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ON THE PREPARATION OF ENGINEERS
FOR THEIR ROLE IN SOCIETY
Introductory Comments by the Dean

by William B. Streett
The twentieth century has witnessed the
growth of a technological civilization,
bringing greatly increased understanding
and control of the physical world. How-
ever, advances in science and technology
have far outpaced those in social, eco-
nomic, and political spheres. Even though
our country continues to be the acknowl-
edged world leader in scientific research,
our economic and political influence is
declining. We have been unable to marshal
the human resources and create the social,
political, and industrial organizations nec-
essary to maintain economic leadership in
a world economy dominated by new manu-
facturing technologies.

It has been estimated that we spend two-
thirds of our R&D effort inventing new
products and one-third learning how to
manufacture them with efficiency and re-
liability. In Japan the ratios are reversed.
One result can be seen in the consumer
electronics industry, in which our market
share has dropped from almost 100 percent
in the 1960s to about 5 percent today.

To prepare our students for leadership
in the twenty-first century, we must pro-
vide them not only with a well-rounded
education in engineering, but also with a

broad base of liberal education—in litera-
ture and history, in social and political
science, and in the arts—on which they can
build an understanding of other countries,
other cultures, other races, and other points
of view. One of the advantages of a large
and diverse university like Cornell is the
many opportunities available to students to
broaden their perspectives and their hori-
zons through courses taken in fields and
departments outside their own specialty.

A significant trend in engineering edu-
cation over the last two decades has been
the growth of the liberal-education compo-
nent of the curriculum in colleges that are
part of major research universities. Our
students are now required to take at least
eight courses (about one-fifth of the total
required for a B.S. degree) in the social
sciences, humanities, and arts, and many
take even more courses in those and other
fields. Counting the courses in math, phys-
ics, and chemistry taken in the College of
Arts and Sciences, engineering students
now take almost 50 percent of their courses
outside the College of Engineering.

In the past several years there has been
increased public discussion and debate
about the importance of a broad base of

liberal education for all college students.
This was stimulated in part by the pointed
criticisms of higher education made by
William Bennett, the former Secretary of
Education. The attention given to Alan
Bloom's book, The Closing of the Ameri-
can Mind, is evidence of the widespread
interest and concern.

I believe that this development has had
an impact on Cornell students. The number
of humanities electives taken by engineer-
ing students has increased at the expense of
technical electives, especially among those
who have extra flexibility through ad-
vanced placement credit for courses in
math, chemistry, and physics. Other col-
leges have experienced similar trends.
(This has resulted in serious overcrowding
in some humanities courses and generated
a campus dispute over limitations in enroll-
ments imposed by the College of Arts and
Sciences.)

Expansion of the base of education for
engineering students has not been limited
to courses taken outside the college.
Courses in the history of science and tech-
nology, in ethics in professional practice,
and in aspects of public policy are now of-
fered as engineering courses. Several of



"A significant trend in engineering education
over the last two decades has been the growth
of the liberal-education component of the curriculum.

these are taught by Assistant Professor
Ronald Kline, who has an undergraduate
degree in electrical engineering and a
Ph.D. in the history and philosophy of
science and technology. Walter Lynn, a
professor of civil and environmental engi-
neering (who is now dean of the Cornell
faculty) was an early proponent of a
broader context for engineering students;
he has taught courses on professional prac-
tice and the relationships between society
and technology for many years. Lynn was
director of the university's Program on
Science, Technology and Society from
1980 to 1988, and was the principal organ-
izer of a university-wide program on Ethics
and Public Life. (An article by Kline and a
commentary by Lynn appear in this issue.)

Also, the college recently instituted a
program in oral and written communica-
tion that works largely within the context
of the regular engineering courses. The
program is a response to the increasing
recognition by employers and engineering
professionals of the importance of effec-
tive communication skills.

In the coming spring term the college
will offer a seminar course, Understanding
the Cultural Differences in the American

Workplace, that is designed to prepare
students for the multicultural experiences
they will encounter when they enter profes-
sional life. Lecturers will be drawn from
the Africana Studies and Research Center,
the Department of Asian Studies, the His-
panic American Studies Program, the
Women's Studies Program, the School of
Industrial and Labor Relations, and other
Cornell units, as well as from industry. As-
sociate Dean Richard N. White and I will
be the coordinators; the idea and much of
the organization of the course are the work
of Edwin Gordon, the assistant director of
advising in the College of Engineering.

As the Cold War winds down, I believe
that issues of productivity and competi-
tiveness in a world economy will emerge as
major national issues, and that the nation
will look to its institutions of high educa-
tion, and especially to its colleges of engi-
neering, as an important resource to meet
the challenges that lie ahead. The young
men and women of this country will rise to
the challenge if the key issues are explained
and discussed at the national level. This
issue of the Quarterly is a small contribu-
tion to the stimulation of that discussion.

William B. Streett is the Joseph Silbert Dean of
Engineering and professor of chemical engi-
neering at Cornell.

Before coming to the university in 1978, he
taught for many years at West Point, where he
was assistant dean for academic research and
director of the Science Research Laboratory,
which he founded.

He has been dean of the College of Engi-
neering since 1985.



FROM APOLLO TO PROMETHEUS
What the Humanities Can Teach Us
About Engineering Education

by ]. M. Prausnitz
The humanities and engineering must have
some common elements because, lest we
forget, engineering is concerned with the
use of science for meeting human needs. I
would like to explore those common ele-
ments and to discuss their implications for
engineering education and also for sharp-
ening the increasingly fuzzy distinction be-
tween academic scientists and academic
engineers.

In my presumptuous title, I have in-
cluded Apollo and Prometheus because
these Greek deities represent the separation
as well as the intimate connection between
the humanities and engineering.

Apollo is the Greek God of the arts,
especially of music and prophecy. He is
associated with the higher developments of
civilization, inculcating high moral and
religious principles. His oracles are re-
garded as the supreme authority; in short,
Apollo represents the origin of much that
we now call humanities and philosophy. In
some legends, he is said to be the father of
Plato.

Prometheus is the Greek demigod
whose name literally means fore-thinker.
He is a trickster on the one hand, but on the
other, he is a visionary who forges the

This article is based on one of two talks
given at Cornell in April 1989 in the Julian
C. Smith Lectureship series in chemical
engineering.

Prausnitz, a professor of chemical engi-
neering at the University of California at
Berkeley and a Cornell chemical engineer-
ing graduate of 1950, was the second lec-
turer in the annual series.

Smith is a Cornell professor, emeritus,
of chemical engineering. He was educated
at Cornell, joined the faculty in 1946, and
served as director of the School of Chemical
Engineering from 1975 through 1983.

sources of new possibilities: Prometheus
displeases Zeus by stealing fire from him
and bringing it to Earth where man can use
it for good or for evil. Prometheus is known
as a master craftsman, one who defies the
conventions through courage and creativ-
ity; in short, he represents the engineer.
This early mythological figure anticipated
the often-quoted statement of Theodore
von Karman: "A scientist discovers that
which exists. An engineer creates that
which never was."

Apollo and Prometheus have been with
me since my undergraduate years in chemi-

cal engineering at Cornell. During those
important formative years, I learned more
than chemical engineering. I used every
opportunity to attend courses and lectures
that would help give me as broad an educa-
tion as possible within the rigid framework
set by Fred H. (Dusty) Rhodes, the founder
and first director of the School of Chemical
Engineering, whose strong personality
dominated Olin Hall.

I was particularly influenced by a re-
quired one-year course in the history of
science, admirably taught by the late Pro-
fessor Henry Guerlac. This course showed
me that chemical engineering is not an
isolated subject, but an integral part of the
broad spectrum of knowledge.

The relation between Apollo and Prom-
etheus has always been troubled by ten-
sions, and nowhere are such tensions more
evident than at a university like Cornell or
Berkeley, where there is a division, a seg-
regation, between the engineering and
applied-science community on one hand,
and the humanities community on the
other. Segregation tends to produce rival-
ries, envy, and suspicion, all the
characteristics of the "we" versus "they"
mentality.



". . . significant growth inevitably occurs
at the periphery, at the interface that separates
one discipline from another'

While that unfortunate mentality can
lead to disharmony, it also has a less obvi-
ous but more insidious effect: breakdown
of communication leads to intellectual
insularity—and that hampers the progress
of both knowledge and education. Scholars
in the history of knowledge have shown
convincingly that in any discipline, signifi-
cant growth inevitably occurs at the periph-
ery, at the interface that separates one dis-
cipline from another. When communica-
tion between disciplines declines, creation
of new knowledge is impaired.

Separation between the humanities and
the sciences is so much a part of our present
culture that it has become the subject of
humorous cartoons such as the one repro-
duced as Figure 1 *. We laugh at this cartoon
because we cannot imagine that a song can
indicate any emotional connection with
chemistry. But aren't songs about feel-
ings—joy, sadness, hopes, and aspira-
tions? And is not a chemist or engineer who
works in the laboratory a human being
whose work is part of his personality and
soul? Regrettably, the conventional view

* This cartoon appeared in American Scientist,
5 published by Sigma Xi.

Figure I

"This is a lovely old song that tells of a young
woman who leaves her cottage, and goes off
the work. She arrives at her destination, and
places some solid NH4HS in a flask contain-
ing 0.50 atm of ammonia, and attempts to
determine the pressures of ammonia and
hydrogen sulfide when equilibrium is
reached."

in our culture does not admit such a connec-
tion; and one of the unfortunate conse-
quences is that it restricts the effectiveness
of engineering education.

RESTORING THE CONNECTION
IN ENGINEERING EDUCATION
Are the humanities impaired, especially in
their educational efforts, by not communi-
cating more with the engineering commu-
nity? Surely there is no doubt about that: no
one who is concerned with humanistic
problems and values can ignore the ever-
growing impact of technology on human
affairs. But I want to focus on the inverse
question: Is engineering—in particular,
engineering education, and especially
chemical engineering education—im-
paired by insufficient communication with
leaders in the humanities, with those who
are figuratively (and often geographically)
on the other side of the campus?

Can we engineers, especially those of us
responsible for undergraduate education,
learn something useful from what's going
on in the humanities? My answer is a defi-
nite YES. I would like to illustrate that YES
by indicating how some insights from lead-
ers in the humanities can help us to clarify



our current identity crisis—to relieve our
insecurity concerning how chemical engi-
neers, for example, differ from chemists or
physicists or biologists. I shall also suggest
how these insights may be implemented in
undergraduate engineering education.

THE SIGNIFICANCE
OF CONTEXT
When I listen to my friends in the humani-
ties, certain words keep recurring. Among
the most common of these are hermeneu-
tics, historicism, structuralism, holistic,
and empathetic. The essential message I
get is this: Leading humanists today are
deeply concerned with the interconnected-
ness of phenomena, with the fuzziness of
boundaries, with the interdependence of
objects and events. For example, many
literary critics claim that the interpretation
(or hermeneutics) of a text (say, a novel or
a poem) depends not only on the customs,
habits, and intellectual background of the
author and on the historical period when
the text was written, but also on the cus-
toms, habits, and intellectual background
of the reader and on the historical time
when the text is read. In other words, a text
is not a thing in itself, but only the focus of
numerous forces and conditions that vary
with time and with the state of the observer.
If you and I read the same poem today, we
are likely to have different reactions and in-
terpretations. But further, if you and I read
the same poem next year under differentcir-
cumstances, our interpretations are likely
to be different from what they are today. A
hermeneutic interpretation of a text re-
quires that we be aware not only of the pre-
judices of the author, but also of our own.

A central figure in hermeneutics is the
German philosopher Hans Georg Gada-
mer. His major book has the revealing title
Truth and Method; he tells us that, in a

Figure 2

cfesc

sense, this book is a sequel to one of the
great works of twentieth century philoso-
phy, Heidegger's Being and Time. These
titles already convey the central message:
to achieve significant understanding, we
cannot isolate an object or subject; we
must study it in its extensions in space and
time, because the significance of some-
thing lies not primarily in itself but in its
relation to other things. It is this insight
that should guide engineering education.

Hermeneutics has had profound influ-
ence on many, indeed most, of the humani-
ties. In literature it has led to a neo-histori-
cist movement which seeks to understand
literary texts in terms of cultural anthropol-
ogy and other social sciences. Similarly,
historians interpret historical documents
with reference to the social, economic,
esthetic, geographic, religious, and psy-
chological forces that are responsible for
their existence and for their subsequent
effect on later developments. An often
quoted observation of Gadamer is that
"History does not belong to us, but we
belong to history." In other words, much of
what we do is determined, often subcon-
sciously, by our binding relation to the past.

In a recent book called Rembrandt's

Enterprise, art historian Svetlana Alpers
presents a new way of looking at Rem-
brandt's paintings. Her approach is based,
in part, on the economics of the art business
in Holland in the seventeenth century and
on the social dynamics that governed rela-
tionships among artists, apprentices, and
models in Rembrandt's studio. Alpers'
book is typical of the contemporary trend to
look at phenomena broadly, in terms of all
the interactions that make the phenomena
what they are and that make them impor-
tant. We need that trend in engineering
education.

When taken to its extreme, the current
situation in the humanities can cause con-
fusion and despair because everything
seems to depend on everything else; it is
difficult to know where to start. This situ-
ation is described in the cartoon shown as
Figure 2*. It is surely not simple to present
a subject clearly while at the same time giv-
ing consideration to its relation to numer-
ous other subjects. But in our complex
world today, it is precisely such presenta-
tion that is needed for good education.

This fluidity, this broadening of
boundaries, this interconnectedness, this
networking of objects and subjects, of past
and present, characterizes literature and the
fine arts and also much of the socially-
oriented arts like history or politics or
economics. Surely that is no surprise to
most of us.

What is perhaps more surprising is that
these characteristics also apply to sci-
ence—less strongly, to be sure, but never-
theless sufficiently to have attracted the
serious attention of contemporary philoso-
phers of science. The emerging picture is

* This cartoon appeared in Science, published
by the American Association for the Advance-
ment of Science. 6



that science in practice is not nearly as
objective or as absolute as we would like to
believe. A careful, in-depth analysis sug-
gests that many of our scientific concepts
result from convenient but by no means
logically essential premises, and that many
of our experimental measurements turn out
as they do first, because of the theoretical
formulations—which may be little more
than prejudices—that we impose on our
choice of instruments, and second, because
of our somewhat arbitrary choice of which
variables to study and which to neglect.

In a famous and iconoclastic passage,
the philosopher Paul Feyerabend, one of
the leaders in radical criticism of our tradi-
tional view of science, says:

Science is an essentially anarchistic en-
terprise: theoretical anarchism is more hu-
manitarian and more likely to encourage
progress than its law-and-order alterna-
tives. This is shown both by an examination
of historical episodes and by an abstract
analysis of the relation between ideas and
action. The only principle that does not
inhibit progress is: Anything goes.

Proliferation of theories is beneficial
for science while uniformity impairs its
critical powers. Uniformity also endan-
gers the free development of the individual.
There is no idea, however ancient and
absurd, that is not capable of improving
our knowledge.

What I want to emphasize is that in-
creasingly, in the humanities and also in
parts of the social sciences, the emphasis
toward understanding is not directed at the
isolated object, but rather, at the object's
relations to its surroundings in both space
and time. Philosophers and other human-
ists are much less concerned today with the
noumenon—the thing in itself, as dis-
cussed by Immanuel Kant two hundred

years ago—than they were in earlier times.
Instead of narrowing their focus by at-
tempting to shut out what was once as-
sumed to be irrelevant, humanists today are
broadening their vision, attempting to shed
light on things that may be more relevant
than we had believed.

I submit that this change in emphasis
has profound implications for engineering
education. If we believe that, despite recent
developments in the universities, there is a
significant difference between engineering
and science, then this change of emphasis
which is now sweeping the humanities may
help us to become better engineering edu-
cators. Prometheus brought fire to Earth so
that it might benefit humankind. If engi-
neering is briefly defined as applying sci-

Table I.
STYLE IN THE PURSUIT

OF KNOWEDGE
An Oversimplified but Nevertheless Useful

Categorization

Vertical

Pursuing a systematic, step-by-step search
for ultimate truth

Explaining each phenomenon in terms of
more fundamental phenomena

Emphasis on basic foundations

Horizontal

Establishing functional relationships
between phenomena of similar complexity

Understanding how something works
by learning how it depends on its

surroundings

Emphasis on context

ence for the benefit of people, it follows
that engineering must be concerned with
the human consequences of science. The
message from scholars in the humanities is
that a broad rather than a narrow focus is
required for understanding the human
condition. We should consider that mes-
sage seriously.

STYLE OR METHOD IN
THE PURSUIT OF KNOWLEDGE
To understand what the humanists are
saying, it is helpful to consider the notion of
style in pursuing knowledge. For my pur-
poses here, style refers to the methodology
for achieving knowledge. I recognize that
what I am about to say is a vast, possibly
outrageous, oversimplification, but it is
nevertheless useful to distinguish between
a vertical and horizontal style or mode of
inquiry, as shown in Table I.

With the vertical style, which is the
classical procedure that we typically fol-
low in current engineering curricula, we
tend to imitate the methodology of the
physical sciences; we build an intellectual
house of bricks, with each brick resting on
the one below. In his Priestley Medal ad-
dress a few years ago, Frank Westheimer, a
distinguished chemist at Harvard, empha-
sized that it is precisely vertical learning
that characterizes education in the physical
sciences: a student cannot take an ad-
vanced course until he or she has taken
numerous prerequisites.

The important characteristic of the ver-
tical style is that it stresses an orderly,
logical development based on minimal
foundations; the most extreme example is
provided by mathematics. By contrast, the
important characteristic of the horizontal
style is its emphasis on context; the most
extreme example is provided by practical
politics.



Table II.
SOME EXAMPLES OF STYLE

HISTORY

SCIENCE

Whiggish:
Every previous epoch is a stepping-
stone to our present era.

Correspondence:
Each new discovery, theory,
or experiment leads us
asymptotically to truth.

PHILOSOPHY Analytical:
Penetrating search for meaning,
primarily through linguistic
analysis.

Empathetic:
Each time period has its own tele-
ology (purpose) and need not be a
steppingstone leading to the present.

Coherence:
Science means studying the book of
nature. The best we can expect is to
achieve self-consistency.

Hermeneutical:
Multidimensional search for
meaning, including esthetic and
anthropological insights.

Table II gives some examples of style in
academia; for brevity, I have again over-
simplified. For history, science, and phi-
losophy, I have indicated two styles that
correspond, very roughly, to the vertical
and horizontal styles shown in Table I. The
important point is that these styles, these
modes of inquiry, are more than pedagogi-
cal devices. To a large extent, they deter-
mine how we look at our work and how we
doit.

I have discussed style for acquiring
knowledge with a variety of humanists,
many of them leaders in their fields. The
prevailing view that I hear from them is
that, while the future of knowledge surely
requires both styles, it is the horizontal
style that has received insufficient atten-
tion from scientists, especially applied
scientists.

During the last one hundred years, all
scholars have been awed by the astounding
successes of the natural sciences. There
have been two reactions. One has been imi-
tation: the vertical style of physical science
has been exaggeratedly, almost blindly,
applied to areas in which it is not appropri-
ate. The other reaction is denial: th^ vertical
style has been rejected as brutal, insensi-

tive, and dehumanizing. What many hu-
manists are telling us today is that both of
these reactions are dangerous and funda-
mentally wrong. Good scholarship re-
quires that both the vertical and the hori-
zontal styles be given serious attention. In
engineering education we have exagger-
ated the importance of the vertical style by
slavishly following the example of the
physical sciences. To produce good engi-
neers, we must shift the balance.

