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Further Information

Undergraduates

All prospective engineering students should write for 
a copy of the Announcem ent o f General Information, 
which describes the University com m unity in greater 
detail. Engineering at Cornell, an illustrated An
nouncement, has been prepared especially for pre
college students, and it too may be obtained by 
writing Cornell University Announcements, Day Hall, 
Ithaca, New York 14850.

Graduates

The Announcem ent o f the Graduate School should 
be consulted for additional information regarding ad
mission, financial aid, and degree requirements. Ap
plicants for graduate study may also request the 
Announcem ent o f the Graduate School: Course De
scriptions. Also available is Graduate Study in Engi
neering and Applied Science, which contains 
information on various research programs and areas 
of study. These publications may be obtained by 
writing Cornell University Announcements, Day Hall, 
Ithaca, New York 14850.
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Cornell Academic Calendar

Registration, new students Thursday, August 29
Registration, continuing and rejoining students Friday, August 30
Fall term instruction begins Monday, September 2
Thanksgiving recess:

Instruction suspended, 1:10 p.m. Wednesday, November 27
Instruction resumed, 7:30 a.m. Monday, December 2

Fall term instruction ends, 1:10 p.m. Saturday, December 7

Final examinations begin Friday, December 13
Final examinations end Saturday, December 21
Registration, new and rejoining students Thursday, January 23
Registration, continuing students Friday, January 24
Spring term instruction begins, 7:30 a.m. Monday, January 27
Spring recess:

Instruction suspended, 1:10 p.m. Saturday, March 22
Instruction resumed, 7:30 a.m. Monday, March 31

Spring term instruction ends, 1:10 p.m. Saturday, May 10

Final examinations begin Monday, May 19
Final examinations end Wednesday, May 28
Commencement Day Monday, June 2

The dates shown in the Academic Calendar are sub
ject to change at any time by official action of Cor
nell University.

In enacting this calendar, the University Senate has 
scheduled classes on religious holidays. It is the in
tent of Senate legislation that students missing 
classes due to the observance of religious holidays 
be given ample opportunity to make up work.





Cornell University

College of Engineering

In engineering, a constant factor is change— change 
so swift that the engineering student must be offered 
an education that is adaptable and flexible as well as 
specific. In its long history, the College of Engineer
ing at Cornell has consistently offered such educa
tion. Today the College combines undergraduate and 
graduate education with scientific and engineering 
research within the context ot a diverse and distin
guished university, and is thereby continuing its tradi
tion of providing both practical and sound general 
education.

Engineering courses have been taught at Cornell 
since the University was founded more than one 
hundred years ago. At that time, Cornell was regard
ed as a radical experiment in higher education, 
teaching subjects like engineering and agriculture as 
well as the humanities. The University's founder and 
first benefactor, Ezra Cornell, was convinced, howev
er, that the classics and the more practical “ me
chanic arts”  would thrive together and that the 
nation needed citizens educated in both. Mr. Cornell 
had had considerable experience in engineering 
work: for example, he laid the first telegraph line be
tween Baltimore and Washington for Samuel F. B. 
Morse. Ezra Cornell made the first clear statement ot 
what is now generally conceived to  be the true uni
versity concept of higher education, when he said of 
his University, “ I would found an institution where 
any person can find instruction in any study."

In addition to the College of Engineering, Cornell 
University has six other divisions to  which secondary 
school graduates are admitted: College of Agriculture 
and Life Sciences; College of Architecture, Art, and 
Planning; College of Arts and Sciences; School of 
Hotel Administration; College of Human Ecology; and 
School of Industrial and Labor Relations. Graduate 
education at Cornell is administered by the Graduate 
School and by the professional or graduate divisions 
in law, veterinary medicine, business and public ad
ministration, nutrition, nursing, and medicine. All but 
the last two divisions (which are in New York City) 
are in Ithaca, New York, on a campus that is gener
ally regarded as one of the most beautiful in the 
United States.

Engineering students at Cornell, whether graduate or 
undergraduate, are not only a part of a distinguished 
engineering college but also a part of the larger Univer
sity; they may, ot course, draw upon the course offer
ings of other divisions of Cornell. Undergraduate stu
dents have a choice of a w ide range ot specialty pro
grams which can be adapted to  meet particular educa
tional and career goals, or they can arrange individual 
curricula.

Cornell has produced many engineering firsts: It de
veloped the first undergraduate electrical engineering 
program in the nation and pioneered in the early de
velopment of curricula in industrial engineering, me
chanical engineering, and engineering physics. 
Cornell was the first to award graduate degrees in 
engineering— the degree of Civil Engineer in 1870 
and the first doctorate in civil engineering in 1872. 
The latter was the first Ph.D. awarded at Cornell in 
any graduate study. In 1885, Cornell granted the first 
Ph.D. in electrical engineering in the nation, and in 
1886, one of the first major national scientific frater
nities, Sigma Xi, was founded at Cornell.

Today, approximately 2,200 undergraduate engineers 
are enrolled in the various schools and departments 
of the College of Engineering. In addition, about 650 
full-time students are working on advanced degrees 
in areas covering every portion of the engineering 
profession. Two hundred engineering facu lty mem
bers are complemented by the faculties in the Universi
ty 's  mathematics and science departments.

The rapid acceleration of the growth of modern sci
ence and technology poses a complex and exciting 
challenge for engineering education. Every division 
of the College is committed to offering the best pos
sible undergraduate programs and to advancing 
graduate education and research. In this way, Cor
nell engineers are provided with the foundation es
sential for active and rewarding professional careers.
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Organization of the College

The College of Engineering offers degree programs 
at each of the follow ing levels: Bachelor o f Science, 
Master of Engineering, Master o t Science, and Doc
tor of Philosophy. To carry out the aims of each of 
these degree programs, the faculty of the College of 
Engineering is organized into schools, departments, 
and graduate Fields.

Generally, a school or department is responsible for 
definition and subsequent supervision of the under
graduate curriculum  in its area of engineering. In ad
dition, the faculty of a school is responsible for the 
Master o f Engineering degree program.

For Master of Science and doctoral programs, the 
University faculty is organized into graduate Fields. 
(See p. 12 for those Fields associated with the faculty 
of the College of Engineering.)

Thurston Hall facilities are used by the Department of 
Theoretical and Applied Mechanics and by the De
partment of Structural Engineering of the School of 
Civil and Environmental Engineering.

Upson Hall houses the administrative offices and 
some of the facilities of the Sibley School o f Mechan
ical and Aerospace Engineering; the School of Indus
trial Engineering and Operations Research; the 
University’s Department o f Computer Science; and 
headquarters of the Laboratory of Plasma Studies. A 
remote terminal of the University’s central computing 
facility, located in Upson Hall, provides convenient 
access for engineering students and professors.

Ward Laboratory o f Nuclear Engineering  houses spe
cial equipment including TRIGA and low-power re
actors, a gamma irradiation cell, and a low-energy 
ion accelerator.

More detailed descriptions of facilities fo r each of the 
instructional areas in the College may be found w ith
in the section Areas of Instruction.

Facilities

Buildings and Laboratories

A complex of modern buildings, most o f them on the 
Engineering Quadrangle, provides accommodations 
for engineering teaching and research. Several of 
these buildings have been gifts from distinguished 
Cornell alumni.

Carpenter Hall houses administrative offices and the 
Engineering Library.

Bard Hall contains most of the laboratories and 
classrooms of the Department of Materials Science 
and Engineering.

Clark Hall serves the University's Department of 
Physics and houses facilities o f the School of Ap
plied and Engineering Physics. It is located on the 
campus of the College of Arts and Sciences.

Grumman Hall, adjacent to Upson Hall, houses some 
of the facilities of the Sibley School of Mechanical 
and Aerospace Engineering.

Hollister Hall houses the School o f Civil and Environ
mental Engineering.

Kimball Hall is used fo r mechanical engineering labo
ratories and also houses the Department o f Geologi
cal Sciences.

Olin Hall houses the School of Chemical Engineer
ing. The offices of the Division of Basic Studies and 
the Engineering Advising and Counseling Center are 
also located there.

Phillips Hall is the headquarters o f the School of 
Electrical Engineering.

Library Resources

The Engineering Library, in Carpenter Hall, contains 
approximately 140,000 books and periodicals, a co l
lection which reflects the needs of the many schools 
and departments of the College of Engineering. 
Among the specialized holdings of the Engineering 
Library are a full depository collection of the United 
States Atomic Energy Commission, a subscription 
collection of the Rand Corporation publications (es
tablished in 1953), and the Water Resources Collec
tion. For patent research, the library maintains sets 
of the Official Patent Gazette of the United States 
Patent Office and the Canadian Patent Office Record 
(patent abstracts), and a file o f the British patents.

Allied and supporting literature in the basic sciences 
is available in the Edna McConnell C lark Library 
(physical sciences) in Clark Hall and in the Math
ematics Library in White Hall. The major collection in 
the biological sciences is found in the A lbert R.
Mann Library, and that for the geological sciences in 
the John M. Olin Library. The total library resources 
of the University include more than four million vol
umes.

Academic Programs

Bachelor of Science Degree

The undergraduate degree of Bachelor o f Science is 
granted by the College of Engineering upon the suc
cessful com pletion of a four-year course of study,
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which includes forty courses with at least 126 credit 
hours. Students obtain this degree by spending two 
years in the Division of Basic Studies preparing for 
entry into one of seven upperclass Field Programs or 
a College Program, in which they will spend two ad
ditional years completing the requirements for the 
undergraduate degree. (An exception is the program 
in agricultural engineering, which is administered 
jointly by the College of Engineering and the College 
of Agriculture and Life Sciences. Students are en
rolled in the College of Agriculture and Life Sciences 
for the first three years, and in the College of Engi
neering for the fourth year.)

Undergraduate Engineering Curricula

One of the goals of the engineering curricula is to 
provide a sound educational base that makes possi
ble a wide choice of careers in engineering and ap
plied science.

The undergraduate curriculum  includes forty 
courses, with a minimum of 126 credits, that are di
vided between the underclass Basic Studies Program 
and the more specialized upperclass program.

The underclass curriculum  consists of five courses 
each of four semesters; the twenty courses are dis
tributed as follows:

Two introductory engineering courses 
Four mathematics courses 
Three physics courses 
One chemistry course
Two natural science or social science elective 
courses
Four engineering core science elective courses (see 
p. 24)
Four liberal studies elective courses

After com pleting the Basic Studies Program, the en
gineering student enters the Field Program of his or 
her choice, or the College Program. The upperclass 
Field Programs include the following twenty courses.

Four liberal studies elective courses, two of which
must be at an advanced level
Two free elective courses
Two technical elective courses
Twelve Field-designated courses

Upperclass students in the College Program have 
similar requirements (see p. 36).

Field Programs available for the junior- and senior- 
year specialization are:

Chemical Engineering (see p . 31)
Civil and Environmental Engineering (see p. 32) 
Electrical Engineering (see p. 40)
Engineering Physics (see p. 26)
Industrial Engineering and Operations Research (see 
P - 45)
Materials Science and Engineering  (see p. 48) 
Mechanical Engineering (see p. 50)

The College Program (see p. 36) is a flexible and in
dividually structured curriculum  which is offered so 
as to accommodate educational objectives not 
served by one of the Field Programs. Bioengineering- 
oriented curricula are available in most Field Pro
grams and in the College Program to accommodate 
the interests of students who plan to apply their en
gineering skills in biological areas.

Each undergraduate student has the opportun ity to 
select numerous elective courses. Free electives may 
be chosen from the offerings of any division of the 
University. Suitable natural science electives, social 
science electives, engineering core science electives, 
and liberal electives are prescribed by the Core Cur
riculum Committee of the faculty. Suitable technical 
electives are prescribed by the faculties of each up
perclass field. For information on particular courses 
of interest, students and their advisers consult other 
Announcements, most frequently those of the Col
lege of Arts and Sciences, the College of Agriculture 
and Life Sciences, the School of Industrial and Labor 
Relations, and the College of Human Ecology. A  list
ing of subjects o f study offered in the various units 
of the University, and the schools or colleges which 
offer them, is given in the Announcem ent o f General 
Information.

The Engineering Cooperative Program

The basic premise of the Engineering Cooperative 
Program at Cornell is that industry can play a major 
role in a student's education by providing work as
signments appropriate to his or her interests and 
training. Under this Program undergraduate engi
neering students can obtain almost a full year of pro
fessional experience w ithout extending the date of 
their graduation. More than 600 Cornell engineers 
have participated in this Program since its inception 
in 1947.

Students enrolled in the Program spend alternating 
periods in college and in industry after the soph
omore year. By utilizing the three summers that fo l
low com pletion of the sophomore year, three work 
periods, totaling nearly a calendar year, are provid
ed. On the follow ing schedule they are designated I, 
II, and III, respectively.

Summer
Fall (Junior Year) 
Spring (Junior Year) 
Summer
Fall (Senior Year) 
Spring (Senior Year) 
Bachelor of Science 

Degree 
Summer

Fifth Term Courses 
Industry I
Sixth Term Courses 
Industry II
Seventh Term Courses 
Eighth Term Courses

Industry I

By the end of the summer following graduation, the 
student is ready to accept a professional position or 
begin graduate work. Graduate study leading to the 
Master of Engineering degree , for example, can be
gin in the fall term.

While on a work assignment, the student earns a 
substantial salary and gains industrial experience that 
complements classroom knowledge and facilitates
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the transition from college to industry. Because the 
Program emphasizes the development o f the individ
ual and his or her abilities, the student works for only 
one com pany during the three industry periods. 
However, neither the student nor the company is ob
ligated in any way after com pletion of the Program. 
Having participated in the Program, graduates can 
expect their initial level o f responsibility and salary to 
be greater than they might otherwise receive.

Companies participating in the Engineering Coopera
tive Program include the following: American Electric 
Power Sen/ice Corporation: AVCO Everett Research 
Laboratory, Inc.; The Badger Company, Inc.; Chev
ron Research Company; Chicago Pneumatic Tool 
Company; Clairol Incorporated; Corning Glass 
Works; The DuPont Company; Eastman Kodak Com
pany; Eaton Corporation; Emerson Electric Company; 
Foster Wheeler Corporation; General Electric Compa
ny (Electronics Laboratory, Gas Turbine Products Di
vision, Generator Division, and Transportation 
Systems Business Division); Harrison Radiator Divi
sion, General Motors Corporation; Department of 
Health, Education, and Welfare (Social Security Ad
ministration); Hewlett-Packard Company (Medical 
Electronics Division and New Jersey Division); Inter
national Business Machines Corporation; Monsanto 
Company; Olin Corporation (Chemicals Group); the 
Procter & Gamble Company (Engineering Division 
and Management Systems Division); Raytheon Com
pany; Sanders Associates, Inc.; Scott Paper Compa
ny; S I Handling Systems, Inc.; Structural Dynamics 
Research Corporation; Supermarkets General Corpo
ration; and Xerox Corporation.

Admission to the Program is open to  any fourth-term 
student who has chosen a Field Program in Chemi
cal Engineering, Civil and Environmental Engineering, 
Electrical Engineering, Engineering Physics, Industrial 
Engineering and Operations Research, or Mechanical 
Engineering, and who meets the follow ing require
ments: (1) a sound scholastic performance at the 
time of admission to the Program; and (2) an invita
tion from  one of the participating companies based 
on an individual interview.

Further information about the Program may be ob
tained from the Engineering Cooperative Program Of
fice, 138 Upson Hail.

Program lor Minority Students

Of the approximately 2,200 College of Engineering 
undergraduates, about 155 are currently enrolled in 
the Program for Minority Students, and efforts are 
being made to  increase the proportion. Because mi
nority students often have deficiencies in preparatory 
work and other background handicaps, the College 
offers special programs to  help them succeed in their 
studies and prepare for professional careers.

Among available support services is an orientation 
program, offered during the summer before freshman 
matriculation, which is designed to strengthen skills 
in mathematics and science. During the regular aca
demic year, special advising and counseling services 
are offered in coordination with the University’s Com

mittee for Special Educational Programs (COSEP). 
Tutoring and other assistance is available as may be 
needed on an individual basis.

In addition, two programs are offered to  help orient 
the students to  engineering as a profession. One 
brings practicing m inority-group engineers to  the 
campus in a special series of lectures and discus
sions, and the other provides sophomores with the 
opportunity to participate in on-the-job industrial ex
perience for a short period of time between aca
demic terms.

Admission of m inority-group students, as of all appli
cants, is considered partly on the basis o f academic 
performance in high school and of scores on college 
entrance examinations and achievement tests. Test 
scores are analyzed in terms of the applicant’s envi
ronmental background. Subjective information from 
Cornell alumni, school guidance counselors, commu
nity agency personnel, and other concerned individ
uals is also considered.

Substantial financial assistance, in the form  of schol
arships and loans, is available to  m inority students 
(seep. 17).

Study in France: an Exchange Program

Junior engineering students are eligible to  participate 
in a student exchange program that the College of 
Engineering operates with several engineering 
schools in France.

Collectively, these schools essentially cover the sub
jects available at Cornell, so that any Cornell engi
neering student, regardless of the Field Program or 
College Program he wishes to pursue, can plan a 
suitable curriculum  to include the jun ior year abroad. 
The only limitation is the number of places available: 
only a few Cornell students can be placed each year 
in any one of the French schools. Application should 
be made during the sophomore year.

The program was begun a number of years ago with 
the Ecole Nationale Supdrieure de Mechanique et 
d ’ASrotechnique in Poitiers (about 150 miles south
west of Paris). This is a small school o f about 170 
students, closely associated with a large university in 
Poitiers and also part of the national system of engi
neering schools, the Ecole Nationale SupSriere 
d 'lngdnieurs (ENSI). More recently, the exchange 
has been extended to  the Institut Polytechnique de 
Grenoble, a group of five ENSI schools in Grenoble.

Because the Cornell exchange students live in small 
groups among French students and take their in
struction entirely in French, facility in the language is 
essential. Some of the Cornell participants have 
spent one or two months during the preceding sum
mer at a language school in France.
The Program is coordinated by Professor B. Gebhart, 
224 Upson Hall.

Dual Undergraduate Degree Option

It is possible to have dual registration in the College 
of Engineering and the College of Arts and Sciences
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and to  earn both a Bachelor of Science degree in 
the College of Engineering and a Bachelor of Arts 
degree in the College of Arts and Sciences in five 
years. A  student who wishes to  fo llow  this plan may 
register in either college as a freshman and take the 
usual freshman curriculum  prescribed by that co l
lege. Students should explore the dual degree re
quirements during the first or second year so that 
they will be able to plan their curriculum  and embark 
on the dual program during the second or third year.

A  student in the program is registered in both co l
leges. has faculty advisers from both colleges, and 
takes a course program arranged jointly by both ad
visers. The degree requirements of both colleges—  
such as the core courses and upperclass field re
quirements in Engineering and the distribution and 
language requirements in Arts and Sciences— must 
be satisfied. Generally, an engineering Field Program 
or the Engineering College Program can be com 
bined with any major in Arts and Sciences. Dual ma
jors which are closely related require special 
planning.

The program is intended for superior students. Those 
requesting dual registration must have a cumulative 
average of at least 2.7 on admission to the dual pro
gram and must maintain it.

Engineering students who are interested in the dual 
degree program should contact Associate Dean M.
S. Burton, 170 Olin Hall.

ROTC (Officer Education)

As a land-grant institution chartered under the Morrill 
Act of 1862, Cornell has offered instruction in mili
tary science for more than one hundred years. The 
University provides this instruction through the Re
serve Officers Training Corps programs of the three 
military departments: the Army, the Navy, and the Air 
Force.

The ROTC programs offer students the opportunity 
to earn commissions while com pleting their educa
tion. To obtain a commission in one of the armed 
services, a student must complete a two-year, three- 
year, or four-year course of study in an ROTC pro
gram and must meet certain physical standards.
Upon graduation, the student receives a commission 
and serves a tour of active military service.

Further information is provided in the Announcement 
o f Officer Education, which may be obtained by w rit
ing to Cornell University Announcements, Day Hall. 
Interested individuals are also directed to the appro
priate ROTC office in Barton Hall.

Preparation for Graduate Study

The Bachelor of Science degree in a Field Program 
or a College Program may be the terminal point in 
the formal education of some students; however, it is 
expected that most will wish to continue studies be
yond this level. Upon completion of the undergradu
ate degree requirements, a student may apply for 
admission to the College's professional Master of En
gineering degree program and can earn that degree 
in one additional year.

The degree requirements include work begun formal
ly during the jun ior year, and thus the degree repre
sents a three-year program of integrated studies in a 
particular field. The program is designed to  meet the 
requirements of modern engineering practice, and 
the professional master's degree represents the level 
at which graduates will be prepared to seek profes
sional engineering employment.

Individuals seeking careers in research, in applied 
science, or in a specialized engineering area, can 
apply fo r Master of Engineering, Master of Science, 
or Doctor of Philosophy programs at the end of the 
four-year baccalaureate program.

Some students may want to undertake graduate or 
professional study in other areas such as education, 
law, business, public administration, city and regional 
planning, or medicine.

Master of Engineering Degree

Graduates intending to prepare for professional engi
neering careers generally seek the professional de
gree of Master of Engineering (with Field 
designation.) At Cornell this one-year program is 
integrated with the undergraduate engineering pro
gram; after receiving their baccalaureate degrees, 
many students apply to  continue for the fifth year. 
Applications from engineering graduates of other in
stitutions are also encouraged.

The degree may be taken in any of these areas:

Aerospace Engineering (see p. 51).
A gricu ltura l Engineering (see p. 26).
Chemical Engineering (see p. 32).
Civil Engineering (see p. 34).
Electrical Engineering (see p. 43).
Engineering Mechanics (see p. 60).
Engineering Physics (see p. 29).
Industrial Engineering (see p. 47).
Materials Engineering (see p. 50).
M echanical Engineering (see p. 55).
Nuclear Engineering (see p. 57).

The professional degree requires a m inimum of thirty 
credit hours of graduate-level work in the principles 
and practices of the specific field. It does not require 
the presentation of a thesis. It does, however, require 
com pletion of an engineering design project that may 
be worked on individually or in groups ot up to four 
students, and submission of a formal report on the 
project. The program also requires com pletion of a 
curriculum  of related technical courses, differing in 
content among the several professional Fields. Each 
curriculum  includes some prescribed and some elec
tive courses, with considerable flexibility to permit ad
aptation to  the special needs of the individual 
student.

Master of Science and Doctor of 
Philosophy Degrees

The general degrees of Master of Science and Doc
tor of Philosophy are oriented toward students seek
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ing academic or research careers. They require 
submission of a thesis on research conducted under 
the direction of a faculty member. Details of admis
sion, residence requirements, and financial aid are 
given in the Announcem ent o f the Graduate School 
(see p. 4 for the address).

Programs of study are organized under graduate 
Fields, most of which coincide with the respective 
engineering schools or departments. Descriptions of 
the various Fields may be found in the illustrated An
nouncement, Graduate Study in Engineering and Ap
plied Science (see p. 0 for address). The 
Announcem ent includes a description of each Field, 
in terms of academic programs, professional oppor
tunities, the facilities available at Cornell, the re
search projects currently under way, and the faculty 
members and their research interests. Prospective 
candidates whose interests are already well defined 
are invited to communicate with the appropriate 
graduate Field representative.

The graduate Fields that may be of interest to engi
neering students are listed below, with associated 
areas of specialization.

Aerospace Engineering: Aerospace Engineering, 
Aerodynamics

Agricultural Engineering: Agricultural Engineering, 
Agricultural Structures, Agricultural Waste Manage
ment, Electric Power and Processing, Power and Ma
chinery, Soil and Water Engineering

Applied Mathematics 

Applied Physics

Chemical Engineering: Biochemical Engineering, 
Chemical Engineering (General), Chemical M icrosco
py, Chemical Processes and Process Control, Mate
rials Engineering, Kinetics and Transport Processes

Civil and Environmental Engineering: Aerial Photo
graphic Studies, Environmental Systems Engineering, 
Geodetic and Photogrammetric Engineering, Geo- 
technical Engineering, Hydraulics and Hydrology, 
Sanitary Engineering, Structural Engineering, Struc
tural Mechanics, Transportation Engineering, Water 
Resource Systems

Computer Science: Computer Science, Information 
Processing, Numerical Analysis, Theory ot Computa
tion

Electrical Engineering: Electrical Engineering, Elec
trical Systems, Electrophysics

Geological Sciences: Economic Geology; Engineer
ing Geology; Environmental Geology; Geobiology; 
Paleontology and Stratigraphy; Geochemistry, Miner
alogy, and Petrology; Geomorphology; Geophysics; 
Geotectonics and Structural Geology; Marine Geolo
gy; Physical Geography; Seismology

M aterials Science and Engineering: Materials Sci
ence, Materials Engineering

Mechanical Engineering: Machine Design, Materials 
Processing, Thermal Power, Thermal Processes'

Nuclear Science and Engineering: Nuclear Engi

neering, Nuclear Science

Operations Research: Applied Probability and Sta
tistics, Industrial Engineering, Information Processing, 
Operations Research, Systems Analysis and Design

Theoretical and Applied Mechanics Fluid Mechan
ics, Mechanics of Materials, Solid Mechanics, Space 
Mechanics

Water Resources

Continuing Education Activities
The Office of Continuing Engineering Education of 
the College of Engineering provides special programs 
for engineers and scientists in industry, research in
stitutes, private practice, government agencies, and 
colleges and universities. The grow ing flood of tech
nical information makes it impossible fo r the average 
engineer to keep his o r her knowledge current ex
cept perhaps in a narrow specialty. Many engineers 
rise to  positions in technical management in which 
they must direct the activities ot a variety of special
ists. For such work they must be conversant with the 
concepts and vocabulary of many different disci
plines. Because of the constant changes in under
graduate and graduate curricula, the manager who is 
ten years out of school often finds it d ifficu lt to com 
m unicate effectively with newly graduated engineers 
even within his o r her own specialty. Unless given 
opportunities to  update their knowledge, engineers 
will soon find the ir professional abilities inadequate.

Cornell programs to  provide these opportunities in
clude in-plant courses for firms in the Ithaca area; 
short courses and workshops in various technical 
subjects; and programs for specific industries. No 
academic credit is given for most of the programs.

Courses entitled Modern Engineering Concepts for 
Technical Managers are offered annually, both in the 
plant and on the Cornell campus. These courses 
consist o f th irty to  fifty lecture-seminars on topics in 
mathematics, materials science, operations research, 
e lectronics and solid state devices, nuclear engineer
ing, bioengineering, and other areas. The courses 
emphasize breadth, not depth, and provide a re
source from which to draw ideas and direction for ef
fective technical management.

Intensive short courses, three days to two weeks 
long, are offered in various tehcnical subjects each 
summer. Participants include both alumni of Cornell 
and nonalumni who come from many different states 
and foreign countries.

During the 1973-74 academic year, additional oppor
tunities for continuous continuing education were 
made available as the result o f the installation of TV 
equipment in one classroom at the College of Engi
neering. With th is facility, and utilizing videotape and 
the mails, it is possible to deliver tapes of regular on- 
campus classes and lectures to  any spot where engi
neers are present and can use educational material 
that Cornell can offer. Both credit and noncredit 
courses can be provided.

Further information about any of these programs 
may be obtained from the Office of the D irector of 
Continuing Engineering Education, Upson Hall.



Admission

Summary of Programs and Options in 
Cornell Engineering Education

’"Consult the Announcem ent o f the Graduate School 
for detailed requirements for the M.S. and Ph.D. de
gree programs.

Admission

It is the policy of Cornell University actively to  sup
port equality of educational opportunity. No student 
shall be denied admission to the University o r be dis
crim inated against otherwise because of race, color, 
creed, religion, national origin, or sex.

Freshman Admission

The Office of Engineering Admissions in Carpenter 
Hall is the focal point in the College for the admis
sion of freshman and transfer students and for the 
administration of the engineering financial aid funds.

Detailed information concerning the procedures of 
undergraduate admission is given in the Announce
ment o f General Information and in the Guide for 
Candidates (included with each application form). Im
portant dates for applicants include:

Admission applications due: Regular, February 15; 
Early Decision Plan, November 1.

Admission decisions announced: Regular, as deci
sions are made in February, March, and the first half 
of April; Early Decision Plan, December 1 (except 
that those who are considered on the basis o f No
vember College Entrance Examination Board Scho
lastic Aptitude Tests will be notified by 
mid-December— the scores are not received by the 
Office of Engineering Admissions until early in De
cember.)

Financial a id  applications due: Regular, January 15; 
Early Decision Plan, November 1.

Financial a id  decisions announced: Regular, by mid- 
April; Early Decision Plan, December 1.

Date by which applicant must advise Cornell o f his 
o r her decision (fo r admission and financial aid): 
Regular, May 1; Early Decision Plan, applicants will 
be advised of date.

Secondary School Credits

Sixteen units of college-preparatory subjects are re
quired for admission. A unit is one year of study, 
made up of approximately 120 clock hours of class
room work. The sixteen required units may be widely 
distributed, but prospective applicants are strongly 
encouraged to concentrate much of their studies in 
mathematics and the physical sciences. The follow
ing six units must be included: four of mathematics, 
one of physics, and one of chemistry. Normally, the 
remaining ten units are in English, foreign language, 
history, social science, and natural science or life 
sciences.

Minimum adequate mathematics preparation is two 
years of algebra, one year o f geometry, and one 
year of precalculus mathematics, such as advanced 
algebra, solid geometry, or trigonometry. The math
ematics units may be taken as separate courses or
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may be included in four units o f comprehensive co l
lege-preparatory mathematics.

Prospective students who are interested in b ioengi
neering are advised strongly to  complete at least one 
unit o f biology.

Applicants with special or unusual preparation which 
may not meet the above specifications are urged to 
communicate with D. C. Johnson, D irector of Engi
neering Admissions, 223 Carpenter Hall.

College Entrance Examinations

Each candidate is required to take standardized co l
lege admissions tests so that scores can be consid
ered by the Engineering Admissions Committee.
There are two available alternatives.

