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This photograph is by Cornell engineering jun-
ior Steven Walton, the first-place winner in a
contest cosponsored this spring by the Engi-
neering Ambassadors Association and the
Eastman Kodak Company. More than fifty stu-
dents submitted entries in the photo-essay
contest on the theme "Life As a Cornell Engi-
neering Student." Each entry consisted of
twelve to fifteen color slides.

The second-place winner was Diana Marsh,
a junior; a photo in her series is reproduced on
the inside back cover. The third prize went to
Mark Schwalm, also a junior. Cited for honor-
able mention were Frances Nelson, David
Rosa, Hal Schnee, and Donald Wong. The
prizes, provided by Kodak, were $400 for first
place, $200 for second, and $100 for third.

The Ambassadors, a group of student volun-
teers who work with the engineering admissions
office, will use the contest entries in a slide show
for presentation to prospective engineering
students visiting the campus.

Judges, all from Cornell, were Richard N.
White, professor of civil and environmental
engineering; Richard Hale, director of engi-
neering admissions; and Chris Hildreth,
director of photographic services. The Cornell
coordinators were Ambassadors Debbie
Ski I ton, Liza Liew, and Michelle Horn, and
admissions staff member Sally Hoekelman
Cushing, who is adviser to the Ambassadors.
Kodak coordinators were Peter Giles and Bob
Bilsky.

Selections from the winning photographs
are on display in the Engineering Library.
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THE 1990S AS THE DECADE
OF THE UNDERGRADUATE

The education of engineers is currently a focus of attention nationally and at Cornell.
The National Science Foundation has predicted that the steadily increasing shortage of

engineers will reach 200,000 by the year 2000. The need for improvement in the content
and quality of engineering education is also widely recognized, and a number of national
groups have conducted extensive studies to determine what should be done. For example,
a task force of the American Society for Engineering Education (ASEE) recently identified
eight crucial issues for the ensuing decade; they include the need to "repackage" the
content of undergraduate programs, improve their quality, implement better laboratory-
based instruction, address the role of design, manufacturing, and processing in engineering
curricula, improve the quality and quantity of students and their precollege preparation,
and integrate computers into engineering curricula as well as into academic research.

These issues are being addressed at the Cornell College of Engineering. Some of the
progress is discussed in the articles published here: the college has introduced a program
in written and oral communication, expanded the opportunities for undergraduates to par-
ticipate in research, established an effective program to recruit and retain minority
students, and enlarged the work-study opportunities. And there are many additional
improvements. For example, the college has an outstanding computer-aided design in-
structional program (described in a previous issue). Curriculum changes (encouraged by
the university through funding for innovative programs) include improvements in basic
courses in science and engineering. Courses in ethics, in the history of technology, and in
cultural differences in the engineering work environment have been introduced. The
effectiveness of new teaching assistants is being improved through mandatory training.
Modernizing the teaching laboratories is a major ongoing effort involving the help of gov-
ernment, industry, and individuals. Cooperative programs with industry are on the rise. A
novel program featuring weekly meetings of small groups of underclassmen and their
faculty advisers provides the students an opportunity to explore aspects of their future
profession and individual careers, and a way for the students and professors to become
better acquainted.

The ASEE recommendations extend to the related issues of faculty recruitment, the



" . . . the steadily increasing shortage of engineers

will reach 200,000 by the year 2000."

career-long education of engineers, and the need for increasing the number of professional
practice-oriented degree programs. Cornell has been active in these areas also. The highly
regarded and increasingly popular M.Eng. program provides a model for advanced
practice-oriented education. Furthermore, the opportunity for ongoing professional edu-
cation at the graduate level is being extended to engineers off campus through a recently
established continuing-education program in which class sessions are transmitted via
satellite to company locations.

In keeping with the college's current efforts in the area of undergraduate education is
its bid to participate in a significant new national program. Eight leading educational
institutions, with Cornell as the administrative head, have joined in submitting a proposal
under the new Engineering Education Coalitions initiative of the National Science Foun-
dation. A small number of coalitions will be selected to undertake efforts to address the

PURPOSES OF THE NSF
ENGINEERING EDUCATION COALITIONS INITIATIVE

• to increase dramatically the quality of U.S. undergraduate engineering education as well as
the number of engineering baccalaureate degrees awarded, especially to women and underrepre-
sented minorities.

• to design, implement, evaluate, and disseminate new structures and fresh approaches
affecting all aspects of U.S. undergraduate engineering education, including both curriculum
content and significant new instructional delivery systems.

• to create significant intellectual exchange and substantive resource linkage among major
U.S. engineering baccalaureate-producing institutions and other major and smaller institutions.

challenges facing engineering education. Support of as much as $ 15 million over five years
will be provided by the NSF, with matching funds to be raised by the coalition.

In the developments of the 1990s Cornell engineering, as is its custom, is in the
vanguard. On the undergraduate scene, the decade is off to a lively start.—The Editor



UNDERGRADS
IN THE RESEARCH LABS

Hands-on research was an entirely differ-
ent way of learning for Steve Bayne, a
Cornell junior in mechanical and aero-
space engineering who earned academic
credit this spring for research on a multi-
core underwater sediment sampler.
'Things aren't already worked out, as in a
textbook or a lab experiment," he said.
"You design something, build it, watch it
fail, redesign it, and finally get it to work."

Bayne was among more than one hun-
dred undergraduates who participated this
year in the Undergraduate Research Pro-
gram at the College of Engineering. The
students earn either academic credit or a
stipend.

The program, which was available for
the third year in 1989-90, is made possible
by a gift from James Moore '62 (who
manages the research and electrical instru-
ment development at Moore Products
Company in Springhouse, Pennsylvania).
A total of about $50,000 a year is divided
among the projects—seventy this year—to
cover stipends, the purchase of equipment
and supplies, or computer time.

The popular program greatly expands
the opportunities for undergraduates to
participate in ongoing research at the col-

Steve Bayne '91 works on a sediment sampler to be used with the robot submarine on the bench. The
device, which eventually will be much smaller than the current model, is designed to take core
samples of sediments in lakes, rivers, and oceans at depths up to about 600feet. The cores will include
the top "fluff" layer that contains most of the pollutants but is generally blown away by currently
available samplers. The device will be mounted, along with other instruments, on a sled attached to
the submarine. The submarine has already been tested in the hydraulics laboratory and plans are
to test the whole assembly in Cayuga Lake. The faculty adviser for the project is Samuel Landsberger.
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lege, according to Christopher Pottle, the
associate dean for undergraduate pro-
grams. The experience is unusual for un-
dergraduates, Pottle commented. They can
share in the difficulties of planning and car-
rying out "real" research, and in the excite-
ment of discovery and accomplishment.

The students generally find projects to
work on by consulting professors or just
asking around. Proposals are submitted to
the associate dean and funds are allotted.
Some of the projects, such as the develop-
ment of an electrical vehicle, are worked on
from year to year, often by teams of as
many as forty students. More typically, an
individual student works with a single fac-
ulty member on an aspect of the professor's
current research. Some projects involve the
design of a practical object or process, or

Above: Participants in a research program on
foundations for power-transmission towers
include juniors Tina Montt and Darren Half or d
and (standing) Charles H. Trautmann, director
of the Geotechnical Research Laboratory,
where most of the laboratory work takes place.
Nineteen graduate students are or have been
engaged in thesis research on the project, which
is directed by Fred H. Kulhawy, professor of
civil and environmental engineering.

The goal of the research is to develop a

the development of equipment needed for
research; some involve theory, calcula-
tions, or mathematical simulation. As a
whole, the projects illustrate the wide vari-
ety of research activity underway at the
college.

Each spring the students present their
(continued on page 10)

probability-based design method for the foun-
dations; better design methods could result in
savings to United States consumers of over $1
billion during the next several decades. The
eleven-year, $4.5-million project is funded by
the Electric Power Research Institute.

The laboratory computer facility where the
photo was taken is used to control tests of model
foundations in soil deposits. These tests simu-
late real foundation systems and permit par-
ametric studies that would be too expensive to
conduct in the field.

In the photo at right the researchers are
working in a laboratory chamber used to test
model soil/foundation systems. Here steel
forms have been prepared for construction of
model foundation columns. After soil is placed
around the forms, they are filled with concrete
and withdrawn. Then, after the concrete has
cured, the foundations are tested in a variety of
loading configurations.



Team work on vehicles is popular among the
student researchers, as the projects described
on these pages demonstrate.

Right: This year s project for forty students
working on a battery-operated electrical
vehicle was to design, build, and test a 20-
inch model; next year the plan is to build a full-
scale car. The model with all systems installed
had just successfully passed its first peiform-
ance test when this photograph was taken. Left
to right are Jon Russo, Dan Roitman, Andrew
Chiang, and Chris Bett.

Group leaders were Russo, Regenerative
Braking Systems; Roitman, Active Noise Abate-
ment; Bett, Motor Control and Drive Systems;
Steve Chiou, Display Instrumentation; Kevin
Stark, Test Instrumentation; Daniel Berrien,
Mechanical Systems; and Kim Griffith, Power
Sources. John Be Una and Robert Thomas were
the faculty advisers.

Right below: This spring a radio-controlled
cargo aircraft designed and built by six students
was entered in a national competition in Long
Beach, California. The Cornell plane placed
twelfth out of some fifty entries. The photograph
was taken at the site by student team leader
Nicholas Tiliakos.

In the competition, which is sponsored an-
nually by the American Society of Automotive
Engineers, each plane has the same kind of
engine, cargo-bay dimensions, and total plan-
form area; points are awarded on the basis of
the weight of pay load lifted (the Cornell plane
carried 13.25 pounds), quality of plans, oral
presentation, and performance analysis.

Team members Tiliakos, Matt Kennedy,
Darin Spilman, and John Mayer made the trip,
accompanied by faculty adviser C. Thomas
Avedisian (a radio-controlled-aircraft buff).
Jim Glynn and William Denise were also on the
team, and Mark Psiaki was a faculty adviser.

Project work included design and analysis,
wind-tunnel testing of parts, and computer
simulation of performance. Since the design of
full-sized aircraft entail the same processes, the
students gained practical experience.