IMPLICATIONS FOR
ENGINEERING EDUCATION
Much of what has been written about the
separation between the sciences and the
humanities can be understood in terms of
the two styles I have discussed. For many
years, it was believed that the task of sci-
ence is to explain phenomena (in the sense
of vertical explanation), and that the task of
the humanities is to contribute to an under-
standing of events or human relations. In a
humanistic endeavor, understanding
means that we recreate within ourselves the
emotion experienced by others during a
historical event or as expressed in a poem
or painting. Today this simple distinction is
no longer satisfactory; we now believe that

good scholarship in the humanities re-
quires explanation as well as understand-
ing. Those of us in the sciences who have
thought deeply about our work know that if
we want to use the published work of a
colleague, we must recreate in ourselves
the motivations, the frustrations, the preju-
dices, and the inspirations which produced
that work. Many outside the sciences don't
seem to recognize what we who are in the
sciences know for sure: science is a human
enterprise—scientific results are produced
not by robots, but by human beings whose
tastes, preferences, and cultural determi-
nants deeply influence what they achieve.
If we are truly honest, we acknowledge that
scholarly work of any kind is never totally
objective or subjective, but necessarily
both. More important is the recognition
that final conclusions and decisions for
action are only rarely based on hard scien-
tific evidence alone. Conclusions and deci-
sions are almost always influenced—often
strongly—by extraneous factors, by envi-
ronment, and by context.

That knowledge is not properly re-
flected in our educational programs for
undergraduate engineers. We continue to
emphasize vertical explanation, with only
little attention to horizontal explanation.
We treat our courses as isolated entities
without stressing their interrelatedness.
We tend to present engineering as a strict
science although we know that engineering
is much more than that: it is science not for
itself but for a purpose; it is science directed
at attaining social goals; it is science in the
service of producing goods for the enrich-
ment of human life and so on and so on, as
we all know; but when we look at our
engineering educational program, we usu-
ally do not practice what, deep down, we
know to be true.

To illustrate the difference in attitude



between those who work in the natural
sciences and those who work in the so-
called human "sciences", I have summa-
rized some salient features in Table III.
These features are conveniently expressed
in the contrasting views of two philoso-
phers, Rene Descartes and Giambattista
Vico. Today's scientists think and work
almost exclusively in the tradition of
Descartes. That tradition has produced im-
pressive results and no doubt will continue
to do so. But engineers are not only scien-
tists. Engineers are also concerned with the
uses of science and should therefore be
aware of the interface where science meets
human needs.

IMPLICATIONS FOR AN
ENGINEERING DEPARTMENT
In a chemical engineering department, for
example, the faculty should not try to imi-
tate physical chemists or molecular biolo-
gists or solid-state physicists. Those of us
who teach chemical engineering should not
try to be identical to our distinguished col-
leagues in the science departments, who
are often tempted to regard us as scientists
who weren't quite good enough to "make
it" in a "genuine" science department. We
have a different mission: to cultivate and to
teach science not for its own sake, but
within a social context.

In practice, engineering is concerned
with the agglomeration, the coming to-
gether of many interacting contributions. It
is therefore appropriate to adopt the fol-
lowing definition: A well-educated engi-
neer is someone who is not only knowl-
edgeable in the sciences, but who is also
aware of how these sciences lead to tech-
nology and how technology influences and
is influenced by the needs and concerns of
society.

What can we do at the university to

Table III.
TWO ATTITUDES TOWARD THE SEARCH FOR KNOWLEDGE

Rene Descartes, 1596-1650
(Modern Natural Sciences)

Dominance of rational faculties, mathematics,
and mechanics form the basis of all
"true knowledge".
Only the rigorous study of nature leads
to truth. Humanistic inquiry (e.g., art
or literature) is of a lower order.

Giambattista Vico, 1668-1744
(Modern Human "Sciences")

Since nature is made by God, it is in essence
incomprehensible to man.

However, history and social institutions,
literature and art are made by man and are
therefore accessible to man's understanding
through empathy and reconstruction.

Manifesto: Since engineering is concerned with natural science and human institutions,
engineering education must constitute a synthesis of scientific and humanistic knowledge.

produce this well-educated engineer? A
simplistic solution is to require courses in
certain categories: so many credits in phys-
ics and (at least for chemical engineers)
chemistry, so many in reactor design, in
thermodynamics, in humanities, in social
sciences, and so on. This solution is tempt-
ing because it allows faculty members to
focus on their specialties without having to
exercise any concern for the students'
overall education. We might call this the
cafeteria approach to education: each item
of food is on a separate plate and the diner
is responsible for assembling a balanced
meal.

Through experience, mature engineers
recognize the connection between engi-
neering science and the real world. But
undergraduates are necessarily not mature
and they need help to make the connection.
Long experience has convinced me that
many, indeed most, undergraduates cannot
by themselves integrate their educational
experiences in different courses. While
each course teaches the trees and the
leaves, each student must learn individu-
ally to see the forest, and most undergradu-
ates can't do it. The cafeteria approach is
not effective unless accompanied by an

integrating factor. It's clear that the facul-
ties in humanities and social sciences
aren't going to do that for us. We—the
engineering faculty—must do it ourselves.

It was at Cornell that I first learned about
the need for the engineering faculty to take
on an integrating responsibility. It is well
expressed in the preface of Dusty Rhodes'
little text on technical report writing, in
which he points out that while students may
take courses in the English Department,
they will not learn to write technical reports
in good English unless taught to do so by
their engineering instructors. Similarly, if
we expect students to appreciate how engi-
neering science and technology interact
with society, then engineering instructors
must actively encourage that expectation in
their own courses. There is no need for a
separate course entitled, say, "Engineering
and Society". Integration is much better
achieved by broadening the scope of exist-
ing courses, by presenting the usual engi-
neering subjects in context, by interpreting,
relating, and interconnecting engineering
science and technology with the world in
which they become effective.

That is the message of the humanities to
engineering education: Yes, teach science,



teach phenomena, experiment, theory, and
correlation. Yes, teach technology, plant
design, and product development. But
don't stop there. Teach also, or at least
indicate, the social problems, the govern-
ment's role, the ethical dilemmas, the legal
implications, the effect of technology on
health and medicine, the influence of inter-
national relations and cultural conflicts—
in short, the human dimensions and conse-
quences that interact with technology in a
world populated by human beings.

INCLUDING SOCIAL ISSUES
IN COURSE CONTENT
To illustrate how we can introduce social
concerns into regular engineering courses,
I have two quantitative examples for chem-
ical engineering courses—one in fluid
mechanics and one in thermodynamics. In
these examples, I try to follow the advice of
the cultural anthropologist Clifford Geertz,
who distinguishes between "thin" and
"thick" descriptions of phenomena. A
"thin" description merely presents the facts
and their narrow interpretation; a "thin"
description is analogous to a two-dimen-
sional photograph. A "thick" description
presents not only the facts, but also their
extension, their multidimensional mean-
ing, their effect on other phenomena, and
their possible relevance to the description
or explanation of related problems.

The example for fluid mechanics,
shown in Figure 3, concerns Stokes' law
for settling velocity and its application
toward an evaluation of that frightening
scenario called nuclear winter. Until a few
years ago, many scientists claimed that
however devastating the effects of nuclear
war might be, the effects on global climate
due to blast, heat, and radioactivity would
be slight. Recent research has brought this
conclusion in question. Detonation of a

Figure 3. An example of an engineering class assignment involving a social concern.
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The sketch illustrates a scenario for nu-
clear winter, based on Stokes' law. The as-
signment is to estimate the settling time for
stratospheric dust generated by large forest
fires after detonation of a nuclear arsenal.

The students are told to model the dust as
spherical particles 10 microns in diameter,
forming a dilute dispersion in the stagnant
stratospheric layer, and on this basis, to cal-
culate the settling time from a height of 50
kilometers.

The condition ofdiluteness implies that the
the particles have a nearest approach of 100
diameters, or one millimeter. Even as a dilute
dispersion, this layer of dust would be quite
opaque, since it would be 20 kilometers thick.
The incident solar radiation would be com-
pletely blocked from reaching the earth1s
surface. The earth would be engulfed in dark-
ness, and there would be no light for
photosynthesis.

Stokes' law is applied as outlined in the
chart. It is optimistic to assume a stagnant
stratosphere, since any winds or natural con-
vection would tend to keep particles airborne
longer. (It may also be argued that large
particles scavenge some small dust particles;
however, it is plausible to assume that once the
large particles settled, there would still be a
dilute dispersion of small-diameter dust.)

The student calculates the terminal velo-
city Vtfrom a force balance. This yields the set-
tling time, which is the maximum height(50
kilometers) divided by the terminal velocity.

Because it is inversely proportional to the
square of particle diameter, settling time is
very large when the particles are very small.
For 10-micron spheres, the settling time turns
out to be about 105 days, a magnitude great
enough to demonstrate the possibility of nu-
clear winter. For 1-micron spheres, the set-
tling time is estimated as twenty-nine years.
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nuclear arsenal would cause large-scale
forest fires, which would blow huge quan-
tities of dust into the stratosphere, and this
dust would prevent sunlight from reaching
the earth, triggering nuclear winter.

Within this context, the students are
asked to estimate the settling time for
stratospheric dust. It turns out that for dust
modeled as 10-micron spheres, the settling
time is about 105 days—long enough to
bring about the effects of nuclear winter.
For 1-micron spheres, the settling time is
calculated as twenty-nine years! If the ini-
tial dust content in the stratosphere were
large enough to cool the earth to winter-like
conditions, then at least one harvest, and
perhaps two, would be destroyed. Even
worse, all summertime vegetation would
perish and severely affect wildlife depend-
ent on such vegetation for food.

Students read magazines, watch televi-
sion, and go to the movies. They have heard
about nuclear winter and at least some of
them are worried about it, but few under-
graduates recognize that what they learn in
fluid mechanics has any relation to what
they have seen and heard about nuclear
winter. Engineering faculty members must
supply the integrating factor.

The second example, shown in Figure 4,
concerns a pervasive air-pollution prob-
lem: smog caused by the evaporation of
solvents in lacquers and paints. This ex-
ample differs from the previous one be-
cause it concerns a response to existing
legislation rather than to technical aspects
of a possible world-wide fiasco.

Solvents vaporize and are subject to
photochemical reaction with ozone, form-
ing smog. In some geographic areas, local
legislation has been enacted for controlling
the emission of volatile materials. Los
Angeles was the first major metropolitan
area to enact such legislation in conjunc-

Figure4.A quantitative problem for chemical
engineering students that concerns the so-
cially significant problem of air pollution.

The students are asked to make an analy-
sis of costs involved in substituting an envi-
ronmentally accceptable solvent mixture for
the conventional mixture used in the produc-
tion of a cellulose nitrate lacquer. (The need
for a benign solvent was mandated by Rule 66
adopted by the city of Los Angeles.)

The students are introduced to a method
for designing solvent blends based on a
2-dimensional map of Gar don s fractional
polarity versus solubility parameter. Solubil-
ity and fractional-polarity parameters are
used to represent the solubility behavior of
polymer-solvent systems. A good solvent must
approximately match both the solubility pa-
rameter and the fractional polarity of the
solute. For nitrocellulose, the coordinates of
a good solvent must fall within the area indi-
cated in the sketch.

The thermodynamic and hydrodynamic
requirements are established: (1) The volume
fraction of the active solvent should be three
times that of the cosolvent. (2) High-boiling
solvents should not exceed 10 percent of the
total solvent volume. (3) The diluent volume
fraction must not exceed three times that of the
high-boiling, slow-evaporating component.
(4) Proper flow and blush resistance require
that low-boiling active solvents do not exceed
20 percent of the total volume.

The table shows both the original solvent
mixture and the solvent mixture which satis-
fies Rule 66. The cost of the original solvent
mixture is $1.48 per gallon, while that of the
environmentally benign, redesigned mixture
is 50 percent higher, $2.21 per gallon.

Note: This example and the one in Figure 3
are from an article by J. M. Prausnitz and
Davor Sutija now in press in the Journal of
Chemical Engineering Education.

Gardon's Solubility Map

10 11 12 13 14

Solubility Parameter (-^L ) 1 / 2

cm3

A = acetone { 8 = 10.0, p = 0.695}
B = solvent naphtha { 8 = 7.6, p = 0.001)

Cost Comparison between
Solvent Mixtures

Standard Solvent (pre-Rule 66)

Active Solvents

Methyl ethyl ketone 23.5 cents/lb.
Methyl isobutyl ketone 38 cents/lb.
Methyl methoxy pentanone 50 cents/lb.
Latent Solvent: Isopropyl alcohol $ 1.31/gal.

Hydrocarbons: Toluene 73 cents/gal.

Total cost per gallon: $1.48

Environmentally Benign Solvent

Active Solvents

Acetone
n-Butyl acetate
Methyl amyl acetate
Latent Solvent: Ethyl alcohol $ 1.81/gal.
Hydrocarbons: Solvent naphtha $ 1.30/gal.

Total cost per gallon: $2.21

27.5 cents/lb.
52 cents/lb.
52 cents/lb.



tion with the Environmental Protection
Agency. Los Angeles' Rule 66 limits both
the type and amount of solvent that may be
used in paint formulations; to meet Rule 66
limitations, typical paint and lacquer sol-
vents have to be reformulated.

The problem presented to the students
concerns the cost of choosing a permissible
solvent mixture for cellulose nitrate, which
is widely used as a lacquer for textiles and
furniture.

Cellulose nitrate has been used for such
applications for over a century because of
its low cost and the durability of nitrocellu-
lose films. For use as a coating material,
cellulose nitrate is dissolved in a mixture of
solvents. The active (and relatively expen-
sive) solvent is a polar liquid having func-
tional groups containing oxygen: aliphatic
esters of acetic acid, ketones, and glycol
ethers are the most common solvents. Co-
solvents and diluents may also be used to
reduce cost. However, these diluents tend
to be smog-forming aromatic hydrocar-
bons. Rule 66 limits both the aggregate
volume fraction in the paint mixture of
these diluents, as well as individual volume
fractions of certain types of diluents. Ole-
fins are limited to 5 percent by volume,
eight-carbon aromatics are limited to 8
percent; toluene, trichloroethane, and
branched ketones are also subject to the
aggregate limit of 20 volume percent.

The students are given solubility data
and current prices for various categories of
solvents, as shown in Figure 4, and they are
asked to compare the cost of the cheapest
thermodynamically acceptable solvent
mixture to that of the least expensive mix-
ture which also satisfies Rule 66. They
discover that smog control raises costs. A
more important function of the exercise is
that it demonstrates to the students that
engineers have a role in establishing an

effective way to reduce air pollution, con-
sistent with legal requirements.

Most students read the newspapers, and
certainly in California, they are aware of
smog. When students in a thermodynamics
class learn about solubility parameters, it
never occurs to them that there is a connec-
tion between solubility parameters and
efforts to reduce smog in Los Angeles.
Someone has to tell them. It is this kind of
activity that constitutes the integrating
factor that should play a prominent role in
our undergraduate curriculum.

SOCIALLY RELEVANT CONCERNS
IN CLASS DISCUSSIONS
In addition to quantitative problems such
as these, it is possible to introduce qualita-
tive considerations that broaden the scope
of a course.

For example, when we present the prin-
ciples of refrigeration, we usually take a
few minutes to discuss desirable properties
of refrigerants, including freons. At that
time, it is a simple matter to talk briefly
about how some freons attack the ozone
layer that protects the earth from excessive
ultraviolet radiation, and to indicate the
need for synthesizing new compounds that
can serve as environmentally acceptable
refrigerants.

To illustrate the principles of heat trans-
fer, we need not confine attention to the
time-worn double-pipe heat exchanger.
Along with the usual equations for conduc-
tion, convection, and radiation, let us also
talk about solar energy, cooling require-
ments for supercomputers, heat effects in
reentry of space vehicles, cryosurgery, and
such home-related topics as microwave
ovens, fire-resistant pajamas for infants,
and design of an effective fireplace.

When we talk about flowing fluids, let's
mention check valves, rupture discs, hu-

man failures, and the tragedy at Bhopal in
India. When we discuss condensers, let's
mention fog at airports. When we derive
colligative properties of solutions, let's
talk about salt for removing snow on our
streets and then about corrosion of automo-
biles. When we discuss evaporation, let's
mention desalting of sea water and the
drought in Ethiopia. When we encounter
the free energy of formation of ammonia,
let's also say something about fertilizers,
about starvation in underdeveloped coun-
tries, and perhaps a few words about the
latest farm bill passed by Congress. Fur-
ther, let's recall for our students that ammo-
nia is used for making nitric acid, that
nitrates are used for making explosives,
and that if Haber had not invented his
synthetic-ammonia process early in this
century, Germany would have run out of
ammunition in 1915 and would have been
unable to continue World War I after the
first year.

I mention these examples not only to
stress the relevance of chemical engineer-
ing, but even more, to suggest that when
taught with generosity, chemical engineer-
ing can serve as an integrating factor for
understanding our living world as de-
scribed in newspapers, television, and his-
tory books.

The concept of interconnectedness was
dramatically shown by one of my former
Ph.D. students, Bryan Rogers, who is
probably the only person in the world who
has a joint Ph.D. degree in chemical engi-
neering and art. Bryan is now chairman of
the art department at Carnegie Mellon
University, continuing his work on the
connection between art and technology. A
few years after completing his Ph.D.,
Bryan exhibited some of his creations in an
art gallery in Berkeley. In one of these
(Figure 5), his point of departure was the 12
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clocks that we find at airports giving the
time in London, New York, Los Angeles,
Tokyo, Moscow, and so on. In a simple and
direct way he is telling us that what goes on
far away is nevertheless of concern to us;
that, in a sense, what happens elsewhere is
also happening here. It is this kind of atti-
tude that I would like to see reflected in our
academic engineering programs.

Most of our students are bright and
versatile; once they leave the university,
they eventually find their own integrating
factors by experience. But the faculty can
make their transition to industry easier and
can significantly enrich their undergradu-
ate years by providing some of this needed
integration in our regular courses.

THE FOXES AND THE HEDGEHOGS:
THE NEED FOR BOTH IN ACADEMIA
In this discussion of undergraduate educa-
tion in engineering, particularly chemical
engineering, I have called attention to style
and to attitude. I have suggested that there
is no compelling need to change the cur-
riculum, but that, instead, it is necessary to
change our emphasis: to give more atten-
tion to horizontal as opposed to vertical ex-

13 planation, to stress hermeneutics, interre-

latedness, and relevance, and to present
phenomena in their fullness rather than in
their analytical detail—in short, to change
our focus from isolation to context. I have
necessarily oversimplified and, for illus-
trating my point, I have used some far-
fetched analogies. Now I would like to
present one additional analogy that may
suggest how we can be better educators and
how we can strive to identify ourselves as
engineers rather than as scientists.

An early Greek writer of fables, Archi-
lochus, who lived around 700 B.C., is best
known for an often-quoted fragment: 'The
fox knows many things but the hedgehog
knows one big thing." In this short sen-
tence, Archilochus refers to style, to per-
sonality, to that inner vision that somehow
dictates how we do the things we do. In
speculating about the meaning of the sen-
tence, we must recall that the hedgehog is a
solitary animal who is cautious, stubborn,
and single-minded, and attains his goals in
a determined, monolithic manner; the fox,
on the other hand, is clever and audacious,
inventive, versatile, and pragmatic.

