








CENTENNIAL SYMPOSIUM SPEAKERS

Microelectronics March 15
Fairchild Hall, Stanford University, Stanford, California
Speakers:
Joel S. Birnbaum ’59
Vice-president and director, Hewlett-Packard Laboratories
Alec N. Broers
Professor of electrical engineering, Cambridge University
Lester F. Eastman 53
Professor of electrical engineering, Cornell University
David A. Hodges ’59
Professor of electrical engineering and computer science,
University of California, Berkeley
William G. Howard, Jr.
Senior vice-president and director of research and develop-
ment, Motorola, Inc.
Sonny Maynard
Director of very-high-speed integrated circuits, U.S. Depart-
ment of Defense
James D. Meindl
Director, Center for Integrated Systems, Stanford University
Robert Noyce
Vice-chairman of the board, Intel Corporation

Computers April 1
National Conference Center, East Windsor, New Jersey
Speakers:
David H. Ahl ’60
Editor-in-chief, Creative Computing
C. Gordon Bell
Chief technical officer, Encore Computer Corporation
Joel S. Birnbaum 59
Vice-president and director, Hewlett-Packard Laboratories
john Cocke
1BM fellow, IBM Watson Research Center
Peter Denning
Director, Research Institute for Advanced Computer Science,
NASA
Eric Nussbaum
Assistant vice-president, Bell Communications Research

Communications April 10

Newton Marriott Hotel, Newton, Massachusetts

Speakers:

Richard E. Blahut, Ph.D. '72
1BM fellow, IBM Federal Systems Division

John V. Evans
Vice-president for research and development and director,
COMSAT Laboratories

G. David Forney, Jr.
Vice-president and director, Motorola, inc.

Paul E. Green, Jr.
Member, Corporate Technical Committee, IBM Watson
Research Center

Irwin Jacobs '54
Executive vice-president, M/A-COM, Inc.
Robert W. Lucky
Executive director, research, AT&T Bell Laboratories

Atmospheric and Space Sciences April 17
Emerson Electric World Headquarters, St. Louis, Missouri
Speakers:
Ben B. Baisley
Program leader for tropical dynamics and climate, National
Oceanic and Atmospheric Administration
William E. Gordon, Ph.D. ’53
Professor of electrical engineering; vice-president and provost,
Rice University
Tor Hagfors
Director, National Astronomy and lonosphere Center, Cornell
Wilmot N. Hess
Director, National Center for Atmospheric Research
C. Gordon Little
Director, Wave Propagation Laboratory, National Oceanic and
Atmospheric Administration
Joseph Veverka
Professor of astronomy, Cornell University

Energy for the Future April 25
Mayflower Hotel, Washington, D.C.
Speakers:
Harold Furth
Director, Plasma Physics Laboratory, Princeton University
Robert L. Hirsch
Vice-president for exploration and production research, ARCO
Oil and Gas Company

Eric H. Willis
Director, Office for Energy Research, International Energy
Agency

Gerald L. Wilson

Dean of engineering, Massachusetts Institute of Technology
Milton Klein

Vice-president, Electric Power Research Institute

Electrical Engineering: Its Societal Impact and Future Directions
June 12
Cornell University, Ithaca, New York
Speakers:
Hans Bethe
Professor of physics, emeritus, Cornell University
Lewis Branscomb
Vice-president and chief scientist, IBM Armonk
S. J. Buchsbaum
Executive vice-president, customer systems, AT&T Bell
Laboratories
Alfred Kahn
Professor of economics, Cornell University




CELEBRATING A CENTENNIAL

Cornell Electrical Engineers to Convene
at Symposia in Six Cities

Cornellians will be looking to the fu-
ture as they observe the one hundredth
anniversary of electrical engineering at
the University in a series of symposia
this spring. Reminiscences will share
the agenda with discussions of major
areas of activity and promise in the
discipline today.

Beginning with the first symposium
in Stanford on March 15, the series will
culminate in a celebration in Ithaca on
June 12 (just before alumni reunion
weekend). In between, there will be
symposia in East Windsor, New Jer-
sey on April 1; in Newton, Mas-
sachusetts on April 10; in St. Louis on
April 17; and in Washington, D.C. on
April 25. The program in each city will
also include a dinner with a featured
speaker. More than a thousand alumni
are expected to attend the various
symposia.

According to Professor Lester F.
Eastman ’53, the general chairman of
the centennial program, well-known
figures including leaders in some of the
major subfields of electrical engineer-
ing will speak at the symposia. They
are listed in the summary opposite.

Faculty chairmen for the various
symposia are Edward D. Wolf (Micro-
electronics), H. C. Torng (Com-
puters), Toby Berger (Communica-
tions), Donald T. Farley ’56 and
Michael C. Kelley (Atmospheric and
Space Sciences), Ravindra N. Sudan
and Robert J. Thomas (Energy for the
Future), and Herbert J. Carlin and
Christopher Pottle (Electrical En-
gineering: Its Societal Impact and Fu-
ture Directions).

The technical and local chairmen
include Charles Sporck ’51, F. Joseph
Van Poppelen 49, and John Monroe
’66, in Stanford; John M. Scanlon ’65
and Roger Berman °'70 in East
Windsor; James L. Broadhead ’57 and
and Glenn Thoren ’72 in Newton;
Charles F. Knight '57, L. Keever
Stringham ’33, and Anatole Browde
’48 in St. Louis; Donald M. Kerr 61
and Joseph Stregack '63 in Wash-
ington; and Dale R. Corson and John
Belina *74 in Ithaca. Members of the
Cornell Society of Engineers are in-
volved; President John R. Boehringer
’52 has designated the centennial as the
society’s major project this year.

Eastman is assisted in planning the
centennial program by a large contin-
gent of faculty and staff members and
alumni. Mary F. Berens, director of
engineering public affairs at the Col-
lege, is coordinating the arrangements.
Charles Yohn °’50, director of en-
gineering corporate relations, is help-
ing to involve business and industry.
Professor Simpson Linke is in charge
of publicity, publications, and a special
traveling exhibit.

Publications prepared in connection
with the centennial include Research
in Electrical Engineering at Cornell,
which contains photographs and full-
page descriptions of the research pro-
grams of faculty members. A limited
number of copies is available.

With enthusiasm mounting, the cen-
tennial is sure to be a lively, substan-
tive observance of great interest to
practitioners in one of the leading
technical fields of the times. This
spring Cornell electrical engineers will
enjoy the present pleasure of honoring
their school’s distinguished history
and anticipating an exciting future for
their profession.—G. McC.












curriculum was the University’s first
professor of physics and industrial me-
chanics, William A. Anthony. One of
Anthony’s earliest projects was the
construction, in the Sibley Hall shops,
of the first dynamo in the United
States. George S. Moler, an 1874 me-
chanic arts graduate, was Anthony’s
chief assistant in building the machine;
another helper was Elmer Sperry, who
later organized one of the nation’s
large industrial complexes. The his-
toric Cornell machine, copied from the
French Gramme dynamo, was shown
at the national Centennial Exhibition
held in Philadelphia in 1876. After the
exhibition closed, the dynamo was re-
turned to Cornell, where it powered
the nation’s first outdoor electrical
lighting system: two carbon-arc lights
on the campus.

In organizing the course of instruc-
tion in electrical technology, Anthony
had the enthusiastic backing of Presi-
dent White. In fact, a letter written by
White in 1893 included the remark, *‘It
was I who, as Professor Anthony will
testify, suggested the establishment at
Cornell of the first Department of
Electrical Engineering ever erected in
the United States, indeed, ever
created anywhere, as far as 1
know....”” Anthony presented a de-
tailed plan for the program to the
executive committee of the University
trustees on March 22, 1883, and four
days later the committee authorized
the faculty to announce ‘‘a course of
study in electrical engineering, leading
to a degree, provided such a course
occasions no additional expense.’’
The responsibility for any ‘‘additional
expense’’ appears to have been per-
sonally assumed by President White.

THE FIRST PROGRAM IN
ELECTRICAL ENGINEERING
Facilities for the new program were
provided in Franklin Hall, the new
Physical Laboratory named ‘‘in honor
of the first American electrician.”” The
announcement of the course of study,
prepared by President White himself,
appeared in a special insert in the
1883-84 University Register. Since
they had already taken many of the
required courses, those first three
graduates in electrical engineering
were able to complete the course in
two years; in 1885 the first bac-
calaureate degrees in electrical en-
gineering were awarded.

The curriculum for the freshman
year consisted of mathematics
(geometry, algebra, and trigonome-
try), drawing (freehand, instrumental,
and text), French or German, and
rhetoric. The students also had mili-
tary drill and some lectures in hygiene.

In the sophomore year there were
classes in calculus; experimental
mechanics and heat; electricity and
magnetism; acoustics and optics;
chemistry; and shop. Instruction was
continued in French or German,
geometry, and military drill.

The junior year included classes
in calculus; physics with laboratory
work in mechanics, measurements,
electricity, general experiments, and
acoustics and optics; chemistry with
laboratory; mechanics of engineering;
mechanical drawing; and shop.

Physics courses in the senior year
covered electrical technology: pho-
tometry and electric lamps; telegraph
instruments, lines, and cables; the
dynamo and electric motors; and in-
strument testing. Other courses were

““There could hardly
have been more
fertile ground

for the germination
and flowering of

the new discipline.”







































head of the Department of Elec-
trophysics at the University of
California at La Jolla, and Glen Wade
served as director until he left for the
University of California at Santa Bar-
bara in 1965. Throughout the Booker
and Wade administrations, Erickson
was the assistant director. (After that
Erickson served a five-year term as
associate dean of the College before
returning to the School as a full-time
professor.)

During Wade’s short time in office,
five new faculty members were ap-
pointed; four of them—Joseph M. Bal-
lantyne, Richard L. Liboff, John A.
Nation, and Chung L. Tang—remain
as full professors. (In later years, Bal-
lantyne and Nation became, in turn,
directors of the School.)

In 1965 Herbert J. Carlin became
director and served until 1975 except
for a one-year leave in 1972-73 when
Dalman was acting director. Joseph L.
Rosson was the assistant director dur-
ing this period. (In 1975 he became
associate director, a position he still
holds.)

During the years of Carlin’s admin-

istration through 1973, sixteen new
faculty members were recruited; their
areas of interest leaned somewhat
more toward the systems area to offset
the electrophysics bent of the Wade
years. Eight of these appointees—
Toby Berger, Robert R. Capranica,
Donald T. Farley, Terrence L. Fine,
Jeffrey Frey, Walter H. Ku, Charles
A. Lee, and Charles B. Wharton—
remain in the School as full professors
and one, Robert J. Thomas, is an as-
sociate professor. Another full profes-
sor, Neil Brice, was lost in a tragic air
disaster in 1974.

