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STATE-OF-THE-ART
An Introduction by Donald F. Berth

A. M. Wellington, noted railroad con-
struction engineer of the post-Civil War
period, made two remarks that are
highly pertinent to what engineers do
today: "Anyone can plan a complicated
mechanism; it takes an engineer to de-
sign a simple one," and [engineering is
the] "art of doing well with one dollar
what any bungler can do with two."

These still-apt remarks show that de-
sign was engineering's center of gravity
in Wellington's time as much as it is now.
There is, however, one major difference.
The practice of engineering then was
simpler. The underlying principles in
science, applied science, and mathemat-
ics that had to be mastered in order to
produce sound engineering solutions
were fewer. Also, technological change
was much slower. Most engineers who
graduated from college prior to World
War II left with knowledge and skills
that could be applied at once, and that,
for the majority of them, were sufficient
for most of their professional lives.

In this period, design education was
more classical. Technologies did not
change overnight and the growth of
knowledge was more modest, thus it was
not only easier to teach current design,

but one could be reasonably certain that
such education would remain relevant
for years. Such is not the case today.

The growth of the sciences and the
resulting proliferation of new technolo-
gies have required a shift from applied
to more fundamental studies. The gradu-
ate now approaches his first job armed
with basic knowledge which is less likely
to obsolesce. With experience, he learns
to apply this knowledge.

Today, the search for effective de-
sign instruction methods requires not
only a knowledge of the "state-of-the-
art" but keen insight into what it may be
in the years ahead. The processes of de-
sign—definition, analysis, search for
alternatives, solution—have endured.
Their complexity has increased. Analyt-
ical work, for example, is done with
much greater sophistication and accu-
racy than before. But, because the engi-
neering processes increase in complexity
so rapidly, it is difficult for teachers of
design to anticipate the future profes-
sional needs of their students.

The importance of research in engi-
neering colleges has often overshad-
owed effective design education. Re-
search gives the faculty a solid grasp of

the building blocks of tomorrow's engi-
neering. Yet, it is in the art of putting
these blocks together—design—that the
mission of engineering lies.

In 1964, Cornell's College of Engi-
neering set out to revitalize its program
in professional education. Realizing that
the content of undergraduate education
has become mostly preprofessional, the
faculty decided that a major thrust was
required to build a strong professional
identity on the graduate level. This
meant establishing a degree program
with objectives clearly different from the
well-established Master of Science and
Ph.D. research programs. Professional
Master of Engineering degree curricula
were established in connection with the
seven undergraduate fields in the Col-
lege as well as with the graduate areas of
aerospace engineering, and nuclear
science and engineering. In an extra, or
fifth year of study, the candidate can ob-
tain his degree through course work and
a design project instead of a thesis. One
sign of the success of this program is that
Cornell awarded" over 150 Master of
Engineering degrees in June, 1967.

This issue examines a few of the im-
aginative approaches to design education



being taken at Cornell. To begin, we
present an informal discussion of the
"State-of-the-Art" with Byron W. Saun-
ders, Professor of Industrial Engineer-
ing, and Howard N. McManus, Profes-
sor of Mechanical Engineering. Both
men chaired faculty committees that
were charged by Dean Andrew Schultz,
Jr., to "formulate the engineering prac-
tice and design objectives of the College
of Engineering and point the way toward
effective realization of these objectives."
Their remarks place design and design
education in historical perspective.

Alexander W. Luce, Visiting Profes-
sor of Machine Design, describes a de-
sign project course in Cornell's Sibley
School of Mechanical Engineering. In
it, students learned to consider alterna-
tives in definition and solution of actual
problems and to "design" solutions.
Robert L. Wehe, associate professor of
mechanical engineering, reports on a lu-
nar rover which is being designed, built,
and tested by Cornell students under
terms of a $70,000 NASA contract.

Though this issue reviews only a few
current design education projects, it re-
flects Cornell's strong interest in the
professional engineer and in design.



STATE-OF-THE-ART

An Interview with Professor Howard N. McManus
and Professor Byron W. Saunders

There seems to be much concern
today as to how engineering design is
being taught to engineering students.
Why?
Saunders: To answer that I think we
have to look at what happened in
American education after the launching
of Sputnik. Since then the concern for
the scientific posture of our country
has enhanced the importance of science
in the educational process. Engineering
educators of today turn their attention
more to the underlying sciences than
to their application. Design involves the
application of science to the solving of
real problems and for this a greater
degree of scientific sophistication is
required than ever before. Therefore,
the direction taken in engineering edu-
cation has been toward greater scientific
content without a countering movement
toward design instruction.
McManus: The cause for this concern
about the teaching of engineering design
goes back, I think, to events which
took place long before Sputnik. I would
characterize the years prior to World
War II as a "build 'em" and "bust 'em"
era in the practice of engineering in
the United States. Following that war,

a much greater emphasis was placed
on analysis, partly because of the devel-
opment of high-performance devices
during the war years. The increased
importance of analysis in engineering
practice has inevitably required a more
thorough understanding of the under-
lying sciences. Also, since 1945, engi-
neering has become more closely allied
to the emerging sciences. The American
strength in design education declined
and now we need to emphasize design
instruction in order to restore the bal-
ance.

Well, how does design fit then into
the overall scheme of things in engineer-
ing education?
Saunders: Let me define engineering
design as being that process in which
science is applied with judgment to
satisfy some useful human purpose. If
problems which are important to some
person or group of persons are being
solved by an engineer, then he is per-
forming the function of design.
McManus: Many laymen and some
engineers and managers tend to feel that
design is analogous to sketching or
drawing an object. In engineering

design, there are many engineers who
never draw "pictures." Most of my
efforts as a working engineer were in
the area of analysis. Often, my work
had bearing on a final design and, in
some cases, radically changed the tenta-
tive conclusions that had been formed
on the best way to solve a specific
design problem. Design as an engineer-
ing function needs to be viewed by
educators in a much broader light than
is now being done.
Saunders: Well, I wouldn't disagree
with that. Certainly analysis is a very
large and necessary part of the design
process but an analyst may make anal-
yses of the alternatives without concern
for the total problem. Design involves
a creative process as well as a consid-
eration of the possible solutions to a
particular problem.

Could each of you give us an exam-
ple of a design problem which might
be encountered in your own profes-
sional field?
Saunders: Suppose a small job shop has
a serious problem in its dispatching of
work which causes many delays and
much customer dissatisfaction. Suppose
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some engineer looks at the problem,
then says to management, "Well, there
isn't anything we can do because you
have to use a computer to solve your
problem and your men don't under-
stand anything about computers." I
would say that the engineer has done a
poor job because a problem exists
which he has not been able to solve.
In this instance, he is suggesting a
technology which is inappropriate to
their needs or a technology which is
needed but, at the moment, is too
advanced for the personnel. While our
engineer may be capable of designing
a very sophisticated information system
involving the latest techniques and
equipment in high-speed computation,
the job shop may lack the funds to
purchase such equipment. The match-
ing of the level of technology to the
needs and capacities of a particular
activity in an optimal manner, then, is
an illustration of an industrial engineer-
ing design problem.
McManus: Some of the problems that
were posed to our professional Master's
candidates in mechanical engineering
last spring may be illustrative of engi-
neering design problems in which the

emphasis is on analysis. One such prob-
lem, proposed by Grumman Aircraft,
had to do with the design of a radiation
system for expelling heat generated in
a space capsule. Heat discharges, rang-
ing from 2,000 BTU's per hour maxi-
mum loading to a minimum of some-
thing on the order of 600 BTU's per
hour, had to be "dumped." Using a
specified type of circulatory fluid, a
system had to be designed which could
perform within the desired limits.

The students carried out the engi-
neering problem, ultimately coming up
with a design scheme that was based on
their analysis. Because the cost of build-
ing a model to test their conclusions
was so high, we relied on the critique
provided by engineering representatives
from Grumman. In their review of the
report presented by our students, the
Grumman engineers said that the stu-
dents, who had put something on the
order of 350 man-hours into the proj-
ect, were well on their way toward
arriving at a design which had every
promise of working. Years ago with
limited analysis, a variety of prototypes
would have been tested until the desired
design conditions were found.



You suggested the limits of the prob-
lem in terms of BTU's. Were costs also
a major consideration in arriving at an
appropriate design?
McManus: No, in the aerospace indus-
try the critical problems are more often
excessive weight and reliability than
cost. Dollars are much more a limiting
factor in design problems for, say, the
automotive industry than they would
be for the aerospace industry.

We know there are great differences
in what is designed in the various engi-
neering fields. However, are there any
common bench marks that can be
applied to the function of design,
regardless of the field?
Saunders: I would say so. The adjec-
tives "electrical," "mechanical," "indus-
trial," "civil," merely describe particu-
lar types of engineering. The basic
design processes are the same among
the several fields. Once an engineer has
properly defined the problem, he must
then proceed to go through a creative
process which takes into account all
possible alternatives. Their evaluation
may be colored in one instance by a crit-
ical weight requirement as was the case



Opposite: A chemical engineering student
adjusts the flow rate to a packed absorp-
tion column in the unit operations labora-
tory. Later in his program he will be ex-
pected to design a chemical plant.

Below: As part of their laboratory work
in thermal engineering, two mechanical
engineering students are studying velocity
profile patterns as they vary the rate from
the laminar to the turbulent range.

in the heat radiator example given by
Professor McManus, or there may be
critical dimensional or cost require-
ments. Perhaps the engineer is working
with a processing problem and must
consider various material processing
alternatives such as electrochemical
action, chip removal techniques, forg-
ing, or extrusion of the material. But,
although the overriding criteria upon
which the ultimate design is to be meas-
ured will vary considerably from prob-
lem to problem, and from field to field,
the essential process is the same.

McManus: Your question brought to
my mind a particular pedagogical
school of thought in which design prob-
lems are approached through a series of
well-defined steps. The use of "road
maps," if you will, can provide the
student with such a crutch that the
personal creativity, which we hope to
spark in him through the design "expe-
rience," can be quickly extinguished.