In a famous essay on Tolstoy, the Eng-
lish historian of ideas, Isaiah Berlin, uses
this contrast to illustrate the different styles

of great writers and thinkers, and by exten-
sion, of human beings in general:

....there exists a great chasm between
those, on one side, who relate everything to
a single central vision, one system more or
less coherent or articulate, in terms of
which they understand, think and feel—a
single, universal, organizing principle in
terms of which alone all that they are and
say has significance—and on the other
hand, those who pursue many ends, often
unrelated and even contradictory, con-
nected, if at all, only in some de facto way
. . . related by no moral or aesthetic prin-
ciple; these last lead lives, perform acts,
and entertain ideas that are centrifugal
rather than centripetal, their thought is
scattered or diffused, moving on many
levels, seizing upon the essence of a vast
variety of experiences and objects . . .
without . . . seeking to fit them into, or
exclude them from, any one unchanging,
all embracing. . . at times fanatical inner-
vision. The first kind of intellectual and
artistic personality belongs to the hedge-
hogs, the seond to the foxes.

Isaiah Berlin gives some examples:
Dante is a hedgehog; Shakespeare is a fox.
Plato, Pascal, Hegel, and Proust are hedge-
hogs; Artistotle, Montaigne, Pushkin, and
Joyce are foxes. Let me add a few of my
own: Bach is a hedgehog, Mozart is a fox;
John Wayne is a hedgehog and Sammy
Davis, Jr. is a fox. Oliver North is a hedge-
hog and Henry Kissinger is a fox. Ralph
Nader is a hedgehog and Johnny Carson is
a fox. Perhaps the most extreme example is
hedgehog Khomeini and fox Gorbachev.

I do not want to suggest that hedgehogs
are necessarily bad and foxes are necessar-
ily good. Clearly the world needs both, and
in a balanced program of education, stu-
dents must be exposed to both styles. What



". . . . / am pleading for a multidimensional
view of our subject, for presenting science

with a human face.JJ

I do suggest is that in our undergraduate
program for engineers, we should shift the
prevailing balance away from single-
minded science, which, simplistically, 1
identify with the hedgehog, and toward
open-minded, user-friendly, applied
knowledge, which, simplistically, I iden-
tify with the fox. For undergraduates, engi-
neering should be taught in a social context.
In other words, I am pleading for a multidi-
mensional view of our subject, for present-
ing science with a human face.

Our colleagues in the humanities tell us
that knowledge cannot be neatly packaged
into separate categories. We should take
their message seriously. If we want to attain
significant understanding and if we want
that understanding to have consequences,
we must show our students how what we
teach them is intimately related to the
world in which they live—a world that
needs their devoted intelligence if the fu-
ture is to be better than the past.

I am grateful to Cornell for launching
me on a satisfying career in which, in a
modest way, I have tried to pass on to
numerous Berkeley students the need to
balance the virtues of hedgehog and fox.
While I believe that this balance must now

be readjusted toward more foxiness, it was
at Cornell forty years ago that I first learned
those habits of thought that constitute the
essential characteristic of good engineer-
ing: Science does not exist in a vacuum,
and while scientific advances must often be
attained in isolation, the engineer's calling
is to put the pieces together, to synthesize,
to interpolate, to construct whatever is
needed to reach a desired, useful goal. No
Cornell professor ever said so explicitly,
but the Cornell atmosphere which deter-
mined my most formative years taught me
implicitly that engineering in practice is a
human activity.

As a chemical engineering student at
Cornell, I was beneficially influenced by
two great teachers and I am indebted to
both. Dusty Rhodes was the hedgehog, and
Julian Smith was the fox.

Acknowledgement: The author thanks Davor
Sutija for helpful discussions and Professor
Michael Williams for suggesting the applica-
tion of Stokes' law to nuclear winter.
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COMMENTARY

On "From Apollo to Prometheus" by J. M. Prausnitz
Five Cornell Educators Discuss the Issues Raised

Has engineering education
changed since Professor J. M. Prausnitz
was an undergraduate at Cornell? YES! Do
engineering faculty members today be-
lieve that they have the obligation to pro-
vide the kind of lessons that Julian Smith
offered to Prausnitz and his fellow stu-
dents? PROBABLY NOT.

Prausnitz is committed to teaching
engineering in a social context—to giving
it a human face. He generously credits his
mentors at Cornell with providing much of
the inspiration and guidance that helped
him develop his own perspective. In order
to "show our students how what we teach
them is intimately related to the world in
which they live," Prausnitz says, engineer-
ing faculty members should broaden their
focus, encompassing in their teaching the
social context as well as the technical sub-
stance of their subject.

But I believe that many professors today
accept the idea that a reasonably well-
balanced education can be provided by a
system in which the students choose
courses within prescribed categories and in
amounts specified by the faculty (in the
manner Prausnitz refers to as the cafeteria

15 approach to education). Getting out of this

longstanding cafeteria-line tradition and
mentality and adopting instead a program
in which consideration of societal implica-
tions is built into the engineering course
work would not be achieved easily. From
the viewpoint of many faculty members, it
might be asking too much.

The attitudes and perspectives of those
of us who teach engineering are actually
not much different than those of our col-
leagues in the physical and biological sci-
ences or the humanities and the social sci-
ences. At the risk of carrying the cafeteria
metaphor too far, I suggest that:
• The "cooks" who prepare the dishes
available in the engineering undergraduate
cafeteria line are relatively indifferent to
whatever else is being served. And they
probably know very little about what each
dish consists of, even though each has a
familiar-sounding name.
• Faculty members are often reluctant to
offer benevolent advice on what consti-
tutes a "balanced diet". Few are suffi-
ciently interested or willing to take the time
to discuss with their students how they
should choose their free, technical, and
liberal-studies electives—even though, as
Prausnitz argues, faculty members ought to

be helping these immature undergraduates
"recognize the connection between engi-
neering science and the real world".

An underlying problem is that the main
interest of most engineering faculty mem-
bers is research in increasingly narrow
specialties and subspecialties. As teachers,
they often act as if their subject were an end
unto itself, and some even have difficulty
relating their subject to the field in which
they function. Consequently, they do little
to assume the kind of societal role that
Prausnitz argues is intrinsic to engineering
as a profession.

Part of the problem lies with the intel-
lectual "climate" of the universities. Too
frequently, the institution is perceived as
transmitting a messsage that the only
things that really count have to do with
research: productivity, funding, publica-
tion, consulting, etc. While that message
may not be the one the institution intends,
many receive it in those terms.

Academics used to be characterized as
individuals who lived in an "ivory
tower"—a notion that conveyed not only a
state of mind of the individuals, but also the
presence of a calm, protected place condu-
cive to contemplation. Whether or not
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"An underlying problem is that
the main interest of most engineering faculty

members is research in increasingly
narrow specialties and subspecialties."

universities ever were that kind of place, it
is obvious that modern research universi-
ties bear no resemblance to such a fantasy-
land.

In general, faculty members today see
themselves as members of international
communities of researchers and scholars in
particular fields of specialization; they feel
greater allegiance and obligation to these
groups and disciplines than to the institu-
tions by which they are employed. Contri-
butions to knowledge that can be shared by
these research communities bring tangible
and intangible rewards from this world-
wide audience. Clearly, the universities
also acknowledge and reward faculty ac-
complishments in research.

Teaching, on the other hand, even if
executed in the most masterful way, is a
very local activity. And even though uni-
versities seek to recognize and reward
excellence in teaching, in the expanded
universe in which a faculty member of a
research university is expected to function,
teaching is unlikely to compete success-
fully for his or her time and attention.

For these reasons, the appeal that
Prausnitz makes is likely to fall upon ears
that are slightly deaf. Few would argue

with the concepts or values he expresses, or
with the opinion that faculty members
ought to provide a social context in which
engineering students may come to learn
how to best express their creative talents.
But tacit approval of someone else's good
work is not likely to lead to changes in
one's own behavior.

It is unreasonable to hope that engineer-
ing faculty members will suddenly dis-
cover that they should and can make the
effort to internalize ideas derived from the
humanities and social sciences—that they
should and can challenge their students
through problems posed and issues dis-
cussed. Still, the insights Prausnitz has
shared illuminate a worthy goal: we engi-
neering faculty members ought to encour-
age the greater "foxiness" he calls for.

—Walter R. Lynn

Lynn is a professor of civil and environmental
engineering at Cornell, dean of the university
faculty, and a member and former director of
Cornell's Program on Science, Technology and
Society.
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2 In his article Professor Prausnitz
presents a convincing case for a substantial
broadening of how we teach (and learn) en-
gineering. The findings of most recent
studies of engineering education are in
agreement with his views, calling for a new
breed of engineer who is not only techno-
logically outstanding, but who also under-
stands and takes into account the many
intertwined technological, social, eco-
nomic, and environmental issues. I will
describe several examples of how we are
attempting to broaden the experience of
Cornell engineering students, and also
discuss an experiment aimed at strengthen-
ing our faculty's appreciation of humani-
ties courses.

On the question of "vertical" versus
"horizontal" learning and teaching styles, I
agree with Prausnitz that we must give
more attention to the horizontal style. One
way of doing this is to increase substan-
tially the amount of engineering encoun-
tered in the first two years of the curricu-
lum, particularly at the freshman level.
Some educators say that design cannot be
taught prior to the completion of a rather 16



lengthy array of mathematics, physics, en-
gineering science, and analysis courses as
a background. On the contrary, I believe
that it is never too early to have students
thinking about, and doing, simple designs.
Design entails a way of thinking that must
be explained to students and reinforced at
every opportunity. Engineering students
must realize, up front, that the world oper-
ates with less than perfect solutions to
open-ended problems and not simply of so-
lutions to precisely defined differential
equations. Once they accept this reality, I
think it is much easier to move ahead in the
classroom with meaningful discussions of
the even more complex social, environ-
mental, and economic issues that encom-
pass most realistic design situations. Ex-
cessive verticality in teaching engineering
greatly complicates the integration of non-
technical issues.

One of our most popular Introduction to
Engineering courses—Engineering 116,
Modern Structures—challenges students
to become involved in the diverse issues of
design in several important ways. They are
first immersed in case studies on the evolu-
tion of well-known real structures (such as
the Brooklyn Bridge and the John Hancock
building in Chicago). At the same time,
these young engineering students are
taught carefully selected principles of
equilibrium and structural design, and
then, using simple hand calculations and
the easy-to-use analysis capabilities of our
Computer Aided Design Instructional
Facility, the freshmen design, build, and
test small-scale wooden structures under
prescribed span and loading conditions.
Their structures are judged on esthetics,
performance, and workmanship, and the
students learn firsthand that successful
engineering design is much more than just

17 processing numbers.

"Engineering students must realize, up front,

that the world operates with less than perfect

solutions to open-ended problems. . . . "

Another approach to broadening the
thinking of our students is being tried for
the first time this fall in Engineering 150,
Engineering Tutorial. This is a one-credit
course conceived by Richard Lance, pro-
fessor of theoretical and applied mechan-
ics, as an adjunct to the first term of our
required four-term sequence in mathemat-
ics. More than a dozen engineering faculty
members meet once a week with their
freshman advisees to discuss topics of
mutual interest and to give engineering
relevance to the material being covered in
the mathematics course. These faculty
members are also encouraged to meet with
their advisees over lunch. We see many
potential advantages here: a better appre-
ciation by our students of engineering
applications of mathematics, an enhanced
motivation to study the many subjects that
form the foundation for engineering, more
personal interaction between students and
their faculty advisers, and, within each
student, a much stronger sense of "belong-
ing" to the College of Engineering in that
long two-year period prior to an affiliation
with an upperclass field.

Study abroad is another approach to
broadening engineering education, and our

college participates in two programs of this
kind, both coordinated by Professor Lance.

The Cornell Abroad Program provides
opportunities for students (usually juniors)
to spend a year at a foreign university.
More than half of Cornell's architecture
students take advantage of this program,
along with sizable numbers from Arts and
Sciences and other colleges. Many more
engineers should be studying abroad, if
only because of the international competi-
tion now facing American industry. It is
difficult, however, to find courses that sat-
isfy the prerequisites for follow-on senior-
level courses in upperclass fields, and so
we are exploring the possibility of using
our College Program to help students
arrange suitable curricula. The College
Program enables students to take courses in
individually structured majors and minors;
it is more flexible than the regular major
programs (and hence is not accredited by
ABET). We hope that combinations of
technical subjects and course work in inter-
national relations and economics can be
evolved that will satisfy our degree re-
quirements and be attractive to students.

The college is also a member of the
Engineering Alliance for Global Educa-
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tion (EAGLE), a consortium that aims to
place twenty-five Cornell engineering
juniors each year into industries in Pacific
Rim countries.

In his introductory article in this issue,
Dean Streett discusses other programs the
college has introduced to better provide our
students with a balanced, broad education.

I conclude my remarks with a brief
description of a very interesting experi-
ment conducted in June 1988. With sup-
port from the university through the Presi-
dent's Fund for Educational Initiatives, a
project called "Peer Perspectives on the
Teaching of Poetry" placed fourteen
Cornell faculty members from engineering
and the physical sciences in an intensive
one-week seminar on Chaucer and
Wordsworth, under the leadership of Pro-
fessors Winthrop Wetherbee and Stephen

Parrish of Cornell's Department of Eng-
lish. The purposes were:
(1) to bring the professional scientist (or

engineer) and humanist together in a
shared intellectual experience to create
mutual appreciation for one another's
work and disciplines and hence a sense of
university among the faculties of the sepa-
rate colleges;
(2) to provide specific insights into what
makes the crossover from science to the
humanities (and the reverse) difficult for
undergraduates; and
(3) to improve the faculty advising of sci-
ence and engineering majors as the stu-
dents select electives in the humanities.

The project was coordinated by Dean
Lynne Abel of Arts and Sciences, Physics
Professor Douglas Fitchen, and me, with
the assistance of Sheila Tobias, who has

A CROSS-CULTURE EXPERIMENT: SCIENCE AND ENGINEERING
PROFESSORS AS STUDENTS OF POETRY

Comments by the Professors on Their Seminar Experience

When one does an assignment in a science course, one has been exposed to everything
necessary to do a consistent job. More advanced work may lead to better technique
or may modify the answer to take smaller effects into account, but these advances
rarely change the sense of direction of the answer. . . . But here. . . I find the new
readings change my perspective or show my original interpretation to be very wrong
indeed!

In a physics course I expect a good student, at courses s end, to be able to solve many
of the common problems as well as any of the TAs or even myself. In Chaucer I could
not see myself being able to dissect a single paragraph in the depth done by [the
instructor] by the end of the semester.

As a result of this experience I feel less sure about my own treatment of engineering
students. Do I really know how well prepared they are. . .? Do they have the
"vocabulary" and mathematical and mechanical "fluency" I think they have? Can
I offer a course in "engineering for poets" and if so, where to begin?

X

planned similar seminars for the teaching
of science to faculty members from the
humanities.

Reactions from the faculty "students"
varied from that of fear and frustration to
exhilaration, and we are confident that at
least the first two objectives were achieved
with considerable success.

We are fortunate to have such a strong
College of Arts and Sciences at Cornell.
With our requirement that engineering
students take an average of at least one
humanities or social science course each
term, we have a firm base for a broad
educational experience at the B.S. level.
One big challenge is to help our students
select a meaningful program of electives;
another is for our engineering faculty to
achieve the right amount of "horizontal"
teaching and learning in each and every
course offered in the college.

—Richard N. White

White is a professor of structural engineering in
Cornell's School of Civil and Environmental
Engineering, and associate dean for
undergraduate programs in the College of
Engineering. 18



3 In his article in this issue, J. M.
Prausnitz argues for a "horizontal" broad-
ening of the undergraduate engineering
curriculum. Although his illustrations
concern political and social implications of
engineering decisions, he draws his inspi-
ration from recent developments in hu-
manistic scholarship in which the work and
the reader's (viewer's, listener's) reaction
to it are seen in a global societal and cul-
tural context. In this view, for example,
history, philosophy, psychology, anthro-
pology, and political and economic theory
are all relevant to the literary scholar's
interpretation of a work.

In this brief comment, I want to argue
that such a broader, global view is already
SL fact of much graduate and research work
in engineering and the sciences. The tradi-
tional disciplinary boundaries in engineer-
ing, such as chemical, civil, electrical, and
mechanical, while quite proper as guardi-
ans of the undergraduate syllabus and pro-
fessional qualifications, are becoming in-
creasingly irrelevant to research work.
Such categorization can even be damaging
if narrow field requirements get in the way
of the student's acquiring a suitable
breadth. New territories are being carved
out and claimed, and most of these involve
two or more of the traditional areas. Some-
what glibly, I can cite, for example: Geo-
physics = geology + physics, Robotics =
mechanical + electrical engineering, Sub-
micron Technologies = electrical engi-
neering + materials science. In fact, I am
even hard-pressed to distinguish between
the "engineering" and the "science" in
much current research, and I don't think it
is very useful to attempt to do so.

In providing some illustrations, I will
19 draw on my own research area: nonlinear

dynamics, or what is becoming known
popularly as "chaos theory" (a misleading
name, as I discuss below). This is perhaps
one of the most clearly "discipline-less"
disciplines. (Note that I do not say "undis-
ciplined"!) As an instance, consider the
fact that papers in this field appear in jour-
nals published by societies of chemistry,
physics, biology, mathematics, mechan-
ics, astronomy, aeronautics, meteorology,
oceanography, economics, and medicine,
as well as all the branches of engineering.
A new journal, Nonlinearity, is jointly run
by the British Institute of Physics and the
London Mathematical Society.

In my remarks I will focus on the aca-
demic setting, but similar points can be
made about new scientific areas and tech-
nologies that are emerging in industrial and
national laboratories. Almost all the large-
scale research centers in the United States,
whether funded through the National Sci-
ence Foundation's Science and Technol-
ogy Centers Program or by Department of
Defense University Research Initiatives
grants, are interdisciplinary in nature. I see
this sort of diverse team approach to re-
search problems becoming increasingly
the norm, with individuals shifting and
regrouping within the same large unit
(campus or company or even nation) as
opportunities and interests change.

Alas, in their enthusiasm over tran-
scending the old departmental boundaries,
research groups tend to consolidate them-
selves as "Institutes" and "Centers" and
thereby duplicate (and complicate) exist-
ing administrative structures. Institutes of
Nonlinear Science, in particular, have pro-
liferated recently. Once formed, such a unit
develops a strong instinct for self-preser-
vation, often quite out of proportion to its
origins (especially if it has acquired that
magic commodity: space). Will the science

and technology centers quietly dissolve
when the NSF program comes to an end?
Unless there is a strong educational need
for a new unit, such as a graduate program
not sponsored by an existing unit, or a large
physical facility operated by it (say, a su-
percomputer or a radiotelescope), it seems
to me much better to remain rather loose
and flexible.

The model of research that emerges is
problem-driven rather than methods-
driven. In focusing on a particular problem
in depth, the members of the research
group bring their different backgrounds
and tools to bear in a complementary fash-
ion. Their collective breadth allows them
to go deeper than any one person, limited
by his or her favorite methods, could go
alone. The group is initially held together
by common interest in the problem and, if
it moves on to other problems, by a grow-
ing appreciation of each member for the
others' abilities and knowledge. A kind of
collective approach emerges. A good piece
of research by such a group simply could not
have been done by any one member alone.

I am fortunate to have been involved in
two such groups at Cornell. In one, I par-
ticipated with Senior Research Associate
Avis Cohen of Neurobiology and Behavior
in a study of central pattern generators for
locomotion in "simple" animals. In the
other, I worked with Professors John
Lumley and Sidney Leibovich of Mechani-
cal and Aerospace Engineering in attempt-
ing to find "low-dimensional" models of
turbulent flows. In both cases the problem
required surprising mathematical tech-
niques and led to new mathematical devel-
opments. It is very unlikely that these
developments would have occurred to us
without the stimulus of a "real" problem.
There's a moral here.