One alternative is for the student to  take the College 
Entrance Examination Board Scholastic Aptitude Test 
(SAT), and in addition the Achievement Tests in 
mathematics (Level I o r Level II) and in chemistry or 
physics. These must be taken not later than January 
of the last year in secondary school. Generally, it is 
recommended that the Achievement Test in science 
be taken in May of the junior year, in that science in 
which the applicant is then enrolled. However, the 
Engineering Admissions Committee will consider a 
science Achievement Test that is taken in December 
or January of the senior year for a course completed 
in the jun io r year, or earlier, or for a course currently 
in progress. Linder these circumstances, test results 
are not expected to be as high as the results of tests 
taken at the time of completion of a full year's work. 
Applicants should not defer this required test until 
March o r May o f the senior year, for results would  
be received too late to be useful to the committee.

The other alternative is to  submit American College 
Testing program (ACT) scores. The ACT tests should 
be taken not later than the December test date.

Factors Determining Admission

Three factors are considered in the review of each 
candidate. The first factor is academic and includes, 
in addition to  the college entrance examination re
sults, the applicant's high school grades, rank in 
class, and other available academic data. The sec
ond and third factors are personal qualities and dem
onstration of a well-considered desire and 
well-founded commitment to study engineering.

Personal qualities that are considered may include 
leadership capabilities and intellectual creativity. Sig
nificant participation in extracurricular activities and 
recommendations by counselors may also be consid
erations. A student's commitment to engineering is 
evidenced by the extent of his o r her investigation of 
the field and understanding of the implications of an 
undergraduate professional education.

The admissions committee tries to  judge whether a 
student has the maturity and the study and work 
habits that are necessary for success in an engineer
ing curriculum . Superior grades or high college en

trance examination scores are in themselves no 
guarantee of success, nor are they alone a guaran
tee of admission.

Advanced Placement

Normally about one-fifth o f the students entering the 
College of Engineering as freshmen receive ad
vanced placement and credit toward the B.S. degree. 
This is earned most often in mathematics, physics, 
and chemistry, but it is also received in other sub
jects such as biological science, history, and foreign 
languages. In some cases it is possible for students 
to  complete the undergraduate degree requirements 
in less than the usual four years (see also p. 20).

Advanced placement credit may be obtained by en
tering freshmen in three ways. The most common 
way is by achieving high standing in College En
trance Examination Board Advanced Placement tests. 
A  second way is by perform ing well on advanced 
placement examinations that are given by a number 
of Cornell departments during the tall orientation pe
riod, o r by meeting certain departmental require
ments. Finally, secondary school students may 
receive Cornell credit for course work completed at 
local, accredited colleges and universities. Normally, 
credit toward the Cornell degree will be awarded if 
the follow ing conditions are met: (1) The college 
course was not taken to  satisfy secondary school 
graduation requirements; (2) the course is registered 
on an official transcript from the college or university; 
(3) the course is applicable to some portion of the 
Cornell undergraduate engineering curriculum.

Advanced Credit for Engineering Students, a publica
tion that describes advanced credit possibilities in 
various subjects at Cornell, may be requested from 
the Office of Engineering Admissions, 223 Carpenter 
Hall. The requirements for advanced credit in four 
subject areas are summarized below.

Mathematics- If possible, secondary school students 
should take one of the two College Board Advanced 
Placement examinations in mathematics during the 
senior year. For engineering students, a grade of 3 
or higher on the AB examination, or o f 2 o r 3 on the 
BC examination earns advanced placement credit for 
Mathematics BMA191 and placement in Mathematics 
BMA192. A grade of 4 or 5 on the BC examination 
will result in advanced placement credit for Math
ematics BMA191 and BMA192 and placement in 
Mathematics BMA293.

Students who did not take one of the College Board 
examinations, o r who took one but received less ad
vanced placement than they th ink they should have, 
may take a special placement examination which is 
given by the Cornell Department of Mathematics just 
before the beginning of classes in the fall.

Physics. Entering freshmen who have scored well 
on a College Board Advanced Placement examina
tion in physics may be granted advanced placement 
credit fo r Physics BPS112, the first of the required 
three-course sequence in physics. It should be not
ed, however, that the mathematics prerequisites for
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physics courses must be satisfied, and that an accel
erated program in physics is therefore contingent on 
advanced placement in mathematics.

Suitably prepared students who did not have the op
portunity to take the College Board examination may 
take instead a special test administered by the Cor
nell Department of Physics in the fall (and also in 
June for students enrolled in the Cornell Summer 
Session). Suitable preparation for this departmental 
test consists of two years of secondary school phys
ics.

Chemistry A score of 4 or 3 on the College Board 
Advanced Placement examination in chemistry earns 
three hours of advanced placement credit for Chem
istry BCH207, and a score of 5 earns an additional 
four hours of credit for Chemistry BCH208. It is also 
possible for a student to achieve advanced place
ment credit by passing a special examination for 
Chemistry BCH207-208. Arrangements for taking this 
examination must be made with the Department of 
Chemistry. Students who earn one term of advanced 
placement in chemistry are not required to take addi
tional chemistry unless they intend to major in chem
ical engineering.

Biological Sciences Engineering students who are 
planning to take advanced courses in biological sci
ences and who achieve a score of 3 or 4 on the 
College Board Advanced Placement examination in 
biology will be placed in a special honors section of 
Biological Sciences OBA101-102. Students who re
ceive a score of 5 will be given six hours of ad
vanced placement credit in biology, which may be 
used to satisfy the natural sciences requirement.

Modern Foreign Languages Students who receive 
a grade of 700 or above on the College Board read
ing examination are eligible to take the Advanced 
Standing Examination administered by the Cornell 
Department of Modern Languages and Linguistics. 
Students will then be placed in the appropriate lan
guage course on the basis of their performance in 
this examination. Advanced placement credit is 
granted as follows: For high school work, credit is 
granted only for the equivalent of 200-level Cornell 
language courses. Credit is awarded according to 
performance in the College Board Advanced Place
ment Examination (a score of 4 or 5 equals three 
credits), Cornell’s Advanced Standing Examination, 
or special examination. A  recommendation tor credit 
is forwarded by the appropriate language and lin
guistics faculty member to this College.

Up to twelve credits of advanced placement in m od
ern foreign language may be counted as liberal elec
tive credit toward the Bachelor o f Science degree in 
the College of Engineering.

Transfer Admission

The College of Engineering welcomes inquiries about 
transfer opportunities for students who are currently 
attending other four-year or two-year colleges and 
universities. Each year the College matriculates ap
proximately one hundred new transfer students, and

it is actively seeking to increase this number. Inter
ested students are invited to communicate with the 
Chairman, Transfer Admissions Committee, 221 Car
penter Hall.

Transfer students are admitted at the jun ior-year level 
or below. Because the transfer student must satisfy 
the same degree requirements as all other Cornell 
engineers, admission is usually offered only to those 
candidates who have excelled in academic programs 
comparable, both in course content and rigor, to  the 
College's own curriculum. The Cornell engineering 
curriculum  for the freshman and sophomore years is 
discussed under Basic Studies (see p. 23). Detailed 
course descriptions begin on p. 63).

Students who are accepted for transfer admission 
but are found deficient in the specific course work 
required for a given level of placement may be asked 
to attend a summer session at Cornell o r elsewhere 
in order to  complete this work prior to matriculation 
at Cornell. Transfer candidates are encouraged to 
prevent such course deficiencies by consulting with 
the Transfer Admissions Committee as early as pos
sible so that academic schedules may be planned to 
parallel Cornell's underclass program.

Students who are accepted for transfer on the basis 
of com pletion of two terms or three quarters of aca
demic work with better-than-average records in other 
collegiate institutions will be awarded credit for thirty- 
three hours. However, there may be a stipulation that 
certain courses normally taken in the freshman year 
be completed as free electives before graduation. 
Similarly, above-average students who are accepted 
on the basis of completion of four terms or six quar
ters in other institutions will be awarded credit for 
sixty-six hours, with the possible provision that cer
tain underclass courses be completed as free elec
tives before graduation. In the case of students who 
are accepted for transfer admission but have only 
average academic records, individualized course 
credit evaluations will be made. University policy pro
hibits the granting of transfer credit for any course 
for w hich the student received a grade below C— .

Since 1968, the College of Engineering has offered 
Junior and Community College Scholarships to 
United States citizens who are currently enrolled in 
com m unity or jun ior colleges and have been accept
ed for transfer admission to the College. As with all 
financial assistance, the amount of these special 
scholarships varies with each individual, depending 
upon his demonstrated financial need. A  Parents' 
Confidential Statement (PCS), available from the Col
lege Scholarship Service at Princeton, New Jersey, 
must accompany the scholarship application.

Students who apply for transfer from other four-year 
colleges and universities cannot be considered for fi
nancial aid until they have completed one term in re
sidency at Cornell.

Applications for transfer admission for the fall term 
beginning in September may be accepted until Au
gust 1, although April 15 is the preferred date, espe
cially for those interested in the special scholarships 
for two-year college students. Candidates who wish
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to be considered for midyear transfer must make ap
plication by December 1.

International Students

The College of Engineering encourages highly suc
cessful foreign students to consider the opportunities 
available at Cornell. Each year the College matricu
lates approximately thirty-five freshman students of 
foreign nationality. Students interested in admission 
to any Cornell division should communicate with the 
Undergraduate Admissions Adviser, International Stu
dent Office, Barnes Hall.

Special Students

In exceptional cases, individuals who do not wish to 
become candidates for an undergraduate degree 
may be admitted as special students. Persons who 
cannot meet the usual entrance requirements or who 
do not wish to  spend the time required to  complete a 
degree may qualify, but they must have had some 
engineering training and must satisfy the prerequi
sites for the courses they wish to take. Other appli
cants may have baccalaureate degrees but wish to 
pursue further work at the undergraduate level. In 
any case, a prospective special student should write 
to the director o f the division or school to which he 
or she wants to be admitted.

Graduate Admission

An applicant for admission to a graduate degree pro
gram in engineering must hold a baccalaureate or 
equivalent degree from a college or university of rec
ognized standing. Such a student may enter as a 
candidate for either of the general degrees (Master 
of Science or Doctor o f Philosophy) o r for the pro
fessional engineering degree— Master of Engineering 
(Aerospace, Agricultural, Chemical, Civil, Electrical, 
Engineering Mechanics, Engineering Physics, Indus
trial, Materials, Mechanical, or Nuclear).

Professional Master's Degree

A student with a baccalaureate degree in the area of 
engineering or science that is deemed appropriate 
for the proposed field of study may become a candi
date for the professional degree of Master of Engi
neering (with field designation), which is described 
on p. 11. Cornell graduates will generally be admit
ted if they have cumulative grade-point averages of 
at least 2.5 and /o r if they have demonstrated by 
their performances in their major fields that they 
have the ability to be successful in graduate study. A 
petition is required if the grade-point average is be
low 2.5. Graduates of schools other than Cornell 
must provide evidence of adequate undergraduate 
preparation: a transcript, two letters of recommenda
tion, and a statement of academic purpose.

Further information and application form s may be ob
tained by writing to  Graduate Professional Engineer
ing Programs, College of Engineering, 323 Upson

Hall, or to the program chairmen for the various 
fields. While there is no specific deadline for the re
ceipt of applications, early submission is rec
ommended, especially if the candidate wishes to 
apply for financial aid. The deadline for financial aid 
application is February 1.

General Degrees

The Master of Science and Doctor of Philosophy de
grees, administered by the Graduate School, are 
available in all fields and subdivisions of the College 
of Engineering (see p. 12). They require w ork in 
both major and minor areas of study, as well as the 
completion of a satisfactory thesis, usually involving 
individual and original research. A prospective gradu
ate student interested in obtaining an M.S. or Ph.D. 
degree should consult the Announcem ent o f the 
Graduate School for additional information concern
ing these degrees and should correspond with the 
professor supervising the particular area of engineer
ing representing the student's major interest. Stu
dents who do not completely meet the entrance 
requirements for these degrees may be admitted as 
provisional candidates or w ithout candidacy accord
ing to previous preparation, but they must in all 
cases hold a baccalaureate or equivalent degree.

Finances

Expenses

Estimated expenses for a student in the College of 
Engineering for the 1974-75 academic year total 
$5,650, which includes $3,430 for tuition and fees, 
an estimated $1,500 for room and board, $670 for 
personal expenses, and the $50 registration fee.

Additional details concerning these expenses, meth
od of payment, refunds, and other matters of finan
cial interest are given in the Announcem ent o f 
General Information.

Undergraduate Financial Aid

Substantial aid in the form of scholarships, loans, 
and employment is available to help students meet 
the cost of their education. Over two-th irds of all un
dergraduate engineering students receive financial 
aid, and the total resources available for these stu
dents amount to  about $1.75 million a year.

Freshman Applicants

More than $600,000 in scholarship grants will be 
awarded this year to  College of Engineering fresh
men. Loans and jobs will increase the total amount 
of financial aid for engineering freshmen to about 
$700,000. The College follows a policy of full-need 
awards: that is, no award will be made unless a 
package of scholarship, loan, and occasionally a job 
can be provided to equal calculated need. The total
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financial aid package may be as high as $5,000 a 
year. Awards made to freshmen are normally contin
ued through four years, contingent on continuance 
of the calculated need.

Freshmen seeking financial aid should complete the 
financial aid application form and file it, still attached 
to the admissions application, with the University Of
fice of Admissions. The Parents' Confidential State
ment of the College Scholarship Service must also 
be filed.

No student should refrain from applying for admis
sion because of financial circumstances. Admissions 
decisions are rendered without regard for financial 
aid requirements; after admission has been granted, 
applicants for financial aid are considered for the 
available funds.

Upperclassmen

For upperclassmen who d id not receive aid as in
coming freshmen, there are extremely limited 
sources of financial aid. The appropriate application 
forms may be obtained from the University Office of 
Scholarships and Financial Aid.

Transfer Students

During the past four years, the College of Engineer
ing has enrolled increasing numbers of transfer stu
dents from jun ior and community colleges and has 
made the transition to Cornell financially possible by 
means of special Community and Junior College 
Sholarships. The availability of these funds makes 
Cornell, a private institution, as economically feasible 
as most publicly supported engineering schools.

In the past few years, all accepted two-year college 
transfer candidates of United States citizenship have 
been awarded financial aid commensurate with need 
as demonstrated by the student's financial aid appli
cation. Junior and community college students inter
ested in Cornell engineering and this special

scholarship program are invited to  communicate with 
the Chairman, Transfer Admissions Committee, 221 
Carpenter Hall.

Scholarship Resources

The largest single source of assistance fo r engineer
ing students is the John McMullen Scholarship Fund. 
In any given year more than 500 undergraduates re
ceive support from this fund; total expenditures for 
their scholarships exceed $1 million annually.

The McMullen Fund and other major resources 
which provide scholarships specifically for engineering 
students are listed in the chart, pp. 18-19. Each 
applicant files only one application. The Engineering 
Scholarship Committee attempts to  assign specifically 
designated awards to those students whose qualifica
tions most nearly match the donor's  wishes.

In addition to these special engineering scholarships, 
there are University-wide scholarships fo r which ac
cepted engineering applicants are eligible. These in
clude the Cornell National Scholarship and the Gen
eral Motors»Scholarship.

Graduate Financial Aid

Financial aid to graduate students is available in se
veral forms: fellowships and scholarships; research 
or teaching assistantships; residence hall assist- 
antships; and loans. Applicants for the M.S.-Ph.D. 
program who wish to  be candidates for financial as
sistance should consult the Announcem ent o f the 
Graduate School and make application to  the dean 
of the Graduate School.

Those who are candidates for the professional de
gree programs and wish to apply for financial aid 
should complete a special application form  available 
along with the admission application form  through 
the various program chairmen, or from the office of 
the Graduate Professional Engineering Programs,
221 Carpenter Hall.
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Scholarship Resources

Donor

Alcoa Foundation Scholarship 
Charles R. Armington Scholarship 
John Henry Barr Scholarship 
Seymour I .  Baum Memorial Fund 
Robert H. Blackall Scholarship 
Edward P. Burrell 

Scholarship Endowment 
Carrier Memorial Scholarship 
Redmond Stephen Colnon 

Scholarship Endowment 
The Cornell Engineer Scholarship 
Casper L. Cottrell Scholarship Fund 
Calvin H. and Della N.

Crouch Endowment
A. C linton Decker Memorial 

Scholarship 
Warren V. Delano 

Memorial Endowment 
Otto M. Eiditz Scholarship 

Endowment 
Joseph H. Evans Endowment
C. Harold Fahy Scholarship 

Endowment 
Elbert Curtiss Fisher Scholarship 
Carl R. Gilbert Memorial 

Endowment 
Emmet Blakeney Gleason 

Scholarship Fund 
Paul G. Haviland Memorial 

Scholarship 
Hayward Headden Memorial 

Scholarship 
Howard Elmer Hyde Civil 

Engineering Scholarship 
Marlin J. Insull 

Scholarship Endowment 
Albert Jadot Memorial 

Scholarship Endowment 
Chester H. Loveland Engineering 

Scholarship Fund 
The Charles McAlister '87 

Endowment 
Harrison D. McFaddin 

Scholarship Endowment 
John McMullen Scholarship 

Fund
Moog, Incorporated Scholarship 
Robert C. Newcomb 

Scholarship Fund 
Niagara Machine and Tool 

Works Scholarship 
Frank William Padgham 

Scholarship Endowment 
Annie F. and Oscar W. Rhodes 

Scholarship Endowment

Designated  
Engineering Field

Any
Any
Any
Electrical Engineering 
Any

Number 
o f Awards 
(A ll Classes)

5
6 
1 
1 
3

Am ount 
per Award

$ 750 
2,000max. 
2,000max. 

200 
1 ,250“

Primarily for Women 
Any

10
3

1,300*
1,200

Any
Any
Electrical Engineering

1
1
1

1,500
Variable

800

Mechanical Engineering 1 500

Any 5 900*

Mechanical Engineering 1 450

Any
Any

2
1

900*
250

Civil Engineering 
Any

1
1

700
1,200

Any 1 350

Various Specified Fields 1 or more 2,200max.

Any 1 1,000

Mechanical Engineering 1or more Variable

Civil Engineering 1 300

Any 2 1,100*

Foreign Students 1 600

Civil Engineering 1 1,500max.

Any 1 350

Any 4 1,000*

Any
Any

600 2 ,000“
1 3,100max.

Any 3 950*

Mechanical Engineering 1 1,000

Mechanical Engineering 1 200

Any 15 1,100*

*
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Huldah Jane Rice
Scholarship Endowment 

Rohm & Haas Company
Any 5 1,800*

Scholarship 
Scott Paper Company

Chemical Engineering 1 1,000

Foundation Award 
Frederick B. Scott

Any 2 1,000

Scholarship Fund 
Sylvester Edick Shaw

Any 1 1,000

Scholarship Endowment 
Judson N. Smith

Any 1 300

Scholarship Endowment 
Stauffer Chemical Company

Civil Engineering 1 300

Scholarship 
William Delmore Thompson

Chemical Engineering 1 1,000

Scholarship Endowment 
Leon C. Welch Scholarship

Mechanical Engineering 1 100

Fund
Arthur Mellon Wellington

Any 1 800

Scholarship Fund 
John L. Wentz Scholarship

Any 1 700

Endowment 
Western Electric Fund

Any 1 400

Scholarship Any 11 1,000
Henry G. White Scholarship 
Jessel Stuart Whyte

Civil Engineering 1 2,000

Scholarship Endowment 
Wilson Endowment

Mechanical Engineering 
Mechanical and Electrical

1,500*

Wyman-Gordon Company
Engineering 

Materials Science and
1 300

Scholarship Engineering 1 1,000

•Range variable. Figure given is the mean.

Academic Standing

Grades

The faculty grades on a letter scale (A through F), 
refined by the use of +  or — . In order to compute 
averages, grade points are assigned as follows:
A  + -  4 3 A =  4 0 A - -  3.7
B + -  3.3 B -  3.0 B - =  2.7
C + -  2.3 C -  2.0 C - =  1.7
D + -  1.3 D =  1.0 D - -  0.7

No grade points are given for failing (F) grades. 
Grades which are sometimes given but are not coun
ted in com puting grade-point averages are Satisfac
tory (S), Unsatisfactory (U), and Incomplete (Inc.).

Occasionally, students who are doing satisfactory 
work in a course may not be able to complete the 
work of the course because of unforeseen circum 
stances such as illness. In such instances, the pro
fessor may assign the grade Inc. Engineering 
students must make up grades of Incomplete by the 
end of the next term in which the course is given.

In any term  after the first semester of freshman res
idence, an undergraduate may take one or two lib
eral o r free elective courses on an S-U grading basis 
upon approval of the student's faculty adviser and 
the course instructor. The S-U option enables engi

neering students to take advanced courses or 
courses primarily for those majoring in other areas 
w ithout affecting their grade-point averages.

Evaluation and Academic Action

The academic standing of each student is evaluated 
at the end of each semester by the Admissions and 
Standards Committee of the College. To be consid
ered in good standing for the semester, a student in 
the Division of Basic Studies must successfully com 
plete at least twelve credit hours, receive no grade of 
F or U, and attain the required minimum grade-point 
average. The minimum acceptable first and second 
semester grade-point average is 1.7; for the third, 
fourth, and any additional semesters in the Division 
of Basic Studies, the minimum is 2.0.

A  student who is not in good standing will receive an 
official warning, will be suspended, or will be prohib
ited from  further registration in the College. An offi
cial warning is notice that academic performance is 
not satisfactory, and that failure to  attain good stand
ing the following semester may result in suspension. 
Except in unusual cases, a first semester freshman 
not in good standing will be warned. A suspended 
student must present evidence that he or she can 
successfully complete an academic program  in the 
College of Engineering to  be considered for readmis
sion.
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Honors
Honors sections are available in a number of fresh
man and sophomore courses. Entrance to these sec
tions is based on the quality of work in the preceding 
term.

To attain the Dean's Honor List for any term in the 
College of Engineering, an undergraduate must have 
attained a term average of at least 3.25, based on at 
least twelve credit hours in which grades other than 
S and U have been awarded.

To graduate with Distinction a student must have a 
3.25 cumulative average for all his undergraduate 
courses at Cornell.

Advanced Placement

It is possible for students to obtain academic credit 
toward the undergraduate degree by taking special 
high school courses or by achieving sufficiently high 
scores on special examinations. Details of the ad
vanced placement program as it pertains to entering 
freshmen are given on p. 00.

Earning advanced credit allows a student to develop 
a more individualized program of study with a broad
er liberal component or additional technical courses; 
it is not normally used to reduce the academic pro
gram of any term.

Another possibility available to superior students is to 
complete a program leading to the B.S. degree in 
less time than the usual four years or eight terms 
through a combination of advanced placement credit 
and summer study. Students who gain advanced 
placement credit for two terms of mathematics and 
for chemistry or physics stand a good chance ot 
shortening the time required for graduation.

Prospective students who are interested in advanced 
placement are invited to  correspond with the Chair
man, Engineering Admissions Committee, 223 Car
penter Hall. Entering students should consult the 
Division of Basic Studies, 170 Olin Hall. Students al
ready enrolled should consult their advisers.

Student Personnel Services

Advising and Counseling

The College of Engineering advising services are de
signed primarily to  provide students with information 
and counseling in areas that affect their academic 
and professional development.

Advice on curricular choices and career planning is 
provided mainly through the faculty adviser, who 
helps each advisee plan an educational program and 
is responsible for overseeing the student's academic 
progress. The faculty adviser also serves as a per
sonal counselor who will direct the student to the ap
propriate University resource when a particular need 
arises. Faculty advisers are assigned to  matriculating 
students on the basis of indicated mutual interests;

underclassmen may change advisers if their interests 
change. Upperclassmen are normally served by fac
ulty advisers in their area of specialization. It is es
sential that students make full use of this important 
resource on a regular basis.

The College operates the Engineering Advising and 
Counseling Center in Olin Hall, where students may 
consult with the director of advising and counseling 
or with student staff members representing each of 
the upperclass fields. These students are particularly 
helpful in providing underclassmen with peer coun
seling on the nature of the work in various fields. 
Special programs to assist students in selecting their 
upperclass field are ottered by the Center at various 
times during the year.

A list of tutors is available at the Center, and group 
tutorials are arranged by the staff as the need arises. 
The student staff members will help individual stu
dents with short-term tutoring assistance while they 
are on duty in the Center. Also available at the Cen
ter is a wide variety of printed material, including 
publications of the College of Engineering. A  monthly 
bulletin, News Briefs, containing information on vari
ous academic activities and programs, is distributed 
by the Center to all freshman and sophomore engi
neering students.

Special counseling services for m inority-group stu
dents are available through the Director o f Engineer
ing M inority Programs, Carpenter Hall.

The University provides extensive resources to  sup
plement the advising programs ot the colleges. Facili
ties available to  all students include the Office of the 
Dean of Students; the University Health Service; the 
Reading-Study Center; the University Guidance and 
Testing Center; the Office for Coordination of Reli
gious Affairs; the Career, Summer Plans, and Place
ment Center; and the Office of Scholarships and 
Financial Aid.

Engineering students not only have access to these 
organized counseling sen/ices of the College and 
University, but are also welcome to confer with the 
administrative staff of the College ot Engineering, de
partment chairmen, and faculty members on any ed
ucational or personal matter.

Placement

The facilities of the University Career, Summer Plans, 
and Placement Center in Sage Hall are available to 
all engineering students seeking summer or perma
nent employment. The College of Engineering also 
provides placement service through its Office of Stu
dent Placement in Carpenter Hall. Information about 
companies is available at either of these offices, and 
students may discuss specific employment opportuni
ties and the procedures of job placement with the 
staff of either office.

The Office of Student Placement, in cooperation with 
the University's placement services, arranges annual 
interviews between students and prospective employ
ers. Selected engineering faculty members serve as 
placement advisers with whom students may discuss 
their career objectives and plans for employment or 
graduate study.
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Cornell University

Areas of Instruction

Basic Studies

Olin Hall

M. S. Burton, director; G. D. Meixel, Jr., assistant d i
rector; N. Langrana.

Courses of study are listed on pp. 63-67.

Students in the College of Engineering are enrolled 
for the first two years of their undergraduate educa
tion in the Division of Basic Studies, which adminis
ters the program of courses for freshmen and 
sophomores.

Course Requirements

Students are enrolled for five courses each term. 
Many of these are elective, but the underclass pro
gram must be planned so as to satisfy certain re
quirements. A  sequence of four courses in 
mathematics and a three-term sequence in physics 
are required of all undergraduates. Freshmen enroll 
in chemistry during the first term and should elect a 
second term of chemistry if they plan a chemistry- 
related upperclass program.

A two-term sequence in engineering subjects IBE105 
and IBE106 is required of freshmen. Included is in
struction in the computer language PL/I and an In
troduction to engineering design and graphics. Also, 
each student chooses two six-week "m in i courses" 
which focus on different engineering fields and in
clude a variety of activities, such as design or labo
ratory projects, field trips, discussion groups, and 
case studies of engineering-related problems and is
sues. Students interested particularly in bioengineer
ing or premedicine may substitute a biology course 
for IBE106.

All engineering students are required to complete 
eight liberal studies courses (twenty-four credits) be
fore graduation; four of these courses (twelve cred

its) are normally completed while the student is reg
istered in the Division of Basic Studies. However, stu
dents whose career goals require them to do so, 
may substitute introductory courses in the natural 
sciences (e.g., biology or organic chemistry) for their 
liberal studies electives during the freshman or soph
omore year, and defer these electives until the junior 
and senior years. The liberal studies electives may 
include courses in the humanities, social sciences, 
modern foreign languages, and expressive arts.

All undergraduate students are required by the Uni
versity to complete four terms of physical education. 
The requirement must be completed w ithin the first 
four terms unless postponement is granted by the 
University Academic Records and Instruction Com
mittee. The engineering representative on the Com
mittee is Associate Dean M. S. Burton, 170 Olin Hall, 
who should be consulted if postponement becomes 
necessary.

Descriptions of the physical education courses of
fered will be made available to  entering students by 
the Department of Physical Education and Athletics.

During the sophomore year students take four engi
neering core science courses, selected from offer
ings in four areas, as outlined on p. 24. Students 
who are planning to major in chemical engineering 
as upperclassmen must satisfy special prerequisites 
(see footnote, p. 24.) A wise selection of core 
courses is of considerable importance to  the 
student’s subsequent program of studies and should 
be made in close cooperation with a faculty adviser.

The Curriculum

Typical programs for the freshman and sophomore 
years are given as examples. It should be noted that 
there are many variations, depending on students' in
dividual backgrounds and educational and career 
plans. Former course numbers are listed in par
entheses next to the new ones.

Freshman Year

Term 1 Hours
Mathematics BMA191, Calculus for 

Engineers 4
Chemistry BCH207 (107), General 

Chemistry 3
Freshman Engineering Course IBE105 

or IBE106 3
Natural or social science elective 3
Liberal studies elective 3

Term 2
Mathematics BMA192 or BMA194,

Calculus for Engineers 4
Physics BPS112, Physics I 4
Freshman Engineering Course IBE105 

or IBE106 or alternative'’ 3
Natural or social science elective + 3
Liberal studies elective 3
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Sophomore Year

Term 3  Hours
Mathematics BMA293 or BMA295 

(293H), Engineering Mathematics 4
Physics BPS213, Physics II 4
Engineering core science elective 3
Engineering core science elective 3
Liberal studies elective 3

Term 4
Mathematics BMA294 or BMA296 

(294H), Engineering Mathematics 3
Physics BPS214, Physics III 4
Engineering core science elective 3
Engineering core science elective 3
Liberal studies elective 3

“ Students interested primarily in bioengineering or 
bioengineering-premedicine may substitute Biological 

.Science OBA102 plus OBA104 (laboratory) tor 
IBE106 (see p. 30).
+ Students who wish to  major in chemical engineer
ing and students who are interested primarily in 
bioengineering-premedicine must take Chemistry 
BCH208 during the freshman year. Chemical engi
neering students will select a considerably different 
program in the sophomore year (see footnote +  un
der Engineering Core Sciences).

Engineering Core Sciences

Four engineering core science courses must be tak
en during the sophomore year. Each student selects 
courses from the four groups listed below, choosing 
a minimum of one course from three of the four 
groups.