At Cornell, each of you has chaired
a committee dealing with the problems
of design education. Could you give us
a brief rundown of the manner in which
design education is approached in the
various fields?
McManus: All of the major disciplines
are involved in the teaching of design
in one way or another. The School of
Electrical Engineering has a laboratory
sequence, beginning in the junior year,
in which a significant portion of the
total time is devoted to design. The
intent of the faculty of the School of
Chemical Engineering is to emphasize
design experimentally and analytically,
and, in fact, students there actually
worked on the design of chemical proc-
ess plants. Because of the nature of

the field, civil engineering, which is
concerned with large, frequently one-
of-a-kind structures, emphasizes design
analysis. In mechanical engineering, we
bring the teaching of design into the
laboratory as well as into the classroom.
Our students' projects are open-ended,
typical of those that engineers increas-
ingly face in professional practice today.

Saunders: In industrial engineering, we
have for many years been dealing with
real problems obtained from industry,
and we try to solve them in our curricu-
lar program. We ask industry to give
us considerable latitude as to what
information is available to our students;
that is, we try to provide problems
whose limits are not too explicit. Some-
times we are concerned only with defi-
nition of the problem which itself can
involve considerable analysis. Often in
the process of definition we find that
what was thought to be the problem is
not and we have not one but several
problems to solve.

McManus: In some other disciplines,
design problems are frequently more
specifically stated than those explored
by industrial engineering students. But



always when choosing the problems
we must consider whether they are
worthwhile teaching tools in view of the
limited amount of time available for
student design projects.

Would you say that design instruc-
tion in engineering colleges today is
more effective than it was, say, in 1950?
McManus: I don't think a "yes" or a
"no" answer is possible. When compar-
ing engineering education at two points
in time one has to be very careful to
remind oneself that there has been an
almost radical change in engineering
practice. The teaching of design in 1950
might have been very appropriate for
the needs of that time. The demands
made on today's engineering graduate
are different, and educators are moving
more rapidly in those directions that
will prepare their students for the type
of engineering they will encounter in
the future.

Saunders: I will answer "yes" to your
question because today there is a much
better basis upon which to develop skill
in the analytic aspects of design than
there was fifteen or twenty years ago.

What about the accusation that indus-
trialists so frequently make, that col-
leges and universities aren't turning out
engineers any more?

Saunders: Often a man who expresses
this point of view is thinking in terms
of an engineering education that he
himself experienced or understood.
Then too, practicing engineers often
think of engineering in terms of what
their needs have been in the past rather
than with some thoughtful reflection as
to what they might be in the future.

McManus: Frankly, most engineering
students are considerably overtrained
for many of the industries in the United
States. It must be particularly discon-
certing to managers and supervisors to
be confronted with engineers who
approach problems quite differently
from how they themselves would. Per-
haps today's engineering graduate is not
immediately as productive as were his
father and grandfather, but he is better
equipped to grow and develop in his
profession. His broader training will
contribute to the improvement of engi-
neering in his industry.

More and more engineers join the
teaching ranks immediately after gradu-
ation. Does their having had little or no
exposure to the "real world" of engi-
neering have any effect on their ability
to teach engineering design?
Saunders: Realizing that it takes many
skills to do good engineering design, I
see no need to be concerned about the
fact that some teachers of engineering
have never had industrial experience.
True, they may lack an appreciation for
those "right" decisions that are made on
the basis of experience. But to say that
all engineering teachers should have
such an exposure is, I feel, asking too
much. The important thing is to have
a faculty with overall "balance."
McManus: There are several avenues
now open that allow young teachers
who want it to gain some professional
experience in industry. The Ford Foun-
dation, for example, supports selected
professors for periods of work in indus-
try so that they can gain greater insight
into contemporary engineering practice.
We're also finding companies that are
interested in and willing to support
young faculty members who want to



Opposite: Professor Byron W. Saunders
lectures to industrial engineering students
in an introductory course that relates the
science of operations and the engineering
of complex man-machine systems to de-
sign methodology.

Below: For electrical engineering students,
a four-term laboratory sequence is used to
demonstrate how developments in electri-
cal engineering practice result from a
blending of theory and experimentation.
Here students work on basic measuring
equipment that involves circuits and fields
of both active and passive elements.

work with them either during a summer
period or for a year while on leave from
their college.
Saunders: There is another point that
needs to be mentioned here. Any young
man embarking upon an academic ca-
reer must consider how he can best earn
tenure. The ways to do this are limited.
Traditionally, to assess the potential
intellectual vigor of a candidate, his
performance in research is evaluated. It
is much easier to assess his ability to
tackle problems in unknown areas, to
produce reasonable results, and to
report them to his peers than to evalu-
ate his skill at solving engineering prob-
lems in industry or with students in a
classroom. Therefore, the younger man
tends to avoid industrial experience,
especially during his early years.
McManus: Let me add a bit. A faculty
member's effectiveness in research is
judged by his ability to attract research
support and his ability to publish his
findings. Generally, his work has to
pass through boards of review: first,
the research proposals themselves are
reviewed and then the published arti-
cles. In design, such mechanisms do not



exist. Only very recently has bona fide
support been obtained for work in engi-
neering design. Furthermore, reports
of specific solutions to design problems
are generally not received with much
enthusiasm by engineering publications.
I can understand the reasons for this.
Publication costs are high, there is a
large volume of literature produced,
and the subject may not be of interest to
a broad group of people. In the Com-
mittee on Engineering Design which I
chaired, we recommended the develop-
ment of a design journal. But at present
it isn't feasible to evaluate a man's
merits in design on the basis of his pub-
lications.

Can engineering design problems be
introduced as early as the freshman
year?
McManus: My own experience with
freshmen suggests that while they are
interested in engineering problems, they
are not really capable of handling any-
thing that requires much depth. They
deal best with problems of definition.
There, they have to consider what fac-
tors should be examined to solve a
particular engineering problem. Even at
that, we have had several interesting

violations of the first law of thermody-
namics!

Thinking over the years that I have
been in engineering teaching, the atti-
tude of engineering students has shown
a remarkable shift. Fifteen years ago
a freshman entered mechanical engi-
neering generally because he was inter-
ested in machinery or power; today's
freshman is not likely to have interests
like those. So, if we are going to arouse
their interest in engineering design, we
have to consider carefully what kinds of
subject matter will most appeal to them.

// has been said that the engineering
problems of tomorrow are bound to be
more interdisciplinary than they have
been in the past. What are the implica-
tions of this for design education?
Saunders: It is certainly true that there
is a greater intermixing of disciplines
today than there has ever been in the
past and the trend is likely to continue
to an even greater extent. For example,
electrical engineers will undoubtedly
deal with more problems of a mechani-
cal nature, such as heat transfer, than
they formerly did. New fields are con-
stantly emerging and today's graduate
will likely find himself working in an

area of engineering that doesn't even
exist today. Our educational programs
in engineering need to be planned with
these facts in mind so that we can pre-
pare graduates who can function in this
manner.
McManus: Whether we will ever get
to the point where there would be a field
of "interdisciplinary engineering" I
don't know. I think we must remind
ourselves that an industry is normally
centered around one or two technolo-
gies, although the technologies may ap-
ply to other industries as well.

The Cornell engineering students
who enroll in our Engineering Coop-
erative Program seem to be more en-
thusiastic about their course work after
their experience in industry. Why is this?
Saunders: The program gives them a
chance to see "in the flesh" some of the
constraints that are of concern to engi-
neers. A professor can talk about them
in the classroom but the words are
empty until the student has to contend
with such constraints himself. The engi-
neering student who has had a really
meaningful work experience in industry
can tie together what he is learning in
the classroom and in the field and can 10
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A powerful tool in design analysis, high
speed computation has changed many
steps in engineering design from an art to
a science. Currently being installed at Cor-
nell University's Langmuir Laboratory is
the new IBM 360/65.

see the relevance of his education to the
whole process of becoming a profes-
sional engineer.
McManus: I would emphasize Profes-
sor Saunders' last point, that is, relating
what is taught to the real world. A brief
professional experience can stimulate
the student's interest in education for
he can see where his classwork fits into
the overall scheme of things. I think we
all feel more interest when we see the
relevance of what we are doing.

In an effort to promote better engi-
neering design instruction, what areas
do you think need further attention here
at Cornell?
McManus: In mechanical engineering,
we hope to extend industrial coopera-
tion in our engineering design program.
Several excellent problems were fur-
nished to us this past year by Carrier
Corporation, Grumman Aircraft, Tay-
lor Instruments, and the New York
State Electric & Gas Corporation. Gen-
eral Dynamics furnished some problems
for electrical engineering students.
These industries have on occasion sent
their engineers to Ithaca and, when
necessary, students have visited them.
We seek more such cooperation.



We also need to give attention to
maintaining sufficient faculty to have a
viable design program. As we said
before, most young faculty members
have had little industrial experience,
and there is not much chance of their
getting it while they are striving to get
tenure at the University. Industry is not
an ideal source of engineering design
faculty because industry tends toward
specialization while we require breadth.
Ideally, we should have people who are
competent in research and in engineer-
ing practice. They are not easy to find.

As chairman of the Graduate Profes-
sional Programs Committee, I am
keenly aware of another serious prob-
lem. At Cornell, we offer two kinds of
graduate programs. The Master of Sci-
ence and Ph.D. degree programs are the
traditional route for men who want ca-
reers in research or teaching. The Mas-
ter of Engineering is a professional
degree for men who want to enter engi-
neering practice. At least there is ade-
quate fellowship support for the better
students who seek the M.S. and Ph.D.
degrees. However, for the Master of
Engineering candidates support is, in-
deed, limited.



/. Informally discussing their research
progress with Professor Richard Phelan,
left, and Professor Howard McManus, are
three of the four NASA fellows who are
working for their Ph.D.'s in mechanical
engineering design.
2. Periodically, faculty members from
Rensselaer Polytechnic Institute and Cor-
nells College of Engineering meet to ex-
plore individual and joint methods of im-
proving design education. This work is
partially funded by a grant from the Gen-
eral Electric Educational Foundation.

Saunders: Agreed. Support for profes-
sional education has always been mod-
est in comparison to that given to pro-
grams whose major objective is to
develop research competence. Because
of this, students frequently pursue grad-
uate programs that are not designed
explicitly for their real interests.
Because of financial need, many select
those programs with the best financial
support that come closest to their inter-
est. This is of serious concern for, un-
less there is greater financial support, it
is going to be very difficult to strengthen
professional education. In this, industry
could aid greatly.

