eisenhardt 
Member of the Technical Staff, 
}PL 

Plasma Laser-Induced Fluorescence on Cm Ions Paul M. Bellan 

Synthesis of a Tagged Gadolinium Chelate: 
A New Class of"Double Score" MRI Contrast 
Agents 

Two Approaches to the Synthesis of Degradable 
Polymers 

Embryonic Phenotypes of Hsp83 Mutants 
in Drosophila 

The Magnetic Character O f Coronal X-Ray 
Bright Po ints 

An ' MR Investigation of the Interaction 
Between Ureas and Carboxylate Salts 

Mechanism of Catalytic Oxygenation of 
AJkenes by Halogenated Manganese and 
Rhenium Porphyrins 

Remote Sensing in Arid Regions 

Professor of Applied Ph)'sics 

Thomas J Meade 
Senior Research Fellow in Biology 

Robert H. Grubbs 
Victor and Elizabeth Atkins 
Professor of Chemistry' 

Howard D. Lipshitz 
Associate Professor of Biolog>1 

Harold Zirin 
Professor of Astrophysics 

John D. Roberts 
Institute Professor of Chemistry, 
Emeritus 

Harry B. Gray 
Arnold 0. Beckman Professor 
of Chemistry' 

Bruce C. Murray 
Professor of Planetary1 Scieru:e 
and Geolog>' 
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STUDENT 

FLORA K. Ho 

Senior, Bi/ Ch 
Cry()jJhann SURF Fellow 

LAXNY L. H !EH 

Seniur, Bi 
Richter Scholar 

JASON C. H U 

juniur, Ph/Ee 
Riehm- Scholar 

TRACIE Y. Ht.:DSON 

University of Illinois 
at rbana-Champaign 
Seniur, Bi 
MURF 

CHOU P. Ht.:NG 

junior, Bi 

CHRJSTOPHERJ. HL'i\'TER 

Juniur, J\.1.E 

Jo EM. H L:RTADO, JR. 

juniur, Ge 
Riehm- Scholar 

ROMA'\ JARO IE\\1CZ 

junior, ME 
Dr. Chandler C. Ross SURF Fellnwship 

MONWHEAJENG 

Seniur, Ma/ A y 
Richter Scholar 

LIN Z.JLA 
Sophomore, Bi/ Ch 
Howard Hughes Medical Institute 
SURF Fellow 

TE\'EN W. JILCOTT, JR. 

Senior, Ma/ Ph 
Mr. and Mrs. Douglas B. Nickerson 
SURF Fellow 

THEODOR£ L. JOHNSO:'\ 

Tougaloo College 
Senior, Ch 
MURF 
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TOPIC 

Three teps Closer to Virus-Free Blood Products 

Antibody-Mediated Inactivation of Molecules in 
Developing Embryos 

Learning Induced Time Series Properties 
of Excess Stock Returns 

The Role ofCyclin DI, and Cyclin Inhibitors 
P16 and P21 in Myogenesis 

Role oflntegrin Family Receptors in Synaptic 
Transmission and Plasticity in the Rat 
Hippocampus 

Developing High School Science Curriculum 

Detection of Magnetic Monopoles Using 
Superconducting Quantum Interference 
Device Based Magnetometers 

RijkeTube 

The Billiard Map on a p-Curve 

Isolation and Characterization of Yeast 'uclear 
pre-mRNA Splicing Genes and Factors in 
Saccharom)'ces cereuisiae 

Character Theory of Groups of Small Order 

Sequencing 'ewly Discovered Gene in 
Ara bid.op sis 

RESEARCH SPONSOR 

Raymond Goodrich 
Senior Vice President, Cry·QjJhann 
John D. Baldeschwieler 
Prof essur of Chemistry 

William W. Trevarrow 
Seniur Research Fellow in Biology 

David M. Grether 
Prof essur of Economics 
Peter L. Bossaerts 
Assistant Prof essur of Finance 

Barbara J. Wold 
Associau Professor of Biowgy 

Erin M. Schuman 
Assistant Professor of Biology 

Paul A. Robinson, Jr. 
Assistant to the Chief 
Techno/,ogist, ]PL 

Joseph L. Kirschvink 
Prof essur of Geolliowgy 

Fred E.C. Culick 
Professur of Mechanical 
Engineering and Jet Propulsion 

Oliver Knill 
Olga Taussk)'-john Todd 
lnstructur in Mathematics 

John N. Abelson 
Gearge &ad/£ Prof essur of Biowgy 

David Wales 
Prof essur of Mathematics 

Elliot M. Meyerowitz 
Prof essur of Bioi,og)1 



STUDENT 

fACY A. KERK.ELA 
Junior, GeoPh 
Richter Scholar 

FARID A. KHA.'1 
Senior, EE 

(~IRA.'\ H. KHA.'1 
Senior, EE 

BRIA'\ S. Km 

Junior, Bi 
Samuel P. and Frances Krown 
SURF Endowment 

EO.'\G-ML\' Km 

Senior, Ph 

ADAM K. KISOR 

University of California, San Diego 
Scplwrrum 

AR\'l.'\DH KRJSHNAS\\'A.\1Y 

Junior, Ph/EE 
Ford Motor Company SURF Fellow 

CARL A. KL•KKO.'\E.'\ 

Harvey Mudd College 
Senior, Eng 

R OSHA.'\ M. Kt::O.L.\R 

Senior, Bi/Ch 
Bristol-Myers SURF Endowment 
Fel/.owship 

KARE.'\ KUSTEDJO 
Senior, Ch 
Richter Scholar 

KF.L.\'I.'\ Y. Kw . .\.'\ 
Junior, Bi 
Howard HugM,s Medical Institute 
SURF Fellow 

TllO'.\IAS c. KWA.'\ 

Senior, ChE/Ec 
Richter Scholar 

ETH L. LACY 

Sophomore, Ph/ Ae 
M~. Vernon L. Barrell SURF Fellow 

BE:-:.JAMIN F. L.A.'IE 

Sophomore, A)' 
NASA SURF Fellow 

TOPIC 

Borehole Breakouts in the San Fernando Valley 
and the Compre i,·e Stress Direction 

Effect of ECR Depo ition Parameters on the 
Quality of Si02 Films 

Electronic Circuits for ~icrowave Material 
Processing 

Analysi of Forse-1 in the Early Brain 
Development of Rat Embryos 

Construction and Te t of Superconducting 
~icrowave Resonators 

Electrochemical Studies of Rhodium Tungsten 
Alloy Electrodes on Solid Electrolyte for 
Amtec Cells 

Real-Time Implementation of Motion Tracking 
and Structure Reconstruction for a Planar 
Vehicle 

Development of a Temperature Sensor for a 
Wide Range of Ambient Temperature 

Synthesi , Delivery, and Uptake of Cell-Specific 
Agents for Magnetic Resonance Imaging (MRI) 
and Gene Delivery 

Synthesis of Magnetic Resonance r maging 
(MRI) Contrast Agents for in vivo Detection 
of 'eurotoxins 

Initiation ofD 'A Replication in Yeast 
Background 

Interface Roughne Characterization in 
Quantum Wens by Optical Modulation 
Spectroscopy 

