











that it contained certain principles that
Were a necessary part of the training of
hgineering students, particularly as a
!arge number eventually become admin-
IStrative officers in industry.”

_A year later when Kimball joined the
Sibley School of Mechanical Engineer-
g faculty at Cornell, he decided to
offer an elective course in shop man-
3gemem to seniors, suggesting the title,

€conomics of production.” He wrote
that the dean of the Sibley School, Al-
b?rt W. Smith, “thought that was a little

‘.gh.-brow so we settled on ‘works ad-
Ministration’ as more likely to get by
the Committee on Course.” The course
Was offered in 1904-05.

Li_iter on, courses in elementary eco-
Momics and accounting were added to
t}}e Cornell mechanical engineering cur-
ir:l:i“]uﬂ?, and in 1916 a senior option in

Ustrial engineering was established.

FORMATION OF A
EW DEPARTMENT

In'l 930 a new department of admin-
Talive engineering was created at
Ornell under the leadership of Pro-

ist
C

Civil

Engineering —
Electrical

Engineering 31
Mechanical

Total with
Administrative

Percent of
Total Undergraduate
Enrcllment in

administrative engineering applied to his field.

Engineering 95 164

Majors 126 204

the College 139 25.3

* Unti} 1946 the curriculum in administrative engineering cut across the traditional branches of engi-
neering activity. A student in civil, electrical, or mechanical engineering could choose to major in

Table 1. EARLY UNDERGRADUATE ENROLLMENT IN ADMINISTRATIVE ENGINEERING*
1932 1933

1934 1935 1936 1937
— 9 5 26
64 59 46 50

174 194 201 207
238 262 252 283
29.3 33.2 314 28.1

fessor John R. Bangs, Jr. The program
of this department was far reaching and
pioneering in many of its aspects. In the
first place, Professor Bangs, supported
by Dean Kimball, considered that the
substance of the program transcended
the subject matter of many fields of en-
gineering. The program had an opera-
tional emphasis, in the case of Mechan-
ical and of Electrical Engineering,
directed to manufacturing and in the
case of Civil Engineering, directed to
the construction industry. But the phi-
losophy included a consideration of all

aspects of a problem; it was truly an
“engineering systems approach.” Em-
phasis was on quantification and analy-
sis. Some of the first courses in statis-
tics, cost analysis, personnel, and
industrial marketing were introduced in
this program at Cornell. As can be seen
in Table 1, it was highly successful
within Mechanical Engineering, due
probably to Professor Bangs’ person-
ality and the able assistance provided
by Professors Harry Loberg, George
Hanselman, Clyde Millard, Myron Lee,
and S. S. Garrett. These men developed



“The proliferation
of OR techniques
and theories. . . has
considerably changed
the mission of the
industrial engineer.”

entirely new courses in applied statis-
tics, manufacturing engineering, ap-
plied economics, and industrial market-
ing and accounting.

Nevertheless, judging by today’s
standards, the analytical content of the
administrative engineering curriculum
left something to be desired. Many of
the courses were oriented to specific
problem areas; the methodologies stud-
ied in the classroom and the techniques
taught in the laboratories were very
practical and largely empirically de-
rived. Methods of analysis depended
frequently on graphical techniques,
modeling methods were crude, and only
the simplest forms of experimentation
were possible. Sophisticated mathema-
tical and computing methods had not
yet been developed, and further refine-
ment and application of the scientific
approach to these problems was there-
fore extremely difficult.

STEP FUNCTION CHANGES

During World War II and the bal-
ance of the ’40s, developments of cru-
cial importance to this field occurred. A
more fundamental approach to the en-
gineering process evolved; engineers be-
gan to use the scientific method to ex-
tend their capabilities. And operations
research emerged as a general rather
than a specific concept.

The methods used by the industrial
engineer, involving statistical analysis
and what are now called network rep-
resentations and various graphical and
qualitative means of analyzing very
complex systems, were found extremely
useful in planning military operations.
Under the pressure of war time many
highly trained civilians in the mathema-

tical area (including physicists, physical
chemists, and biologists) as well as
military personnel contributed to the
development of new techniques and de-
vices. They often worked in teams with
sociologists and economists to deter-
mine the psychological impact of mili-
tary strategies on enemy and allies
alike. Their approach to the complex
problems they faced became known as
operations research. After the war
many organizations were founded upon
the concept of the OR approach, or-
ganizations such as the Rand Corpora-
tion, the Naval Operations Evaluation
Group, and the Army’s Operations Re-
search Office. At this time too the digi-
tal computer was developed. It intro-
duced quantitative dimensions to prob-
lems that were formerly solved intui-
tively or only approximately.

At Cornell, Columbia, Stanford,
Berkeley, and many other institutions
new courses in applied mathematics
and computing were offered. These
courses usually stemmed from an in-
dustrial engineering department or its
analog. As the mathematics developed
and as the automatic digital computer
became generally available, it became
possible for the industrial engineer 10
move from the rather empirical and
limited foundation to which he was pre-
viously restricted to a much broadef
concept of operating systems founded
upon the science of operations.

PROFESSIONAL SOCIETY
DEVELOPMENTS

In the early 1950s the Operation$
Research Society of America was 0f"
ganized, and in October 1955 a group
which included the Society’s EducatioB















“I believe the systems analysis approach
developed in this country during the
past twenty years offers good prospects
Jor successfully dealing with [the

complex problems of our democratic society|

education in industrial engineering and
Operations research. One of these re-
lates to the amount of engineering sci-
nces that should be required of stu-
dents. The IE student must not only be
able to understand operations but also
be able to create more effective sys-
tems. Traditionally, he was educated
first in the principles of physical engi-
Neering and then in applied techniques
largely focused on manufacturing. Only
Tecently has he been concerned with
Systems in which manufacturing opera-
tions are not central. As new mathe-
n‘fatics and associated applied tech-
Niques proliferate, however, there is
!eSS time in the curriculum for engineer-
g technologies which rapidly ob-
Solesce. The contemporary concern
With the less specialized engineering
SClen.ces and the political, socio-eco-
nqmlc aspects of “systems problems”
Taises the question of educational trade-
offs,

Another very serious problem is the
qulgn or laboratory aspect of educa-
tonal programs in this field. Although
;‘;LOf society may be said to provide a

oratory for the IE/OR student, it is

3
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often impossible to manipulate the vari-
ables and observe the results in real life
situations of interest to this student. As
a result, the full benefit of the experi-
mental technique cannot easily be ob-
tained except through computer simula-
tion.