Howard N. McManus of the Sibley School
of Mechanical Engineering has had a
varied career in teaching and in industry.
After obtaining the Bachelor's and the
Master's degrees in Mechanical Engineer-
ing from the State University of Iowa, he
received the Doctor of Philosophy degree
at the University of Minnesota where he
was an instructor. Subsequently he was
an assistant professor at Northwestern
University; then in 1957 he joined the
faculty of Cornell University where he is

* 3 now a full professor.

Since 1950, Professor McManus has
spent nearly every summer working in
industry or pursuing government-spon-
sored research. Among these affiliations
have been the United States Naval Ord-
nance Laboratory; Chance Vought Air-
craft; Westinghouse Electric Corporation;
United States Army Signal Corps Re-
search, the University of Minnesota;
General Mills; and Pratt & Whitney Air-
craft. In addition, he has been the principal
investigator for several projects, sponsored
by the Office of Ordnance Research, by
the National Science Foundation, and by
the Cornell Aeronautical Laboratory.

At Cornell, Professor McManus has
chaired numerous committees, among
them the Graduate Professional Programs
Committee, the Engineering Faculty Com-
mittee on Engineering Design, and the
Physical Sciences Area Committee of the
Graduate Fellowship Board.

He is a member of Tau Beta Pi, Sigma
Xi, Pi Tau Sigma, Phi Kappa Phi, and the
American Society of Mechanical Engi-
neers.

Byron W. Saunders, Professor of Indus-
trial Engineering and Operations Research
and Director of that School, obtained his
Bachelor of Science in Electrical Engi-
neering degree from the University of

Rhode Island and his Master of Science
in Engineering Economics from Stevens
Institute of Technology.

After receiving the Bachelor's degree,
Professor Saunders was employed by the
Narragansett Electric Company for one
year as a student engineer. Thereafter he
became the electronics engineer for the
Douglas H. Paton Company, then became
manufacturing development engineer and
assistant manager for plant engineering
for the Radio Corporation of America
where he remained from 1940 to 1947
when he joined the Cornell faculty.

Professor Saunders has done consulting
work for the Western Electric Company,
the General Electric Company, the Pleas-
ant Valley Wine Company, and the Lam-
son Corporation.

In 1960-61, he held the Joseph Lucas
Visiting Professorship at the University
of Birmingham in England.

Professor Saunders is active in several
professional societies and is a member of
the American Institute of Industrial Engi-
neers, the American Society of Mechanical
Engineers, the American Association of
University Professors, and the American
Association for the Advancement of
Science. At present, he is chairman of the
Industrial Engineering Division of the
American Society for Engineering Edu-
cation.



STUDENTS DESIGN

LUNAR ROVER COMPONENTS
By Robert L Wehe

Before an engineering student's educa-
tion can be complete, he should be
placed in situations where he must use
the totality of his knowledge, judgment,
and experience. Without such learning
situations, he is likely to leave college
with an educational background made
up of disparate parts. Therefore, for
the sake of both science and engineer-
ing, engineering education must try to
produce graduates who do not endlessly
stockpile knowledge, but who use it and
at the same time maintain an inter-
est in the underlying sciences and in
research. This means we must produce
engineers who can design.

Design is a term applied to engineer-
ing activities that range from almost
fool-proof procedures for determining
the dimensions of simple machine parts
to the planning of national traffic sys-
tems. It is a term which has defied
definition although Professors Allen B.
Rosenstein and Morris Asimow of
U.C.L.A. have given a general idea of
what is meant: Engineering design is
"an iterative decision-making process"
and "a purposeful activity directed
toward the goal of fulfilling human

needs, particularly those which can be
met by the technological factors of our
society."

Engineering design is not new at
Cornell. In their research activities,
many professors have been involved in
it. Students, too, have worked on design
projects, some of which have been
patented. What is new is the attempt
to provide more extensive projects
requiring design teamwork by students
with varied technical backgrounds. The
emphasis now being placed on design
education is aimed at restoring the
balance between science and technol-
ogy-

In the interest of furthering design
instruction, Cornell has secured a
NASA-funded contract for specific stu-
dent-designed hardware. This situation
is unusual because the students are pro-
ducing usable goods, not just theoreti-
cal solutions on paper. Contract sup-
port was desired by both Cornell and
NASA. The sponsoring faculty mem-
bers felt that the most vital design
situation is one which is bounded by
time, financial resources, and contract
specifications, all of which are difficult

to simulate without a contract, and
NASA officials believed that a contract
situation is good training for students
who will one day work under similar
circumstances for government or indus-
try. Working in a program parallel to
Cornell's is Rensselaer Polytechnic
Institute. Rensselaer proposed to design
a landing gear and remote control sys-
tem for a Mars vehicle while Cornell
proposed to design, develop, and test
components of a total control system
for a lunar-roving vehicle.

THE PROBLEM

The exploration of a portion of the
moon's surface by an unmanned roving
vehicle is a logical step in the program
of manned lunar exploration. The
unmanned vehicle must accomplish a
traverse and report its findings to earth
stations either directly or through a
stationary relay module. The control
system for such a roving vehicle is the
subject of Cornell's proposed design
investigation.

Certain problems are immediately
apparent in designing a vehicle that is
to rove untethered on the moon. If it 14



lands on the lunar surface in workable
condition and correctly oriented, the
vehicle should be ready to begin explo-
ration. The terrain of the moon in the
region to be explored will be known in
some detail beforehand. Should the
path be clear, the vehicle, containing
a homing device, could explore and
then return to base over much the same
path. However, it is doubtful that a
path entirely free of obstacles can be
found. If there are obstacles, the vehi-
cle's control system must contain a
decision-making device that will enable
it to adjust its paths at need in explo-
ration and in return. One means of
obstacle detection might be to use an
earth-based or orbiting human operator
who could see obstacles via a television
camera mounted on the vehicle. Other
possibilities would be to use self-con-
tained microwave radar, laser radar, or
mechanical sensors.

A pictorial record of at least a sam-
pling of the region traversed can be

Shown at the right is a Mariner satellite
* 5 with lunar surface roving vehicle attached.
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obtained either photographically or
electronically. Television could be used
for this purpose as well as for obstacle
detection with the advantage that it
would not add weight or require more
power than that already needed for
sending information back to earth.

In order to develop a system encom-
passing the above factors, Professor
Wilbur E. Meserve of the School of
Electrical Engineering and I are work-
ing half time on the project, and six
Master of Engineering students are
working full time during the summer
and ten hours each week during the
school year. Student response to the
proposed project has been most impres-
sive. Many applied for this work
although they could have earned more
in industry. The students were selected
for the project on the basis of their
application statements and their inter-
views.

The project year lasts from July 1,
1967 to July 1, 1968. By January 1,
1968, it is expected that the basic rover
will be assembled and in working order,
and that the time thereafter will be
spent on obstacle-detection devices and

controls. The budget for this project is
$70,300 of which $20,000 has been
allotted for construction costs.

The summer's work began with a
briefing session by representatives of
NASA: Pitt G. Thome, Manager,
Advanced Programs of Technology of
the Lunar and Planetary Programs
Office; Michael R. Gill, Staff Engineer
of the same office; and Robert Powell
and Richard Morris of the Jet Propul-
sion Laboratory. Since then, the NASA
representatives have visited Rensselaer
and Cornell for review sessions each
month.

The nature of the students' work and
the implications of the total problem
as a learning experience can best be
understood by reviewing design prog-
ress to date.

TEST VEHICLE

The test vehicle needs to simulate a
lunar vehicle only insofar as its behav-
ior affects the action of the control sys-
tems to be tested. However, for a num-
ber of reasons, the vehicle will be
similar to the General Motors Research
(GMR) Corporation vehicle which the

Cornell team decided would perform
best on the moon. This vehicle consists
of three carriages connected by a spring
frame. Each carriage, rigidly attached
to its axle, has two wheels that are
driven individually by motor reducers.
The vehicle is steered by turning the
front and rear carriages. To help it
negotiate obstacles and keep maximum
contact with the ground, the vehicle's
spring frame is very flexible in vertical
bending and twist about the horizontal
axis. The wheels of the Cornell rover
will probably be different from those on
the GMR vehicle because the student
design team favors the spiral wheel
developed by Grumman Aircraft. The
vehicle will be completed and operating
on Cornell's Engineering Quadrangle
this fall.

MOTION CONTROL

The proposed motion control system
is extremely simple: a single speed for-
ward and one in reverse. The steering
control will have only two or three posi-
tions in each direction. Even though
the vehicle will have to follow a gyro-
heading, the first design will provide an 16
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/. A student tests his motion control pro-
totype. The steering control will have
only two or three positions forward
and reverse.

2. The logic circuits that will code and de-
code the signals sent from the lunar
rover to a station on earth are being
tested by one of the project's student
staff members.

3. A sensor will be required to keep any
lunar rover from turning away from
one obstacle and into another. Shown
here is the preliminary testing of a laser
sensor system.



"... the most vital design situation
is one which is bounded by time,
financial resources, and contract
specifications

on-off control rather than a continuous-
feedback control. If it succeeds, a con-
siderable saving in power should be
realized.

RADIO CONTROL

An unmanned lunar rover must
respond to commands from earth as
well as to commands from its own pro-
gram and sensors. Commands will be
sent to the test vehicle by means of
radio control utilizing a hand-held citi-
zen's band transceiver. The logic cir-
cuits that will code and decode the
signals have been assembled on a bread-
board and run through the desired
operation. The final component is as-
sembled but has yet to be operated.

ELECTROMECHANICAL
OBSTACLES SENSOR

As an adjunct to the project, a gradu-
ate student in mechanical engineering
who is interested in control is doing a
thesis investigation on aspects of one
type of obstacle sensor. He has built an
operating model that will indicate to
the vehicle's decision-making control

the height and width of obstacles. The
vehicle can negotiate obstacles up to
thirty inches high. If the sensor indi-
cates that they are higher, the vehicle
must find another path. Similarly, the
vehicle can negotiate crevasses of up
to twenty-four inches wide; should the
sensor show that a wider one has been
encountered, a different path will be
sought.