An important consideration in the choice of these 
courses is that each upperclass Field Program is en
titled to  specify a particular engineering core science 
as a prerequisite for enrollment in the junior year.
The courses required by the fields are;
Applied and Engineering Physics IEE210 (4210) 
Chemical Engineering IHE111 or IHE110 +
Civil and Environmental Engineering IAK221 (1021) 
E lectrical Engineering IEE210 (4210)
Industrial Engineering and 

Operations Research IOA260 (9160)
Materials Science and Engineering (none required) 
Mechanical and Aerospace Engineering IAK221 
(1021)

+ Students intending to enter Chemical Engineering 
must also take Chemistry BCH287, 289 (287, 289) 
and Chemistry BCH288, 290 (288, 290). Only two of 
the Group IV courses may be counted toward the 
four engineering core sciences required of all soph
omores. Students who take the three courses from 
Group IV during the sophomore year may be unable 
to complete the engineering core science require
ments that year, and may defer the fourth engineer
ing core science until the junior year.

The four groups of engineering core sciences are;

Group I Hours
IOA213 (9113), Systems Analysis 

and Design 3

IOA260 (9160), Introductory 
Engineering Probability 3

IOA270 (9170), Basic Engineering 
Statistics 3

ICS211 (202), Computers and 
Programming 3

Group II
IEE210 (4210), Introduction to 

Electrical Systems 3
ITA262 (6262), Electrical Properties 

of Materials 3
IPK217 (8117), Contemporary 

Applied Physics 3
IPF306 (8606), The Physics of Life 3

Group III
IAK201 (1001), Introduction to 

Applied Mechanics 3
IAK221 (1021), Mechanics of Solids 3
IAK231 (1031), Dynamics 3
ITB261 (6261), Mechanical 

Properties of Materials 3

Group IV
BCH287, BCH289 (Chemistry 287, 289),

Physical Chemistry 5
BCH288, BCH290 (Chemistry 288, 290),

Physical Chemistry 5
BCH357 (Chemistry 357), Organic 

Chemistry 3
BCH358 (Chemistry 358), Organic 

Chemistry 3
IMG221 (3631), Thermodynamics 3
IHE111 or IHE110 (5101 or 5111),

Mass and Energy Balances 3

Aerospace Engineering

See p. 50.

Agricultural Engineering

Riley-Robb Hall

Degrees Offered: Bachelor of Science, Master of En
gineering (Agricultural), Master o f Science, Doctor of 
Philosophy.

E. S. Shepardson, director; R. D. Black, J. R. Cooke, 
R. B. Furry, W. W. Gunkel, D. A. Haith, L. H. Irwin,
W. J. Jewell, G. Levine, R. C. Loehr, H. A. Long- 
house, R. T. Lorenzen, D. C. Ludington, W. F. Millier, 
G. E. Rehkugler, N. R. Scott, J. W. Spencer.

Courses of instruction are listed on pp. 67-71.

A  jo in t program administered by the College of Agri
culture and Life Sciences and the College of Engi
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neering leads to the degree of Bachelor of Science. 
Students in this curriculum  register in the College of 
Agriculture and Life Sciences during the first three 
years but also take courses in the College of Engi
neering and the College of Arts and Sciences. They 
register in the fourth and final year for a College Pro
gram in the College of Engineering, which grants the 
degree.

The purpose of this curriculum is to prepare engi
neers for careers in the many industries and agen
cies that supply the great variety of products, 
machines, and services required for commercial agri
culture, o r that process, handle, and distribute agri
cultural products. More specialized study is offered in 
the various graduate degree programs.

Laboratory and Research Facilities

Riley-Robb Hall, on the campus of the College of Ag
riculture and Life Sciences, provides excellent class
room and laboratory facilities for both teaching and 
research. Major items of laboratory equipment in
clude electric dynamometers, universal testing ma
chines, fluid flow demonstration and metering 
equipment, strain measurement instruments, digital 
recording equipment, an electronic analog computer, 
torque meters, high-speed camera and film analysis 
equipment, modern farm machines, power units and 
materials-handling equipment, soil properties and 
moisture determination apparatus, and complete ma
chine shop facilities.

Laboratory equipment and space in Riley-Robb Hall 
permit investigation of many aspects of agricultural 
waste management, including liquid and solid waste 
handling, treatment and disposal, and odor control. A 
separate waste treatment laboratory is used for waste 
management pilot plant studies.

The Department has an extensive research program 
supported through the Cornell Agricultural Ex
periment Station. This also serves to provide many 
students with opportunities for part-time work during 
the academic year and for summer employment.

The Degree Programs

Bachelor of Science

The program for the underclass years is as follows.

Term 1 Hours
BMA191, Calculus for Engineers 4
BCH103, Introduction to  Chemistry 3

or
BCH207 (107), General Chemistry 3

or
BCH215 (115), General 

Chemistry and Inorganic
Qualitative Analysis 4

OAE151, Introduction to  Agricultural 
Engineering Measurements 
and Graphics 3

OBA101, Biological Science 3
or

OBA207 (107), Biology 
for Nonmajors 3

Liberal studies elective 3

Term 2
BMA192, Calculus for Engineers 4
BPS112, Physics I 4
OAE152, Engineering Measurements 

and Graphics 3
OBA102, Biological Science 3

or
OBA208 (108), Biology 

for Nonmajors 3
Liberal studies elective 3

Term 3
BMA293, Engineering Mathematics 4
BPS213, Physics II 4
IAK201, Introduction to Applied 

Mechanics 3
Engineering science 3
Liberal studies elective 3

Term 4
BMA294, Engineering Mathematics 3
BPS214, Physics III 4
Engineering science 3
Engineering science 3
Liberal studies elective 3

In addition to these courses, all freshmen and soph
omores must satisfy the University's requirements in 
physical education.

The curriculum  for terms 5 to 8 consists of:

1. A  structured program of at least forty-two credit 
hours including (a) a minimum of th irty hours of en
gineering courses including at least eleven hours of 
agricultural engineering courses at the 450 level or 
higher; and (b) a minimum of twelve hours of biologi
cal sciences a nd /o r agricultural electives.

2. Additional free elective and other courses de
signed to  provide depth in the student's major areas 
of interest, as well as to satisfy the requirements for 
ninety hours of courses in the core curriculum  and a 
total o f a least 126 hours (as required by the College 
of Engineering). A complete description of the 
courses in agriculture may be found in the A n 
nouncement o f the College o f Agricu lture and Life 
Sciences.

Specialization in agricultural engineering does not re
quire the period of practice before graduation that is 
required for specialization in some areas of agri
cultural study. However, appropriate summer work 
experience is encouraged, and faculty advisers will 
assist their advisees in obtaining suitable jobs.

To remain in good standing in the agricultural engi
neering program, a student must attain each term a 
weighted average of at least 1.7.

Agricultural Engineering Minor (College Pro
gram). College Program students interested in the 
application of engineering to  plant and animal sys
tems may elect an agricultural engineering minor 
which has the follow ing requirements: (1 ) a minimum
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of six hours of agricultural engineering courses at 
the 400 level or above; (2) a minimum of six hours 
of biological science a nd /o r agriculture courses be
yond the introductory biological science sequence; 
and (3) a minimum of six hours of engineering 
courses related to the student's interest in agricultur
al engineering. These courses are selected by the 
student in consultation with the faculty adviser for 
the minor.

Master of Engineering (Agricultural)

The degree of Master of Engineering (Agricultural) is 
available as a curriculum  type of professional degree, 
intended primarily for those students who plan to en
ter engineering practice and not for those who ex
pect to  study for the doctorate. This program 
consists of courses which are intended to  develop 
students’ backgrounds in engineering design as well 
as to  strengthen their fundamental engineering base. 
Six hours of the required thirty hours consist of engi
neering design experience involving individual effort 
and a formal report. Admission to  the M.Eng. (Agri
cultural) program is open to persons who have been 
granted bachelor's degrees in engineering or the 
equivalent and who have sufficient training to in
dicate that they can profitably study the advanced 
courses offered in the program. A  student can 
choose to concentrate in one of the subareas of ag
ricultural engineering or take a broad program with
out specialization. The subareas are: (a) power and 
machinery, (b ) soils and water engineering, (c ) agri
cultural structures and associated systems, (d) elec
tric power and processing, and (e ) agricultural waste 
management.

Engineering electives are chosen from among sub
ject areas relevant to  agricultural engineering, such 
as thermal engineering, mechanical design and anal
ysis, theoretical and applied mechanics, structural 
engineering, hydraulics, sanitary engineering, soil en
gineering, and waste management.

Master of Science and Doctor of Philosophy

Flexible programs leading to the Ph.D. degree are of
fered in the follow ing areas of specialization: agri
cultural engineering, agricultural structures, power 
and machinery, soil and water engineering, electric 
power and processing, and agricultural waste man
agement. Two minor subjects, at least one ot which 
must be in an engineering, agricultural, or basic sci
ence subject outside the Field of Agricultural Engi
neering, are also selected. Candidates for the M.S. 
degree take agricultural engineering as their major 
subject and select one minor from outside the Field.

A  broad and active research program, supported by 
the Cornell Agricultural Experiment Station, gives 
graduate students an opportunity to  select challeng
ing research projects for their theses. Assistantships 
and traineeships are available, and provide annual 
stipends comparable to  those offered at other land- 
grant institutions.

More detailed information, along with application 
forms and other descriptive information pertinent to

M.S. and Ph.D. programs in th is Field, may be ob
tained by writing to the Office of the Graduate Facul
ty Representative (Agricultural Engineering), 
Riley-Robb Flail.

Applied and Engineering 
Physics
Clark Flail

Degrees Offered: Bachelor of Science, Master of En
gineering (Engineering Physics), Master of Science, 
Doctor of Philosophy.

J. Silcox, director; P. L. Flartman, associate director; 
B. W. Batterman, R. A. Buhrman, K. B. Cady. D. D. 
Clark, R. K. Clayton, T. A. Cool, D. R. Corson, FI. FI. 
Fleischmann, V. O. Kostroun, J. A. Krumhansl, A. 
Kuckes, B. R. Kusse, A. Lewis, R. L. Liboff, R. V. 
Lovelace, M. S. Nelkin, E. L. Resler, Jr., T. N. Rho- 
din, M. M. Salpeter, B. M. Siegel, R. N. Sudan, W. W. 
Webb, G. J. Wolga.

Courses of instruction are listed on pp. 71-75.

The solution of many significant problems in engi
neering and applied science requires a thorough 
knowledge of physics and applied mathematics, and 
the ability to apply this knowledge effectively. The 
degree programs of the School of Applied and Engi
neering Physics are designed to provide education in 
the basic sciences at an intellectually challenging 
level and to prepare the student for a wide range of 
possible specialization in later professional develop
ment. These programs are particularly suitable for 
students who are w illing to defer the early study of 
specific applications in order to  have a w ider choice 
of problems on which they can later work with com 
petence and sophistication.

Research and Laboratory Facilities
The School o f Applied and Engineering Physics is 
centered in C lark Hall, which houses the University’s 
physical sciences library; offices of the Materials Sci
ence Center and of the Program on Science, Tech
nology, and Society; research laboratories and 
supporting services in solid state physics and mate
rials science; and a computer terminal. Facilities of 
other University laboratories and centers are also 
available for research in applied and engineering 
physics; these include the Center for Radiophysics 
and Space Research, the Ward Laboratory o f Nucle
ar Engineering, the Laboratory of Plasma Studies, 
and facilities o f the Division of Biological Sciences 
and of other schools and departments in the College 
ot Engineering.

The Degree Programs

Bachelor of Science

The Field Program in Engineering Physics is de
signed to develop proficiency in physics and applied
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mathematics with emphasis on those areas of great
est applicability to engineering and to other sciences. 
Its distinguishing feature is a focus on concepts of 
broad applicability presented in an intellectually de
manding and challenging context. For the able stu
dent, it provides an opportunity to  develop a general 
ability to solve difficult problems and to  acquire ex
perience in making specific applications. The flexibili
ty of the program allows the student to  choose areas 
of concentration within and outside of physics during 
the undergraduate years. Most students go on to 
graduate study in a wide variety of fields, and they 
find that the strength and flexibility of the ir under
graduate preparation makes them desirable candi
dates for admission to many different graduate and 
professional programs.

It is d ifficult to  predict which particular areas of engi
neering or applied science will appear most exciting 
and offer the best career opportunities when a cur
rent group of freshmen enters the job market. Cer
tain general trends are clear, however. As more 
difficult questions are asked in a given field, there is 
greater need to  go back to  fundamental knowledge 
in order to find answers. Particular techniques of ap
plication become rapidly obsolete, but the underlying 
scientific base changes much more slowly. Also, 
subject areas become more specialized at advanced 
levels; many subjects that are highly exciting at the 
graduate level have no direct undergraduate count
erparts or are better prepared for by study in basic 
science and mathematics than by specialized under
graduate work. Conversely, excitement in the study 
ot physics is increasingly the result of its applications 
in other scientific areas and in engineering.

Many undergraduates who pursue a major in engi
neering physics go on to  graduate work in such 
fields as astrophysics, atmospheric sciences, b iophy
sics, energy conversion, environmental science, geo
physics, materials science and engineering, nuclear 
engineering, nuclear physics, oceanography, plasma 
physics, quantum optics, and solid state electronics. 
Since a proper preparation for many of these areas 
of study depends upon an appropriate choice of un
dergraduate electives, each student should discuss 
his or her program with an engineering physics fac
ulty member as early as possible during the under
graduate years. Some currently active areas of study 
and the names of professors who have special inter
est in these areas are: Biophysics, A. Lewis and W. 
Webb; geophysics, A. Kuckes; materials science, J. 
Silcox and T. N. Rhodin; nuclear engineering, D.
Clark and K. B. Cady; lasers and  quantum electron
ics, G. Wolga; plasma physics, H. Fleischmann and
B. Kusse.

Another alternative for students who specialize in en
gineering physics as undergraduates is entry into a 
professional Master of Engineering program in engi
neering physics, nuclear engineering, or aerospace 
engineering. Further study in other professional fields 
for which a background in applied science is less di
rectly applicable is also a possibility. Some baccalau
reate graduates go directly to industrial positions that

often entail on-the-job or advanced training pro
grams. As in all the engineering fields at Cornell, the 
four-year Bachelor of Science degree in engineering 
physics is not a professional engineering degree.

The first two years o f the undergraduate program are 
administered by the Division of Basic Studies (see 
pp. 23-24. Students who are planning to  enter the 
Field Program in Engineering Physics are encour
aged to register in Flonors sections of physics and 
mathematics during these two years. Those who 
have advanced standing in mathematics when they 
matriculate in the College are advised of the possibil
ity ot taking Physics BPS112 in the fall term of the 
freshman year and Mathematics BMA421 in the 
spring term of the sophomore year. Of the core engi
neering sciences studied in the first two years, either 
IEE210, Introduction to  Electrical Systems, o r a 
course in thermodynamics (IM G 211 or Physical 
Chemistry BCH287) is required. W hichever of these 
subjects is not studied during the first two years 
must be taken in the jun ior year through an appro
priate course as discussed below. The course 
IPK217, Contemporary Topics in Applied Physics, is 
strongly recommended for the spring semester o f the 
sophomore year.

The follow ing curriculum, or its equivalent, consti
tutes the upperclass Field Program.

Term 5  Hours
BMA421, Applicable Mathematics 4
IPA355, Intermediate Electromagnetism 4
IPA333, Mechanics of Particles 4
Engineering science* 3 or 4
Liberal studies elective 3 or 4

Term 6
BMA422, Applicable Mathematics 4
IPA456, Intermediate Electrodynamics 4
IPG461, Introductory Quantum 

Mechanics 4
Free elective 3 or 4
Liberal studies elective 3 or 4

Term 7
BMA423, Applicable Mathematics 4
IPG323, Statistical Physics 4
BPS410, Advanced Experimental 

Physics 4
Technical elective 3 or 4
Liberal studies elective 3 or 4

Term 8
IPA434, Continuum Physics 4
Applications of Quantum 

M echanics+ 3 or 4
Technical elective 3 or 4
Free elective 3 or 4
Liberal studies elective 3 or 4

•For those students who have taken IEE210 and a 
thermodynamics course in the sophomore year, this 
becomes a free elective. For those who have taken 
thermodynamics only, Physics BPS360 is suggested 
to meet the electric circuits requirement. For those 
who have taken IEE210 only, a course in therm ody
namics is required.
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+ A choice of the following courses may be made: 
BPS454, Introductory Solid State Physics; BPS444, 
Nuclear and High-Energy Particle Physics; IPC609, 
Low-Energy Nuclear Physics (fall term); IPD401, 
Physics of A tom ic and Molecular Processes (fall 
term); IEE731, Quantum Electronics I (fall term).

Considerable flexibility is possible in the scheduling 
of these courses. For example, Physics BPS410 may 
be taken in term 7 or in term 8. Quantum mechanics 
can be studied in term 6 as IPG461 or in term 7 as 
Physics BPS443. The course in applications of quan
tum m echanics can be taken whenever the appropri
ate prerequisite has been met. If scheduling conflicts 
arise, the School may allow substitutions of courses 
nearly equivalent to the listed required courses: 
Physics BPS325-326 and IEE313-314 are similar to 
IPA355 and IPA456; Physics BPS318 (offered in the 
spring) and IAC670 are similar to IPA333; and one 
of a number of advanced courses in flu id mechanics 
or elasticity are similar to  IEP434.

Free and technical electives need not be all formal 
course work; qualified students may undertake infor
mal study under the direction of a member of the 
faculty. This may include research projects during 
the senior year in areas in which faculty members 
are active. These areas include electron m icroscopy 
and diffraction, quantum electronics, solid state and 
surface physics, atomic physics, geophysics, b iophy
sics, nuclear structure physics, nuclear engineering, 
and plasma physics.

The engineering physics student is expected to pass 
every course for which he or she is registered, to  at
tain each term a grade-point average of at least 2.3, 
and to  demonstrate aptitude and competence in the 
basic subject matter o f the curriculum.

Areas of Concentration. Through a judicious choice 
of electives in the first two years, a student who 
plans to  enroll in engineering physics can develop a 
coherent supplementary program. This can be impor
tant in preparing for graduate work in many interdis
ciplinary fields. Four typical examples are the 
following.

1. Biophysics. A student interested in biophysics 
may choose electives in biology and chemistry to 
create a coherent biophysics major w ithin the engi
neering physics curriculum. The student begins with 
the introductory biology courses OBA101-103 and 
OBA102-104 as natural science electives in the 
freshman year. (It should be noted, however, that a 
student w ith good preparation in high school biology 
may qualify, by taking the necessary placement ex
aminations in the fall, for OBA109, which offers intro
ductory biology in one term.) A  good selection of 
electives for the sophomore year would be IPF306, 
The Physics of Life, taken along with the organic 
chemistry sequence BCH253 in the fall term and ei
ther BCH301 (a four-hour course) or BCH251 (a 
two-hour course) in the spring term. During the jun
ior year this student could elect Physical Chemistry 
BCH389-390. The senior-year requirement for a 
course in applications of quantum mechanics could 
be met by taking Physics BPS454, Applied and Engi

neering Physics IPD401, Chemistry BCH794, or 
Chemistry BCH798. Finally, technical electives that 
would be appropriate for this student include the Ap
plied and Engineering Physics course IPF610 and 
the biology courses OBD431 and OBD433; OBB410 
and O BB411; OBC320; OBI280; OBA405; OBC425; 
IPF601; IPF603; OBB313; and OBI386.

2. Geophysics. A student interested in geophysics 
may choose geological sciences courses IGE101- 
102 or else IGE101 and Chemistry BCH208 as natur
al science electives in the freshman year. In the 
sophomore year an appropriate choice of engineer
ing sciences would be IEE210, ITA261, IMG221, and 
IPK217. In the jun ior year the geological sciences 
sequence IGE355-356 or IGE325 and IGE376 would 
be appropriate electives. Senior-year electives could 
include IGE485 and IGE388. The applications of 
quantum mechanics requirement would be met best 
with Physics BPS454.

3. Nuclear Engineering. A student interested in nu
clear engineering or nuclear science would be ad
vised to  select IEE210, IMG221, and IPK217 as three 
of the sophomore engineering core sciences. Appro
priate electives in later terms would be IPC201 in 
term 5, IPC609 as the required course in applica
tions Qf quantum mechanics in term 7, and IPC612 
as a technical elective in term 7.

4. Lasers and Quantum Electronics. A  student inter
ested in lasers and quantum electronics may choose 
courses IPK217, IEE210, and IMG221 fo r the soph
omore engineering science requirement. During the 
junior year any of several courses may be appropri
ate; e.g., Physical Chemistry BCH389-390. The ap
plications of quantum m echanics requirement should 
be met with either IPD401 (fall term) or BPS454 
(spring term). The fall term  technical elective might 
be Chemistry BCH681, Applied and Engineering 
Physics IPD401, o r Electrical Engineering IEE411.
The recommended technical elective fo r the spring 
term of the senior year is Electrical Engineering 
IEE430. An alternative selection for senior-year tech
nical electives, recommended for strong students, is 
the quantum electronics sequence IEE731-732.

Similar programs may be set up in other areas, such 
as plasma physics and materials science; examples 
are available at the office of the School of Applied 
and Engineering Physics. Students interested in this 
kind of interdisciplinary study are urged to develop 
programs that meet their specific objectives at the 
earliest possible time. They are advised to consult 
with one of the professors listed in th is section under 
particular areas of interest or with the associate di
rector of the School, P.L Hartman.

The College Program. Students who elect to  devel
op a College Program (see pp. 36-39) may choose a 
major from an area o f applied physics. A  College 
Program major in nuclear engineering, fo r example, 
m ight inclbde the applied and engineering physics 
courses IPC201 and IPC303, plus two of the four 
courses IPC612, IPC651, IPC633, and IPC609. Also 
available is a College Program in Energy Conversion, 
a synthesis of nuclear, thermal, and electrical engi
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neering studies. This program is described on p. 37. 
Consultation with faculty members in the general 
area of the desired major must be made before em
barking on a College Program.

Master of Engineering (Engineering Physics)

The prim ary objective of the fifth year of study in en
gineering physics is to  provide an opportunity for ad
vanced study; students who earn the M.Eng. 
(Engineering Physics) degree may move into devel
opment or research programs in applied physics in 
industrial or governmental institutions. The program 
may also serve as a preparation for more advanced 
graduate work in applied physics, or as exploratory 
study for the student interested in starting graduate 
work but not ready to make a commitment to  a spe
cific field. Finally, it provides an opportunity to satisfy 
prerequisite course work in certain new areas of 
graduate study which involve a combination of engi
neering or applied physics with another professional 
but nontechnical discipline.

General requirements for the M.Eng. degree, given 
on p. 11, permit considerable flexibility in the course 
program, and engineering physics students plan indi
vidual curricula in consultation with the program 
chairman. Specific requirements for the M.Eng. (En
gineering Physics) degree are the following:

1. The required thirty credit hours must include a 
minimum of six in a graduate-level course sequence. 
The program must also include a graduate-level 
course in quantum mechanics and a fourth-year or 
graduate-level course in statistical mechanics, or 
their equivalents, unless such courses have been 
taken as part of the undergraduate program. In addi
tion, the student must attend a sequence of approxi
mately fifteen scheduled University seminars or 
colloquia chosen in consultation with the chairman of 
the program.

2. The project requirement may be satisfied by an 
informal study or project, experimental or analytical, 
which requires individual effort and is completed with 
a formal report. This carries at least six hours of 
credit. It is usually completed by the end of the sec
ond semester but permission to  continue through the 
summer may be obtained. If the project is ex
perimental, one course in mathematics or applied 
mathematics at the graduate level is required; if the 
project is analytical, one term in experimental labora
tory physics at the graduate level or its equivalent 
must be taken. The study or project is chosen in 
consultation with the chairman of the program and is 
carried out under the personal direction of an appro
priate member of the engineering or science faculty.

Inquiries about the study program, available facilities, 
admission requirements, or financial aid should be 
addressed to the Program Chairman, Master of Engi
neering (Engineering Physics), C lark Flail.

Master of Engineering (Nuclear)

This program is described under the Nuclear Science

and Engineering section of this Announcem ent (see 
P- 57).

Master ot Science and Doctor of Philosophy

The graduate program in the Field of Applied Physics 
provides a means for students with undergraduate 
training in physics to branch out into applied science 
while continuing the study of physics and for stu
dents with backgrounds in engineering or another 
science to extend their knowledge of physical sci
ence principles and techniques. A  student may 
choose for specialization and thesis research any 
subject that involves the application of principles of 
physics and mathematics. The formal course pro
grams leading to the M.S. and Ph.D. degrees contain 
a core of physics and mathematics courses, but indi
vidual programs ot study are designed to  meet the 
needs and interests of each student. Programs in
volving several academic disciplines and topics that 
are undergoing transition from fundamental physics 
to applied physics are readily accommodated.

Current areas of advanced study and research in
clude: biophysics, chemical physics, physics of 
fluids, geophysics, nuclear and reactor physics, op
tics, plasma and thermonuclear physics, radiation 
and matter, solid state physics and materials science, 
space physics, and surface physics. Specific re
search projects in which graduate students in ap
plied physics are currently participating include: 
tuneable laser Raman spectroscopy of the visual 
process, mechanisms of auditory organs, dynamics 
ot biomolecular lipid and cell membranes, biochemi
cal kinetics, electron microscopy of biomacromolecu- 
lar structures, photosynthetic reaction centers, 
chemical lasers and molecular energy transfer, ob 
servations of critical phenomena in fluids using hom
odyne spectroscopy, electromagnetic sounding of 
the earth 's mantle, analysis of nuclear structure by 
studies of the decay of short-lived radionuclides 
formed in a nuclear reactor, high-resolution electron 
m icroscopy and energy-analyzing electron m icrosco
py, studies of quantum electronics using infrared 
spectroscopy, experimental and theoretical studies 
on the confinement and heating of thermonuclear 
plasmas using relativistic electron beams, theoretical 
and experimental studies of plasma and hydrody
namic turbulence, statistical physics of amorphous 
systems, phase transformations at high pressures, 
quantum superconductivity and devices, atom ic and 
microscopic properties of solid surfaces using pho
toemission electron tunnelling spectroscopy and 
electron diffraction, and experimental studies of at
om ic collisions and X-ray physics.

Details of the program, requirements for admission, 
and areas of advanced study are given in the A n
nouncement o t the Graduate School. A  special An
nouncement, Graduate Study in Engineering and  
Applied Science, includes a section on Applied Phys
ics. Further information may be obtained from the 
Graduate Faculty Representative (Applied Physics), 
Clark Hall.
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Bioengineering

Bioengineering at Cornell is diverse, with specific 
bioengineering and premedical studies offered in the 
Division of Basic Studies and most o f the upperclass 
engineering fields. Normally, students interested in 
bioengineering complete their engineering and basic 
science prerequisites, including biology and organic 
chemistry, during their freshman and sophomore 
years. In the jun ior and senior years, students pursue 
bioengineering options within their chosen engineer
ing fields by choosing their electives to  support their 
special goals w ithout detracting from the essential 
engineering foundation provided by a Field Program.

When pursuing a biological emphasis in an organ
ized degree-granting undergraduate field, students 
receive outstanding preparation in the particular field 
of engineering, plus the background to  apply this 
knowledge in diverse areas of ecology, biology, or 
medicine. By careful selection of electives a student 
will complete the senior year with the educational 
option of: (1) further graduate study in biology, ecol
ogy, o r medicine, or (2 ) additional study in the engi
neering field. The wisdom of retaining two options 
has proved itself; the faculty of the College is strong
ly committed to  the idea that students be adequately 
prepared engineers w ith a variety of options upon 
graduation.

A few students have sufficient experience to decide 
upon an area of specialization w ithout retaining other 
options. For these students an individualized curric
ulum can be designed w ithin the College Program 
(see p. 37). This Program has been used effectively by 
students whose principal educational aim was ma
triculation in a medical college and by a few bioengi
neering students who wished to  combine different 
engineering emphases. Since there is no set curric
ulum in the College Program, the key to formulating 
a viable bioengineering course of study lies in work
ing with appropriate faculty advisers who are knowl
edgeable in the major and m inor areas of 
concentration. The faculty resources of the College 
and other units o f the University have proved excel
lent in meeting -this need. Suggestions for suitable 
faculty advisers may be obtained from the Advising 
and Counseling Center, 170 Olin Hall.

During the first two years, all students in the College 
of Engineering are enrolled in the Division of Basic 
Studies to pursue a program com bining specified 
course work with electives appropriate to  their field 
of interest. A  student interested in upperclass work in 
bioengineering or premedicine has the opportunity to 
modify the curriculum  to accomplish all o f the basic 
prerequisites for this kind of specialty by the end of 
the sophomore year.

The fo llow ing program is suggested as a guide; it is 
understood that each bioengineering student will dis
cuss his o r her plans carefully with a faculty adviser 
before making decisions regarding a course of study. 
For example, students who receive advanced place
ment credit will need to  consult with their advisers to

determine suitable schedules.

Term 1 Hours
Mathematics BMA191, Calculus for 

Engineers 4
Chemistry BCH207, General Chemistry 3
Engineering IBE105, Elements of 

Engineering Communication 3
Biological Sciences OBA101 and OBA103, 

or OBA105, or O BA109’  4
Liberal studies elective 3

Term 2
Mathematics BMA192, Calculus for 

Engineers 4
Chemistry BCH208, General Chemistry 3
Biological Sciences OBA102 and OBA104, 

or OBA106, o r OBA110*' 4
Physics BPS112, Physics I: Mechanics 

and Heat 4
Liberal studies elective 3

Term 3
Mathematics BMA293, Engineering 

Mathematics 
Physics BPS213, Physics II; Electricity 

and Magnetism 
Engineering core science 
Chemistry BCH253, Elementary 

Organic Chemistry 
or

Chemistry BCH357, Introductory 
Organic Chemistry +

Liberal studies elective

Term 4
Mathematics BMA214, Engineering 

Mathematics 
Physics BPS214, Physics III: Optics 

Waves, and Particles 
Engineering core science 
Chemistry BCH251, Elementary 

Organic Laboratory 
or

Chemistry BCH358, Introductory 
Organic Chemistry +

Liberal studies elective

* Either Biological Sciences OBA101 and OBA103, 
OBA102 and OBA104, o r OBA105 and OBA106 are 
recommended for bio logy majors and will serve sat
isfactorily for premed students; alternatively, the non
major courses OBA109 and OBA110 could be 
chosen. Students who are free to  attend summer 
session may wish to take the biology sequence, in 
whole or in part, during the summer, as this eases 
the work load during the academic year.
+ Students are encouraged to  discuss with their ad
visers whether chem istry is appropriate to  the ir inter
ests and which chemistry courses are best suited. 
(Chemical engineering majors would choose Chemis
try BCH287, BCH289, BCH288, BCH290, Physical 
Chemistry.)