Sunspot Whirls 

Comet Shoemaker-Levy 9 - An Impact Model 

RESEARCH SPONSOR 

Joann M. Stock 
Associate Professor of Geology and 
Ceoph)•sics 

lmran Mehdi 
Member of the Technical Sta.ff, 
]PL 

Martin Barmatz 
Technical Group Leader, JPL 

Paul H. Patterson 
Professor of Bioiog)' 

:"iai-Chang Yeh 
Assistant Professor of Physics 

Roger M. Williams 
Technical Group Leader, ]PL 

Pietro Perona 
Assistant Professor of EILctrical 
Engineering 

Thomas R. Van Zandt 
Member of the Technical Sta.ff, 
]PL 

Thomas J. Meade 
Senior &search Fellow in Biology 

Thomas J. Meade 
Senior Research Fellow in BiolOg)' 

Judith L. Campbell 
Professor of Chemistry 
and Bioiog)' 

Konstantinos P. Giapis 
Assistant Professor of Chemical 
Engineering 

Sara F. Martin 
Senior Scientist and Member 
of the Professional Staff 

David J. Stevenson 
Professor of Planetary Science 
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STUDENT 

JOH:\" c. L.\.-.:GFORD 

Sopho1Tl(}Te 
Cray Research, Inc. SURF FeUow 

J ASICE Lu; 
Senior, ChE 
HughF. and Audy Lou Colvin 
SURF Endowment FeUowship 

ALBERT T. LEE 

junior, EAS 
Dr. and Mrs. &bert L. Noland 
SURFFeUow 

ELIZABETH M . LEE 

Senior, EAS/ CS 
Samuel P. and Frances Krown 
SURF Endowment 

J ASON C. LEE 

junior, Bi 
Howard Hughes Medical Institute 
SURFFeUow 

D EBBIE W. LElJ:"G 

Senior, Ph/Ma 

D AXIEL LntOXADI 

University of California, 
Los Angeles 
Senior, Ae 

ALEXASDER P. LIX 

junior, Bi 

A-.:tt Q. LY 
junior, E£ 

THO~l.\S J. MACCARONE 

junior, Ph 

CARLO MALDONADO 

Sophomore 
Richter Schol.ar 

0BADV\H j. ~l.\.NLEY 
Sop~e 
Richter Scholar 

K'rLE F . MAt:RICE 

F1orida A&M Unive rsity 
Senior, E£ 
MURF 
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TOPIC 

Extending the Parti-Game Learning Algorithm 

Analysis of the C(O )-N Rotational Barriers of 
1,1-Dimethylurea 

Mechanism o f Enhanced Ti02 
Photodegradation in the Presence of Ino rganic 
Oxidants 

Efficient Computational Paradigms for 
Structural Biology 

Cloning and Sequencing Homeobox Genes 
in Sea Urchin Strongylocentrotus pupuratus 

Simulation of the Dynamics of a Bubble Driven 
by Ultrasound 

Mission Enabling Chemical Propulsion 
Options for Low-Cost Microspacecraft 
Missions to Asteroids and Comets 

Advanced Music Through Information -
Theoretic Rule Evaluation (ADMIRE) 

Characterization of High Power Current 
Transformers 

Developing High School Science Curriculum 

Aerosol .Microdynamics in Ship T rack 
Formation 

MOS Devices with Photoelectrochemically 
Grown Oxide 

Memory Capacity of a Two Dimensional 
Clusteron 

RESEARCH SPONSOR 

Alan H . Barr 
Associate Professor of Computer 
Science 

John D. Roberts 
Institute Professor of Chemistry', 
Emeritus 

.Michael R. Hoffmann 
Professor of Environmental 
Chemist1y 

Stephen L. Mayo 
Assistant Professor of Biology 

Pedro Martinez 
Research Fellow in Biology 

Steven E. Koonin 
Professor of Theoretical Physics 

Rex W. Ridenoure 
Manager of Microspacecraft 
Systems and Technologies, ]PL 

Rodney M.F. Goodman 
Professor of E!.ectrical Engineering 

Harold Kirkham 
Member of the Technical Staff, 
]PL 

Paul A Robinson, Jr. 
Assistant to the Chief 
Technologist, ]PL 

John H . Seinfeld 
Louis E. Nohl Professor and 
Professor of Chemical Engineering 

Nathan S. Lewis 
Professor of Chemistry 

Christof Koch 
Associate Professor of 
Computation and Neural Systems 



STUDENT 

LESLIE :'v1 . M AXflELD 

Senior, Ay 
NASA SURF Fellow 

JONATH.·\X E. Mc DL"NN 
Senior, Ch 
Peter A. Lindstrom SURF Endowment 

CHRISTI\:[ M CGIFFERT 

California State t.:niversity, 
Long Beach 
Senior, Bi 
MURF 

JoY D. M c Qt:ERY 

University of California at Berkeley 
Senior, Bioengi,neering 
MURF 

MICHAELj. MEDAGUA 

junior, GS 

A.\1IT..\\' MEHRA 

Senior, Ae 
Lester Lees Aeronautics 
SURF Fellowship 

ELLIS F. MENG 

Sophomore 
Richter Scholar 

MATTHEW A. METZ 

Senior, Bi 
Richter Scholar 

MARKO MILEK 

Senior, Ph 
HughF. and Audy Lou Colvin 
International Fellowship Endowment 

J ENNIFER A. :'v1ILL£R 

Senior, Ch 
Richter Scholar 

A.'T HONY F. MOLINARO 

junior, GS 

PENNY L. ML:IR 

junior, Env 

VIK.~ 1A."1DA 

Senior, Bi 
Richter Scholar 

TOPIC 

Detecting CO Emission in a Compact 
Symmeuic Object 

Fundamental Studies of the Kinetics and 
Mechanisms of Gas Phase Isotopic Hydrogen 
Exchange for Protonated Amino Acids with • D 3 

Subcloning, Purifying and Characterizing 
Xenopus p9 

Disassociated Cell Culture of ucleus 
Magnocellularis eurons 

The Chemistry Animation Project: 
Stereochemistry 

Development of Fiber Optic Sensors for 
Evaluating Structural Integrity 

Optical Cartography 

Ancestry of a Hybrid Cactus 

Calculating Lyapunov Exponents for One 
Dimensional Aharmonic Motion with Various 
Forms of Dissipation 

Far Infrared Light Generation By Optical 
Photomixing 

The Chemistry Animation Project 

Interactive Science for High School Students 

Extraction of Fossil Protein and DNA from 
Baculites inomatus 

RESEARCH SPONSOR 

Anthony C.S. Readhead 
Professor of Astronomy 

Jesse L. Beauchamp 
Professor of Chemistry 

William G. Dunphy 
Assistant Professor of Biowgy 

Gilles Laurent 
Assistant Professor of Biology and 
Computation and Neural Systems 

athan S. Lewis 
Professor of Chemistry 

Guruswaminaidu 
Ravichandran 
Assistant Professor of Aeronautics 

Eugene Serabyn 
Senior Research Fellow in Physics 

Elliot M. Meyerowitz 
Professor of Biowgy 
James P. Folsom 
Director of the Gardens, 
Huntington Lil!rary 