Left: A human-powered vehicle will be entered
in a national competition in Portland, Oregon,
in August. When this photo was taken, just after
spring break, only the frame of the second
prototype had been assembled. Shown with it
outside Thurston Hall, where the team's lab is
located, are (left to right) LoyKuoJohn Huang,
John Garrity, Paul Perkowski, Antonio
Williams, Louis Algaze (seated on the vehicle),
Todd Pines, Francis Vanek, Andy Hazelton (the
group leader), and Jon Glick. The faculty ad-
viser is Samuel Landsherger.

The sixteen students working on the project
were divided into three teams, for the frame, the
power train, and the fairing. General Electric
supplied plastic for the bubble-shaped fairing.

According to Garrity, who is in charge of
public relations, the design objectives are prac-
ticality and safety rather than speed. Safety
features include road stability, good visibility
for the driver, a roll bar, and a seat belt. The
three-wheeler is easy to pedal and capable of
carrying a load. Eventual marketing of the
vehicle is a possibility, Garrity said.

Left below: Cornells 1989 Formula SAE race
car was out for a test drive on campus when this
photo was taken.

In the spring of each year the current model
of the Cornell car is entered in a national
competition. In the past three years, Cornells
entry has won some of the top honors for design
and performance.

This year's team consisted of eighteen un-
dergraduates and two Master of Engineering
students. The project is conducted as part of a
course that combines classroom instruction
with the hands-on experience. A. R. George,
professor of mechanical and aerospace engi-
neering, teaches the course.

In the fall term the students worked on
chassis tuning and frame design. In the spring
Robert Roller headed a team that worked on
heat-transfer aspects, and Frank Robinson and
his team worked on manifold tuning. The elec-
tronic ignition system was designed by Josh
Kablotskx, an electrical engineering student
(see page 10).



" . . . the projects illustrate

the wide variety

of research activity

underway at the college."

PRESENTATIONS AT THE 1990 UNDERGRADUATE RESEARCH FORUM

Topic

Scheduling Projects with Shared Resources

Thermodynamic Modeling of Liquid
Mixtures of Chemical Compounds

Changes in Soil Stress

Submersible Deployed Multi-Core
Sediment Sampler

A Microwave Antenna Range for Operation
Over the Range 5 GHz to 100 GHz

1 If Noise in Copper Nanobridges

Behavior of Drilled Shafts Subject
to Lateral and Moment Loading

Spark Advance Control System

Sensitivity Variation of Contact Transducers
Over Their Aperture

Computer Projects for Math 293-294

Aeroacoustic Study of Motorcycle Helmets

RIC SAE Cargo Aircraft Competition Project

Instantaneous RPM Measurement
in the Quad-4 Engine

Analysis ofGaAslAlAs Superlattices Using
Scanning Transmission Electron Microscopy

Optical Transducers to Measure
Hypersensitivity Skin Tests

"Active Ground Effects" to Improve
Race Car Performance

Wind Tunnel Testing

Wind Tunnel Modification and Calibration
for High-Speed Testing

Ion Beam Analysis of Paint Pigments

Design of a Human-Powered Commuter Vehicle

Student Speakers

Ray Datta

Edward Hall

Tina Montt

Stephen Bayne

Jodi Schwartz

Timothy Shaw

Darren Halford

Joshua Kablotsky

Robert Kubarek

William Kallock

Eric Walsh

Nicholas Tiliakos
Matthew Kennedy
Darin Spilman

Sean C. Forbes

Stuart Friedman

Scott McCormack
Louis Nisivoccia

Saif-Deen Atwell
Eric Davis

Herbert Derrow

Robert Beaubien

Barbara Cho

John Garrity
Andy Hazelton

Advisers

Lee W. Schruben

John A. Zollweg

Charles H. Trautmann

Samuel Landsberger

Richard Compton

Robert A. Buhrman

Charles H. Trautmann

John Belina

Wolfgang Sachse

Richard Lance

A. R. George

Mark Psiaki
C. T. Avedisian

W. W. Gunkel

John Silcox

John Belina

A. R. George

A. R. George

A. R. George

James W. Mayer

Samuel Landsberger



Above: Bill McGurk, a M.S. candidate in agri-
cultural and biological engineering, coordi-
nated teams of undergraduates working on the
development of instruments for testing the fuel
efficiency of engines. McGurk began the project
two years ago.

Right: Senior Lisa Anderson worked with
Michael Isaacson, professor of applied and
engineering physics, on subwavelength aper-
tures for a novel optical microscope. Develop-
ment of the high-resolution microscope is a
major research project for Isaacson and his
group.

Because the instrument will not use lenses
and will not be limited by wavelength, it will be
capable of producing optical images compa-
rable in resolution to electron micrographs, but
with less damage to samples.

Anderson explained that she began her part
of the project by calculating the feasibility of an
improved method for forming the crucial aper-
tures. Aluminum deposited by vapor deposition
will be ionized before coating the tip of a tiny
glass pipette.

The collaborators on this year s teams gathered for a photograph with McGurk and their faculty
adviser, Wesley Gunkel. Left to right are Husam Yousif, Matt Atwood, Gunkel, McGurk, Stephen
Grant, Sean Forbes, and Phil Wasserman. In the spring term Forbes worked on an optical method
of measuring the speed of a Quad-4 engine, and Yousif and Atwood worked on dynamometers.

The same instrumentation developed for the Quad-4 engine can be used to measure the
performance of the diesels that usually power farm machinery.



Left: In an undergraduate research project in
electrical engineering, Scott McCormack takes
a turn as patient while his research partner,
Louis Nisivoccia, conducts skin tests to monitor
the status of the human immune system. Their
faculty adviser is John Be Una (standing).

The project goal is to improve the accuracy
of a conventional method of testing for cell-
mediated immune-system competency using a
commercially available kit. The improved
measurement scheme depends on visual assess-
ment of variations in skin reflectivity following
the introduction of an allergen at the test site.

The student researchers monitored the
epidermal response using reflected infrared
light detected by photo-transistors. Computer-
controlled hardware allowed rapid sampling
among eight test sites. Optimal placement of the
infrared emitter and detector were determined,
and sensors were introduced into the apparatus
to correct for variations in skin temperature and
ambient room temperature.

Left: In another electrical engineering project,
Josh Kablotsky developed an electronic igni-
tion system with variable spark advance for the
Formula SAE race car (page 7). The custom
electronics are expected to provide the engine
with increased power output and fuel efficiency.
John Belina was the adviser.

research results at the Undergraduate Re-
search Forum, a stimulating event attended
by other students, faculty members, and
engineers from industry. Also, many of the
student researchers participate in a poster
session at the annual Engineering Confer-
ence, which is sponsored by the college and
the Cornell Society of Engineers and at-
tended mainly by alumni.

This year two papers by students in the
Undergraduate Research Program were
selected for presentation at the fourth an-
nual National Conference on Undergradu-
ate Research, which was held in April at 10
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Union College. Darren Halford's paper
was on his research on foundations for
power-transmission towers (see page 5);
Scott McCormack and Louis Nisivoccia
presented a paper on electrical transducers
to measure the human immune systems.
More than a thousand students and faculty
members attended the multi-disciplinary
conference, whose sponsors include the
Council of Undergraduate Research, the
National Science Foundation, honorary
societies, and corporations.

In addition to the projects supported by
the Moore fund, there are a number of other
research opportunities available to under-
graduates. Students can be paid assistants
in projects sponsored by the National Sci-
ence Foundation, other government agen-
cies, and industrial organizations. Also,
engineering students are eligible for par-
ticipation in the recently established Cor-

nell University Research Apprenticeships
program.

A growing number of summer pro-
grams for undergraduate researchers adds
to the number of opportunities. Last sum-
mer, for example, Cornell engineering
students participated in National Science
Foundation Research Experience for Un-
dergraduates programs at the School of
Civil and Environmental Engineering and
at the Cornell National Supercomputing
Facility. These programs also involve fol-
low-up research during the academic year.

The faculty as well as the students are
enthusiastic about undergraduate partici-
pation in research, according to Professor
Richard N. White, who was instrumental in
developing the opportunities during his
recently completed term as the associate
dean for undergraduate programs. The stu-
dents, he said, have proved to be "excep-

The Undergraduate Research Forum on April
29 started at 11.45 and wound up six hours later
with a reception. A center of attention at the
reception was the human-powered vehicle
(page 7). James Moore 62, the Undergraduate
Research Program sponsor, is at center in the
photo.

tionally capable, with the talent, curiosity,
and enthusiasm so important in any re-
search endeavor." Moreover, he said, the
Undergraduate Research Program "has
provided a new and vital strengthening of
the link between teaching and research. We
believe that in the university of the future,
research and teaching and learning will
tend to merge into one continuous effort."

Many of the undergraduate researchers
are still undecided about the directions they
hope their careers will take, but they all
seem to agree that their research participa-
tion has given them a wider view of science
and engineering, and experience to aug-
ment their education in classroom and stu-
dent lab.—GMcC



CORNELL'S ENGINEERING
MINORITY PROGRAMS:
Developing a Needed Resource

Begin early and provide a rich assortment
of special opportunities. These are the keys
to success in minority-education pro-
grams, the Cornell College of Engineering
has found.

Increasing the enrollment—and reten-
tion—of students from underrepresented
minorities is a major aim of the college, and
also a big challenge. Many talented minor-
ity students have a less than optimal prepa-
ration for entering a demanding program
like Cornell's, and once on campus, they
often need special kinds of support.

Some years ago, administrators at the
college decided to meet the situation
aggressively with fresh ideas. The result is
a cluster of Engineering Minority Pro-
grams that are now serving as models for
institutions around the country. They in-
volve more than two hundred students on
campus, plus hundreds of potential engi-
neers as young as ninth graders.

The broad purpose, Dean William B.
Streett explained in a recent report to the
faculty, is to "increase the numbers and
retention rates of minorities, not just be-
cause these groups deserve equal opportu-
nity, but because their low representation
in the work force of scientists and engi-

neers is rapidly becoming a major national
problem."

He pointed out that by the year 2000,
more than 40 percent of the college-age
population in the United States will be
African American and Hispanic. These
groups now make up about 22 percent of
the college-age population, but only 10
percent of engineering undergraduate en-
rollments nationwide. The alarming fact is
that the number of minority matriculants in
engineering is low and dropping.

At Cornell the Engineering Minority
Programs serve students from underrepre-
sented minority groups (African Ameri-
can, Hispanic, and Native American), and
also some Asian and disadvantaged
nonminority students. At the college,
underrepresented minority groups make
up about 10 percent of the total under-
graduate enrollment of about 2,600.