At Cornell, we have attempted to
meet these problems head-on by insti-
tuting a flexible undergraduate curricu-
lum and requiring of Master of Engi-
neering degree candidates a design proj-
ect derived from a “real world” situa-
tion and often pursued off campus in
the realistic environment.

WHAT LIES AHEAD?

Successful solutions to the complex
problems of our democratic society
(conservation, environmental control of
pollution, highway and urban traffic,
housing, education) almost always re-
quire ‘major political decisions and
even political restructuring. Frequently,
therefore, the technological need is dif-
ficult to define immediately and difficult
to meet. 1 believe the systems analysis
approach developed in this country dur-









pline becomes more analytical.

“Each of these major areas with
which OR shares an interface offers us
an opportunity to enhance the applica-
bility of our techniques and to become
better acquainted with several of the
difficult systems problems facing pro-
fessionals,” explained Professor Bech-
hofer, chairman of the OR department.
He sees the joint appointment as a
means for giving an OR department
that critical mix of theoreticians, prac-
titioners, and communicators essential
for its well-being.

What does OR methodology consist
of? To create mathematical models that
may be applied to real systems (such as
a traffic flow network), such theories as
queuing, inventory, reliability, replace-
ment, and scheduling are important.
Mathematical programming (linear,
probabilistic, integer) and dynamic pro-
gramming are also used extensively.
Game theory, graph theory, and com-
binatorics are some other major tech-
niques in the field. Any student major-
ing in OR must use linear and matrix
algebra, probability, statistics, and com-
putational science in the development

of these techniques. As most members
of the department were quick to point
out, however, OR is not simply a “bag
of ready-made techniques.” Several of
the faculty are concerned solely with the
development of concepts and new tech-
niques. They leave the application of
their findings to other workers.

The main work of the faculty in the
department presently falls under the
general heads of applied probability and
statistics, mathematical programming,
game theory, and information process-

ing.

THE STATISTICIANS

The two senior statisticians on the
faculty—Professors  Bechhofer and
Weiss—have a combined period of
twenty-eight years of teaching at Cor-
neil. Two other faculty members, Pro-
fessors Mark Brown and Howard Tay-
lor, have Ph.D. degrees in mathematical
statistics but currently devote their pri-
mary research efforts to problems in
applied probability.

Both Bechhofer and Weiss were
drawn to Cornell partly because of the

quality of the faculty in the Department
of Mathematics. Both hold the Ph.D.
degree from Columbia University in
mathematical statistics. As chairman of
the OR department, Bechhofer has
many responsibilities—faculty recruit-
ing, exploring various avenues for sup-
port, research proposal writing—in ad-
dition to his own program of teaching
and research. He serves as the senior
scientist on a research project involving
queues at traffic lights, intersection traf-
fic problems, and traffic flows for the
federal Bureau of Public Roads (“Ana-
lytical Methodology and Optimal Con-
trol in Urban Traffic Networks”). He
is coauthor (with Professors Jack Kie-
fer of Cornell and Milton Sobel of the
University of Minnesota) of a research
monograph entitled Sequential Identi-
fication and Ranking Procedures (Uni-
versity of Chicago Press, Chicago,
1969).

Lionel 1. Weiss reflects that kinetic
quality that goes with those who really
enjoy classroom teaching. Author of a
text, Statistical Decision Theory (Mc-
Graw-Hill, New York, 1961), he
has been coauthor with Professor Jacob
Wolfowitz of the Department of Mathe-
matics of several recent papers in this
area. In commenting on the changes in
OR activity at Cornell during his ten-
ure, Weiss claims that ““things have got-
ten more theoretical, and the theory has
become more elegant.” He feels that
today’s undergraduates in industrial en-
gineering tend to work harder than their
counterparts of a decade ago, are more
outspoken, yet want the faculty to bring
subject material “down to earth.”

A member of the OR faculty whose
interest centers principally on applica-
tions of statistics is Henry P. Goode.
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a very well received book, Introduction
0 Dynamic Programming (John Wiley,
New York, 1966), he is interested in
both the theory and applications of
Operations research. One of his recent
research projects was sponsored by the
National Municipal League and had to
do with developing algorithms for com-
Puter redistricting of political subdivi-
stons.

Stella Dafermos is interested in an
area related to mathematical program-
ming, network theory, with particular
_reference to traffic flow problems. She
18 in her second year as a member of the
OR department at Cornell, having
fecently obtained her doctorate in oper-
ations research at Johns Hopkins Uni-
versity. Her Ph.D. dissertation on
“Traffic  Assignment and Resource
Allocation in Networks” has proved an
xcellent starting point for her current
Tesearch in urban traffic networks.

GAME THEORY

Professor William Lucas and Louis
J. Billera are the resident game theorists
on the OR faculty.

. Game theory, according to Lucas,
Involves mathematical methods to
Study conflict and cooperation. It pro-
Vides a guide for rational behavior in
these situations.” The subject became
Popular in 1944 with the publication
of a book by von Neumann and Mor-
genstern. At first used primarily to
analyze military strategic problems,
8ame theory is applicable to a range of
Activities stretching from arms control
and limitations to urban problems, such
38 pollution, political science, and eco-
Tomics. By helping people see the out-

comes or “payoffs” of certain actions,
game theory provides an advance
means of judging alternatives. By its
use, for example, the voting power of
individuals in relation to one another
can be measured. “Before we throw out
the Electoral College,” Tucas pointed
out, “we should realize that many of the
alternatives have the same inequities.”

Professor Lucas joined the faculty at
Cornell this fall after several years of
research activity at the Rand Corpora-
tion in Santa Monica, California. While
there he solved a fundamental open
question in game theory which had
withstood the efforts of the best
research workers since it was first posed
by von Neumann in the mid 40s. Lucas
earned his Ph.D. degree at the Univer-
sity of Michigan and returned to an
academic community because he found
“research by itself not as rewarding for
me as a balance among research, advis-
ing, and teaching. Teaching allows me to
mix with people from other disciplines
and with young people.” He stressed the
fact that “the important contributions of
multi-person game theory are concep-
tual . . . concerned with how coalitions
form and break,” and admitted that
“the deepest research I do won’t be
immediately applicable.”

Twenty-six year old Louis J. Billera
received his Ph.D. degree in mathemat-
ics from the City University of New
York in 1968. His doctoral dissertation
dealt with bargaining sets for n-person
cooperative games. He had an NSF
Postdoctoral Fellowship to study game
theory at The Hebrew University of
Jerusalem in 1969 but decided to quit
Isracl hurriedly after several months
when “the atmosphere there became
too hot.”