Vladimir Paar 
Professor of Ph)1sics, University 
of Zagreb 
Michael C. Cross 
Prof essar of Theoretical Physics 

Geoffrey A. Blake 
Associate Professor 
of Cosmochemistry 

1 athan S. Lewis 
Professor of Chemistry 

Paul A. Robinson, Jr. 
Assistant to the Chief 
Technowgist, ]PL 

Michael G. Harrington 
Member of the &ckman Institute 
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STUDENT 

TI\tOTHY D. NE1..sm: 

Senior, Ch 
Richter Sdio/,ar 

KEW'.' R. E\lLLE 

Junior, Ch 
Professor Fredrick H. Shair 
SURF Endowment 

FRA.'\'CI M.L. Ne 
Senior, FE 

St.:ZAN'.'E P. NGUYEN 

junior, Bi 
Howard Hughes Medical Institute 
SURF Fellow 

A. J EN'.'\IFER NIESSii'K 

Senior, Ch 
Samuel P. and Frances Kroum 
SURF Endowment 

Scorr C. ·osL£ 
Sophomore, Ph 
Richter Scho/,ar 

jA..'\'E V. OGLESBY 

Senior, GeoCh 
Richter Scho/,ar 

SIDDHARTHA PAD\l'\,'\'ABHA 

Freshman, Bi 

EPHR£\I S. PAREDES 

Massachusetts Institute 
of Technology 
Sophomore, Ph 

CUXTO'.' S. P . .\RK 

Senior, APh 

NICK 1. PARSO:\S 

niversity of California, 
San ta Barbara 
junior, FE 

RAxov L. PATER.'\'O 

Texas A&M University 
Senior, Genetics/Psy 
J'vfURF 
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TOPIC 

Chemical Synthesis Research Leading to Total 
Synthesis of arural Product Palau' Amine 

Immobilized Ferric Ion Affinity Electrophoresis 
for Separation of Phosphorylated Proteins 

Finding Contact Resistance of Transition 
Metals/ Diamond Interfaces and Sheet 
Resistance of Diamond Films Using 
Transmission Line Model 

Antisense Inhibition of No Tail Gene Expression 
In Zebrafish Embryos 

Four Carbon Homologation of NLO 
Chromophore Precursors with Aldehyde 
Termini 

Simulating the Resolution Performance of 
Cry·stal Calorimeters for the C.\1S Experiment at 
LHC and the BaBar Experiment at SLAG 

The Color Centers of Amethyst 

Field Discrimination Threshold of Honeybees 
for 10 Hz 0 cillating Fields 

Analyzing the Abundance Profiles of Different 
Atmospheric Cases 

Optimization and Characterization of 
Photorefractive Crystals 

Iron Core Current Transformer 
Characterization 

Localization of PSDup-180 in the Rat Brain 

RESEARCH SPONSOR 

Erick M. Carreira 
Assistant Professor of Chemistry 

Frances H. Arnold 
Associate Professor of Chemical 
Engineering 

Andreas Bachli 
Research Fellow in Applied 
Physics 

William W. Trevarrow 
Senior Research Fellow in Biology 

Seth Marder 
Member of the Beckman Institute 

Ren-Yuan Zhu 
Senior Research Associate 
in Physics 

George R. Rossman 
Professor of Mineralogy 

Jo eph L. Kirschvink 
Professor of Geobiolog;• 

Michael R. Cunson 
Member of the Technical Sta.ff, 
]PL 

Demetri Psaltis 
Professor of Electrical Engineering 

Harold Kirkham 
Member of the Technical Sta.ff, 
]PL 

Mary B. Kennedy 
Professor of Biology 



STUDENT 

[ICHAEL D. PAWSO:\ 

Senior, ChE/Ec 
Vestar, Incorporated SURF Fel/,ow 

GEORGE W. PECK 

California State University, 
Dominguez Hills 
Seni-Or, Ph 

A.\!Y L. PEMBERTO:>: 

Senior, PlSc 
Richter Scholar 

JOH'.'\ M. PETREN 

University of Scranton 
Senior, cs 

K~:-; E. . PHIWPS 

Barry niversity 
Senior, Ch 
MURF 

MASDI RA.\lAS 

Senior, Bi/Ch 
Mr. and Mrs. Downie D. Muir Ill 
SURF Fel/,ow 

RADHIKA REDDY 

Sophomore, ME 

CHARLES P. REESE 

University of California, 
Los Angeles 
Senior, EE. 

JASON L. REGIER 

Harvey Mudd College 
Seni-Or, Ph 

DARREL K. ROBERTSO:\ 

Leicester University 
junior, Ph 

fu'-'IL ROOPNARJNE 

Junior, EAS 

KEvrN A. RocST 
Sophomore, Ay 
Flintridge Foundation SURF FelWwship 

TOPIC 

Improvement of Homogenization Efficiency by 
Characterization of Cavitation Waves in 
Liposome Processing 

Spacial Configuration of the Magnetic Field 
of Selected Coronal Mass Ejections 

The Photochemistry of Manganese and Iron 
and the Production of Desert Varnish 

Controlling the Infrared Filters on MIRLIN 

Optimization of First 1onlinear 
Hyperpolarizability ( ~) by the Synthesis and 
Characterization of Selected Donor-Acceptor 
Polyene Systems 

Structural Analysis for Metal-Mediated 
Stabilization of an Antibody 

KidSAT 

Validation of Optical Instrument Yfodeling 
Software 

Software Integral.ion Techniques and Their 
Appl ication in Observations of Comet 
Shoemaker-Levy 9 Impact Sites 

RESEARCH SPONSOR 

Dennis Hair 
Senior Research Scientist, 
Vestar, Incorporated 

J ulia A Kornfield 
A.ssistant Professor of Chemical 
Engi.neering 

Joan Feynman 
Member of the Technical Staff, 
}PL 

George R. Rossman 
Professor of Mineralol5J 

Michael E. Ressler 
&search Associate, }PL 

Seth Marder 
Member of the Beckman Institute 

Frances H. Arnold 
Associate Professor of Chemical 
Engi.neering 

JoBea Way 
Member of the Technical Staff, 
}PL 

David Redding 
Member of the Technical Staff, 
}PL 

Stephen Gillam 
Member of the Technical Staff, 
}PL 

Infra-Red Spectra and Data Reduction oflmages Glenn S. Orton 
from the Shoemaker-Levy 9 Comet Crash with Member of the Technical Staff, 
Jupiter }PL 

The Chemistry Animation Project: Modeling the 
Diels Alder Reaction 

Cepheids with Companions 

Nathan S. Lewis 
Professor of Chemistry 

Barry Madore 
Research Astronomer, !PAC 
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STUDENT 

[ELA-.:IE M. ROCTH 

Massachuserts Instirute 
of Technology 
Senior, Biomechanical Eng 
MURF 

MICHAEL T. Re 
junior, OiE 
\-Villiam . Lacey SUHF Enduwment 

SARA A. R t:SSELL 

junior, Ay 

A.'TO:\ \'. RYZHO\' 