The programs are directed by Assistant
Dean Mary Thompson.

ENGINEERING FOUNDATIONS:
TAKING TIME TO DO IT RIGHT
An innovative program that is receiving
much attention nationally is the Engineer-
ing Foundations Program, which allows

selected minority students to take five
years instread of four to earn a B.S. degree,
and provides an extensive support system.

Students who would be likely to benefit
from the program are identified in the
course of the regular college admission
process, and are offered admission specifi-
cally to the Foundations Program. In gen-
eral, they are students who have done well
in high school, but whose schools have not
provided adequate curricula and prepara-
tion for study at a major university.

The great strength of the program,
Thompson said, is its "holistic approach,
which addresses not only academic prob-
lems, but the extra stress often experienced
by minority students at a predominately
white university."

Why the extra undergraduate year?
Many Cornell engineering students take
more then eight semesters to complete the
B.S. degree requirements, but records
show that minority students are particu-
larly likely to require additional time.
Some have taken five years to finish, and a
few have taken six. Sometimes this hap-
pens because a student needs to repeat one
or more courses that are offered only in a
sequence. Sometimes, because of poor 12
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academic performance, a student is sus-
pended for one or more semesters, or is
advised to take a reduced course load.

One of the unfortunate consequences is
that these students often find themselves
enrolled in classes throughout the calendar
year, precluding the possibility of gaining
practical experience in summer employ-
ment. Another effect is that such a
student's transcript does not look promis-
ing to prospective employers or graduate
schools. These circumstances are discour-
aging, to say the least; many minority stu-
dents abandon engineering rather than ex-
perience them.

One way the Engineering Foundations
Program counteracts these problems is by
allowing three years instead of the normal
two for the first half of the engineering
curriculum (see the table). The Common
Curriculum, as this part of the undergradu-
ate program is called, consists of basic
courses designed to develop skills in math,
science, computing, and writing, as prepa-
ration for upperclass work in a chosen
engineering field. The modifications intro-
duced by the Foundations Program do not
reduce or change degree requirements.
What the program does is allow room in a

student's schedule for supplementary aca-
demic work and for special services and
opportunities.

Particular attention is given to course
work in the essential areas of mathematics,
physics, and computing:
• To help ensure a solid basis in mathe-

matics that will enable the students to
handle the regular math sequence, a special
year-long Engineering Science course has
been developed by faculty members in
engineering and mathematics. The con-
cepts of precalculus, calculus, computer
science, and physics are emphasized.

THE ENGINEERING FOUNDATIONS PROGRAM
Courses that differ from those in the normal two-year curriculum are shown in boldface. The
amount of academic credit is in parentheses. All courses carry credit that appears on the
student's transcript, but only those in the normal curriculum give credit toward the degree.

Fall
Year 1 Freshman Seminar (3)

Introduction to Engineering (3)
Computer Science 101 (4)
Engineering Science 141 (3)
Enrichment Seminar (1)

Year 2 Mathematics 191 (4)
Humanities/Social Sciences elective (3)
Chemistry 211 (4)
First half of Physics 112 (2)
Enrichment Maintenance (1)

Year 3 Mathematics 293 (4)
Physics 213 (4)
Engineering distribution course (3)
Elective (3)
Elective (3)

Spring
Freshman Seminar (3)
Humanities course (3)
Computer Science 100 (4)
Engineering Science 142 (3)
Enrichment Seminar (1)

Mathematics 192 (4)
Engineering distribution course (3)
Humanities/Social Sciences elective (3)
Second half of Physics 112 (2)
Enrichment Maintenance (1)

Mathematics 294 (4)
Physics 214 (4)
Engineering distribution course (3)
Elective (3)



Freshmen in the Foundations program attend a
weekly Enrichment Seminar throughout the
year. It is a time for companionship as well as
orientation and learning. Dean Mary
Thompson, who appears in two of these photo-
graphs, coordinates the seminar series.

Classroom instruction is augmented with
workshops, and specially chosen teaching
assistants provide tutoring when needed.
• For Foundations students, the normal
one-term introductory course in physics
(112), which covers mechanics, heat, and
light, has been spread out over two terms
during the second year.
• Before taking the regular beginning
course in computer science (100), Founda-
tions students take 101, a slower-paced
course in computing fundamentals.
• Each term of the freshman year, every
student in the college takes a seminar that
emphasizes writing. These seminars are of-
fered in a variety of subjects by Cornell
faculty members in the College of Arts and
Sciences; Foundations students receive
guidance in choosing the seminars that will
be most helpful.
• Foundations students take special "en-
richment" seminars throughout the first
two years. Weekly meetings cover such
aspects as study skills and time manage-
ment, and talks and trips help develop an
awareness of real-world engineering. At-
tention is given also to matters of cultural
identity and self-confidence. These intan-
gible qualities, Thompson emphasized,

have an immeasurable but strong influence
on students' academic achievement, and
later on their professional success and
effectiveness.

The program also draws on the wide
range of services and opportunities that are
offered to all minority students through the
Engineering Minority Programs Office.
These include extensive counseling and
tutoring, and opportunities for industrial
internships and visits to company sites.

According to Professor Richard H.
Lance, who has been particularly active in
the development of special programs for

undergraduates, the effectiveness of the
Foundations Program curriculum is under
evaluation, and revisions may be made on
the basis of how well the students perform.
By the end of the first year, two from the
group of nineteen (which included three
regularly admitted freshmen who asked to
join the program) were "mainstreamed" in
calculus, two had dropped out of the pro-
gram, and four had transferred to other
Cornell colleges. Most had acceptable
grades, some as high as a B+ average. Last
fall there were twenty-five first-year stu-
dents in the program. 14



A VARIETY OF ACADEMIC SUPPORT
SERVICES AND PROGRAMS
Special programs for minority students
begin well before the freshman year.

A program for high school students is
Minority Introduction to Engineering
(MITE), which brings them to campus for
a week during the summer between their
junior and senior years. The idea is to
acquaint them with the various engineering
disciplines and the special options avail-
able at Cornell. The visitors attend classes
and talks by faculty members, administra-
tors, and representatives from industry.
And, perhaps most importantly, they meet
Cornell engineering students.

Once they have been offered admission
to the College of Engineering, students
from underrepresented minority groups
are invited for a three-day campus visit.
This is an important event, for a campus
visit is often a deciding factor in the choice
of a college. The prospective Cornellians
live with and meet students, attend engi-
neering classes and demonstrations, and
participate in discussions about financial
aid, minority affairs, Cornell's Learning
Skills Center, and dormitory life.

The summer before the freshman year,
the university conducts a session designed
to give early guidance, build confidence,
and increase the likelihood of academic
success. About one hundred fifty students,
including about twenty-five in engineer-
ing, participate each summer.

Throughout the underclass years, the
students can take advantage of one-on-one
and small-group tutoring that is offered in
the subject matter of most of the engineer-
ing courses. In addition, peer counseling of
a more general nature is offered by upper-
classmen in formal and informal group
meetings. The counselors share experi-

15 ences and insights, helping the younger

students assume control of their educa-
tional progress. To supplement and enlarge
the scope of available counseling, a pro-
gram in which alumni and interested pro-
fessionals in industry act as mentors to
students is being developed.

And then, of course, there is the Engi-
neering Minority Programs Office, with a
staff always ready to provide counseling.
The office is generally full of students, who
seem to regard it as a focal spot on campus.

HELPING MINORITY STUDENTS
DEVELOP CAREERS
Close associations with industry enrich the
college experience and help the students
prepare for professional work.

One way in which corporate representa-
tives and minority students come together
is through a program of seminars in which
company people lead discussions on sub-
jects ranging from technical specialties to
job interviews and issues of sexism and
racism in the corporate culture.

An annual event is the Engineering
Minority Career Fair, at which industrial
representatives provide information about
their organizations. The fair gives the stu-
dents and the corporate representatives
opportunities to discuss job and career
possibilities. A highlight is a banquet at
which the participating corporations pres-
ent awards to African American, Hispanic,
and Native American students who have
made especially good academic progress.

A program that has been in place for
many years and is still going strong is
Project VIEW, which enables minority
engineering freshmen, sophomores, and
juniors to visit corporate sites for three to
five days during winter intersession. The
students get a first-hand view of engineer-
ing work and meet practitioners, and the
experience helps them choose a specialty

field and course of study. Sometimes
opportunities for Engineering Cooperative
Program assignments or industrial intern-
ships develop from contacts established
through Project VIEW.

The Engineering Minority Programs
Office is hoping to arrange corporate
internships for students at all class levels.
Hands-on experience, even if it is brief, is
effective both in acquainting students with
the realities of industrial employment and
stimulating academic achievement. Some-
times the association develops into perma-
nent employment after graduation.

Corporate involvement is a valuable
asset in all the Engineering Minority Pro-
grams, Thompson pointed out. This takes
the form of financial support through
scholarships, awards, and program fund-
ing, and also direct participation in the
programs themselves. Recently, for ex-
ample, IBM arranged to have a staff
member with experience in engineering,
education, and program development
spend two years on campus working
directly with the college staff. Such coop-
eration not only benefits the students, but
also enhances affirmative-action pro-
grams in industry, Thompson remarked.

A significant program for students with
the ability and desire to undertake graduate
study is offered by GEM—the National
Consortium for Graduate Degrees for Mi-
norities in Engineering. The consortium,
made up of some fifty universities, includ-
ing Cornell, and fifty companies, awards
fellowships covering tuition, fees, and a
stipend for study at any university that is a
consortium member and has offered ad-
mission to the particular candidate. A
summer internship at one of the sponsoring
companies precedes the beginning of
graduate study. Currently, six GEM

(continued on page 18)



Engineering at Cornell

for Two Students in the Foundations Program
The Cornell experience for a student in the
innovative Engineering Foundations Pro-
gram has an extra dimension. Besides the
classes and extracurricular activities, the
dorm life and new friends, and the enjoy-
ment of campus and town, there is the
support of the program and everyone asso-
ciated with it. Scenes from the Cornell life
of two Foundations students—Marlene
Mulero and John Belizaire—are shown on
these pages. Like the forty or so other
Foundations students, they began the pro-
gram while still in high school and plan to
graduate after a five-year course of study.