The intellectual glue that holds nonlin-
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of much graduate and research work
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ear dynamics together is mathematics. In
fact, the business of creating mathematical
models (based on observation and experi-
mental results) and their analysis and
numerical simulation is so universal in
science and technology that this is proba-
bly generally true. But dynamical systems
theory has only really come into its own in
scientific applications since it was taken
out of mathematics departments, primarily
by physicists and engineers. It has been the
interaction, the friction, between different
disciplines and intellectual traditions that
has sparked much of the recent excitement
over "chaos theory". Of course, if pure
mathematicians such as Smale had not
taken the original, physically motivated
ideas of Poincare, Liapunov, and others,
and developed them in their own ways, the
theory would have been immensely poorer.
There was room here, and need, for the
narrow and the broad: the hedgehog and the
fox.

The field is currently a rich mixture of
abstract mathematical theorems that pro-
vide paradigms (or bestiaries) of "typical"
behaviors nonlinear systems are likely to
exhibit, analytical and numerical tools
with which particular systems can be

probed, and unbridled conjecture. It is
emphatically not a single coherent theory
comparable to those of relativity or quan-
tum mechanics, and the study of "chaos" is
only a small part of it.

How do we approach the education of a
graduate student who will do research in
this general area? Our students are drawn
from varied backgrounds and graduate
fields. In a course I am currently teaching,
I have students from my own field—theo-
retical and applied mechanics—and also
from the fields of applied mathematics,
applied physics, astronomy, computer
science, geological sciences, physics,
physiology, and aerospace, chemical,
civil, electrical, and mechanical engineer-
ing. Similarly, a student approaching this
area will take courses in up to half a dozen
different disciplines: mathematics, me-
chanics, and computer science for basic
methods, and two or three others for the
particular applications of interest. In
essence, we require a core of "common
curriculum" graduate courses.

In attempting to integrate this diverse
material for a coherent attack on a research
problem, the student is following the re-
search-team strategy in microcosm. In fact,

learning to integrate the contents of varied
courses is a crucial part of the educational
process and the testing of this ability is (or
should be) the main point of our oral ex-
amination for admission to Ph.D. candi-
dacy, which normally takes place late in the
student's third year. The research world, let
alone the real world, is not a homework
problem with single "right" answer!

There is, of course, a serious problem
here: the lure of superficiality. A sampling
of introductory courses is not an education.
We must insist on depth in selected topics;
the graduate fields are still necessary.
Nevertheless, their faculties must know
when to bend, when to refrain from defend-
ing their own interests too blindly. In edu-
cating someone who will be working for
forty or more years in a world of accelerat-
ing change, narrowness is an even greater
danger than superficiality.

—Philip Holmes

Holmes is a Cornell professor of theoretical
and applied mechanics and of mathematics. He
is a member and former director of the univer-
sity's Center for Applied Mathematics, and is
currently a program coordinator in the Mathe-
matical Sciences Institute. 20



"Their education must. . . provide them with
the technical background required to develop safe
and environmentally sound processes and products.'

4
Scheele

The issues that J. M. Prausnitz
raises in the preceding article are of par-
ticular importance to the School of Chemi-
cal Engineering, for chemical engineers
have a major impact on modern society.

Their achievements have included the
development of processes for producing
Pharmaceuticals, plastics, synthetic fibers,
fertilizers, and agricultural chemicals. At
times, however, these achievements have
been accompanied by harmful side effects.
In the September 1988 issue of Olin Hall
News, Julian Smith,who is an emeritus pro-
fessor and former director of the school,
pointed out the negative image many
people hold of the chemical process
industry:

Most people seem to think that chemical
factories inevitably pollute the air, the
water, and the land; they explode with
alarming frequency, scattering poisons all
over the landscape; they ship out corrosive
or combustible materials in freight cars
that become derailed and break apart; they
give workers (and the surrounding popu-
lace) mysterious and debilitating, often

21 fatal, diseases.

It is essential that chemical engineers be
concerned about the effects chemicals can
have on individuals and how the accidental
release or intentional disposal of wastes
can alter the environment. Their education
must develop an awareness of their respon-
sibility to society and provide them with
the technical background required to de-
velop safe and environmentally sound
processes and products.

The chemical engineering course 643,
Introduction to Bioprocess Engineering,
provides an example of how such issues
can be addressed in the curriculum. This

course, taught by Michael Shuler, presents
an overview of how living cells interact
with their environment. Although the main
focus is on the use of living organisms to
make products, two aspects of environ-
mental concern are explored. One of these
topics is the treatment of wastes, particu-
larly bioremediation of toxic wastes; there
is also discussion of how cells that are
genetically modified—through alterations
in metabolic pathways—can be used to
degrade potentially toxic chemicals. The
second consideration is why the release of
genetically engineered cells could be
detrimental to the environment and how
regulations concerning the release of
genetically modified cells affect the use of
organisms with recombinant DNA.

This kind of approach should and will
become increasingly evident in chemical
engineering education as faculty members,
future engineers, and the public become
more aware of the impacts of technology
on the society and the environment.

—George F. Scheele

Scheele is a professor and associate director at
Cornell's School of Chemical Engineering.



"Agricultural and biological engineering. . . is required
to deliver technology through the cooperative extension system.

We must be sensitive to societal needs."

5I agree with Prausnitz that "signifi-
cant growth inevitably occurs at the periph-
ery, at the interface that separates one dis-
cipline from another." Probably the most
excitement and often the most satisfaction
in engineering occurs at this interface.

Agricultural and biological engineers
frequently have encountered confrontation
with the societal implications of their
work. Agriculture in the last three decades
has undergone a mechanization revolution
that has extensively changed the amount
and type of labor force needed. Currently
there are societal issues associated with the
effort to provide engineered systems that
are especially suited to low-input sustain-
able agriculture. Although our engineers
have been sensitive to the social implica-
tions of their work, there hasn't always
been action to accompany the sensitivity.

There are some notable activities, how-
ever, that deal with the societal influences
of our engineering. These occur in both on-
campus education and in technology trans-
fer through Cornell cooperative extension.
A cooperative venture with the New York
State Rural Health and Safety Council
seeks to provide a safer work and play en-
vironment for rural New Yorkers. A com-

post program is providing suburban-resi-
dents with an alternative for disposal of
yard waste. A course on soil and water con-
servation course and one on sociological
and technical implications of irrigation
systems have been jointly taught by engi-
neers, sociologists, and soil scientists. A
senior seminar on career development
deals with ethics, professionalism, and
employment in government and public
service. (In this seminar, which I teach, we
discuss issues of social and ethical respon-
sibility. Student response ranges from
cynicism to idealism and from boredom to
enthusiasm—perhaps mirroring how soci-
ety in general reacts to the humane con-
cerns of the engineering profession.)

Agricultural and biological engineering
is the sole engineering discipline at Cornell
that is required to deliver technology
through the cooperative extension system.
We must be sensitive to societal needs.The
banter at a recent meeting of the faculty of
the College of Agriculture and Life Sci-
ences gives an idea of what we are called
upon to do. When a faculty member from
the Department of Natural Resources was
introduced as an expert on wetlands, Dean
David Call commented that "the agricul-

Rehkuglcr

tural engineers were the ones draining
those wetlands." We hope, however, that
we are also the ones able to engineer the
drainage of wet agricultural lands and also
guard the sensitive ecology of the wet-
lands. In doing so, we serve humanity
through ensuring an abundant food supply
and preserving the esthetics, flora, and
fauna of the environment.

—Gerald Rehkugler

Rehkugler is professor of agricultural and bio-
logical engineering at Cornell, and chairman of
the department. 22



AN ARTISTIC APPROACH
TO MATERIALS SCIENCE
Interdisciplinary Innovation in the Classroom

Suppose one wants to date an old painting
or piece of pottery, or study the origin of an
ancient tablet or rare old book.

Determining where and when artifacts
were made, and by whom, requires a bat-
tery of knowledge and skills. Careful exca-
vation may be essential. So is an under-
standing of how artists and craftsmen
worked—and what materials they used—
in various parts of the world at different pe-
riods of history. In addition, one needs to
understand and be able to make appropriate
use of modern scientific techniques of
analysis. In other words, it is necessary to
combine knowledge of art, the history of
art, the history of printing, archaeology,
anthropology, physics, chemistry, and ma-
terials science. In fact, what is needed is an
interdisciplinary team.

At Cornell this interdisciplinary ap-
proach is yielding not only exciting re-
search results, but a unique educational
opportunity. During the 1990 spring term,
Cornell undergraduates will be offered a
new course—Art, Isotopes, and Analy-
sis—that will be taught by professors in six
departments and will give credit in any of
three subject areas. It will provide a good

23 basic background for future archeologists,

curators, conservators, and scientists or en-
gineers with an interest in applications to
the arts. Beyond that, the course should
provide a stimulating option for students in
any area of study. It may even help
strengthen the bridge between technology
and the arts.

THE NEW COURSE
AND HOW IT GOT STARTED
The initial idea for the course grew out of
informal conversations among James W.
Mayer, the Francis Norwood Bard Profes-
sor of Materials Science and Engineering;
Donald D. Eddy, professor of English; and
W. Stanley Taft, assistant professor of art.

Mayer had recently given a series of
lectures at the Louvre in Paris on the sub-
ject of modern scientific methods for ana-
lyzing works of art. Those attending the
seminar were conservators and scientists
who were working on a program that would
include ion-beam analysis, an area in
which Mayer is an expert. For some time,
Mayer had had an interest in adapting ion-
beam technology to the analysis of art and
rare books. (One of his daughters-in-law is
a paper conservator, and her interest was an
added incentive.)

Soon after he returned from Paris,
Mayer got together with Eddy and Taft to
consider what might be done at Cornell.
They thought of a course that could be
jointly offered by several departments.
Mayer and possibly a colleague in physics
could discuss the applicable scientific
techniques. Eddy, a specialist in rare
books, could explain what scientific meth-
ods can do for the study of old books and
other written records. Taft was willing to
contribute the knowledge and outlook of an
artist. The course would provide a back-
ground of information about how paintings
and books are and have been executed, and
the scientific principles of analysis.

A stimulus in planning the course was
the President's Fund for Educational Ini-
tiatives, which had been set up a short time
before by Cornell President Frank H. T.
Rhodes. Innovation in undergraduate edu-
cation was a focus of attention throughout
the university.

Art, Isotopes, and Analysis is listed in
the Cornell catalog under Archaeology,
Engineering (as a course in materials sci-
ence and engineering), and Physics. In
addition to Mayer, Eddy, and Taft, the in-
structors will be Albert Silverman, profes-



" . . . the idea and the
impetus came largely

from an ongoing
research program"

sor of physics and nuclear studies; John
S. Henderson, associate professor of an-
thropology; and Thomas P. Volman, asso-
ciate professor of archaeology.

The faculty members built up a compre-
hensive library of relevant literature and
explored the pertinent interrelations
among their disciplines. They visited many
museums, discussing problems and possi-
bilities. Mayer was invited to give lectures
at universities and art centers around the
country, and these experiences contributed
to the development of ideas.

Mayer also helped prepare for Art, Iso-
topes, and Analysis by sitting in on Eddy's
course The History of the Book, which
covers the physical aspects of books
printed during the last six centuries. The
topics include papermaking, typography
and printing, and bookbinding, and the
course is described as "above all, the study
of the book as a work of art".

Art, Isotopes, and Analysis.
Archaeology 285, Engineering 285,
Materials Science and Engineering 285,
Physics 200. Spring 1990. 3 credits.

The analysis of paintings and rare
books and the physical concepts under-
lying modern analytical techniques. Each
week a work of art will be discussed,
focusing on the historical and technical
aspects of its creation and modern
analysis of it. Visual, infrared, and x-ray
examinations provide insight into the
physical properties. Pigments are
identified by the radiation emitted in
electronic transitions. The ratio of
isotopes can be used to identify the geo-
graphical origin of a particular pigment
as well as a dating method. Examples
will be given of authentification and
conservation.

In a recent interview, Mayer described
how the new course will work. On one
Monday, for instance, Taft will discuss
how frescoes and murals are painted. He
will actually paint a fresco as a demonstra-
tion, and an infrared camera will be used to
show how the charcoal sketch under the
paint can be made visible. On the following
Wednesday, Taft and Mayer will present a
case study demonstrating how scientific
analysis helped in the restoration of a work
such as the ceiling of the Sistine Chapel.
During the Friday session, Mayer or Sil-
verman will discuss the scientific tech-
niques in more detail.

During a subsequent week, Henderson
or Volman will discuss a topic such as the
study of prehistoric obsidian artifacts, and
Silverman might present the case study and
explain how scientific analysis was or
could be used.

Sometime during the term, Eddy will
talk about watermarks as a means of iden-
tifying manuscripts, and the scientific fol-
low-up will concern how beta-ray absorp-
tion can be used to reveal them. Another
topic will be cuneiform tablets, and meth-
ods of dating them. A discussion of inks
used in old books, and their chemical be-
havior over time, will be followed by a
demonstration and lecture showing how
Cornell's accelerators are used in studies of
such matters. (Eddy's research has in-
cluded ion-beam analysis to determine ink
composition.)

THE EDUCATIONAL TIE-IN WITH
MAYER'S RESEARCH PROGRAM
As new course material often does in Cor-
nell 's College of Engineering, the idea and
the impetus came largely from an ongoing
research program. In the case of Art, Iso-
topes, and Analysis, the research behind
the course is Mayer's program in ion- 24
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Figure 1. Patterns for frequency of use of pig-
ments in European oil paintings between 1300
and 1900 (adapted from data published by
Hermann Ku'hn). The two examples are for pig-
ments in white paint and in yellow paint. Tita-
nium oxide, which is currently the predominant
white pigment, was introduced about 1920.

Below: Barbara Cho and Bob Geoghegan, sen-
iors in materials science and engineering, enlist
the help of art professor Stanley Taft in the
preparation of pigment samples for analysis by
ion-beam technology. In his studio in Tjaden
Hall, Taft is preparing to paint swatches of vari-
ous pigments on a single-crystal silicon disk.

induced reactions on solid surfaces, and
related analytic techniques. Mayer and his
group were interested in adapting their
equipment and techniques to the study of
art objects. They wanted to be able to
determine, for example, the composition of
a pigment on a painting or the ink on a
printed page.

The composition of a pigment can re-
veal considerable information about a
work of art, Mayer explained. Art histori-
ans have compiled data on what pigments
were used where and when, and therefore
knowledge of pigment composition gives a
clue as to the origin and age of an object
(see Figure 1). Take white, for example:
lead oxide was used from about 1300 to
1900, zinc oxide was introduced around
1825, and titanium oxide has been used
since around 1920.

In Mayer's laboratory three under-
graduates are now developing techniques
for ion-beam analysis of pigments and
inks. Bob Geoghegan, a senior in the Col-
lege of Arts and Sciences, is a college
scholar working on a method for analyzing
inks using proton-induced x-rays, with
Eddy and Mayer as faculty consultants.
Barbara Cho, a senior in materials science



Figure 2. A schematic of the equipment for
analyzing pigments. The accelerator produces
a beam of high-energy protons that impinge on
the sample, causing electronic transitions and
therefore the emission of characteristic x-rays.
The detected x-radiation identifies metallic
elements in the sample.

An equipment modification developed at
Cornell allows examination of a sample in air-
rather than enclosed in a chamber under
vacuum. The target chamber was modified so
that the beam of protons could be brought out
into the open where art works can be examined.

Below: Research Associate Peter Revesz (left),
who worked on the new target chamber, and
Nicholas Szabo,Jr., a research support special-
ist, examine an illustration in a rare book .

and engineering, is writing her thesis on
ion-beam analysis of artists' pigments, a
project she is carrying out with help from
Taft as well as Mayer. Joanna Baum, a
junior majoring in materials science and
engineering, is receiving course credit for
participating in the college's Undergradu-
ate Research Program; she is involved in
the same research that Barbara Cho is
working on.

As part of the project, these students are
obtaining pigment samples from Taft, who
applies them to silicon disks for use in the
analysis equipment: Taft, a faculty mem-
ber in the art department, is thus a collabo-
rator in materials science research.

THE SCIENCE BEHIND
ANALYSIS OF WORKS OF ART
Many methods of compositional analysis
are or could be used in identifying and
characterizing art objects, Mayer said, and
often a combination is necessary or useful.
These technqiues include electron micros-
copy; x-ray diffraction, absorption, and
fluorescence; mass spectroscopy; various

Figure 2
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forms of spectrophotometry;
chromatography.

The technique that is being adapted in
Mayer's laboratory is the identification of
elements in pigments and inks by analysis
of x-rays emanating from a sample that has
been exposed to high-intensity protons
from an ion-beam accelerator.

One of the problems in adapting ion-
beam technology to the analysis of art
objects was that the equipment is designed
to operate in high vacuum, and a painting or
rare book cannot be converted into a
sample that can be placed in a high-vacuum

chamber. This problem was tackled by
Peter Revesz, a research associate, who
adapted the target chamber so that the
proton beam could be directed at a sample
mounted externally.

Calibration is being carried out by ex-
amining swatches of pigments with known
chemical composition. These have been
prepared by Taft by painting the pigments
on silicon disks. (Silicon is used as the
substrate because it is the material most
often used in research with ion beams, and
its effect on the measurements is well
known.) With the modified setup in

Left: Research collaborators, gathered in the
laboratory in Bard Hall are, left to right, Rich-
ard Purser, a graduate student in materials
science and engineering; seniors Barbara Cho
and Bob Geoghegan; W. Stanley Taft of the art
department faculty; and James W. Mayer of the
materials science and engineering faculty.

On the bench in the foreground is the equip-
ment diagrammed in Figure 2. Here the sample,
which is a fresco fragment painted by Taft, is
mounted in the path of the beam and appears
just in front of Taft.

Mayer's laboratory, pigment elements
such as mercury, lead, zinc, titanium, and
cadmium can be detected.

Mayer and his colleagues have discov-
ered that scientific analysis of art is fasci-
nating to people in many fields. Their
course and the associated research are
opening up a new avenue of interdiscipli-
nary effort at a university that is a pioneer
in this kind of collaboration.—G. McC.



THE INDUSTRIAL CAULDRON
Art, Technology, and Society, 1750-1850

by Jorge C C. Calado
More than any other form of energy, it was
heat that fired the imagination of the Ro-
mantics. Shelley (1792-1822) stated, with
entropic accuracy, that "mind in creation is
a fading coal", and Byron (1788-1824)
called poetry a "lava flow of emotion".

Even Nature seems to have contributed
to this state of affairs, with the timely erup-
tions of Vesuvius at the end of the eight-
eenth century and throughout the nine-
teenth century. (Sir William Hamilton, the
English ambassador to the Neapolitan
court, observed, referring to the eruption of
1794, that the sea boiled like water in a
cauldron.)

Those who could not afford or were not
inclined to make the Grand Tour of the
Mediterranean had artificial volcanoes at
their doorstep: industrial Europe and
America were littered with polluting fur-
naces and chimneys, vomiting smoke and
fire. This cohabitation with the emerging
new science of engineering profoundly af-

A different version of this article appeared in
Portuguese in CTS, the Science, Technology
and Society magazine published by the
Portuguese Association of Science and
Technology for Development.

fected society, and paradoxically led to a
theory of the sublime. The age was one of
privileged conversation between the arts
and the sciences, a discourse that engen-
dered the figure of the industrialist with
direct involvement in the arts.