Senior, Ph 
SURF Alumni Fellow 

CHGTl~L\ S:\.IPETCH 

Senior, APh 
Richter Scholar 

GISEL>\ R. SAXDO\'AL 

Senior, Bi 
Dr. and Mrs. Ray D. Owen 
SUHFFel.Ww 

MARCO A. S . .\..,TOS 

Sophomore, Ay/Ma 

NATI-IA" Sc..\..-.:DELL.\ 

junior, EAS 

CARI.OTT A SCARAMCZZI 

II Universit.i di Roma 
Senior, Sciena 

K.\RL w. ScHU.Z 

University of Texas at Austin 
Senior, Ae 

R o A. SEGELKE;-.; 

Sophomore, EE/CS 
Cray Research, Inc. SUHF Felluw 

MARK A. SEY\IOCR 

University College London 
Senior, Ph 

ADELE E. St-IAKAL 

Senior, Ch 
The Caltech Alumni Association 
SURFFelluw 
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TOPIC 

The Expression Pattern of Genes Leading to the 
Development of the Peripheral ervous System 

Chromatographic Materials for the Separation 
of Unmodified Amino Acid Enantiomers via 
Template Polymerization 

Analysis of the Coma Cluster at Optical 
Wavelengths 

Study of the Effects of the Electron Screening 
on the Dynamics of Nuclear Reactions 

Fabrication and Characterization of the Lattice­
~atched Group TV Ternary Alloys 

Role of Endothelial vs. Neuronal Nitric Oxide 
Synthase in LTP 

Decomposition of Complete Graphs Into 
Isomorphic Star Graphs 

Electrostatic Dust Precipitation on Solar Arrays 
in a Simulated Mars Environment 

Biography of Vito Volterra 

GPS Estimation of Tropospheric Path Delay 

Parallelization and Visualization of 
Electromagnetic Scattering Code 

Investigation of Jupiter's Stratospheric 
Circulation Using Hubble Space Telescope Data 
to be Obtained at the Time of the Comet 
Shoemaker-Levy 9 Impact 

X-Ray Crystallographic Structure Determination 
of Hyperthermophilic Proteins II 

RESEARCH SPONSOR 

David J. Anderson 
Associate Professor of Biology and 
Associate Investigator, Howard 
Hughes Medical Institute 

Frances H . Arnold 
Associate Professor of Chemical 
Enginuring 

Peter Eisenhardt 
Member of the Technical Staff, 
]PL 

Karlheinz Langanke 
Senior Research Associate 
in Physics 

Harry A. Atwater 
Associate Professor of Applied 
Physics 

Erin M. Schuman 
Assistant Professor of Biology 

Richard M. Wilson 
Professor of Mathematics 

Dale R. Burger 
Member of the Technical Staff, 
]PL 

Judith R. Goodstein 
Faculty Associate in History 

Adam P. Freedman 
Member of the Technical Staff, 
]PL 

Stephen Taylor 
Assistant Professor of Computer 
Scient:e 

Glenn S. Orton 
Member of the Technical Staff, 
]PL 

Douglas C. Rees 
Professor of Chemistry 



STUDENT 

JERRY W. SHA.'\ 

Seniur, EAS/ Ae 
NASA SURF Fellow 
Toshi Kubota Aeronautics 
SURF Endowment 

CHARLES s. SHAR.\!A,"I 

Seniur,EE 

FREDERJCK SHIC 

Juniur, CS/EE 

SA.'\JIV M. SHRESTHA 

juniur, EE 

Dot:GLAS A. S~trTH 
Rensselaer Polytechnic Institute 
Scphomure, EE 

Emmi SornARMADJI 

Juniur, EE 

0A\1D A.W. SOERGEL 

Sep ho mare 
Samuel P. and Frances Krown 
SURF Endowment 

JOSEPH N. SPITALE 

Seniur, Ph 

0EYABHAKTCXI SRJKRISHNA 

junior, Ma 
Richter Scholar 

D !\'YA RJ XI\' AS."'" 
juniur, Ph 

KHUlRAM M. St:;-.;ASARA 
Seniur, ChE 

jOXATHA.'\ c. TA." 

Trinity College, 
Cambridge University 
Seniur, Ph 

STEPHEN H. TA.'<G 

Senior, EE 

CLARE M. TECTOR 

Leicester University 
Scphomme, Ph 

TOPIC 

Super Resolution DPTV 

Lots of Spacecraft, Lots of Instruments, Lots 
ofldeas 

Multiple Fixation Visual Learning 

Reading From Multi-Level Pit-Depth 
Optical Memory 

Developing H igh School Science Curriculum 

Optically Powered Microsensor . etwork 

San Onofre eutrino-Oscillation Experiment: 
Partial Redesign of the Data Acquisition System 

Time Evolution of the Shoemaker-Levy 9 
Fragment R Impact Plume 

An Interesting Class of Problems in Geometric 
Probability and Some Generalizations 

Attention and the Plasticity of eurons in the 
Human Visual Cortex 

Study of the Mechanical Properties of 
Hydrogen-Bond Associating Polymer Blends 

The Phy ics of the Atomic Halo of Interstellar 
Cloud Barnard 5 

Radio Frequency and Gradient Coil Design for 
Magnetic Resonance Imaging at 500 ~1Hz 

Satellite Observations with the 
PhotoPolarimeter / Radiometer of the Galileo 
Probe to Jupiter 

RESEARCH SPONSOR 

Moneza Gharib 
Prof essur of Aeronautics 

Joan C. Horvath 
1Hember of the Technical Staff, 
}PL 

Jochen Braun 
Senior Research Fellow in Biology 

Demetri Psaltis 
Professor of Electrical Engineering 

Paul A. Robinson,Jr. 
Assistant to the Chief 
Technologist, }PL 

Duncan Liu 
Member of the Technical Staff, 
}PL 

Felix Boehm 
William L. Valentine Professor 
of Physics 

Glenn S. Orton 
Member of the Technical Staff, 
}PL 

WAJ. Luxemburg 
Prof essur of Mathematics 

Jochen Braun 
Seniur Research Fell-0w in Biology 

Julia A. Kornfield 
Assistant Prof essur of Chemical 
Engineering 

Peter G. Wannier 
Member of the Technical Staff, 
}PL 

Russell E.Jacobs 
Member of the Beckman Institute 

Tefl]' Z. Martin 
Member of the Technical Staff, 
}PL 
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STUDENT 

A.-:oREw C. Toxc 
]unwr, Ph 
Richter Scholar 

Scorr D. Tow:-. EXD 

Senior, EAS 

PHILIP W. TRACADAS 

Massachuselts Institute 
of Technology 
Senior, PISc 

Dl:\H-YE..'\; T. TRAX 

Univer icy of 1evada, Las Vegas 
Senim; EE/Bi 

THA.'\;H-NCA T. TRAS 

junior, ChE/ Bi 
Richter Scholar 

ERIC J. UHRl-IASE 

Junior, CS 
First Quadrant Corp<JTation 
SURF Fellow 

Euns T. UY 
Sophom<JTe, APh/ CS 

Scorr J. V . .\."1 EssEx 
Seni<JT, APh 
Dr. and Mrs. &bert L. Noland 
SURF Fellow 