INFORMATION PROCESSING

Information processing deals with the
analysis and design of systems which
record, transmut, store, and process
information. Also included under this
heading are such underlying theoretical
topics as information theory and com-
puting language structure. The integra-
tion of equipment rather than the design
of machines is stressed.

Here, two of the College’s brightest
graduates, Richard W. Conway and
William L. Maxwell, have been impor-
tant anchor men for the impressive
growth in this area in recent years. Both
earned their Bachelor’s degrees in
mechanical engineering and their Ph.D.
degrees in operations research at Cor-
nell. Howard L. Morgan, who studied
physics as an undergraduate at City
College of New York and received his
Ph.D. degree in OR at Cornell at the
age of 23, joined them in 1968.

Cornell’s  computing  languages,
CORC, followed by CUPL (Cornell
University Programming Language),
were developed by Conway and Max-
well in collaboration with Professor
Robert J. Walker of the Department of
Mathematics. These developments drew
attention to the need for establishing a
faculty in the computer sciences, and a
department was established in 1965. All
three men-—Conway, Maxwell, and
Morgan—are members of the Graduate
Field of Computer Science, and Con-
way and Morgan hold joint appoint-
ments with that department.

William Maxwell bridged the gap for
us between the kinds of applications an
industrial engineer might make of OR
techniques and the applications of the
“systems man.” “The difference is a
























COMMENTARY

Engineering Education: The Problem of Allocation of Resources

In March 1969 Dale R. Corson, then
Provost, now President of Cornell Uni-
versity, spoke at the Sixth Institute for
Engineering Deans at their meeting in
M onterey, California. Excerpts from
thI:S‘ speech follow, including “six
Principles of good deansmanship in the
resource allocation area” and remarks
Mr. Corson made on the broader topic
of engineering education.

- - . The first principle [for educa-
tional vitality and leadership] is allocate
resources differentially. The certain
foad to mediocrity is to spread re-
Sources uniformly over all departments
and over all programs. At any given
ime particular programs need, and
should command, resources out of
Proportion to their ultimate role in the
Overall effort. A threshold level is
Tequired to make any new program go,
Whether it is a curricular program or a
Tesearch program. . . . After a plateau
level of vigorous activity has been
Teached, the level of support can
Stabilize and new resources can be
channelled in other directions.

There are also programs where the
level of achievement is so low that only
the input of really major additional
resources will achieve significant results.
The second hardest question any dean
has to answer is, “Do we close out a
weak program, or don’t we?” The
hardest question is, “Having decided to
close out a program, how do we do it?”

The second principle is use other
people’s money wherever possible.
There are many sources of other
people’s money—some of them re-
stricted to specific purposes, as in the
case of research grants or industrial
fellowship support for a particular field.
Federal matching grants for facilities is
another [source of funds]. Sometimes
one can develop industrial sustaining
grants for a particular department or a
particular research activity. Sometimes
gifts of equipment by industry are pos-
sible. ...

Most important to a private institu-
tion is the gift of buildings and other
major facilities. . . .

Using other people’s money some-
times has disadvantages as well as
advantages. Foundation grants some-

times fall in this category. Foundations
naturally are interested in funding new
projects which serve as demonstration
projects for new ways of doing things or
[in] beginning new lines of activity, and
without such support it would often be
impossible to undertake a new activity.
The pain comes, however, when the
grant runs out and when it is necessary
to pick up the ongoing program on
ordinary funds. The only way this can
be done with any degree of grace is
through constant awareness of the
problem and with a carefully planned
phasing in of normal support.

The use of other people’s money
implies an organization which can help
develop such sources of funds. An
organization which can produce high
quality local publications is useful.
These publications can be quarterlies or
they can be brochures on particular
programs. Continuing education pro-
grams which keep the particular institu-
tion constantly in the view of its con-
stituency [are] a useful mechanism.

The third principle is make the avail-
able money go as far as possible.
Matching one’s own resources with



“...we are still far
too much wedded to
the concept of pro-
ducing a professional
man at the under-
graduate level.”

other people’s money is one obvious
way to do this. Another is to give each
faculty member support personnel in
order to extend his own effort. At
Cornell we have steadily increased the
number of such people over the last
dozen years from about 2.8 supporting
people, that is, technicians, secretaries,
custodians, accountants, vice presi-
dents, per faculty member to about 4
per faculty member at the present time.

One important way to make money
go farther is to eliminate the big labora-
tory equipment, I have in mind particu-
larly the big heat-power laboratories,
the big electrical machinery laborato-
ries, and the chemical engineering unit
operations laboratories. One gains in at
least two ways with such a policy. In
the first place, it is not necessary to
maintain large amounts of expensive
equipment—small equipment with so-
phisticated instrumentation can provide
more effective teaching opportunities at
less cost. In the second place, large
amounts of space can be recovered at
the same time.

The fourth principle is be flexible.
One never knows when a special oppor-
tunity to move ahead in some particular
area will arise. . . . Such situations al-
ways require the commitment of funds
—a commitment which had not been
planned for. Flexibility is also required
to fight off raids on faculty members by
other institutions.

Quick response is important and is
possible only if contingency funds are
available. These can be budgeted in
limited amounts, but life is easier if the
dean has available a dean’s fund which
only he can commit. Industrial grants
for such purposes, gifts from alumni,

[and] bequests to the college, are all
sources of such money. Such flexibility
is probably easier to achieve in the
typical private institution than it is in
the typical public one. If you must wait
until the next biennial budget is ap-
proved before you can move on such
opportunities the opportunities are not
likely to sit still that long. In any case,
some mechanism for setting aside
money for purposes such as these is
important.

The fifth principle is gamble—be
bold. This is a way of saying that you
should overcommit the resources avail-
able to you. If you do it wisely you
won’t necessarily have to leave town in
a hurry because you have gambled and
lost. . ..

The same gambling principle applies
in other areas, as in the case of ap-
proaching people in parallel rather than
in series for a position where the proba-
bility of acceptance by any one person
is small.

This principle should be applied with
a certain degree of restraint. It is like
the three rules for courting a woman.
The first rule is be bold; the second rule
is be bold; the third rule is don’t be t00
bold.

The sixth principle is know your peo-
ple and programs. It is obvious that
priorities can’t be properly assigned of
the overall objectives of the college de-
fined unless the dean knows all the pro-
grams, both curricular and research, in
some detail. There is also great advan-
tage in dealing with granting agencies,
foundations, or other sources of money
if the dean can speak with assurance
about the people and programs in his
college or school. . . .

With this “how to do it in six easy
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“In each discipline . . . the leaders in the momentous
task of getting a mad world back on the track will
be those who see and understand beyond their own

professional horizon.”