The overall result of this period of
vigorous recruitment was the estab-
lishment of a brilliant young faculty
with a wide variety of research inter-
ests in modern electrical engineering
theory and practice. This expertise,
when coupled with the experience and
competence of a distinguished senior
faculty, created an assembly of educa-
tors whose enterprise and growth
would cause the School to be placed
among the top electrical engineering
schools in the United States by the end
of the 1970s.

CONTINUING PROGRESS
THROUGH THE SEVENTIES
The last two years of Carlin’s adminis-
tration were characterized by a reor-
ganization of the governance of the
School. The long-established Faculty
Committee continued to serve as an
academic-standards and curriculum-
study body, and a powerful new Policy
Committee was established. Proce-
dures were established to provide fac-
ulty involvement in the recruitment
and promotion of faculty members.
On the technical side, the national

energy crisis of the early 1970s brought
new emphases. One of these was
fusion-related electron- and ion-beam
research carried out in the Univer-
sity’s Laboratory of Plasma Studies.
(Since 1975, Ravindra N. Sudan has
been director of LPS; John A. Nation
was associate director until he as-
sumed the directorship of the School of
Electrical Engineering). Also, several
faculty members gave attention to
areas such as alternative energy
sources, the Hydrogen Economy, and
the electric automobile.

The increased activity extended to
many other fields. Application of the
techniques of feedback control theory
to power-systems analysis led to the
formation of a vigorous power-control
group in the School. Problems related
to power and energy, and to communi-
cations and control systems in general,
combined with the expansion of infor-
mation networks to generate the for-
mation of a strong faculty group in the
field of information, decision, and es-
timation theory. Two courses in elec-
tronic-circuit design (still among the
most popular elective courses in elec-
trical engineering) were introduced by
Nelson H. Bryant. Under the leader-
ship of H. C. Torng and Norman M.
Vrana, the burgeoning field of com-
puter engineering began to add a new
dimension to the School’s program, as
a field in its own right and also as an
essential adjunct to the development of
the other new enterprises.

These projects were in full swing
when G. Conrad Dalman became di-
rector in 1975, and they were quickly
followed by many new developments.
These included the construction, on

the top floor of Phillips Hall, of a 20






at Berkeley were the closest com-
petitors.) The National Research and
Resource Facility for Submicron
Structures was founded.

The new project generated a flurry
of events. In 1978 Edward D. Wolf
was appointed a full professor and
director of the new laboratory, which
soon came to be known as NRRFSS,
or the National Submicron Facility. In
1979 Thomas E. Everhart (author of
the “‘runner-up’’ Berkeley proposal)
became dean of the Cornell College of
Engineering and also a professor of
electrical engineering. The facility was
housed in the extensively renovated
top floor of Phillips Hall while plans
for a highly specialized adjacent build-
ing were drawn up. Ground was bro-
ken in March, 1980, and the $3.8-
million Knight Laboratory (named for
Comnell alumnus and Presidential Ad-
visor Lester B. Knight) was dedicated
in October, 1981.

The establishment of NRRFSS
brought national and international
prominence to Cornell as an advanced
center for research in the fundamental
physics and materials problems related

to thin-film electronic structures in the
submicrometer regime, and as a facil-
ity to advance the art of submicrome-
ter fabrication technology. In addition
to stimulating the interests and ac-
tivities of both graduate and under-
graduate students, the new laboratory
provided exciting and challenging op-
portunities for a wide program of re-
search. Cornell people were joined by
researchers from laboratories across
the country who came to work at the
facility through the User Research
Program that had been mandated by
the original NSF grant. As the decade
ended, some two dozen groups had
initiated this mutually beneficial asso-
ciation with NRRFSS.

A related industrial-affiliates pro-
gram, coordinated through NRRFSS,
was established by the School in 1978
as the Program on Submicrometer
Structures (PROSUS). The purposes
are to provide information exchange,
promote a strengthening of interac-
tions between the University and in-
dustry, and encourage industrial fund-
ing in support of research and
academic programs. Some thirty in-
dustrial organizations have become af-
filiates in the program.

THE PRESENT: A TIME OF

GROWTH AND RAPID CHANGE
Joseph M. Ballantyne became director
of the School in 1980, after Dalman
had completed his five-year term. The
relatively short time during which
Ballantyne headed the School (he be-
came the University’s vice-president
for research and advanced studies in
the summer of 1984), was marked by
unprecedented growth in the number
of electrical engineering students.

Currently there are some 420 under-
graduates majoring in electrical en-
gineering, and about 240 graduate stu-
dents. There was also a large number
of young faculty members appointed to
tenure-track positions: David F.
Delchamps, Chris Heegard, Marija
Ilié-Spong, C. Richard Johnson, Jr.,
Kevin Karplus, Paul Kintner, J. Peter
Krusius, Franklin T. Luk, Clifford R.
Pollock, Anthony P. Reeves, Charles
E. Seyler, Jr., John R. Treichler, Jean
C. Walrand, S. Simon Wong, and Sally
L. Wood. Two senior professors, Tor
Hagfors and Noel C. Mac Donald, also
joined the School. Of course, the in-
flux of new professors has been offset,
to some extent, by retirements and
resignations. The increased number of
students makes it difficult to provide
needed space and meet educational
priorities.

The impetus for the growth in the
electrical engineering program is the
remarkable expansion of the field. In
the years before World War 11, studies
in the School were divided between the
‘‘power option’’ and the ‘‘electronics
option.’’ The tables (on pages 25 and
28) listing the areas of concentration
now offered and the research interests
of the faculty show how extensive the
program has become.

A major factor in this transformation
has been the ‘‘computer revolution,”
which encompasses such areas as
computer engineering, digital-signal
processing, computer  graphics,
computer-aided design, very-large-
scale integrated circuits (VLSI), mi-
croprocessor systems, and quantum
and solid-state electronics. Through
the generosity of several computer
manufacturers and by discrete pur-
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PEOPLE, PROGRAMS, PROGRESS

The Outlook for Electrical Engineering at Cornell

by Joseph M. Ballantyne and John A. Nation

Over the past century, as electricity
has transformed the civilized world,
electrical studies have burgeoned. At
Cornell, where one of the very first
programs in electrical engineering was
formed, the rapid development con-
tinues today. The centennial is a good
time for us at the School of Electrical
Engineering to pause for a look
around, to assess our progress and see
where our paths may be leading.

Our primary mission is to provide
the opportunity for our students to
obtain an excellent education. How
can we assess our progress in this
direction? The most commonly ac-
cepted measures are periodic rankings
of the quality of faculties and the edu-
cational effectiveness of programs, as
determined by national surveys of peer
faculty members. In these bald terms,
Cornell’s electrical engineering pro-
gram ranks about fifth among more
than ninety leading departments.

This does not, of course, tell the
whole story. Many factors account for
our successes, and the outcome of
many challenges and opportunities will
influence our future.

FACULTY STRENGTH:

A FUNDAMENTAL ASSET

An institution can only be as good as
its faculty, and in this regard the
School of Electrical Engineering at
Cornellis clearly aleader in its field. A
review of recent personnel changes
reveals the increasing strength of the
faculty, a strength that is sustained by
senior members and invigorated by the
infusion of exceptional new talent.

During the last four years, changes
in the faculty have included the retire-
ment of three long-time stalwarts: Paul
Ankrum, Bill Erickson, and Henry
McGaughan. Also, Tom Everhart,
who was dean of the College of En-
gineering as well as a member of our
faculty, moved on this past fall to
become chancellor of the University of
Illinos at Urbana.

Of course, the departure of these
people, who contributed so much to
our School, also provided the oppor-
tunity to introduce new faculty mem-
bers. Table I, which lists our current
faculty, shows in color the names and
areas of specialization of our recruits
during the last four years. With the

exception of Tor Hagfors and Noel
Mac Donald, who came as directors of
large centers (respectively, the Na-
tional Astronomy and Ionosphere
Center, and the new Semiconductor
Research Corporation center for the
Program on Microscience and
Technology), all of these appointees
entered as assistant or associate pro-
fessors. Anindication of the high qual-
ity of these new faculty members is
that last year five of them were among
the two hundred engineers and scien-
tists in the United States to be selected
by the National Science Foundation as
recipients of the newly established
Presidential Young Investigator
Awards. (The awards are forfive years
and have a maximum value of $100,000
a year, of which $37,500 must come
from industry in the form of matching
funds: all of our PYIs have received
this industrial support.)

We are also pleased to note that two
of our faculty members, Mike Kelley
and David Delchamps, have been re-
cent recipients of the Cornell Society
of Engineers’ annual Excellence in
Engineering Teaching Award. Both of
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Table 1. The Faculty and Their Research Interests

Joseph M. Ballantyne: optoelectronic
materials and devices, integrated optics,
submicrometer lithography

Toby Berger: information theory, signal
processing

Ralph Bolgiano, )r.: tropospheric
radiophysics, communication theory
Nelson H. Bryant: electronic circuits,
instrumentation

Robert R. Capranica: sensory
communication, electrophysiological
studies of neural processing, bioelectronics
Herbert J. Carlin: microwave circuits,
network theory

G. Conrad Dalman: microwave solid-state
devices and circuits

David F. Delchamps: linear and nonlinear
dynamical systems, stochastic systems,
control theory

Lester F. Eastman: microwave and optical
solid-state devices, compound
semiconductor epitaxy and processing
Donald T. Farley: ionospheric physics, radio
propagation

Terrence L. Fine: decision theory,
estimation, foundations of probability
Jeffrey Frey: semiconductor materials and
device physics, integrated electronics,
microwave semiconductor devices

Tor Hagfors: lunar and planetary radar
astronomy, scattering from ionospheric irreg-
ularities, plasma physics, detection theory
Chris Heegard: information theory, coding
theory, digital communications, VLSI systems
Marija Hi¢-Spong: mathematical modeling
and control of electric power systems,
control applications in robotics

C. Richard Johnson, Jr.: adaptive parameter
estimation applied to digital control, system
identification, digital signal processing
Kevin Karplus: VLSI, computer music,
computer-aided design

Michael C. Kelley: space plasma physics,
rocket and satellite instrumentation
Myunghwan Kim: bioelectronics, control
theory

Paul Kintner: space plasma physics, digital
signal processing

}. Peter Krusius: VLS! and submicron
technology, CAD for VLS|

Walter H. Ku: active and microwave circuit
design, digital signal processing

Charles A. Lee: solid-state physics and
devices

Richard L. Liboff: kinetic theory, plasma phys-
ics, electrodynamics, quantum mechanics
Simpson Linke: energy systems, high-
voltage transmission