A.-:XA 1 • \'ARSHA\'SKY 

Freshman 
Howard Hughes Medical Institute 
SURFFeUow 

SE..\.'\; M. \'EU.UCCI 

Junior, Bi 
Howard Hughes Medical Institute 
SURF Fellow 

R'\YD. ERDA 

Occidental College 
Seni<YT, Ma 

CHARLES D. 'WAITE 

Seni<JT, EAS 
Class of '36 Endowment Fund 

CHRISTIA.-: j . WAITE 

Seni<JT, AMa/EE 
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TOPIC 

Self-Consistent Analysis of Quantum Well 
lntersubband Transitions 

The Chemistry Animation Project: Periodic 
Trends 

The Dynamics of Solar Filaments: A Video 

A Hypermedia Data Archival and Retrieval 
System 

Mutagenesis Analysis of the Drosophila Heat 
Shock Transcription Factor's Nuclear 
Localization Domain 

Effects of Varying Encoding on Genetic 
Algorithm Efficiency 

Chemistry Animation Project: The Diels Alder 
Reaction 

Microfabrication of Masks for a Thin Film 
Selective Nucleation Solar Cell Fabrication 
Process 

The Conslruction of a 1ew Positive Selection 
Vector: Bacterial Artificial Chromosome Vector 

Search for Proteins that Interact with Cdc7 
Kinase 

Developing and Teaching Curriculum for High 
School Science Courses 

The Chemistry Animation Project 

An Advanced Model of Low-Level Selective 
Visual Attention 

RESEARCH SPONSOR 

Amnon Yariv 
Thomas G. M)'ers Profess<JT 
of Ekdrical Engineering and 
Prof ess<JT of Applied Physics 

athan S. Lewis 
Professor of Chemistry 

Sara F. Martin 
Seni<JT Scientist and Member 
of the Professional lajf 

David B. Childs 
Technical Group Superoisor,JPL 

Carl S. Parker 
Prof ess<JT of Chemical Biology 

Scou E. Page 
Assistant Prvf essor of Economics 

athan S. Lewis 
Professor of Chemistry 

Harry A. Atwater 
Associate Professor of Applied 
Physics 

Melvin I. Simon 
Anne P. and Benjamin F. 
Biaggini Prof ess<JT of Bwwgical 
Sciences 

Judith L. Campbell 
Prvf ess<JT of Chemistry 
and Biology 

Paul A. Robinson, Jr. 
Assistant lo the Chief 
Technologist, ]PL 

~athan S. Lewis 
Prvf ess<JT of Chemistry 

Ernst iebur 
Seni<JT Research Fel/,ow in Biology 



STUDENT 

j..\.\llE 0 . WALLS 
SophQ1rwre 
Richter Scholar 

KEN:-:ETH A. W AI.SH 

junior, EE 
Donald S. Clark SURF Endowment 

O A\1 0 W A.'IG 

Sophomore, Bi 
Richter Scholar 

~1ICHAEL C. \ '\°A.'IG 

Sophomore, Ph 

YO:-.'GPl'.\"G WA.'>G 
Yale niversity 
Senior, Bi 
CamiUe and Henry Dreyfus Foundation 
SURF Fellow 

SA.\IL"EL M. W EBB 
Senior, Env 
Northern California Associates 

URF Endowment 

P ETER D. \\'EI 

Wesleyan University 
Soph=e, Ch 

j O:-.'ATil.\.'I D. W EI:-.'STEL'I 

Senior, Ph 
Mr. and Mrs. Victor V. \fe)'SCJ 
SURF Fellow 

J OH:\ c. WHITE 

Senior, SS 
Richter Scholar 

MICHELLE M . \VILBER 

Senior, A)' 
/\SA SURF Fellow 

L\NDIE R. W!LLJA.\ISO:\ 

j unior, APh 

J OYCE Y. Wo:-:c 
Senior, EE 

STEPHE:-: \\'O:>IG 

junior, Bi 

TOPIC 

Conformational Analysis of ~alanine Using 
NMR Spectroscopy 

Design and Fabrication of Micromachined 
Magnetic Actuators 

Screening and Preliminary Characterization 
of Cell Surface Proteins that Play a Role 
in Assembling the Ner.-ous System 

Pho tometric Analysis of Clementine Lunar 
Image Data 

Anal is of the Relevance of Crystallographically 
Observed Receptor (FcRn) Dimer Using 
Site-Directed Mutagenesis 

Determination of Photochemically Available 
Iron in Ambient Aerosols 

Relaxation Time of l5 in Urea in Blood 

Microscopic Magnetic T raps for Neutral Atoms 

Allocative Effectiveness and Implications: 
I'll cratch Your Back ... 

A earch for Quasars in the Digital Palomar 
ky urvey 

Radio Astronomy for High Schools 

Switched-;...fode Solid-State Power Amplifiers 
for Communications, Semiconductor 
Processing, and Magnetic Resonance Imaging 

Mapping of econd Site Mutations on Re,·ertant 
ts Sindbis Virus 

RESEARCH SPONSOR 

John D. Roberts 
Institute Professor of Chemistry, 
Emeritus 

Yu-Chong Tai 
Assistant Professor of Ekctrical 
Engineering 

\Villiamj. Dreyer 
Professor of Biology 

Bonniej. Buratti 
Member of the Technical Staff, 
}PL 

Pamela J. Bjorkman 
Assistant Professor of Biology and 
Assistant Investigator, Howard 
Hughes Medical Institute 

Michael R. Hoffmann 
Professor of Environmental 
Chemistry 

j ohn D. Roberts 
Institute Professor of Chemistl)', 
Emeritus 

Kenneth G. Libbrecht 
Associate Professor of Astr<>jJh)'sic,s 

R. Michael Alvarez 
Assistant Professor of 
Political Science 

S. George Djorgov ki 
Associate Professor of Astronom)' 

Paul A. Robinson.Jr. 
Assistant to the Chief 
Technologist, }PL 

David B. Rutledge 
Professor of Ekctrical Engineering 

J ames H. Strauss 
Professor of Biology 
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STUDENT 

JO~ATl-lA.'>: L. W OODRJ:\G 

niversity of Southern California 
Saphom-0re, CS 

J OY K. YA.\IA\10TO 

junior, Ch 

J c:-: \'A.'IG 

Senior, ChE 
Kinetics Technowgy International 
Co1poratio11 SURF FelilJw 

JOA.'1)."E Y. YEW 
junior, Bi/ lit 

SHAO-WEI YING 

Imperial College, London 
Senior, FE 

STEVEN YOL'NG 

Senior, Bi 
Richter Scholar 

YIENGCHEX Yu 
Senior, FE 
NASA SURF FeUow 

IN~ H. Yt:K 
junior, Ch 

REBECCA L. ZASKE 

Senior, Ge 
Richter Schol,ar 

MICHAEL M. ZEINEH 

Senior, Bi 
Camille and Henry Drt)'fus Foundation 
SURF FelilJw 

JIA'I ZHA.'>:G 

Junior, Bi 
Howard Hughes Medical Institute 
SURF Fellow 

D AVID D . ZITO 

Saphomore 

/le 
A.\la 
APh 
Av 
Bi 
Biol'h 
a: 
Qi 
ChE 

Aeronautics 
Applied Mathematics 
Applied Pht•ics 
Asuonomy 
Biol"!l' 
Biopht•io 
Ci\'il Engineering 
Chem is~· 