The point I wish to make is that for
the prospective great engineers of to-
Morrow, assuming we can somehow
Identify them in the making, we need
Unique and flexible programs which will
de}ﬂand all of the imagination, enter-
Prise, enthusiasm, and expertise which
e faculties can bring to bear on this
elite group. And 1 don’t mean just

onors courses. An education will have
0 be provided for the engineering
leaders of tomorrow . . . which will turn
OUt men and women with social con-
SClence and political acumen in addition
to their technological skills. There must

€ some engineers who will see the for-
st as well as the trees; we shall need
¢ngineers who are truly educated per-
S0ns in a broad sense, non-professional
as well as professional.

- - . Speaking about engineering edu-
Cation [Philip Sporn once] said, “Is it
10t pertinent to ask, how well equipped
are the products of such training to
Solve the engineering problems of . . .
omorrow? The answer depends, of
Course, on the kinds of engineers we
Wafft. If what we are looking for in
®Ngineering are people who can solve a

particular problem from a specialized,
rather narrow viewpoint, then the kind
of curriculum we have in many of our
engineering schools, and the faculties
we have to implement these curricula,
are all good. But, if we are looking for
people who can take an integrated view
of a problem and can place it in its
broad social, political, and economic as
well as technical context, if we want
people who start out with an integrated
view of the world and what engineers
can do in and for it, then it seems to me
that the adequacy of curriculum and
faculty, in most cases, is not so
good.” . ..

What does it take to turn out a
Sporn-type engineer? I think it will take
professional graduate education on top
of pre-professional undergraduate edu-
cation, but we can’t achieve our objec-
tives simply by turning engineering
colleges into post-baccalaureate insti-
tutions and admitting graduates of lib-
eral arts undergraduate curricula. The
pre-professional undergraduate pro-
gram must be an engineering “major.”
providing the necessary background in
the natural sciences, the social sciences,

and the humanities, but at the same
time building the base in technology
which will provide the motivations, the
appreciations, and the attitudes which
characterize the true engineer,
Somehow the graduate effort must in-
clude internship or apprenticeship
in significant engineering enterprises,
whether on the campus or off.

To achieve what is needed in this
type of attack on engineering education
may take five years with some students,
ten years with others. It will take the
best efforts of the best teachers, some of
whom have yet to be found. It will mean
cooperation between schools and de-
partments in our universities where per-
haps suspicion and distrust have pre-
vailed in the past. It will tax our ingenu-
ity to enlist necessary cooperation and
support from government and industry.
In the end, from a variety of disparate
experiments we as educators should
learn a great deal, and society should
benefit. Such pilot programs with the
higher echelon of engineering students
should also lead the way to some basic
changes in the standard curricula for
the rank and file engineers; and they



may well involve undreamed of blend-
ings of [academic] resources in areas
remote from engineering. . . .

Let me turn now to a far simpler
problem—but one which perplexes [all
engineering deans]. The problem is who
teaches mathematics, physics, and
chemistry to the engineers and what
subject matter should be embraced in
the science courses. . . .

The number of graduate students in
physics, for example, is tied to the num-
ber of students and number of courses
taught to engineers, since the graduate
students are necessary as teaching as-
sistants. The number of faculty in the
physics department is tied both to the
number of undergraduates taught and
to the number of graduate students in
the department. The engineers want to
eliminate some of the physics taught by
the physicists and substitute courses
taught by [engineering faculty]. If there
is a shift in this direction, can funds now
going to physics be shifted—with con-
sequent reduction in the number of
graduate students and faculty members
in physics—to engineering so that the
engineers can staff themselves properly
to teach the added engineering courses?
The answer to this is “no,” or at least
“only with difficulty.” . . .

If the answer is “no” in cutting back
physics, can the engineers take on the
new responsibility without adding staff?
Again the answer is probably “no,” al-
though [all] engineering [faculties] now
include individuals with Ph.D.s in phy-
sics who are completely qualified to
teach the relevant physics whether it is
general 20th century physics or quan-
tum electronics.

Does it make sense pedagogically to
make such a shift? The engineers want

more time to build the rather specialized
physics needed for various modern en-
gineering fields. The physicists want to
present a complete physics course, not a
truncated one. They want to be sure to
present the subject in all its generality.
... I won’t answer the question. I will
only say that I believe the trend is in
the direction of the engineers teaching
more of the physics and mathematics
for their own students as they add phy-
sicists and mathematicians to their fac-
ulties.

As I bring these remarks to an end I
wish to tackle a final problem. We have
been talking about “engineering educa-
tion.” Others talk about business or
medical education, education for law or
for teaching. We have become over-
whelmed with the concept of profes-
sional education. Even the major efforts
of the humanists sometimes seem to be
finvolved] in the development of those
who will succeed them in the profes-
sorial ranks. Education has become dis-
tressingly fragmented.

Is it not imperative that we turn to
what, in our day, must constitute the
education of the whole man in and for
contemporary society? And what is this
contemporary society? As all of us well
know it is one in large measure gov-
erned, for good or ill, by the dictates of
the technology [that] we are the heirs
to and which we are developing at a
dizzy pace. The good and evil conse-
quences of this development lie all
around us in our crowded cities, our
congested airports and airways, our
despoiled rivers and lakes, and in the
affluent society, which so many of our
young people now question or even
deny, with all its material largesse. We
see men literally reaching for the stars,

yet building devices which may in min-
utes destroy half of mankind. We see a
world in great disarray, which, if man
is to survive, must be set right. Those
who face these problems and who,
hopefully, will solve them sit in our
classrooms today. What we do for them,
to them, or with them will make a great
deal of difference.

But, remember, I am not talking here
only of engineers; I am talking of the
students who sit in all the classrooms, in
history, anthropology, English, romance
literature. How much do students in
these classes know about the technology
which has created their world? How
much can we as engineers teach them?
Do we have an obligation here [that]
extends beyond our own students? 1
think the time has come when we must
break the professional educationists out
of their cells and get them talking not
only to each other’s students but to each
other. No one discipline, no one profes-
sional group, can any longer lay claim
to being the world’s savior. In each dis-
cipline, in each professional category,
the leaders in the momentous task of
getting a mad world back on the track
will be those who see and understand
beyond their own professional horizon.

The engineers have a key role to play
in a world now dominated by their
fruits; they need not only to extend their
own perception into the realm of value
judgments, [but to interpret] their own
technological heritage to all the other
professionals and non-professionals. It
is a challenge which none of us in
[higher education] can afford to ignore.