ELECTROMAGNETIC SENSOR

One member of the student design
team has postulated a laser system
which could sense not only obstacles
too large to be negotiated that lie in the
vehicle's path, but those that lie to
either side of the path as well. If suc-
cessful, this system will prevent the vehi-
cle from turning away from one obsta-
cle and into another.

Another possibility for obstacle
detection is the use of high frequency
microwaves in what may be called a
radar device. Studying this possibility
will probably be a project for some stu-
dents in a Master of Engineering degree
program.

SOIL SAMPLER

Samples of the lunar soil are desired
by both the engineers and the scientists
working on lunar exploration. Work is
progressing on a device for the Cornell
vehicle that will not only obtain and
store soil samples but test the soil as
well.

In a project such as this, there are
no "right" answers. As the student
works through the various design con-
siderations weighing the advantages and
disadvantages, he must recognize that
whatever solution he has reached, the
problem is still open-ended in that there
are a multitude of factors with which
he has not been able to cope because of
limited time and money and a lack of
personal knowledge of all the technol-
ogies involved. Through personal expe-
rience he learns that the constant refine-
ment of techniques and advancement
of technology threaten to make obsolete
rapidly any design which is not planned
with a maximum of foresight. If he
leaves the project with a sense of the
many technologies, systems, and social
factors involved, if he sees the value of 18
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experience and of rational decision-
making procedures, then we have pro-
duced a student of technology as well
as a technologist, a student of decision
theory as well as a decision maker.

Robert L. Wehe is an associate professor
of mechanical engineering whose principal
interest is engineering design. In this con-
nection he has been active since 1954 in
the Lubrication Division of the Ameri-
can Society of Mechanical Engineers
(ASME), writing technical papers, com-
piling literature compendiums, and pre-
senting state-of-the-art talks. He has held
many Division posts, and two years ago
served as its chairman.

At Cornell, Professor Wehe has devel-
oped and taught several courses and lab-
oratories in systems design. He has served
on numerous committees in the Siblev
School of Mechanical Engineering and is,
in addition, faculty adviser for the ASME
student section. He is a past president of
the Cornell chapter of Sigma Xi.

Professor Wehe earned the Bachelor of
Science in Mechanical Engineering de-
gree from the University of Kansas and
the Master of Science in Engineering de-
gree from the University of Illinois. His

industrial experience includes a year as
project engineer in the process develop-
ment division of the Corning Glass Works;
a summer program with the Westinghouse
Electric Corporation; a year as supervisor
at the Seneca halls Machine Company;
and six months on a special project with
the Lycoming Division of Avco, in Wil-
liamsport, Pennsylvania. He does con-
sulting work for the Cayuga Rock Salt
Company and for local legal firms.

In addition to the organizations men-
tioned, Professor Wehe is a member of
Tau Beta Pi, Pi Tau Sigma, and the Amer-
ican Society for Engineering Education.



DESIGN REALISM
FOR THE CLASSROOM
By Alexander W. Luce

Teaching design today is difficult
because the professional content of
undergraduate engineering programs is
dwindling. Since such basic preprofes-
sional subjects as mathematics, science,
engineering science, humanities, and
social science consume the greater part
of the undergraduate's time, most
colleges of engineering must establish
the entity of professional engineering
during graduate study. At this stage,
Cornell tries to simulate complex pro-
fessional experience in the classroom so
the graduate will not require so long an
adaptation period on his first job.

In teaching design, we point out that
engineers in professional practice con-
ceive useful devices, processes, and
structures and are concerned as well
with how existing devices, processes,
and structures can be applied to new
problems. Combining conception with
application, they design or plan pro-
grams and systems to fulfill human
needs. This work is analytical in that
they must determine the problem itself
as well as the methods by which it will
be solved. Design work is interdisci-
plinary, encompassing several fields of

engineering and science. Finally, it is
creative, requiring imagination and in-
genuity to use already existing tech-
nology in more effective ways or to
create new technologies.

Cornell emphasizes design, for ex-
ample, in the professional Master
of Engineering program of the Sibley
School of Mechanical Engineering.
Problems for which there are no known
solutions are posed to graduate students
as part of their training. Such work is
assigned on the premise that engineer-
ing problems can't always be dealt with
through textbook knowledge alone.
While many aspects of technical
problems may lend themselves to
"right" answers, the integration and
weighing of various parts of a total
problem are too often passed over in
the classroom in the interest of "right"
answer expediency.

SIMULATING A PROFESSIONAL
ENVIRONMENT

It is relatively easy for an educational
institution to provide an environment
conducive to research. However, to
simulate a professional engineering

practice with all the attendant realities
of time, money, and division of labor is
more difficult. To do this, there must
be individual and team efforts,
problems both narrow and interdisci-
plinary in scope, and consideration of
components as well as systems. When
schedules are not imposed, the research
and development climate of industry
can be approximated. A production
atmosphere is simulated when students
work simultaneously on several prob-
lems within a schedule.

Because most students approach
engineering design projects knowing
basic engineering and scientific princi-
ples but knowing little of the specific
technologies involved, their project
advisers encourage them to seek out
the faculty members who are most
familiar with the various technical
areas. This gives the students a greater
sense of the many technologies and
engineering fields that may be drawn
into the solution of a single problem.
Further, as in industry, they learn to
educate themselves in areas where
they lack proficiency and learn to seek
the help of experts. 20
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An outline of the work done by the
students in one course illustrates the
practical and professional nature of
engineering design education. Thirteen
candidates for the Master of Engineer-
ing (Mechanical) degree were enrolled
in the "Mechanical Engineering Design
Project" course. The first problem was
common to all of them: to design a
thermoelectric generator for experi-
mental development by a company
interested in eventually marketing such
a product. After preliminary design
development by the class, each student
worked on his own version of the
hardware needed.

Each Master of Engineering (Mechanical)
candidate presented his contribution to his
team's design problem solution. In most
instances, visiting engineers from industry
were present to assess a team's work. Here,
Professor Alexander Luce discusses the
presentation to be made by members
Frank Spencer and Michael Hanchuck of
the student "consulting firm," Memech 67
Associates.



Figure 1

PROBLEM

Improved chart drive
Design of a calibrated relay
Industrial air-jet vacuum cleaner
Mobile facility for reduction of junk

autos to marketable scrap
Hydrofoil model testing tank

Controlled atmosphere supply for
auto engines on dynamometer test

Lunar rover traction design

One cubic foot pressure vessel for
20,000-foot ocean submergence

Decollator for attachment to
computer print-out equipment

Mechanized orientation of glass
fibers for fiber optics applications

Disposition of unavailable energy
from the Mine-mouth Steam
Electric Station at Homer City,
Pennsylvania

COMPANY

Taylor Instruments Co.
Taylor Instruments Co.

Grumman Aircraft
Engineering Corporation

Cornell's School of
Mechanical Engineering

Westinghouse
Oceanographic Research
Laboratory

Cornell Office of Computer
Services

Welch-Allyn, Incorporated

New York State Electric and
Gas Corporation, Gilbert
Associates, Consultants

The students then worked in teams
on a variety of research and develop-
ment projects that were solicited from
industry. One of them was to provide
a climate for a manned earth satellite.
Engineers from Grumman Aircraft
Engineering Corporation provided the
statement of the problem, consulted
with the students, and gave project
critiques when the students presented
the results of their work to their
classmates and to the faculty. Carrier
Corporation's Research and Develop-
ment Division, in a similar manner,
requested the design of a complete test
facility for establishing the ratings of a
wide range of fans. Further, the Carrier
engineers assisted two independent
student groups working on widely
divergent answers to the same basic
question: "What improvements are
possible in mechanical refrigeration of
goods in transit?"

The thirteen students then formed a
"consulting firm" which they called
Memech 67 Associates. Meeting as a
committee of the whole they and
their instructors proposed nearly ninety
design areas for consideration. Of these, 22



"This professional participation helped make
the problems parallel real-life design engineering
and kept them from lapsing into academic

exercises.
99

they selected twelve on the basis of
factors that an engineering consulting
firm would take into account. Various
industries were contacted for actual
problems that would match the areas
in which the students had indicated an
interest. For eight of the proposed
areas, industrial contacts were obtained.
Most of the industries also helped the
students by correspondence or tele-
phone, and by critique at the end of
their projects. These industrial prob-
lems for Memech 67 Associates were
formulated in a variety of ways: as
inquiries from investment houses,
exchange of correspondence, intracom-
pany memoranda. The "firm" was thus
confronted by customer needs and
restrictions typical of a professional
situation.

When contacted, Taylor Instrument
Company, for example, offered an
actual memorandum from its sales
department to its engineering depart-
ment which called for a specific
instrument improvement and gave the
estimated allowable costs and sales
potential. A Cornell faculty member re-
quested that preliminary work be done

on an earth simulator of a lunar rover.
The Westinghouse Oceanographic Re-
search Laboratory requested that, given
certain specifications, the firm design a
one cubic foot pressure vessel for ocean
submergence down to 20,000 feet. This
professional participation helped make
the problems parallel real-life design
engineering and kept them from lapsing
into academic exercises.

STUDENTS DESIGN A POWER
PLANT

One team of students chose the last
problem listed in Figure 1, the mine-
mouth steam electric station at Homer
City, Pennsylvania. This station, when
it begins operation in 1969, will have
one 640 megawatt unit and a 215-mile
high tension transmission line extending
to the New York State Electric & Gas
(NYSE&G) Corporation facilities at
Binghamton, New York. A second unit
will be built in a year and provision is
being made for a third. In mid-May
when the team presented its design
plans, three engineering experts partici-
pated in the program: Mr. A. D. Tuttle,

Vice President for Engineering Plan-
ning for NYSE&G; Mr. E. K. Hess,
Mechanical Engineer and Project
Engineer for the Homer City plant,
with Gilbert Associates, project consult-
ants; and Mr. James J. Harlow, Vice
President and Executive Engineer for
the Philadelphia Electric Company, and
President of the American Society of
Mechanical Engineers.