THE IMPACT ON SOCIETY
OF THE INDUSTRIAL REVOLUTION
The industrial revolution, which occurred
over the period from about 1750 to 1850, is
the first great paradigm of the interaction
between science and technology and of
both with society. Technology as we know
it today, and the profession of engineering,
were born out of the industrial revolution.

The revolution was set into motion by
the replacement of one raw material
(wood) by another (iron), and the system-
atic use of new forms of energy. This for-
tuitous combination made possible the
cheap mass production of goods and
the efficient distribution of those goods
through new means of transportation.
Mechanical energy was produced by ma-
chines instead of by the muscle power of
men and animals. In place of wood there
was coal for fuel and iron for construction.

The effect on national economies was

drastic. In England coal production was
around ten thousand tons per year in the
middle of the sixteenth century; at the end
of the eighteenth century it was well over a
million tons per year; and one hundred
years after that—even though mines were
becoming exhausted and shafts were being
dug deeper and deeper—production had
increased again by a factor of fifteen.
Similarly, the demand for iron increased by
a factor of 120 between 1780 and 1880.
The import of raw cotton to feed the new
mechanical mills increased a hundred-fold
between 1765 and 1835.

THE STEAM ENGINE:
INVENTION PRECEDING THEORY

As the extraction of coal and iron ore be-
came more and more intensive, as the pits
and galleries were dug deeper into the
earth, people had to cope with the increas-
ing problem of mine flooding. As early as
1630 a machine "to raise water from Lowe
Pitts by fire" was patented by David
Ramsaye, but it wasn't until Thomas
Newcomen (1633-1729) that the steam en-
gine (then called the atmospheric engine)
came of age. Newcomen cleverly com-
bined new and old materials in a new setup: 28
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a copper boiler, lead piping, and a wooden
beam. The machine was improved in 1769
by James Watt (1736-1819) with the addi-
tion of a separate condenser that reduced
the consumption of coal by more than two-
thirds. The steam engine became the main
source of mechanical power.

The steam engine is one of those rare
applications that turn up long before the
underlying theory is well understood. Al-
though the working of the machine is based
on the laws of thermodynamics, those laws
had not yet been formulated. It has often

been said that thermodynamics owes more
to the steam engine than the steam engine
owes to thermodynamics. If it was easy to
observe that

coal + fire + steam + cotton —> cloth

it was a good deal more difficult to accept
the law of conservation of energy.

That law was established between 1842
and 1847 as a result of the work of people
like Joule (the first modern physical
chemist), Mayer (a surgeon once employed
on a Dutch vessel sailing to Java), and

This N ewe omen steam engine, probably located
at Oxclose, England, combined new construc-
tion materials—copper and lead—with wood.
The 1717 drawing is by Henry Beighton.
(Science Museum, London.)

Helmholtz (a physiologist, described by
the Encyclopaedia Britannica as a man of
simple but refined tastes, with noble car-
riage and somewhat austere manner).
These men were all in their early to mid-
twenties when they published, independ-
ently, their key papers on the subject—
thermodynamics is, indeed, a science for
young people. In his famous essay on this
case of simultaneous discovery, Thomas
Kuhn adds the name of Coldring of Den-
mark (a protege of Oersted) to the list of
progenitors of the law of conservation of
energy, and cites a few others, including
Carnot, Mohr, and Faraday, whose work
contributed indirectly.

Because steam engines provided such
an efficient means of producing mechani-
cal energy, it is no wonder that they ap-
peared everywhere, not only in the coal
fields. In 1733 about sixty Newcomen en-
gines were in operation in the newly indus-
trialized area of England; less than fifty
years later, there were around 450.

Successive improvements made the
machines more efficient and therefore
more economical to operate. However,
their gigantic size dominated the landscape
and the noise they made was deafening.



Samuel Smiles (1812-1904) described
them in Lives of the Engineers (1861-62)
as follows:

The working. . . was a clumsy and appar-
ently a very painful process, accompanied
by an extraordinary amount of wheezing,
sighing, creaking and bumping. When the
pump descended, there was heard a
plunge, a heavy sigh, and a loud bump;
then, as it rose, and the sucker began to act,
there was heard a creak, a wheeze, another
bump, and then a rush of water as it was
lifted and poured out.

Mechanical sounds became part of the
collective consciousness and joined the
more bucolic sounds of Nature—birds
singing, water falling, leaves rustling. The
initial chords of Beethoven's Fifth Sym-
phony are, perhaps, the musical equivalent
of the new mechanical sounds that could
be heard all over central Europe. Later
Wagner put into music the mining Niebel-
heim (in Das Rheingold, 1854) as a sort of
percussion cacophony. Moreover, the
Wagnerian construction of Leitmotiv en,
ascribing a tune, phrase, or succession of
chords to each character, situation, or idea,
is a sort of musical application of the prin-
ciple of division of labor argued by Adam
Smith in The Wealth of Nations (1776).

THE EMERGENCE OF
THE NEW INDUSTRIALIST
The mercantile class of the seventeenth
century gave way to the industrialist class
of the eighteenth century. Many of the new
industrialists were committed to art and
artistry, as well as to the development of
their industries.

A striking example is Josiah Wedgwood
(1730-1795), the first great industrial capi-
talist of eighteenth-century England, who
revolutionized the ceramics industry both

This vase by Josiah Wedgwood dates from the
late 1780s.

technologically and esthetically and
earned a reputation throughout Europe.

Under Wedgwood's leadership, there
was a clear change from crude, handmade
objects (usually the work of a single crafts-
man) to mass-produced goods of elegant
design. The object was to make the prod-
ucts both utilitarian—extra thought was
given to the shape of handles, for instance,
so as to make cups and jars easier to use—
and esthetically pleasing—good design
helped the business and made the pieces
more widely accessible. To decorate the
fancier pieces, such as vases and medal-
lions, that were produced in his factories
and assembly lines, Wedgwood often em-
ployed John Flaxman (1755-1826), a re-
nowned classical sculptor who was much
influenced by what was coming out of the
archaeological excavations at Pompei.

But Wedgwood was also deeeply in-
volved in research and the new science.
Along with James Watt, he was a member
of the exclusive Lunar Society, which was
active in Birmingham around 1775. He
was a friend of Priestley and a correspon-
dent of Lavoisier (for whom he made cru-
cibles and retorts to specification). A good
experimentalist and inventor (of the colori-
metric pyrometer), he was eventually
elected a member of the Royal Society and
of the Philosophical Society.

Wedgwood was not the only eight-
eenth-century industrialist whose products
and processes were highly regarded. The
Cromford textile mills of Sir Richard
Arkwright (1732-1792), for example,
were written about by poets and painted by
artists such as Joseph Wright of Derby,
whose work is discussed below.

THE INFLUENCE ON EDUCATION,
ART, AND LITERATURE
The eighteenth century was a progressive
epoch, one of great belief in science and the
value of technology (if we forget, momen-
tarily, the Luddites).

One result was drastic change in educa-
tion. Confined to their narrow mission of
educating aristocrats in classical humani-
ties, the traditional universities ostracized,
and, in turn, were ignored by the great
scientific minds of the age. A result was the
formation of nonconformist academies that
rejected the official culture and not only
tolerated, but encouraged, the teaching of
science and technology. (Meanwhile,
Joseph Priestley (1733-1804), the discov-
erer of oxygen, taught classics and John
Dalton (1766-1844), the father of atomic
theory, was a teacher of mathematics.)

The technological achievements of the
age were also openly celebrated by artists
and writers. One only has to look at A Phi- 30



losopher giving a lecture on the Orrery,
painted by Joseph Wright in 1768, to ap-
preciate the prevailing enthusiasm for sci-
ence: the children, bathed in light, are the
first to benefit from the values of science.
Erasmus Darwin (1731-1802), the great
force behind the Lunar Society and the
initiator of some interesting ideas on evolu-
tion (which his grandson Charles would
develop) celebrated the virtues of the steam
engine in his long poem The Botanic Gar-
den (1789-91), which became one of the
first literary best sellers of the age. The
objective was clearly stated by Darwin:
"The general design of the following sheets
is to inlist Imagination under the banner of
Science; and to lead her votaries from the
looser analogies, which dress out the im-
agery of poetry, to the stricter ones which
form the ratiocination of philosophy."

A section of the poem reads:

VI. NYMPHS! you erewhile on
simmering cauldrons play'd,

And calld delighted SAVERY to your
aid;

Bade round the youth explosive STEAM

aspire
In gathering clouds, and wingd the wave

with fire;
Bade with cold streams the quick

expansion stop,
And sunk the immense of vapour to a

drop.—
Press d by the ponderous air the Piston

falls
Resistless, sliding through it's iron walls;
Quick moves the balanced beam, of

giant-birth,
Wields his large limbs, and nodding

shakes the earth.

A footnote explained that Captain Savery,
Newcomen's predecessor, was the real

31 inventor of the steam engine.

JOSEPH WRIGHT: A PAINTER
WITH INTEREST IN SCIENCE
Joseph Wright of Derby (1734-1797) is
one of the most interesting eighteenth-
century artists, mainly because of the inno-
vative character of his subjects—which
included portraits of industrialists and sci-
entific scenes—and his original treatment
of light. His dynamic organization of
groups of people and dramatic use of fire as
a source of light transform his paintings
into living tableaux of the industrial
revolution.

Painting portraits of industrialists con-
stituted a liberation from the traditional pa-
tronage of the aristocracy and the church.
Wright was, indeed, the ''court painter" of
the new, moneyed industrialist class. (His
portrait of Sir William Arkwright can still

Below: A Philosopher giving a lecture on the
Orrery {c. 1763-65). (Reproduction from the
Derby Museum and Art Gallery.)

Above: The Alchymist in search of the Phil-
osopher's Stone.. .(c. 1771-75). (Reproduction
from the Derby Museum and Art Gallery.)
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Arkwright's Mill at Night (c. 1782-83) is an example of Wright's dramatization of scientific and
industrial scenes. (The Derby Museum and Art Gallery.)

be admired in London's National Portrait
Gallery.)

Wright's fascination with scientific
themes is shown, for example, in The Al-
chymist in search of the Philosopher s
Stone discovers Phosphorus and prays for
the successful conclusion of his operation,
as was the custom of the Ancient Chymical
Philosopher. This sounds like a scientific
paper, but it is actually a painting, exhibited
at the Royal Academy in 1778. (Its success
led to friendship with Josiah Wedgwood;
subsequently, Wright suggested ideas and
provided drawings for the decoration of
Wedgwood pottery and other ceramics.)

Even in earlier, more classically in-
spired paintings, there is an effort to
portray action—a departure from the time-
suspended posing of Wright's predeces-
sors. An example is The Blacksmith1s Shop
(1771), in which the ruined architecture
and the grouping of figures remind us of a
nativity scene, but which is dynamic rather
than static. Moreover, this painting shows
an audacious switch of emphasis from the
powerful (represented by church or state)
to the common man: the protagonists of
Wright's paintings are artisans and work-
ers or members of the emerging middle
class. A striking and original aspect of the

scene in The Blacksmith's Shop (as in A
Philospher giving a lecture on the Orrery)
is that the object of adoration is science in
all its splendor. But above all, there is a
superb representation of artificial light, the
light of combustion, radiation, and phos-
phorescence. How different was Rem-
brandt's chiaroscuro, lit by the shining
gold of the mercantile Dutch society!

This obsession with the dazzling side of
combustion and of incandescent magmas
reaches its zenith in the masterpiece of
Philip James de Loutherbourg (1740-
1812): Coalbrookdale by Night, painted in
1801. An Alsatian adopted by the English,
de Loutherbourg had devised spectacular
scenic effects for the theater of Garrick and
Sheridan (the shipwreck at the end of the
latter's The Critic, for instance) and was
the inventor of the Eidophusikon, an ani-
mation device that can be properly consid-
ered a forerunner of motion pictures.

The Blacksmith's Shop (1771) illustrates
Wright's dramatic use of light. (The Yale Cen-
ter for British Art.)

32



"With its Dantesque
ovens, its white-hot

cauldrons, its pestilent
clouds, the vision

of Coalbrookdale . . .
reaches the sublime"

THE VISION
OF THE SUBLIME
To our "green" sensibility, the Coalbrook-
dale scene, as painted by de Loutherbourg,
looks like an infernal aberration, all fire
and sulfurous smoke. At the time, how-
ever, it was seen in a different light. In 1756
Edmund Burke (1729-1797) had pub-
lished his essay, "A Philosophical Enquiry
into the Origin of Our Ideas of the Sublime
and Beautiful", in which he expressed, for
the first time, the idea of the sublime as a
higher state than the simply beautiful. In
opposition to the picturesque, which val-
ues fragmentation, decomposition, and
ruin, the sublime is all-engulfing and extols
the infinite and the grandiloquent. The pic-
turesque is analytical and microscopic,
whereas the sublime is synthetic, synes-
thetic, and macroscopic. The sublime has,
however, the "salt" of mystery and danger,
both capable of inducing terror.

With its Dantesque ovens, its white-hot
cauldrons, its pestilent clouds, the vision of
Coalbrookdale, as presented by de Louth-
erbourg, reaches the sublime, and therefore
the site became a center of pilgrimage for
artists and intellectuals in search of strong

33 emotion. Anna Seward (1748-1808), a

Coalbrookdale by Night (1801), the masterpiece ofde Loutherbourg, exemplifies the sublime as seen
in spectacular industrial scenes. (Science Museum, London.)

friend of Erasmus Darwin, described it in
blank verse:

Through thy coy dales; while red the
countless fires,

With umber d flames, bicker on all thy
hills,

Darkening the Summer s sun with
columns large

Of thick suphureous smoke, which
spread like palls,

That screen the dead, upon the sylvan
robe

Of thy aspiring rocks; pollute thy gales
And stain thy glassy waters.

Contradictory feelings, no doubt, since
Coalbrookdale had been, before industri-
alization, one of the most romantically
beautiful spots in Shropshire—a labyrinth
of moss-covered walkways refreshed by
springs and waterfalls, strategically situ-

ated on the gorge of the Severn. In 1776
Arthur Young (1741 -1820) described it as
it as it had been: "a winding glen between
two immense hills which break into vari-
ous forms, and all thickly covered with
wood, forming the most beautiful sheets of
hanging wood." In the meantime, some-
thing had happened that caused the meta-
morphosis of the picturesque into the hor-
ribly sublime—the insatiable appetite of
industry for the beautiful spots where water
flows in plenty: an appetite that feeds on
the picturesque and regurgitates the fearful
side of the sublime. In our day, similar
predicaments seem to plague nuclear
power stations.

THROUGH MOUNTS AND VALLEYS
AND CANALS
The picturesque character of Shropshire
was doomed because deep in its soil were



". . . the distinction
between artist

and engineer, between
man of science

and man of letters,
was tenuous "

huge veins of coal and iron. All that was
needed for the industrial revolution to
flourish was water for the steam engines,
for cooling, and as a means of transporta-
tion. Coalbrookdale provided all three es-
sentials: coal, iron, and water.

Distribution of goods became as impor-
tant as their production, and in its next
phase the industrial revolution was ex-
tended to transportation: iron bridges and
railways; bigger and bigger steamships;
aqueducts, viaducts, and tunnels. The
building of canals became an obsession;
around 1850 there were more than three
thousand miles of canals in England and
Wales alone. Some canals were built on
aqueducts, so that crossing boats might
pass above other boats or trains. The new
industrial landscape became a more surre-
alistic version of the fabled hanging gar-
dens of Babylon!

An engineer, Isambard Kingdom
Brunei (1806-1859), who designed and
built the Great Western Railway (and even-
tually more than a thousand miles of rail-
ways), suspension bridges, and the first
transatlantic steamers (the Great Eastern,
launched in 1858, had the historic mission
of laying the first cable between Europe

Above: Isambard Kingdom Brunei, an engi-
neer, was a hero of the mid-nineteenth century.
This famous photograph (1857) is by Robert
Howlett. (International Museum of Photogra-
phy, George Eastman House, Rochester.)

and the United States), became the hero of
the age. Man dreamed it, Brunei willed it,
and the work was born! It was the great new
age of engineering that culminated in the
spectacular Great Exhibition of 1851.

In a society closely involved with sci-
ence and technology—like the visitors of
the New York World's Fair of 1939, the
crowds that walked through the Great
Exhibition could claim that they had seen
the future!—the distinction between artist
and engineer, between man of science and
man of letters, was tenuous. In the later age
of specialization, it takes many people to
know everything, but in the Victorian age,
it was thought that each one ought to know
everything. It is, therefore, not surprising
that a man like John Martin (1789-1854),
who had been interested from adolescence
in anything pertaining to mines, and who
devised in 1836 a Plan for Working and
Ventilating Coal Mines, became the su-
preme painter of the sublime.

The very first iron bridge, a single-arch beauty that can still be admired, was inaugurated in 1780.
(Photo by Tom Peters; College of Architecture, Art, and Planning, Cornell University.) 34
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JOHN MARTIN:
PAINTER AND ENGINEER
For John Martin, Nature was a colossal
work of engineering. In Nature one could
observe excavated valleys and precipices,
rocks defying equilibrium, skyscraping
towers, and all this and much more under
constant threat from the deep-earth fire of
volcanoes and the powerful forces of
quakes or diluvian floods. The same was
happening in the true realm of engineering:
the first attempts to open a tunnel under the
Thames, by people like Richard Trevithick
(1771-1833) and Mark Isambard Brunei
(1769-1849)—father of the other
Brunei—had ended in disaster when the
river flooded the galleries, killing many
workers.

John Martin had an apocalyptic view of
a Nature in which terror and danger lurk
around the corner. It is thus no surprise that
he was the great illustrator of John Milton
(1608-1674), whose Satan, attractive and
intelligent, embodied, for the Romantics,
the new science—magnificent, yes, but
also full of interrogation and potential evil.
Martin's illustrations for Paradise Lost
(1826) can be seen as daring engineering
projects—tunnels for The Hollow Deep of
Hell or At the Brink of Chaos, and great
domes for the The Palace of Pandemonium
(representing the palace built by Mulciber,
the architect-angel who allied with Satan
in the revolt of Heaven). Hell, for John
Martin, is a gas-lit metropolis—darkness
turns into artificial day. If science (wis-
dom) was at the root of original sin, then the
revolt of Heaven was also a scientific
secession, with the demon angels using
technology to further their own interests
and ambitions.

Likewise, the architecture of one of
Martin's masterpieces, Belshazzar s Feast
(1821), reminds us of the newly built great

Among John Martin s illustrations for t he 1826 edition of Milton's Paradise Lost is this scene,
The Hollow Deep of Hell. The constructions in these illustrations have a likeness to large
engineering works. (Courtesy of the Cornell University library.)



Above: The hall in Martin s Belshazzar's Feast
(1821) suggests a nineteenth-century railway
station. (Gravure from the British Museum.)
Below: Sadak in Search of the Waters of Obliv-
ion (1812) shows Martin's apocalyptic view of
Nature. (Southampton City Art Gallery.)

railway stations: a structure of parallel
colonnades defining a series of platforms.
In his seminal work, Art and the Industrial
Revolution (1968), Francis Klingender
suggests that several engineering works
built in England at the time reflect, in turn,
the prodigious imagination of John Martin:
the Royal Albert Hall in London is a
smaller version of the Palace of Pandemo-
nium, and the Oriental style of the decora-
tion in Brunei's suspension bridges is a
reflection of the excess of Belshazzar's
court. During one of his trips to England,
Jules Michelet (1798-1874) observed that
"in the gigantic cities of London and Ed-
inburgh, the endless buildings create a
grandiose effect less through their height
than through their extension, continuity,
and repetition of the same parts." He fur-
ther observed that the wide streets, the
countless colonnades, the crescents of
London, the huge squares of Edinburgh,
the dock warehouses in London and Liver-
pool—all these are collected, classified,

and idealized by Martin, who was, Miche-
let thought, "the prophet of architecture".