Dale R. Corson was dean of the College
of Engineering and professor of engineer-
ing physics at Cornell from 1959 to 1963.
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Progress on the Molecular Frontier

¥ “We're still fighting the fight,” Walter
S. Owen said, referring to the fight to
CStablish materials science as a highly
Significant educational and research ac-
Wity in the United States. Because the
Study of materials requires a team ef-
fort—the work of engineers, physicists,
chemists, and metallurgists—progress
“an at times be very slow. All too often
the centrifugal forces operating in a
8roup are greater than the binding
Orces holding it together. For years,
Metallurgists have been concerned with
Metals and their alloys and have been
closely associated with the industries
I;tgducing these rflaterials. Today, how-
h I, the materials-scientist engineer
ould also be able to design new
;Til:lterials, to tackle “any messy mate-
on S problem.” Further, the design
Onglnecr'must meet the demands made
Materials by their environments.

M\{Ch of the impetus for creating the
;’rls:;:rlals-scien.tist engineer has come
ener our nanonal‘ space and atomic
al gy efforts. Ma.]or grants made ini-
of WthO five American universities, one
ich was Cornell, by the Advanced
¢search Projects Agency (ARPA) of

the Department of Defense, gave scien-
tists the funds to cultivate significantly
new approaches in the study of mate-
rials’ properties. The traditional manner
in which a material was selected for a
particular application was to scan the
various properties (for example, ther-
mal conductivity, tensile strength, duc-
tility) of well-known materials and se-
lect the best material from among the
alternatives. Then, too, commented
Professor Owen, “We have always
tended to think in terms of what mate-
rial has been associated with a particu-
lar commodity—steel with automobiles,
for example.” The motivation for the
metallurgist has been either to improve
materials already in use or to seek less
costly alternatives that could do the job
as well or better.

Today, however, we see the need to
be able to design materials that have
unique characteristics. The problem of
creating new materials becomes critical
when one considers the multitude of
conditions and environments to which
modern materials are being subjected.
Greater probing of interactions at the
atomic and subatomic levels, both

within and on the surfaces of materials,
and the study of defects and disloca-
tions, are needed if the promise of “de-
signed materials” is to be achieved.

SOME MATERIALS PROBLEMS

We asked Professor Owen where he
thought the action was likely to be in
materials science and engineering in the
next decade. To this, his response was
effusive. He began with the oceans.
Here, all kinds of materials problems
arise because of the high pressures en-
countered by deep submergence vessels.
Not only must materials be fabricated
into structures that can sustain high
pressures, they must in some cases be
transparent and buoyant too. In the
laboratory, effects produced by pres-
sures much greater than those experi-
enced in the deepest ocean are being
explored. At Cornell Professor Arthur
L. Ruoff has completed several investi-
gations on the behavior of materials at
high hydrostatic pressures. Studies in
this area involve using pressure to pro-
duce new forms of familiar elements. It
has been postulated. for example, that
hydrogen in metallic form would have
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PUBLICATIONS

The following publications and conference
papers by faculty members and graduate
students of the Cornell College of Engi-
neering were published or presented dur-
ing May, June, and July 1969. The names
of Cornell personnel are in italics.

B AEROSPACE ENGINEERING

Atassi, H., and Shen, S. F., “Hydrody-
namic Description of the Rarefied Gas
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Steady Low-Speed Motion and with
Heat Transfer,” 6th International Sym-
posium on Rarefied Gas Dynamics, 1
(New York: Academic Press, 1969),
pp. 805-10.

Frohn, A., and de Boer, P. C. T.,
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Times in Shock Tubes,” Shock Tube
Symposium, Physics of Fluids Supple-
ment (1969), pp. [-54-57.

Seebass, R., “Sonic Boom Theory,”
Journal of Aircraft, 6:3 (May-June
1969), 177-84.

Turcotte, D. L., “Structure of Strong
Shock Waves in Diatomic Gases,” 6th
International Symposium on Rarefied
Gas Dynamics, 1 (New York: Aca-
demic Press, 1969), pp. 331-41.

Turcotte, D. L. and Scholnick, I. M.,
“Structure of Strong Shock Waves,”
Shock Tube Symposium, Physics of
Fluids Supplement (1969), pp. 1-79-
82.

B AGRICULTURAL
ENGINEERING

Cooke, J. R., “The Influence of Stoma-
tal Spacing upon Diffusion Rate,” Paper
No. 69-525, presented at the 1969
Annual Meeting of the ASAE, West
Lafayette, Ind., June 1969.

Johnson, A. T., and Scott, N. R., “A
Computer Model of Thermoreceptors,”
Paper No. 69-435, presented at the
1969 Annual Meeting of the ASAE,
West Lafayette, Ind., June 1969.

Ludington, D. C., Sobel, A. T., and
Hashimoto, A. G., “Odors and Gases
Liberated from Diluted and Undiluted
Chicken Manure,” presented at the
1969 Annual Meeting of the ASAE,
West Lafayette, Ind., June 1969.

Romig, B. E., and Millier, W. F.,
“Metering of Granular Fertilizers,
Application of Plasticity Theory to
Flow Pattern Prediction,” Paper No.
69-142, presented at the 1969 Annual
Meeting of the ASAE, West Lafayette,
Ind., June 1969,

Scott, N. R., and van Tienhoven, A.,
“Simultaneous Measurement of Hypo-
thalamic and Body Temperature and
Heart Rate of Poultry,” Paper No.
69-455, presented at the 1969 Annual
Meeting of the ASAE, West Lafayette,
Ind., June 1969.

Spencer, J. W., “Some Observations on
Bituminous Surface Treatments,” pre-
sented at the meeting of the New York
Bituminous Distributors Association,
Inc., Rochester, N.Y., June 1969.

Spencer, J. W., “What is the Role of the

County Engineer in Highway Plan-
ning?” Better Roads, 39:7 (July
1969), 24 1.

Spencer, J. W., and Ditmars, C. D.
“Measuring Application Rate of Bitu-
minous Materials,” Public Works
100:6 (June 1969), 92 ff.

R APPLIED PHYSICS

Beasley, M. R., Labusch, R, and
Webb, W. W., “Flux Creep in Type Il
Superconductors,” Physical Review,
181 (May 1969), 682-700.

Clark, 1. J., Ury, M., Andrews, M. L+
Hammer, D. A., and Linke, S., “High-
Current Relativistic Electron Beam
Accelerators at Cornell University,
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bresented at the 10th Symposium on

lectron, lon and Laser Beam Tech-
Nology, Gaithersburg, Md., May 1969
(sponsored by the National Bureau of
Standards) .

flez.ychmann, H.H. and Young, R. A.,
Stripping and lonization in Low-

Energy Collisions of H on O. and N,,”
hysics Letters, 29A (1969), 287 f1.

g}xang, J.S., and Webb, W. W., “The

iffuse Interface in a Critical Fluid

p IXture,” Journal of Chemical Physics,
0 (1969), 3677 ff.