Chemical Engineering 
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TOPIC 

KidSAT 

Acquisition ofa Molecular Absorption Database 
to Study NH 3 in the J ovian Atmosphere 

Simulation PYROiysis (SPYRO) 

Song-Type Interaction Between Male Song 
Sparrows 

The Study of Images of Planetary Atmospheres 

Homologous Auditory Pathways in Oscine 
Songbirds and Parrots 

Adaptive Digital Signal Processing for High­
Frequency Antenna Arrays 

A."IS: A Fluorescent Probe for Hydrophobic 
Regions in Proteins 

Feasibility Studks in Applying 
Thermoluminescence Dating to Southern 
Californian lntiglios 

Image Restoration Applied to 3-D Confocal 
Microscope Images to Determine Localization 
of Rat Brain Hippocarnpal Proteins 

sing Monoclonal Antibodies to Clone a Gene 
Coding for an Emb11•onic Cell Surface Receptor 
Protein 

The Chemistry Animation Project 

RESEARCH SPONSOR 

JoBea Way 
Member of the Technical Staff, 
]PL 

Jack S. Margolis 
Member of the Technical Staff, 
]PL 

Eric Wagner 
Lecturer in Chemical Engi,neering 
George Gavalas 
Professor of Chemical Engi,neeiing 

John Bower 
Graduate Student in Biowgy, 
Cornell University 

James YI. Bower 
Associate Professor of Biowgy 

Glenn S. Orton 
Member of the Technical Staff, 
]PL 

Georg F. Striedte r 
Senior Research Fellow in Biowgy 

David B. Rutledge 
Professor of Electrical Engi,neering 

Sunney I. Chan 
George Grant Hoag Professor 
of Biophysical Chemistry 

George R. Rossman 
Professor of Mineralogy 

Scott E. Fraser 
Anna L. &sen Professor 
ofBiowgy 
Mary B. Kennedy 
Professor of Biowgy 

William J. Dreyer 
Professor of Biology 

Nathan S. Lewis 
Professor of Chemistry 

= cs 
Computation & NcuraJ \'Stems 
Computer Science 

CeoCh Ceochemisuy 

£.AS 
£.c 
EE 
Eng 
Em 
Ce 
Ce Ph 

Engineering k Applied Science 
Economics 
Elecuical Engineering 
Enginttring 
Emi.ronmcntaJ Enginttring 
Gcolog) 
Geophysics 

Lit Litcramre-
Ma Mathematics 
~£. Mtthanical Engineering 
Ph Phvsics 
l's\ Psychologv 
PISc Planeiarv Scienc~ 
SS Social sCience 



1994 SURF DONORS 

T he success of the Summer 

Undergraduate Research 

Fellowships program is evidenced by 
the generous support it receives 

each year. Donations of all sizes are 

important to keep SURF the model 

program it has grown to be. Our 

students benefit directly from the 

gifts of individual donors, 
corporations, and foundations who 

provide funds which help to pay for 

SURF student stipends. 

Endowment gifts of $100,000 

or more are strongly supported by 

donors to SURF. Earnings from 

each endowment ensure at least one 

student per year can share in the 

SURF experience. An endowment 

fund may be named as the donor 

designates and may be made by 

bequest. In addition, an annual 

contribution of$3,600 provides a 

student fellowship for a single year. 
We thank the following 

donors for helping us make SURF 

'94 another exceptional year. 

SURF Endowments 
Arthur R. Adams SURF 

Fellowships 
Bristol-Myers Endowment 

Fellowship 
Class of '36 Endowment Fund 
Hugh F. and Audy Lou Colvin SURF 

Endowment Fellowship 
Hugh F. and Audy Lou Colvin 

International Fellowship 
Endowment 

Flintridge Foundation SURF 
Edward W. Hughes SURF 

Endowment 
Samuel P. and Frances Krown 

SURF Endowment Fund 
Toshi Kubota Aeronautics SURF 

Fellowship 
Arthur E. Lamel SURF Endowment 
William H. and Helen Lang SURF 

Endowment Fund 
Lester Lees Aeronautics SlJRF 

Fellowship 
Peter A. Lindstrom SURF 

Endowment 
Northern California Associates 

SURF Endowment Fund 
Donald S. Clark SURF 

Endowment Fund 
William N. Lacey SlJRF 

Endowment Fund 
Thomas H unt Morgan SURF 

Endowment Fund 
Arthur A. Noyes SURF 

Endowment Fund 
Sidney R. and Nancy M. Petersen 

SURF Endowment 
Arthur Rock SURF Endowment 
Ernest H. Swift SURF 

Endowment Fund 
Professor Fredrick H. Shair SURF 

Endowment 

Gifts to Endowments and 
Memorial Funds 

Edward W Hughes SURF 
Endowment 
Dr. Barbara W. Low 

Samuel P. and Frances Krown SURF 
Endowment Fund 
Mr. Samuel P. Krmrn 

Toshi Kubota Aeronautics SURF 
Fellowship 
Dr. & Mrs. Eli Reshotko 

Arthur E. Lamel Memorial SURF Fund 
Dr. Doryann L. Chasen 

Lester Lees Aeronautics SURF Fellowship 
Mrs. Lester M. Lees 
Dr. & Mrs. Eli Reshotko 

Peter A. Lindstrom SURF Endowment 
~fr. Howard W. Lindstrom 

Doris S. Perpall Speaking Awards 
Mr. Robert C. Perpall 

Sidnt:)' R. and Nan01 M . Petersen SURF 
Endoumi.ent 
Mr. & Mrs. Sidney R. Petersen 

Arthur Rock SURF Endowment 
Teledyne Charitable Trust 
Foundation 

Howell N. TysoR, Sr: SURF Fund 
Dr. & Mrs. Thomas J. Tyson 

The Edward C. Posner Memo1ial SURF 
Fellowship 
Mr. & Mrs. Leonard S. Abrams 
Dr. Dimitrios Antsos 
Dr. & Mrs. Tom M. Apostol 
Dr. Pierre Baldi 
Mr. & Mrs.JeffB. Berner 
Dr. & Mrs. Terry Cole 
Dr. Oliver M. Collins 
Mr. Sanjeev K. Deora 
Dr. & ~s. Duane F. Dipprey 
Mr. Kevin Doody 
:Vlr. & Yirs. Mahlon Easterling 
~1r. & Mrs. Michael]. Flanagan 
Mr. & Mrs. Mark P. Fortunato 
Ms. Susan Foster 
Mr. & Mrs. Edgar N. Gilbert 
Mr. Daniel S. Greenberg 
Yir. Charles A. Greenhall 
Dr.Joan Horvath 
JPL Employees Recreation Club 
Mr. Raymond F.Jurgens 
Mr. Yiartin A. Kaplan 
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Mr. E. S. Kirkpatrick 
Mr. Wei Lin 
Dr. & .\1rs. Manfred Morari 
Mr. & Mr . amuel P. Morgan 
Mr. George]. Netter 
Mr. John R. Pierce 
Mr. & Mrs. Dan Raphaeli 
Dr. Gabriel M. Rebeiz 
M . Linda A. Reilly 
Dr. & Mrs. Paul A. Robinson,Jr. 