John Martin's influence in France was
enormous, and a new adjective, martinien,
was coined. The critic Sainte-Beuve
(1804-1869) was one of the first to link
Victor Hugo (1802-1885) to John Martin,
and later the novel Salammbo (1862) of
Gustave Flaubert (1821-1880) would be
criticized by the brothers Goncourt for
"lacking the color of Martin's paintings".

There is a feeling of imminent catastro-
phe in John Martin's compositions. Man-
kind seems to be continually crushed by the
engineering colossus, as in The Fall of
Babylon (1819) or The Fall of Nineveh
(1827). The frailty and nothingness of
mankind is also emphasized by its multipli-
cation, in an apparent demonstration of the
ideas the Reverend Malthus (1766-1833)
expounded in his Essay on the Principle of
Population (1798; 1803). The crowds that
people the paintings of Martin are crowds
condemned to suffer the furies of the ele-
ments and the arrogance of engineering
works. People seem to flee in the millions
from fire, plague, and deluge. At that time,
London was an afflicted city; the river
Thames was a sewer whose uncontrolled
flow threatened the foundations of the
buildings and the health of their occupants.
For this reason, Martin published, in 1828,
a clever plan to provide London with drink-
able water; it was based on a complex
system of reservoirs, fountains, and pools,
and supported by an efficient sewerage
network.

One of Martin's last works is The Great
Day of His Wrath (1854), a catastrophic
and volcanic vision (the blazing cauldron
by industry expanded to fill the cosmic
scale of the universe) inspired by an over-
night trip through the Black Country of
industrialized England. The scene was 36



later recreated by his son Leopold: " . . . the
glow of the furnaces, the red blaze of light,
together with the liquid fire seemed to his
mind truly sublime and awful. He could not
imagine anything more terrible, even in the
regions of everlasting punishment. All he
had done, or attempted in ideal painting,
fell far short, very far short, of the fearful
sublimity of effect when the furnaces could
be seen in full blaze in the depth of night."

A coketown could be both awfully
depressing and gloriously sublime. Pass-
ing over Newcastle on the High Level
Bridge in 1863, John Ruskin (1819-1900)
characterized Tyneside as "ghastly and
frightful" but also "very sublime . . . even
enjoyable in its strangeness".

Something had been lost along the way,
and the age of hope (in technology) had
turned, in Klingender's words, into the
"age of despair". In 1850 John Stuart Mill
(1806-1873) could write, in his Principles
of Political Economy, "I confess I am not
charmed with the idea of life held out by
those who think that the normal state of
human beings is that of struggling to get on;
that the trampling, crushing, elbowing, and
treading on each other's heels, which form
the existing type of social life, are the most
desirable lot of human kind, or anything
but the disagreeable symptoms of one of
the phases of industrial progress."

REACTIONS OF WRITERS,
ESPECIALLY DICKENS
Kenneth Clark has written that the influ-
ence of the industrial revolution on roman-
tic painting is a secondary matter, almost
an impertinence when compared with its
influence on human life. Whatever it was,
it didn't leave the poets indifferent, for, as
early as 1810, Wordsworth (1770-1850)
described, with compassion, the arrival of

37 the night shift:

Disgorged are now the ministers of day;
And, as they issue from the illumined pile,
Afresh band meets them, at the crowded

door—
And in the courts—and where the

rumbling stream,
That turns the multitude of dizzy wheels,
Glares, like a troubled spirit, in its bed
Among the rocks below. Men, maidens,

youths,
Mother and little children, boys and girls,
Enter, and each the wonted task resumes
Within this temple, where is offered up
To Gain, the master idol of the realm,
Perpetual sacrifice.

It was an age of overemployment when
everyone worked—men, women, and
youths, mothers and children; a time when
the supply of jobs was much greater than
the decent demand for them. (Today the
evil is in unemployment.)

Charles Dickens (1812-1870) knew
this better than most. Second in a family of
eight children, he had to go to work, at the
age of twelve, in a blackening factory; his
father was in prison for bankruptcy. The
exploitation of child labor is a constant
feature of Dickens' novels, but his under-
standing of the industrial condition and its
effect on society is much more complex
than the simple emotional denouncing of
pain and penury. Dickens shared with the
Romantics a fascination for the destructive
power of industry, and he saw the violation
of Nature, effected by the great technologi-
cal installations—mines, factories, rail-
ways, etc.—as a surrealistic and strangely
beautiful metamorphosis. If industry and
engineering were, or could be, terribly de-
structive, then its Nemesis was, undoubt-
edly, the steam engine.

This attraction for what repels him can
be seen in Dickens in the almost paradoxi-

cal juxtaposition of the comic and the tragic
(as in Shakespeare). We have, for instance,
the chattering and tipsy Mrs. Gamp, one of
the great characters in Martin Chuzzlewit
(1843), addressing, with her Cockney ac-
cent, a hissing steam engine:

"Oh drat you!yJ said Mrs. Gamp, shaking
her umbrella at it, "you re a nice splutter-
ing noisy monster for a delicate young
creetur to go and be a pas singer by; anyt
you! You never do no harm in that way, do
you? With your hammering, and roaring,
and hissing, and lamp-iling, you brute!
Them Confusion steamers" said Mrs.
Gamp, shaking her umbrella again, "has
done more to throw us out of our reglar
work and bring ewents on at times when
nobody counted on fem (especially them
screeching railroad ones), that all the
other frights that ever was took"

But we also have the desolate and anguish-
ing description of the Black Country, as
seen by Little Nell in The Old Curiosity
Shop{\%40)\

A long suburb of red-brick houses,—some
with patches of garden-ground, where
coal-dust and factory smoke darkened the
shrinking leaves and coarse rank flowers;
and where the struggling vegetation sick-
ened and sank under the hot breath of kiln
and furnace, making them by its presence
seem yet more blighting and unwholesome
than in the town itself,—a long, flat, strag-
gling suburb passed, they came by slow
degrees upon a cheerless region, where not
a blade of grass was seen to grow; where
not a bud put forth its promise in the
spring; where nothing green could live but
on the surface of the stagnant pools, which
here and there lay idly sweltering by the
black roadside.

Advancing more and more into the



shadow of this mournful place, its dark
depressing influence stole upon their
spirits, and filled them with a dismal
gloom. . . .

But night-time in this dreadful spot!—
night, when the smoke was changed to fire;
when every chimney spirted up its flame;
and places, that had been dark vaults all
day, now shone red-hot, with figures mov-
ing to and fro within their blazing jaws, and
calling to one another with hoarse cries—
night, when the noise of every strange
machine was aggravated by the darkness;
when the people near them looked wilder
and more savage. . . .

It was this reality that inspired not only
Dickens' novels, but also those of Mrs.
Gaskell (1810-1865), namely Mary Bar-
ton (1848) and North and South (1855). A
native of Manchester, Mrs. Gaskell had a
direct knowledge of the working class and
distinguished herself as a social worker,
fighting for the rights of girls working in
the textile mills—and thus anticipating, by
more than fifty years, the campaigns of the
American sociologist and photographer
Lewis Hine (1874-1940), which led to the
adoption of rigid laws controlling child
labor. Even in an apparently innocuous
passage, such as the description of the road
to Howarth in The Life of Charlotte Bronte
(1857), Mrs. Gaskell can't help observing
that "The air is dim and lightless with the
smoke from all these habitations and places
of business. The soil in the valley (or 'bot-
tom,' to use the local term) is rich; but, as
the road begins to ascend, the vegetation
becomes poorer; it does not flourish, it
merely exists." The hills were "grand, from
the ideas of solitude and loneliness which
they suggest, or oppressive from the feeling
which they give of being pent up by some
monotonous and illimitable barrier. . . ."

Above: One ofGustave Dore's illustrations for
London—A Pilgrimage (1872).

Below: From a photograph of a Carolina cotton
mill by Lewis Hine.

The region, in Mrs. Gaskell's view, could
hardly be called country anymore.

On the other hand, the metropolis (Lon-
don) became a mother to the rich and a step-
mother to the poor, who crowded the
streets, presaging the most pessimistic
Malthusian prediction. This is the impres-
sion that the illustrator Gustave Dore
(1832-1883) and the journalist Blanchard
Jerrold (1826-1884) chose to give in their
London—A Pilgrimage (1872). Although
they felt like intruders during their excur-
sions to the hellish "bas-fonds" of the
London poor ("We were to them as strange
and amusing as Chinamen: and we were
something more and worse. We were spies
upon them; men of better luck whom they
were bound to envy,"), Jerrold and Dore
managed to portray, with photographic ob- 38



jectivity, daily life, work conditions, and
the industrial architecture of the time.
Their pilgrimages in London are an indis-
pensable counterpart to Dickens' well-
known diatribes against the prevailing so-
cial conditions. Jerrold had, after all,
worked on Dickens' own Daily News.

SCIENCE, TECHNOLOGY,
AND OUR WELL-BEING
The example of the first industrial revolu-
tion shows that the various participants—
science, art, industry, society—are inter-
connected. It also shows that it is often
technology that triggers or catalyzes the
experience of the sublime: a sublime that,
by definition, contains the seeds of terror
and that usually manifests itself on a super-
human scale; a sublime that, for this reason,
can escape our understanding—that is, our
control.

Today we should not doubt the good-
ness of science. But we have to be con-
stantly asking ourselves about our inten-
tions and objectives. Scientific progress
thus demands our attention on two fronts,
one that can be called hard and one that is,
in opposition, soft. We must explore and
develop new forms of energy (the hard new
discoveries), but we should also conserve
energy (the soft approach)—to use a
simple thermodynamic example. This is,
after all, the old chemical balance between
the two laws of thermodynamics, between
the wisdom of least effort in the spending
of energy and the "anything goes" or the
"some like it hot" response that favors en-
tropy. It is, once again, the search for equi-
librium as expressed by the beautiful syn-
thesis of the Gibbs energy function:

G = H - TS.

The danger of the sublime is that it meta-
39 phorically represents a state of very high

energy (//), which seems to signify that
equilibrium (a minimum value for G)
should be found in a situation of high
entropic content (S). But high entropy, let
us not forget, usually means increasing
chaos, disorder, and inevitable suffering.

Revolution is also synonymous with the
closing of a cycle, a going back to the
beginning. The scientific origin of the in-
dustrial revolution may be seen in the
Lunar Society of Birmingham, which gath-
ered chemists like Priestley and industrial-
ists like Wedgwood and Matthew Boulton
(1728-1809), all under the patriarchal tute-
lage of the polymath Erasmus Darwin.

Darwin lived, for a great part of his life,
in Lichfield, which was also the native
town of Anna Seward; but Lichfield's most
illustrious son was the delightful and wise
Dr. Samuel Johnson (1709-1784). It was
Dr. Johnson who recommended a course in
chemistry as the best cure for depression.
Science is at the root of everything, even, if
we will it, of our happiness.
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FRANKENSTEIN OR WIZARD
Images of Engineers in the Mass Media

by Bruce V. Lewenstein
When we think about the image of engi-
neers in the mass media, we usually have in
mind two kinds of images.

The first is of the "wizard" or "hero"
who saves the day by supporting industry
and society through the brilliance of
research (Figure 1).

Unfortunately, there is a flip side to the
image of the wizard: the eccentric old man
who will sacrifice anything for the sake of
an idea, such as the secret formula that will
let him rule the world. The problem with
wizards is that they or their products can get
out of control. We all remember Mickey
Mouse in the "sorcerer's apprentice" se-
quence from Fantasia. Ultimately, this
flip-side image becomes the Frankenstein
who creates a technology that we can't
control, a technology that we put our hopes
and dreams into, only to see it fail or even
turn against us (Figures 2 and 3).

There is a third image as well, one that
I didn't put in the title but should have: the
engineer as tinkerer or inventor or me-
chanic. This image, which falls somewhere
between the other two, is rather humdrum.
It, too, is not very accurate, since it often re-
duces a very complex, highly trained per-
son to a simple tinkerer.

Figure 1

This article is based on an address by
Lewenstein to a conference of the Profes-
sional Activities Council for Engineers
(PACE) of the Institute of Electrical and
Electronics Engineers (IEEE). The confer-
ence was held on September 3, 1989, in
Burlington, Vermont.

WHY SHOULD ENGINEERS CARE
ABOUT THESE IMAGES?
Not only the realities of professional prac-
tice, but how they are perceived, affect
engineers and engineering now and in the
future.

A key issue facing the profession today
is the tremendous shortage of engineers
that is predicted for the next generation.
And one of the problems in recruiting good
students is the perception that engineering
isn't a glamorous profession—that it isn't
the place to be.

Related to this issue are other problems,
such as the confusion in the public's mind
between science and engineering, and the
differences in perspective and professional
identity between those engineers who work
for—and have developed loyalties to—
large manufacturing organizations, and

The wizard engineer and the radiance of his
creations is an image that was particularly
prevalent in the early years of technological
development.

This illustration by Leon Soderston
appeared in Man in a Chemical World by
A. Cressey Morrison (New York: Scribners,
1937). 40



"Not only the realities of professional practice,
but how they are perceived,
affect engineers and engineering now and in the future.

Figure 2 Figure 3
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Another common image that goes back many
years is of technological creations that can get
out of control.

A humorous example (Figure 2) is the de-
piction of the Machine Age in the 1936 Charlie
Chaplin film Modern Times.

A more sinister example is the cartoon by
Hugh Haynie (Figure 3), which appeared in the
Louisville Courier-Journal in 1979. It carried
the caption "NUCLEAR POWER: Perhaps the
final solution to the earths energy problem."
(Copyright, 1979, The Courier-Journal and
Louisville Times Company; reprinted by per-
mission of Hugh Haynie.)

those who work more independently, as
consultants or for engineering firms.

When I talk about images, I mean two
things: the literal images that appear in the
media, and the general presentation of
engineers in terms of language and context.
I am mainly concerned here with the literal
images, assumed to represent the general
mental picture that people carry around.
Some of the examples I will discuss come
from earlier times, for as a historian of sci-
ence and technology, I am interested in
how current images have evolved.

THE GRADUAL TRANSITION
FROM HEROIC TO HUMDRUM
In the great age of technological develop-
ment that began around a hundred years
ago, the industrial connections of engineer-
ing were positive, uplifting ones, as in Fig-
ure 4. Engineers were often portrayed as
Greek heroes (Figure 5), or lone geniuses
(Figure 6).

Although some computer companies
have continued to use heroic savior images
in their advertising, the genius-images
have become scarcer. Images now tend to



Figure 4 Figure 5 Figure 6

A century ago, the popular image of the
engineer was as hero or lone genius, and
science and technology were seen as purely
beneficial.

Figure 4, taken from the frontispiece (in
color) to Man in a Chemical World by A. Cressy
Morrison (New York: Scribners, 1937)portrays
chemical industry, upheld by pure science, pro-
ducing the necessities of life.

Figure 5 shows S. Z. de Ferranti, an inven-
tor and engineer with the London Electric Sup-
ply Corporation, as a Greek hero astride the
city he is about to provide with light and power.
(The Ferranti International Signal Archive.)

The prototype of the lone genius (Figure 6)
was Thomas Edison, the "wizard of Menlo
Park". (U.S. Dept. of the Interior, National
Park Service, Edison National Historic Site.)

Figure 7

By the early 1930s, the image of engineers at
work included some awareness of modern
teamwork. Photographs showing development
of the differential analyzer, which occurred
under the leadership ofVannevar Bush, include
a view of a group of researchers (Figure 7) as
well as a picture of Bush alone with the inven-
tion (Figure 8). (Photographs from the MIT
Museum .)

Figure 8
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Figure 9
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Pictures of people standing separately in front
of machines do not portray what engineers ac-
tually do. Figure 9, a photograph from 1946,
shows several people with the huge EN I AC, the
first electronic computer. (Courtesy of the Uni-
versity of Pennsylvania's Moore School of Elec-
trical Engineering.)

A more realistic image shows engineers
actually at work. In Figure 10, designers,
engineers, and clay sculptors from the General
Motors design staff work on a new two-passen-
ger coupe. Computer-driven equipment turns a
rendering into a three-dimensional image for
further design (right), and also generates
commands to an automatic sculpting device
(center), which translates the basic shape to the
full-size clay model. The sculptors then create
the final surface development. (Photograph
courtesy ofGM Systems Engineering.)

be the mundane sort, with engineers por-
trayed as inventors or just tinkerers.

The classic inventor was, of course,
Thomas Edison, who is often shown as a
haggard, weary, lone creator (although he
was actually the head of what we might call
the first modern industrial research labora-
tory). A more modern version was Vanne-
var Bush, who invented the differential
analyzer in 1931. Although some photos of
Bush reflected the teamwork of modern
engineering (Figure 7), others maintained
the lone-wolf image (Figure 8). (Bush later
went on to become one of the most power-
ful engineers in the country: he was dean of
engineering at the Massachusetts Institute
of Technology, and later directed the
World War II Office of Scientific Research
and Development.)

Many of these images of inventor-engi-
neers show a person standing next to a ma-
chine (Figure 9). That does get at one



Figure 11 Figure 12

High technology seems formidable to many
people.

Figure 11, a 1979 Her block cartoon, con-
veyed the idea that nuclear power plant opera-
tors don't know what to do in an emergency.
(Copyright by Herblock in the Washington
Post.)

Photographs such as Figure 12, showing
horrified NASA flight controllers during the
1986 Challenger disaster, contribute to this
perception. (Photo courtesy of NASA.)

Figure 13, a cartoon by Don Wright, is an-
other example of the image of the danger of high
technology. (Reprinted by permission of Trib-
une Media Services.)

Figure 13
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crucial aspect of engineering—it deals
with solving problems, with creating
machines or processes or software or what-
ever will get the job done. This is some-
thing distinctly different from science,
which deals with discovering unknown
things about nature.

But the problem with the men-and-
machines, inventor image is that it doesn't
really reflect what an engineer does. Con-
sider the images that typically get shown in
ads for computers, telephone equipment,
etc. Whether the people being shown are
inventors, assemblers, engineers, busi-
nessmen using the machines, or just pas-
sers-by, it is unclear what the relationship
is between the people and the machines.

Occasionally, one does get an image of
real engineers doing real engineering—an
example is the Figure 10 photograph of
people obviously working with equipment.
But I'm afraid most images in the mass
media are less informative.

What bothers me most about these men-
and-machines images is that the men—and
I'm referring to males deliberately here—
are usually so detached from the machines.
There is no sense that these people had
anything whatsoever to do with the devel- 44



opment of the machine, and probably no
real understanding of how it works. Often
the image is of people just looking at their
creations, perhaps trying to to figure out
what to do with them.

It is that detachment that scares the
public. The public expects engineers to
take responsibility for the devices they
create. As one researcher, George Basalla,
said, good intentions aren't enough; if sci-
ence and technology create danger, then
scientists and engineers are held respon-
sible.* The name of the inventor, Dr.
Frankenstein, in the classic novel has be-
come attached to the creature he created;
and this kind of merged identity between
creator and created persists to this day.

THE IMAGE OF COMPLEX
TECHNOLOGY OUT OF CONTROL
And so we get to the third image, the
horrible one.