?uang, 3. S., and Webb, W. W., “Vis-
OOUS Damping of Thermal Excitations
N the Interface of Critical Fluid

IXtures,” Physical Review Letters, 23
(1969), 160 fi.

Nelkin, M., “The ABC Guide to Theo-
¢s of Neutron Inelastic Scattering by
'quids,” presented at the Meeting on

Liquids, Harwell, England, June 1969,

an‘-’Ufin, M., “Effective Field Approxi-
ations in Classical Liquids.” Physical
€view, 183 (July 1969), 349 fi.

t?(;‘;oleva, P., and Nelkin, M., “Fluctua-

lms of the Single-Particle Distribution

Re Ction in Classical Fluids,” Physical
View, 181 (May 1969), 429 ff.

Rogers, A. W., Darzynkiewicz, Z., Sal-
peter, M. M., Ostrowski, K., and Bar-
nard, E. A., “Quantitative Studies on
Enzymes in Striated Muscles,” Journal
of Cell Biology, 41 (June 1969), 665
fi.

Salpeter, M. M., “Electron Microscope
Radioautography as a Quantitative
Tool in Enzyme Cytochemistry. 11. The
Distribution of DFP-Reactive Sites at
Motor Endplates of a Vertebrate
Twitch Muscle.” Journal of Cell Biol-
ogyv, 42 (July 1969), 122 ff.

Warren, C., and Webb, W. W., “The
Interfacial Tension of Near-Critical Cy-
clohexane-Methanol Mixtures,” Jour-
nal of Chemical Physics, 50 (1969),
3694 fI.

B CHEMICAL ENGINEERING

Ashline, R. C., and Von Berg, R. L.,
“The Aqueous Phase Oxidation of Cy-
clohexane Using Gamma Radiation,”
AIChE Journal, 15 (1969), 387-92.

Daley, L. R., and Rodriguez, F.,
“Glass-Catalyzed Hydrolysis of Silane
Coupling Agents,” presented at the
65th National Meeting of AIChE,
Cleveland, May 1969.

Edwards, V. H., and Finn, R. K., New
Separation Techniques (New York:
American Institute of Chemical Engi-
neers, 1969), 180 pp.

Naworski, J. S., and Harriotr, P.,
“Oligomerization of I-Butane in Sul-
furic Acid: Mechanisms and Rates.”
Industrial Engineering Chemistry Fun-
damentals, 8 (1969), 397 f1.

Rodriguez, F., “Lecture Demonstra-
tions of Polymer Structure Using Polar-
ized Light,” Journal of Chemical Edu-
cation, 46 (July 1969), 456-58.

Von Berg, R. L., Williamson, K. D.,
and Edeskuty, F. J., “Heat Transfer to
Nitrogen in the Vicinity of the Critical
Point,” presented at the Cryogenic
Engineering Conference, University of
California, Los Angeles, June 1969.

B CIVIL ENGINEERING

Gallagher, R. H., “The Finite Element
Method in Elastic Instability Analysis,”
presented at the ISD/ISSC Symposium
on Finite Element Techniques, Stutt-
gart, West Germany, June 1969 (spon-
sored by the International Ship Struc-
ture Congress).



Gates, C. D., “Management of Estu-
arine Environments,” Proceedings of
the National Estuarine Pollution Con-
ference, New York City (May 1969),
pp- 46-58.

Lawrence, A. W., and Gates, C. D.,
editors of Abstracts of Papers from
Second National Symposium on Sani-
tary Engineering Research, Develop-
ment and Design, Cornell University,
Ithaca, N.Y., July 1969, 134 pp.
(sponsored by the Sanitary Engineer-
ing Division, ASCE, and the Depart-
ment of Water Resources Engineering,
Cornell University).

Liggett, J. A., “Unsteady Circulation
in Shallow, Homogeneous Lakes,”
Journal of the Hydraulics Division,
ASCE, 95: HY4 (July 1969), 1273 ff.

Loehr, R. C., and de Navarra, C. T.,
“Grease Removal at a Municipal Treat-
ment Facility,” Journal of the Water
Pollution Control Federation, 41:5
(May 1969), R142-54.

Loucks, D. P., “A Review of the Lit-
erature of 1968 on Wastewater and
Pollution Control: Systems Analysis,”
Journal of the Water Pollution Control
Federation, 41:6 (June 1969), 873-
1223.

Loucks, D. P., “Some Stochastic Mod-
els for Water Quality Control,” pre-
sented at the 4th AAPSE Annual
Workshop on Applications of Systems
Analysis in Sanitary Engineering, Myr-
tle Beach, S.C., June 1969.

Loucks, D. P., “A Systems Approach
to Water Pollution Control,” Waier
and Wastes Engineering, 6:7 (July
1969), 43 ff.

McNair, A. J., “Surveying Degree Pro-
grams in Europe,” Official Proceedings
of the Surveying Teachers Conference,
Cornell University, Ithaca, N.Y., Aug-
ust 1968 (sponsored by NSF-ASEE).

Plum, R. L., and Esrig, M. I., “Some
Temperature Effects on Soil Com-
pressibility and Pore Water Pressure,”
Highway Research Board Special Re-
port 103, Publication 1641, Proceed-
ings of the International Conference on
Effects of Temperature and Heat on
Engineering Behavior of Soils, Wash-
ington, D.C., June 1969 (sponsored by
Highway Research Board, Jan. 1969).

Sexsmith, R. G., “Reliability Analysis
of Concrete Members,” Journal of the

American Concrete Institute, 66:5
(May 1969), 413-20.

B COMPUTER SCIENCE
Hartmanis, J., and Stearns, R. E.,

“Automata-Based Computational Com-
plexity,” Information Science, 1:2
(1969), 173-84.

Lesk, M. E., and Salron, G., “Interac-
tive Search and Retrieval Methods Us-
ing Automatic Information Displays,”
Proceedings of the AFIPS Spring Joint
Computer Conference (Washington:
Thompson Book Co., May 1969),
435-46.

Sweet, R. A., “A Recursive Relation
for the Determinant of a Pentadiagonal
Matrix,” Communications of the ACM,
12:6 (June 1969), 330-32.

B ELECTRICAL ENGINEERING

Brayman, 1., “The Transient and Aver-
age Thermal Dependence of the Effi-
ciency and Operation of Epitaxial Gunnil
Effect Diodes,” presented at the IEEE
Device Research Conference, Roches-
ter, N.Y., June 1969.