Using this curricu lum  as a basic guide, students 
should consult their advisers regarding possible vari
ations that might stress particular needs or unusual 
situations. Current copies of Medical School Adm is
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sions Requirements, which lists appropriate courses, 
are available in the Advising and Counseling Center, 
along with catalogs from many universities that offer 
graduate bioengineering programs.

The many course programs available to bioengineer
ing students in upperclass engineering Fields cannot 
be described in this Announcem ent because of 
space limitations. Detailed descriptions of these 
course offerings and suggested curricula are, howev
er, essential for bioengineering students who are 
seeking to  make an intelligent decision regarding a 
field of study for the jun ior and senior years Before 
preregistering for the sophomore year, bioengineer
ing students should obtain from the Engineering Ad
vising and Counseling Center, a copy of 
Bioengineering at Cornell, which provides the infor
mation necessary for putting the decision-making 
process in perspective.

Chemical Engineering

Olin Hall

Degrees Offered: Bachelor of Science, Master of En
gineering (Chemical), Master of Science, Doctor of 
Philosophy.

K. B. Bischoff, director; J. C. Smith, associate d irec
tor; J. L. Anderson, J. R. Anderson, G. G. Cocks, R. 
K. Finn, P. Harriott, J. E. Hedrick, F. Rodriguez, G. F. 
Scheele, M. L. Shuler, J. F. Stevenson, R. G. Thorpe, 
R. L. Von Berg, H. F. Wiegandt, C. C. Winding, R. 
York.

Courses of instruction are listed on pp. 75-77.

Chemical engineering involves the application of the 
principles of the physical sciences and mathematics 
and of engineering judgment to  fields in which mat
ter is treated to effect a change in state, energy con
tent, or chemical composition. Many chemical 
engineers are employed in the process industries. In 
these industries, raw materials are converted to use
ful products such as industrial chemicals, petroleum 
products, metals, rubbers, plastics, synthetic fibers, 
foods, paints, and paper. Because of their knowledge 
ot chemistry, chemical engineers are also prepared 
to serve in related fields such as biochemical and 
biomedical engineering, nonmetallic materials, waste 
disposal, and pollution abatement.

An integrated program in chemical engineering leads 
to a Bachelor of Science degree at the end ot four 
years and to a Master of Engineering degree in one 
additional year. The curriculum applies the latest de
velopments in the fields of chemistry, mathematics, 
physics, and the engineering sciences to chemical 
engineering concepts and provides enough flexibility 
so that students may prepare themselves for the 
broad application of these concepts to many engi
neering problems. A  four-year sequence of liberal 
studies electives provides an opportunity to  attain a 
background in the social sciences, economics, or

other nontechnical subjects. Free electives in the up
perclass years permit the choice of additional 
courses in such fields. Free and technical electives 
may be used to broaden the student's preparation in 
the sciences and engineering or to study specialties 
in more depth. The School of Chemical Engineering 
offers special programs in biological engineering, 
polymeric materials, and chemical microscopy. Stu
dents may also use their electives to attain greater 
proficiency in fields such as chemistry, mathematics, 
biology, environmental systems engineering, water 
resources, computer science, o r nuclear engineering.

Laboratory and Research Facilities

All Cornell programs in chemical engineering, both 
undergraduate and graduate, are given in Olin Hall of 
Chemical Engineering. This modern and well- 
equipped building, with over 100,000 square feet ot 
floor space, provides lecture and recitation rooms as 
well as laboratories for instruction and research. The 
main laboratory extends through three floors and 
contains pilot-plant equipment for undergraduate pro
jects and research as well as space for research ap
paratus for graduate students. Shops, storage, and 
service facilities are adjacent to this laboratory.

In addition, a large portion of the building is devoted 
to small-unit laboratories containing furniture and 
equipment suitable for the chemical and bench-scale 
projects and research carried out by both undergrad
uate and graduate students. Specialized laboratories 
are also available. The Geer Laboratory for Rubber 
and Plastics has facilities for making, processing, 
and testing all types of polymeric materials. The bio
chemical engineering laboratory contains equipment 
for fermentation and other biochemical processes; 
the process control area is equipped with control in
struments, recorders, and computers.

The Degree Programs
Bachelor ot Science

The Field Program in Chemical Engineering offers a 
coordinated sequence of chemical engineering 
courses beginning in the sophomore year and ex
tending through the fourth year.

Course programs for terms 1 through 4, adminis
tered by the Division of Basic Studies, are described 
on pp. 23-24. While enrolled in the Division of Basic 
Studies, the student planning to  enter the profession
al chemical engineering program registers for Chem
istry BCH287-288, Chemistry BCH289-290, and 
Chemical Engineering IHE110 (formerly 5111) or 
IHE111 (formerly 5101) during the sophomore year.

The program for the upperclass years is as follows:

Term 5 Hours
Chemistry BCH357, Organic 

Chemistry 3
Chemistry BCH251, Organic 

Chemistry Laboratory 2
IHE311, Equilibria and 

Staged Operations 3
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IHE430, Introduction to  
Rate Processes 3

Elective+ 3
Liberal studies elective 3

Term 6
Chemistry BCH358, Organic 

Chemistry 3
IHE321, Materials* 5
IHE431, Analysis of 

Separation Processes 3
Elective+ 3
Liberal studies elective 3

Term 7
IHE312, Chemical Engineering 

Thermodynamics 3
IHE432, Chemical Engineering 

Laboratory 3
IHE461, Chemical Process 

Evaluation 3
Elective+ 3
Liberal studies elective 3

Term 8
IHE410, Reaction Kinetics and 

Reactor Design 3
IHE462, Chemical Process Synthesis 4
Electives+ 6
Liberal studies elective 3
IHE101, Nonresident Lectures 0

'S tudents who have an approved plan for concentra
tion in a m inor topical area and who require more 
elective courses than the number scheduled to  ac
complish their goals may substitute additional elec
tives fo r IHE321, Materials (provided that ITA261, 
Mechanical Properties of Materials, has been chosen 
as an engineering core science during the soph
omore year). This option could be of interest to  stu
dents planning concentrations in such areas as 
biological engineering, environmental studies, ad
vanced chemistry, and systems and operations re
search.
+ The electives in terms 5 to 8 must comprise three 
hours of the postponed engineering core science 
course (see the section on Basic Studies); six hours 
of technical electives; and at least six hours of free 
electives.

The College Program. Students pursuing a College 
Program, described on p. 36, may elect a m ajor or a 
m inor in chemical engineering. These majors and mi
nors require a sequence of chemical engineering 
courses in the third and fourth years, plus the proper 
prerequisites, as specified by the student's adviser 
and the College Program Committee.

M aster ot Engineering (Chem ical), Master of 
Science, and Doctor of Philosophy

A  student holding a baccalaureate or equivalent de
gree in chemical engineering from a college of rec
ognized standing is eligible to pursue advanced work 
leading to a professional degree, Master o t Engineer
ing (Chemical), o r to the general degrees, M.S. or

Ph.D., with majors in chemical engineering.

The professional master's degree, M.Eng. (Chemi
cal), is awarded at the end of one year o f study with 
successful completion of th irty credit hours of re
quired and elective courses in technical fields includ
ing engineering, mathematics, chemistry, physics, 
and biology. Courses emphasize design and optim i
zation based on the econom ic factors that affect 
process, equipment, and plant design alternatives.
No thesis is required, but a design project is involved 
in the required courses. Further information may be 
obtained from the D irector of Chemical Engineering, 
Olin Hall.

The M.S. and Ph.D. degrees are administered by the 
Graduate School and require work in both major and 
minor fields ot study, as well as the com pletion of a 
thesis involving individual experimental research or 
analytical investigations. A  student interested in these 
degrees should consult the Announcem ent o f the 
Graduate School and an Announcement titled Gradu
ate Study in Engineering and Applied Science  (see p. 
4). Prospective candidates may also communicate with 
the Graduate Faculty Representative (Chemical Engi
neering), Olin Hall.

Civil and Environmental 
Engineering

Hollister Hall

Degrees Offered: Bachelor of Science, Master of En
gineering (Civil), Master of Science, Doctor o f Philos
ophy.

W. R. Lynn, director; G. B. Lyon, assistant director;
J. F. Abel, B. deV. Batchelor, V. C. Behn, D. J. Bel
cher, P. L. Bereano, J. J. Bisogni, W. H. Brutsaert, F. 
J. Cesario, L. B. Dworsky, G. P. Fisher, R. H. Gal
lagher, C. D. Gates, P. Gergely, D. A. Haith, J. N. 
Kay, A. Wm. Lawrence, T. Liang, J. A. Liggett, T. L -
F. Liu, R. C. Loehr, D. P. Loucks, W. McGuire, A. J. 
McNair, A. H. Meyburg, P. J. Murphy, A. H. Nilson,
T. Pekdz, D. A. Sangrey, R. E. Schuler, R. G. Sex- 
smith, C. Shoemaker, F. O. Slate, S. Stidham, Jr., R. 
N. White, G. Winter.

Courses of instruction are listed on pp. 79-90.

Civil and environmental engineering deals primarily 
with the large fixed works, systems, and facilities that 
are basic to com m unity living, industry, and com
merce and vital to  m an’s wellbeing. The planning, 
design, construction, and operation of transportation 
systems, bridges, buildings, water and sewage treat
ment facilities, dams, and other major artifacts of 
society are civil and environmental engineering activi
ties. Civil and environmental engineers are major 
contributors to  the solution of problems of urbaniza
tion, c ity  planning, and environmental quality control. 
A  burgeoning national population and the desire of 
people to  cluster in c ity complexes require a great
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increase in the number ot well-prepared engineers 
who can meet the basic needs of society with effi
ciency, economy, and safety.

The wide range of subjects which are the concerns 
of civil and environmental engineers are generally 
grouped into a number of subfields and specializa
tions. A t Cornell, there are two subject departments 
in the School of Civil and Environmental Engineer
ing— Structural Engineering (see p. 34) and Environ
mental Engineering (see p. 34)— and a Program in 
Measurement and Remote Sensing (see p. 36). W ith
in the Department of Environmental Engineering, 
there are three major areas: environmental protection 
and management, fluid m echanics and hydrology, 
and public systems planning and analysis.

These units provide courses for graduate study lead
ing to advanced degrees and also those courses 
necessary to  support the undergraduate curriculum 
in civil and environmental engineering. The specific 
aims, objectives, and programs of each of these 
units are described on the pages listed above.

The Degree Programs

The undergraduate field curriculum  in civil and envi
ronmental engineering leads to the degree of Bach
elor of Science. It provides a thorough foundation in 
the basic sciences, applied sciences, and mathemat
ics which are fundamental to the profession. It also 
includes an introduction to the major areas of mod
ern civil and environmental engineering technology 
and substantial opportunity for liberal study.

Most students go on to graduate study after com ple
tion of the baccalaureate. The three main paths of 
advanced work at Cornell are:

1. Graduate study in the Field of Civil and Environ
mental Engineering leading to the degree of Master 
of Engineering (Civil). This is the first degree with a 
civil engineering designation. It is obtained upon 
completion of a curricular program of th irty credit 
hours of advanced study, including an extensive de
sign project. The M.Eng. (Civil) program is designed 
primarily for students who intend to enter the profes
sional practice of engineering, and the degree repre
sents attainment of an educational level considered 
essential for modern practice.

2. Graduate study leading to the degrees Master of 
Science and Doctor of Philosophy. These degrees 
are intended primarily for students who plan careers 
in research, development, or teaching in an area of 
civil and environmental engineering.

3. Advanced study in a related technical field such 
as applied mechanics, aerospace engineering, or ur
ban planning, or in a nontechnical field requiring an 
engineering background, such as law or business 
administration.

Bachelor of Science

The first four terms are described on pp. 23-24 of this 
Announcement. The Division of Basic Studies program

specifies that two engineering core science courses be 
taken in each term of the sophom ore year. Mechanics 
of Solids IAK221, is required for entry into the Civil and 
Environmental Engineering Field Program. It is recom
mended, but not required, that students planning to 
enter this Field take IOA260, Introductory Engineering 
Probability, and either IAK231, Dynamics, or ITA261, 
Mechanical Properties ot Materials, as two o f their 
o ther sophomore engineering core science courses.

The follow ing recommended sequence of courses is 
intended to provide an introduction to the several 
diverse areas w ithin the Field of Civil and Environ
mental Engineering and to permit more detailed 
study in at least one area. Students with a well- 
defined special interest may choose to  depart from 
this sequence. In such cases, a special program 
should be developed by the student in consultation 
with a faculty adviser of his or her choice w ithin the 
Field, preferably prior to the fifth semester, and sub
mitted to  the Field Curriculum  Committee for approv
al. It is advisable for a student to submit an 
application for a special program as early as the first 
term of the sophomore year.

Term 5  Hours
IAK231, Dynamics" 3
IIC301, Fluid Mechanics 3
IIG301, Structural Engineering I 4
IOA260, Introductory Engineering 

Probability” 3
Liberal studies elective 3

Term 6
ITA261, Mechanical Properties 

of Materials* 3
IIE301, Environmental Quality 

Engineering 3
IID301, Soil Mechanics 3
IIB303, Engineering Economics and 

Systems Analysis 3
Liberal studies elective 3

Term 7
Civil and environmental engineering 

distribution courses (2 )+ 6
Technical elective 3
Free elective 3
Liberal studies elective 3

Term 8
Civil and environmental engineering 

distribution courses (2 )+ 6
Technical elective 3
Free elective 3
Liberal studies elective 3

"Satisfactory com pletion of these engineering core 
science courses in the Division of Basic Studies in
creases the number of technical electives accord
ingly.
+ There are distribution requirements for the civil and 
environmental engineering distribution courses. The 
student may obtain information on these require
ments from his or her faculty adviser.

The College Program As an alternative to the Field
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Program, a student with a strong interest in an inter
disciplinary specialized program may wish to  consid
er the College Program (see p. 36). Where this 
involves one of the areas of civil and environmental 
engineering, either as a major o r m inor subject, the 
various department faculty members are prepared to 
advise and assist the student upon request. Exam
ples of College Programs are those com bining study 
in structural engineering and architecture, transporta
tion engineering and urban planning, environmental 
systems engineering and operations research, sani
tary engineering and oceanography, and public sys
tems planning and analysis (see p. 38).

Master ol Engineering (Civil)

The Master of Engineering (C ivil) degree is designed 
to prepare a student for professional practice in civil 
and environmental engineering. General requirements 
for the program, in addition to  those stated on p. 11, 
include four required courses: two in professional en
gineering practice, IIK520 and IIK521; and two in de
sign, IIK510 and IIK511 or the equivalent. The 
second course in design requires the completion of a 
project involving synthesis, analysis, decision making, 
and application of engineering judgment. It will be of
fered as an intensive, full-day, three-week course 
during the w inter intersession.

The remainder of a student's program of studies is 
designed individually in consultation with an aca
demic adviser and then submitted to  the School's 
Professional Degree Committee for approval. The ob
jectives in course planning are to  provide breadth in 
the fundamentals of civil and environmental engi
neering, and specialization in one area with some 
concentration in a related area. Most students will 
have achieved the necessary breadth during their 
undergraduate years. Some, however, may require 
additional course work in the graduate program to 
fulfill the breadth requirement. Students in the School 
of Civil and Environmental Engineering may avail 
themselves of a number of graduate course offerings 
in fields related to their major interest but outside of 
the School.

Further information on this program may be obtained 
from the Director, School of Civil and Environmental 
Engineering, Hollister Hall.

Master of Science and Doctor of Philosophy

The requirements for the degrees of Master o f Sci
ence and Doctor of Philosophy are described in the 
Announcem ent o f the Graduate School These are 
degrees oriented toward research and require sub
mission of a thesis.

In the Field of Civil and Environmental Engineering, a 
number of special areas of concentration are avail
able as either major or minor subjects. These con
centrations are identified with the departments of 
Structural Engineering and Environmental Engineer
ing, and with the Program in Measurement and Re
mote Sensing, which provide related graduate 
instruction.

A  number of fellowships and assistantships are avail
able to  graduate students in civil and environmental 
engineering. Prospective graduate students should 
consult the Announcem ent o f the Graduate School 
and a special Announcement, Graduate Study In En
gineering and A pplied Science (see  p. 4). Further 
information may be obtained by w riting to the 
Graduate Faculty Representative (Civil and Environ
mental Engineering), Hollister Hall.

Department of Structural Engineering

R. H. Gallagher, chairman: J. F. Abel, B. deV. 
Batchelor, P. Gergely, J. N. Kay, W. McGuire, A. H. 
Nilson, T. Pekdz, D. A. Sangrey, R. G. Sexsmith, F.
O. Slate, R. N. White, G. Winter.

Structural engineering comprises the analysis and 
design of structures of all types, those traditionally 
identified with civil engineering (e.g., buildings, 
bridges, watertanks, dams, and foundations) as well 
as those connected with other branches of engineer
ing (e.g., aerospace structures, pressure vessels, and 
nuclear engineering structures). Soil mechanics and 
foundation engineering are concerned with the mea
surement of soil and rock properties and their use in 
the design process. The Department o f Structural En
gineering is responsible for undergraduate and grad
uate instruction and for research in all these areas.
In addition, instruction and research in civil engineer
ing structural materials (e.g., concretes, asphalts, 
structural metals, and soils) are the Department's re
sponsibility.

Instruction, both undergraduate and graduate, em
phasizes fundamental understanding of structural be
havior and modern methods of design and analysis, 
many of them computer-oriented. A  large volume of 
research, sponsored by governmental agencies and 
industry, is carried out in four large and fu lly 
equipped laboratories: a structural laboratory for full- 
scale testing, a models laboratory, a versatile cement 
and concrete laboratory, and a soil mechanics labo
ratory with a wide variety of both standard and spe
cialized equipment.

Department of Environmental 
Engineering

D. P. Loucks, chairman; V. C. Behn, P. L. Bereano,
J. J. Bisogni, W. H. Brutsaert, F. J. Cesario, L. B. 
Dworsky, G. P. Fisher, C. D. Gates, D. A. Haith, A. 
Wm. Lawrence, J. A. Liggett, P. L.-F. Liu, R. C. 
Loehr, W. R. Lynn, A. H. Meyburg, P. J. Murphy, R
E. Schuler, C. Shoemaker, S. Stidham, Jr.

Environmental engineering is concerned with the 
technology and methodology for solving the complex 
problems related to the quality o f the environment as 
well as with the impact of their application upon 
society.

Undergraduate students can major in environmental 
engineering w ithin the curricu lum  of the School of 
Civil and Environmental Engineering by selecting a
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distribution course, technical electives, and free elec
tives in this area. Candidates fo r the Master o f Engi
neering (C ivil) degree can also specialize in this 
area. Candidates for the Master of Science and Doc
tor of Philosophy degrees can develop extremely 
flexible programs, utilizing their prior experience in 
this area. Each graduate student in environmental 
engineering is expected to complete significant in
dependent research for the M.S. or Ph.D. degree, or 
an engineering design for the M.Eng. (C ivil) degree. 
(Also see the section on Degree Programs above.)

A successful career in environmental engineering re
quires the ability to contribute to the planning, de
sign, evaluation, and analysis of technological 
innovations for improving environmental quality in re
sponse to ever-changing goals and needs of society. 
Creativity and adaptability to change are also neces
sary for a successful career in environmental engi
neering in industry, governmental agencies, 
consulting engineering practice, research institutes, 
or colleges or universities. The Department of Envi
ronmental Engineering stresses the basic sciences as 
well as the applied mathematical, engineering, eco
nomic, and legal considerations needed for leader
ship in this rapidly expanding profession.

Because teaching and research in environmental en
gineering continues to evolve, requiring skills in are
as such as economics, policy analysis, law, and 
planning in addition to  engineering, the faculty, com 
mitted to  the multidisciplinary solution of environmen
tal engineering problems, maintains a close 
association with faculty from other departments in 
the University. These faculty members often sen/e as 
members of graduate students' committees.

Students, through their studies, will gain greater 
depth in their particular areas of interest, as well as a 
detailed understanding of the m ultidisciplinary char
acter and complexity o f the type of problems that 
they will be called upon to solve. The Department of 
Environmental Engineering provides a unique oppor
tunity for students to achieve the desired levels of 
proficiency in particular specialties, while retaining 
the perspective and versatility that will be expected 
of them in a world in which the environmental prob
lems are changing but the basic fundamentals are 
not.

For the student planning a program of study, it is 
useful to  subdivide the departmental teaching and re
search activities into five broadly defined and some
what overlapping subject areas: environmental quality 
engineering, fluid mechanics and hydrology, public 
systems and environmental policy analysis, transpor
tation, and water resources planning and analysis. 
Faculty in the Department are frequently active in 
more than one of these subject areas. Prospective 
graduate students are encouraged to write o r visit 
with any faculty member in their areas of interest in 
order to obtain more information regarding courses 
or current research activities.

Environmental Quality Engineering

This study area is concerned with the phenomena,

concepts, methods, and technology essential for the 
maintenance of the quality of the air-water-land envi
ronment. Instruction and research concentrate on the 
pertinent biological, chemical, and physical phenom
ena, and on the mathematical, legal, econom ic, and 
com puter skills needed for successful planning, de
sign, and management o f the engineering processes, 
facilities, and systems necessary to achieve environ
mental quality objectives.

Experimental facilities include controlled-temperature 
rooms, water-m icrobiology and water-chemistry labo
ratories, and rooms especially equipped for bench 
and pilot-level unit process studies. Com puter term i
nals are also available for student use.

Fluid Mechanics and Hydrology

Understanding and proper application of the princi
ples of fluid mechanics, hydraulics, and both ground 
and surface water hydrology are essential for the so
lution of many environmental engineering and water- 
resources planning problems, especially those affect
ed by the hydrologic cycle. Such problems include 
the dispersion of residual materials and heat energy 
in ground and surface waters and in the atmosphere, 
the flow  of water over and through natural soil and 
rock, drought and flood prediction and control, the 
circulation and stratification of water in lakes and 
oceans, and the beneficial utilization of water re
sources

The hydraulics laboratory is well equipped for dem
onstrations and experiments in wave mechanics and 
rotating flows and for a variety of other experiments.

Public Systems and Environmental Policy 
Analysis

This subject area involves the application of systems 
analysis methods, econom ic and political theory, 
technology assessment, and environmental law fo 
public sector problems, including: the planning, de
sign, and operation of transportation systems and 
public health services: urban noise management; the 
evaluation and control of the impacts of new technol
ogy; and other environmental quality and urban and 
regional planning problems. It is concerned with the 
development of improved methods for defining and 
evaluating public investment alternatives, for pre
dicting the demand for mass transportation facilities, 
for planning engineering projects, for contro lling dis
ease and crime, tor improving the level of nutrition in 
developing regions, for land-use planning, etc. This 
subject area focuses also on the definition and 
evaluation of alternative design and management pol
icies for environmental quality management, com bin
ing environmental engineering technology, economic 
theory, legal procedures, and com puter optimization 
and simulation methods.

Graduate students interested in these subject areas 
may specialize in environmental systems engineering. 
Undergraduates may elect to  take a College Program 
in Public Systems Planning and Analysis (see page 
38).
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Transportation

The m ajor emphasis In this area of teaching and re
search is in the application of analytical techniques 
to the handling of transportation problems. All means 
of transport are considered, with special emphasis 
on transportation problems in urban areas. Specific 
interests o f faculty members lie in the areas of de
mand modeling for passenger and freight move
ments, the development of mass transit systems, 
airport planning and operations, traffic flow  theory, 
transportation systems analysis, and highway design.

Undergraduates may elect to specialize in the area of 
transportation engineering and planning through the 
Field Program in Civil and Environmental Engineer
ing, or by enrolling in a College Program in Public Sys
tems Planning and Analysis (see page 38). Students 
interested in the physical planning and design 
of transportation facilities may develop programs that 
include courses in soil mechanics; structures; fluid 
mechanics and hydrology; and environmental sens
ing, measurement, and evaluation.

Graduate studies in the area lead to  an M.S., and M. 
Eng. (Civil), or a Ph.D. degree. The program is de
signed to foster independent research capability in 
preparation for a variety of future professional activi
ties.

Water Resources Planning and Analysis

This study area includes both qualitative and quanti
tative aspects of water-resources policy planning and 
analysis. Easy access to  the substantial collection of 
documents available in a separate water-resources 
section of the College of Engineering Library and in 
the Water Resources and Marine Sciences Center 
(an interdisciplinary, University unit) provides an ex
cellent opportunity for students to  select topics for 
study and research from a wide variety of relevant 
sources.

Comprehensive river-basin planning and development 
are examined from historical and contemporary 
points o f view, and students are encouraged to  be
come involved in case studies of current problems of 
water-resources planning. Various quantitative plan
ning models that integrate the econom ic-political and 
engineering aspects o f water quantity and quality 
planning and management are the subjects of a vari
ety o f courses in water resources systems analysis. 
Students who major in water resource systems at the 
Ph.D. level are expected to  contribute to the further 
development and application of these multidiscipli
nary, quantitative planning techniques.

Program in Measurement and 
Remote Sensing

D. J. Belcher, T. Liang, G. B. Lyon, A. J. McNair.

The design and construction of civil and environmen
tal engineering works requires detailed consideration 
of present and potential uses of the earth 's surface 
and resources. The Program in Measurement and

Remote Sensing is concerned with the sensing, mea
surement, and evaluation of these related uses.

The techniques of the interpretation of aerial photo
graphs and other remote sensing images, coupled 
with ground observations, are used to establish the 
overall nature of the environment, define problems, 
and aid in their solution. Earth measurement involves 
surveying, geodesy, photogrammetry, and the related 
computing and data presentation methods.

The versatile laboratories for both instruction and re
search in these areas are well equipped with several 
modern stereoplotters and representative geodetic in
struments. The Program maintains a large collection 
of aerial photographs and images from all over the 
world which are used in photogrammetric and aerial 
photographic studies.

The College Program

Olin Hall

Degree Offered: Bachelor of Science.

College Program Committee: G. P. Fisher, chairman; 
S. Linke, Y.-H. Pao, R. Phelan, D. L. Turcotte, L. 
Weiss, J. Pirko, secretary.

The College Program is devised to  give engineering 
students an opportun ity to pursue novel and interdis
ciplinary courses of study. Students whose educa
tional needs and career objectives cannot be 
satisfied by one of the Field Programs the College 
offers may choose to  enter the College Program. In it 
they will develop their own program of studies con
sistent with their own special interests.

Each College Program is highly individualized, and is 
worked out between the student and his o r her ad
visers. All College Programs, however, consist of an 
engineering m ajor and a minor. Majors are possible 
in each of the Fields of engineering and in the De
partments of Computer Science, Geological Sci
ences, and Theoretical and Applied Mechanics. The 
minor may be from  any of the above Fields or de
partments, or from another unit o f the University. 
Students have developed minors from course offer
ings of the College of Agriculture and Life Sciences, 
the College of Architecture, Art, and Planning, the 
College of Arts and Sciences, the School of Industri
al and Labor Relations, and the College of Human 
Ecology.

In planning a College Program, students should con
sider carefully their future educational and profes
sional objectives, and in particular the prerequisites 
for any formal graduate study in which they may be 
interested.

Graduates of the College Program have continued 
their education in physical sciences, medicine, busi
ness, and law as well as in engineering. Some recent 
examples of m ajor and minor com binations are: air
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photo interpretation and conservation or geology; 
computer science and electrical systems or industrial 
engineering; electrical engineering and industrial en
gineering; electrical systems and biological science 
or computer science; engineering science and aero
space engineering, biological science, or materials 
science; environmental quality and ecology; environ
mental systems and city planning or regional plan
ning; industrial engineering and com puter science; 
materials science and biological science or chemis
try; mechanical engineering and biological science or 
oceanography; and transportation and regional plan
ning.

Partially structured programs sponsored by groups of 
interested faculty members are listed below under 
Special Sponsored College Programs.

Admission

Students apply to enter the College Program at the 
beginning of the second term of the sophomore 
year. Entry is in the jun ior year, after all requirements 
of the Division of Basic Studies have been met. In
cluded in the application materials will be a state
ment of objective and a term-by-term listing of the 
proposed courses. This program is developed by 
each student with the help of technical consultants in 
the fields of the proposed major and minor, after a 
preliminary discussion with a member of the College 
Program Committee. The technical consultants may 
be professors recommended by College Program 
Committee members, or professors already encoun
tered by the individual student.

Application forms may be obtained from the College 
Program Office, 170 Olin Hall. A fter the application 
has been endorsed by the professors representing 
the proposed major and minor areas, it is submitted 
to this Office and is then either approved or disap
proved by the College Program Committee. An ap
proved program is the curricular contract to which 
the student must adhere.

Degree Requirements

Once admitted to the College Program, students 
progress under the supervision of the College Pro
gram Committee. Their advisers are the faculty mem
bers who endorsed their programs, and any course 
changes must be approved by them. A change in 
the major or minor area or any extensive change in 
courses which substantially alters the original thrust 
of the program must be approved by the Committee, 
which is responsible for all of the administrative func
tions normally performed by the faculty of a Field 
Program.

Specific requirements for the Bachelor o f Science 
degree in a College Program are: (1 ) An approved 
program of fourteen major and minor courses, at 
least seven of which must be in engineering. These 
must carry a minimum of forty-two credit hours, of 
which at least twenty-one are to be in engineering 
subjects. (2) Four liberal studies elective courses,

giving a minimum of twelve hours of credit. (3) Two 
courses, giving a minimum of six hours of credit, 
which are free electives.

Special Sponsored College 
Programs

College Program in Bioengineering

A student who is interested in bioengineering or en
gineering-oriented premedical preparation usually will 
find it advantageous to fo llow  one of the organized 
bioengineering options offered within the Field Pro
grams. If the Field options do not provide a suitable 
program, an individualized College Program may be 
formulated with the assistance of a member of the 
Bioengineering Committee.