Consider, for example, the control
panel. The kind of compex control system
developed for electrical light and power
systems at the beginning of this century
(and later adapted to all kinds of complex
systems) is one of the key, superb develop-
ments of modern engineering. But most of
the public doesn't understand this kind of
complexity. The image most people hold is
of the control rooms in nuclear power
plants, military missile control centers
such as the Strategic Air Command, or
spacecraft control centers that couldn't
save the Challenger (Figures 11 and 12).

The image that these control panels
convey is that technology—and the engi-
neers who run that technology—don' t have
the answers. Engineers, the images say,
have lost the ability to control complexity
(Figure 13).

45 * See the article by Basalla listed on page 48.

WHAT THE RESEARCH SAYS
ABOUT IMAGES OF ENGINEERS
One of the enduring paradoxes of media
coverage of technical subjects is that al-
though engineers are largely responsible
for the development of new technology,
scientists get all the glory. Take the Man-
hattan Project as an example: although it
was a civil engineer, General Leslie
Groves, builder of the Pentagon, who ran
the project, it is physicist Robert Oppen-
heimer whom we tend to remember as the
leader. It is not surprising that in most of the
research that has been done on how techni-
cal subjects are portrayed in the media,
technology and also medicine have been
included under the general heading of
science.

In general, we know that science, tech-
nology, and medicine show up in the media
a lot. They are a staple of comic books,
which reach 130 million readers a year.
And they appear in 70 percent of all prime-
time dramatic shows on television (al-
though they are the major theme of only
about 5 percent of those shows).

Virtually all of this science on TV is
actually medicine. Outside of the news, TV
viewers see an average of twelve doctors
and only two scientists each week. Even if
we assume that half of the "scientists" are
actually engineers, that's not much atten-
tion to engineers.

The portrayal of scientists on TV is gen-
erally pretty good—about 85 percent are
shown as being good people. (Doctors,
who are presented in a good light 95 per-
cent of the time, and law-enforcement
agents, who get good billing 98 percent of
the time, are treated even better.) Scientists
as portrayed on TV are stronger and
smarter than other professionals, but they
tend to be less sociable, work alone, and
have no families. Sometimes they present

"The public expects
engineers to take
responsibility for the
devices they create"



"The challenge. . .
should be to make

engineering appealing
as a career,

as a profession,
and as a way

of addressing crucial
world problems/9

foreboding images, touched with evil and
peril; indeed, about 5 percent kill someone
and 10 percent get killed.

In the movies things are definitely not so
good for technology. Images of technology
in film over the past seventy years have
consistently been negative. In hundreds of
films since the 1920s, technology has led to
disaster for individual humans or for the
human race itself.

An interesting point here—one with
direct relevance to my earlier comment
about the position of engineers in organiza-
tions as compared with those who are more
independent—is that in movies engineers
have often been shown as powerless ser-
vants of corporate, political, or military in-
stitutions. Recall, for example, the nuclear-
plant supervisor played by Jack Lemmon
in The China Syndrome: he could not stop
his plant from operating when that did not
serve the interests of the corporate owner.

The most consistent image in movies is
the one in which you ultimately can't trust
technology. The best-known recent ex-
ample of this (if twelve years can be called
recent, and to a historian it can) is Luke
Sky walker in Star Wars. Luke pushes away
his computer and ultimately relies on "The
Force" to destroy the Death Star.

Another consistent movie image is the
engineer without moral conscience, the
one who delights in playing with his toys
and denies that he has any responsibility. In
the 1974 film The Conversation, for ex-
ample, Gene Hackman played an electron-
ics engineer/surveillance expert who re-
fuses to admit that he is anything other than
a technician.

The images of science and technology
in science fiction are much more complex
than they are in "pop science" such as
comic books, TV prime-time shows, popu-
lar movies, and so on. But true science

fiction, the stuff that has these complex
images, is read by a fairly small audience.

In general, the research in this area has
shown that the image of scientists and
engineers that appears in the media is a
Faustian one: these are people who have
given up human concerns in a devilish
bargain for intellectual understanding and
control of nature. (Notice the mixing up of
understanding and control—to the public,
these seem to go together, even though
many engineers might prefer to separate
science and technology.) Though some
images in the mass media, such as those in
TV shows like "Quincy" or movies like
Top Gun, glorify science and technology,
often the image is of the mad or evil scien-
tist, the Frankenstein.

What the researchers haven't spent
much time on is the "humdrum" image—
the image of the everyday inventor or
engineer. Photos of engineers who have
participated in important technological
developments tend to show people with
old-fashioned glasses, neckties, and pocket
protectors, posing in front of blackboards
covered with scribbles. (The glasses are
important. In the original "Batman" comic
strip, Bruce Wayne needed glasses to learn
his science and technology. He never wore
them again.) Though some recent photos
show modern research and development
teams—perhaps a multicultural group
dressed in sports shirts and with beards but
no glasses—these pictures often retain the
men-and-their-machines image.

Still, I suppose that is better than what
the future may bring. In Stanley Kubrick's
movie 2001, the engineers often seem to be
confused by what they are seeing (Figure
14). By the time we get to the original
StarWars movie, the engineers have been
put aside in favor of robots (Figure 15).
And in a recent ad (Figure 16) glorifying 46
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Is there a trend toward deemphasizing individu-
als in the image of engineering? Figure 14, from
the movie 2001, shows engineers apparently
trying to understand technological marvels
rather than executing them. Figure 15, from
the later film Star Wars, shows a robot in com-
mand. Figure 16, from a recent advertisement,
shows only the tools of the trade and not the
user.

(Figure 16 is reproduced by courtesy of the
Phillips Petroleum Company.)

the accomplishments of some talented en-
gineers, the Phillips Petroleum Company
did away with the people altogether; all that
was left were the tools, blueprints, and one
lone glove.

THE CHALLENGE
FOR PROFESSIONAL ENGINEERS
What challenge do images in the media
present to engineers?

The "heroic" image probably isn't one
most professionals want to encourage;
modern technology is complex, and it's un-
likely that engineers can promise the public
the kind of certainty that a heroic image
implies. The horror images are obviously
unattractive, but engineers probably can't
do much about them, since they are often
based on the very real problems that tech-
nology sometimes presents.

The challenge lies in the middle: the
"humdrum" images. The goals there
should be to make engineering appealing
as a career, as a profession, and as a way of
addressing crucial world problems. It is
true that troublesome technology is created
by engineers; it is also true that only engi-
neers can keep improving that technology



to remove those problems or address new
ones as they arise.

How can engineers improve the pub-
lic's reaction to those more honest middle-
of-the-road images?

The first thing I would urge is continued
support for precollege science and math. I
referred to the general public's apprehen-
sion about the equations and graphs that
often appear in the background of images
of engineers. The only way to combat that
is to get people comfortable with technical
language, by exposing them to it early. By
the time they've left school, it's too late.
People don't have to remember how to
actually use higher mathematics—they
just need to feel a familiarity with it.

Second, I would urge engineers to think
about the effects of the various accredita-
tion standards that often prevent engineer-
ing students from getting more than a pass-
ing exposure to the humanities. This not
only perpetuates the image of engineers
who can't deal with nontechnical aspects
of the world, but builds a fence between
those people who do take humanities
courses and those who don't.

Third, I suggest a willingness to differ-
entiate engineering from science. The dis-
tinction, oversimplified but essentially
true, is that science is the exploration of the
unknown, and engineering is the solution
of here-and-now problems. The recent
photos of Neptune from Voyager were
mostly portrayed as a triumph of science
(while the explosions of various NASA
and Air Force rockets were called engi-
neering failures), yet Voyager was as much
an engineering triumph as it was a scien-
tific one. I am not advocating overly zeal-
ous professionalization, which would pre-
vent rather that promote progress—the
best, and certainly the most interesting,
work is interdisciplinary. Still, engineers

should see to it that the accomplishments
of their profession are appropriately
recognized.

Recreating a public image is largely a
public-relations task, one that deserves
well designed, professional, even slick
promotional programs, and the resources
to carry them out. It is people in the profes-
sion who must provide the impetus and the
means for such projects.

The object is not to aggrandize engi-
neers, but to recruit them. The goal is to
ensure that the engineers of the future can
live up to the legacy of their profession,
making critical contributions to the well-
being of society.
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MANUFACTURING A LEGEND
Charles Proteus Steinmetz as Modern Jove

by Ronald Kline
In 1922 Charles Proteus Steinmetz sat
enthroned by the popular press as a Modern
Jove—the man who had created lightning
in the laboratory. The image of Steinmetz,
the hunchbacked German socialist hurling
thunderbolts about the General Electric
Laboratory, caught the public's fancy, and
he became a national celebrity. Newspa-
pers and magazines quoted his views on
religion, politics, science, and future tech-
nological wonders. In the public's eye,
Steinmetz was a "Wizard of Science"—a
symbol of the new breed of scientifically
trained engineers who were daily surpass-
ing the feats of Edison—the original
"Wizard" of electricity.

Behind the legend lay considerable fact.
Steinmetz did symbolize the turn-of-the-
century transition from electrical inventor-
entrepreneur to scientific engineer. In
company with Michael Pupin, Arthur E.
Kennelly, Charles F. Scott, and others, he
helped establish the profession of electrical
engineering on a systematic, scientific
basis. His textbooks were widely used, and
his researches into magnetic hysteresis,
complex-number techniques, and transient
phenomena advanced electrical engineer-

49 ing science.

His work, more than half a century after
his death in 1923, has been kept before the
public by numerous hagiographers who
periodically revive the Jovian legend. As a
result, Steinmetz, the engineer, has been
fused with Steinmetz, the legend. In order
to understand his role in the history of elec-
trical engineering, we must understand
both his engineering work and the legend.

The Jovian legend began with a front-
page story in the New York Times on
March 3, 1922. The headline and leading
paragraph read:

Modern Jove Hurls Lightning at Will—
Million-Horse-Power Forked Tongues
Crackle and Flash in Laboratory. . .
Schenectady has a modern Jove who sits on
his throne in a laboratory of the General
Electric Company and hurls thunderbolts
at will. He is Dr. Charles P. Steinmetz,
electrical wizard, who announced today he
has succeeded in producing and control-
ling an indoor thunderstorm with all the
characteristics of its natural brother ex-
cept the thunder clouds.

Newspapers and magazines across the
country picked up the Associated Press
story, and Steinmetz became known as the

"Thunderer", the "Jove of Schenectady".
After Edison's much publicized visit to
Schenectady in October 1922, during
which a picture was taken of Edison and
Steinmetz examining the damage done to
pieces of wood by artificial lightning,
Current Opinion ran a story with the
heading, "Wizards of Science Astonish
Edison". Although the story dealt mostly
with Edison's visit with Irving Langmuir
and William Coolidge at the Research
Laboratory, the lead picture showed the old
wizard being instructed by the new wiz-
ard—the new type of scientific engineer.

An essential part of the Jovian legend
was the mirror struck by lightning; it sup-
posedly stimulated Steinmetz to build the
lightning generator. The following story
was told in contemporary magazines and in
later biographies. One day in August 1920,
Steinmetz arrived at his camp on the
Mohawk River and found that lightning
had struck a tree outside his cabin, and then
arced inside and shattered a mirror. He
pieced together the mirror as a preserved
picture of a lightning flash. Two years later,
after much research, he built the lightning
generator and astonished the nation by
hurling thunderbolts about the laboratory.



Albert Einstein (left) met Steinmetz in Schenec-
tady in 1921, the year Einstein received the
Nobel Prize in physics. (All photographs cour-
tesy of the General Electric Company.)

STEINMETZ AS A GOOD SUBJECT
FOR MYTH-MAKING
Myth-making came easy to Steinmetz's
hagiographers, before and after he built the
lightning generator, owing to his physical
appearance, his Horatio Alger life story,
and his eccentricities.

His deformed body—he was a dwarfed
hunchback—contrasted with his intellec-
tual achievements brought forth such
sobriquets as one in the Literary Digest,
which referred to him as the "little cripple
with the giant mind".

Beginning in the 1910s, biographers
pointed to his meteoric climb from a penni-
less immigrant to the Chief Consulting
Engineer for General Electric as an inspir-
ing example for young men.

His eccentricities were also good copy
for the popular press. Sunday supplements
described his weird pets (alligators, Gila
monsters, crows), his weird plants (rare
cacti), and his weird views (socialism).

This publicity, like that surrounding
Edison, provided fertile soil for myth-
making. General Electric supposedly gave
Steinmetz an unlimited salary and unlim-
ited freedom, as shown by pictures of him
hunched over technical papers in a canoe
floating on the Mohawk River. In another
story, General Electric placed a no-smok-
ing sign in Steinmetz's office, and the in-
cessant cigar smoker packed up for home,
saying, "no smoking—no Steinmetz".

These legends carried over into his
work. Most electrical engineers believed
that Steinmetz originated the complex-
number technique for solving alternating
current problems, but actually, it was in-
troduced by Arthur E. Kennelly on the
basis of prior work by Oliver Heaviside.
The legend arose because Steinmetz ap-
plied the method extensively in his widely
used textbooks. Another persistent legend
was that famous inventors and scientists
courted Steinmetz's advice. General Elec-
tric photographed him with Edison, Mar-
coni, and Einstein—all had supposedly
come to Schenectady to consult the man
who had created artificial lightning.

After his sudden death in 1923, numer-
ous hagiographers perpetuated the image
of the hunchback who played with thunder-
bolts. Jonathon Leonard's 1929 biography
was entitled Loki, after the wise, mischie-
vous, half-human Norse god of fire, who
understood Thor's thunderbolts better than
Thor himself. In 1930 Henry Ford moved
Steinmetz's cabin, where the mirror was
shattered, to the Greenfield Village Mu-
seum. A radio play, adapted for high school
students in 1938, called Steinmetz the

Another famous visitor was Guglielmo
Marconi, inventor of the first practical radio-
signaling system, who came in 1922. Marconi
had received the Nobel Prize in physics in 1909.

"Latter-Day Vulcan". The cover of a Gen-
eral Electric booklet, published in the
1950s, showed Steinmetz (dressed like a
1950s engineer) piecing together the cele-
brated mirror. John A. Miller's 1958 biog-
raphy was titled Modern Jupiter, and Floyd
Miller's juvenile biography was titled
The Man Who Tamed Lightning. In 1965,
in honor of the centennial of Steinmetz's
birth, Life magazine ran a story called "The
Thunderer's Legacy".

THE ENGINEERING HISTORY
BEHIND THE LEGEND
But the story of Steinmetz, the engineer, is
actually more complex and interesting than
the anecdotes passed down to us by his
hagiographers. 50



Contrary to legend, Steinmetz had an
active interest in lightning and its effects
long before August 1920, when lightning
shattered the famous mirror. His interest
was twofold: (1) to determine the physical
characteristics of the lightning stroke in
order to know the levels of voltage and
current that lightning creates on high-volt-
age transmission lines, and (2) to design
protective apparatus.

As early as 1891 Steinmetz showed an
interest in these matters by commenting on
a paper read by N. D. C. Hodges before the
American Institute of Electrical Engineers
(AIEE). Hodges, the editor of Science
magazine, had displayed before the Insti-
tute a lightning rod he had patented—one
that was based on a misunderstanding of
Oliver Lodge's idea of dissipating the
energy of lightning through a high-resis-
tance conductor to ground. Unlike Lodge's
all-metal rods, Hodges' device consisted of
two-feet sections of copper ribbon, con-
nected in series and separated by insula-
tors. Hodges reasoned that lightning would
shatter the rod and, thereby, release its
energy harmlessly. In his comment, Stein-
metz did not criticize Hodges' proposal as
a dangerous departure from standard prac-
tice; rather, he accepted Hodges' account
of the performance of similar rods and gave
an electrical engineering explanation for
their operation. It was not a propitious
beginning for the "Latter-Day Vulcan".

Steinmetz's subsequent writings on
lightning and protective devices were more
fruitful. In 1906 he formulated the engi-
neering theory behind the multigap ar-
rester, which was widely used on power-
transmission lines. Rather than dissipating
the lightning stroke, Steinmetz showed, the
device discharged the current to ground
over a series of sphere gaps. The novel

51 feature of the multigap arrester was the

apparent rectifying effect of its sphere
gaps, which did not allow the follow-on
generator current to short the transmission
system to ground for more than a half cycle.

Steinmetz's theory was an engineering
theory, rather than a scientific one: he was
not interested in why only certain metals
worked in the arrester—he considered that
question to be in the realm of science and
"metaphysics", not engineering—and did
not think such knowledge pertained to the
design of the arrester.

Although Steinmetz was not interested
in the science of the multigap arrester, he
did formulate a scientific theory of light-
ning. He suggested that lightning is not a
single discharge between oppositely
charged bodies, but a series of discharges
resulting from successive equalizations of
nonuniform potential distributions. He
explained the existence of these unequal
potential gradients within a cloud, from
cloud to cloud, or from cloud to ground, on
the basis of the uneven condensation that
occurs during the formation of thunder
clouds.

He supported his theory by noting (but
not citing the researchers by name) work
that had recently been done in Germany by
Bernhard Walter and in the United States
by Alex Larson, who had photographed
successive lightning discharges with a
rotating camera. In accordance with his
theory, Steinmetz calculated the voltage,
current, duration, frequency, and energy of
an average lightning flash, and used this
knowledge to draw up design specifica-
tions for lightning arresters. For example,
since lightning was considered a series of
high-frequency discharges, he recom-
mended that an arrester be able to respond
rapidly and restore itself quickly after each
discharge.

Steinmetz also applied his knowledge

"But the story of
Steinmetz, the engineer,
is actually
more complex and
interesting than
the anecdotes. . . . "



of electrical transients to arrester design.
He reasoned that the multigap arrester
adequately protected systems against the
voltage and current of the traveling waves
induced by lightning strokes, but that it did
not protect against a recurrent surge—
caused by equipment shorting to ground—
because it continually arced to ground
during the fault. For protection against a
recurrent surge, he recommended the alu-
minum-cell arrester that had been devel-
oped by E. E. F. Creighton around 1905,
while Creighton was working under Stein-
metz at General Electric.

The aluminum-cell arrester, an electro-
lytic type, formed on its electrodes an in-
sultating film that punctured at a voltage
higher than the transmission-line voltage
and then resealed itself after discharge.
Unlike the multigap arrester, the alumi-
num-cell arrester prevented the passage of
the follow-on current and thus did not
continually short-circuit during a recurrent
stage.

Later, in 1918, Steinmetz announced
that engineers in his Consulting Engineer-
ing Department had invented an improved
device, the oxide-film arrester. This
worked on the same chemical principles as
the aluminum-cell arrester, but overcame
the disadvantages of a wet electrolyte: it
was not a fire hazard and did not require
daily charging.

DEVELOPMENTS LEADING TO
THE LIGHTNING GENERATOR
Between 1891 and the famous lightning
stroke at Camp Mohawk in 1920, Stein-
metz had done much research on lightning
and its effects. He had formulated a scien-
tific theory of lightning, published (in
1909) a book on transient phenomena, and
applied this knowledge to new types of
lightning arresters. In addition to other

high-voltage work, engineers in Stein-
metz 's laboratory developed apparatus
to test lightning arresters, insulation, and
line insulators. Creighton tested the alumi-
num-cell arrester at 2.3 kV, N. A. Lougee
subjected the oxide-film arrester to 25
kV, and F. W. Peek tested sphere gaps at
200 kV.