Camp, W. O., Jr., “Time Domain Com-
puter Solutions of Gunn Devices 19
Microwave Circuits,” presented at the
IEEE Device Research Conferencé,
Rochester, N.Y., June 1969.
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Carlin,, H.J., “Circuit Theory and Rele-
vance,” presented at the RADC Semi-
nar Series, Rome, N.Y., May 1969.

Shan, F. T. and Tang, C. L., “Rota-

(1:0116}1_ Transition of CO, Molecule by

40]11810118,” Journal of Applied Physics,
0 (June 1969), 2806-900.

I(-:Ilark’ 1.3, Ury, M., Andrews, M. L.,

p ammer, D. A., and Linke, S., “Rela-
Vistic Electron Beam Accelerators at
Ornell University,” Record of the 10th
Ymposium on Electron, lon and Laser

Meam Technology, Gaithersburg, Md.,
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gtasrman, L. F., “The Capabilities and
W ate ’(’)f the Art of Gunn and LSA De-
ICes, presented at the G-MTT IEEE
lgtggnatlonal Symposium, Dallas, May

fr“s{man, L. F., “Millimeter Wave Gen-
ation with Semiconductor Bulk and
‘ansit Time Devices,” presented at
¢ Millimeter Wave Meeting, Durham,
ti(;C" July 1969 (sponsored by the Na-
Nal Academy of Sciences and the
Mted States Army).

ﬁ?audi, F., and Sudan, R. N., “A Re-
S"Y of the Nonlinear Theory of Plasma
Cillations,” Plasma Physics, 11 (May
69),359_89.

Farley, D.T., et al., “Progress in Mag-
netospheric Radio,” Radio Science, 4:7
(July 1969), 623-34.

Fine, T., “Computational Complexity,
Random Sequence and Probability,”
presented at the Systems Science Semi-
nar, T. J. Watson Research Center,
1.B.M., Armonk, N.Y., June 1969.

Jelinek, F., “New Approaches to Se-
quential Decoding,” presented at the
IEEE International Conference on
Communications, Boulder, Colo., June
1969.

Jeppesen, P., and Jeppsson, B., “Com-
puter Simulations of LSA Oscillators
with High Doping to Frequency Ra-
tios,” Proceedings of the IEEE (Cor-
respondence), 57:5 (1969), 795.

Jeppsson, B., and Jeppesen, P., “A
High Power LSA Relaxation Oscilla-
tor,” Proceedings of the IEEE (Cor-
respondence), 57:6 (1969), 1218.

Jeppsson, B., and Jeppesen, P., “A
Study of High Power Pulsed LSA Gal-
lium Arsenide Devices,” presented at
the G-MTT 1EEE International Sym-
posium, Dallas, May 1969.

Johnson, E. F., “Laser Probe Measure-
ments of Electron Concentration in

GaAs,” presented at the IEEE Device
Research Conference, Rochester, N.Y.,
June 1969.

Kan, T., Powell, H. T., and Wolga, G.

J., “Observations of the Central Tuning

Dip in N.O and CO. Molecular La-

sers,” IEEE Journal of Quantum Elec-

grgnics, QE-5:6 (June 1969), 299-
0.

McFarlane, R. A., and Fretz, L. H.,
*“High Power Operation of Pulsed Wa-
ter-Vapor Laser and Precision Wave-
length Measurement of the Strongest
Component,” Applied Physics Letters.
14:12 (June 1969), 385 ff.

Manuccia, T. J., and Wolga, G. 1.,
“The Properties and Application of
Diffraction Gratings in Frequency Se-
lective Laser Resonators,” presented at
the 2nd Conference on Chemical La-
sers, St. Louis, Mo., May 1969,

Merriam, C. W., 11,
Lumped Electrical Systems
York: John Wiley & Sons, 1969).

Analysis  of
(New

Ott, E., and Shmoys, J., “Transient
Radiation in a Plane Stratified Disper-
sive Medium: II. Exponential Profile,
Plasma Slab, and Plasma Gap,” Cana-
dian Journal of Physics, 47 (July
1969), 1435-46.



Prada, G., and Bickart, T., “Stability
of a Class of Distributed RC Networks
with Nonlinear Elements,” Proceed-
ings of the 12th Midwest Conference on
Circuit Theory, University of Texas,
Austin, 1969.

Snapp, C. P., and Hoefflinger, B., “De-
generate Avalanche Resonance Pumped
Amplification,” presented at the IEEE
Device Research Conference, Roches-
ter, N.Y., June 1969.

Sudan, R, N., “Kinetic Theory of
Waves in Hot Plasmas,” presented at
the Symposium on Kinetic Equations,
Cornell University, Ithaca, N.Y., June
1969.

Sudan, R. N., “Mode Coupling in Plas-
mas,” presented at the Gordon Re-
search Conference on Nonlinear Phe-
nomena in Collisionless Plasmas, Provi-
dence Heights College, Issaquah, Wash.,
June 1969.

Tang, C. L., “Spontaneous Emission in
the Frequency Up-Conversion Process
in Non-Linear Optics,” Physical Re-
view, 182 (June 1969), 367-72.

Tang, C. L., and Hocker, G. B., “Meas-
urement of the Transition Moment by
the Optical Nutation Effect,” presented
at the USSR Gas Laser Symposium,

Novosibirsk, USSR, July 1969 (spon-
sored by the Institute of Semiconductor
Physics, Novosibirsk, and the Lebeded
Physics Institute, Soviet Academy of
Sciences, Moscow).

B MATERIALS SCIENCE AND
ENGINEERING

Ast, D. G., and Seidman, D. N., “A
Bakeable, Demountable Field Ion Mi-
croscope with a Continuous Transfer
Liquid Helium Cryostat,” Journal of
Scientific Instruments, 2 (1969), 575
ff.

Baker, J. M., Blakely, J. M., and
Strozier, J. A., “LEED at Cleaved Zn
and Be,” presented at the AIME Sym-
posium on Electron Metallography,
Pittsburgh, May 1969.

Blakely, J. M., Baker, J. M., and
Strozier, J. A., “Study of Low Energy
Electron Diffraction at Cleaved Zn and
Be Surfaces,” presented at the Interna-
tional Conference on the Structure and
Properties of Metal Surfaces, Paris,
July 1969 (sponsored by the Centre
Nationale de Recherche Scientifique).
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Smith, G. V., “On the Distinction be-
tween Alloy Softening Due to Nitrogen
and Nicke! in Dilute Lattice Solution in

Iron,” Scripta Metallurgica, 3 (1969),
521-30.