College Program In Computer Science

A student interested in concentrating in the area of 
computer science during the upperclass years 
should consult with a faculty member from the De
partment of Computer Science, who will help in for
mulating an appropriate College Program. A 
minimum grade-point average of 2.5 is usually re
quired. A  typical com puter science major might con
sist o f the following courses offered by the 
Department of Computer Science. (Descriptions of 
these courses may be found on pp. 90-95).

ICS211, Computers and Programming 
(engineering core science)

ICS280, Discrete Structures 
ICS314, Introduction to Computer Systems 
ICS321, Introduction to Numerical Analysis 
ICS410, Data Structures 
ICS481, Introduction to Theory of Computing 
ICS611, Programming Languages 
ICS612, Translator Writing 
ICS613, Systems Programming and 

Operating Systems

There is considerable flexibility in devising a College 
Program in Computer Science. Courses other than 
the ones listed above may be taken, depending on 
the student's interests.

College Program In Energy Conversion

Students desiring a broadly based engineering cur
riculum aimed at meeting the accelerating energy 
needs of society may consider the College Program 
in Energy Conversion, which combines elements of 
three conventional disciplines: nuclear, thermal, and 
electrical engineering. Interested students should 
consult a member of the faculty group sponsoring 
the College Program in Energy Conversion: K. B. 
Cady and D. D. Clark, Ward Laboratory of Nuclear 
Engineering; B. J. Conta and F. K. Moore, Upson 
Hall; and S. Linke and C. B. Wharton, Phillips Hall.

A typical curriculum  is outlined below. This sample 
curriculum  assumes that the student has taken 
IMG221, Thermodynamics, and IEE210, Introduction 
to  Electrical Systems, as two of the sophomore engi
neering core sciences.
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Term 5
IAA350, Advanced Engineering Analysis I
IMF323, Fluid Mechanics
IEE315, Electrical Laboratory I
IPC201, Nuclear Energy and the Environment
Liberal studies elective

Term 6
IAA351 ..Advanced Engineering Analysis II 
IMP455, Energy Conversion 
IEE316, Electrical Laboratory II 
IPC303, Nuclear Science and Engineering 
Liberal studies elective

Term 7
IMF324, Heat Transfer and Transport 

Processes 
IEE651, Electric Energy Systems I 
IPC612, Nuclear Reactor Theory I 
Free elective 
Liberal studies elective

Term 8
IMP441, Power Systems
IEE652, Electric Energy Systems II
IPC651, Nuclear Measurements Laboratory
Free elective
Liberal studies elective

By use of electives and substitutions and with atten
tion to  prerequisites, it is possible for the student to 
include several o f the following:

IEE551-552, Contemporary Electric Machinery 
IEE671, Feedback Control Systems I 
IEE672, Feedback Control Systems II 
IEE680, Elementary Plasma Physics and 

Gas Discharges 
IEE681, Introduction to  Plasma Physics 
IMF636, Turbomachinery 
IMP442, Pollution Control in Power and 

Propulsion 
IMP643, Combustion Theory 
IMP655, Energy Conversion 
IMG656, Advanced Thermal Engineering 

Laboratory 
IPC633, Nuclear Reactor Engineering 
IPC634, Nuclear Engineering Design Seminar

College Program In Engineering Science

Faculty members of the Department o f Theoretical 
and Applied Mechanics have formulated a program 
in engineering science which they are prepared to 
endorse. The program has the general format out
lined below.

Term 5
Engineering science
Thermodynamics
Math or engineering analysis*
Physics or engineering science 
Liberal studies elective

Term 6
Engineering science
Fluid mechanics
Math or engineering analysis*

Physics or engineering science 
Liberal studies elective

Term 7
Physics or engineering science 
Math or engineering analysis*
Intermediate dynamics 
Free elective 
Liberal studies elective

Term 8
Physics or engineering science 
Math or engineering analysis*
Continuum mechanics 
Free elective 
Liberal studies elective

'Substitu tion of a one-year course in experimental 
m echanics or physics fo r a one-year course in math
ematics may be arranged.

A  further discussion of this program may be found 
on p. 60).

College Program In Geological Sciences

Students who are interested in concentrating in some 
aspect o f earth science during the upperclass years 
should consult w ith a faculty member from  the De
partment of Geological Sciences at the earliest op
portunity.

A  student with a prospective major in geological sci
ences is encouraged to  take IGE101-102 (Introducto
ry Geological Science) as an elective in the Basic 
Studies Program. During the jun io r and senior years, 
a typical major curricu lum  includes the core courses 
listed below, plus appropriate sequences of courses 
chosen from offerings in mathematics, physics, 
chemistry, biology, or various engineering disciplines. 
The selection is made on the basis of the student's 
interests and plans for a career. A summer course in 
field geology is strongly recommended.

The core courses in geological sciences are:

IGE325, Structural Geology and 
Sedimentation 

IGE345, Geomorphology 
IGE355-356, Mineralogy, Petrology, and 

Geochemistry 
IGE376, Stratigraphy and Historical Geology 
IGE386, Geophysics and Geotectonics

College Program In Public Systems Planning 
and Analysis

A  program in public systems planning and analysis 
has been formulated by the faculty o f the Depart
ment of Environmental Engineering of the School of 
Civil and Environmental Engineering. The core 
courses for th is program, shown below, should be 
supplemented by additional work in the student’s 
major area of interest: fo r example, transportation, 
urban planning, or systems analysis in such areas as 
environmental protection, energy, and health. A  num
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ber of these courses may have been taken previous
ly in the Division of Basic Studies.

Students are reminded that department faculty mem
bers are available to work with them as advisers in 
arranging individualized College Programs if special 
circumstances warrant the development of curricula 
tailored to meet specific needs and career interests.

The core courses for the College Program are the 
following.

Systems Analysis Courses:
IOC320 or IOE622 
IOC361 or IOC623

Economics Courses:
IIB201 or IIF611 or Economics BEC307 
IIB202 or IIF612 or Economics BEC308 
One additional upper-level course in economics (e.g., 
Economics BEC301, BEC335, o r BEC351; or Con
sumer Economics and Public Policy PCP480)

Students who have previously taken BEC101 and 
BEC102 can fulfill this program requirement in eco
nomics by taking IIB201 or IIF611 or BEC307 and 
one additional upper-level course.

Probability and Statistics Courses:
IOA260
IOC370

Applications Courses:
Public systems analysis: IIF617 and IIF618

To complete the core course requirement, the pro
gram should include at least one course from each 
of three of the follow ing four areas:

Transportation: e.g., IIF620 or IIF621

Law and public policy: e.g., IIF605, IIF606, IIB203, 
Public Planning and Regional Analysis APP425 or 
APP452, Biological Sciences OBA203 (if the section 
is appropriate), Economics BEC302, Urban Planning 
and Development AUP434, Law MLA594 (if the re
gistrant is qualified), or Government BG0313.

City and  regional planning: e.g., Public Planning and 
Regional Analysis APP410, or Urban Planning and 
Development AUP410 or AUP613

Environmental quality: e.g., IEE301 or IEE633

College Program In Survey Engineering

Cornell students interested in developing competence 
in directing or pertorming surveys at the professional 
level may enroll in a newly formulated College Pro
gram in Survey Engineering. This program has been 
formulated by faculty from the Program in Measure
ment and Remote Sensing of the School of Civil and 
Environmental Engineering and the Department of 
Agricultural Engineering of the College of Agriculture 
and Life Sciences.

Surveying is concerned with obtaining the location, 
size, direction, and other geometrical characteristics 
of physical features on, in, or near the earth. Survey

ing and mapping are necessary prerequisites for, and 
concurrent engineering aspects of, most land- 
planning, engineering, farming, geologic, hydrologic, 
and oceanographic operations The core courses for 
this College Program are the following.

OAE221, Plane Surveying (taken in the sophomore 
year)

OAE222, Engineering Surveys

IIA651, Field Astronomy

IIA661, Photogrammetry I

IIA641, Land Surveys

IIA671, Geometrical Geodesy

IIA696, Survey Engineering Seminar

IIA656, Geometric Data Adjustment

IIA687, Aerial Photographic Interpretation

The follow ing additional survey engineering electives 
are available.

ONR227, Cartography

IIA689, Remote Sensing of Earth Resources

IIA682, Analytic Aerotriangulation

IIA685, Physical Environment Evaluation

The specific curriculum  for the College Program in 
Survey Engineering is available at the College Pro
gram office, 170 Olin Hall.

Computer Science

(Colleges of Engineering and of Arts 
and Sciences)
Upson Hall

Degrees Offered: Master of Science, Doctor of Phi
losophy

G. Salton, chairman; G. R. Andrews, R. L. Constable, 
R. W. Conway, A. J. Demers, J. E. Dennis, Jr., D. 
Gries, S.-P. Han, J. Hartmanis, J. E. Hopcroft, D. G. 
Kirkpatrick, W. L. Maxwell, C. G. Moore III, J. More,
C. Pottle, D. G. Severance, R. Teitelbaum, J. H. Wil
liams.

Courses of instruction are listed on pp. 90-95.

Computer science is a relatively new field of study 
that draws on and contributes to a number of other 
disciplines such as mathematics, engineering, linguis
tics, and psychology. Developments in this field are 
also useful in research, development, design, and 
management activities in the various functional areas 
of engineering and applied science.

At Cornell, com puter science is concerned with fun



40 Electrical Engineering

damental knowledge in automata, computability, pro
gramming languages, and systems programming, as 
well as with subjects (such as numerical analysis and 
information processing) which underlie broad areas 
of com puter applications. Because of the wide impli
cations of research in the field, the Department of 
Computer Science is organized as an intercollege 
department in the College of Arts and Sciences and 
the College of Engineering.

Computing Facilities

The principal computing facility at Cornell is an IBM 
370 /168 , located in Langmuir Laboratory at the Cor
nell Research Park on the periphery of the campus 
and directly linked to satellite com puters at five differ
ent cam pus locations. The College of Engineering is 
served through one of these satellite stations in Up
son Hall, as well as by a number of teletypewriter 
terminals in different locations. There are more than 
a score of other computer installations on campus, 
ranging up to  a PDP-11. These are special-purpose 
installations and access is usually restricted.

The Degree Programs

The Undergraduate College Program

Although the Department teaches a comprehensive 
set of undergraduate courses, there is no undergrad
uate field program in computer science in the Col
lege of Engineering. To major in com puter science 
the student may utilize the College Program leading to 
the degree of Bachelor of Science (see p. 37 for a 
description of a typical College Program in Computer 
Science). Each program must be approved after for
mulation by the student and cannot be specified in 
an approved form  in advance; students interested in 
a com puter science major should consult with a 
com puter science faculty adviser who will help in fo r
mulating the appropriate College Program.

Master of Science and Doctor of Philosophy

In the Field of Computer Science, qualified graduate 
students can earn Master of Science and Doctor of 
Philosophy degrees.

Graduate students who are interested in the theory, 
design, and use of automatic com puting equipment 
as a subject in itself should consider the opportuni
ties for advanced training in com puter science. In 
general, they are expected to have a strong back
ground in mathematics, science, or engineering, al
though students with exceptional records from other 
fields will also be considered for admission. Students 
with an interest in the application of com puters to 
their own major fields should consider a graduate 
minor in computer science to supplement their major 
field of study. Opportunities for research and study 
exist in the following areas of com puter science: nu
merical analysis; programming languages and sys
tems; automata and com putability theory; information 
organization and retrieval; and analysis of algorithms.

The program for the M.S. degree involves one year 
of graduate-level course work and the writing of a 
thesis. Before the degree is awarded, a candidate 
must pass a com prehensive examination covering 
the course work and the thesis.

A  Ph.D. program usually involves approximately two 
years of graduate-level course work, the demon
stration of ability to  read scientific literature in one 
foreign language (usually French, German, o r Rus
sian), the passing of a comprehensive oral examina
tion, the writing of a dissertation, and a final oral 
examination on the dissertation. The dissertation 
must demonstrate the ability o f the candidate to con
duct an original and independent investigation of 
high quality and to  present the results o f the re
search in a well-organized and cogent manner.

It is possible to  obtain the Ph.D. degree w ithout first 
receiving the M.S. degree, or to obtain the M.S. only. 
Further information about the Department's teaching 
and research activities is summarized in an An
nouncement titled Graduate Study in Engineering  
and Applied Science  (see p. 4 for the address). Pro
spective candidates may communicate with the 
Graduate Faculty Representative (Com puter Sci
ence), Upson Hall.

Electrical Engineering

Phillips Hall

Degrees Ottered: Bachelor of Science, Master of En
gineering (Electrical), Master o f Science, Doctor of 
Philosophy.

H. J. Carlin, director; J. L. Rosson, assistant director; 
P. D. Ankrum, J. M. Ballantyne, T. Berger, H. D. 
Block, R. Bolgiano, Jr., N. H. Bryant, R. R. Caprani- 
ca, G. C. Dalman, L. F. Eastman, W. H. Erickson, D. 
T. Farley, T. L. Fine, J. Frey, M. Kim, W. H. Ku, C.
A. Lee, R. L. Liboff, S. Linke, R. A. McFarlane, H. S. 
McGaughan, P. R. Mclsaac, J. A. Nation, B. Nichols, 
R. E. Osborn, E. Ott, C. Pottle, L. B. Spencer, R. N. 
Sudan, G. Szentirmai, C. L. Tang, R. J. Thomas, J.
S. Thorp, H. C. Torng, N. M. Vrana, C. B. Wharton,
G. J. Wolga.

Courses of instruction are listed on pp. 95-104.

Electrical engineering is a very broad field, and the 
curricula offered by the School o f Electrical Engi
neering at Cornell reflect this diversity. These curric
ula provide a foundation in important areas such as 
random, time-variable, linear, and nonlinear systems 
and circuits; information theory; quantum electronics, 
plasma physics; power generation and power sys
tems; space com m unication and control systems; de
sign of sw itching circuits; digital processing of 
signals; computer-aided design; microwave propaga
tion; radio physics; digital circuits, integrated circuits, 
and solid state microwave devices; and bioelectron
ics.
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The curriculum  leading to the degree of Bachelor of 
Science in the Field Program in Electrical Engineer
ing is intended to give an understanding of the 
meaning and the application of those physical laws 
that are basic to  electrical engineering and, at the 
same time, to provide for the student the opportunity 
for as much study in the fields of humanities and so
cial studies as is consistent with the objectives of 
modern education in the field of engineering. Also 
offered is an integrated program, requiring one addi
tional year of study beyond the baccalaureate de
gree, which leads to the professional degree of 
Master of Engineering (Electrical). Graduate pro
grams leading to the degrees of Master of Science or 
Doctor of Philosophy, with concentration in various 
specialty areas, are also available. The undergradu
ate and graduate programs are discussed more fully 
below, under the heading The Degree Programs.

In establishing the undergraduate curriculum , the 
faculty o f the School of Electrical Engineering has 
recognized the enormous scope of electrical engi
neering today and has concluded that adequate 
preparation in electrical engineering requires educa
tion in three main areas: Electrophysics, Systems, 
and Laboratory. The curriculum  contains an integrat
ed series of required courses in each of these inter
related areas.

Electrophysics is chiefly concerned with the physical 
laws that govern the design or application of elec
trical devices. Modern devices from machines to las
ers are based on principles and properties of electric 
and magnetic fields, interaction of fields and parti
cles, fluid flow, kinetic theory, thermodynamics, 
quantum mechanics, solid state, plasmas, and bioe
lectronics. In the curriculum, these subjects are treat
ed in significant depth and breadth. Undergraduate 
students enrolled in the Field Program in Electrical 
Engineering are required to complete IEE313,
IEE314, and IEE411 as a sequence of electrophysics 
courses.

The Systems sequence deals w ith the laws that gov
ern the interaction of devices whose individual be
havior is specified, the response of these systems to 
various inputs, and the design of systems to perform 
a variety o f functions. These systems may be solely 
electrical or involve transducers; they may contain 
both linear and nonlinear elements; they may be pas
sive, active, random, lumped, or distributed. The pro
gram is designed to develop competence in the 
general methods of analysis required for such sys
tems, understanding of the physical significance of 
the solutions, and knowledge of some aspects of the 
design of systems tor power distribution, com puta
tion, control, electronic circuits, communications, 
pattern classification and decision theory, instrumen
tation, and biological systems. Undergraduate stu
dents enrolled in the Field Program in Electrical 
Engineering are required to complete IEE311,
IEE312, and IEE410 as a sequence of courses in the 
systems area of study.

The Laboratory sequence emphasizes the concept

that new developments in engineering practice come 
from a blend of theory and experimentation. Labora
tory work in systems and electrophysics includes ex
periments in electronic circuits, instrumentation, ma
chinery, electromagnetics, microwaves, solid state 
devices, computer applications, simulation and mod
eling, deterministic and random signal channels, etc. 
Each of the third-year laboratory courses involves 
two laboratory periods each week. Sufficient time 
and flexibility are provided to allow for individual ex
ploration, and the goal is to enable students to de
vise their own experiments. Undergraduate students 
enrolled in the Electrical Engineering Field Program 
are required to complete IEE315, IEE316, and six ad
ditional hours of electrical engineering electives with 
laboratory.

A  pamphlet, Electrical Engineering at Cornell, avail
able from  the School of Electrical Engineering, Phil
lips Flail, provides additional guidance for 
undergraduate electrical engineering students. It 
gives details on the following suggested areas of 
concentration w ithin the Field Program (including the 
Master of Engineering curriculum ): bioengineering; 
computer engineering; control systems; electronic 
c ircuit design; information, communications, and de
cision theory; microwave electronics; plasma physics; 
power and energy systems; quantum and optical 
electronics; radio and atmospheric physics; sem icon
ductor devices and applications.

Laboratory and Research Facilities

A wide variety o f excellent facilities are available for 
both undergraduate and graduate students enrolled 
in the Field Program in Electrical Engineering. Most 
of the undergraduate and graduate instruction is giv
en in Phillips Hall, a modern building with more than 
100,000 square feet o f floor space. Facilities include 
classrooms, offices for faculty and graduate students, 
conference rooms, machine and electronics shops, 
minicomputer facilities, and a variety of laboratories. 
Each of two undergraduate laboratories is served by 
a stockroom containing the most modern electrical 
and electronic equipment and related instruments 
needed to implement the laboratory sequence of 
courses. A number of electrical engineering laborato
ries are devoted solely to graduate studies and re
search programs. Among these are laboratories for 
research in systems and networks, including control 
systems, analog computers, and switching circuits; 
microwave electronics; bioelectronics; physical and 
solid state electronics; quantum electronics, including 
high power lasers; plasma and gas discharge phe
nomena; and high-energy pulse power. The interna
tionally known National Astronomy and Ionosphere 
Center in Arecibo, Puerto Rico, is used for research 
studies of the upper atmosphere and for radio- 
astronomy and radar-astronomy research. Facilities 
at the Observatory include two radar transmitters, 
each having a peak-power output of 2,500,000 watts 
and operating in conjunction with a 1,000-foot- 
diameter antenna.
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The Degree Programs

Bachelor of Science

Entry into the Field of Electrical Engineering comes 
after com pletion of the first two undergraduate years 
in the Division of Basic Studies. The upperclass pro
gram of study is outlined below.

Term 5 Hours
IEE311, Analysis of Electrical 

Systems I 4
IEE313, Electromagnetic Fields 

and Waves 4
IEE315, Electrical Laboratory I 4
Liberal studies elective 3
Technical o r free elective* 3

Term 6
IEE312, Analysis of Electrical 

Systems II 4
IEE314, Electromagnetic Fields 

and Waves 4
IEE316, Electrical Laboratory II 4
Liberal studies elective 3
Technical o r free elective* 3

Term 7
IEE410, Random Signals in Systems+ 4
IEE411, Quantum Theory and 

App lica tions+ 4
E. E. elective with laboratory 3 or 4
Liberal studies elective 3
Technical o r free elective* 3

Term 8
E. E. elective with laboratory 3 or 4
E. E. elective + + 3 or 4
E. E. e lective+ + 3 or 4
Liberal studies elective 3
Technical o r free elective* 3

“ During enrollment in the Electrical Engineering Field 
Program, a student must satisfactorily complete two 
technical and two free electives. The order in which 
these elective requirements are fulfilled is the 
student's choice.
+ Upon petition to  the Faculty Committee, a student 
may be allowed to substitute an appropriate technical 
course for one of these required courses.
+ + Students having special career goals may pro
pose appropriate technical or professional electives 
to substitute for the electrical engineering electives.
The approval of the adviser is required for such substi
tutions.

A  wide selection of elective courses in the Field of 
Electrical Engineering is available to  fourth-year stu
dents. The Field electives are listed below, with the 
former course numbers given in parentheses for con
venience.

Theory o f Systems and Networks 
IEE420 (4450), B ioelectric Systems 
IEE621 (4453), Introduction to Biomechanics, 

Bioengineering, Bionics, and Robots

IEE623 (4475), Active and Digital Network 
Design

IEE624 (4478), Com puter Methods in Electrical 
Engineering 

IEE625 (4575), Computer Aided Network 
Design

IEE627 (4571), Fundamentals of Linear 
Networks 

IEE628 (4572), Network Theory and 
Applications 

IEE721 (4503), Theory of Linear 
Systems

IEE722 (4504), Theory of Nonlinear 
Systems

Electronics
IEE430 (4430), Introduction to Lasers 

and Optical Electronics 
IEE432 (4412), Solid State Physics and 

Applications 
IEE531 (4431), Electronic C ircuit Design 
IEE532 (4432), Electronic C ircuit Design 
IEE631 (4433), Semiconductor Electronics I 
IEE632 (4434), Semiconductor Electronics II 
IEE633 (4437), Solid State Microwave Devices 

and Subsystems I 
IEE634 (4438), Solid State Microwave Devices 

and Subsystems II 
IEE635 (4537), Integrated C ircuit Technology 
IEE636 (4538), C ircuit Design for Integration 
IEE731 (4531), Quantum Electronics I 
IEE732 (4532), Quantum Electronics II 
IEE733 (4533), Opto-Electronic Devices 
IEE734 (4534), Nonlinear Optics 
IEE735 (4535), Solid State Devices I 
IEE736 (4536), Solid State Devices II 
IEE737 (4631), The Physics of Solid State 

Devices I
IEE738 (4632), The Physics of Solid State 

Devices II

Power Systems and Machinery 
IEE551 (4441), Contemporary Electrical 

Machinery I 
IEE552 (4442), Contemporary Electrical 

Machinery II 
IEE651 (4445), Electric Energy Systems I 
IEE652 (4446), Electric Energy Systems II

Communications, Information, and Decision Theory 
IEE661 (4473), Coding Algorithms 
IEE662 (4474), Fundamental Information 

Theory
IEE663 (4476), Statistical Aspects of 

Communication 
IEE664, Decision Making in Pattern 

Classification 
IEE761 (4507), Random Processes in 

Electrical Systems I 
IEE762 (4508), Random Processes in 

Electrical Systems II 
IEE763 (4674), Advanced Information Theory 
IEE764 (4672), Foundations of Inference and 

Decision Making 
IEE765 (4673), Principles of Analog and 

Digital Communication
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Computing Systems and Control 
IEE671 (4481), Feedback Control Systems I 
IEE672 (4482), Feedback Control Systems II 
IEE674 (4484), Analog-Hybrid Computation 
IEE675 (4487), Switching C ircuits and Logic 

Design

IEE676 (4488), Computer Structures 
IEE677 (4587), Computer Architecture 

and Design I 
IEE678 (4588), Computer Architecture 

and Design II 
IEE771 (4505), Estimation and Control in 

Discrete Linear Systems 
IEE772 (4506), Optimal Control and Estimation 

for Continuous Systems 
IEE773 (4681), Random Processes in Control 

Systems

Radio and Plasma Physics and Electromagnetic 
Theory
IEE581 (4461) Wave Phenomena in 

the Atmosphere 
IEE410 (4410), Thermal and Statistical 

Physics for Engineers 
IEE582 (4462), Radio Engineering 
IEE680 (4464), Elementary Plasma Physics and 

Gas Discharges 
IEE681 (4561), Introduction to Plasma Physics 
IEE682 (4564), Advanced Plasma Physics 
IEE683 (4511), Electrodynamics 
IEE684 (4514), Microwave Theory 
IEE685 (4551), Upper Atmosphere Physics I 
IEE686 (4552), Upper Atmosphere Physics II 
IEE687 (4565), Radiowave Propagation I 
IEE688 (4566), Radiowave Propagation II 
IEE781 (4661), Kinetic Theory 
IEE782 (4664), Nonlinear Phenomena in Plasma 

Physics

The scholastic requirement for electrical engineering 
students is a minimum grade-point average of 1.8 in 
third- and fourth-year courses. A student failing to 
make satisfactory progress toward a degree, as evi
denced by a low average, by course failures, or by 
low grades in major courses, may be allowed an ad
ditional term in which to meet the scholastic require
ments, or may be suspended from the School.

Master of Engineering (Electrical)

The purpose of this degree program is to  offer depth 
of study in both comprehensive and specialized elec
trical engineering subjects and to offer study which 
can extend the abilities of the electrical engineer to 
other fields.

The general requirements for the degree are given on 
p. 11. Specific requirements for the M.Eng. (Elec
trical) degree include a minimum of four courses in 
advanced electrical engineering, consisting of two 
approved pairs chosen from a designated list on file 
with the M.Eng. (Electrical) adviser.

The required engineering design project is accom 
plished on an individual basis, and a formal report

must be submitted. Design projects are often spon
sored by industry or governmental agencies. Recent 
projects have included the design of an electric auto
mobile, a radio deer-tracking system for conservation 
purposes, electronic instrumentation for blood test
ing, millimeter-wave detectors, and a remotely con
trolled vehicle for exploring planetary surfaces.

There are no residence requirements, although all 
course work must, in general, be completed under 
Cornell University staff instruction. The degree re
quirements must normally be completed within a pe
riod of four calendar years. A  minimum grade-point 
average of 2.5 must be maintained.

Master of Science and Doctor of Philosophy

The requirements for the degree of Master of Sci
ence and Doctor of Philosophy are described in the 
Announcem ent o f the Graduate School. These are 
research degrees that involve residence on the cam
pus and submission of a thesis.

In the School of Electrical Engineering, research 
work leading to  these degrees may be undertaken in 
the area of electrophysics including radio propaga
tion, radio and radar astronomy, electromagnetics, 
plasma physics, physical and microwave electronics, 
microwave solid state devices, materials science and 
solid state physics in electrical engineering, quantum 
electronics and laser optics, biomedical electronics, 
electric power conversion, electrical breakdown phe
nomena, etc., or in the area of systems including in
formation and decision theory, network theory, power 
and energy systems, communications systems, con
trol systems, sw itching circuits, digital networks, 
computers and computer-aided design, cognitive sys
tems, etc. A  number of fellowships, research assist- 
antships, and teaching assistantships are available to 
candidates for the M.S. and Ph.D. degrees who are 
doing their thesis research in the School of Electrical 
Engineering.

A description of the Field and some of the research 
projects now being conducted at the School is in
cluded in a special Announcement, Graduate Study 
in Engineering and A pplied Science (see p. 4). Further 
information may be obtained from the Graduate Faculty 
Representative (Electrical Engineering), Phillips Hall.

Environmental Engineering

See p. 32.

Geological Sciences

(Colleges of Engineering and of Art.. and 
Sciences)

Kimball Hall

Degrees Offered: Bachelor of Science, Master of Sci
ence, Doctor o f Philosophy.
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J. E. Oliver, chairman; J. M. Bird, A. L. Bloom, B. 
Bonnichsen, J. L. Cisne, B. L. Isacks, D. E. Karig, S. 
Kaufman, G. A. Kiersch, W. B. Travers, D. L. Tur- 
cotte.

Courses of instruction are listed on pp. 105-108.

Study in geological sciences is offered for students 
who are preparing to be professional geologists, for 
those who wish a broad background in the geologi
cal sciences as preparation for careers in other 
fields, o r for those who wish to combine geological 
training with other sciences such as agronomy, as
tronomy and space science, biological sciences, 
chemistry, economics, mathematics, physics, or vari
ous fields of engineering. The organization of the De
partment of Geological Sciences as an intercollege 
department in the College of Arts and Sciences and 
the College of Engineering facilitates the structuring 
of individualized programs of study.

At the graduate level, interdisciplinary programs lead 
to the Master of Science and Doctor of Philosophy 
degrees in geological sciences. The Department 
maintains a number of strong research programs, 
with the new theory of plate tectonics serving as the 
common focus for many of them.

Geological sciences may be studied also as a minor 
subject in the Master of Engineering degree program 
(see p. 11).

The Department recommends that its students have 
strong preparation in mathematics and the basic sci
ences or engineering; for students with such training, 
transfer to  geological sciences at any level is encour
aged. The curriculum  is designed to accommodate 
students who have no introductory education in ge
ology but are otherwise well qualified.

Laboratory and Research Facilities

The outlook of the Department is global in scope, 
and its activities are widespread.

A  network of seismographs is operated in the Tonga- 
Fiji area of the South Pacific. Seismic activity along 
the A lpine Fault in New Zealand is surveyed by field 
parties using portable seismographs. An extensive 
collection of microfilms of records of the World Wide 
Network of Standardized Seismograph Stations is 
available for studies of earthquakes throughout the 
world. A  variety of geophysical instrumentation is 
available.

Investigations in oceanography and marine geology 
may be pursued aboard research vessels or at a ma
rine laboratory operated by Cornell at the Isles of 
Shoals o ff the New Hampshire coast.

Field sites in Labrador, in Newfoundland, and in vari
ous parts o f the United States are available for re
search in structural geology, tectonics, 
sedimentation, petrology, engineering geology, min
eral deposits, and areal and regional geology. The 
Committee for Labrador Studies has been sponsoring 
research in Labrador for forty years, and projects are

in progress on field mapping, glacial geology, and 
petrography. The Department has a cooperating 
agreement with the Museum of Northern Arizona at 
Flagstaff, for accommodating research projects and 
investigators in a varied field setting.