Franklin T. Luk: numerical analysis

Noel C. MacDonald: electron-beam
technology

Paul R. Mclsaac: electromagnetic theory,
microwave circuits and devices

John A. Nation: plasma physics, high-
energy electron beams

Benjamin Nichols: educational techniques
Clifford R. Pollock: laser engineering,
quantum electronics, color-center physics,
molecular spectroscopy, fiber optics
Christopher Pottle: computer-aided design,
power-system simulation, network theory
Anthony P. Reeves: parallel computer
systems, computer vision

Joseph L. Rosson: power engineering,
instrumentation

Charles E. Seyler, Jr.: plasma physics,
thermonuclear fusion, high-power beams,
space plasmas

Ravindra N. Sudan: plasma physics,
thermonuclear fusion, high-power electron
and ion-beam physics

Chung L. Tang: lasers, quantum electronics
Robert J. Thomas: applications of control
theory to power systems

James S. Thorp: applications of optimiza-
tion and control theory to power systems
Hwa-Chung Torng: computer engineering,
computer networks, telecommunications
engineering

John R. Treichler: digital signal processing,
digital filtering, adaptive systems

Norman M. Vrana: switching theory, central
processor design, microprocessor systems
Charles B. Wharton: plasma physics,
microwave diagnostics

Edward D. Wolf: microminiaturization
science and technology

George ). Wolga: lasers, atomic and
molecular physics, applied spectroscopy

S. Simon Wong: high-speed silicon
integrated circuit technology

Sally L. Wood: statistical signal processing,
image processing, pattern recognition,
computer vision, biological signal analysis

The scope of the School of Electrical En-
gineering is suggested by Table 1, which
lists the current faculty members and the
speciality areas in which they teach and
conduct research. The names of professors
appointed during the past four years are
shown in color.

these selections (made on the basis of
student evaluations) are noteworthy:
Mike was the first electrical engineer-
ing professor to receive the honor, and
David’s award was made after he had
been on the faculty for only one year.

Other members of our faculty who
have received honors recently include
Rick Johnson and Toby Berger. Eta
Kappa Nu, the national honorary soci-
ety in electrical engineering, named
Rick the Outstanding Young Electri-
cal Engineer of 1982, and also the C.
Holmes MacDonald Outstanding
Teacher of 1983. Toby received the
Frederick E. Terman Award of the
American Society of Engineering
Education.

CORNELL ENGINEERS

AS STUDENTS AND ALUMNI
We are fortunate in the quality and
breadth of interests and abilities of our
students. Two of them, for example,
were among thirty-five seniors
throughout the University who were
named last spring as the first Presiden-
tial Scholars in recognition of high
academic performance, intellectual



Figure 1. Enrollments in recent years in
electrical engineering programs at Cor-
nell, compared with the size of the faculty.
(The decline in the number of M.Eng. stu-
dents in 1983 is considered temporary, the
result of the discontinuation of a program
sponsored by AT&T before the corporate
breakup.)

curiosity, and leadership. Edward Lu
was secretary of the electrical en-
gineering honorary Eta Kappa Nu,
chairman of that society’s tutoring
committee, and a member of the Cor-
nell wrestling team; Sarah Jane
Skinner served as an Eta Kappa Nu
tutor, and she was a member of the
Sage Chapel Choir. A current senior,
Rebecca Ann Greenberg, is the top
student in the College.

On campus, the student branch of
the IEEE is very strong; with Eta
Kappa Nu, it has developed a wide
variety of activities ranging from social
events to the new Corporate Window
program. The Corporate Window is
notable as a way of bringing our stu-
dents into contact with engineers and
managers from industry; in on-campus
meetings the students hear about cor-
porate programs and opportunities,
and find out how their predecessors
have fared in corporate America. As
expected, our alumni have actively
participated in this and other recruiting
programs.

Our students’ continuing interest in
the School after they graduate is par-
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ticularly gratifying. The development
of strong relationships between alumni
and the faculty and staff is encouraging
in its prospects for good relationships
with tomorrow’s industrial and gov-
ernment leaders.

RISING ENROLLMENTS
AND THEIR EFFECTS
A matter of considerable concern to
the School is the recent and projected
rise in enrollment (see Figure 1).

An interesting comparison (not
shown in the figure) is the number of

‘undergraduates now and in 1954-55,

when the School moved into Phillips
Hall: in 1984-85 there are about 420
electrical engineering majors, and in
1954-55 there were only about 140 un-
dergraduates in the upper three years of
the electrical engineering degree pro-
gram as it was then organized. Much of
this increase has occurred in the last
five years. The graduate enrollment has
also risen, from essentially zero in
195455 to 244. This growth—a tripling
of the undergraduate enrollment and a
total enrollment more than four and
one-half times larger than it was when

Phillips Hall was built—has placed
severe strains on our facilities, espe-
cially in the teaching laboratories. For
example, the required junior-year lab-
oratory course now meets seven times
a week and requires twelve teaching
assistants. Similarly, the introductory
microprocessor course has an enroll-
ment of about 220 and has fifteen
sections.

The situation may get worse. Cur-
rently we attract more than 40 percent
of the incoming freshman engineering
class, and if this trend continues, 280
students who are now freshmen will
seek junior-year enrollment in electri-
cal engineering! The heavy faculty and
support-staff requirements, the main-
tenance of equipment, and the need to
provide adequate classroom and labo-
ratory space present problems that will
have to be solved in the immediate
future.

We believe we need more than dou-
ble the space available in Phillips Hall
if we are to continue to meet the de-
mands placed on us. The short-range
solution to the space problem is to
expand the electrical engineering facil-
ity into one of two additional floors
being planned for Upson Hall. This
will add about 12,000 square feet of
space for electrical engineering. Seek-
ing a long-range solution is a consid-
erably more difficult task that will in-
volve Cornell electrical engineers on
the campus and beyond.

One encouraging aspect of the
growth in enrollment is the very rapid
increase in the numbers of women and
minority students. In 1983-84 there
were sixty-one women and 101 minor-
ity students in the undergraduate elec-
trical engineering program.

26






Figure 2. The increasing level of expendi-
tures for research at the School of Electri-
cal Engineering. The breadth of the pro-
gram is indicated in Table II.

AT THE FOREFRONT OF
SCIENCE AND TECHNOLOGY
The research interests represented
within the School cover a broad spec-
trum of applied and theoretical topics,
ranging from modern physics and its
applications in VLSI technology, to
work on systems, including large-scale
systems analysis. Funding for project
research has shown a continual rise, as
illustrated in Figure 2. Expenditures in
1983-84 exceeded $7 million, which
amounts to an average of approxi-
mately $175,000 per faculty member.
The real growth in funding over the
period shown in the figure is about 9
percent per year.

Among the changes we have seen in
the last several years has been a
heightened interest in the computer-
engineering stem of our program. This
has been accompanied by an increase
in the faculty in this and-closely related
research areas, such as digital signal
processing. These changes have been
made visible by the acquisition of four
new computers in the School. Two of
these, a VAX 11/780 and a Data Gen-
eral MV8000, provide computing and
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Table II.
RESEARCH AREAS OF INTEREST
WITHIN THE SCHOOL

Bioelectronics and Bioelectric Systems

Communications, Information Theory,
Decision Theory

Computer Engineering
Control and Systems Theory

Electromagnetic Theory and
Applications

Electronic Circuits and
Instrumentation

Energy Conversion and Power Systems
Integrated Circuits

Microwave Semiconductors: Circuits
and Device Physics

Network and System Design

Plasma Physics and Applications

Quantum Electronics and Optical
Physics

Radiophysics and Geophysical Plasmas

Semiconductor Materials for Electronic
Devices

Signal Processing

Submicrometer Technology

word-processing capability for the
School as a whole. The third, a VAX
11/750, serves the new Kettering En-
ergy Systems Laboratory, a facility
used to study energy conversion,
transmission, computer-aided protec-
tion and controls, and communication
in relation to the design and operation
of large interconnected systems, par-
ticularly electric utility systems. A
Harris 800 computer system has been
donated to the School to serve the
computing needs of those in the area of
space plasma research.

The microelectronics program has
also undergone major changes. Activ-
ity has increased rapidly since the for-
mation of the National Research and
Resource Facility for Submicron
Structures (NRRFSS) in the late
1970s. A major boost came from the
recent establishment of the Program in
Microscience and Technology, which
receives more than $1.4 million a year
inresearch support through the Center
of Excellence program of the Semi-
conductor Research Corporation.

The School has strong research pro-
grams in many other areas, of course
(see Table II). In most of these areas
the researchers are working at the cut-
ting edge of present-day physics and
technology. Groups in several spe-
cialty fields receive their principal
support from the federal government;
examples are plasma physics, and
radiophysics and geophysical plasmas.
In these two areas alone, research
support is in excess of $2.3 million a
year. Programs in quantum elec-
tronics, microwave electronics, and
semiconductor materials and their ap-
plications are also strong and have
substantial research funding.












A LOOK INTO THE FUTURE

Predictions of Things to Come

by Electrical Engineering Faculty Seers

What changes will electrical engineer-
ing bring about by the early years of
the twenty-first century? What devel-
opments can be anticipated in the dis-
cipline, the underlying research, and
the applications?

In connection with the observance
of the centennial of electrical engineer-
ing at Cornell, these questions were
put to a number of faculty members,
specialists in all the major areas of the
discipline. Some responded with con-
siderable interest, and some with
misgivings. Some predictions were
carefully extrapolated from current
experimentation and some are more
on the fanciful side. Some of the corre-
spondents extended their predictions
well beyond the suggested twenty

years or so.
The contributors are: G. Conrad
Dalman, Toby Berger, David F.

Delchamps, Lester F. Eastman, David
A. Hammer, Kevin Karplus, Myun-
ghwan Kim, J. Peter Krusius, Charles
A. Lee, Simpson Linke, Noel C. Mac-
Donald, Benjamin Nichols, Clifford R.
Pollack, Christopher Pottle, Anthony
P. Reeves, Chung L. Tang, Robert J.

Thomas, James S. Thorp, and Edward
D. Wolf. (Their specialty fields are
listed in Table I on page 25.) The
names of the professors who prepared
the statements are given at the end of
each section.

COMPUTERS

Since the mid-1940s, when the history
of electronic computers may be con-
sidered to have started, the chief cen-
ters for computer research have been
departments of electrical engineering
and, since the 1960s, computer sci-
ence. Electrical engineers have been
the main designers of computer hard-
ware and digital systems. One of the
specialties of computer engineers in
the 1960s was the integration of small
computers into digital systems. Now a
knowledge of microprocessors is nec-
essary for all experimental scientists
and engineers. The computer (micro-
processor) has become a standard part
of laboratory equipment either ex-
plicitly, as with a personal computer,
or implicitly, as part of computer-
controlled instruments.