Day,J. T., Ho, P. F., and Ruoff, A. L.,
“Continuous Wave Ultrasonic Inter-
ferometric Measurements,” Bulletin of
the APS, 14:4 (1969), 499 ff.

Ho. P. S, and Ruoff, A. L., “Pressut®
Dependence of the Elastic Constants
for Aluminum from 77° to 300°K,
Journal of Applied Physics, 40 (July
1969), 3151 ff.

Poeppel, R. B., and Blakely, J. M.
“Origin of Equilibrium Space Charge
Potentials in lonic Crystals,” Surfac€
Science, 15 (1969), 507 ff.

Sass, S. L., “Preparation of Lithium fof
Transmission Electron Microscopy:
Applied Physics Letters, 17 (1969)
365 ff.

Sass, S. L., “The « Phase in a Zr725
at-pct Ti Alloy,” Acta Metallurgict
17 (1969), 813 fl.

Sass, S. L., “The » Phase in a Zr-25
at-pct Ti Alloy,” presented at the
AIME Symposium on Electron Metal-
lography, Pittsburgh, May 1969.

Seidman, D. N., Scomlan, R. M., Stry”
ris, D. L., and Bohlen, J. M., “A Simplé



Continuous Transfer Liquid Helium
Cryostat for an Ultra-High Vacuum
Field Ton Microscope,” Journal of Sci-
entific Instruments, 2 (1969), 473 fI.

Smith, G. V., “Evaluation of Elevated
Temperature Strength Data,” presented
at the annual meeting of the American
Socx.ety for Testing Materials, At-
lantic City, N.J., June 1969.

Z’?Cy, J. C., and Blakely, J. M.,
Kinetics of Oxygen Adsorption on the
(112) and (110) Planes of Tungsten,”

Surface Science, 15 (1969), 257 ff.

¥ MECHANICAL ENGINEERING

Booker, J. F. “Dynamically-Loaded
OUrr’lal Bearings: Maximum Film Pres-
STure, " Paper No. 68-WA/LUB-2,
"ansactions of the ASME, Journal of
]llbrlcation Technology, 91 (July
969). 534 ff,

\?ebhart, B., “External Natural Con-
ction Flows,” Applied Mechanics
eviews, 22 (July 1969), 691-701.

Gebhart, B., and Dring, R. P., “An Ex-
Perimental Investigation of Disturbance
umpllﬁcation in External Laminar Na-
F[ra'l Convection Flows,” Journal of
4415;61 Mechanics, 36 (May 1969),

C{’bhart, B., and Dring, R. P., “Hot
'fe  Ancmometer Calibration for
“asurements at Very Low Velocity,”

H’:nmcmms of the ASME, Journal of

44‘” Transfer, 91 (May 1969), 241~

Lellb()vl'ch’ S. , “
Fl

¢ Evolution of Nonlinear
aves in Rotating Fluids,” Phyvsics of
Uids, 125 (May 1969), 1124-25.

(L)“iblovi.ch: S., “Hydrodynamic Stability
43 N Snvlsmd Rotating Coaxial Jets,”
A CR-1363 (May 1969). 30 pp.

Leibovich, §., “Wave Motion and Vor-
tex Breakdown,” presented at the
AIAA Fluid and Plasma Dynamics
Conference, San Francisco, June 1969,

Moore, F. K., “On Minimizing the
Wake of Droplets,” NASA CR-1368
(May 1969).

Sumner, B. S., and Moore, F. K.,
“Comments on the Nature of the Out-
side Boundary Layer on a Liquid
Sphere in a Steady, Uniform Stream,”
NASA CR-1362 (May 1969).

Torrance, K. E., “Theoretical Polari-
zation of Off-Specular Reflection
Peaks,” Transactions of the ASME,
Journal of Heat Transfer, 91 (May
1969), 287-90.

B OPERATIONS RESEARCH

Dafermos, S. C., “System-Optimizing
and User-Optimizing Traffic Patterns
in Networks with Nonseparable Cost
Functions,” DT-FHA Report No. 5
(June 1969).

Dafermos, S. C., and Sparrow, F. T.,
“The Traffic Assignment Problem for a
General Transportation Network,”
Journal of Research of the National
Bureau of Standards, B. Math. Sci-
ences, 73B:2 (Apr.—June 1969). 91—
118.

Emmons, H., *One-Machine Sequenc-
ing to Minimize Certain Functions of
Job Tardiness,” presented at the 1969
Joint National Meeting of the Opera-
tions Research Society of America and
the American Astronautical Society.
Denver, June 1969. Journal of the
ORSA, 17:4 (July—Aug. 1969). 701-
15.

Lucas, W. F., *The Disproof of a Con-
jecture by von Neumann,” presented
at the Symposium on Optimization,
Texas A & M University, College Sta-
tion, May 1969.

Lucas, W. F., *‘Results and Directions
in n-Person Cooperative Games,” pre-
sented at the 35th National Meeting of
the ORSA, Denver, June 1969. Bulle-
tin of the ORSA, 17, Supplement 1
(1969}, B-126.

Yamamoto, S., and Brown, M., “Ra-
dioactivity Growth-Decay Data: Anai-
ysis by Application of the Least-
Squares Method.,” International Jour-
nal of Applied Radiation and Isotopes,
20 (1969),209-27.

B THEORETICAL AND
APPLIED MECHANICS

Alfriend, K. T., and Rand, R. H., “*Sta-
bility of the Triangular Points on the
Elliptic Restricted Problem of Three
Bodies,” AIAA Journal, 7:6 (June
1969), 1024-28.

Block, H. D., “Bionics and Robots.,”
ASTME Vectors, 4:4 (July 1969),
22-28.

Block, H. D., and Ginsburg, H., “The
Psychology of Robots.” in Readings in
Psychology Todav (Delmar, Calif.:
CRM Books, 1969). pp. 36-41.

Dafermos, C. M., “The Mixed Initial-
Boundary Value Problem for the Equa-
tions of Nonlinear Viscoelasticity,”
Journal of Differential Equations, 6
(1969), 71-86.

Hetnarski, R. B., “The Generalized
D’Alembert Solution to the Problem of
Coupled Elasticity.” Proceedings of
8th European Collogquium in Warsaw,
1967, Progress in Thermo-elasticity
(Warsaw: Polish Academy of Sciences,
1969).

Lance, R. H., and Soechting, J. F., “A
Bounding Principle in the Theory of
Work-Hardening Plasticity,” Journal of
Applied Mechanics, 36:2 (June 1969),
228 fi.
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