Mr. Hess's review of the students'
work made clear the number and
complexity of factors involved in the
mine-mouth problem. His review was
a further learning experience for them
as he called to their attention factors
which, because of lack of time,
experience, and knowledge, they had
overlooked:

Your assignment was limited to the
solution of the problem of how to reject
the waste heat from two 600 megawatt
turbine-generator units at the rate of
approximately 2.7 billion Btu/hr per
generating unit. . . . Your approach
was good. It was immediately recognized
that cooling towers would be required.
Your study to select the type of cooling
tower was complete and accurate. The



Above: An artist's rendering of the Homer
City, Pennsylvania, power plant showing
the mine-mouth on the right, the means of
transporting coal to the plant for proces-
sing; and, on the left, the two hyperbolic
natural draft towers which were central to
Memech 67 Associates* design problem.

An aerial view of the Homer City site. In
the distant background note the founda-
tions for the two hyperbolic natural draft
towers.
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dry type tower was first eliminated in
favor of the wet type due to the resulting
high back pressures and the state of the
art. This same conclusion was reached in
the [actual] design of the Homer City
station. After rejecting the dry tower, you
compared the two types of wet towers,
the force draft and the natural draft. Your
economic comparison properly considered
first cost, operating cost, and reduction in
net plant capacity. Your conclusion in
favor of the natural draft tower further
considered availability, ground fogging,
and space requirements. As you know,
the same conclusion in favor of natural
draft towers was reached in the design of
Homer City. . . .

After determining the basic design of
the cooling system, that is natural draft
cooling towers and surface condensers,
the study properly progressed to consider:

1. turbine selection
2. condenser-cooling tower size opti-

mization
3. provision for a suitable makeup

water supply
The approach to the first item is a
straightforward economic evaluation
which considers the first cost of various
size turbine-generator units versus operat-
ing costs of those units at the back
pressures expected in a cooling tower

installation. The conclusion selecting the
smallest turbine adequate to meet the
capacity requirements is in the right
direction as dictated by the low fuel costs
anticipated. . . .

For the second item, condenser-cooling
tower optimization, the [student] report
presents in considerable detail data to
be incorporated in a further study. It
correctly recognizes that this is a rather
massive data-processing problem readily
adaptable to a computer solution. It
further recognizes that the multi-stage
condenser offers increased returns when
considered in the final design. . . .

The third item, makeup water supply,
required several phases. First, it was
recognized that the flow in Two Lick
Creek was not adequate to make up for
the evaporation and blowdown from the
towers during much of the year. Both
wells and pumping from a remote body
of water were rejected as being expensive
and unreliable. It was then concluded that
a storage reservoir would be needed to
store water in the wet season to be avail-
able during the dry. Water flow records
were utilized to determine the deficiency
in flow and hence the required reservoir
size. Topographical maps were studied to
determine the availability of suitable dam
sites and a dam was selected. As a matter

of interest, the site proposed is just one
mile downstream from the site actually
selected for the project.

So that I don't make you gentlemen
overconfident of your ability in this work,
I should point out that there is a much
superior site available nearby on Yellow
Creek. It is suitable for a less expensive
earth fill dam and side channel spillway.
This, unfortunately, was not available for
the project because someone else thought
it was a good dam site too. The state is
building a dam and reservoir there for
recreational purposes.

The chemical properties of the stream
are such that cooling-tower blowdown will
be greatly increased over what you had
assumed. Also the state has established
requirements to maintain minimum flow
in streams below dams and plants which
consume water. . . . Another very signif-
icant fact affecting reservoir size was
that the owners require that the plant be
designed to be expandable to add at least
a third 600 megawatt unit. So the design
lake is considerably larger than you pro-
pose and extends about five miles along
the stream from dam to backwater. . . .

Memech 67 Associates is to be congrat-
ulated. Every one of your conclusions was
utilized in the final design of the Homer
City station. In a very short time you



Mr. E. K. Hess, left, of Gilbert Associates;
Mr. A. D. Tuttle, center, of the New York
State Electric and Gas Corporation; and
Mr. G. E. Lien of the American Electric
Power Service Corporation gather to dis-
cuss the students' mine-mouth problem
presentations. Mr. Lien addressed the stu-
dents on the challenges in power plant de-
sign. Several other practicing engineers
participated in the final design evaluation
sessions. Through their critiques, the stu-
dents were able to compare their work
with that in current professional design
practice.

have approximated what took consider-
able effort to establish in the design of a
real $150 million power plant. You have
produced a fine piece of engineering.

The benefit of the professional
training provided by this problem and
by the others from Grumman, Carrier,
Westinghouse, Welch-Allyn, and Tay-
lor Instrument is obvious. Equally
important is the association of visitors
from industry with the faculty, an
association that may greatly strengthen
professional engineering programs in
the future.

Alexander W. Luce, Emeritus Professor
of Engineering at Norwich University,
was Visiting Professor of Machine Design
in Cornells Sibley School of Mechanical
Engineering from 1965 to 1967. Born in
Minneapolis, Minnesota, he earned the
Bachelor of Science degree in 1921 and
the degree of Mechanical Engineer in
1923, both from the University of Minne-
sota. Professor Luce has had an extensive
career in teaching and in industry. From
1926 to 1928 and again from 1930 to
1940 he was a member of the faculty of
Lehigh University. In 1940 he assumed
the duties of professor and head of the

mechanical engineering department at the
University of Connecticut. He joined The
Fellows Gear Shaper Company of Spring-
field, Vermont, in 1942 and returned to
teaching in 1946 at the Pratt Institute. At
Lafayette College, where he joined the
faculty in 1953, he headed the mechani-
cal engineering department until he moved
in 1957 to Norwich University. The hon-
orary degree, Doctor of Engineering, was
conferred on him there in 1964.

Professor Luce has authored three
books: Machine Design, Engineering
Standards, and Steam and Gas Engineer-
ing {with Butterfield and Jennings). He
has written engineering articles for the
Encyclopedia Americana and the Ency-
clopaedia Britannica. He is a member of
Theta Xi, Pi Tan Sigma, Tan Beta Pi, the
American Society of Mechanical Engi-
neers, the American Gear Manufacturers
Association, and the American Society for
Engineering Education. He has served on
and chaired important committees for the
latter three organizations. Professor Luce
is a registered professional engineer in
New York, Pennsylvania, and Vermont.

Now retired to his home, Sunny Mow-
ings, in Springfield, Vermont, he main-
tains a consulting practice with the Riley
Stoker Company in Worcester, Massachu-
setts, and with various legal clients.



VANTAGE

The use of high voltage accelerators
which propel atomic and subatomic
particles to almost the speed of light
in order to study the structure of matter
has taken two different courses. In high
energy physics, such powerful machines
as the 33 BeV Brookhaven accelerator
and the projected 200 BeV accelerator
at Weston, Illinois, are used to break
down resistant cores of matter. Less
well known is the application of lower
voltage accelerators to the study of
materials structure and to materials
processing research. An interest in thrs
field has developed only in the past five
years.

Cornell's accelerator, the Dynami-
tron, is a lower voltage instrument.
Located in the basement of the Nuclear
Reactor Laboratory, the Dynamitron is
used in conjunction with a TRIG A 100
kw reactor and with a 10,000 curies
Cow gamma cell to study problems in
nuclear science and in materials. The
Cornell machine is a high current d-c
instrument with a maximum terminal

The Dynamitron's pressure vessel showing
^' the acceleration stack.



The diagram shows how the protons are
propelled through the Dynamitron. The
positively charged particles are initially
separated from the negatively charged
ones in the source and are extracted by
the cone which is located just outside the
source. The positively charged particles
are introduced into the acceleration tube
where their velocity is raised to the same
overall level. At present, using a potential
drop of 2.5 MeV across the acceleration
tube, 4 milliamperes of beam current can
be obtained, that is, 10 kw of the potential
power. Electrostatic deflection plates and
quad ru pole focusing magnets at the base
of the machine direct the protons through
the entry slits of the analyzing magnet
which deflects the particles into the target
chamber. Those that are not of the desired
velocity are deflected into the ///, //3

+ beam
catcher. The proposed joining of the 3
KeV accelerator to the Dynamitron is
shown.
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/. Target chamber containing the Dy-
namitrons drift tube which directs the
particles to the magnet, right, which
bends their course toward the target,
foreground.

2. Professor Anthony Taylor, left, and
students check the target chamber by
remote TV monitor at the control con-
sole.

3. Aligning TV camera on neutron target.
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potential of 3 MeV. The high current
power supply, based on a novel modifi-
cation of the Cockroft-Walton princi-
ple, gives the machine maximum capac-
ity to deliver a 30 kw beam. The unique
feature of the Dynamitron is that, with
suitable targets and transport equip-
ment to handle intense beams, high
fluxes of monoenergetic neutrons can
be obtained. These features provide
greater control of the neutron flux than
can be obtained by using, for example,
a TRIGA Reactor, and they greatly
simplify and add to the exactitude of
experimental work.

Unlike the very highly accelerated
particles produced by a 33 BeV
machine, which randomly smash apart
particle configurations in their paths,
the less energetically propelled Dyna-
mitron particles "nudge" the atomic
particles of the target material out of
place, sometimes lodging within its
structure. These lightly charged ions
tend to flow through the spaces within
the atoms of a crystalline target mate-
rial unless they meet an obstruction
such as a lattice defect or meet one of
the bombarding ions that has lodged in
a space channel. A "picture" of the



target's atomic structure becomes
apparent as the backward spray of the
bombarding particles that have met
obstructions is observed and as the flow
of particles through the spaces within
the atoms is noted. Further, by turning
or tilting the target at various angles,
thus placing more or fewer atoms in the
path of the bombarding particles, a
picture in depth of the lattice defects in
the host material can be inferred.
Researchers can then answer such ques-
tions as: What is the distribution of
bombardment damage? Where and
what are the natural defects in the host
material? How much energy is required
to move particle x from position A to
position Bl Given a certain angle of
reception and a specific amount of
energy for particle bombardment, parti-
cle x moves in y direction; if the energy
of bombardment is varied, will particle
* move at all, or will it move in a
slightly different direction? Knowing the
energy required to move particle x,

^ Opposite: Changes in structure of copper
forget induced by intense bombardment.

can we determine the "distance" from
A to B? If bombarding particles lodge
within the structure of the host material,
how is the material changed?