1. Marlene, a second-year student from New
York City, lives in Balch Hall this year. She
keeps a pair of rabbits (normally caged) in her
dorm room.

2. Foundations seminars meet weekly; these
students are part of the second-year group.

3. Marlene's faculty adviser is Richard N.
White. She has a busy extracurricular as well as
academic schedule—she is active in the Society
of Hispanic Professional Engineers, and she
meets often with a group of freshmen for an
activity such as ice skating at Lynah Rink.

4. Marlene's math tutor is senior Mark
Johnson.
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5. Marlene1 s favorite lab class is the one for Mechanical Properties of
Materials, with Polly Chu as the teaching assistant. Marlene plans to
major in mechanical engineering.

6. Both John and Marlene enjoy having their bikes with them at Cornell.
Here they are by the sundial, a focal point on the engineering quad.

7. The shore ofBeebe Lake near his dormitoi'y, High Rise 1 Asa good place
for John to practice Tae Kwon Do.

8. John, a freshman from New York City, hopes to work for a large
computer company, or maybe start his own computer-services business.
He makes extensive use of his computer in his dorm room. He likes the
Foundations program mainly because it gives a student time to "build a
base" for college work. The program's support system and network with
companies are very good, he says. He visited Intel Corporation with
Project VIEW, and this summer he will have a job there.

7
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Cornell Young Scholars come to campus each
summer for two weeks of study, discussion, and
team project work. Last summer this group
carried out a biology project.

scholars are enrolled at Cornell; the pro-
gram here is administered by the Engineer-
ing Minority Programs Office.

EARLY CONTACT THROUGH
THE YOUNG SCHOLARS PROGRAM
A key to the success of all the efforts and
programs at the college level is the nurture
of prospective students long before they
get to the point of applying to college.
Experience shows that to be fully effective
in recruiting and retaining qualified minor-
ity engineering students, the college must
begin its efforts early in the students' lives,
take the initiative, provide financial, aca-
demic, and psychological support, culti-
vate self-confidence and enthusiasm, and
open up avenues of opportunity. This is, in
fact, the ambitious agenda that has been
worked out by the Cornell Engineering
Minority Programs Office.

Students might first become aware of
Cornell's engineering college when they
are in junior and senior high school—a cru-
cial period, when courses are being chosen
and attitudes and expectations are being
developed. The contact is made through
the Cornell Young Scholars Program, an
innovative outreach and enrichment pro- 18



gram for underrepresented minority stu-
dents that was pioneered in the College of
Engineering (as MYSEAT—Minority
Youth and Students Exploring Avenues in
Technology) and has expanded to include
students interested in other Cornell col-
leges and fields of study.

Initially, the approach is to encourage
appropriate pre-college studies and partici-
pation in science projects and competi-
tions. Enrollment begins in the ninth grade,
upon recommendation of teachers and
counselors, and continues through the
summer after high school graduation.
Motivation includes a lay-away scholar-
ship plan for students who eventually come
to Cornell: cash awards are made for high
grades in math, science, and English.

The students attend a two-week session
on campus each summer for three years,
taking courses in English, mathematics,
and science, and participating in cultural-
awareness and enrichment activities. They
also receive counseling in such areas as
choosing a college and a career. Faculty
members and professional people describe
the kinds of work done in the fields of
mathematics, chemistry, physics, engi-
neering, psychology, and health care, and
how high school students can begin prepar-
ing for science-related careers. Other
features of the summer program are tours
of laboratories and special facilities at
Cornell and site visits to nearby industries.
The students are especially enthusiastic
about participation in a team science proj-
ect carried out during the session.

During this period, the students are also
evaluated for engineering aptitude, includ-
ing their abilities and aptitudes in reading,
writing, problem-solving, and the use of
representations such as equations and
graphs. Noncognitive factors that aren't

19 assessed in predictive tests such as SATs

are also evaluated by means of a specially
developed questionnaire. Qualities that are
looked for include self-confidence, realis-
tic self-appraisal, an understanding of
racism and how to deal with it, and the
ability and willingness to work toward
long-term goals. Other factors that have
been found to contribute to academic and
career success, and are looked for among
the Young Scholars, are the availability of
a strong support person, leadership experi-
ence, and a record of community service.

As a followup to the summer session,
the students return to Cornell one Saturday
a month during the academic year. In the
spring the program sponsors a fair at which
the students present projects they have
worked on during the year.

Parents are involved through discussion
meetings on ways in which they can en-
courage their children to pursue higher
education, and on practical matters such as
application procedures and financial aid.

The program is partially funded by the
Pew Foundation with matching grants
from corporations. It relies on industrial
support not only financially, but through
direct participation: company representa-
tives serve as speakers for on-campus ses-
sions, as hosts at site visits, and as mentors
to individual students. These corporate
partners in the Young Scholars Program
include Corning Incorporated, Eastman
Kodak, General Electric, IBM, and Xerox.

The first group of Young Scholars—
twenty-two students from selected schools
in the upstate New York communities of
Ithaca, Syracuse, Binghamton, Rochester,
and Elmira—were selected and enrolled in
the summer of 1988. Last summer, with the
addition of a new group of ninth graders,
and the expansion to a university program,
the enrollment grew to forty-five. Also, the
program was extended to involve ten

teachers from the same high schools, who
taught the courses in conjunction with
Cornell faculty consultants and graduate
teaching assistants. These teachers, the
parents of the students, and industry
mentors were invited to join the group on a
Saturday. This summer a full complement
of about sixty students is anticipated.

Although this program involves a rela-
tively small group of students, Dean Streett
remarked, it is significant as a model. Its
effectiveness, he noted, owes much to the
partnership of the university, the public
schools, private industry, and a private
foundation. "This effort to develop a
pipeline of competitive minority-group
scholars for tomorrow's colleges and
professional positions is one of the most
important activities the college is now
engaged in," he said.

This assessment extends to all the Engi-
neering Minority Programs at Cornell. As
Streett put it, their "depth, strategy, and
long-range view represent a viable attempt
to help solve one of the nation's most
critical problems: the impending shortage
of scientists and engineers accompanied by
an underdevelopment of talent among
minority groups."—GMcC



SKILL WITH WORDS:
A New Emphasis in the Education
of Cornell Engineers

by Penny Beebe
In today's complex technological world,
engineers must have not only technical
competence, but skill in writing and speak-
ing. At Cornell the engineering college is in
the third year of a program that is working
to strengthen our undergraduates' writing
and oral-presentation skills.

The Engineering Communications Pro-
gram began in 1987 with an effort to help a
few interested engineering faculty mem-
bers build writing into their courses. Under
the leadership of Steven Youra, the direc-
tor, the program has steadily expanded in
both size and scope: three additional
experienced teachers of writing—Susan
Hubbard, David Adams, and I—are now
on the faculty, and besides continuing our
work with engineering courses, we offer a
course of our own, Engineering Communi-
cations (Engineering 350).

THE COLLEGE'S FIRST COURSE IN
ENGINEERING COMMUNICATIONS
The students in Engineering 350 bring to
class a wealth of technical information, and
whether or not they happen to be adept with
language, they are bright, generally talka-
tive, and quick to draw on their training.
Assignments—devised by each instructor

for his or her sections—are designed to
take advantage of what the students know
as proto-engineers as well as to give them
experience as writers and speakers.

For instance, Adams asks his students to
identify and analyze a procedural, organ-
izational, or mechanical problem and to
write a recommendation report proposing
a solution. The organization and content of
the report depend largely on whether the
intended readers are staff engineers,
managers, or upper-level administrators.
The term project in his classes is a long
document such as an instruction manual, a
report of original research, or an expansion
of the earlier recommendation report, and
it culminates in an oral presentation.

Hubbard asks her students to review an
actual—and chaotic—progress report
written by an engineer at a radar installa-
tion and to submit written guidelines for re-
vising the wayward document. She also
asks them to analyze the graphic and tex-
tual elements of a brochure used by an en-
gineering consulting firm; the resulting
suggestions for improvement are sent to
the firm, whose engineers return the favor
by commenting on the students' ideas.

Youra's summer-session class is of-

fered primarily for students who will be
working at co-op jobs during the fall term.
For one of his assignments, teams of stu-
dents design and build a mechanism (the
only requirement is that it have at least one
moving part), using a kit of components—
Tinkertoys and rubber bands. Among ob-
jects that have achieved brief fame are a
high-tech weather vane, a toy car, and a
gourmet food chopper. Once the designs
are complete, each team writes assembly
instructions that are then tested by another
team. Finally, each team revises its instruc-
tions, prepares a user's manual (with
graphics), and gives a marketing presenta-
tion of its product.

One of the assignments in my classes re-
quires each student to define a technical
concept in three ways: for professionals in
the field to which it applies, for engineers
with different specializations, and for non-
engineers who must comprehend the
concept's fundamental principles. Another
assignment presents an actual case in
which engineers at three levels in a com-
pany have violated, to different degrees,
the code of ethics of the Accreditation
Board for Engineering and Technology
(ABET); the students analyze the situation 20



Left: Checking out their instructions for assem-
bling their Magic Kitchen Utensil from Tinker-
toys are Louis Lanzerotti, a junior engineering
physics major (at left), and Basil Demeroutis, a
junior in mechanical engineering. They and
their teammate Tom Easley, a junior in materi-
als science and engineering, designed the
machine and wrote assembly directions for
another team to try out. The point of the exer-
cise, assigned in Steven Youra's writing course,
is to sharpen skills in writing technical material
clearly and presenting it effectively in printed
form.
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as if they were regional officers of the
professional societies in their respective
fields of study.

In the sections taught by Hubbard,
Youra, and me, the term project is a feasi-
bility study for which each student chooses
a technical topic, researches pertinent lit-
erature, writes a feasibility report, and
orally presents major findings; related
assignments include writing a proposal and
one or more inquiry letters, interviewing
professionals, and preparing a progress
report. Often these activities are more than
exercises; the letters are written to real peo-
ple, and every report is read by someone in
an engineering department or in industry.