The dramatic changes in computer
systems over the past twenty years
have been a result of technological
improvements rather than new devel-
opments in computer architecture.
What the mainframe processor of the
mid-1960s could do can now be ac-
complished with a small number of
VLSI chips; and within the next five
years, processors with all the features
of- current mainframes will be fabri-
cated on single chips. Beyond this

32






MICROELECTRONICS

Since the invention of the transistor at
Bell Laboratories in 1947 and the inte-
grated circuit at Texas Instruments in
1956, the field of microelectronics has
experienced an unprecedented techno-
logical evolution or, rather, an ongoing
succession of micro-revolutions.

Time averages over this sequence
show a relationship known as Moore’s
law: Every characteristic of microelec-
tronic systems becomes twice as good
in a fixed period of time. The doubling
time for the number of switching ele-
ments on one chip, for example, has
been only 1.4 years over the past
twenty-eight years. Surprisingly, no
immediate end to this evolution is in
sight. More importantly, the actual
impact of microelectronics on informa-
tion technology, medicine, industrial
automation, and food production and
processing has barely begun. During
the next two decades, practically all
areas of human activity will experience
the massive impact of microelectronic
systems. Projections of what may
happenin various lines of development
are outlined here.
® Density. The introduction in 1984 of
several prototype silicon memory de-
vices that can store one million bits of
information on a single chip continued
a trend that started in 1956: a periodic
doubling of the density of circuit ele-
ments on microchips. A density of 16
million bits per chip should be reached
in about 1990, and continued growth
along the same curve would take the
density up to 16 billion bits per chip
twenty years from now.

Such increases require, of course,
diminution of the circuit elements.
Since density is inversely proportional

to the square of the smallest dimension
or feature size of the circuit elements
on a chip, a density of 16 million bits
per chip corresponds to a minimum
feature size of 0.25 micrometer; for a
density of 16 billion bits per chip, fea-
ture sizes would have to be as small as
80 angstroms (A). Several types of
functional self-aligned 0.25-micro-
meter silicon field-effect transistors
have been built (for example, at Cor-
nell), but with 80-A structures, severe
three-dimensional quantization effects
would be encountered. In fact, for
memory densities much greater than
16 million bits per chip, there will have
to be a change from structures with
two-dimensional integration of the
elements on a single chip to two-
dimensional structures on a full-wafer
scale, or to three-dimensional struc-
tures, or to entirely new structures not
available today.

® Speed. The intrinsic speed of dis-
crete or integrated transistors has not
increased as much as density has. By
1953 engineers at Philco had already
developed a germanium junction tran-

sistor that could be operated at fre-
quencies as high as 100 megahertz
(MHz); this year, using modulation-
doped gallium arsenide heterojunction
devices, researchers at Cornell and
other institutions have reached intrin-
sic microwave frequencies of about 70
gigahertz (GHz). This rate of devel-
opment corresponds to an average
doubling time of 3.3 years. Continuing
this trend for twenty more years would
take the speeds up to 4.5 terahertz.
Frequencies this high may not be pos-
sible or useful, however. For example,
the next convenient transmission win-
dow for electromagnetic waves in the
earth atmosphere is 94 GHz.

For electronic applications, though,
the decreasing wavelengths will allow
the integration of millimeter-wave sys-
tems on single chips or, alternatively,
on wafer-scale structures. Bell Labo-
ratories have already developed mod-
ulation-doped heterojunction logic de-
vices with a switching delay of 10
picoseconds (10-'2 second) at room
temperature, and logic switching de-
lays of one picosecond—probably the
ultimate attainable through an entirely
‘‘evolutionary’’ approach—seems pos-
sible within a decade. But although
electronic phenomena in conventional
semiconductor devices are likely to
saturate at about one picosecond, op-
tical pulses in the femtosecond (10-15
second) range have been reached. Re-
searchers at Cornell have obtained,
directly from a laser, pulses only 55
femtoseconds in duration, with repeti-
tion rates of 100 MHz. Using addi-
tional pulse-compression techniques,
IBM researchers have achieved times
as short as 12 femtoseconds, with rep-
etition rates of 800 Hz. Combinations
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optical lithography will dominate in
standard circuit manufacturing, but
electron-beam lithography will find its
way into fast-turn-around, custom cir-
cuit manufacturing.

Central issues and concerns in in-
dustrial microelectronic manufactur-
ing will be closed-loop process control,
process automation based on modular
fabrication lines, fabrication vyield,
functional testing, reliability, and
economics.
® Functional capabilities. Dramatic
expansion in the capabilities of micro-
electronic systems will continue, al-
lowing applications that are impossible
today. For technical reasons, future
systems will tend to be built on single
chips. The factors that are involved
include the expected increasing den-
sity logic on chips, the limited number
of communication channels **off chip”’
to the rest of the system, and the large
difference in speed between ‘‘on chip”
and ‘“‘off chip”” communication, a dif-

ference expressed as speed ratios as
large as 1,000: 1.

This evolution will lead not only to
more powerful single-chip computers,
but to true systems solutions. The use
of both analog and digital microelec-
tronics will allow integrated signal-
processing chips to be built, and com-
binations of imaging elements and
logic will be used in single-chip image
processors. A new erain areas such as
brain research will be opened up as a
result of the ability to fabricate single-
chip electrode arrays for recording and
stimulating signals in living cells.
Eventually this research may help
microelectronic systems to ‘‘learn”’
methods of organization, communica-
tion, and operation that are found in
biological systems.—J. Peter Krusius

COMMUNICATIONS: THE
OPTICAL AGE

Electrical communication has devel-
oped so rapidly in the last few decades
that it is now commonplace to see
news or sports events on television
‘““live’” as they happen, even when they
are taking place on the other side of the
world, or on the moon. If the recent
past is a reasonable indicator of things
to come, we can expect all facets of our
personal, professional, and financial
lives to become increasingly more de-
pendent on communication ser-
vices—on television for entertainment
and education, on facsimile transmis-
sion of letters and newspapers, on
telephones for business and personal
contacts, and on computer networks
for data exchange, access to medical
information, and the carrying out of

banking operations, to give just a few
examples.

The ability to transmit information
in large amounts over long distances
has been a goal of engineers for many
years. Samuel F. B. Morse ushered in
the era of electrical communications
when he invented and demonstrated
the telegraph in 1838; within a few
years, commercial operation of the
telegraph had spread to all parts of our
nation. While the data rate of the tele-
graph was incredibly slow by today’s
standards (it operated at a speed of
about 4 bits per second), it did provide
a means of rapid long-distance com-
munication. The invention of the tele-
phone in 1876 by Alexander Graham
Bell expanded the possibilities by al-
lowing direct voice communication.
But in the long view of history, there
can be little doubt that the most signifi-
cant communications event of the
nineteenth century will be judged to be
the discovery of the Maxwell equa-
tions of electrodynamics. These fun-
damental equations correctly pre-
dicted the presence of radio waves and
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molecular biology, biochemistry, in-
formation sciences, and computer
technology will engender advances in
communications during the next cen-
tury that will be every bit as spectacu-
lar as those we already have witnessed
in transportation.

Let us suppose that, just as it became
possible for the astronauts to return
home one thousand times faster than
the rough riders could less than a cen-
tury before, people will be able to
communicate with each other one
thousand times faster in the year 2100
than they can now. I am not referring,
of course, to a thousand-fold increase
in the rate of propagation of messages,
since we already know how to transmit
them at the speed of light. Nor am I
referring to a thousand-fold increase in
bandwidth, and hence in the number of
information bits per second, that a
physical link can transmit. (Indeed,
Ameritech’s 1984 third-quarter report
to shareholders announced that fiber-
optic channels already exist that can
transmit all 2,700 pages of Webster’s
unabridged dictionary across Chicago
in two seconds.) Rather, I am referring
to the rate at which we are capable of
absorbing information sent to us from
another organism or mechanism.

I envision that accelerated knowl-
edge transfer will be achieved in the
coming decades by means of various
brain-enhancement techniques. These
will include direct brain-to-brain
communication, brain paralleling,
brain transplant, the use of artificial
brains and brain supplements, and,
most importantly, virtual brain trans-
plant. By virtual brain transplant I
mean a form of communication—
which I believe will evolve—that will

/g

make it possible to dump part or all of
the contents of one’s brain into a stor-
age medium and then temporarily in-
sert alternative contents from another
brain. In the early stages, the storage
media might be banks of human brains
similar to the banks for eyes, kidneys,
reproductive cells, and so on, to which
we already have become somewhat
accustomed. As the technology devel-
ops, these should give way to artificial
‘‘gray-matter’’ storage media, possi-
bly biochemical in nature and con-
figured like a human brain.

Let us examine some consequences,
both positive and negative, of the exis-
tence of a high-speed information im-
plementation capability that outstrips
today’s standards by a factor of, say,
1,000 to 1. An intriguing calculation
reveals that the standard eight semes-
ters of undergraduate education, com-
prising five courses per term at forty-
five contact hours per course, requires

eighteen hundred hours of class time,
but with an information reception rate
one thousand times greater, the time
required would be one hour and forty-
eight minutes! Of course, it will still
take time to do creative work, to con-
duct and report on laboratory experi-
ments, and so on. Also, by then under-
graduates may be expected to learn
one thousand times as much material
as is required at present.

In today’s world one’s computer
files constitute an extension of the
mind in the same sense as do one’s
notes, articles, books, tape recordings,
photographs, and video cassettes. All
these devices allow us to store crucial
information reliably, thereby unbur-
dening the brain so that it can better
address more immediate tasks. They
also serve as primitive means of inter-
brain communication via sensory per-
ception mechanisms. In addition, they
provide us with the comforting illusion
that at least our thoughts have
achieved a measure of immortality.

Computer files have the advantage
of being relatively easy to revise and
update. Moreover, in many computer
installations everyone’s files are di-
rectly accessible by all the other users
at any time, except for those files one
purposely chooses to encrypt. How-
ever, computer files can be inadver-
tently destroyed by an erroneous
command or an unexpected system
crash. The crucial point here is that we
protect against such catastrophes by
regularly backing up these files, say
once a week. Given the virtual brain-
transplant technology 1 have pos-
tulated, we would be able similarly to
back ourselves up at regular intervals.
By having backups stored in New
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POWER AND ENERGY

A century ago, when electrical en-
gineering was introduced at Cornell,
the principal concern of the new disci-
pline was with power and energy. In
the intervening years the standard top-
ics of electric machinery, generation,
transmission, and distribution have
gained the status of near-classic
studies. The application of extensive
research and development to the prob-
lems of power production and delivery
has brought the field to a plateau of
high efficiency, virtually absolute re-
liability, and widespread industrial and
residential use. Other factors, such as
the energy-conservation programs that
followed the oil crisis of the 1970s and
several years of a stagnant economy,
have contributed to the present-day
condition of ample electrical generat-
ing reserve capacity in the United
States.