The answer to the last question is
particularly significant in relation to
ion-implantation processes, one of the
practical uses of the lower energy accel-
erators. The surface of a material can
be alloyed simply by driving solute
atoms into the surface at a velocity high
enough to produce the required depth
of penetration. Thus, the surface layers
of any solid material can be adjusted
by alloying it with any solute from the
Periodic Table. Commercially this tech-
nique has great potential because it
permits the design of materials for spe-
cific uses. For example, Dynamitrons
are being used to fabricate, but more to
shape, semiconductor and solar cells.
Because even lower energies are more
suitable for actual fabrication of semi-
conductor junction structures, an addi-
tional accelerator of 3 KeV will be
joined to the Cornell Dynamitron. The
junction of the two accelerators will
greatly extend the range of energies that
can be investigated. The 3 KeV accel-

erator's low energy back scattering
should provide important diagnostic
information about the nature of the
damage already done by higher energy
Dynamitron particles.

Ion-implantation experiments on
semiconductor junction structures are
being initiated by Professor Charles Lee
with the support of a Rome Air Force
Development Center contract. Other
work to be initiated at the Dynamitron
facility includes Professor Ross
McPherson's study of the nuclear struc-
ture of light elements by accelerating
the isotope He3, and Professor David
Seidman's study of radiation damage in
metals using a field-ion microscope.
Under terms of a contract with the
Atomic Energy Commission, the Cor-
nell Dynamitron is presently being used
to study radiation damage in crystalline
solids. The study of radiation damage
by neutrons as a function of neutron
energy is a new, rapidly expanding field
which is very important in many re-
search areas, including missile studies.



REGISTER

• In keeping with the organizational
changes being made throughout the Col-
lege of Engineering, a School of Engi-
neering Physics and a Department of
Applied Physics have been created to
replace the Department of Engineering
Physics.

Since its founding in 1946, the De-
partment of Engineering Physics has
earned distinction for its contributions
to modern engineering education. Its
teaching program, in which the funda-
mental and applied sciences were com-
bined, has been a model for many other
engineering colleges. The more than 400
alumni of this Department have shown
extraordinary ability in the traditional
fields of engineering and in the develop-
ing technologies.

In 1946, when nearly all other col-
leges of engineering educated students
for professional practice and defined
their curricula according to the needs of
the practice, Cornell's Engineering Phys-
ics Department began training the engi-
neer of tomorrow by showing students
the evolution of physics principles and
how they might be applied to engineer-
ing problems of the future.

To further this kind of instruction
throughout the College, the overall plan
is to establish Schools for teaching un-
dergraduates and for administering the
Bachelor and Master of Engineering de-
gree programs, and Departments for
administering graduate programs leading
to the Master of Science and doctoral
degrees. Through the Departments, the
College of Engineering will be able to
maintain leadership at the basic-applied
science interface and will be able to en-
sure the timeliness of the undergraduate
curricula. The new Department of Ap-
plied Physics will develop those areas of
physics which show promise for future
engineering application.

The chairman of this Department is
Norman Rostoker who has also been
named IBM Professor of Engineering, a
chair endowed by the International
Business Machines Corporation and the
Ford Foundation. Before coming to
Cornell, Professor Rostoker was the
manager of fusion and plasma physics
at General Atomic Division of General
Dynamics Corporation where his prin-
cipal interests were plasma stability,
finite Larmor radius effects in plasmas,

and variational principles and fluctua-
tions in plasmas. Since 1962, he has also
served as professor of physics at the
University of California at San Diego.

A native of Toronto, Professor Ros-
toker holds both the Bachelor's and
Master's degrees from the University of
Toronto and the Doctor of Science in
Physics degree from Carnegie Institute
of Technology. Before joining General
Atomic, he was head of the theoretical
physics group at the Armour Research
Foundation.

The director of the new School of
Engineering Physics is Trevor R. Cuy-
kendall, Spencer T. Olin Professor of
Engineering. Professor Cuykendall was
instrumental in founding the engineering
physics program in 1946, developed the
University's first course in nuclear engi-
neering in 1952, and helped to develop
the graduate program for the Field of
Engineering Physics. He has been a
member of the faculty of the College of
Engineering for more than twenty-five
years. In addition to his Cornell re-
sponsibilities, he is a consultant to the
Nuclear Engineering Division of the
Atomic Energy Commission.
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• FREDERICK S. ERDMAN
After earning two undergraduate
degrees (Bachelor of Science in Arts
and Sciences, Princeton, 1924; Bachelor
of Science in Mechanical Engineering,
M.I.T., 1927) Professor Frederick S.
Erdman came to Cornell in 1937
expecting to stay just one year for a
Master of Mechanical Engineering
degree. He found himself returning for
a Ph.D. in 1941 and then remaining for
the balance of his active professional
career. Before coming to Cornell per-
manently, Professor Erdman had con-
siderable teaching experience, first as a
physics instructor at Beirut University
in Lebanon where he was born and later
as an assistant professor of mechanical
engineering at Robert College in Istan-
bul.

During the 1940's when the science
of food freezing was in its infancy. Pro-
fessor Erdman began research into the
construction of home food freezing
equipment. This work furthered the
development of a now large industry.
During the latter part of World War II,
he designed a freezer that could be built
by a home handyman.

After long teaching experience, Pro-
fessor Erdman is keenly aware of the
professor's need for contact with the
nonacademic world of engineering. His
two sabbatics, the first in 1948 at Brook-
haven, examining the role of atomic
energy in power generation, and the
second in 1955 at the Cleveland Electric
Illuminating Company, helped him to
bridge this gap.

Since 1961 Professor Erdman has
been associate dean of the University's
Graduate School in charge of the grad-
uate fellowship program.

Professor Erdman has been active in
the American Society of Mechanical
Engineers, the American Society for
Engineering Education, the American
Society of Heating, Refrigerating, and
Air-Conditioning Engineers, and the
American Association of University
Professors of which he was Cornell
Chapter President from 1954 to 1956.
During 1961 he was secretary of the
University faculty and ex officio mem-
ber and secretary of the University Fac-
ulty Council. His honoraries include Phi
Kappa Phi, Sigma Xi, Tau Beta Pi, and
Pi Tau Sigma.
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• JAMES L. GREGG
Before coming to Cornell in 1948, Pro-
fessor Gregg had extensive experience
in industry and through consulting work
has continued this part of his career.

After graduation from the Missouri
School of Mines in 1923, he went to the
Illinois Steel Company in Gary, Indiana,
as a metallurgical observer. A year later
he became metallurgical engineer and
department supervisor at the Western
Electric Company in Chicago. In addi-
tion to these duties, he taught from 1927
to 1929 at the Lewis Institute, which
merged with the Armour Institute in
1940 to become the Illinois Institute of
Technology. From 1929 to 1934, he was
affiliated with the Battelle Memorial
Institute in Columbus, Ohio, as research
metallurgist. For the next ten years he
was a research engineer for the Bethle-
hem Steel Company and then served the
firm as assistant to the vice president
from 1944 to 1948. During summers,
Professor Gregg has regularly been a
consultant to the Oak Ridge National
Laboratory, and he spent a year there
in 1954-55 while on sabbatic from Cor-
nell.

Professor Gregg has been a member
of the Research and Development
Board Committee on Basic Physical
Sciences since 1948 and a member of
the Die Casting Foundation from 1952
to 1955. At Cornell, he has been a mem-
ber of the Materials Science Center in
charge of materials preparation.

Professor Gregg's wide-ranging
industrial experience has been an asset
to his teaching. He hopes that the tre-
mendous expansion of engineering facil-
ities at Cornell, which has expedited his
own work and benefited his students,
will continue.

• GEORGE R. HANSELMAN
Professor Hanselman has combined a
no-nonsense attitude with one of sym-
pathy in his dealings with students as
assistant director of Cornell's Sibley
School of Mechanical Engineering for
the past twenty years. Helping engineer-
ing students to cope with their problems
has been Professor Hanselman's great-
est satisfaction. He feels too much is
heard about the student minority that is

irresponsible and too little about those
who are conscientious. In recent years,
Professor Hanselman has found that
many of his students aren't as sure of
their goals as their predecessors were.
This is perhaps a function of today's
more intensive social climate, but is a
function, too, of the greater uncertain-
ties and pressures in their futures.

In addition to student counseling,
Professor Hanselman finds satisfaction
in his visits with the alumni who return
to see him. Having been associated with
Cornell for forty-nine years, Professor
Hanselman has attended forty-five reun-
ions and enjoys keeping up with class
affairs. He took two Cornell degrees:
Bachelor of Science in Mechanical Engi-
neering in 1922 and Master of Science
in Mechanical Engineering in 1936.

Not only has Professor Hanselman
been active in curricula planning, stu-
dent personnel, and in the general
administration of the Sibley School of
Mechanical Engineering, but he has also
been active in other Cornell engineering
activities as, for example, chairman of
the College Faculty Committee on New
York State Community Colleges and
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Technical Institutes, chairman of the
College of Engineering Scheduling Com-
mittee, and on the Joint Faculty Com-
mittee on Agricultural Engineering. He
is a member of the American Society for
Engineering Education and the National
Association of Cost Accountants.

• WILLIAM L. RICHARDS
Coming to Cornell after thirty years of
government engineering service, Profes-
sor Richards wryly says that he had
expected to find teaching a relaxing
occupation with plenty of time for
reflection and reading. His purpose in
coming to Cornell was to teach and to be
with young people; this has fully filled
his schedule. He has found it particu-
larly rewarding to have been able to
relate his long professional experience
to the classroom.

Reflecting on education, Professor
Richards feels that, nationally, college
science and engineering programs are
not developing talent across a broad

~ front. The emphasis on research and the
de-emphasis on engineering applica-

tions has tended to narrow the field for
prospective students; thus the talents of
many capable young people are being
lost.

Professor Richards' refreshingly op-
timistic view of students is that they are
unspoiled and highly motivated and
are often given inadequate guidance. He
feels that a better job of recognizing
their problems and frustrations could be
done. For his own students, Professor
Richards has maintained consistently
high standards and has always hoped
that each student would merit high
grades. He has been generous with his
time in student counseling as well.