ASSESSING THE COURSE AND
HOW IT COULD BE DEVELOPED
From the instructors' point of view, Engi-
neering 350 is successful because it
combines rigorous standards, interesting

SOME STUDENT PROJECTS IN ENGINEERING COMMUNICATIONS

Manuals:
A LAN Installation Manual (for technicians working with Network Resources at Cornell)
A PC-Based Voice Recognition System (a documentation of public-domain software)
NCR Printer Assembly Manual (for line workers at NCR's Ithaca plant)
Determining Drag on a Cylinder: The M&AE 427 Wind Tunnel Experiment (a revised manual)

Feasibility Studies:
Bridging Cayuga Lake
Reorganizing and Upgrading Computer Facilities Available to Engineering Students
Finding an Economical and Practical Database Manager for the Dickson Hall Mail Room
Using Fly Ash as a Soil Supplement
The Applicability of Liposomes in Fighting AIDS
Environmentally Friendly Alternatives to Disposable Diapers
The Feasibility of Using an Optical Scanner to Detect Missing Items at Olin Library
The Feasibility of Installing a Baggage Claim Carousel at Tompkins County Airport
Substituting Aluminum for Steel in American Automobile Frames
Computerizing an Antiques Business
Understanding and Selecting a Stereo Component System
Restoring a Classic British Sports Car—Factors to Consider



". . . by the end of the

semester, the students see

themselves as seasoned

writers, weary yet wise"

subject matter, and the continual interac-
tion of everyone in the classroom. Students
learn to write in a range of formats, for
different purposes, and for different audi-
ences. They discuss each other's papers
and presentations. They grow increasingly
comfortable speaking to a group. And they
think of themselves as engineers and com-
municators, working hard (as they fre-
quently point out) to blend the seemingly
unrelated intricacies of two domains.

The students have different attitudes
about Engineering 350 depending partly
on where they are in the semester. The
workload is sizeable: the students write
from eleven to fourteen assignments,
roughly a paper a week; they analyze the
design of visuals and produce their own,
often on a computer; and they give two or
three oral presentations. Moreover, the em-
phasis is on the most difficult component
of the course—writing. I have found that
initial enthusiasm (or tentativeness, as the
case may be) gives way after a few weeks
to a sober recognition that words are slip-

pery things governable less by "rules" than
by the writer's determined scrutiny. Near
the middle of the semester, it is inescapably
clear that good, efficient writing is the
result of time spent working for it and that
efficiency is a complicated goal. But by the
end of the term, the students see themselves
as seasoned writers, weary yet wise. They
have labored all semester to think clearly
and to use words accurately, and now they
have produced a complicated text, created
appropriate graphics for it, and assembled
these materials for an oral presentation.
Engineering students do love technical in-
formation, and just as the feasibility reports
challenge their ability as writers, the pres-
entations give them a chance to publicly
demonstrate what they have learned about
their topics.

End-of-the-semester evaluations have
been very positive, despite occasional
grumbling that the course should carry
four, rather than three, credits. The most
frequent comments by the students are that
the course has trained them to write effi-
ciently; that their grades for writing in other
courses have improved; that because the
class was small (seventeen people), it pro-
vided a rare opportunity for students in
different disciplines to work with and learn
from each other; and that they would rec-
ommend the course to others.

COMMUNICATIONS AS PART
OF ENGINEERING COURSE WORK
Every semester, each communications
instructor works with at least one engineer-
ing course. When the arrangement has
worked well, it often has been continued in
subsequent terms.

The program has been affiliated with a
wide range of technical courses; examples
are Chemical Engineering Laboratory
(Chemical Engineering 432), Structural

Behavior (Civil and Environmental Engi-
neering 371), Electrical Laboratory I—
better known as Superlab (Electrical Engi-
neering 315), Mechanical Engineering
Laboratory (Mechanical and Aerospace
Engineering 427), and Computerized-
Instrumentation Design (Applied and
Engineering Physics 264).

For Computerized-Instrumentation
Design, for example, Adams worked first
with Frank Wise and then with Donald
Bilderback, a staff scientist at the Cornell
High Energy Synchrotron Source, who
taught the course this spring. Adams and
Bilderback designed the writing assign-
ments, and Adams discussed them with the
class both before they were due and after
they had been returned. Adams also met
regularly with Bilderback and the teaching
assistants—who did the actual grading—
to discuss grading criteria and techniques.

Mixed among all the purely technical
courses in the college are courses that are
concerned with nontechnical aspects of
engineering, and we have worked with a
number of these. For example, when
Ronald Kline of the electrical engineering
faculty decided to substitute short papers
for the quizzes and exams he had previ-
ously required in his course Technology in
Western Society (Engineering 250), he and
I derived writing assignments from the
course readings and lectures. I attended
class throughout the semester, and Kline
and I each led regularly scheduled discus-
sion sessions with half of the class.

Hubbard and Youra worked this past se-
mester with Cultural Diversity in the Engi-
neering Workplace (Engineering 355),
which is coordinated by Edwin Gordon,
the director of the engineering advising
office. The course addresses the changing
demographics of the profession, in which
cultural diversity (and the number of 22
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women) is rapidly increasing. The focus in
the course is on understanding various
cultures and appreciating the benefits of
diversity. The students attended weekly
lectures by people from a wide range of
academic areas, including women's stud-
ies, industrial and labor relations, Africana
studies, and linguistics. After each lecture,
the class broke into four discussion
groups—led by Hubbard, Youra, Gordon,
and the guest speaker. Weekly writing
assignments, alternately informal and for-
mal, drew on the lectures and the subse-
quent discussions.

The pedagogical rationale for including
writing in engineering courses is straight-
forward: when students write regularly,
they become increasingly flexible as
writers and thinkers. Frequent writing
strengthens an awareness of issues central
to effective communication.

Our students typically deal with writing
as freshmen, either in a writing course per
se or in a course that has writing as an im-
portant feature. Usually they take no more

writing courses in their time at Cornell.
Thus, when an engineering course requires
them to write, they are likely to flounder. It
is clear that our students can profit from
both concentrated instruction in the use of
words, as in courses such as Engineering
350, and sustained practice, as in the
courses that train them to be engineers.

Another benefit of including writing in
engineering classes is the students' sharp-
ened understanding of course material.
Faculty members have reported this result
time and again. When a student struggles to
articulate information that he or she under-
stands mathematically, mistaken assump-
tions disintegrate in the process. Moreover,
instructors and teaching assistants can see
in students' writing precisely where
misunderstandings have occurred. For
instance, Mary Sansalone of the civil and
environmental engineering faculty has
required her students to submit journals as
well as formal papers because journals
reveal so much about the writers' grasp of
the course material.

Left: The Engineering Communications Pro-
gram participated in the college's new1 course
Cultural Differences in the Engineering Work
Environment. Steven Youra and Susan Hub-
bard are shown at a planning session with the
course coordinator, Edwin Gordon (at left), di-
rector of advising at the college.

The course addresses several current issues
in engineering education, Gordon said. One is
the need to prepare engineers to function well in
a profession that is becoming more culturally
diverse and operates in an increasingly com-
plex, international context. Accommodation of
women engineers in the profession is another
issue considered in the course. Writing assign-
ments are included as a means of stimulating
thought and expression about the course topics.

"The purpose is to make Cornell engineer-
ing graduates—men and women of all races and
cultural backgrounds—better able to lead in the
already changed work world," Gordon said.

Weekly lectures by specialists in various
fields are followed by small-group discussion.
Topics include demographic and economic
changes; issues affecting women; and customs,
values, and beliefs of Hispanic Americans,
African Americans, and Asian Americans.

Gordon pointed out that this course comple-
ments the college's Engineering Minority Pro-
grams, which include efforts to build interest in
engineering among precollege minority stu-
dents (see page 12).

BEYOND SPECIFIC COURSE WORK:
A PROGRAM WITH MANY FACETS
The work of the Engineering Communica-
tions Program goes beyond the classroom.
For example, Adams is preparing a com-
panion writing text for a mechanical engi-
neering laboratory course. This spring
Hubbard conducted three workshops at a
Society of Women Engineers conference.
Youra works with the college's new train-
ing program for teaching assistants, since
TAs are often the people who administer
writing assignments. He has also judged



Right: Winners of an essay-writing competition
were honored at an Engineering Communica-
tions Program reception this spring. Prizes
were awarded by Stephen Russell of the engi-
neering-consulting firm High-Point Schaer,
which sponsored the competition. Here Russell
talks with Neville Rhone, Jr. '91, who won hon-
orable mention, and Jennifer Blair '92. Russell,
a Cornell graduate (B.A. I960, M.B.A. 1961) is
United States chair of High-Point Schaer.

The $1,000 first prize in the competition was
awarded to Michael Souryal, a senior in electri-
cal engineering, who wrote on "Cultural Diver-
sity in the Work Environment". The second
prize of $500 was awarded to Janet Hufnagel, a
junior computer-science major, who wrote on
"Using Computers to Control Environmental
Pollution". The essays entered in the contest
could be on either an engineering solution to a
social or environmental problem, or cultural
diversity in the engineering workplace. The
winning essays will be published in High-Point
Times, the sponsor's international newsletter.

Right below: Attending the reception were
members of the program's recently formed
alumni advisory council, as well as Engineering
Communications Program faculty members
and a number of their students. Left to right are
John Voellmicke '91, council member Roger
Berman '70, faculty member David Adams,
Nalini Deonarine '91, and Janet Hufnagel '91
(a winner in the essay competition).

the undergraduate essay competition. I am
an adviser to the Cornell Engineer, an un-
dergraduate magazine, which recently
hosted the annual national meeting of En-
gineering College Magazines Associated.

And although the program's primary
responsibility is with undergraduate
education, the work extends "down" to the
pre-college level and "up" to graduate cur-
ricula: Youra participates in the Cornell
Young Scholars program for high school
students from minority backgrounds (see
the article on page 12), and he lectures and 24



Left: Penny Beebe leads a discussion in her
spring-term Engineering Communications
seminar. Each section in the course has about
seventeen students.
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conducts workshops on communications
in Master of Engineering classes.

We steadily increase the usefulness of
our program through the exchange of ideas
at educational conferences and through
discussions with people from other engi-
neering schools that are establishing writ-
ing programs. We are expanding our
contacts with industrial organizations;
corporate engineers are invited to visit our
classes on occasion, and we have visited
company sites. An important recent devel-
opment is the establishment of the
program's advisory council, whose mem-
bers are Cornell engineering graduates.