Mr. & Mrs. Carl H. Savil 

Dr. & Mrs. John H . Seinfeld 
Ms. Sara A. olla 
Mr. & Mrs. Eric Strong 
Mr. Yui-fai I. Wong 
Mr.Joseph H . Yuen 
Mr. Armando Zambrano 

Dr. Chandler C. &ss Fellowship 
Mr. Edward 0 . Ansell 
Mr. & Mrs. Langdon F. Ayres 
Mrs. Marshal A. Beck 
Mr. & Mrs. R. F. Brodsk1' 
Mr. Edward Brown 
Mr. & Mrs. William A. Casler 
Mr. & Mr . B. L. Dorman 
Mr. & Mrs. Richard D. Geckler 
Mr. & Mrs. Calvin A. Gongwer 
Dr. & Mrs. Robert Gordon 
Dr. Werner R. Kirchner 
Mr. & Mrs. Myron Lipow 
Mr. & Mrs. George M. Mc Roberts 
Mr. & Mrs. Warren]. Merboth 
Dr. & Mrs. Eli Mishuck 
Mrs. Sharon Ross Ormsbee 
Mr. & Mrs.Joseph]. Peterson 
Mr. & Mrs. Kenneth E. Price 
Dr. Ernest R. Roberts 
Dr. Rolf H. Sabersky 
Dr. & Mrs. Alfred Schaff 
Mr. & Mrs. F. S. Silberberg 
Mr. & Mrs. Gerald L. Starrh 
Mr. L. L. Thompson 
Mr.John E. Wagner 
Mr. & Mrs. W. H. Yeuer 
Mr. & Mrs. W. E. Zisch 
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Erika C. Vote SURF Memorial Fund 
Ms. Maxine W. Ame 
Mr. & Mrs. Rohen D. Barias 
Mr. & Mrs.John S. Barron 
Mr. & Mrs. William R. Bissell 
\fr. & Mrs. Jeff D. Blakely 
Mr. & Mrs. John Bok 
Ms. Anna C. Brandl 
Ms. Marilee Brewer 
Mr. & Mrs. Ward B. Brewer 
M . Mina]. Eide & Mr. Bruce 

Bumble 
Dr. Thomas]. Cunningham 
Mr. & Mrs. W. E. Davis 
Dr. & Mrs. Duane F. Dipprey 
Mr. & Mrs. Russell G. Dwyer 
\fr. & Mrs. Robert B. Dydyk 
Mr. & Mrs. Bruce C. Ericson 
Ms. Charlene R. Esquiro 
Mr. & Mrs. Robert G. Forney 
Mr. & \.trs. Frederick B. Foulger 
Mr. & Mrs. T. H. Frederking 
Mr. & Mrs. Kirby A. Gall 
Mr. & Mrs. Jessie A. Gambill 
Mr. & Mrs. Paul G. Gordon, Jr. 
Mr. & Mrs. Lynn G. Graves 
Ms. Te rry Jo Johnson 
JPL Employees Recreation Club 
Mr. & Mrs. William]. Kaiser 
Mr. Kengo Kawano 
Mr. & Mrs. Marvin K. Kubota 
Dr. & Mrs. Carl Kukkonen 
Mr. & Mrs.James M. Mc Cue 
Mr. & Mrs. William M. Owens 
Ms. Sara J. Pearson 
Mr. & Mrs. Michael P. Shandraw 
Ms. Catherine L. Shepard 
Mr. & Mrs. T imothy D. Siciliano 
Mr. & Mrs. Floyd D. Smith 
Mr. Roland E. Stalder 
Mr. R.R. Stephenson 
Dr. Carol J. Vole 
Mr. & Mrs. Frederick C. Vote 
Ms. Barbara A. Wilson 
Ms. Tina K. Wolf 
Mr. Kiyoshi Yamasaki, Misses 

Camilla &Jasmine Yamasaki 
Mr. & Mrs. Fred A. Zaplelal 

Unrestricted Gifts 
Mr. Robert Abbey* 
\lrs. Kenneth A. Adelman 
Mr. Ghufran Ahmed 
Dr. & Mrs. Lew Allen 
Dr.James]. Angel 
Anonymous Gifl 
Mrs. Vernon L. Barre n * 
Mr. Daniel B. Bikle 
Mr. & Mrs. Harry S. Blackiston,Jr. 
Mr. Brett D. Bochner 
Mr. & Mrs.James Bonner 
Dr. larcella Bonsall 
Mrs. Hannah Bradley* 
Mr. & Mrs. Wilson Bradley, Jr. 
Mr. Michael Bronikowski 
Mr. David]. Bruning 
\1r. Kenneth 0. Carn~nght 
Mr.Jefferson \\'. Chen 
Mr.Joe K. Cheng 
Mr. Peter L. Cho 
Dr. Robert C. Colgrove 
t\fr. Theodore C. Combs 
Dr. Mark E. Cornell 
Mr. Art Duval 
Dr. Edward W. Felten 
Dr. Paul E. Filmer 
Mr. Davis W. Finley 
Mr. & Mrs.]. R. Fischer 
Mr. Charles C. Fu 
Mr. David F. Gallup 
Ms. Susannah]. Hannaford 
Mr. Gregory M. Harry 
Mr. Pui T. Ho 
Mr. Timothy K. Horiuchi 
Dr. Catherine K. lfune 
Mr. Masahiko Inui 
~ls. Karin M. J ohnson 
.fr. & Mrs. Ralph W.Jones* 

Ms. Trudy Bergen & Dr. Donald E. 
Keenan 

Dr. Julia A. Kornfield 
M .Janet Lai 
Ms. Thientu T. Lam 
Mr. Robert G. Langsner 
Mr. & Mrs. Carl V. Larson* 
Mr.James M. Layland 
Ms. gocdiep T. Le 



.Mr. Andrew Lee 
Or. & Mr .Jack E. Leonard 
Mr. Sheldon K Lim 
Dr. & Mrs.J. Howard Marshall 
Mr. Christopher K Mc Kinnon 
Ms. Carolyn A. Merkel 
Mr. Richard H. Miles 
.Mr. & Ylrs. Allan Moore 
Mr.John H. Morrison 
Mrs. Downie 0. Muir, ill* 
Mr. Paresh . Murthy 
Mr. & Mrs.John L. aim 
:Mr. David S. Newhall 
Mr.J immy K Ng 
Mr. & Ylrs. Douglas Nickerson * 
Mr. & Mrs. Robert L. oland* 
Dr. & Ylr . Ray 0 . Owen 
Mr. Ronald T. Park 
:Ms. Janice 0 . Pai.a 
Mr. & :Mrs. P. A. Penz 
Dr. Charles C. Reel 
Dr. & Mrs. Alfred chaff 
Mr. Richard Scharnberg 
Mr. & Mrs. Robert L. Shafer 
~lr. Dean K Shibai.a 
Or. Se Jung Shin 
Or. & Mr . Tsung-chow Su 
Mr. Yun-chen Sung 
Mr. Andrew C. Swanson 
Mr. Ylatthew J. Swass 
Mr. Jeffrey 0 . Tekanic 
Ylr. & Mr . Thomas A. Tisch 
Mr.John A. Tucker,Jr.* 
Mr. Yosufi M. Tyebkhan 
Mr. Thomas L. Tysinger 
Mr. & Mrs. Victor V. Veysey* 
Mr. Scott C. Virgil 
Mr. Michael S. Warren 
Ms. Emily P. \Ven 
Or. & Mrs. William M. Whitney 
Mr.Jeffrey W. Willi 
Mr. & Mrs. Paul H. Winter 
Mr. Ki C. Wong 
Mr.Jerry 0 . Woods 
Mr. & Mrs. Donald Wright 
Mr. Waller U. Wuensch 
Mr. Chen Yuan 
Ms. Kyuson Yun 
Mr. Harold R. Zatz 