Although the national use of electric
energy is no longer doubling every
decade, as it did in the years from 1918
to 1970, the current growth in
demand—approximately 3 percent
annually—could wipe out the present
surplus capacity by 1990 unless sub-
stantial new capacity is installed or
increased efficiencies are achieved. A
further consideration is that the de-
mand for electric power could increase
by an additional 25 percent by the end
of this century as electric automobiles,
electric rapid-transit vehicles, and heat
pumps for residential and industrial
heating and processing come into gen-
eral use. Yet given the controversy
over nuclear energy and the present
economic disincentives for the con-
struction of large new generating
plants, and in view of the fact that, at

ﬁ#

best, there is a ten-year delay in bring-
ing a new plant on-line from the time of
its conception, we may be well into the
next century before new large-scale
generating capacity will be available.

In the meantime, how can the
growth in demand be met? Old plants
will have to be retrofitted or upgraded.
Power network interconnections and
long-distance transmission at ultra-
high voltage must be expanded to
allow more efficient and more flexible
interchange of generating capacity
nationwide. And greater use must be
made of smaller-scale generating de-
vices such as fuel cells, solar-power
converters, medium-sized hydro units,
and wind-turbine generators.

The complexities that arise from
this diverse set of energy alternatives
will introduce major new problems in
power control, system protection, and
system monitoring. We may expect
these problems to be met by extensive
application of modern computer
technology and advanced control and
communication techniques. Better in-
sulating and magnetic materials, and
the advent of cryogenic and supercon-
ducting technology will also help.

What predictions can be made? We
can foresee, for example, the installa-
tion of million-volt a.c. and d.c. long-
distance overhead transmission lines.
Dedicated digital computers, involv-
ing advanced microprocessors, will be
widely used for the control and protec-
tion of local, intermediate, and
nation-wide energy networks in
hierarchical fashion. Electricity will be
metered instantaneously by remote
electronic communication techniques.
Microprocessors coupled with com-
munication facilities will allow resi-
dential and small-business power con-
sumers to choose optimum periods for
their use of energy.

Since new large-scale generating ca-
pacity will almost certainly be neces-
sary in the United States soon after the
turn of the century, it is reasonable to
ask what form it might take. The most
likely options are increased use of coal
and/or nuclear power in the early
years, with major contributions possi-
ble from solar power shortly thereaf-
ter. Fusion power will probably be
realized later in the century. We ex-
pect that the technical problems as-
sociated with nuclear reactor safety
and long-term storage of nuclear waste
will be solved, and that the cost of
these solutions will probably be com-
parable to the cost of dealing with the
pollution resulting from the burning of
coal.

The poor fuel efficiency of the pres-
ent generation of nuclear reactors
means that for a long-term solution to
our energy needs we must look to
breeder fission reactors, fusion reac-
tors, or fission-fusion hybrid systems.
Although great advances in under-
standing and developing controlled

40






ROBOTICS AND CONTROL
Factories in which complex assembly
tasks are performed by robots with a
minimum of human intervention are a
reasonable expectation for the not-
too-distant future, for rapid progress
has been made recently in control
methods for robots and industrial ma-
nipulators. Over the next decade there
should be an ‘‘explosion’’ of new ro-
botic technology as a result of ongoing
theoretical work and computational
advances. So far, though, only rudi-
mentary control schemes have been
used, and as aresult, the “‘skills’’ that a
robot can acquire have been severely
limited.

Consider a robotic arm and hand
assembly with ten or more joints, each
possessing several degrees of freedom.
Researchers at AT&T are currently
developing robots of this kind that will
assemble printed circuit boards at high
speeds by performing the apparently
simple task of repeatedly placing pegs
in appropriately sized holes. The prob-
lem of controlling a robotic arm for
such a straightforward assembly pro-
cedure is extraordinarily complex,
however. The robot hand must first
grasp an integrated circuit chip and
orient it suitably; subsequently, using
approximate information about where
the holes are located, the robot arm
must move the chip into position and
perform the minute adjustments nec-
essary for insertion. These final ad-
justments form the core of a compli-
cated feedback control problem; the
robot must gather information about
its environment and quickly put this
information to use as it *‘feels’’ its way
into the holes.

The development of control tech-

niques in electrical engineering re-
search has been, and will continue to
be, linked closely with advances in
computer technology. Today’s smaller
and faster computers make possible
the real-time control of systems so
complex that they could not have been
approached even as recently as a dec-
ade ago. Today’s mainframes and
supercomputers make feasible the
real-time simulation of large-scale non-
linear systems and also systems—such
as those encountered in the control of
chemical processes, fluid flow, and
flexible robots—that can be modeled
using partial differential equations.
Furthermore, small, all-purpose mi-
croprocessors such as the Motorola
68,000 make possible the on-line de-
centralized control of complicated
mechanisms consisting of interacting
subsystems, such as robotic manipula-
tors employed in industrial assembly
lines. Future advances in computing
technology will enhance the control

engineer’s ability to develop and un-
derstand new theoretical tools and,
subsequently, to put these advances to
work in an ever-increasing variety of
practical situations.

In the case of the ten-joint robot arm
and hand, the dynamics are suf-
ficiently complex and nonlinear to
warrant a decentralized approach to
controlling its behavior, and modern
microprocessor technology makes
such a strategy feasible. Engineers at
General Electric, for example, are
working on a robot arm with joints that
are independently controlled; each
joint has its own high-performance
32-bit microprocessor. To ensure that
the joints act in concert, a central
processor routes information among
these peripheral controllers.

The implementation of new theory
and technological tools has consist-
ently lagged far behind their develop-
ment. Electrical engineers in univer-
sities have tended to ignore somewhat
the question of how to model physical
processes that arise in industry; they
have concentrated instead on refining
and developing techniques for control-
ling processes that can be represented
by familiar (usually linear) models.
Many engineers in industry, on the
other hand, are eager to apply new
theory to the control of processes for
which accurate models do not exist, or
to which the growing body of theory
does not apply. As aresult, itis becom-
ing more difficult for the control
theorist to assess the applicability of
mathematical and algorithmic ma-
chinery; significant input from control
practitioners must be forthcoming if
the gap between theory and applica-
tion is to be closed.
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REGISTER

Newcomers Augment
Engineering Faculty

In the fall term several engineering
schools and departments welcomed
newcomers or former research as-
sociates to their faculties.

8 Paulette Clancy was named an as-
sistant professor in the School of
Chemical Engineering and also be-
came associate director of the Cornell
Manufacturing Engineering and Pro-
ductivity Program (COMEPP). For-
merly a research associate, Clancy is
continuing her work on the application
of computers to industrial processes;
her research involves the development
of methods for predicting complex
thermodynamic properties of fluids
and materials. She was educated in
England, earning the B.Sc. degree at
the University of London in 1974 and
the D.Phil. at Oxford University in
1977. She first came to Cornell for a
two-year assignment with Professor
Keith Gubbins; after a year as a re-
search fellow at British Telecom, she
returned to Cornell in 1981. She is a
member of the American Institute of
Chemical Engineers, the American
Chemical Society, and Sigma Xi.

® In the School of Civil and Environ-
mental Engineering, Kenneth C. Hover
was appointed associate professor in
structural engineering, and William D.
Philpot was named assistant professor
in environmental engineering.

Hover recently earned the Ph.D. in
structural engineering at Cornell after
ten years as a practicing engineer.
With B.S.C.E. and M.S.C.E. degrees
from the University of Cincinnati, he
worked with the U.S. Army Corps of
Engineers; at the Dugan and Meyers
Construction Company and THP
Ltd., Structural Engineers, in Cincin-
nati; and as village engineer in Marie-
mont, Ohio. At his undergraduate uni-
versity he received the Dean Herman
Schneider Award; the army awarded
him a Commendation Medal; and as a
teaching assistant at Cornell in 1983,
he was elected Teacher of the Year in
Civil Engineering. He is a member of
the American Society of Civil En-
gineers, the American Concrete Insti-
tute, the American Society for Testing
and Materials, the Post Tensioning
Institute, and the National Associa-
tion of Corrosion Engineers.

Philpot has also had previous expe-
rience at Cornell; he has been as-
sociated with the Remote Sensing
Program as an assistant professor
(1981-82) and research associate
(1983-84). He earned the B.A. degree
from New York University in 1969,
the B.S. from the State University of
New York at Stony Brook in 1973, and
the M.S. and Ph.D. at the College of
Marine Studies of the University of
Delaware in 1977 and 1981, respec-
tively. Before coming to Cornell, Phil-
pot served as a research assistant at
Delaware and as a research associate
at the National Academy of Sciences,
working with the Committee of Re-
mote Sensing Programs for Earth Re-
sources Surveys. His honors include
several awards from the University of
Delaware: one for professional devel-
opment in marine science, and one for
the best thesis in applied ocean sci-
ence. He is a member of the Optical
Society of America, the Society of
Photo-Optical Instrumentation En-
gineers, the American Society of
Photogrammetry, and Sigma Xi.

8 Four new assistant professors
joined the faculty of the Department of
Computer Science this fall.
Gianfranco Bilardi came from the
University of Illinois, where he is to
complete his doctoral studies this year.
His area of concentration is theory.
Bilardi was graduated from the Univer-
sity of Padova, Italy, in 1978 and spent
two years there as a researcher in elec-
trical engineering before beginning
graduate study. He served as aresearch
assistant and teaching assistant at II-
linois and spent the summer of 1983 at
IBM’s Watson Research Center.
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Alexandru Nicolau, a specialist in
computer architecture and parallel
computation, received the B.A. de-
gree from Brandeis University in 1980
and did his graduate work at Yale
University, earning the M.Phil. in
1982, the M.S. in 1983, and the Ph.D.
in 1984. Before entering college, he
served for three years as an electronics
technician in the Israeli military
forces. He is a member of the Associa-
tion for Computing Machinery.

Jon Solworth, whose specialties are
VLSI computer-aided design and ar-
chitecture, was educated at New York
University; he earned the B.A. degree
in 1978 and the M.S. in 1981, and is
scheduled to receive the Ph.D. this
year. Currently he is an acting assist-
ant professor.

Vijay Vazirani served as a research
fellow at Harvard University after re-
ceiving the Ph. D. from the University
of California at Berkeley in 1983; his
thesis work was on the theory of al-
gorithms and computational complex-
ity. His undergraduate degree is from
the Massachusetts Institute of Tech-
nology. His experience includes sum-
mer work at IBM, Hewlett-Packard,
and the Jet Propulsion Laboratory.