Professor Richards holds his Bache-
lor of Science degree from the United
States Naval Academy (1924) and the
degrees of Civil Engineer and Master of
Civil Engineering from Rensselaer Poly-
technic Institute (1927 and 1928). He
is a member of the American Society of
Civil Engineers, a fellow of the Com-
mission on Education of Construction
Engineers, and a member of the
National Society of Professional Engi-
neers, American Society for Engineering
Education, and Sigma Xi.

• THOMAS J. BAIRD
Thomas J. Baird, Professor of Machine
Design and Materials Processing,
brought an energetic, vital architect's
outlook to the traditional drafting
approach to engineering problems.
There are likely to be multiple solutions
to any problem, and he has taught his
students to work through the implica-
tions of each solution. Further, he has
stressed what a design means in terms
of society, utility, and esthetics. His
sketching course has helped many stu-
dents to "loosen up" and express them-
selves more creatively on engineering
problems.

Most of all, Professor Baird enjoyed
his small, intimate senior classes in
industrial design where the talk of engi-
neering problems was sometimes far-
flung, reaching into the social areas
related to engineering. He recalls that
many of his students displayed an innate
feeling for form and proportion as well
as a surprising awareness of social prob-
lems.

Two years ago, Professor Baird was a
co-recipient of the Philip Sporn Prize,
endowed by the noted power industrial-



ist Philip Sporn to recognize excellence
in freshman teaching. Professor Baird
is a member of Tau Beta Pi, the Indus-
trial Designers' Society of America, and
the American Association of University
Professors. He holds two Cornell
degrees: Bachelor of Architecture,
1925; and Master of Regional Planning,
1946.

Apart from teaching, Professor Baird
is proud of the Twin Groves settlement
that he and several other faculty mem-
bers have developed on Cayuga Heights
Road in Ithaca. He designed several
houses for this project as well as other
houses in Ithaca.

Professor Baird looks forward to the
freedom of retirement for travel, paint-
ing, and perhaps more architectural
work.

• EVERETT M. STRONG
For Everett M. Strong, Professor of
Electrical Engineering, the freedom,
blending of science and the humanities,
and varied campus life of Cornell have

made it a stimulating place for him to
teach and an ideal place for students to
develop.

After obtaining his Bachelor of Sci-
ence in electrical engineering from
M.I.T. in 1922, he went to work with
the General Electric Company in Cleve-
land. During his last two years there, he
taught a night course that had to appeal
both to teenagers who wanted to learn
the basics of electricity and to adults
who wanted more sophisticated infor-
mation. He had such success in reaching
these people that he decided on a career
in teaching.

Professor Strong's industrial experi-
ence aided him in teaching. But a pro-
fessor can transfer only a limited
amount of his practical experience to
the classroom—the student needs prac-
tical experience of his own. Professor
Strong's understanding of this fact and
his ability to articulate the problems that
confront a student entering industry
have spurred the Industrial Cooperative
Program which he has directed for more
than twenty years. As Professor Strong
says, all engineering isn't to be learned

in books. Thus, the Cooperative Pro-
gram, which strengthens professional
development through actual work in
industry, is very important. He stresses
that on campus it isn't possible to expose
students to the situations, equipment,
and, especially, the environment that
they encounter in industry. Whereas
competition is often foremost in uni-
versity life, cooperation is more the key-
note in industry. Further, he notes that
after a short time in industry, students
often bring broadened perspectives to
their college work. This program, he is
quick to point out, hasn't all the
answers, but it often saves "heartache."

Last year Professor Strong received
the Illuminating Engineering Society's
Gold Medal in recognition of his leader-
ship in research in programs in light
and vision. His honoraries and listings
include Tau Beta Pi, Sigma Xi, Eta
Kappa Nu, American Men of Science,
Who's Who in the East, Who's Who in
America, and World Biography.



FACULTY

PUBUCATIONS

The following publications and conference
papers by members of the Cornell College
of Engineering faculty were published or
presented during February, March, and
April 1967. The names of Cornell faculty
members are in italics.

• AEROSPACE ENGINEERING

Hub bard, E. W., "Expansion of Uni-
form Gas Clouds into a Vacuum,"
AIAA Journal, 5:2 (Feb. 1967), 378-
380.

Marsters, G. F., and Wachsler, E.,
"Simple Circuit for Obtaining Rastered
Oscilloscope Displays on Tektronix
Oscilloscopes," Review of Scientific
Instruments, 38:2 (Feb. 1967), 276-
277.

Turcotte, D. L., and Oxburgh, E. R.,
"Finite Amplitude Convective Cells
and Continental Drift," Journal of Fluid
Mechanics, Vol. 28, Part 1 (1967), pp.
29-42.

• CHEMICAL ENGINEERING

Cocks, G. G.f "Microscopy or Micros-
copies?" presented at symposium of the
State Microscopical Society of Illinois,
Chicago, Feb. 1967.

Smith, / . C, "Credit-Free College
Courses: an Impending Explosion,"
Chemical Engineering, 74:9 (Apr.
1967),139-143.

Wiegandt, H. F., and Lafay, R., "IFP
Process for Continuous Purification by
Crystallization and Washing," presented
at 7th World Petroleum Congress, Mex-
ico City, Apr. 1967.

• CIVIL ENGINEERING

Brutsaert, W. H., and Yu, S. L., "Some
Mass Transfer Aspects of Pan Evapora-
tion," presented at 48th Annual Meet-
ing of the American Geophysical Union,
Washington, D.C., Apr. 1967. Abstract,
Transactions of the American Geophys-
ical Union,48 (Mar. 1967),96.

Err era, S. J., "Columns and Beams
Braced by Light Gage Steel Dia-
phragms," presented at 1967 Michigan
Structural Conference, University of
Michigan, Ann Arbor, Apr. 1967
(sponsored by Michigan Section,
ASCE).

Errera, S. J., Pincus, G., and Fisher,
G. P., "Columns and Beams Braced by
Diaphragms," Proceedings of the
ASCE, Vol. 93, No. ST1 (Feb. 1967),
pp.295-318.

Falkson, L. M., "Comments on 'Econ-
omy of Water Quality Management and
Pollution Control'," The Fresh Water of
New York State: Its Conservation and
Use, (1967), 58-60.
Liggett, J. A., and Woolhiser, D. A.,
"Difference Solutions of the Shallow
Water Equation," presented at the
ASCE Environmental Engineering Con-
ference, Dallas, Feb. 1967. Proceedings
of the ASCE, Journal of the Engineer-
ing Mechanics Division, (Apr. 1967),
39-71.

Loucks, D. P., "Risk Evaluation in Sew-
age Treatment Plant Design," Proceed-
ings of the ASCE, Journal of Sanitary
Engineering Division, Vol. 93, No. SA1
(Feb. 1967), pp. 25-39.
Lynn, W.R., and Falkson, L. M., "Dis-
cussion of Mathematical Model for
Water Pollution Control Studies," Pro-
ceedings of the ASCE, Vol. 93, No. SA2
(Apr. 1967), pp. 43-45.
Woolhiser, D. A., and Liggett, J. A.,
"Unsteady One-Dimensional Flow Over
a Plane—the Rising Hydrograph," pre-
sented at 48th Annual Meeting of the
American Geophysical Union, Wash-
ington, D.C., Apr. 1967.

Yu, S. L., and Brutsaert, W. H.t "Evap-
oration From Very Shallow Pans,"



Journal of Applied Meteorology, 6
(Apr. 1967), 265-271.

• COMPUTER SCIENCE
Patt, Y. N., "A Complex Logic Module
for the Synthesis of Combinational
Switching Circuits," presented at 1967
Joint Computer Conference, Apr. 1967.
AFIPS Conference Proceedings, 30
(1967), 699-705.

• ELECTRICAL ENGINEERING

Ballantyne, J. M., "Double Beam Oper-
ation of a Fourier Spectrometer,"
Applied Optics, 6 (1967), 587 ff.

Bolgiano, R.,Jr., "Fine Structure of the
Atmosphere Deduced From Direct
Observation and From Turbulence The-
ory," Progress in Radio Science, Apr.
1967.

Carlin, H. J., "Network Theory Without
Circuit Elements," Proceedings of the
IEEE, 55:4 (Apr. 1967), 482-497.

DeClaris, N., "On the Theory of Linear
Time-Varying Networks," presented at
Georgia Institute of Technology Electri-
cal Engineering Seminar Series, Atlanta,
Mar. 1967.

DeClaris, N., and Saeks, R., "Canonic
and State-Variable Characterization of
Networks With Variable Elements,"

Record of the 1967 IEEE International
Convention, Part I, New York City,
Mar. 1967.

Gilbert, R., Kennedy, W. K., Jr., and
Eastman, L. F., "Generation of High
Power Microwave Signals—LSA Mode
in Gallium Arsenide," presented at Ger-
man Semiconductor Device Research
Conference, Bad Nauheim, West Ger-
many, Apr. 1967 (sponsored by the
German Physical Society and the
IEEE).

Hartz, T. R., and Brice, N. M., "The
General Pattern of Auroral Particle Pre-
cipitation," Planetary Space Science,
15:2 (1967),301-329.

Hunsperger, R., and Ballantyne, J. M.,
"Measurement of Photon Absorption
Loss in the Active and Passive Regions
of a Semiconductor Laser," Applied
Physics Letters, 10 (1967), 130 ff.

Jelly, D. H., and Brice, N.M., "Associa-
tion Between Increased Radiation in the
Outer Belt and Polar Auroral Sub-
storms," presented at 48th Annual
Meeting of the American Geophysical
Union, Washington, D.C., Apr. 1967.
Transactions of the American Geophys-
ical Union, 48 (1967), 180.

Kennedy, W. K., Jr., and Eastman,
L. F., "High Power Pulsed Microwave
Generation in Gallium Arsenide," Pro-
ceedings of the IEEE, 55:3 (Mar.
1967),434-435.

Kennedy, W. K., Jr., and Eastman,
L. F., "High Power Pulsed Microwave
Generation With LSA Mode in Gallium
Arsenide," presented at 1967 Confer-
ence on Active Microwave Effects in
Bulk Semiconductors, New York City,
Feb. 1967 (sponsored by the IEEE and
the Cornell College of Engineering).

Kim, M., and Erzberger, H., "On
Design of Optimum Distributed Param-
eter Systems With Boundary Control
Function," IEEE Transactions on Auto-
matic Control, Vol. AC-12 (Feb.
1967), pp. 22-28.