The Ithaca region is particularly suited fo r research 
in stratigraphy, paleontology, geom orphology, and 
glacial geology, and the nearby Adirondack area is a 
classic one for studies in metamorphic and igneous 
petrology.

At Cornell the Department maintains well-equipped 
geological sciences laboratories, which are augment
ed by special and advanced equipment available 
through other units of the University. An outstanding 
reference collection of minerals, ores, fossils, and re
cent mollusks is available. Facilities are also available 
to the specialized investigator at the Paleontological 
Research Institution, a private organization, located 
near the campus.

The Degree Programs

The Undergraduate College Program

In the College of Engineering, a major in geological 
sciences may be taken in the upperclass years 
through the College Program see p. 36). Each pro
gram is formulated on an individual basis by the stu
dent in consultation w ith the faculty adviser, and 
must be approved by the College Program Commit
tee

Master of Science and Doctor of Philosophy

The program of graduate study in the Field of Ge
ological Sciences is designed to  give broad training 
in both the field and the laboratory.

A major subject may be selected from the following: 
econom ic geology; engineering geology; environ
mental geology; geobiology; paleontology and strat
igraphy; geochemistry, mineralogy, petrology; 
geomorphology; geophysics; geotectonics and struc
tural geology; marine geology; physical geography; 
and seismology.

Minor subjects fo r students with a major in geologi
cal sciences are selected from Pleistocene geology; 
hydrogeology; sedimentation; and oceanography, or 
from other areas such as agronomy, botany, engi
neering, chemistry, mathematics, physics, materials 
science, water resources, zoology, the biological sci
ences, o r certain nonscientific fields. Ph.D. degree 
candidates select at least one m inor subject outside 
the Field. Cooperative graduate programs in many 
interdisciplinary areas are available.

Detailed information about the M.S. and Ph.D. pro
grams is given in the Announcem ent o f the Graduate 
School, and a description of graduate study opportu
nities in geological sciences is included in the An
nouncement, Graduate Study in Engineering and  
Applied Science (see p. 4). Further information may 
be obtained by writing to  the Graduate Faculty Rep
resentative (Geological Sciences), Kimball Hall.
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Industrial Engineering and 
Operations Research

Upson Hall

Degrees Offered: Bachelor of Science, Master of En
gineering (Industrial). The programs in this Field are 
administered by the School of Industrial Engineering 
and Operations Research. The graduate Field of Op
erations Research offers the Master of Science and 
Doctor of Philosophy degrees; see p. 58.

B. W. Saunders, director; R. N. Allen, R. E. Bechhof- 
er, L. J. Billera, P. M. Dearing, Jr., M. J. Eisner, D.
R. Fulkerson, S. C. Jaquette, W. F. Lucas, W. L. 
Maxwell, J. A. Muckstadt, G. L. Nemhauser, S. Saltz- 
man, M. W. Sampson, T. J. Santner, A. Schultz, Jr.,
D. G. Severance, S. Stidham, Jr., M. J. Todd, L. I. 
Weiss.

Courses of instruction are listed on pp. 108-114.

Industrial engineering and operations research, the 
most rapidly growing field of engineering today, o t
ters opportunities for work in a broad range of activi
ties involving integrated systems of people, materials, 
and equipment.

Industrial engineering is defined as the design, im
provement, and installation of such systems; the prin
ciples and methods of engineering analysis and 
design are used to specify, predict, and evaluate the 
results to  be obtained from them. Operations re
search is concerned with the underlying science of 
operational phenomena, and since all systems are 
operational, this discipline is closely related to indus
trial engineering.

The scope and methods of industrial engineering 
have expanded greatly in recent years, in response 
to new and increased needs of public and private or
ganizations and the availability of new tools and 
skills. Twenty years ago, nearly all industrial engi
neering was practiced in the manufacturing phase of 
the mechanical goods industries, but today the work 
of industrial engineers extends to  a very broad range 
of systems problems and areas.

As a result, the Cornell program in industrial engi
neering and operations research is ideal for those 
preparing to be systems engineers, regardless of the 
type of system of interest. By proper choice of elec
tives and technological sequences, a student en
rolled in the Field Program in Industrial Engineering 
and Operations Research can plan a program to em
phasize industrial systems, information systems, 
transportation systems, communication systems, 
health-care systems, o r some combination of these.
If a student prefers to prepare for a career in re
search in the underlying science and methodology 
on which modern systems engineers depend, a pro
gram can be arranged to include more courses in 
mathematics and operations research.

Many students entering the Field are unsure of their

career goals, however, or are unfamiliar with the 
multitude of opportunities available, and the curric
ulum has been planned with this in mind. The scien
tific basis and methodology that underlie applications 
in all fields are emphasized, rather than any partic
ular technological orientation. For those students 
who do have well defined goals, ample elective 
choices are provided so that they can begin the 
process of specialization.

Because of the flexibility and diversity of the pro
gram, it appeals to  a broad range of students and 
leads to  an even broader range of career opportun i
ties. Graduates are employed by manufacturing and 
service industries, by public and private research or
ganizations, and by private consulting firms. They are 
working not only with industrial systems, but also in 
such areas as transportation, distribution, urban 
studies, military logistics, weapons-systems analysis, 
retailing, finance, and public health.

Laboratory and Research Facilities

The School o f Industrial Engineering and Operations 
Research is housed in Upson Hall, where available 
facilities include a remote terminal of the University's 
control computer (see p. 00). The School is one of 
the principal users of the University’s Computing 
Center, which constitutes a basic laboratory for stu
dents o f industrial engineering and operations re
search. Computer-based work is especially important 
in upperclass courses and in graduate research.
Many research problems and projects in engineering 
design are supplied by industrial plants located in the 
area, by University operations, and by com m unity ac
tivities.

The Degree Programs

Bachelor of Science

The first two years of undergraduate study are ad
ministered by the Division of Basic Studies (see p. 
23). Students may enter the Field of Industrial Engi
neering and Operations Research in the jun ior year.

During the sophomore year, a student who plans to 
major in industrial engineering and operations re
search must elect, as one of the four engineering 
core sciences, Introductory Engineering Probability 
IOA260 (formerly 9160). If a second core science 
from the mathematics group is desired, IOA213 (for
merly 9113) would be an excellent choice, although 
it is not required. Another good choice might be 
Computer Science ICS211 (form erly 202), since it is 
required in the fifth term of the IE/OR program if it 
has not been taken during the sophomore year. Oth
er core science choices would depend on the goals 
of the individual student. If, for instance, a student 
wished to concentrate later studies in some branch 
of electrical systems, he or she should include 
IEE210 (4210) among the core sciences. If a 
student’s interests were directed toward manufactur
ing systems, then IAK221 (1021) should be included. 
Proper choices at the sophomore level will enhance
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considerably the elective choices that can be made 
during the fourth and fifth years. Early consultation 
with an IE/OR faculty member or with the director 
can be especially helpful in making appropriate 
choices. In the junior year (the first in the Field), the 
follow ing program of courses is required so that the 
student will be prepared for the options that are 
available in the fourth year.

Term 5  Hours
IOC320, Optimization Methods I 4
IOC350, Cost Accounting, Analysis, 

and Control 4
IOC370, Introduction to  Statistical 

Theory with Engineering
Applications 4

ICS211, Computers and Programming" 3
Liberal studies elective 3

Term 6
IOC321, Optimization Methods II 3
IOC361, Probabilistic Models in IE/OR 4
IOC383, Applications of Computer 

Science in IE/OR 4
Behavioral science + 3
Liberal studies elective 3

"If ICS211 is completed during the sophomore year, 
an appropriate three credit hour technical elective 
may be substituted by agreement with the IE/OR ad
viser.
+ The behavioral science requirement can be sat
isfied by any one of several courses of an advanced 
nature. Possible courses include Business and Public 
Administration NBB520, NBB521, o r NBF602 (for
merly 120, 121, and 502). Industrial and Labor Rela
tions QOB121 also covers many of the necessary 
topics. For those contemplating the pursuit of a 
graduate business degree, NBB520 is recommended. 
The adviser must approve the selection in all cases.

The Fourth Year Flexibility Because modern indus
trial engineering and operations research covers 
such a wide spectrum of interests, and because stu
dents approaching their fourth year of study have 
begun to identify their particular interests, optional 
sequences covering the major areas of specialization 
are offered for the senior year program. Each stu
dent must select two two-course sequences from an 
approved list. A t least one of these sequences must 
be in IE/OR; the second may be in some other tech
nological area. This option is designed to  accommo
date the needs of students who intend to  apply their 
systems methodology in a field other than IE/OR.

In addition, one technical elective, one liberal studies 
elective, and one tree elective are chosen each term. 
The technical electives can be selected from the op
tional sequences, or can be additional mathematical 
courses or appropriate technological courses. The 
free electives can be selected from the offerings of 
any division of the University. Because of the flexibili
ty that th is program offers, it is imperative that elec
tives be chosen carefully. The director o f the School 
should be consulted early by each student to  ensure 
that the student's objectives can be realized. Many 
students, fo r instance, elect to seek a master's de

gree from  the Graduate School of Business and Pub
lic Administration, an option that is facilitated by ear
ly planning. Details of the arrangements that are 
possible for a combined engineering and business 
program are discussed below under Cooperative 
Program with Business and Public Administration.

The basic curriculum  for the fourth year, from  which 
individualized programs are developed, comprises 
the follow ing courses:

Hours
Four courses consisting of two 

two-course sequences as
described below minimum of 12

Two technical electives 
(these need not be sequential) 6

Two liberal studies electives 6
Two free electives 6

Available IE/OR sequences are as follows:

Hours
Industrial systems: IOC410 and IOE621" 8
Information systems: ICS410 and IOE682 8
Optimization methods: IOC437 and IOC435 8
Applied statistics: IOC471 and IOE672 7

"This sequence must be selected by students who 
plan to  participate in the cooperative program  with 
the Graduate School o f Business and Public Adm in
istration.

Students who have established specific career goals 
and wish to  apply the IE/OR m ethodology in other 
technological areas, such as mechanical engineer
ing, manufacturing processing, environmental engi
neering, public systems, health-care systems, or 
urban systems, may substitute a course sequence 
appropriate to  the outside discipline for one of the 
required IE/OR sequences. Examples of possible se
quences outside IE/OR are:

Hours
Manufacturing systems: IMM311 and IMM612 6 
Transporation systems: IIF621 and IIF624 7
Public systems: IIF614 and IIF618 6
Electrical systems: IEE311 and IEE312 8
Numerical methods: ICS321 and ICS322 8

Other sequences are possible and should be 
checked with the student’s adviser.

These options, together with an appropriate choice 
of technical electives, enable a student to  earn at 
least twelve credit hours in a technological field other 
than IE/OR. Through an appropriate choice  of free 
electives also, as many as eighteen credit hours can 
be earned in the secondary discipline.

The IE/OR program is designed to provide a rigorous 
basic analytical methodology and yet be flexibile 
enough to accommodate individual goals. Early and 
frequent consultation with a faculty adviser is neces
sary if a good fourth year program is to  be achieved.

College Program Some students prefer to  empha
size one particular facet of industrial engineering and 
operations research, such as statistics, probability, or



Industrial Engineering and Operations Research 47

mathematical programming, and combine this with 
studies in another area, such as biology, computer 
science, mathematics, mathematical economics, eco
nometrics, or chemical or environmental engineering. 
Such diversity can be achieved through a College 
Program (see p. 36), which permits the student to 
choose a major and a minor field of study in a com
pletely planned upperclass curriculum. It should be 
noted, however, that such objectives can usually be 
met w ithin the flexibile IE/OR Field Program.

Academic Requirements. Scholastic requirements 
tor the Field are a passing grade in every course, 
maintenance of a grade-point average of at least 2.0, 
and satisfactory progress toward com pletion of the 
degree requirements. The student's performance is 
reviewed at the conclusion of each term.

Graduate Programs In IE /O R

At the conclusion of the four-year program, students 
who wish to  continue their studies in the broad field 
of industrial and systems engineering or in opera
tions research may apply for one of two graduate 
programs available at Cornell. One, offered by the 
graduate Field o f Operations Research, emphasizes 
research and basic theoretical content and leads to 
the Master of Science or Doctor of Philosophy de
gree (see pp. 58-59). The other program, intended 
for those students who are interested in applied op
erations research or systems engineering— whether 
in industry, government, or the service sectors—  
leads to the professional degree of Master of Engi
neering (Industrial).

Master of Engineering (Industrial)

This one-year professional degree program is appli
cation-oriented rather than research-oriented, and re
quires com pletion of a project. The course work 
centers on additional study of analytical techniques, 
with particular emphasis on engineering applications, 
especially in the design of new or improved man- 
machine systems, information systems, and control 
systems.

This program is integrated with the Cornell under
graduate degree program in industrial engineering 
and operations research, and students who apply 
during their senior year will generally be admitted if 
their past performance indicates the ability to do 
graduate work. Since there is some interchangeability 
in the applications courses available during the 
fourth and fifth years, careful planning of the work is 
needed and early consultation w ith an adviser is rec
ommended.

Requests for admission from Cornell undergraduates 
in engineering programs other than the IE/OR Field 
Program are welcome. Also considered are non- 
Cornellians who hold a baccalaureate degree in a 
field of engineering from an institution of recognized 
standing, have adequate preparation for graduate 
study in industrial engineering, and show promise of 
doing well in advanced study. Students from these 
groups may need to fo llow  a slightly different curric
ulum than the one planned for Cornell IE/OR under

graduates. To assure com pletion of the program in 
one calendar year, the entering student should have 
completed courses in probability theory and basic 
probabilistic models and in computer programming, 
and should have acquired some fundamental knowl
edge of economic concepts required for decision 
making. Students who do not have these prerequi
sites must be prepared to take at least three se
mesters of course work to qualify for the degree. The 
two parallel course programs leading to  the Master 
of Engineering (Industrial) degree are outlined below.

I. For matriculants with preparation com parable  
to that provided by the undergraduate Field Pro
gram In IE /O R

Fall term  Hours
IOE626, Mathematical Models 4
IOE680, Digital Systems 

Simulation 4
IOE898, Project Laboratory 1
IOE793, Seminar 1
Depth elective minimum of 3
Breadth elective minimum of 3

Spring term
IOE651, Advanced Economic 

Analysis 4
IOE899, Project Work minimum of 4
IOE794, Seminar 1
Depth elective minimum of 3
Breadth elective minimum of 3

The electives specified above will normally be cho
sen from graduate courses offered by the Depart
ment of Operations Research. The depth elective will 
generally continue study in one of the topics elected 
to satisfy one of the fourth-year sequence require
ments. The breadth elective will generally be one of 
these sequences available in the fourth year (see list
ing under Bachelor o f Science) but not selected by 
the student for the undergraduate curriculum.

II. For matriculants from other major fields of en
gineering who fulfill the basic prerequisite re
quirements but do not quality for Program I:

Fall term Hours
IOC570, Statistics 4
IOE622, Operations Research I 3
IOE626, Mathematical Models 4
IOE793, Seminar 1
IOE898, Project Laboratory 1
Professional elective m inimum of 3

Spring term
IOC583, Applications of 

Computer Science 4
IOE623, Operations Research II 3
IOE651, Economic Analysis 4
IOE794, Seminar 1
IOE899, Project W ork* minimum of 4
Professional elective minimum of 3

•In  many cases it would be preferable to  delay 
IOE899 until the completion of the spring-term 
course work. The project requirements could be 
completed during the follow ing summer, and the de
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gree conferred in September.

The project work required for the degree of Master 
of Engineering corresponds to the thesis required in 
many Master of Science degree programs. The M. 
Eng. (Industrial) student fulfills the project require
ment (IOE898-899) by working individually o r as part 
of a group of no more than four students on an op
erational systems problem that actually exists in 
some organization. Frequently, students encounter 
appropriate problems in summer work with a spon
soring organization. Alternatively, projects may be 
selected by the faculty from a reservoir of appropri
ate problems submitted by various operating organi
zations such as manufacturing firms, retailing 
organizations, service organizations, governmental 
agencies, and educational institutions.

Cooperative Program with Business and Public 
Administration

Of the three degree programs offered by the School 
of Business and Public Administration at Cornell, the 
Master o f Business Administration program is of most 
interest to engineers. Because modern management 
is concerned with the operations of production and 
service systems, much of the analytical methodology 
which is required to  deal with operating decisions is 
the same methodology that systems engineers must 
use in designing the systems. Therefore, there are 
several subjects required in the M.B.A. program 
which IE/OR students take as undergraduates. A  re
cent agreement between the School of Industrial En
gineering and Operations Research and the 
Graduate School of Business and Public Administra
tion recognizes this fact and provides an unusual op
portunity for the IE/OR undergraduate. Through 
proper elective choices, the M.B.A. program can be 
completed in one additional year follow ing comple
tion of the M.Eng degree requirements.

Essential points of the agreement (which takes pre
cedence over other descriptions of the M B. A. re
quirements) are:

1. that the IE/OR candidate have completed by 
course work, advanced standing, or exemption ex
aminations, the core course work required for the M.
B.A. degree, except for Business Policy, by the end 
of the fifth year;

2. that th irty hours, at most, of advanced standing 
will be awarded by Business and Public Administra
tion for work done before the start of the sixth year 
in the undergraduate B.S. program, in the M.Eng. 
program, and in Business and Public Administration;

3. that during the sixth year, over a period of two 
semesters, the candidate will complete twenty-six 
elective hours approved by Business and Public Ad
ministration, plus Business Policy (four credit hours).

The candidate would qualify fo r the B.S. degree at 
the end of four years, the M.Eng. degree at the end 
of five years, and the M.B.A. degree at the end of six 
years.

Further details and applications form s for this special

program may be obtained from the office of the 
School of Industrial Engineering and Operations Re
search, Upson Hall.

Materials Science and 
Engineering

Bard Hall

Degrees Offered: Bachelor of Science, Master o f En
gineering (Materials), Master of Science, Doctor of 
Philosophy.

H. H. Johnson, director; D. G. Ast, R. W. Balluffi, B. 
W. Batterman, J. M. Blakely, M. S. Burton, L. 
D ejonghe, E. J. Kramer, C.-Y. Li, A. L. Ruoff, S. L. 
Sass, D. N. Seidman.

Courses of instruction are listed on pp. 114-117.

In all areas of modern technology, advances in sys
tem efficiency and econom y are often limited by the 
properties of available materials. S ignificant techno
logical breakthroughs in diverse fields such as struc
tures, power, communications, propulsion, chemical 
processing, o r transportation frequently are a direct 
result o f improvements in materials— either the devel
opment o f new materials or the evolutionary improve
ment of existing ones.

As the field exists today, it is perhaps best described 
as a fusion of the traditional interests of the metallur
gist with the basic understanding and wide scientific 
interest of the solid state physicist and chemist. The 
distinguishing "them e”  of this field is the relation be
tween the structure of materials and the ir properties. 
The structure of solids encompasses such specific 
aspects as crystalline structure and imperfections, 
molecular arrangement, phase com position and mor
phology, and grain size. These and other character
istics from  the atom ic to the m acroscopic scale 
control the behavior of a material. Materials science 
is concerned w ith the understanding of these char
acteris tics and with methods of influencing them, 
and materials engineering deals with applications, 
particularly with the selection, processing, characteri
zation, and testing of materials.

Laboratory and Research Facilities

The Department of Materials Science and Engineer
ing is centered in Bard Hall and occupies parts of 
Thurston and Kimball Halls, a total area of 50,000 
square feet. Bard Hall, the newest of the Cornell en
gineering buildings, was completed in 1963. It is ex
tensively equipped for both undergraduate and 
graduate instruction and research. Facilities for char
acterizing and studying the structure of solids by 
physical measurement, m icroscopy, metallography, 
and X-ray diffraction are available. Included is equip
ment for processing materials by casting, welding, 
heat treatment, com pacting and sintering, deforma
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tion, and many of the newer processing procedures 
such as crystal growth and deposition from the vapor 
phase. Laboratories for preparing and studying non- 
metallic materials, especially ceramics, are also 
housed in Bard Hall.

This Department participates with other departments 
of the University in the interdisciplinary Materials Sci
ence Center. The Center supports central facilities in 
Bard, Thurston, and Clark Halls for service and re
search in metallography, X-ray diffraction, electron 
microsopy, mechanical testing, and effects of high 
temperature and high pressure on materials. The Ma
terials Science Center also supports sen/ice facilities 
for producing, characterizing, and testing various 
metallic and nonmetallic materials.

The Degree Programs

Bachelor of Science

The upperclass curriculum  in materials science and 
engineering builds upon the engineering science, 
physics, mathematics, and chemistry courses of the 
Division of Basic Studies. The Department does not 
require any particular engineering science course in 
the sophomore year as a prerequisite for entry into 
the upperclass program.

The courses which comprise the Field Program are 
supplemented by the two technical electives, two 
free electives, and four liberal studies electives that 
are required for all upperclass students in the Col
lege. Students are therefore able to incorporate a 
wide variety of scientific and engineering studies into 
their curricula. The Field courses need not be taken 
according to a rigid pattern. Various combinations 
and sequences are possible, depending to some ex
tent upon the student's particular interests and elec
tive choices in the sophomore year. Faculty advisers 
of the Department assist each student in planning a 
suitable program and selecting appropriate elective 
courses.

The required Field courses are listed in the following 
example of a program in materials science and engi
neering:

Term 5 Hours
ITK331, Structure and Properties 

of Materials 4
ITK335, Thermodynamics of Condensed 

Systems 3
ITK333, Research Involvement I or a 

Field-approved technical elective 3
Free elective 3
Liberal studies elective 3

Term 6
ITK336, Kinetics, Diffusion, and Phase 

Transformations 3
ITK440, Macro-Processing of Materials 3
ITK334, Research Involvement II or a 

Field-approved technical elective 3
Free elective 3
Liberal studies elective 3

Term 7
ITK445, Electrical and Magnetic Properties

of Materials 3
ITK441, Micro-Processing of Materials 3
ITK443, Senior Laboratory I* 3
Technical elective 3
Liberal studies elective 3

Term 8
ITK446, Mechanical Properties of 

Materials 3
ITK448, Current Topics in Materials 3
ITK444, Senior Laboratory II* 3
Technical elective 3
Liberal studies elective 3

"One term of Senior Laboratory may be replaced by 
Physics BPS360, Introductory Electronics, o r by a 
one-term project in association with a faculty 
member.

Features of the Field Program are:

1. The Research Involvement option allows students 
who may be interested in a research/development 
career to acquire a first-hand exposure to  this kind
of activity relatively early in their academic careers. A 
student with this interest affiliates with a faculty mem
ber and his or her research group and works on a 
problem in the group 's general field of investigation.
It is necessary that a mutual interest be established 
between the student and a faculty member.

2. The extra technical elective in the third year pro
vides students interested in pursuing an industrial ca
reer after receipt of the B.S. degree an additional 
opportunity to broaden their engineering education. 
This is especially important for B.S. graduates in ma
terials science and engineering, since they frequently 
work in collaboration with graduates of other engi
neering disciplines.

3. The courses in the processing of materials em
phasize practical problems and applications, an area 
of increasing importance as international competition 
in technology increases.

4. The fourth-year course in Current Topics in Mate
rials is used to  acquaint students with recent devel
opments in new areas such as biomaterials, fuel 
cells, composite materials, and materials problems 
associated with nuclear power systems. Student sug
gestions for desirable topics are sought in advance.

5. The Senior Laboratory courses typically require 
two to four experiments a term. Each experiment 
may take several weeks to  complete. The emphasis 
is on student initiative in the design and execution ot 
the experiment, with faculty supervision.

The College Program. For students w ishing to com 
bine the study of materials with some other disci
pline, course sequences are available to  provide a 
major or m inor program in materials science and en
gineering. These will be selected by the student and 
his or her adviser. (See p. 36 for an outline of the Col
lege Program.)
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Master ol Engineering (M aterials)

Students who have completed a four-year under
graduate program in engineering or the physical sci
ences are eligible for consideration tor admission to 
this program. Students will carry out independent 
projects that provide experience in defining objec
tives, planning and carrying through systematic work, 
and reporting conclusions. In addition, students will 
have the opportunity to develop further their knowl
edge and skill in specialized areas of materials sci
ence. The program includes the following:

1. A  project qualifying fo r at least twelve hours of 
credit and requiring individual effort and initiative.
This project, carried out under the supervision of a 
member of the faculty, is usually experimental, al
though it can be analytical.

2. Six credit hours of courses in mathematics or ap
plied mathematics. This requirement may be satisifed 
by courses IAA350 and IAA351; students who have 
previously completed these must select other 
courses acceptable to the faculty.

3. Courses in materials science and engineering se
lected from any of those offered at the graduate lev
el, or other courses approved by the faculty, 
required to  bring the total credit hours to  thirty.

Master of Science and Doctor of Philosophy

Unique opportunities are open to the student under
taking graduate study in materials at Cornell. Instruc
tion is given in a broad spectrum of topics, ranging 
from the fundamental aspects of materials behavior 
to problems associated with materials applications. 
Studies of metallic and nonmetallic materials, as well 
as some aspects of the liquid state, are incorporated 
into a common framework of instruction.

The Master of Science and Doctor of Philosophy 
programs are primarily science-oriented programs of 
study directed toward a career in research, develop
ment, advanced engineering, o r teaching. A  candi
date fo r either degree may choose as the major 
subject area either materials science  o r materials and  
m etallurgical engineering. Requirements for these de
grees are described in the Announcem ent o f the 
Graduate School.

A student who enters with an undergraduate degree 
may register for either the M.S. or Ph.D. degree. 
However, it is possible for a student in the M.S. pro
gram to transfer to the Ph.D. program. Toward the 
end of the first year, the student's progress is re
viewed by his or her Special Committee, and if that 
group takes favorable action then or at a later date, 
the student is accepted as a Ph.D. candidate.

The courses offered by the Field assume a sound 
undergraduate education in such areas as math
ematics, physical metallurgy, atom ic and solid state 
physics, and thermodynamics. Graduate students en
rolled with deficiencies in any of these areas will be 
permitted to take intermediate-level courses, with the 
understanding that more time may be needed to 
complete the degree program.

To form  an adequate foundation for more specialized 
courses and for thesis research, the faculty has de
veloped a core program of courses in materials sci
ence. These cover modern theories of structure and 
of materials behavior at an advanced level.

A  significant part o f the Cornell graduate educational 
experience is the opportunity to  participate in formal 
and informal seminars and research conferences at 
which current Cornell research programs are de
scribed and guest speakers present the latest devel
opments in other laboratories.

An Announcement, Graduate Study In Engineering 
and Applied Science, which includes a description of 
graduate research and study opportunities in mate
rials science and engineering, is available upon re
quest. Further information may be obtained from the 
Graduate Faculty Representative (Materials Science 
and Engineering), Bard Hall.

Mechanical and Aerospace 
Engineering

Upson and Grumman Halls

E. L. Resler, Jr., director; A. R. George, assistant di
rector; P. L. Auer, D. L. Bartel, J. F. Booker, W. W. 
Carson, B. Conta, P. C. T. de Boer, B. Gebhart, F.
C. Gouldin, A. I. Krauter, S. Leibovich, W. J. Mc
Lean, L. Phoenix, A. R. Seebass, S. F. Shen, D. G. 
Shepherd, W. Tobler, K. E. Torrance, K. K. Wang, R. 
L. Wehe, J. Zimmerman. Members of the faculty of 
the graduate Fields of Aerospace Engineering and of 
Mechanical Engineering are listed under the two 
Fields.

Courses of instruction are listed on pp. 117-125.

Aerospace Engineering

Degrees Offered: Master of Engineering (Aerospace), 
Master of Science, Doctor o f Philosophy.

Faculty members of the Graduate Field of Aerospace 
Engineering: P. L. Auer, P. C. T. deBoer, R. H. Gal
lagher, A. R, George, G. S. S. Ludford, E. L. Resler, 
Jr., A. R. Seebass, S. F Shen, D. L. Turcotte.

Aerospace engineering deals with a large variety of 
physical problems w hich have their origins in the 
flight o f aircraft and space vehicles in atmospheric 
and space environments. This field has always been 
at the frontier o f new technology, and the innovative 
use of the basic physical sciences has always been 
a necessity. The tradition of the former Graduate 
School of Aerospace Engineering, now part of the Si
bley School o f Mechanical and Aerospace Engineer
ing, is being maintained. The primary objective of 
these programs is the education and preparation of 
selected engineering and science graduates to  enter 
a profession of constant challenge and high intellec
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tual satisfaction. The training emphasizes solid funda
mentals in course work and active involvement in re
search areas of current importance. Diversification of 
student interest is encouraged; close contact with 
the faculty provides exceptional individual attention.

Superior facilities are available for experimental 
studies of all types of fluid and gas dynamics, and 
tor work in plasma physics, chemical kinetics, and 
laser chemistry. Theoretical investigations of both 
fundamental and engineering significance in these 
and related areas are constantly in progress. Areas 
of recent interest are aerodynamic noise, sonic 
boom, nonlinear waves, combustion processes in 
low-pollution engines, and solution of flow problems 
by finite element and numerical methods. In addition 
to close collaboration with the graduate Field of Me
chanical Engineering, there is close cooperation with 
the Laboratory of Plasma Studies, the Center for Ra
diophysics and Space Research, the Center for Ap
plied Mathematics, and the Department of Chemistry.

Preparation for Graduate Study

Applicants will be considered for this Field if they 
hold baccalaureate degrees (or the equivalent) in 
any branch of engineering, mathematics, or the 
physical sciences from qualified institutions, provided 
that the ir undergraduate scholastic records indicate 
ability to  pursue graduate study successfully.

The Cornell programs of study in engineering phys
ics, electrical engineering, and mechanical engineer
ing are especially recommended to  undergraduates 
who expect to  study aerospace engineering at the 
graduate level. The introductory courses Aerospace 
Engineering IMT305 and IMT606 would be useful 
electives. All students who expect to enter the gradu
ate Field o f Aerospace Engineering should try to ar
range their undergraduate programs to  include 
courses in thermodynamics, fluid mechanics, applied 
mathematics, chemistry, and physics.

The Degree Programs

Master of Engineering (Aerospace)

Undergraduate students who have demonstrated 
more than average ability, have shown adequate 
promise for carrying on graduate study, and are in
terested in extending their education in the aero
space field by advanced training in analytical and 
research-oriented subjects are eligible for admission 
to this program. Candidates for a Ph.D. in this field 
who do not already hold a master’s degree are en
couraged to matriculate as candidates for the M.Eng. 
(Aerospace) degree.