® After six years as an assistant pro-
fessor in computer science at Cornell,
Franklin T. Luk was appointed as-
sociate professor in the School of Elec-
trical Engineering. His specialty field
is numerical analysis, and he is as-
sociated with the Center for Applied
Mathematics at Cornell. Luk received
the B.S. degree from the California
Institute of Technology in 1972 and
studied at Stanford University for the
M.S., granted in 1974, and the Ph.D.

in 1978. In the summers of 1982 and
1983 he was a visiting fellow at the
Australian National University.

S. Simon Wong was appointed an
assistant professor in electrical en-
gineering, beginning in the 1985 spring
term. He holds B.E.E. and B.M.E.
degrees from the University of Min-
nesota, and the M.S. and Ph. D. from
the University of California at Berke-
ley. After receiving his master’s de-
gree, Wong worked at the National
Semiconductor Corporation for two
years before returning to Berkeley for
his doctorate, granted in 1983. Since
then he has been a member of the
technical staff at the Hewlett-Packard
Laboratories. His research centers on
the technology of high-speed silicon
integrated circuits.

Muawia Barazangi, who has been
associated with the Department of
Geological Sciences since 1972, has
been named an adjunct professor and
elected a member of the graduate Field
of Geological Sciences. He retains his
position as senior research associate in
the Institute for the Study of the Con-
tinents (INSTOC). Barazangi re-
ceived the B.S. degree from Damascus
University, Syria, in 1965, the M.S.
from the University of Minnesota in
1967, and the Ph.D. from Columbia
University in 1971. During a leave in
1978-80, he served as associate profes-
sor and chairman of the Department of
Geophysics at King Abdulaziz Uni-
versity, Jeddah, Saudi Arabia.
Barazangi’s research is focused on the
seismotectonics of convergent plate
boundaries. He is a member of the
American Geophysical Union and the
Seismological Society of America.

Richard W. Allmendinger, formerly
a research associate, is now an assist-
ant professor of geological sciences. A
Cornell graduate of 1975, he earned the
Ph.D. at Stanford University in 1979
and then returned to Cornell. His area
of interest is structural geology and the
tectonics of compressional and exten-
sional forces. He has worked as a re-
search geologist with the U.S. Geo-
logical Survey, the U.S. Geodynamics
Committee, the Decade of North
American Geology, and the Argentine
and Chinese Lithosphere Programs.
He is a member of the Geological
Society of America, the American
Geophysical Union, and the American
Association of Petroleum Geologists.

® Jn the Department of Theoretical
and Appled Mechanics, Fadil Santosa
moved from his appointment as a re-
search associate to an assistant profes-
sorship. He received the B.S. degree
from the University of New Mexico in
1976 and the Ph.D. from the Univer-
sity of Illinois in 1980, and then came
to Cornell to work with Professor
Yih-Hsing Pao in studies of inverse
problems in wave propagation. He has
been a member of Cornell’s Center for
Applied Mathematics since 1981,

® Forty-five visiting faculty members
at the College of Engineering during
1984-85 have come from eighteen
countries: Argentina (1), Australia (1),
China (9), Denmark (1), Greece (1),
England (3), Finland (1), India (1),
Israel (3), Japan (10), the Netherlands
(1), Norway (1), Portugal (1), Taiwan
(2), United States (6), Vanuatu (1),
West Germany (1), and Yugoslavia

(1.















FACULTY

PUBLICATIONS

Current research activities at the Cornell Uni-
versity College of Engineering are represented
by the following publications and conference
papers that appeared or were presented during
the three-month period July through September,
1984. (Earlier entries omitted from previous
Quarterly listings are included here with the year
of publication in parentheses.) The names of
Cornell personnel are in italics.

8 AGRICULTURAL
ENGINEERING

Irwin, L. H. 1984, Critical concerns of low-
volume road agencies in the 1980s. Transporta-
tion Research Record 898:1-10.

Loehr, R. C. 1984. EPA’s engineering and con-
trol technology program. Environmental Sci-
ence and Technology 18:171A.

Loehr, R. C., J. H. Martin, Jr., and E. F.
Neuhauser. 1984, Disposal of oily wastes by
land treatment. In Proceedings, 38th Annual
Purdue Industrial Waste Conference, pp. 1-12.
Ann Arbor, MI: Ann Arbor Science.

Naylor, L. M., and N. I. Mondy. 1984. Metals
and PCBs in potatoes grown in sludge amended
soils. Paper no. 84-211, read at North Atlantic
Regional Meeting, American Society of Agricul-
Rliréll Engineers, 12-15 August 1984, in Orono,

Neuhauser, E. F., R. C. Loehr, and M. R.
Malecki. 1984. Methods for evaluating the
biological impact of potentially toxic waste to
soils. Paper read at 4th Symposium on Hazard-
ous and Industrial Waste Testing, American
Society for Testing and Materials, 24 May
1984, in Arlington, VA.

Pitt, R. E. 1984. Stress-strain and failure charac-
teristics of potato tissue under cyclic loading.
Journal of Texture Studies 15:131-55.

8 APPLIED AND
ENGINEERING PHYSICS

Cool, T. A. 1984a. Detection of flame radicals by
multiple photon ionization. Paper read at annual
meeting of American Chemical Society, 26-31
August 1984, in Philadelphia, PA.

. 1984b. Lasers for ultrasensitive detec-
tion of trace chemicals. Engineering: Cornell
Quarterly 19(1):7-11.

. (1984c.) Quantitative measurement of
NO density by resonance three-photon ioniza-
tion. Applied Optics 23:1559-72.

. (1984d.) The use of resonance enhanced
multiple photon ionization for quantitative mea-
surements of combustion radical densities.
Paper read at 17th AIAA Fluid Dynamics,
Plasma Dynamics, and Lasers Conference,
25-27 June 1984, in Snomass, CO.

. 1984¢. The use of resonance enhanced
photon ionization for the detection of flame
radicals. Paper read at 11th Annual Meeting of
Federation of Analytical Chemistry and Spec-
troscopy Societies, 16-21 September 1984, in
Philadelphia, PA.

. (1984f.) Use of laser techniques for
detecting flame radicals. Paper read at
Pittsburgh Conference on Analytical Chemistry
and Applied Spectroscopy, 5-9 March 1984, in
Atlantic City, NJ.

Cool, T.A.,and P.J. H. Tjossem. 1984a. Direct
observations of chemi-ionization in hydrocar-
bon flames enhanced by laser-excited
CH*(A2A) and CH*(B?S"). Paper read at 20th
International Symposium on Combustion, 12-17
August 1984, in Ann Arbor, MI.

. 1984b. Direct observations of chemi-
ionization in hydrocarbon flames initiated by
laser-excited CH*(B?Y~) and CH*(A?A). Paper

read at annual meeting of American Chemical
Society, 26-31 August 1984, in Philadelphia,
PA.

Erlandson, A. C., and T. A. Cool. 1984. Metal
hydride photodissociation lasers: Laser opera-
tion for Al and In photofragments. Journal of
Applied Physics 56:1325-28.

Lehr, W., J. Machta, and M. Nelkin. 1984.
Current noise and long time tails in biased disor-
dered random walks. Journal of Statistical
Physics 36:15-29.

Tjossem, P. J. H., and T. A. Cool. (1983.)
Detection of atomic hydrogen in flames by reso-
nance four-photon ionization at 365 nm. Chemi-
cal Physics Letters 100:479-83.

. 1984. Species density measurements
with the REMPI method: The detection of CO
and C,0 in a methane/oxygen flame. Paper read
at 20th International Symposium on Combus-
tion, 12-17 August 1984, in Ann Arbor, MI.

® CHEMICAL ENGINEERING

Anderson, C. C., P. D. Krasicky, F. Rodriguez,
Y. M. N. Namasté, and S. K. Obendorf. 1984.
Chain-scissioning yields of methacrylate
copolymers under electron beam radiation. In
Polymers in electronics, ed. T. Davidson, pp.
119-27. Washington, DC: American Chemical
Society.

Calado, J. C. G. 1984. Thermodynamics of
simple fluids: Planetary applications. Paper read
at 7th Annual Meeting, Portuguese Chemical
Society, 9-13 July 1984, in Lisbon, Portugal.

Calado,J.C.G., E. G. Azevedo,and V. A. M.
Soares. 1984. An investigation of simple systems
which exhibit negative Gf, HE, VE. Paper read at
IUPAC Conference on Chemical Ther-
modynamics, 13-17 August 1984, in Hamilton,
Ontario.
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Calado,J.C.G., E. Azevedo, V. A. M. Soares,
K. Lucas, and K. P. Shukia. 1984. Ther-
modynamics of xenon + methyl chloride sys-
tem. Fluid Phase Equilibria 16:171-83.

Calado, J. C. G., and P. Clancy. 1984. An
effective intermolecular potential for carbon tet-
rafluoride. Paper read at 4th National Confer-
ence on Physics, 16-19 April 1984, in Evora,
Portugal.

Calado,J.C.G., P.Clancy, M. Nunes da Ponte,
and W. B. Streert. 1984. Liquid-vapor equilibria
of mixtures of rare gases with light hydrocar-
bons. Paper read at 3rd International Confer-
ence on Thermodynamics of Non-Electrolyte
Solutions, 2-6 July 1984, in Clermont-Ferrand,
France.

Calado,J.C.G., H.J. R. Guedes, M. Nunesda
Ponte, and W. B. Streett. 1984. Thermodynamic
properties of liquid mixtures of carbon
monoxide and methane. Fluid Phase Equilibria
16: 185-204.

Calado, J. C. G., and W. B. Streetr. 1984, A
P-V-T study of carbon tetrafluoride from 95-230
K and pressures up to 1000 bar. Paper read at
10th Experimental Thermodynamics Confer-
ence, 2-5 April 1984, in Sheffield, UK.

Chavez, S. L., and F. Rodriguez. (1983.) Photo-
initiated polymerization of acrylamide and
methacrylamide. Chemical Engineering Com-
munications 24:21-36.

Clark, D. S., and J. E. Bailey. 1984. Characteri-
zation of heterogeneous immobilized enzyme
subpopulations using EPR spectroscopy.
Biotechnology and Bioengineering 26:231-38.

Cocke, D.L.,E. D.Johnson, and R. P. Merrill.
1984. Planar models for alumina-based
catalysts. Catalysis Reviews—Science and En-
gineering 26:163-231.