As development of the Engineering
Communications Program continues, our
hope is that we will be able to work with
every department. And besides working di-
rectly with specific classes, we plan to offer
faculty seminars on how to incorporate
writing and oral presentation into a wide

range of engineering courses. Another plan
is to establish a writing center, staffed by
peer tutors, that can support and extend the
writing done in engineering classes.

Possibilities for shorter courses of our
own are suggested in course evaluations
and emerge during class discussions. We
have found that students are eager for con-
tact with professionals outside Cornell;
that they appreciate information about his-
torically important engineers, scientists,
and technologies; and that they love to dis-
cuss situations in which decision-making
or the communication of information is a
pivotal factor (for example, in contract ne-
gotiations, departmental reorganizations,
disagreements about product design, or the
resolution of ethical dilemmas). These
areas of interest could be themes for what
might be called "topics" courses.

Moreover, certain components of Engi-
neering 350 could be the substance of sepa-

rate courses. The unit on graphics could be
an independent listing; it would then be
able to focus on the analysis of sophisti-
cated visual representation of ideas and
data. And oral presentation, which occu-
pies several weeks of the semester, could
be the substance of an independent course,
freeing 350 to focus exclusively on writing
(decidedly the weakest and least easily de-
veloped of our students' skills).

Within a short time, Engineering Com-
munications has taken its place as part of
the college's undergraduate program. Cor-
nell engineers who have both technical and
communications skills will be well pre-
pared for leadership in their profession.

Penny Beebe holds a Cornell M.F.A. degree in
writing. Before coming to the engineering
college, she developed and directed an inter-
departmental writing center at the University of
Northern Iowa.



CO-OP: A VINTAGE PROGRAM
FOR TOMORROW'S ENGINEERS

by Linda Van Ness
Like a fine wine, Cornell's Engineering
Cooperative Program has gotten better
with age. The idea of a special program in
which students can combine on-the-job ex-
perience with classroom study has been
around for a long time; the first co-op pro-
gram in the United States began in 1906.
Today some 200,000 students from more
than a thousand schools across the nation
participate in cooperative education each
year. At Cornell, over one-fourth of the
engineering undergraduates become co-op
students.

The co-op idea has grown and pros-
pered because the rationale behind it re-
mains valid. When Everett Strong started
Cornell's program in 1946, he said, "The
Plan is a concept of education which recog-
nizes that an engineer cannot be made on a
college campus alone; that eventually he
must function in the actual environment of
industry; and that he can direct his study
efforts in school to better advantage when
he understands that environment through
his own experience in it." Today we would
say "he or she", but no other changes are
needed. The job market is different than it
was in 1946, but co-op experience is still
one of the best ways to prepare to enter it.

HIGH EXPECTATIONS
FOR TODAY'S ENGINEERS
Over the years, the complexity of technol-
ogy has increased dramatically, and manu-
facturing has become more automated. As
a consequence, the fields in which engi-
neers can choose to specialize are more
numerous and the things they are called
upon to do are more diverse. Today's engi-
neers must have top-notch technical skills,
keep up with computer innovations, and be
aware of the latest advances in manufactur-
ing methods.

The context of engineering has ex-
panded too. As Japan, Korea, and newly in-
dustrialized countries such as Brazil enter
the marketplace, the United States and
Europe are losing their monopoly on the
production of manufactured goods. This
means that engineers are not only expected
to contribute to the competitiveness of the
company they work for, but also to the
competitiveness of their nation in a world
economy.

At the same time, corporations have
grown larger and many have opened
branches in several different countries.
Engineers who work for multinational
corporations must be alert to the needs of

an international market and the problems
of a multicultural workplace. They should
have good interpersonal skills, know how
to communicate well, and be aware of
current management techniques.

The need for better-prepared engineers
is exacerbated by a decline in the number of
young people choosing engineering as a
profession. The number of bachelor's de-
grees awarded in engineering dropped
from a national high of 78,000 in 1986 to
69,000 in 1989. Unless this trend is re-
versed, a serious shortage of engineers is
predicted by the year 2000.

CO-OP'S CONTRIBUTION
TO ENGINEERING EDUCATION
How can Cornell and its Engineering
Cooperative Program help to provide more
engineers who are well prepared for pro-
fessional practice?

The engineering undergraduate cur-
riculum ensures technical competence, and
initiatives such as the Engineering Com-
munications Program (see page 20) and a
new course on cultural diversity in the
workplace (pages 22-23) are making the
curriculum more relevant to today's needs.
In addition, undergraduates can acquire 26
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Left: This early group of co-ops is noticeable for
its small size and the absence of women. The
photograph was taken in 1949, when the pro-
gram was in its third year. The professor in the
front row is Everett M. Strong, the first director.

Left below: Four program directors got to-
gether for a group photograph in 1977. The late
Everett M. Strong, professor of electrical engi-
neering, who was director from 1947 to 1967, is
seated at left, next to Robert N. Allen, a profes-
sor of operations research and industrial engi-
neering, now emeritus, who served as director
until 1977. Standing are Donald F. Berth (at
left) and Richard H. Lance, codirectors until
1980. Berth, then director of special projects at
the college, is now a vice president at Worcester
Polytechnic Institute. Lance is a Cornell profes-
sor of theoretical and applied mechanics.

Below: The current director is K. Bingham
Cady, associate dean for college affairs and
professor of nuclear science and engineering.



". . . when it comes

to exposure to

the 'real world,

the co-op program

does it best.79

some familiarity with how engineering is
actually practiced through various pro-
grams offered by or through the college or
university. Some of these programs
arrange for short stays at industrial sites or
provide summer job opportunities.
Through academic or extracurricular ac-
tivities, students can attend seminars with
people from industry and have opportuni-
ties to participate in "hands-on" projects
that involve professional engineers. But
when it comes to exposure to the "real
world", the co-op program does it best. A
co-op student spends a full semester in a
paid job in industry, plus one or two sum-
mers with the same company.

Vigorous recruitment among minorities
and women will help to alleviate the short-
age of engineers. Minority groups are
growing as a percentage of the overall
population, and by the year 2000 40 per-
cent of the college-age population will be
African American or Hispanic American.
Also, women are entering the labor force in
increasing numbers, and more opportuni-
ties are opening up for women in engineer-
ing. At Cornell the engineering college has
an active program to recruit and retain mi-
norities (see page 12), and efforts are made
to interest more women in becoming stu-
dents. But the co-op program also has a role
here. The real-world aspect of cooperative
education can help attract engineers from
the underrepresented groups, and facilitate
their entry into the profession.

One effective way of interesting high
school students in engineering at Cornell is
to bring them in contact with co-op partici-
pants. Co-ops are highly effective expo-
nents of the career opportunities that can be
found in engineering; they are enthusiastic
about what they are doing and constantly
talk about their experiences. When they
speak to groups of high school students at

events sponsored by alumni, they make a
big impression.

In recognition of the internationaliza-
tion of industry, the co-op program has
recently begun placing a few students
overseas. In a spirit appropriate to a pro-
gram dedicated to cooperation, students
are learning to work with foreign industries
rather than against them. In recent years
two students worked in Japan, two in Vene-
zuela, and one in Germany. The Japanese
company, Nissan, wants to increase its
interaction with American universities and
students, and the co-op program is re-
sponding by placing two more students
with Nissan this fall.

BIG BENEFITS FOR
PARTICIPATING COMPANIES
In the context of rapidly changing technol-
ogy, the advantages of the co-op program
for employers are greater than ever. Indus-
try is constantly having to find people with
new skills or to retrain current employees,
and the cost of both recruiting and retrain-
ing is considerable. Making a place for co-
op students is a proven, cost-effective way
to recruit candidates with up-to-date skills
for permanent employment. Companies
know that participating in the co-op pro-
gram is a way to get a head start in recruit-
ing the best college graduates. They are
also aware that co-op students who are sub-
sequently hired as regular employees be-
come productive sooner than other new
employees because they require less train-
ing, and are more likely to stay with the
company.

Participation in the co-op program has
a further advantage for many companies:
it opens a channel of communication
between them and the university. Opportu-
nities for serious discussion about engi-
neering education occur when industrial 28



Above: The process of placing co-ops in jobs begins with a fall meeting of company representatives
and prospective student employees. On the opening evening students visit booths set up and manned
by the company people. Individual interviews are conducted the following day.

Below: During the I989fall term, Louis Lanzerotti had a co-op job at Emerson Power Transmission
in Ithaca. One assignment was to help manufacturing engineer Bob Tompkins (at left) update
machine layouts to match new locations of several pieces of equipment.
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representatives come to campus to inter-
view prospective co-op students, and also
when faculty members make site visits to
students during their work assignments.
On these occasions people from industry
can bring people in academia up to date on
the kinds of instruction that will best pre-
pare young engineers to step into the work-
place. The direct, informal contact can also
foster the exchange of ideas about research
and possible cooperative efforts.

LEARNING AND EARNING:
THE STUDENTS' PERSPECTIVE
While the college is concerned about the
national health of the engineering profes-
sion and the welfare of the nation's indus-
trial companies, our primary interest is in
the education and welfare of our students.
Those of us who work with the Engineer-
ing Cooperative Program strongly believe
that it provides a valuable part of an engi-
neering education, and since it is a very
popular program with students, they evi-
dently agree. About 40 percent of the
sophomore class signs up for job inter-
views. In the year just ended, 310 students
were enrolled in the co-op program.

Part of the attraction is that they can
spend eight months of their college career
working at a real engineering job and still
graduate with their class. Of course, the
professional-level salary for those eight
months of work in industry is an added
valued benefit.

And beyond the experience and the pay
is the help the co-op experience can give in
clarifying interests and career objectives.
Many co-ops coming back from their term
in industry say that they have a clearer idea
of how they wish to shape their academic
programs, and of what kind of work they
would like to do, and where. They have had
a chance to observe professionals in a



Mary-Lou Smulders: A Co-op Student of the '90s

In the early days of the co-op program at
Cornell, all the participants were men.
Back then, women did not become engi-
neers. Teachers, nurses, or librarians,
maybe. But not engineers. Now all that has
changed, and women are out there doing
"a man's job", as Cornell women co-ops
ably demonstrate.

Take the case of Mary-Lou Smulders, a
mechanical engineering major who is
graduating this spring. She entered the
competition for co-op positions and was
invited to work for the Mobil Oil Corpora-
tion, which assigned her to its Exploration
and Production Division. Her first task, in
Louisiana, involved writing research proj-
ects for a study of the electrical efficiency
of a pumping system at one oil field and of
compressor capacity at another field. She
was then transferred from Facilities

("where you save the money") to Opera-
tions ("where you make the money").