The Master of Engineering program is designed to 
increase the student’s facility in the application of the 
basic sciences to engineering problems of impor
tance in this Field. Because aerospace engineering is 
continually engaged in new areas, an essential 
guideline for this program is to reach beyond pre
sent-day practices and techniques. This is achieved 
by supplying the student with the fundamental back

ground and the analytical techniques that will prove 
useful in all modern engineering developments.

Successful com pletion of the work for this degree re
quires that the student pass a series of courses in 
approved subjects. These include two six-hour se
quences in various areas of aerospace engineering. 
The sequences listed below represent typical ones 
acceptable for the degree requirements and permit 
candidates to study in any of four areas ot aero
space engineering: (1) fluid mechanics, (2) high- 
temperature gasdynamics, (3) magnetohydrodynam- 
ics, and (4) theoretical aerodynamics. Active 
research in these areas is being carried out in the 
School. Flowever, the faculty may modify this basic 
list to suit the needs, interests, and background of 
individual candidates. Other course sequences, lead
ing to specialization in allied areas such as energy 
conversion, aerophysics, and chemical kinetics can 
be arranged.

Also required are six hours of elective subjects. In 
addition to those listed below, available elective sub
jects frequently include courses, in their specialties, 
offered by faculty and visiting staff members.

The other requirements for the M.Eng. (Aerospace) 
degree are six hours of mathematics (IAA680-681 or 
BMA415-416 or the equivalent), attendance at the 
weekly colloquium (one credit hour per term), one 
advanced seminar (two hours), and one advanced 
project (two hours). This makes a total of th irty credit 
hours. In unusual circumstances, exceptions may be 
made at the discretion of the faculty.

It is not recommended that candidates enter the pro
gram at midyear, except in very unusual circum 
stances. Further inquiries may be addressed to the 
Program Representative, M.Eng. (Aerospace), Grum
man Flail.

Available courses are listed below, with the former 
numbers given in parentheses for convenience.

Available Course Sequences o t M.Eng. 
(Aerospace) Degree 
IMA611-612 (7101-7612), Physics 

of Fluids I and II 
IMA621 and IMA723 (7201 and 7203), 

Introductory Plasmadynamics; 
Intermediate Plasma Physics 

IMF632-633 (3632-3633), Fluid 
Mechanics I and II 

IMA602-603 (7302-7303), Theoretical 
Aerodynamics I and II

Electives: List A  *
IAG672-673 (1772-1773), Space Flight 

Mechanics; Mechanics of the Solar 
System

IMA622 (7202), Introductory Magneto- 
hydrodynamics 

IMA704 (7304), Theory of Viscous 
Flows

IMA705 (7305), Hypersonic Flow Theory 
IMA706 (7306), Atmospheric Motions 
IMA707 (7307), Aerodynamic Noise 

Theory

Hours

6

6

6

6

Hours

6

3

3
3
3



52 Mechanical and Aerospace Engineering

IMA713 (7103), Dynamics of Rarefied 
Gases 3

IMA795 (7905), Special Topics in Aerospace 
Engineering 3

IMF734 (7308), Turbulence and 
Turbulent Flow 3

'M a ny  of these courses are offered only if there is 
sufficient demand. Completion of the basic sequence 
or the equivalent is usually a prerequisite.

Electives: L ist B Hours
IAA770 (1170), Foundations of Applied 

Mathematical Analysis 3
IAB663 (1263), Applied Elasticity 3
IAB664 (1264), Theory of Elasticity 3
IAB765 (1265), Mathematical Theory of 

Elasticity 3
IAC662 (1362), Vibration of Elastic 

Systems 3
IAC670 (1370), Intermediate Dynamics 3
IAC771 (1371), Advanced Dynamics 3
IAC675 (1375), Nonlinear Vibrations 3
IMF737 (3677), Numerical Methods in Fluid 

Flow and Fleat Transfer 3
IMFI650 (3665), Transport Processes 3
IMH651 (3680), Convection Fleat Transfer 3
IMP643 (3652), Combustion Processes 3
IMP644 (3668), Seminar on Combustion 3
IMP655 (3672), Energy Conversion 3
IMT606 (3671), Aerospace Propulsion 

Systems 3
BPS443, Atom ics and Introductory 

Quantum Mechanics 4
BPS444, Nuclear and High-Energy 

Particle Physics 4
BPS454, Introductory Solid State Physics 4
BPS510, Advanced Experimental Physics 3
BPS561, Classical E lectrodynamics 3
BPS562, Thermal, Statistical, and 

Continuum  Physics 3
BPS572, Quantum Mechanics I 3
BPS574, Quantum Mechanics II 3
BCH780, Principles of Chemical Kinetics 4
BCH796, Statistical Mechanics 4
IEE681 (4561), Introduction to Plasma 

Physics 3
IEE682 (4564), Advanced Plasma Physics 3
IEE731 (4531), Quantum Electronics I 3
IEE732 (4532), Quantum Electronics II 3

M aster of Science and Doctor ot Philosophy

Original work in aerospace engineering requires ad
vanced courses and a thesis. This may lead to  the 
degree of Master of Science or Doctor of Philosophy 
Each student works closely with a faculty supervisor 
in the formulation of his or her individual program of 
course work and active research. The programs are 
flexible in order to accommodate the broad and 
changing nature of the field and the widest interests 
o f the students, and to  reflect the current needs of 
society and industry. This frequently results in close 
cooperation between the graduate Field o f Aero
space Engineering and other fields and divisions of 
the University.

Faculty research in progress spreads over many are
as. Fluid phenomena of diverse types have always 
been of prime importance. There are presently 
studies of the sonic boom, aerodynamic noise, ferro- 
fluids, geophysical flows, unsteady boundary layers, 
and com putational fluid mechanics. Research in ap
plied physics and chemistry is represented by topics 
in chemical kinetics, gas lasers, and plasmadynam- 
ics. A  novel design for a low-pollution automotive en
gine is being intensively tested, and a new project in 
com bustion chem istry has begun. Other projects on 
energy and transportaion problems, some join tly with 
the graduate Field of Mechanical Engineering, are 
under way.

The activities of the aerospace engineering faculty 
are best summarized through its research and pub
lished papers. Those interested in obtaining copies 
or abstracts o f work recently completed should write 
to  the Graduate Faculty Representative (Aerospace 
Engineering), Upson Hall. An Announcem ent titled 
Graduate Study in Engineering and A pp lied  Science, 
which includes a description of Aerospace Engineer
ing, is also available (see p. 4).

Mechanical Engineering

Degrees Ottered: Bachelor of Science, Master o f En
gineering (Mechanical), Master of Science, Doctor of 
Philosophy.

Mechanical engineering, the broadest of the several 
established fields of engineering, comprises two ma
jor streams of technology: (1) the transformation and 
utilization of energy, including fluid dynamics and 
heat transfer; and (2) the design and production of 
goods, machines, equipment, and systems. A ccord
ingly, mechanical engineering at Cornell falls into two 
main areas of concentration: mechanical systems 
and design, and engineering of energy and fluid sys
tems.

Because of the wide range of mechanical engineer
ing, the four-year undergraduate program is de
signed to  provide breadth of training, to  develop in 
each student some depth ot understanding of the 
engineering sciences basic to the field, and to  pro
vide an introduction to  the professional and technical 
areas with which mechanical engineering is partic
ularly concerned. The program has been designed to 
provide a great deal o f flexibility to suit individual stu
dents' objectives.

This broad preparation leads to several possibilities 
for advanced study follow ing the B.S. degree pro
gram. Possible graduate level programs at Cornell in
clude:

1. Graduate study leading to the degree o f Master o f 
Engineering (Mechanical). This is a curricu lar type of 
professional program intended for those students 
who wish to practice mechanical engineering. Al
though the course of study is available for all qual
ified students w ho hold a baccalaureate degree in 
engineering, the program is specially adapted as a 
graduate year of study integrated with the previous 
work in the Sibley School of Mechanical and Aero
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space Engineering. It is the program com m only taken 
by qualified students not planning to pursue research 
or teaching as a career or not changing their field 
for advanced work. Details of this program are given 
on the following pages.

2. Graduate study leading to the degrees o f Master 
o f Science or Doctor o f Philosophy, with majors in 
either mechanical design or energy and flu id sys
tems. Students planning to engage in research or 
teaching as a career would normally enroll in such a 
program. Information is given in the Announcem ent 
o f the Graduate School.

3. Graduate study in related fields, such as aero
space engineering, industrial engineering, or nuclear 
science and engineering, or in different fields such 
as business administration, law, or medicine.

Areas of Concentration

Mechanical Systems and Design This area is con
cerned with those aspects of mechanical engineering 
that involve the design, analysis, and manufacture of 
devices, machines, and systems. To follow a course 
of study in this area, students may elect courses that 
will equip them for a wide variety of engineering 
tasks; particular areas of concentration are vehicle 
engineering, and manufacturing and design.

Vehicle engineering is concerned with the transporta
tion needs of modern society. It includes the consid
eration of wheeled, tracked, air-cushioned vehicles, 
and other unconventional transporters. Dynamic and 
safety aspects as well as structural features are con
sidered. The course offerings are supplemented with 
independent projects.

Manufacturing and design is concerned with the eco
nomical design and production of material goods 
needed by society. Emphasis is placed on the inter
relation of design and manufacture. Attention is paid 
to the newer production techniques (e.g., electrome
chanical machining, electrodischarge machining, ex
plosive forming, numerical control, and automated 
production), and the traditional methods. In
dependent work in specialized areas is also offered.

Engineering of Energy and Fluid Systems This 
area of concentration is concerned with the transfor
mation, transfer, and utilization of energy, and with 
fluid dynamics. These concerns may be summarized 
as.

1. Power and propulsion: Conversion of energy for 
man’s various requirements for electric power and 
transportation (terrestrial and aerospace). Students 
are offered relevant elective courses treating power 
and aerospace propulsion systems, energy conver
sion, com bustion and transport processes, and fluid 
mechanics.

2. Environmental control: The study of environmental 
modification, with emphasis on sources of pollutants, 
their distribution through the earth ’s waters and at
mosphere, and technical alternatives that minimize or 
eliminate the impact of technologically originated pol
lution. The creation of artificial environments is con

sidered. Relevant electives treat pollution problems, 
refrigeration and air conditioning, acoustics and 
noise, com bustion engines, and the more fundamen
tal topics already mentioned.

Theoretical and experimental research interests in
clude high-temperature and nonequilibrium fluid dy
namics, plasma processes, flow  lasers, rotating fluids 
with application to the confinement of high- 
temperature gases and to natural processes in the 
atmosphere and oceans, problems of heat rejection 
to the environment— thermal pollution, combustion 
processes, air pollution, and fire research; convec
tion, conduction, and radiative heat transfer.

The Degree Programs
Bachelor ol Science

The four-year baccalaureate program in mechanical 
engineering begins in the Division of Basic Studies 
(DBS), which offers a freshman and sophomore cur
riculum that is substantially common to all under
graduate engineering students (see pp. 23-24). 
Students who plan to enter the Field Program in Me
chanical Engineering as upperclassmen must elect, 
as one of their four sophomore engineering core sci
ences, the course IAK221, Mechanics of Solids. If 
they have a definite interest in mechanical engineer
ing, it is strongly recommended, though not required, 
that they also take IMG221, Introduction to Thermo
dynamics, and IAK231, Dynamics, as two of their 
other sophomore engineering core sciences. This will 
allow a more flexible Field program with an increased 
number of elective courses.

The upperclass curriculum  comprises twenty 
courses. Eight are required by the College for all jun 
ior and senior students, and consist of four liberal 
studies electives, two technical electives, and two 
free electives. The Field Program in Mechanical Engi
neering comprises the other twelve courses: nine re
quired, one elective in the area of mathematics 
(chosen from a list of approved courses), and two 
Field electives (upperclass courses offered by the 
Sibley School of Mechanical and Aerospace Engi
neering). Of the nine required courses, three may be 
core sciences taken previously in DBS: in this case, 
released electives— chosen from offerings in the na
tural sciences, mathematics, or engineering—  
become available. Thus, the Field Program provides 
a great deal of flexibility: a minimum of four and a 
maximum of eight electives in technical areas are 
available during the jun ior and senior years. This 
flexibility requires careful planning by the students in 
consultation with their faculty advisers to ensure that 
they fo llow  a meaningful program directed by their 
particular interests.

Field Program requirements are summarized as fo l
lows.

Required courses which may be taken as core sci
ences in DBS or as Mechanical Engineering Field 
courses:
IAK231, Dynamics 
ITB261, Mechanical Properties of 

Materials (DBS)
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or
IMM311, Materials and Manufacturing 

Processes (Field course)
IEE210, Introduction to  Electrical Systems 
IMG221, Introduction to  Thermodynamics

Other required courses:
IMF323, Fluid Dynamics 
IMH324, Heat Transfer and Transport 

Properties
IMG325, Mechanical Design and Analysis
IMS326, Systems Dynamics
IMG453, Mechanical Engineering Laboratory

Elective courses:
A course in mathematics or mathematical methods, 
chosen from an approved list and taken during the 
jun ior or senior year. Two Field electives selected 
from upperclass courses in mechanical engineering 
offered by the Sibley School of Mechanical and 
Aerospace Engineering.

A  basic course sequence suitable for students who 
enter the Field Program with only one mechanical 
engineering required course (the entry requirement 
of IAK221, Mechanics of Solids) is given below as a 
guide to the development of a course program. It 
may be pointed out, however, that many other ar
rangements can be made in consultation with a fac
ulty adviser. In particular, those students who have 
followed the recommendation to satisfy some Field 
requirements by taking certain sophomore engineer
ing core sciences are able to  substitute released 
electives for them.

Term 5
IAK231, Dynamics
IMG221, Thermodynamics
IMM311, Materials and Manufacturing Processes
Mathematics elective
Liberal studies elective

Term 6
IMG325, Mechanical Design and Analysis
IMF323, Fluid Mechanics
IEE210, Introduction to  Electrical Systems
Field elective
Liberal studies elective

Term 7
IMH324, Heat Transfer and Transport Processes 
IMS326, Systems Dynamics 
IMG453, Mechanical Engineering Laboratory 
Technical elective 
Liberal studies elective

Term 8 
Field elective 
Technical elective 
Free elective 
Free elective 
Liberal studies elective

Field, technical, released, and free electives may be 
chosen to emphasize particular areas of mechanical 
engineering if desired. Several groupings of electives 
are given below to  give some examples of such 
areas.

Design and analysis courses:
IMG325 (3325), Mechanical Design and 

Analysis
IMS326 (3326), Systems Dynamics 
IMS389 (3333), Computer-Aided Design 
IMD663 (3363), Mechanical Components 
IMD464 (3364), Design for Manufacture 
IMS677 (3368), Mechanical Vibrations 
IMS674 (3374), Conceptual Design 
IMS678 (3378), Automatic Control Systems 
IMS690 (3390), Special Investigations 

in Mechanical Systems

Materials processing, automation, and production  
systems electives:
IMD464 (3364), Design for Manufacture 
IMS678 (3378), Automatic Control Systems 
IMM311 (3401), Materials and Manufacturing 

Processes
IMM612 (3451), Analysis of M anufacturing 

Processes
IMM614 (3475), Introduction to Numerical 

Control
IMM690 (3490), Special Investigations in 

Materials Processing 
ITK339 (6039) (Materials Science and 

Engineering), Materials Engineering 
IIF303 (2603) (Civil and Environmental 

Engineering), Engineering Economics 
and Systems Analysis 

IOC350 (9350) (Industrial Engineering 
and Operations Research),

Cost Accounting, Analysis, 
and Control

Biomechanics electives:
IMB665 (3365), Biomechanical Systems—  

Analysis and Design 
IMB690 (3690), Special Investigations 

in Biomechanical Systems 
OAE415 (410) (Agricultural Engineering),

Physical Analysis o f Plant 
and Animal Materials 

OAE685 (504) (Agricultural Engineering), 
Biological Engineering Analysis 

IAH601 (1801) (Theoretical and 
Applied Mechanics), Biomechanics, 
Bioengineering, Bionics, 
and Robots

Vehicle engineering electives:
IMD663 (3363), Mechanical Components 
IMS677 (3368), Mechanical Vibrations 
IMT486 (3377), Automotive Engineering 
IMS678 (3378), Autom atic Control Systems 
IMT687 (3387), Dynamics of Vehicles 
IMP442 (3642), Pollution Control in 

Power and Propulsion 
IMF636 (3663), Turbomachinery 
IMP449 (3669), Combustion Engines 
IID620 (2620) (Civil and Environmental 

Engineering), Transportation Engineering

Power and energy engineering electives:
IMG208 (3208), The Role of Energy 

in Society
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IMP440 (3640), Thermodynamic Applications 
IMP643 (3652), Combustion Processes 
IMP655 (3672), Energy Conversion 
IMG656 (3656), Energy and Fluid Systems 

Laboratory 
IPC303 (8303) (Applied and Engineering 

Physics), Introduction to 
Nuclear Science and Engineering 

IMF632-633 (3632-3633), Fluid Mechanics I and II 
IMH650 (3665), Transport Processes 
IMP658 (3691), Processes of Large Scale 

Heat Rejection 
IMP656 (3641), Power Systems 
IMP442 (3642), Pollution Control in 

Power and Propulsion 
IMT606 (3671), Aerospace Propulsion 

Systems 
IMF636 (3663), Turbomachinery 
IMP449 (3669), Combustion Engines

Environmental contro l electives:
IMG654 (3654), Environmental Control 
IMF339 (3639), Acoustics and Noise 
IMP442 (3642), Pollution Control in 

Power and Propulsion 
IMP643 (3652), Combustion Processes 
IMP658 (3691), Processes of Large Scale 

Heat Rejection 
Chemistry 389-390, Physical 

Chemistry I and II

Aerospace engineering electives:
IMT305 (7001), Introduction to  Aeronautics 
IMF632-633 (3632-3633), Fluid 

Mechanics I and II 
IMF636 (3663), Turbomachinery 
IMT606 (3671), Aerospace Propulsion 

Systems
IAG672 (1772) (Theoretical and Applied 

Mechanics), Space Flight Mechanics 
IAG673 (1773) (Theoretical and Applied 

Mechanics), Mechanics of 
the Solar System

Although there Is no requirement for industrial expe
rience, undergraduate students are urged to obtain 
summer employment that will broaden their knowl
edge of engineering. This is regarded as particularly 
desirable for those who plan to enter the professional 
program for the Master of Engineering degree. The 
University and College placement services can be 
helpful in finding employment opportunities. Industrial 
experience is also available to mechanical engineer
ing students through the Engineering Cooperative 
Program (see p. 9), which provides for three work peri
ods during the upperclass years yet does not delay the 
normal graduation date.

Graduate Degrees

Faculty members of the Graduate Field of Mechani
cal Engineering: D. L. Bartel, J. F. Booker, B. Conta, 
T. A. Cool, B. Gebhart, F. C. Gouldin, A. I. Krauter, 
S. Leibovich, W. J. McLean, F. K. Moore, R. M. Phe
lan, D. G. Shepherd, K. E. Torrance, K. K. Wang, R. 
L. Wehe.

Master of Engineering (Mechanical)

A one-year program integrated with the undergradu
ate degree program in mechanical engineering leads 
to the professional degree of Master o f Engineering 
(Mechanical). The emphasis is on the development 
of competence in professional subjects. Experience 
is provided through a team design project.

This program is designed to be flexible so that candi
dates may concentrate on any of a variety of special
ty areas within the Field of mechanical engineering. 
These areas include bioengineering, machine dynam
ics and control, mechanical analysis and develop
ment, vehicles and propulsion, propulsion engines, 
thermal power, thermal environment, manufacturing 
engineering, and material removal. Depending on the 
individual's preparation, at least half the course work 
is elective to some degree.

Admissions requirements are listed on p. 11.
A minimum of two terms of full-time study with com
pletion of at least th irty hours of course work is re
quired to complete the degree program. It should be 
noted, however, that since the program is integrated 
with the Cornell undergraduate program in mechani
cal engineering, students with other undergraduate 
background may have deficiencies that will necessi
tate additional work and perhaps more than the usu
al length of time to earn the degree.

The usual curriculum  is as follows:

Fall term Hours
Mathematics 3
IMS761, Advanced Mechanical Analysis 3
IMG790, Mechanical Engineering Design 

Project 3
Engineering laboratory 3
Technical elective 3

Spring term
Mathematics 3
Advanced energy and fluid systems 3
IMG790, Mechanical Engineering Design 

Project 3
Mechanical engineering elective 3
Technical elective 3

It is recommended that the mathematics requirement 
be satisfied by Applied Mathematics IAA350-351 or, 
on a more advanced level, by IAA680-681. Courses 
offered by the Department o f Mathematics may be 
taken with the approval of the adviser. If the six-hour 
mathematics requirement has been satisfied in ad
vance by courses taken during the undergraduate 
years, these credit hours may be taken in technical 
elective subjects.

The schedule may be arranged to accommodate the 
energy and fluid systems course either term. The 
course is to  be selected from the following: IMA611, 
Physics of Fluids I (fall); IMF632, Fluid Mechanics I 
(fall); IMH650, Transport Processes (fall); IMA612, 
Physics of Fluids II (spring); IMF633, Fluid Mechan
ics II (spring); IMP643, Combustion Processes 
(spring); IMP655, Energy Conversion (spring); and 
IMF737, Numerical Methods in Fluid Flow and Heat
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Transfer (spring). If two or more of these courses 
have been satisfactorily completed prior to entry in 
the program, any graduate-level course in the IMF, 
IMH, or IMP groups may be taken to satisfy the ener
gy and fluid systems requirement.

The engineering laboratory course may be either 
IMD672, Experimental Methods in Machine Design 
(fall), o r IMG656, Advanced Energy and Fluid Sys
tems Laboratory (fall). Other laboratory courses given 
in the College of Engineering may be approved for 
qualified students if such courses are suitable for a 
particular objective.

The Mechanical Engineering Design Project, IMG790, 
requires individuals to work as members of a design 
team which is responsible for the preparation of a 
formal report at the end of the year. Some recent 
projects have been concerned with fly ash disposal, 
application of heat pipes to automobiles, ocean cur
rent measurement, manufacture of freeze-dried cof
fee, gas turbine load-test equipment, pore size 
measurement of plastic foam, and assistive devices 
for hands and legs. Some projects are suggested, 
monitored, and reviewed by outside organizations, 
whose engineers work with the student project 
groups and participate in a technical session when 
the project reports are presented at the end of the 
year.

Some scholarship aid is available. Admission and 
scholarship application forms may be obtained by 
writing to the Office of the Chairman, Graduate Pro
fessional Engineering Programs, 221 Carpenter Hall. 
Further information on the program can be obtained 
from the Office of the Director, Sibley School of Me
chanical and Aerospace engineering, 105 Upson 
Hall.

Master of Science and Doctor of Philosophy

The general and special requirements for these de
grees in the graduate Field of Mechanical Engineer
ing are given in the Announcem ent o f the Graduate 
School.

There is no required pattern of courses; an individual 
program of formal or informal study is arranged by a 
student in consultation with a Special Committee that 
is selected by the student. The required thesis study 
is usually related to general or special interests of a 
faculty member of this Field.

Fellowships, research assistantships, and teaching 
assistantships are available. Further information may 
be obtained by writing to the Graduate Faculty Rep
resentative (Mechanical Engineering), Sibley School 
of Mechanical and Aerospace Engineering, Upson 
Hall.

Nuclear Science and 
Engineering
Ward Laboratory of Nuclear Engineering

Degrees Offered: Master of Engineering (Nuclear), 
Master of Science, Doctor of Philosophy.

Faculty of the Engineering Field of Nuclear Engineer
ing supervising the M.Eng. (Nuclear) degree: K. B. 
Cady, A. P. Casarett, D. D. Clark, C. D. Gates, H. H. 
Fleischmann, B. S. Isacks, V. O. Kostroun, C.-Y. Li,
S. Linke, F. K. Moore, M. S. Nelkin, J. S. Thorp, R.
L. Von Berg.

Faculty of the Graduate Field of Nuclear Science and 
Engineering supervising the Master of Science and 
Doctor of Philosophy degrees: the persons listed 
above and, in addition, R. M. Littauer and G. H. Mor
rison.

Courses of instruction are listed under Applied and 
Engineering Physics on pp. 71-75.

Nuclear science and nuclear engineering are con
cerned with the understanding, development, and 
practical application of scientific knowledge of nucle
ar reactions and radiations.

The programs at Cornell are designed to  accom m o
date students who are interested in nuclear physics, 
nuclear engineering, radiation protection, or some 
combination of these. Subjects in nuclear physics in
clude low-energy nuclear structure, atom ic structure, 
and phenomena involving interactions between nu
clear and atom ic processes. Nuclear engineering in
volves the basic sciences of chemistry, physics, and 
mathematics in combination with the skills o f met
allurgical, chemical, civil, electrical, and mechanical 
engineering— with the goal of designing safe, effi
cient nuclear energy systems. Radiation protection, 
nuclear safety, and environmental effects of nuclear 
energy utilization constitute a third important area of 
study; in addition to  inclusion of these top ics in the 
regular nuclear engineering courses, an undergradu
ate course IPC201, Nuclear Energy and the Environ
ment, is offered, and graduate students have the 
opportunity to take courses in radiation biology 
taught in the Department of Physical Biology.

The aims of the Cornell programs are to  provide the 
student with a thorough understanding of the scien
tific principles upon which nuclear systems are 
based, to develop the skills of applying these princi
ples to  engineering problems, and (in the M.S. and 
Ph.D. programs) to develop research abilities.

To implement these aims, Cornell offers three gradu
ate degrees: a professional degree. Master o f Engi
neering (Nuclear), administered by the engineering 
Field o f Nuclear Engineering, and two research de
grees, Master o f Science and Doctor o f Philosophy, 
administered by the graduate Field o f Nuclear Sci
ence and Engineering.

Appropriate undergraduate programs w hich can lead 
to graduate study in nuclear science and engineering 
are physics, engineering physics, or civil, chemical, 
electrical, mechanical, o r materials engineering, or a 
suitable set o f courses in the College Program. Stu
dents should select their technical electives carefully
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to ensure that they meet the entrance requirements 
for the graduate program they intend to enter.

Laboratory and Research Facilities

The Ward Laboratory of Nuclear Engineering con
tains: (1) A  TRIGA research reactor with a steady- 
state power of 100 kilowatts and a pulsing capability 
of 250 megawatts providing sources of neutrons and 
gamma rays for activation analysis, solid and liquid 
state studies, and nuclear physics research. In addi
tion to  standard pneumatic and mechanical transfer 
systems for activated specimens, the reactor is 
equipped with a 50 millisecond rapid transfer mecha
nism in one of the six beam ports; (2) a critical facili
ty or “ zero power reactor”  of versatile design for 
basic studies of reactor physics, such as space- 
dependent reactor kinetics and noise analysis; (3) a 
3 MV positive-ion accelerator for studies of radiation 
effects and low energy nuclear reactions; (4) a 
shielded gamma cell with 5,000 curies of Co60 for 
radiation chemistry studies; (5) a radiochemistry lab
oratory; and (6) subcritical assemblies for reactor 
physics investigations.

The Degree Programs

Undergraduate Study

Students are encouraged to begin specialization in 
nuclear science and engineering at the undergradu
ate level. This can be done by choice of electives 
within regular Field Programs such as engineering 
physics, or within the College Program by selection 
of appropriate courses with the approval of the Col
lege Program Committee.

Major In Nuclear Engineering A student majoring 
in nuclear engineering under the College Program 
would take IPC201, Nuclear Energy and the Environ
ment, and IPC303, Introduction to Nuclear Science. 
Also required would be two of the following courses: 
IPC612, Nuclear Reactor Theory I; IPC651, Nuclear 
Measurements Laboratory; IPC633, Nuclear Reactor 
Engineering; and IPC609, Low-Energy Nuclear Phys
ics.

College Program In Energy Conversion This Pro
gram is a synthesis of nuclear, thermal, and elec
trical engineering and is described in the College 
Program section o f this Announcem ent; see p. 37.

Master of Engineering (Nuclear)

This two-term  curriculum  is intended primarily for in
dividuals who want a terminal professional degree, 
but it may also serve as preparation for doctoral 
study in nuclear science and engineering. The 
course of study covers the basic principles of nucle
ar reactor systems with a major emphasis on reactor 
safety and radiation protection and control. There is 
a growing need in the nuclear industry and the reg
ulatory agencies for engineers who have a thorough 
knowledge of these safety provisions and who are 
able to apply it to  the design of reactor plants and

auxiliary equipment and to the implementation of en
vironmental monitoring systems. Required courses in 
the Master of Engineering (Nuclear) program treat re
actor safety and radiation protection and control in 
depth, and an elective course in radiation biology 
and an elective seminar in physical biology are avail
able.

The background recommended for the M.Eng. (Nu
clear) degree program includes: (1) a baccalaureate 
degree in engineering, physics, or applied science;
(2) modern physics; (3) mathematics, including ad
vanced calculus; and (4) thermodynamics.

Students should see that they fulfill these require
ments before beginning the program. In some cases, 
deficiencies in preparatory work may be made up by 
informal study during the preceding summer.

The interdisciplinary nature of nuclear engineering al
lows students to enter from a variety of undergradu
ate specializations. Our students in the past have 
had w idely varying background preparations includ
ing physics, engineering physics, mechanical engi
neering, chemical engineering, electrical engineering, 
civil engineering, materials science and engineering, 
and nuclear engineering.

The th irty credit hours for the degree include the fo l
lowing courses:

Fall term
IPC612, Nuclear Reactor Theory I 
IPC633, Nuclear Reactor Engineering 
IPC609, Low-Energy Nuclear Physics 
Technical elective

Spring term
IPC651, Nuclear Measurements Laboratory 
Technical elective 
Engineering Design Project 
Mathematics or physics elective

The engineering electives should be in a subject 
area relevant to  nuclear engineering, such as energy 
conversion, radiation protection and control, feed
back control systems, magnetohydrodynamics, con
trolled thermonuclear fusion, and environmental 
engineering. Typical examples of courses that might 
be chosen by Master of Engineering (Nuclear) de
gree candidates are: Physical Biology RTB922, Bio
logical Effects of Radiation; IMP655, Energy 
Conversion; IMH651, Convection Heat Transfer;
IEE681, Introduction to Plasma Physics; IEE682, Ad
vanced Plasma Physics; IMA621, Introductory Plas
ma Physics; IMA622, Introductory 
Magnetohydrodynamics; and IEE671-672, Feedback 
Control Systems.