Kim, M., and Via, N.f "Self-Ad justing
Controllers for Linear Systems With
Correlated Disturbances," Journal of
the Franklin Institute, 283 (Feb. 1967),
118-138.

Statz, H., deMars, G., and Tang, C. L.,
"Self-Locking of Modes in Lasers,"
Journal of Applied Physics, 38 (Apr.
1967),2212ff.

Tang, C. L., and Statz, H., "Effects of
Intensity-Dependent Anomalous Dis-
persion on the Mode Shapes of the
Fabry-Perot Oscillators," Journal of
Applied Phvsics, 38 (Feb. 1967), 886-
887.

Teich, M. C, and Wolga, G. /., "Work
Function Estimation With a Single Yield
Measurement," Journal of the Optical
Society of America, 57:4 (Apr. 1967),
542-543.



Walder, J., and Tang, C. L., "Stimu-
lated Brillouin Scattering in Non-Focus-
ing Liquids," Physical Review, 155
(Mar. 1967), 318 ff.

• ENGINEERING PHYSICS

Beasley, M. R., and Webb, W. W.,
"Flux Creep in Superconductors," pre-
sented at meeting of the American Phys-
ical Society, Washington, D.C., Apr.
1967. Bulletin of the APS, 12 (1967),
514ff.

Byer, N. E., Welsh, F. S., and Sack,
H. S., "Anelastic Measurements of
Alkali Halides Containing Li+ and
CN~, " presented at meeting of the
American Physical Society, Chicago,
Mar. 1967.

Clark, D. D., and Kime, M. B., "Isomer
Cross Section Ratios in In-114 and In-
116," presented at meeting of the
American Physical Society, Washington,
D.C, Apr. 1967. Bulletin of the APS,
12 (1967), 544ff.

Clayton, R. K., "An Analysis of the
Relations Between Fluorescence and
Photochemistry During Photosynthe-
sis," Journal of Theoretical Biology, 14
(1967), 173-186.
Fietz, W. A., and Webb, W. W., "Tem-
perature Dependence of the Magnetic
Properties of Some Type II Semicon-
ductors Near the Upper Critical Field,"
presented at the meeting of- the Ameri-
can Physical Society, Chicago, Mar.
1967. Bulletin of the APS, 12 (1967),
396 ff.

Huang, J. S., and Webb, W. W., "Dif-
fuse Interface in a Critical Mixture, Pro-
file and Temperature Dependence,"
presented at meeting of the American
Physical Society, Chicago, Mar. 1967.
Bulletin of the APS, 12 (1967), 333 ff.

g, C. Y., and Webb, W. W., "Photo-
elastic Observations of Transient Heat
Transfer Across a Solid-Fluid Bound-
arY," Journal of Heat Transfer, (Feb.
1967), p. 65.

Matricardi, V. R., Lehmann, W. G.,
Kitamura, N., and Silcox, J., "Electron
Microscope Observations of Ferromag-
netic Domains in Chromium Tribro-
mide," Journal of Applied Physics, 38
(1967), 1297 ff.

McPherson, R., "Beta-Delayed Proton
Emission," presented at symposium on
Isotopes Far From Beta Stability, Miami
Beach, Apr. 1967 (sponsored by the
American Chemical Society).

Palmberg, P. W., and Rhodin, T. N.,
"Low Energy Electron Diffraction Stud-
ies of Surface Structures on Au (100)
Films," presented at meeting of the
American Physical Society, Chicago,
Mar. 1967. Bulletin of the APS, 12
(1967), 392 ff.
Palmberg, P. W., Rhodin, T. N., and
Todd, C. J., "Low Energy Electron Dif-
fraction Studies of Epitaxial Growth of
Silver and Gold on KC1 in Ultra High
Vacuum," presented at 27th Annual
Conference on Physical Electronics,
Massachusetts Institute of Technology,
Cambridge, Mar. 1967. Applied Physics
Letters, 10:4 (1967), 122 ff.

Rollins, R. W., and Silcox, J., "The
Nature of the A.C. Transition in the
Superconducting Surface Sheath in
Pb-2% In," Physical Review, 155
(1967),404 ff.
Rollins, R. W., Gosselin, J., and Silcox,
/., "Critical Currents in the Supercon-
ducting Surface Sheath," presented at
meeting of the American Physical Soci-
ety, New York City, 1967. Bulletin of
the APS, 12(1967),38ff.

Sack, H. S., "Dielectric and Anelastic
Properties of Paraelectric Impurities,"
presented at meeting of the American
Physical Society, Washington, D.C,
Apr. 1967.

Schwerer, F. C, and Silcox, J., "Some
Effects of Ferromagnetism on the Resis-
tivity of Nickel," presented at meeting
of the American Physical Society, New
York City, 1967. Bulletin of the APS,
12 (1967), 134ff.

Silcox, J., "Structural Aspects of Super-
conductivity," presented at meeting of
the AIME, Los Angeles, Feb. 1967.

Winn, W. G., and Clark, D. D., "Decay
of Xe-125m and Xe-127m," presented
at meeting of the American Physical
Society, Washington, D.C, Apr. 1967.
Bulletin of the APS, 12 (1967), 564 ff.

• INDUSTRIAL ENGINEERING
AND OPERATIONS
RESEARCH

Bernhard, R. H., "Probability and
Rates of Return: Some Critical Com-
ments," Management Science, 13:7
(Mar. 1967), 598-600.

Iglehart, D. L., and Lalchandani, A. P.,
"An Allocation Model," SI AM Journal
of Applied Mathematics, (Mar. 1967),
pp. 303-323.

Taylor, H. M., "Statistical Control of
a Gaussian Process," Technometrics, 9
(Feb. 1967), 29-41.

• MATERIALS SCIENCE AND
ENGINEERING

Batterman, B. W., "Low Temperature
Phase Transformations in High Field
Superconductors," presented at Mate-
rials Science Colloquium, Massachusetts
Institute of Technology, Cambridge
Apr. 1967.

Beer, A. C , Allen, H., Kroger, F.,
Nowick, A., Ruoff, A. L., and Tweet,
A., "Defects in Crystals," Characteriza-
tion of Materials, ed. D. Groves, (Wash-
ington, D .C: Materials Advisory
Board), Apr. 1967.

Bell, T., and Owen, W. S., "Martensite
in Iron-Nitrogen Alloys," Journal of the
Iron and Steel Institute, 205, 1967.

Blakely, J. M., "Diffusion at Crystal
Surfaces," presented at meeting of the
Metal Science Club, New York City,
Apr. 1967.



Chevalier, G. T., McCormick, P., and
Ruoff, A. L., "Pressure Dependence of
High Temperature Creep in Single Crys-
tals of Indium." Abstract, Bulletin of the
American Institute of Metals, 2 (Feb.
1967), 67.

Clark, A. H., "Electrical and Optical
Properties of Amorphous Germanium,"
Physics Review, 154 (1967), 750 ff.

Ho, P., and Ruoff, A. L., "An Equation
of State for Sodium Determined From
Elastic Constants," presented at meeting
of the American Physical Society, Chi-
cago, Mar. 1967. Bulletin of the APS,
12 (1967), 304 ff.

Ho, P., and Ruoff, A. L., "Pressure
Derivatives of the Elastic Constants of
CaF2," presented at meeting of the
American Physical Society, Washington,
D.C., Apr. 1967. Bulletin of the APS,
12(1967), 918 ff.
Kashyap, B. M. S., and Batterman,
B. W., "X-Ray Study of Phonons in
Vanadium," presented at meeting of the
American Physical Society, Chicago,
Mar. 1967. Bulletin of the APS, 12
(1967),283 ff.

Kohler, C. R., and Ruoff, A. L., "Creep
in Potassium as a Function of Tempera-
ture and Pressure," Journal of Mate-
rials,! (Mar. 1967), 20 ff.

Kohler, C. R., and Ruoff, A. L., "Two
Ranges of Creep Behavior in Potassium
as a Function of Temperature and Pres-
sure," presented at meeting of the
AIME, Los Angeles, Feb. 1967.
Abstract, Bulletin of the American Insti-
tute of Metals, 2 (Feb. 1967), 67.

Mailfert, R., Batterman, B. W., and
Hanak, J. S., "Low Temperature Struc-
tural Transformation in Nb3Sn," Phys-
ics Letters, Vol. 24A (Mar. 1967), pp.
315-316.

Mailfert, R., Batterman, B. W., and
Hanak, J. S., "Low Temperature Trans-
formation in Nb8Sn," presented at meet-
ing of the American Physical Society,
Chicago, Mar. 1967. Bulletin of the
APS, 12 (1967), 393 ff.

Maiya, P. S., and Blakely, J. M., "Sur-
face Self Diffusion and Surface Energy
of Nickel," Journal of Applied Physics,
38 (Feb. 1967), 698 ff.

Martinson, R. T., and Ruoff, A. L.,
"The Elastic Constants of Monocrystal-
line Sodium," presented at meeting of
the American Physical Society, Chicago,
Mar. 1967. Bulletin of the APS, 12
(1967), 304.

Mould, P. R., and Smith, G. V., "Strain-
Aging and Recovery of FeCr and FeMo
Alloys," presented at meeting of the
AIME, Los Angeles, Feb. 1967.

Murty, K. L., and Ruoff, A. L., "A High
Temperature Creep Model," presented
at meeting of the AIME, Los Angeles,
Feb. 1967. Abstract, Bulletin of the
American Institute of Metals, 2 (Feb.
1967), 65.
Murty, K. L., Gold, M., and Ruoff,
A. L., "Creep of Ferromagnetic
oc-iron," presented at meeting of the
AIME, Los Angeles, Feb. 1967. Ab-
stract, Bulletin of the American Insti-
tute of Metals, 2 (Feb. 1967), 66.

Ruoff, A. L., "A Comparison of Virial
Coefficients Obtained From Shock and
Ultrasonic Data for Al and Cu," Jour-
nal of Physical Chemistry of Solids, 28
(Feb. 1967), 453 ff.

Ruoff, A. L., "On the Relationship
Between the Equation of State at High
Pressures as Determined From Ultra-
sonic Data and From Shock Data,"
Sandia Corporation Report SC-RR-66-
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