In this assignment she was asked to
analyze the problem with five oil wells that
were either not producing at all or produc-
ing below expectation, and to propose a
solution. Mobil owns the wells, but sub-
contracts the jobs involved in running
them. This meant that Smulders had to
coordinate activities with as many as five
or six different companies for each oil well.
She was given a $50,000 budget, and this,
she says, "is where the fun began—from
haggling about the prices of bridge plugs,
pump trucks, and services, to being taken
out to lunch almost every day."

After all the costs were set, she would
"write up a proposal that included a well
history, a description of the problem, a
suggested solution, a detailed account of

Below: Mary-Lou Smulders on the co-op job at Mobil.

the procedure, and the results of a cost-and-
profit analysis program run on the Mobil
mainframe." The proposal was then sent
around for additional input.

After it had been approved, the actual
work on the well began. Smulders contin-
ued as project engineer during this phase,
sometimes flying out to off-shore oil rigs in
an amphibious plane. She worked with the
field foreman, the rig supervisor, and other
engineers to oversee the well workover and
solve unexpected problems.

In assessing her co-op experience,
Smulders wrote, "I was exposed to three
very different but essential aspects of a
business. First, I worked an engineering
problem out on paper, using theories and
equations to determine pressures, densi-
ties, temperatures, and flow rates. Next, I
made deals and wrote contracts for large
sums of money, thereby gaining valuable
business knowledge. Finally, I helped
oversee the actual work, learning to man-
age and work with others to get the job
done."

After a second work period in Bakers-
field, California, where she carried out two
"important and necessary tasks that would
otherwise have been performed by an
experienced full-time operations engi-
neer", she returned to Cornell for her final
semester. In light of her experience with
Mobil, she has realizedthat she wants to go
on with her education and earn an M.B.A.
She has been accepted by Erasmus Univer-
sity in the Netherlands, an elite institution
that seldom takes candidates without sev-
eral years of work experience. And Mobil,
apparently convinced that a woman can do
a "man's job", has asked her to keep in
touch. 30



Right: Linda Van Ness, the co-op program
coordinator, often has an office full of students
who drop by to consult the staff, peruse litera-
ture about the program and the participating
companies, and read reports by co-ops who
have completed job assignments. Those in the
photo are Charles Webb '90 (at left) and
Federico Larco '91.

variety of roles, as well as "try out" poten-
tial permanent employers.

HOW THE PROGRAM WORKS
—AND WHY
Although the co-op program continually
adapts to changing situations in industry
and the profession—that is the key to its
success and vigor—the way it works has
stayed essentially the same over the years.
The number of engineering fields in which
positions are available has grown from two
(electrical engineering and mechanical
engineering) in 1947 to eight today, and the
company sites have increased from one to
more than one hundred, but on-the-job
experience is still the basic element. Al-
though computers now help with schedul-
ing, there is still a big spring event when
company representatives come to campus
to interview students interested in co-op
jobs. Matching of employers and employ-
ees is more complicated than it used to be
and the procedure has become more so-
phisticated, but the principle of mutual
selection still governs. Students and fac-
ulty continue to enjoy the extra contact that
participation in the co-op program brings,
and the annual picnic remains a high point
of the year.

Student participation in the program
generally follows a sequence that has
stayed essentially the same over the years.
Those who qualify (they must be in the

31 upper half of their class academically) and

wish to enroll go through the process of se-
curing a job assignment. They begin the
program in the summer following their
sophomore year by taking the first half of
their junior-year courses in specially
scheduled classes. The first work period at
the company site extends from about Labor
Day through mid-January. The students are
back on campus for the spring term, com-
pleting their junior year of study, and then
return to their companies for the summer.
Employment at the same company the
summer after graduation is an option.

A major reason for the enduring success
of the program is that it accomplishes much
more than just placing students in jobs.
Work assignments are selected with the
learning experience in mind, and the
student's progress is monitored by a fac-
ulty member in consultation with the in-
dustrial supervisor. Each co-op prepares
written reports about the job experience,
and these reports are available to other
students, to help in decisions about what
kind of job to seek with what company.

The Engineering Cooperative Program

is the most popular option available to
undergraduates. Faculty members have
long appreciated the program's value, and
support it through teaching in the special
summer session, making site visits, and
promoting it among their students. Support
from industry also continues, and grows,
because companies appreciate its value to
them. In fact, through all the deep-rooted
changes in society and industry in recent
history, co-op experience has continued to
be an excellent component of the education
of an engineer. The program flourishes be-
cause it works.

Linda Van Ness has been coordinator of the
Engineering Cooperative Program at Cornell
since 1984. At the College of Engineering she
serves on the Committee on the Status of Women
in Engineering and the Human Resources
Advisoiy Committee. She was co-chair of the
Cornell Employees' United Way Campaign.

She is a member of the Cooperative Educa-
tion Association and the New York State Coop-
erative Experiential Education Association.



REGISTER

Five members of the College of Engineer-
ing faculty will retire as professors, emeri-
tus at the end of this academic year. All of
them have been at Cornell since the 1940s
or early 1950s.

m Ralph Bolgiano, Jr. holds four Cornell
degrees in electrical engineering and has
spent thirty-two years on the faculty.

After earning the B.S. in 1944, he
served as an instructor in the Army Signal
Corps during World War II and then re-
turned to Cornell as an instructor and
graduate student; he earned the B.E.E. de-
gree in 1947 and the M.E.E. in 1949. For
the next five years he worked at the General
Electric Company as a development engi-
neer in television and as supervisor of the
communications theory group. Then he
began doctoral studies at Cornell and
served as a research assistant until the
degree was awarded in 1958. He rejoined
the Cornell faculty at that time.

Bolgiano's specialty is tropospheric
radiophysics, and at the university he has
been associated with the Center for Radio-
physics and Space Research as well as the
School of Electrical Engineering. His re-
search has centered on turbulent flow in the

Bolgiano

troposphere, the stratosphere, and the
ocean, and on the highly anisotropic struc-
ture that results. Field work by his group
produced some of the first evidence of the
anisotropy of atmospheric microstructure
at a scale of the order of one meter.

Bolgiano was Cornell's scientific repre-
sentative on the Board of Trustees of the
University Corporation for Atmospheric
Research during its formative years, from
1961 to 1971. From 1960 to 1970 he was a
member of the URSI-IUGG Interunion
Commission on Radiometeorology, and
served as president of that group from 1967
to 1970. He has been a Guggenheim
scholar at the Universite de Provence,
France, a visiting scientist at the Appleton
Laboratory, United Kingdom, and a visit-
ing senior research associate at the Univer-
sity of Colorado.

At Cornell in 1983 he was recognized
for "inspirational teaching and interaction
with students" with a special award.

Bolgiano is a senior member of the
Institute of Electrical and Electronics
Engineers, a fellow of the American Asso-
ciation for the Advancement of Science,
and a member of the American Meteoro-
logical Society and the American Geo-
physical Union.

He plans to continue to pursue his inter-
est in the irregular structure of stably
stratified atmospheric fluids, an activity
"interspersed now and then with a bicycle
ride around the Finger Lakes district". 32
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• Robert K. Finn is also a Cornell alum-
nus (B.Chem. 1941, and Chem.E. 1942) as
well as a member of the faculty. He has
been at Cornell's School of Chemical
Engineering since 1955.

After completing his studies at Cornell,
Finn was a research engineer at Merck and
Company for four years, and then entered
graduate school at the University of Min-
nesota, where he received a doctorate in
chemical engineering and microbiology in
1949. Subsequently he taught at the Uni-
versity of Illinois at Urbana, where he
established a program in bioengineering.

His research in recent years has con-
cerned the use of living cells to convert
renewable resources into more valuable
chemicals, and with methods of treating
industrial wastewaters. He has also worked
in the areas of microbial kinetics, fermen-
tation processes, and enzymic conversions
of alcohol and sugar for industrial apppli-
cations. He has been active as a consultant
to a number of chemical industries.

Finn was a Fulbright scholar in Stutt-
gart, Germany, in 1962 and a Guggenheim
fellow at the Institute of Microbiology in
Zurich, Switzerland, in 1975. In 1982-83
he was a guest research professor at the

Institute for Biotechnology in the Nuclear
Research Center, Jiilich, Germany.

He is a fellow of the American Associa-
tion for the Advancement of Science, and
in 1982 he received the Van Lanen Award
of the American Chemical Society's Divi-
sion of Microbial Chemistry and Technol-
ogy. He belongs to the honorary society
Sigma Xi, as well as a number of profes-
sional societies, and he has served on the
editorial boards of several journals.

He will be staying in Ithaca after retire-
ment, and hopes to continue several small
research projects.

• Gordon P. Fisher, a professor of envi-
ronmental engineering, joined the Cornell
faculty in 1948 after completing the
Dr.Eng. degree at The Johns Hopkins
University.

At Cornell he has served as associate
dean of the College of Engineering
(1960-66); first head of the Department of
Environmental Systems Engineering
(1966-71); director of the Water Re-
sources Center, which he founded: and
director of the Program in Urban and
Regional Studies.

He earned the B.E. degree in civil engi-



Vrana Wehe

neering at Johns Hopkins in 1942, and
spent the war years doing research on mili-
tary aircraft and as an officer in the Army
Corps of Engineers. His early research was
in structural engineering; since 1966, he
has specialized in the planning and design
of transportation systems. He has spent
sabbatical leaves at the Pittsburgh-Des
Moines Steel Company and at universities
in Japan, Mexico, and Sweden.

Honors he has received include the
1962 Norman Medal of the American So-
ciety of Civil Engineers (ASCE) for his
work on the structural integrity of nuclear
reactors. He has held fellowships with
NSF, NASA, and the Japan Society for
Promotion of Science, and he was a Distin-
guished Visiting Scholar at the University
of Hawaii.

He is a fellow of the ASCE and the
American Concrete Institute, and a mem-
ber of the Transportation Research Board,
the Operations Research Society of Amer-
ica, the Paleontological Research Institu-
tion, and several honorary societies. He is
a registered Professional Engineer in New
York and Maryland and a consultant to the
Central Japan Railway Company and the
East Japan Railway Company.