*These individuals contributed 
the amount of one or more SURF 
ti pends 

Corporate and Foundation 
Donors 
The Caltech Alumni Association 
Cray Re earch, Incorporated 
Cryopharm 
First Quadrant Corporation 
The Camille and Henry Dreyfus 

Foundation 
Ford Motor Company 
Howard Hughe '.\1edical In titute 
Kinemetric , Incorporated 
Kinetic Technology International 

Corporation 
Vestar, Incorporated 
Paul K & Evalyn Elizabeth Cook 

Richter '.\lemorial Funds 

Matching gifts were received from 
the following companies: 
AT&T 
GTE Corporation 
GenCorp 
Northern Illinoi Gas Company 
Occidental Petroleum Corporation 
Rockwell 
SKF Indu tries 
Xerox Corporation 

National Laboratori es 
and Federal Agencies 
Jet Propulsion Laborator 
Lawrence Livermore , ational 

Laboratory 
National Aeronautics and Space 

Administration 
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THE SURF BOARD AND THE SURF ADMINISTRATIVE COMMITTEE 

The SURF Board is a voluntary 
support organization consi ting of 
individuals who are dedicated to the 
educational values of under­
graduate re earch at Caltech, and 
who, through their advice, encour­
agement, and financial upport, 
contribute to the vitality, continuity, 
and effectiveness of the SURF 
program. 

Mr. Carl V. Larson , Chair 
Dr. Marcella R. Bonsall 
Mrs. Hannah G. Bradley 
Mr. George S. Holditch 
Mr. Ralph W.Jones 
Dr. ·werner R. Kirchner 
Ms. Jaylene L. Moseley 

Flintridge Foundation 
:\1.rs.Joanna W. Muir 
Mr. Douglas B. Nickerson 
Mr. Robert C. Perpall 
Mrs. Edith Roberts 
Dr. Alfred Schaff 
l\lr. Victor V. Versey 
Dr. William M. Whitney 

Corporate Representatives 
Dr. Norman A. Gjostein 

Ford Motor CAmpany 
Dr. Paul Y. Hu 

IBM Cmporation 

Life Members 
Dr. Lew Allen.Jr. 

Chair, 1992-94 
Dr. Robert F. Bacher 

1993 SURF Dedicatee 
Mr. Samuel P. Krown 

Chair, 1982-85 
Dr. Hans W. Liepmann 

1989 SURF Dedicatee 
Mrs. Elizabeth G .• ickerson 

Chair, 1985-88 
Dr. Ray D. Owen 

Chair, 1991-92 
1988 SURF Dedica/ee 

Dr.John D. Roberts 
1992 SURF Dedicatee 

Dr. Fredrick H. Shair 
1990 SURF Dedicatee 

Dr.Robert~Sharp 

1987 SURF Dedicalee 
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Ex-Officio Members 
Ms. Diane M. Binney 
Dr. Terry Cole 
Ms. Carolyn Merkel 
Mr.Jerry unnally 

Serving on SURF Board 
Committees, but not 
Members of the Board 
Dr.Julia A. Kornfield 
Dr. Kenneth Libbrecht 

SURF ADMINISTRATIVE 
COMMITTEE 
The role of the SURF 
Administrative Committee is to 

establish academic policy and 
maintain the pedagogical 
excellence of SURF. The committee 
reviews all student proposals and 
makes recommendations for awards. 

Dr. Terry Cole, Chair 
Dr. Frances H. Arnold 
Dr. Paul M. Bellan 
Dr. Pamelaj. Bjorkman 
Dr. Charles J. Brokaw 
Dr. Ronald L. Bush 
Dr. Glen R. Cass 
Dr. S. George Djorgovski 
Dr. Robert H. Grubbs 
Dr. Eleanor Helin 
Dr. Herbert B. Keller 
Dr.Joseph L. Kirschvink 
Dr.James Z. Lee 
Dr. ~athan S. Lewis 
Dr. Kenneth G. Libbrecht 
Dr. Thomas A. Tombrello 
Dr. Richard M. Wilson 
Dr. William M. V.'hitney 

Ex-Officio Members 
Ms. Sally J. Asmundson 
Ms. Diane M. Binney 
Dr. D. Roderick Kiewiet 
Mr. Carl V. Larson 
Mr. David S. Levy 
Ms. Carolyn Merkel 
Ms. Georgia A. Morton 
Dr. David \'\'ales 
Three SURF Students 

If you would like further infonnation 
abaut how JOU can contribute to 
SURF, please contact: 

Carolyn Merkel 
Director, SURF Program 
California Institute of Technology 
Mail Code 139-74 
Pasadena, California 91125 
Telephone: (818) 395-2885 
FAX: (818) 449-9649 
e-mail: surf@romeo.caltech.edu 
URL: http:/ / www.cco.caltech.edu/ 
-surf/ 



Caltech's Summer Undergraduate Research 

Fellowships (SURF) program gives partici­

pants an opportunity to conduct research 

under the guidance of leading scientists 

and technical researchers. The S\JRF pro­

gram introduces students to the process of 

scientific Investigation as a creative intel­

lectual activity and provides them with a 

realistic view of the demands and rewards 

of a professional research career. 

SURF's mission supports Caltech's edu­

cational purpose: To train the creative 

type of scientist or engineer urgently 

needed in our educational, governmental, 

and Industrial development. SURF provides 

a new dimension to the process of under­

graduate education; program participants 

apply knowledge gained In the laboratories 

and classrooms toward finding solutions 

to problems at the frontiers of science and 

technology. SURF graduates, with their 

sophisticated and practical knowledge of 

how to conduct research, have a marked 

advantage as they begin their careers, 

apply to graduate schools, or look for jobs 

in industry. 

SURF draws upon the world-renowned 

research resources and expertise available 

at Caltech. Indeed, it is the seasoned facul­

ty and technical advisors working with 

outstanding students who have helped to 

make SURF th~ excellent program that it 

has become since its beginnings In 1979. 

On the cover: Thomas J. Meade with his 

SURF students Roshan Kumar, Cindy Chen, 

Harry B. Gray, and Karen Kustedjo. Photo 

by Bob Paz. 



California Institute ofTechnolom 

' RF Office 

Mail Code 139-74 

Pasadena, California 91 125 

818/ 395-2885 

Fax 818/ 449-9649 

E-Mail urf~romeo.caltech.edu 
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