Before 1921, Steinmetz and other engi-
neers considered these relatively low-
powered devices adequate for testing light-
ning arresters. But in June of 1921 the
AIEE Protective Devices Subcommittee
on Lightning Arresters issued a report criti-
cal of existing arrester technology. It was
this report, in addition to, and perhaps more
than, the famous lightning stroke the year
before, that stimulated Steinmetz to build
the celebrated lightning generator upon
which so much of his fame rests. Although
his hagiographers mention that he built the
generator to "perfect" arresters, they have
obscured this point and hidden its signifi-
cance. The significance is that the design,
construction, and popularization of Stein-
metz's lightning generator served to
counteract severe criticism of the operation
of General Electric's aluminum-cell and
oxide-film arresters.

The AIEE subcommittee report was a
summary of answers to a questionnaire
sent to utility companies. Although the
aluminum-cell and oxide-film arresters
were the overwhelming first choice of
operating engineers, the report quoted
strong criticisms of these devices by
prominent engineers. They complained
that the aluminum-cell arrester was a fire
hazard, required excessive maintenance,
and had poorly designed mechanical fea-
tures. Although the oxide-film arrester al-
leviated these difficulties, it was lumped
with the aluminum-cell by one critic, who
said that both were "hair-trigger types of

arresters based on fine hair theories and
obscure chemical reactions."

In November 1921, four months after
the subcommittee's report, N. A. Lougee
and J. L. R. Hayden, engineers working
under Steinmetz, announced in the Gen-
eral Electric Review the development of
the lightning generator. At first this went
unnoticed by the technical and popular
press; there was not much reason to herald
the new device. Although it was the first
impulse generator with power approaching
the estimated energy of the lightning dis-
charge—it delivered 120 kV at 10 kA—its
technology and design were not revolu-
tionary. The essential difference between
this impulse generator and those previ-
ously invented by Creighton, Peek, and
others, aside from its greater power output,
was that it used high-voltage direct current
rather than high-voltage alternating cur-
rent as the charging source. The device that
made this possible was the "kenotron", a
vacuum-tube rectifier developed by the
General Electric Research Laboratory in
1913 and sold commercially after 1915.

After reporting in the General Electric
Review in December 1921 that the oxide-
film arrester had passed strenuous testing
using the lightning generator, Lougee
brought up the matter again at the AIEE
convention in mid-February 1922. At this
meeting Creighton, the inventor of the
aluminum-cell arrester, read a paper that
defended it against the subcommittee's
report of June 1921. During the discussion
of this paper, Lougee upheld General Elec-
tric's film-type arresters against the par-
ticular criticism that they operated on "fine
hair theories and obscure chemical reac-
tions." "The best answer to all this," said
Lougee, "is to state briefly the arrester's
behavior when connected to the lightning
generator"—a reference to his tests. 52



THE WIZARD LEGEND
AND THE PURPOSES IT SERVED
If Lougee's use of the lightning generator
to answer criticism of the film-type ar-
resters was not occasion enough for Gen-
eral Electric to publicize Steinmetz as a
Modern Jove, Westinghouse's announce-
ment of a new arrester at that very meeting
was. During the discussion of Creighton's
paper, Joseph Slepian revealed that
Westinghouse would soon introduce an
"autovalve" arrester that had the good fea-
tures of the chemical arresters without their

53 disadvantages. Slepian, who had filed for a

patent on the autovalve arrester the week
before the meeting, took care to explain
that the Westinghouse arrester, a spark-gap
device, did not work on "obscure chemical
phenomena".

General Electric's response was swift.
Two weeks after the meeting, reporters
who had been invited to Schenectady an-
nounced to the nation Steinmetz's creation
of artificial lightning. A week later, Elec-
trical World ran a picture of the generator,
and in July the national magazines fol-
lowed suit in a much more elaborate fash-
ion. After Edison's visit to Schenectady in

Left: When Thomas A. Edison (center) visited
the General Electric plant in 1922, he and
Steinmetz were photographed with the famous
lightning generator.

October, the legend of Steinmetz, the
Wizard of Science, astonishing Edison, the
Wizard of Menlo Park, was in full flower.

In November 1922 the Lightning Ar-
rester Subcommittee praised the electrical
manufacturers for their great strides in the
development of equipment for testing ar-
resters and expressed the hope that im-
provements in arresters would follow. The
subcommittee did not repeat its criticism of
the film arresters. In February 1923
Westinghouse announced the perfection of
the autovalve arrester, which had passed
tests on their own Steinmetz-type impulse
generator. In 1924 the Duquesne Light
Company of Pittsburgh ran field tests on
arresters using a similar generator their
engineers had built.

The national press did not herald the
Westinghouse or Duquesne Light Com-
pany engineers as Modern Joves. A light-
ning generator was commonplace by 1924,
especially since Peek had produced two
million volts in General Electric's High-
Voltage Laboratory in Pittsfield (where he
had transferred in 1917). But neither did
Peek receive the heroic-scientist type of
publicity awarded Steinmetz.

Part of the reason for the attention to
Steinmetz lies in the personality and ap-
pearance factors I mentioned earlier. Part
lies in the crucial timing of Steinmetz's
publicity for General Electric's advantage.
And part lies in the fact that Steinmetz died
suddenly in October 1923 at the height of
his popularity. The New York Leader
published a fitting epitaph—a drawing of
lightning flashing from sky to earth, with
the caption, "Charles Proteus Steinmetz,



"The myth
ofSteinmetz as the

Jove ofSchenectady
. . . helped popularize

the idea of
the electrical engineer
as a man of science"

1865-1923". Steinmetz died on Jupiter's
Throne—and a legend remained.

Behind the legend was the engineering
history I have sketched. But more came
from the legend than General Electric's
short-term benefit for the sale of lightning
arresters. The myth of Steinmetz as the
Jove of Schenectady helped General Elec-
tric, but it also helped popularize the idea of
the electrical engineer as a man of science.
The twentieth century had an electrical
engineer with a mystique to surpass that of
the nineteenth century's electrical inven-
tor: the Wizard of Science, capable of as-
tonishing the Wizard of Menlo Park.

Ronald Kline, an assistant professor of the
history of technology at the College of Engi-
neering, wrote his Ph.D. thesis on Steinmetz
and is now preparing the material in book form.

After earning the B.S. degree at Kansas
State University in 1969, Kline worked for eight
years as an engineer at the General Electric
Company. Subsequently, he studied at the
University of Wisconsin for his doctorate in the
history of science and technology, granted in
1983, and then served for three years as the

director of the Center for the History of Electri-
cal Engineering, which is operated by the Insti-
tute of Electrical and Electronics Engineers
(IEEE). He joined the Cornell faculty in 1987.

Kline serves on the History Committee of the
IEEE and the Administrative Committee of the
IEEE Society on Social Implications of Tech-
nology. He is associate editor for history of the
IEEE Transactions on Education.
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REGISTER

• Seven faculty members in five schools
or departments of the College of Engineer-
ing began their teaching careers at Cornell
this fall.

Joel D. Brock, an assistant professor at
the School of Applied and Engineering
Physics, earned a doctorate in physics at
the Massachusetts Institute of Technology
and spent the past two years there as a post-
doctoral researcher.

He received the B.S. degree at Stanford
University in 1981 and spent a year as a
staff physicist at Tektronix, Inc., before be-
ginning graduate school.

Brock's research interests include the
novel phases of condensed matter systems,
and the development of inelastic x-ray
scattering to investigate these systems. He
is a member of the American Physical
Society and the American Association for
the Advancement of Science.

Bard Bloom, an assistant professor in
the Department of Computer Science, also
came to Cornell from the Massachusetts
Institute of Technology, where he was a
member of the theory of computation re-
search group at the Laboratory for Com-
puter Science.

55 His research interests are in denota-

tional and operational semantics of pro-
gramming languages.

Bloom received his doctorate from
M.I.T. this year; he also holds an M.A. in
mathematics and a B.A. degree in mathe-
matics and anthropology, summa cum
laude, from Washington University.

Jeff Koechling and Sam Landsberger
joined the faculty of the Sibley School of
Mechanical and Aerospace Engineering as
assistant professors.

Koechling received a B.S.M.E. degree
from Rose Hulman Institute of Technology
in 1980 and then worked at RCA for two
years before beginning graduate study at
Carnegie Mellon University. He was
awarded the Ph.D. in mechanical engineer-
ing this past summer. His research interests
include the mechanics of locomotion; his
doctoral thesis was entitled "Limits of
Running Speed: Experiments with a
Legged Robot".

Landsberger came to Cornell after a
year as a postdoctoral research associate at
the Massachusetts Institute of Technology,
where he earned M.S. and Sc.D. degrees.
His thesis was on practical design and theo-
retical kinematics. He holds a patent for a
parallel link, cable-controlled manipula-

tor. His B.S. degree in mathematics is from
the University of North Carolina.

A Cornell Ph.D. in nuclear science,
Stephen C. McGuire, returned to campus
as an associate professor of nuclear science
and engineering.

McGuire earned the B.S. in physics at
Southern University and Agricultural and
Mechanical College in 1970, the M.S. in
nuclear physics at the University of Roch-
ester in 1974, and the Cornell Ph.D. in
1979. His research interests include cos-
mic-ray-induced radiation effects in semi-
conductor devices.

He taught at Alabama Agricultural and
Mechanical University for six years before
joining the Cornell faculty. At various
times he has worked at the Marshall Space
Flight Center, the Los Alamos National
Laboratory, the Lawrence Livermore Na-
tional Laboratory, and Oak Ridge National
Laboratory.

McGuire is a member of Sigma Xi and
several professional organizations, includ-
ing the American Physical Society and the
American Nuclear Society. He is a member
of the APS Committee on Minorities in
Physics and is a past president of the Na-
tional Society of Black Physicists.



The School of Operations Research and
Industrial Engineering has two new assis-
tant professors: David B. Shmoys and Eva
Tardos, who are husband and wife.

Shmoys earned a B.S.E. degree from
Princeton University in 1981, graduating
with highest honors. He received a Ph.D. in
computer science from the University of
California at Berkeley in 1984.

He has been a postdoctoral fellow at
Harvard University and at the Mathemati-
cal Sciences Research Institute at
Berkeley. From 1985 to 1989 he was an as-
sistant professor of applied mathematics at
the Massachusetts Institute of Technology.

Shmoys was named a National Science
Foundation Presidential Young Investiga-
tor in 1987. He holds editorial positions on
several professional journals and is an
editor of a textbook on the "traveling sales-
man" problem. His research interests are in
the design and analysis of algorithms, and
parallel computation.

Tardos holds a Diploma in Mathematics
and a Ph.D. from Eotvos University in
Budapest, Hungary. She has been a visiting
assistant professor at the Massachusetts In-
stitute of Technology, a Humboldt fellow
at the University of Bonn, West Germany,
and a postdoctoral fellow at the University
of California at Berkeley.

She was awarded the Griinwald prize
and the Farkas prize, both from the J.
Bolyai Mathematical Society in Hungary.
In 1988 she won the Fulkerson prize,
awarded by the Mathematical Program-
ming Society and the American Mathe-
matical Society.

Her research interests are in combinato-
rial optimization, linear and integer pro-
gramming, theory of algorithms, and
computational complexity theory. She is
an editor of several journals, and served on
the program committee for the Association

for Computing Machinery's 1989 Sympo-
sium on the Theory of Computing.

• Benjamin Nichols, emeritus professor
of electrical engineering, is the newly
elected mayor of Ithaca.

Running on the Democratic ticket,
Nichols won with a platform that empha-
sized programs for youth, affordable hous-
ing, improved relations between the city
and Cornell, and increased public partici-
pation in community affairs.

Nichols retired from Cornell last sum-
mer after forty-two years on the faculty. At
various time he served as assistant dean of
the college in the area of undergraduate
education, as a member of the curriculum
committee, and as associate director of the
School of Electrical Engineering.

Nichols holds two degrees from Cornell
and a Ph.D. in geophysics from the Univer-
sity of Alaska.

He is currently a representative on Ith-
aca's Common Council and has served on
the city's Board of Public Works, the plan-
ning board, and the energy, hydropower,
and cable television commissions.

• Gerard Salton, professor of computer
science, received the 1989 Award of Merit
from the American Society of Information
Science. He was cited for his contributions
as researcher, educator, critic, and scholar,
and particularly for work on automatic in-
dexing, language processing, information
retrieval, and user feedback that "dramati-
cally shaped the field of information
science."

Salton received his Ph.D. degree from
Harvard University in 1958 and was a
member of the faculty there until he came
to Cornell in 1965. Previous honors in-
clude a Guggenheim fellowship and the
SIGIR Award from the Special Interest
Group on Information Retrieval of the
Association for Computing Machinery.

• Four members of the civil and environ-
mental engineering faculty received spe-
cial recognition from professional socie-
ties this year.

Wilfried H. Brutsaert was chosen for
the 1989 Robert E. Horton Award of the
Hydrology Section of the American Geo-
physical Union (AGU). The award recog-
nizes "a single outstanding contribution to
the science of hydrology made during the
preceding five years." Brutsaert was cited
for his work that has contributed to the
understanding of evaporation. He has also
published papers in the areas of flow in
partly saturated soils; groundwater; rain-
fall-runoff relations; drought flow; region-
alization on the basis of geomorphology;
and gas transfer at water surfaces.

Brutsaert was educated in his native
Belgium and at the University of California
at Davis, where he earned the Ph.D. degree
in 1962. He has been at Cornell since then.

His previous honors include a
Fulbright-Hays award and election as a
fellow of the AGU. 56



Johnson

Gerhard H. Jirka received the Arthur
T. Ippen Award of the International Asso-
ciation for Hydraulics Research (IAHR)
"in recognition of his basic research contri-
butions in stratified flow, air-water-sedi-
ment transfer processes, innovation in ex-
perimental techniques, and for his applied
research contributions in waste heat dis-
posal and the environmental impact of
energy facilities." The award was pre-
sented at the 23rd congress of the ISHR in
Ottawa, Canada—a meeting at which Jirka
presented the A. T. Ippen lecture.

Jirka received his undergraduate educa-
tion in Austria and earned the Ph.D. in 1973
at the Massachusetts Institute of Technol-
ogy. He has been at Cornell since 1977.

James A. Liggett gave the Hunter
Rouse Hydraulic Engineering Lecture at
the 1989 National Hydraulic Engineering
Conference of the American Society of
Civil Engineers (ASCE). The paper was
titled "Computing (Investigation, Educa-
tion and Application)". Liggett and his stu-
dents have published extensively in the
field of computational hydraulics and have
developed a large number of programs.

Liggett joined the Cornell faculty in
57 1961 after earning the Ph.D. from Stanford

University in 1959, working at Chance
Vought Aircraft, and teaching at the Uni-
versity of Wisconsin. He has been a visit-
ing scientist at the national Center for
Atmospheric Research and has held Na-
tional Science Foundation and Fulbright
fellowships and visiting lectureships in
Colombia, Australia, and New Zealand.

Jery R. Stedinger was awarded a
Walter L. Huber Engineering Research
Prize by the ASCE for work on stochastic
hydrology and reliability analysis and their
use in water-resources engineering, plan-
ning, and management.

Stedinger joined the Cornell faculty in
1977 after receiving his Ph.D. from Har-
vard University. He was one of the first
recipients of a Presidential Young Investi-
gator Award from NSF.

• Another Cornellian honored by the
ASCE is Gerard F. Fox '48, who was
elected to honorary membership. Fox, a
partner of Howard Needles Tammen &
Bergendoff, is a bridge and tunnel designer
who has participated in the structural engi-
neering instructional program here. He
previously received the Howard and the
Roebling Awards from the ASCE.

• Cornell lost a distinguished faculty
member with the death of Herbert H.
Johnson, professor of materials science
and engineering, on October 1. He was
fifty-eight.

A member of the Cornell faculty since
1960, Johnson was chairman of his depart-
ment from 1970 to 1974 and then director
of the Materials Science Center until 1984.
He was associated also with the National
Nanofabrication Facility at Cornell.

Johnson received B.S., M.S., and Ph.D.
degrees from Case Institute of Technology
and taught at Lehigh University from 1957
to 1960.

He was a member of the National Acad-
emy of Engineering, a fellow of the Ameri-
can Society for Metals (ASM), a Case
Scholar, a Campbell Lecturer for the ASM,
and a councillor of the Materials Research
Society. He was an adviser to academic,
industrial, and government organizations.

A specialist in the mechanical behavior
of solids, his recent research was con-
cerned mainly with hydrogen embrittle-
ment of steel and the influence of hydrogen
on metal fatigue.

William B. Streett, dean of the College
of Engineering, said that "Herb was one of
those special people who excelled in every-
thing he did. He was often called upon to
conduct special studies, to serve on com-
mittees, and to apply his talents to the
solution of problems in the college and the
university, and he always said yes. His
death is a severe loss for Cornell."

Johnson is survived by his wife, Mar-
guerite (Marnie), two sons, three daugh-
ters, a granddaughter, his mother, and a
brother.

Memorial contributions may be made to
the Herbert H. Johnson Memorial Book
Fund at Cornell's Engineering Library, or
to the American Cancer Society.



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 April through June 1989. (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.

• AGRICULTURAL AND
BIOLOGICAL ENGINEERING

Albright, L. D., D. W. Wolfe, and S. Novak. 1989.
Modeling row cover effects on microclimate and
yield: Thermal model and simulations. Journal of the
American Society of Horticultural Science
114(4):569-78.

Datta, A. K. 1989. Integrated thermokinetic model-
ling of processed liquid food quality. Paper read at
International Conference on Engineering and Food,
29 May-1 June 1989, in Cologne, West Germany.

Timmons, M. B. 1989. Ventilation principles for
open-type housing. Poultry 5(3): 16-17.

• APPLIED AND
ENGINEERING PHYSICS

Isaacson, M. S. 1989. Limits of detection sensitivity
due to electron beam radiation damage. Ultra-
microscopy 28:320-23.

Lovelace, R. V. E., C. Mehanian, C. M. Mobarry, and
M. E. Sulkanen. (1986.) Theory of axisymmetric
magneto-hydrodynamic flows. In Magnetospheric
phenomena in astrophysics, pp. 291-312. New York:
American Institute of Physics.

Ouyang, F., and M. Isaacson. 1989. Design of a high-
performance Auger spectrometer for the STEM.
Ultramicroscopy 28:201-04.

• CHEMICAL ENGINEERING

Chapman, W. G., K. E. Gubbins, G. Jackson, and M.
Radosz. 1989. SAFT: Equation-of-state solution
model for associating fluids. Paper read at 5th Inter-
national Conference on Fluid Properties and Phase
Equilibria for Chemical Process Design, 1-5 May
1989, in Banff, British Columbia, Canada.

Chokappa, D. K., S. J. Cook, and P. Clancy. 1989.
Nonequilibrium simulation method for the study of
directed thermal processing. Physical Review B
39:10075-87.

Cohen, C. 1989. Materials: A high research priority
in chemical engineering. Chemical Engineering
Progress 85(4):27-31.

Cooney, W. R., S. M. Thompson, and K. E. Gubbins.
1989. Virial coefficients for the hard oblate sphero-
cylinder fluid. Molecular Physics 66:1269—72.

Cryer, S. A., and P. H. Steen. 1989. Capillary ruptures
in low gravity: Soap-film prototypes. Paper read at
meeting, Physico Chemical Hydrodynamics (PCH-
7), 25-29 June 1989, in Boston, MA.

Gubbins, K. E. 1989a. The future of thermody-
namics. Chemical Engineering Progress 85:38-49.

. 1989ft. Theory and simulation of associating
liquids. Paper read at Symposium on Computer
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