Cooper, W. J., P. D. Krasicky, and F. Ro-
driguez. 1984. Effects of molecular weight and
plasticization on dissolution rates of thin
polymer films. Paper read at 188th National
Meeting of American Chemical Society, 26-31
August 1984, in Philadelphia, PA.

Czanderna, K. K., K.J. Morrissey, C. B. Carter,
and R. P. Merrill. 1984. High resolution TEM
observations of y-Al,O; in transition alumina
films. Journal of Catalysis 89:182-84.

Daley, L. R., and F. Rodriguez. (1983.) Flow
properties of EPDM filled with silica modified
by silane coupling agents. Industrial and En-
gineering Chemistry Product Research and De-
velopment 22:695-98.

Domach, M. M.,S. K. Leung, R.E.Cahn,G.G.
Cocks, and M. L. Shuler. 1984. Computer model
for glucose-limited growth of a single cell of
Escherichia coli Bir A. Biotechnology and
Bioengineering 26(3):203-16.

Domach, M. M., and M. L. Shuler. 1984a. A
finite representation model for an asynchronous

culture of E. coli. Biotechnology and Bioen-
gineering 26:877-84.

. 19845 . Testing of a potential mechanism
for E. coli temporal cycle imprecision with a
structured model. Journal of Theoretical Biol-
ogy 106:577-85.

Finn, R. K. 1984. The use of quasi-pure cultures
in the upstream pretreatment of special chemical
wastes. Paper read at 3rd European Congress on
Biotechnology, 10-14 September 1984, in
Munich, Germany.

Finn, R. K., and J.-Y. Song. 1984. A defined
mixed culture for treating wastewater from resin
manufacture. Paper read at 188th National
Meeting of American Chemical Society, 26-31
August 1984, in Philadelphia, PA.

Gubbins, K. E. 1984. Theory and computer
simulation studies of fluid mixtures. Invited
paper read at 3rd International Conference on
Thermodynamics of Solutions of Nonelectro-
lytes, 2 July 1984, in Clermont-Ferrand, France.

Joshi, M. G., and F. Rodriguez. 1984. Photo-
initiated polymerization of 1-vinylimidazole.
Journal of Applied Polymer Science 29:1345-54.

Joslin, C. G., C. G. Gray, K. E. Gubbins, and
V. Venkatasubramanian. 1984. Induction ef-
fects in polar-polarizable liquids. Paper read at
Canadian- American Chemical Congress, 5 June
1984, in Montreal, Quebec.

Krasicky, P. D., and F. Rodriguez. 1984. A laser
interferometer for measuring changes in film
thickness. Paper read at Mid- Atlantic Regional
Meeting of American Chemical Society, 21-23
May 1984, in Newark, NJ.

Namasté, Y. M. N., S. K. Obendorf, C. C.
Anderson, P. D. Krasicky, F. Rodriguez, and R.
Tiberio. (1983.) Copolymers of itaconic acid and
methyl methacrylate as positive electron beam
resists. Journal of Vacuum Science and
Technology B 1(4):1160-65.

Namasté, Y. M. N., S. K. Obendorf, C. C.
Anderson, and F. Rodriguez. 1984. Electron
beam lithographic evaluation and chain scission-
ing yields of itaconate resists. In Advances in
resist technology, ed. C. G. Willson, pp. 144-50.
Santa Clara, CA: SPIE.

Nunes da Ponte, M., D. Chokappa, J. Zollweg,
and W. B. Streetr. 1984. Vapour-liquid equilib-
rium for (Xe+ C,H,) near the critical region.
Paper read at IUPAC Conference on Chemical
Thermodynamics, 13-17 August 1984, in Hamil-
ton, Ontario.

Olbricht, W. 1984. Homogeneous chemical
vapor deposition. Journal of Vacuum Science
and Technology A 2(2):450-56.

Parham, T. G., and R. P. Merrill. 1984. An
EXAFS study of the structure of supported
cobalt molybdate catalysts as a function of sul-
fiding temperature. Journal of Catalysis
85:295-310.

Rodriguez, F. 1984a. Polymer science and en-
gineering at Cornell. Polvmer News 9:315-17.

. 1984b. Regenerated collagen fibers.
Polymer News 9:262-65.

Rondinella, M. A., and F. Rodriguez. 1984.
Aqueous gel formation by photopolymerization
of acrylamide. Paper read at 188th National
Meeting of American Chemical Society, 26-31
August 1984, in Philadelphia, PA.

Shuler, M. L., J. W. Pyne, and G. A. Hallsby.
1984. Prospects and problems in a large scale
production of metabolites from plant cell tissue
cultures. Paper read at 75th Annual Meeting,
American Oil Chemists Society, 29 April-3 May
1984, in Dallas, TX.

Smith, J. C. 1984. Selection of a solids-liquid
separator. In Perry’s chemical engineers’ hand-
book, ed. R. H. Perry and D. Green, pp. 19-
107-19-109. New York: McGraw-Hill.

Stasiak, W., and C. Cohen. 1984. Dilute solu-
tions of macromolecules in a time-dependent
flow. Journal of Chemical Physics 80:5276-82.

Steen, P. H., and S. H. Davis. 1984.
Quasiperiodic bifurcation in nonlinear oscil-
lators. Zentralblatt fiir Mathematik 512:181.

Strandburg, K. J., J. A. Zollweg, and G. V.
Chester. 1984. Bond-angular order in two-
dimensional Lennard-Jones and hard-disk sys-
tems. Physical Review B 30:2755-59.

Sullivan, D. E., C. G. Gray, S. M. Thompson,
and K. E. Gubbins. 1984. Structure of molecular
fluids near surfaces. Paper read at Canadian-
American Chemical Congress, 4 June 1984, in
Montreal, Quebec.

Telo da Gama, M. M. 1984, The interfacial
properties of a model of a nematic liquid crystal.
I. The nematic-isotropic and nematic-vapour
interfaces. II. Induced orientational order and
wetting transitions at the solid-fluid interface.
Molecular Physics 52:585-610, 611-30.

Telo da Gama, M. M., R. Evans, and 1. Had-
Jiagapiou. 1984. The surface tension of non-
critical interfaces. Molecular Physics 52:573-84.

Teloda Gama, M. M., and K. E. Gubbins. 1984.
A mean field theory for a model of a surfactant at
an oil/water interface. Paper read at Canadian
American Chemical Congress, 4 June 1984, in
Montreal, Quebec.

Thompson, S. M., K. E. Gubbins, J. P. R. B.
Walton, R. A. R. Chantry, and J. S. Rowlinson.
1984. A molecular dynamics study of liquid
drops. Journal of Chemical Physics 81:530-42.

Tolan, J., and R. K. Finn. 1984. Controlling the
anaerobic dissimilation of sugar in Erwinia.
Paper read at 188th National Meeting of Ameri-
can Chemical Society, 26-31 August 1984, in
Philadelphia, PA.

Wojcik, M., and K. E. Gubbons. 1984. Computer
simulation studies of model fluids and fluid mix-



tures. Paper read at Canadian-American Chem-
ical Congress, 5 June 1984, in Montreal,
Quebec.

Yellepeddy, P., and F. Rodriguez. 1984. Radical
lifetimes during the photoinitiated polymeriza-
tion of 2-methyl- I-vinylimidazole. Paper read at
188th National Meeting of American Chemical
Society, 26-31 August 1984, in Philadelphia,
PA.

s CIVILANDENVIRONMENTAL
ENGINEERING

Dick, R. 1. (1983a.) Discussion of ‘*Recent de-
velopments in sludge conditioning and dewater-
ing,” by J. C. Cornier, L. Divet, and H.
M02r3e§1ud. Water Science and Technology
15:232.

. (1983b.) Discussion of ‘‘The United
States Department of Energy/United States En-
vironmental Protection Agency Sludge Irradia-
tion Program,’’ by J. Sininski, S. Ahlstrom, W.
McMullen, and J. Yeager. Water Science and
Technology 15:229.

Grigoriu, M. 1984a. Estimation of extreme
winds from short records. ASCE Journal of
Structural Engineering 110(7): 1467-84.

——. b. Extremes of correlated non- Gaussian
series. ASCE Journal of Structural Engineering
110(7): 1485-94,

.¢. Load combination analysis by transla-
tion processes. Journal of Structural Engineer-
ing 110¢8):1725-30.

. d. Nonlinear combinations of load pro-
cesses. In Proceedings, 5th ASCE-EMD Con-
ference, ed. A. P. Boresi and K. P. Chong, pp.
1272-75. New York: American Society of Civil
Engineers.

. 1984d. Prediction of extreme events. In
Proceedings, Sth ASCE-EMD Conference, ed.
A.P.Boresiand K. P. Chong, pp. 1216-19. New
York: American Society of Civil Engineers.

Gunsallus, K. L., F. H. Kulhawy, and T. D.
O’Rourke. 1984. Evaluation of Schmidt hammer
rebound hardness test holders. ASTM Geotech-
nical Testing Journal 7(3): 164-66.

Ishibashi, 1. 1984. Effect of grain characteristics
on liquefaction potential: In search of standard
sand for cyclic strength. Paper read at Sym-
posium on Utilization of Sand for Calibrating
Cyclic and Dynamic Laboratory Tests, Ameri-
can Society for Testing and Materials, 26 June
1984, in Denver, CO.

Ishibashi, I., L. H. Irwin, and W.-S. Lee. 1984.
Resilient behavior of base and subgrade mate-
rials. Geotechnical engineering report no. 84-4.
Ithaca, NY: Cornell University.

Kim,S.K.,J.A. Liggett,and P. L.-F. Liu. 1984.
Steady free surface flow about a submerged

object. Paper read at 6th International Confer-
ence on Boundary Element Methods, 3-8 July
1984, aboard the QE2, en route from Southam-
ton to New York.

Kulhawy, F. H. 1984. Transmission line struc-

ture foundation research at Cornell. Paper read

at summer meeting, IEEE Power System En-

%{,neering Society, 16-20 July 1984, in Seattle,
A.

Matsuzawa, H., I. Ishibashi, and M. Kawam-
ura. 1984. Dynamic earth and water pressures
due to submerged soils against rigid retaining
structures. Geotechnical engineering report no.
84-7. Ithaca, NY: Cornell University.

Orloff, N. (1983.) Resource recycling plants v.
landfills. Paper read at conference, Dioxin:
From Vietnam to Long Island, 14 May 1983, in
Garden City, NY.

Slate, F. O. 1984. Concrete around the world.
Paper read at meeting of Suncoast Chapter,
American Concrete Institute, 11 September
1984, in Tampa, FL.

Stedinger, J. R. 1984. A spruce budworm—forest
model and implications. Forest Science
30(3):597-615.

Taigbenu,A.E.,andJ. A. Liggett. 1984. Bound-
ary integral solution to seawater intrusion into
coastal aquifers. Water Resources Research
20:1150-58.