• Norman R. Vrana, an electrical engi-
neering professor, has been on the faculty
since 1951, when he received the Cornell
M.E.E. degree.

He was awarded the B.E.E. in 1947 at
New York University and served in the
U.S. Navy from 1944 to 1946.

His industrial experience includes con-
sulting and summer or sabbatical leave
positions with the New York Telephone
Company, the Foxboro Company, North
American Aviation, the ADT Company,
Hewlett-Packard, Autonetics, the Partlow
Corporation, and the Hennessy Company.
Also, he has been a consultant for the U.S.
Army's Aberdeen Proving Ground and
Frankford Arsenal.

In recent years his research interests
have been in digital systems, central proc-
essor design, and microprocessor systems.

At Cornell he has served on various
committees for undergraduate, graduate,
and continuing education. In 1989 he re-
ceived the Ruth and Joel Spira Excellence
in Teaching Award from the School of
Electrical Engineering.

Vrana plans to spend time on "things
that have been neglected", including re-
search on subjects of personal interest.

i

• Robert L. Wehe began his studies in me-
chanical engineering at the University of
Kansas, where he received the B.S. degree
in 1948. Previously he had served for sev-
eral years as a bombardier in the Eighth Air
Force. He received the M.S. degree in 1951
from the University of Illinois, where he
also served as an instructor in machine de-
sign. He joined the Cornell faculty in 1951.

Wehe has held summer positions or
served as a consultant at a number of indus-
trial companies, including Corning,
Westinghouse Electric, Seneca Falls Ma-
chine, and Lycoming Aircraft.

At Cornell he has been especially active
in working with Master of Engineering stu-
dents on their design projects. These have
included a remote-activated device (shown
in the photograph) for opening solar panels
on a satellite, and an autonomous Martian
roving vehicle.

He is a member of the American Society
of Mechanical Engineers, the Society of
Automotive Engineers, the American So-
ciety for Engineering Education, and
Sigma Xi.

His retirement plans include travel, and
work on the use of computers in teaching
design. 34



FACULTY
PUBLICATIONS

Current research activities at the Cornell University
College of Engineering are represented by the
following publications and conference papers that
appeared or were presented during the three-month
period October through December 1989. (Earlier
entries omitted from previous Quarterly listings are
included here with the year of publication in paren-
theses.) The names of Cornell personnel are in italics.

• AGRICULTURAL AND
BIOLOGICAL ENGINEERING

Albright, L.D.I 989. Slotted inlet baffle control based
on inset momentum numbers. Transactions of the
ASAE 32(5): 1764-68.

Datta, A. K. 1989. Interactive graphics-based soft-
ware for introducing heat transfer and on-line control
as applied to food thermal processing. Paper read at
Winter Meeting, American Society of Agricultural En-
gineers, 12-17 December 1989, in New Orleans, LA.

McGechan, M. B., and R. E. Pitt. 1989. The rewetting
of partially dried grass swaths by rain. II. Exploratory
experiments into absorption and drying. Journal of
Agricultural Engineering Research 45:69-76.

Mercurio, J. F., W. W. Gunkel, J. A. Throop, A. T.
Sobel, and D. W. Norman. 1989. Vision-guided
block-type robotic grapevine pruner. Paper read at
Winter Meeting, American Society of Agricultural
Engineers, 12-17 December 1989, in New Orleans,
LA.

Pitt, R. E., and M. B. McGechan. 1989. The rewetting
of partially dried grass swaths by rain. I. Lumped and
distributed models of moisture fluctuation. Journal of
Agricultural Engineering Research 45:55-67.

Pivetz,B., and T. S. Steenhuis. 1989. Pesticide, nitrate,
and tracer loss in agricultural tile lines and to ground
water under conventional and conservation tillage.

35 Paper read at Winter Meeting, American Society of

Agricultural Engineers, 12-17 December 1989, in
New Orleans, LA.

Rehkugler, G. E. 1989. A not-so-well known aspect of
bioengineering. Interface: A Newsletter for Cornell
Engineering Students November: 6.

SelkerJ. S., T. S. Steenhuis, and/. Y. Parlange. 1989.
Preferential flow in homogeneous sandy soils without
layering. Paper read at Winter Meeting, American
Society of Agricultural Engineers, 12-17 December
1989, in New Orleans, LA.

• APPLIED AND
ENGINEERING PHYSICS

Bilderback, D. H. 1989a. CHESS, the Synchrotron
Radiation Laboratory at Cornell University. Synchro-
tron Radiation News 2:19.

. 1989/?. Fabricating rectangular internal cooling
channels in silicon x-ray monochromator optics.
Review of Scientific Instruments 60(7): 1477-78.

Bilderback, D. H., B. W. Batterman, M. J. Bedzyk, K.
Finkelstein, C. Henderson, A. Merlini, W.
Schildkamp, E. B. Blum, et al. 1989. The performance
of a hard x-ray undulator at CHESS. Review of Scien-
tific Instruments 60(7): 1478-79.

Bilderback, D. H., C. Henderson, J. White, R. K.
Smither, and G. A. Forster. 1989. Undulator heat
loading studies on x-ray monochromators cooled with
liquid gallium. Review of Scientific Instruments
60(7): 1473-76.

Farmer, K. R., and R. A. Buhrman. 1989. Defect
dynamics and wear-out in thin silicon oxides. Semi-
conductor Science and Technology 4:1084-105.

Kwong, Y. K., K. Lin, P. Hakonen, J. M. Parpia, and
M. Isaacson. 1989. The application of reactive ion
etching in producing free-standing microstructures
and its effects on low-temperature electrical

transport. Journal of Vacuum Science and Technol-
ogy B 7(6):2020-24.

Lathrop, D. K., S. E. Russek, K. Tanabe, and R. A.
Buhrman. 1989. In-situ growth of high Tc thin films.
In Science and technology of thin film
superconductors, pp. 81-90. New York: Plenum.

Millard, P. J., T. A. Ryan, W. W. Webb, and C.
Fewtrell. 1989. Immunoglobulin E receptor cross-
linking induces oscillations in intracellular free ion-
ized calcium in individual tumor mast cells. The
Journal of Biological Chemistry 264:19730-39.

M off at, K, B. Batterman, D. Bilderback, W.
Schildkamp, T.-Y. Teng,A.LeGrand, andD. Szebenyi.
1989. MacCHESS: A macromolecular diffraction
resource at the Cornell High Energy Synchrotron
Source. In Proceedings, Brookhaven Symposium on
Quantitative Biology, ed. R. Sweet and A. Woodhead,
p. 15. New York: Plenum.

Moffat, K., D. Bilderback, W. Schildkamp, D.
Szebenyi, and T.-Y. Teng. 1989. Laue photography
from protein crystals. In Proceedings, Brookhaven
Symposium on Quantitative Biology, ed. R. Sweet
and A. Woodhead, p. 325. New York: Plenum.

Ouyang, F., and M. Isaacson. 1989. Accurate model-
ing of particle-substrate coupling of surface plasmon
excitation in EELS. Ultramicroscopy 31(4):345-49.

Rails, K. S., R. A. Buhrman, and R. C. Tiberio. 1989.
Fabrication of thin-film metal nanobridges. Applied
Physics Letters 55:2459-61.

Rails, K. S., D. C. Ralph, and R. A. Buhrman. 1989.
Individual-defect electromigration in metal
nanobridges. Physical Review B 40:11561-70.

Shin, D. H., E. J. Kirkland, and J. Silcox. 1989.
Annular dark field electron microscope images with
better than 2 A resolution and 100 kV. Applied Physics
Letters 55:2456-58.

Smither, R. K., G. A. Forster, D. H. Bilderback, tit.
Bedzyk, C. Henderson, and / . White. 1989. Liquid



gallium cooling of silicon crystals in high intensity
photon beams. Review of Scientific Instruments
60(7): 1486-92.

Tanabe, K., D. K. Lathrop, S. E. Russek, and R. A.
Buhrman. 1989. Epitaxial Y-Ba-Cu-O thin films on
MgO deposited by high pressure reactive
evaporation. Journal of Applied Physics 66:3148.

Tangyunyong, P., T. N. Rhodin,R. Ozer, D. Batchelor,
Y. T. Tan, and K. J. Lushington. 1989. Surface struc-
ture studies of silver bromide (111) and (320) using
fluorescence SEXAFS. Physica B 158:637-39.

Theil, D. J., E. A. Stern, D. H. Bilderback, and A.
Lewis. 1989. Focusing of synchrotron radiation using
tapered glass capillaries. Physica B 158:314-16.

Tietz, L. A., C. B. Carter, D. K. Lathrop, S. E. Russek,
R. A. Buhrman, and / . R. Michael. 1989. Crystallog-
raphy of YBa2Cu3O6+ thin film-substrate interfaces.
Journal of Materials ̂ Research 4:1072.

• CHEMICAL ENGINEERING

Agrawal, D. C.,R. Raj, and C. Cohen. 1989. Nuclea-
tion of floes in dilute ceramic suspensions. Journal of
the American Ceramic Society 72:2148.

Bringi, V., and M. L. Shuler. 1989. A framework for
understanding the effects of immobilization on plant
cells differentiation of tracheary elements in tobacco.
Paper read at Physiology of Immobilized Cells, 10-13
December 1989, in Wageningen, The Netherlands.

Calado, J. C. G. 1989. The industrial cauldron: Art,
technology, and society, 1750-1850. Engineering:
Cornell Quarterly 24(l):28-39.

Chalam, M. K., K. E. Gubbins, and F. van Swol. 1989.
Liquid crystal phase transitions in a narrow pore.
Paper read at Annual Meeting, American Institute of
Chemical Engineers, 5-10 November 1989, in San
Francisco, CA.

Chalmers, J. J., E.-K. KimJ. N. Telford, E. Y. Wong,
W. C. Tacon, M. L. Shuler, and D. B. Wilson. 1989.
Effects of temperature on E. coli overproducing 6-
lactamase or human epidermal growth factor. Applied
and Environmental Microbiology 56:104-11.
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Second prize in this spring's photo-essay
contest was won by Diana Marsh; this
photograph is among those in her winning
group. The contest, open to Cornell engineering
undergraduates, was sponsored by the
Engineering Ambassadors Association and the
Eastman Kodak Company (see the inside front
cover).
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