Turcotte, B. R., P. L-F. Liu, and F. H.
Kulhawy. 1984. Laboratory evaluation of wave
tank parameters for wave-sediment interaction.
Geotechnical engineering report 84-6. Ithaca,
NY: Cornell University.

White, R. N., and P. Gergely. 1984. Design of
lapped splices in reinforced concrete beams,
columns, and flat elements. In Proceedings, 8th

* World Conference on Earthquake Engineering,

vol. 5, pp. 893-900. Englewood Cliffs, NI:
Prentice-Hall.

Willis, R., and P. L.-F. Liu. 1984. Optimization
model for groundwater planning. ASCE Journal

of Water Resources Planning and Management
110(3):333-47.

Yener, M.,and R. N. White. 1984. Cold-formed
steel panels with riveted connections. ASCE
Jgumal of Structural Engineering 110(5):1035-
50.

8 COMPUTER SCIENCE

Bilardi, G., and X. Jin. 1984. Permutation-
exchange graphs that emulate the binary cube.
Mathmatical System Theory 17(3):193-98.

Bilardi, G., and F. P. Preparata. (1984a.) A
minimum area VLSI network for O{log N) time
sorting. In Proceedings, 16th Annual ACM
Symposium on Theory of Computing, pp. 64-70.
New York: Association for Computing Ma-
chinery.

. 1984b. An architecture for bitonic sort-
ing with optimal VLSI performance. IEEE
Transactions on Computers C-33(7):646-51.

Birman, K., T. Joseph, and T. Rauchle. 1984.
Concurrency control for resilient objects. Paper
read at 4th GI/GMR/NTG Conference on Fault
Tolerant Distributed Systems, 19-21 September
1984, in Bonn, West Germany.

Birman, K., G. Joskowicz, N. Knopf, R. Stein-
man, R. Bornholdt, and J. T. Bigger. 1984.
MDB-1: A new database system for medical
applications. Paper read at Computers in Car-
diology Conference, 18-20 September 1984, in
Salt Lake City, UT.

Birman, K., and J. Saltz. 1984. A programming
environment for muitichannel signal processing.
Paper read at Computers in Cardiology Confer-
ence, 18-20 September 1984, in Salt Lake City,
UT.

Schlichting, R. D., and F. B. Schneider. 1984.
Using message-passing for distributed pro-
gramming: Proof rules and disciplines. ACM
Transactions on Programming Languages and
Systems 6(3):402-31.

Toueg, S., and O. Babaoglu. 1984. On the
optimum checkpoint selection problem. SIAM
Journal on Computing 13(3):630-49.

8 ELECTRICAL ENGINEERING

Berger, T., N. Mehravari, D. Towsley,andJ. K.
Wolf. 1984. Random multiple-access communi-
cation and group testing. IEEE Transactions on
Communications COM-32:807-14.

Erskine, D. J., A. J. Taylor, and C. L. Tang.
1984. Femtosecond studies of intraband relaxa-
tionin GaAs, AlGaAs, and GaAs/AlGaAs mul-
tiple quantum well structures. Applied Physics
Letters 45:54-56.

Fejer, B. G., J. Providakes, and D. T. Farley.
1984. Theory of plasma waves in the auroral E

region. Journal of Geophysical Research
89:7487-94.
Frey, J. 1984, The impact of electronics

miniaturization on industry and education. In-
vited paper read at Chicago Academy of Sci-
ences’ Symposium on Microstructure Fabrica-
tion and Research, 5 May 1984, in Chicago, IL.

Hagfors, T., W. Birkmayer, and M. Sulzer. 1984.
A new method for accurate electron density
measurements by incoherent scatter radar.
Journal of Geophysical Research 89:6841-45.

Heegard, C. and T. Fuja. 1984. Redundancy in
the design of semiconductor memories. Paper
read at IEEE Information Theory Workshop,
2-6 July 1984, in Caesarea, Israel.

Passmore, N. 1., R. R. Capranica, S. R. Tel-
ford, and P. J. Bishop. 1984. Phonotaxis in the
painted reed frog Hyperolius marmoratus: The
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localization of elevated sound sources. Journal
of Comparative Physiology A 154:189-97.

Pollock, C. R. 1984. Tunable infrared lasers
based on color centers. Engineering: Cornell
Quarterly 19(1):12-17.

Rose, G. J., and R. R. Capranica. 1984. Pro-
cessing amplitude-modulated sounds by the au-
ditory midbrain of two species of toads:
Matched temporal filters. Journal of Compara-
tive Physiology A 154:211-19.

Tang, C. L. 1984a. Femtosecond lasers: Key to
the measurement of ultrafast processes in
semiconductors and molecules. Engineering:
Cornell Quarterly 19(1):2-6.

. 1984b. Femtosecond studies of intra-
band relaxation processes in semiconductors.
Invited talk given at U.S.-Japan Bilateral Semi-
nar on Quantum Electronics, 31 August-1 Sep-
tember 1984, in Nara, Japan.

Wilczynski, W.,and R. R. Capranica. 1984. The
auditory system of anuran amphibians. Progress
in Neurobiology 22:1-38.

Wolga, G. J. 1984. Acousto-optics for process
control.  Engineering: Cornell  Quarterly
19(1):18-21.

® GEOLOGICAL SCIENCES

Ando, C.J.,B. L. Czuchra, S. L. Klemperer, L.
D. Brown, M. J. Cheadle, F. A. Cook, J. E.
Oliver, S. Kaufman, T. Walsh, J. B. Thompson,
Jr., J. B. Lyons, and J. L. Rosenfeld. 1984.
Crustal profile of mountainbelt: COCORPdeep
seismic reflection profiling in New England Ap-
palachians and implications for architecture of
convergent mountain chains. Bulletin of the
American Associaiion of Petroleum Geologists
69:819-37.

Bevis, M. and B. L. Isacks. 1984. Hypocentral
trend surface analysis: Probing the geometry of
the Benioff zones. Journal of Geophysical Re-
search 89: 6153-70.

Brown, L., J. Oliver, R. Allmendinger, and §S.
Kaufman. 1984. Intralithospheric detachments
and continental evolution: Evidence from
COCORP seismic reflection profiling. Paper
read at International Geological Congress, 4-14
August 1984, in Moscow, USSR.

Garner, D., and D. L. Turcotte. 1984, The
thermal and mechanical evolution of the
Anadarko Basin. Tectonophysics 107:1-24.

Gibbs, A., B. Payne, T. Setzer, L. Brown, J.
Oliver, and S. Kaufman. 1984. Seismic reflec-
tion study of the Precambrian crust of central
Minnesota. Bulletin of the Geological Society of
America 95:280-94.

Jordan, T. E., V. A. Ramos, R. W. Allmen-
dinger, and B. L. Isacks. 1984. Reply to discus-
sion of Andean tectonics related to geometry of

subducted Nazca Plate, by O. L. Jensen.
geological Society of America Bulletin 95:877-
0.

Jurowski,G.,J. Ni, and L. Brown. 1984. Modern
uparching of the Guif Coastal Plain. Journal of
Geophysical Research 89:6247-55.

Kay, R. W, and S. M. Kay. 1984. Tertiary to
recent geochemical evolution of the Aleutian
Arc: Implications for regional tectonics. Paper
read at International Geological Congress, 4-14
August 1984, in Moscow, USSR.

Kay,S.M.,and R. W. Kay. 1984. Relation of the
chemistry of the Plio-Pleistocene in recent vol-
canoes of the Aleutian Island Arc, Alaska, to
their tectonic setting. Paper read at International
Geological Congress, 4-14 August 1984, in
Moscow, USSR.

Kay,S.M.,R. W. Kay, andR. R. Pope. 1984. A
petrologic model of the crust and upper mantle of
a portion of the oceanic Aleutian Arc based on
xenoliths from Kanaga Island. Paper read at
International Geological Congress, 4-14 August
1984, in Moscow, USSR.

Travers, W. B. 1984. Field guide to Eastern
Overthrust Belt, New York and Massachusetts.
In The Eastern Overthrust Belt, ed. J. F. Mitch-
ell, Jr., pp. 1-10. New York: Petroleum Explo-
ration Society of New York.

Turcotte, D., and P. M. Kenyon. 1984. Synthetic
passive margin stratigraphy. Bulletin of the
American Association of Petroleum Geologists
68:768-75.

Turcotte, D. L., J.-Y. Liu, and F. H. Kulhawy.
1984. The role of an intracrustal asthenosphere
on the behavior of major strike-slip faults. Jour-
nal of Geophysical Research 8%(B7):5801-16.

&8 MATERIALS SCIENCE
AND ENGINEERING

Amano, J., and D. N. Seidman. 1984. The
diffusivity of *He atoms in perfect tungsten
crystals. Journal of Applied Physics 56:983-92.

Bampton, C. C., M. W. Mahoney, C. H. Hamil-
ton, A. K. Ghosh, and R. Raj. 1984. Control of
superplastic cavitation by hydrostatic pressure.
Metallurgical transactions A 14:1583-93.

Barbour,J. C.,J. W. Mayer, and L. A. Grunes.
1984. A comparison of electron energy loss
spectroscopy and electron diffraction for poly-
crystalline and Xe irradiated nickel silicides. In
Thin films and interfaces, vol. 2, ed. J. E. E.
Baglin, D. Campbell, and W. K. Chu, pp. 235-
40. New York: North-Holland.

Blakely, J. M. (1983.) Surface overlayer struc-
tures and their transitions. Paper read at TMS-
AIME Symposium on Modern Materials
Characterization Techniques, 2-6 October
1983, in Philadelphia, PA.

. 19844. Interaction of atomic steps at
crystal surfaces. Paper read at Defect Solid
State Symposium, 9 July 1984, in Cape Town,
South Africa.

. 1984b . Phase tramsitions in
2-dimensional adsorbed layers. Paper read at
South African Institute of Physics Conference,
12 July 1984, in Cape Town, South Africa.

. 1984¢. Thermodynamics and structure
of carbon layers on transition metal surfaces.
Paper read at Symposium on Mechanisms of
Fischer-Tropsch Synthesis, American Chemi-
cal Society, 27 August 1984, in Philadelphia,
PA.

Blakely, J. M., R. J. Lad, and A. G. Schrott.
1984. Phase diagrams for adsorbed layers at
crystal surfaces. Bulletin of Allov Phase Dia-
grams 5(2):117-27.

Bourret, A., J. Desseaux, and D. N. Seidman.
1984. Early stages of oxygen segregation and
precipitation in silicon. Journal of Applied
Physics 55:825-36.

Brown, H. R., Y. Sindoni, E. J. Kramer, and P.
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