Admission and scholarship application forms may be 
obtained by writing to the Office of the Chairman, 
Graduate Professional Engineering Programs, 221 
Carpenter Hall. Further information on the nuclear 
science and engineering professional program may 
be obtained by writing to the Ward Laboratory of Nu
clear Engineering.

Master of Science and Doctor of Philosophy
The M.S. and Ph.D. programs are oriented toward 
research, and require com pletion of a thesis as well



58 Operations Research

as course work. A candidate for one of these de
grees chooses either nuclear science  or nuclear en
gineering as his or her major subject, but because 
each student plans an individual program in consul
tation with the faculty members of the Special Com
mittee, there are no detailed course requirements. 
This approach, long a tradition of graduate study at 
Cornell, is well suited to  interdisciplinary fields such 
as nuclear science and engineering. Independent 
thesis research along with formal and informal dis
cussions with staff members and other students is a 
vital part of the program.

If a student choses nuclear science  as his or her 
major subject, thesis research may be undertaken in 
any of the follow ing areas: nuclear structure physics, 
atomic physics and x-ray phenomena, nuclear astro
physics, nuclear chemistry, nuclear instrumentation, 
radiation chemistry, and radiation effects on mate
rials If a student selects nuclear engineering, the fo l
lowing areas are possible: experimental and 
analytical reactor physics, reactor plant dynamics 
and safety, radiation protection and control, neutron 
transport theory and kinetic theory, nuclear energy 
conversion, nuclear environmental engineering, and 
nuclear structural engineering.

The appropriate preparation for graduate work in 
these programs is an undergraduate education in 
science, applied science, or engineering, with special 
emphasis on mathematics and modern physics.

Additional information on the M.S. and Ph.D. pro
grams is available in the Announcem nt o t the Gradu
ate School, and the Announcement, Graduate Study 
in Engineering and Applied Science  (see p. 4). Fur
ther information may be obtained from the office of 
the Graduate Faculty Representative (Nuclear Sci
ence and Engineering), Ward Laboratory of Nuclear 
Engineering.

Operations Research

Upson Hall

Degrees Ottered: Master of Science, Doctor of Phi
losophy The School of Industrial Engineering and 
Operations Research administers the undergraduate 
Field of Industrial Engineering and Operations Re
search and the Master of Engineering (Industrial) de
gree program (see pp. 45-48).

R. E. Bechhofer, chairman; W. L. Maxwell, graduate 
faculty representative; L. J. Billera, R. W. Conway, P. 
M. Dearing, Jr., J. E. Dennis, Jr., M. J. Eisner, D. R. 
Fulkerson, S. C. Jaquette, J. C. Kiefer, W F. Lucas, 
W. R. Lynn, G. L. Nemhauser, J. A. Muckstadt, N. U. 
Prabhu, T. J. Santner, B. W. Saunders, A. Schultz, 
Jr., D. G. Severance, F. L. Spitzer, S. Stidham, Jr.,
M. S. Taqqu, H. M. Taylor, 3d, M. J. Todd, L. I. 
Weiss.

Courses of instruction are listed on pp. 108-114.

The Field of Operations Research offers doctoral pro
grams in the m ajor areas of operations research, ap
plied probability and statistics, systems analysis and 
design, and industrial engineering. Master o f Science 
programs are offered in all the above areas, and in 
information processing. It is expected that doctoral 
programs with majors in the areas of information 
processing and mathematical programming will be 
available in the near future. In addition, the areas of 
systems analysis and design and of industrial engi
neering will be combined into the m ajor area of in
dustrial and systems engineering.

A  general description of the current major areas is 
given below.

Operations Research

The problem areas and techniques of operations re
search are approached from a highly analytical view
point. Theories and techniques from mathematical 
programming (linear, nonlinear, dynamic, and proba
bilistic), combinatorics, theory of games, stochastic 
processes, and scheduling and simulation are devel
oped and used extensively. Consideration is given to 
constructing appropriate mathematical models to rep
resent various real-life operational systems, and to 
developing techniques for analyzing the performance 
of these models.

The operations research student pursues a course of 
study and research that emphasizes the use of the 
mathematical, probabilistic, statistical, and computa
tional sciences in the development of the techniques 
of operations research. The student's ultimate goal 
may range from making a fundamental contribution 
to the techniques of operations research to  applying 
these techniques to  problems in diverse professional 
fields.

Applied Probability and Statistics

This subject o f study and research is designed for 
students having primary interests in the techniques 
and associated underlying theory of probability and 
statistics, particularly as they are applied to  problems 
arising in science and engineering. The techniques 
emphasized are those associated with applied sto
chastic processes (for example, queuing theory, tra f
fic theory, inventory theory, and time-series analysis) 
and statistics (including statistical decision theory; 
the statistical aspects of the design, analysis, and in
terpretation of experiments, and of ranking and se
lection theory; sampling inspection; and acceptance 
sampling)

Students who elect work in this area are expected to 
acquire considerable knowledge of the theory of 
probability and statistics. All students who major in 
applied probability and statistics are required to mi
nor in mathematics.

Systems Analysis and Design

Although the solution of systems problems requires 
knowledge of underlying theory, the inherent practi
cal lim itations of the problem must be understood. 
Analysis of a system alone is insufficient; alternative
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solutions must be generated before selection of the 
one which can best be integrated with other el
ements of the system. Modeling concepts are equally 
important, but only when they can produce workable 
systems. Illustrations of the design of integrated sys
tems can be found in industry, the environment, 
commerce, and government. A  good example is the 
design of urban traffic control systems. Research ac
tivity may involve the development of new m ethodol
ogy or the synthesizing of new combinations from 
what is already known. The goal is to improve the 
understanding of systems or to  develop new decision 
criteria for systems.

Industrial Engineering

Studies of the analysis and design of the complex 
operational systems that occur in industry, particular
ly in manufacturing, are included in this subject.
Plant design, cost analysis and control, and pro
duction planning are some of the major topics. A 
student is expected to have considerable facility in 
the modern analytical techniques associated with ra
tional decision making and the establishment of valid 
design criteria. These techniques are drawn from 
among inventory theory, queuing theory, mathemati
cal programming, quality control, and computer sim
ulation.

Because the design and operation of modern engi
neering systems apply to areas other than manufac
turing, the use of the word ''industria l”  should not be 
considered restrictive. Industrial engineers frequently 
are employed as systems specialists in commerce, 
banking, distribution, merchandising, and hospital 
management.

Information Processing

Information processing deals with the analysis and 
design of systems which record, transmit, store, and 
process information. Emphasis is on the application 
and integration of equipment rather than on the de
sign of machines. Areas of interest include systems 
for information retrieval, manufacturing control, and 
traffic control. This subject also includes such under
lying theoretical topics as data structure, operating 
system organization, and computing language struc
ture

The principal computing facility at Cornell is an IBM 
370/168, located in Langmuir Laboratory at the Cor
nell Research Park on the periphery of the campus 
and directly linked to  satellite com puters at five differ
ent campus locations. The College of Engineering is 
served through one of these satellite stations in Up
son Hall, as well as by a number of teletypewriter 
terminals in different locations. There are more than 
a score of other com puter installations on the cam
pus, ranging up to a PDP-11. These are special- 
purpose installations and access is usually restricted.

The Degree Programs
Master of Science and Doctor ot Philosophy

These degree programs, administered by the Gradu
ate School of the University, are described in the A n 
nouncement o f the Graduate School.

Major and m inor subjects are chosen from those 
areas outlined above. Minors can also be subjects 
offered by other units of the University; appropriate 
minors that have been chosen most frequently in re
cent years, and the departments or schools which 
offer courses of study in them are: applied math
ematics (Applied Mathematics), com puter science 
(Computer Science), econometrics and economic 
statistics (Economics), public systems planning and 
analysis (Civil and Environmental Engineering), man
agerial economics (Business and Public Administra
tion), mathematics (Mathematics), and planning 
theory and systems analysis (City and Regional Plan
ning).

A prerequisite for graduate study in the Field of Op
erations Research is a bachelor's degree in engi
neering, mathematics, economics, or the physical 
sciences, awarded by an institution of recognized 
standing. The candidate must have a commendable 
undergraduate scholastic record and must supply 
other evidence of an interest in and ability to  pursue 
advanced study and research in his o r her proposed 
major and m inor subjects. Submission of the results 
of the Graduate Record Examination is strongly rec
ommended for all applicants and is required for fel
lowship and assistantship applicants.

Further information may be obtained by writing to  the 
Graduate Faculty Representative (Operations Re
search), Upson Hall.

Structural Engineering
See p. 34.

Theoretical and Applied 
Mechanics
Thurston Hall

Degrees Offered: Master of Engineering (Engineering 
Mechanics), Master o f Science, Doctor of Philoso
phy.

Y.-H. Pao, chairman; H. D. Block, J. A. Burns, H. D. 
Conway, E. T. Cranch, J. C. Dunn, J. T. Jenkins, R.
H. Lance, S. A. Levin, G. S. S. Ludford, R. H. Rand, 
W. H. Sachse.

Courses of instruction are listed on pp. 126-131.

The Department of Theoretical and Applied Mechan
ics is responsible for undergraduate and graduate in
struction and research in theoretical and applied me
chanics and applied mathematics. The subject matter 
in these areas is of a fundamental nature, and the 
undergraduate courses provide a substantial part of 
the basic engineering science education for engi
neering students. In addition to  the required core 
courses, the undergraduate can elect advanced 
courses which are especially suited to students who 
have demonstrated superior analytical o r ex
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perimental ability and who wish to extend and devel
op this ability. The Department offers undergraduate 
programs in individualized major and minor subjects 
through the College Program described below and 
on p. 38.

The Degree Programs

The Undergraduate College Program

The Department sponsors an undergraduate College 
Program in engineering science that has a science- 
based curriculum  flexible enough to  be adapted to 
special or developing interests. It is designed for en
gineering students who want flexibility in their under
graduate curricula; for students whose interests are 
not reflected by any of the major engineering disci
plines; for students who want to emphasize basic en
gineering sciences; and for those who want to 
postpone specialization.

There are general guidelines for the curriculum, but 
no specific prescribed courses beyond those re
quired of all engineering students during their first 
two years in the Division of Basic Studies. The idea 
is to develop a solid understanding of the basic sci
ence behind all engineering, and to  supplement this 
with study in a particular area, such as astronomy, 
applied mathematics, physics, chemistry, o r biology.
A  typical program is shown on page 38.

Any faculty member of the Department of Theoretical 
and Applied Mechanics can sponsor an individual 
student who wishes to  plan a College Program in en
gineering science. The choice of particular courses 
is based on the educational goals of the student, and 
is made jointly by the student and his or her adviser.

It should be noted that this is a College-approved 
curriculum  equivalent to  a Field Program. It provides 
the opportunity for choice of professional specializa
tion w ithin a sound, science-based curriculum, and it 
offers maximum flexibility in curriculum, since there 
are no specifically required courses. Further informa
tion may be obtained from faculty members of the 
Department.

Master of Engineering (Engineering Mechanics)

Students interested in advanced study in mechanics 
who intend to  emphasize engineering practice rather 
than teaching or research may apply for admission 
to the M.Eng. (Engineering Mechanics) degree pro
gram. This course of study is designed to allow the 
student to master advanced topics in mechanics and, 
at the same time, to develop facility in applying fun
damental concepts in mechanics to modern engi
neering problems. No formal thesis is required for 
this degree; however, the student is required to  carry 
out an individual project, either analytical or ex
perimental in nature, under the supervision of a fac
ulty member.

Admission requirements are: (1) a baccalaureate de
gree in engineering or applied science; and (2) a cu
mulative grade-point average of at least 2.5 in the

undergraduate curriculum . Undergraduate programs 
of non-Cornellians must, in the judgm ent of faculty 
members in the Field, provide adequate preparation 
in mechanics.

Degree requirements are: (1) com pletion of a min
imum of three credit hours of work on an individual 
project under the direction of a faculty member; (2) 
satisfactory com pletion of six credit hours of course 
work in mathematics or applied mathematics (which 
may be satisfied by the Theoretical and Applied Me
chanics course sequence IAA680-681 or the equiva
lent); and (3) courses in or relating to theoretical and 
applied mechanics, selected in consultation with the 
student's adviser from those offered at the graduate 
level, to  bring the total credit hours to  at least thirty.

A general description of the Master o f Engineering 
degree is given on p. 11. Further information may be 
obtained from members of the Department.

Master of Science and Doctor of Philosophy

These research-oriented degrees, administered by 
the Graduate School of the University, require sub
mission of a thesis. A  description is given in the A n
nouncement o t the Graduate School. A  special 
Announcement, Graduate Study in Engineering and  
Applied Science, includes a more detailed description 
of the Field of Theoretical and Applied Mechanics.

The graduate program in mechanics and applied 
mathematics emphasizes fundamental understanding 
of the newest developments in engineering and ap
plied science. The basic nature of the studies en
courages research that cuts across and extends 
various traditional engineering fields and ensures that 
the specialist will find many opportunities to  work, ei
ther in industry or in academic institutions, on ad
vanced engineering projects for which conventional 
training is often inadequate.

Graduate students may pursue programs involving 
theoretical or experimental work in the follow ing are
as of specialization.

1. Space mechanics, including research on orbits of 
satellites; the dynamics of solar system bodies; appli
cations of functional analysis to  optimal control 
theory.

2. Wave propagation in solids; waves in layered me
dia; scattering of elastic waves and dynamic stress 
concentrations; waves in plates, rods, and shells.

3. Structural mechanics, including the mechanics of 
composite materials, and of static and dynam ic load
ings; linear and nonlinear vibrations and buckling.

4. Theory of elasticity, inelasticity, and plasticity, in
cluding the effects of high-temperature environment.

5. Experimental mechanics: experimental facilities 
are available for research in many areas of study, in
cluding linear and nonlinear vibrations, wave prop
agation and damping measurements in solids, 
mechanical behavior o f composite materials, magne- 
toelasticity, and photoelasticity.
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6. Continuum mechanics: nonlinear elasticity and 
thermoelasticity, nonlinear viscoelasticity of solids 
and fluids, continuum theories of structured solids 
and fluids.

7. Biomechanics and bionics; artificial intelligence 
and robots; pattern classification.

8. Theoretical fluid mechanics, with research in gas- 
dynamics and magnetohydrodynamics.

The flexibiltiy of the graduate study programs at Cor
nell permits students to  draw on several divisions of 
the University for supporting work in pure and ap
plied science. Graduate students interested primarily 
in theoretical and applied mechanics and applied 
mathematics find these supporting fields of interest: 
mathematics, structures, engineering physics, me
chanical systems and design, aerospace engineering, 
soil mechanics, and physics.

Additional information may be obtained by writing to 
the Graduate Faculty Representative (Theoretical and 
Applied Mechanics), Thurston Hall.

Program on Science, 
Technology, and Society

R. Bowers, director; P. L. Bereano, executive secre
tary.

Students and faculty members from all parts of the 
University are welcome to participate in the interdis
ciplinary Program on Science, Technology, and Soci
ety. The purpose of STS is to stimulate and initiate 
teaching and research on the interaction of science 
and technology with contem porary society, and to 
provide coherence and support for current University 
activities in this area.

Topics of concern to  the Program are illustrated by 
fhe follow ing examples: science, technology, and na
tional defense; science, technology, and the humani
ties; legal and moral implications of modern biology 
and medicine; national science policy; sociology of 
science; the ecological impact of developing technol
ogy; and science, technology, and law. Mechanisms 
for studying problems such as these include courses, 
graduate and faculty seminars, workshops, and indi
vidual research programs. The Program is also as
sisting the graduate m inor Field of Public Policy by 
offering a science policy "stream ”  w ithin this minor 
Field. The following courses are cosponsored by STS 
in collaboration with other units of the University.

Biological Sciences 202, Biology and Society. Spring. 
R. D. O 'Brien and others.

Biological Sciences 203-204, Special Topics in Social 
Biology Throughout the year

Biological Sciences 206 Biomedical Ethics. Fall. S.
M. Brown Jr., R. S. Morison.

Business and Public Administration NPA504 and 
Government 626, Science, Technology, and Public 
Policy in the United States. Fall. F. A. Long, A.-Se
gal.

Business and Public Administration NCE512 and 
Government 685, Science, Technology, and Develop
ment. Spring. M. J. Esman and others.

[Business and Public Administration NCE513 and 
Government 683, Science, Technology, and Interna
tional Relations. Spring. Not offered in 1974-75.)

Computer Science 305, The Computerized Society. 
Tentative offering: may not be offered in 1974-75.

Economics 304, Economics and the Law. Fall. J. P. 
Brown.

Engineering IIB203 (2205), Social Implications of 
Technology. Fall. P. L. Bereano.

Engineering IIF605 (2605), The Law and Environ
mental Control. Fall. P. L. Bereano.

Engineering IIF606 (2606), Seminar in Technology 
Assessment. Spring. P. L. Bereano and others.

Engineering IMG102 (3020). Technology and Socie
ty— A Historical Perspective. Spring. B. J. Conta.

English 172, Science as a Social and Intellectual Ac
tivity. Fall. W. Biddle.

Government 312, Urban Studies Laboratory. Fall and 
spring. D. E. Van Houweling.

Government 384, Defense Policy and Arms Contol. 
Spring. F. A. Long, G. H. Quester.

History 386 and Philosphy 386, Problems in the Phi
losophy and History of Biology. Spring. R. N. Boyd, 
W. Provine.

Law 590, Seminar on Science, Technology, and 
Law. Spring. K. L. Hanslowe.

Philosophy 383, Philosophy of Choice and Decision. 
Fall. M. Black.

Sociology 403, Sociology of Science and Technolo
gy. Spring. G. Gordon.

Urban Planning and Development 434 and Eco
nomics 302, The Impact and Control o f Technologi
cal Change. Spring. M. Nadel, D. W. Nelkin.

Urban Planning and Development 533 and Gov
ernment 629, The Politics of Technical Decisions.
Fall. J. Milch, D. W. Nelkin.

Course descriptions and a list of other relevant 
courses may be obtained from the Program Office, 
614 Clark Hall.
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Cornell University

Description of Courses

Descriptions of courses are listed under the division, 
school, o r department which offers them. These units 
are presented in alphabetical order, except that 
freshman and sophomore courses offered through 
the Division of Basic Studies are listed first.

The listings under Basic Studies include a number of 
courses in mathematics and physical sciences that 
are offered by the College of Arts and Sciences but 
are required or frequently taken in the underclass 
engineering curriculum. Complete listings in the hu
manities, social sciences, and physical and natural 
sciences are given in the Announcem ent o f the Col
lege o f A rts and Sciences  and other University An
nouncements. A general list of subjects offered 
throughout the University, with references to the vari
ous divisions that offer them, is included in the A n
nouncement o f General Information.

Each course title is followed by a (u ) o r (g) designa
tion to  indicate whether the course is intended pri
marily for undergraduates or for graduate students.
In many instances, both undergraduates and gradu
ates are welcome to enroll if they meet the prerequi
sites. Undergraduates should consult their advisers 
concerning eligibility for courses with graduate desig
nations.

Each course is designated by six letters o r digits 
which have the following significance.

First. A letter designating the college offering the 
course. Engineering courses, for example, begin with 
I; Arts and Sciences courses begin with B.

Second. A letter designating the school or depart
ment offering the course. The follow ing code applies 
to engineering.

Applied and Engineering Physics P
Basic Studies B
Chemical Engineering H
Civil and Environmental Engineering I
Computer Science C
Electrical Engineering E
Geological Sciences G
Industrial Engineering and Operations 

Research O
Materials Science and Engineering T
Mechanical and Aerospace Engineering M

Theoretical and Applied Mechanics 
(Agricultural Engineering courses are coded 
for the College of Agriculture and Life Sciences 
and have the first two letters OA)
Third. A  letter of varying significance. In the College 
of Engineering th is third letter often designates a rel
ated group of courses within the school or depart
ment.

Fourth. A number describing the course level.

Fifth and sixth. Numbers assigned as identification 
for specific courses. Since this numbering system 
has been introduced recently and many students and 
faculty members are accustomed to the previous 
system of course numbering, the former numbers 
have been listed in parentheses follow ing the new 
numbers in places where it seemed that the informa
tion would be helpful.

All academic courses ot the University are open to 
students of all races, religions, ethnic origins, ages, 
sexes, and political persuasions. No requirement, 
prerequisite, device, rule, or other means shall be 
used by any employee of the University to  encour
age, establish, or maintain segregation on the basis 
of race, religion, ethnic origin, age, sex, or political 
persuasion in any academic course of the University.

Basic Studies Division
IBE105 (105) Elements of Engineering Commu
nication (u) Either term. Credit three hours. One 
lecture, one recitation, one laboratory.

Communication of physical concepts to  others; com 
munication with digital computers. Principles of 
graphics and com puter programming are studied 
through projects related to design and modeling of 
physical processes. Graphics emphasizes sketching 
to develop skill in visual communication.

IBE106 (106) Engineering Perspectives (u ) Ei
ther term. Credit three hours. One lecture, one rec
itation, one laboratory.

Illustration ot engineering point of view through de
tailed study of specific problems with major engineer
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ing aspects. Students choose “ m ini-courses" from 
selection offered by various facu lty members in the 
College of Engineering. Small recitations and work 
sessions permit close contact between students and 
engineering faculty. Lectures will present an overview 
ot the engineering profession.

Mathematics
BMA191 (191) Calculus for Engineers (u) Either 
term. Credit four hours. Prerequisite: three years of 
high school mathematics, including trigonometry. 
Three lectures, recitation periods to  be arranged. M. 
E. Sweedler.

Plane analytic geometry, differential and integral cal
culus, and applications.

BMA192 (192) Calculus for Engineers (u) Either 
term. Credit four hours. Prerequisite: BMA191 (191). 
Three lectures, recitation periods to  be arranged. 
Preliminary examinations will be held the evenings of 
Sept. 18, Oct. 9, Oct. 30, Nov. 27, Feb. 26, Apr. 2, 
Apr. 30. Fall: S. Gelbart. Spring: S. Gelbart, A.
Knapp.

Transcendental functions, technique of integration 
and multiple integrals, vector calculus, analytic ge
ometry in space, partial differentiation, applications.

BMA194 (194) Calculus lor Engineers (u)
Spring. Credit four hours. Prerequisite: recommenda
tion of the lecturer in course BM A191. Three lec
tures, recitation periods to be arranged. Preliminary 
examinations will be held the evenings of Feb. 26, 
Apr. 2, Apr. 30. A. Nerode.

Covers the course content of BMA129 in more detail 
and includes more theoretical material.

BMA293 (293) Engineering Mathematics (u) Ei
ther term. Credit four hours. Prerequisite: BMA192 or 
BMA194. Three lectures, recitation periods to be ar
ranged. Preliminary examinations will be held the 
evenings of Oct. 1, Oct. 29, Dec. 3, Feb. 25, Apr. 1, 
Apr. 29. H. Kesten, M. Morley.

Vectors and matrices, first order differential equa
tions, infinite series, complex numbers, applications. 
Problems for programming and running on the auto
matic com puter will be assigned, and students are 
expected to have a knowledge of com puter program
ming equivalent to  that taught in IBE105.

BMA294 (294) Engineering Mathematics (u ) Ei
ther term. Credit three hours. Prerequisite: BMA293. 
Two lectures, recitation periods to  be arranged. Pre
liminary examinations will be held the evenings of 
Oct. 1, Oct. 29, Dec. 3, Feb. 25, Apr. 1, Apr. 29.
Fall: L. Payne. Spring: A. Schatz.

Linear differential equations, quadratic forms and ei
genvalues, differential vector calculus, applications.

BMA295 (293H) Engineering Mathematics (u)
Fall. C redit four hours. Prerequisite: BMA192 or 
BMA194. An honors section of BMA293. Three lec
tures, recitation periods to be arranged. Preliminary 
examinations will be held the evenings of Oct. 1,
Oct. 29, Dec.3.

Lectures follow the general plan and cover the mate
rial of BMA293 with substantially greater emphasis 
on fundamental unifying concepts. Additional topics 
may include: an introduction to  convergence in me
tric spaces, the role of complex numbers in clarifying 
the behavior of real power series and real linear 
transformation, invariant subspaces of a linear trans
formation and the Jordan canonical form.

BMA296 (294H ) Engineering M athematics (u)
Spring. Credit four hours. Prerequisite: BMA295 or 
consent of instructor. An honors section of BMA294. 
Three lectures, recitation periods to  be arranged. 
Preliminary examinations will be held at 7:30 p.m. on 
Feb. 25, Apr. 1, Apr. 29.

Lectures follow the general plan and cover the mate
rial o f BMA294 with substantially greater emphasis 
on fundamental unifying concepts. Additional topics 
may include: a development o f the theory of linear 
ordinary differential equations w ith constant coeffi
cients via the matrix exponential function, fundamen
tal solution matrices for time-dependent linear 
ordinary differential equations, particular solutions via 
the superposition integral. Recitation work will in
clude one major problem-solving project involving 
modeling, com puter programming, and, possibly, ex
perimental verification.

Physics

BPS112 (112) Physics I: Mechanics and Heat (u)
Either term. Credit four hours. Prerequisite: coregis
tration in Mathematics BMA192. Two lectures, two 
discussion periods each week, one tw o-hour labora
tory period every other week. Preliminary examina
tions will be held at 7:30 p.m. on Oct. 1, Nov. 5,
Feb. 18, Apr. 1. Primarily for students o f engineering 
and for prospective majors in physics. Fall: J. Burns 
and staff. Spring: J. Orear and staff.

The m echanics of particles: kinematics, dynamics, 
and introduction to  special relativity, conservation 
laws, central force fields, and periodic motion. The 
mechanics of many-particle systems: center of mass, 
simple rotational mechanics of a rigid body, static 
equilibrium. Kinetic theory of simple gases. At the 
level o f Fundamentals o f Physics by Halliday and 
Resnick.

BPS213 (213) Physics II: Electricity and Magnet
ism (u ) Either term. Credit four hours. Prerequi
sites: Physics BPS 112 and Mathematics BMA192 or 
BMA112. Two lectures, two discussion periods, one 
two-hour laboratory period each week. Preliminary 
examinations will be held at 7:30 p.m. on Oct. 3,
Nov. 7, Feb. 25, Apr. 8. Primarily for students of en
gineering and for prospective majors in physics.

Electrostatics, behavior of matter in electric fields, 
magnetic fields, Faraday's law, electromagnetic oscil
lations and waves, magnetism, and relativity. At the 
level o f Fundamentals o f Physics by Halliday and 
Resnick. Laboratory work supplements the written 
and oral work. Experiments deal with e lectrical mea
surements, dc and ac circuits, resonance phenom
ena, physical electronics, electrical conduction, and 
selected properties of electric and magnetic fields.
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BPS214 (214) Physics III: Optics, Waves, and 
Particles (u) Either term. Credit three hours. Pre
requisites: Physics BPS213 and Mathematics 
BMA293 or BM A221; o r coregistration in Physics 
BPS216 or BPS310. Two lectures and two discus
sion periods a week. Preliminary examinations will be 
held at 7:30 p.m. Oct. 3, Nov. 7, Dec. 5, Feb. 27, 
Apr. 3, May 1. Primarily for students o f engineering 
and for prospective majors in physics. Fall: T. M.
Yan. Spring: D. H. White.

Wave phenomena; electromagnetic waves; physical 
optics; quantum effects, matter waves; uncertainty 
principle; introduction to wave mechanics, elementa
ry applications. At the level of Fundamentals o f Op
tics and Modern Physics by H. D. Young.

BPS216 (216L) Laboratory to Accompany Phys
ics BPS214 or BPS218 (u) Either term. Credit one 
hour. Coregistration in Physics BPS214 or BPS218 
required. One two-hour period.

Experiments include optics, lasers, atom ic spectros
copy, solid state, and nuclear and particle physics.

BPS217 (217) Physics II: Electricity and Magnet
ism (u ) Either term. Credit four hours. A  more rig
orous version of Physics BPS213 for those students 
who have done work of high quality in Physics 
BPS112 and who wish to  take part in a more thor
ough treatment of basic e lectricity and magnetism 
than that o f Physics BPS213. Students who wish to 
take this course should preregister for it. Acceptance 
into the course will be determined by the instructor. 
Engineering students should seek the approval of 
their advisers before registering. Physics majors are 
encouraged to  register for this course in place of 
Physics BPS213. Two lectures and one two-hour lab
oratory.

A  study of the fundamentals of electromagnetism 
based on the material in Electricity and Magnetism  
by Purcell (Volume II, Berkeley Physics Series).

Chemistry

BCH207-208 (107-108) General Chemistry (u)
Fall: BCH207; credit three hours. Spring: BCH208; 
credit four hours. Enrollment limited. Recommended 
for those students who will take further courses in 
chemistry. Prerequisite: high school chemistry; 
BCH207 is prerequisite to  BCH208. Two lectures, 
one recitation, and one laboratory each week. Pre
liminary examinations will be held in the evening.
Fall: F. R. Scholer, E. L. Muetterties. Spring: R. C. 
Fay.

The important chemical principles and facts are cov
ered, with considerable attention given to  quantitative 
aspects and to  the techniques that are important for 
further work in chemistry. Second-term laboratory in
cludes a systematic study of quantitative analysis.

Engineering Sciences
Group I

IOA213 (9113) Systems Analysis and Design (u)

Spring. Credit three hours. Two lectures, one recita
tion. Prerequisite: Mathematics BMA293.
T. Berger.

Introduction to  the modeling of systems using the 
concepts of states and transitions. Emphasis is on 
the formulation of models common to problems in 
various branches of engineering. Use of graph theo
ry, difference equations, and Markov chains to  ana
lyze and design static and dynamic systems.

IOA260 (9160) Introductory Engineering Proba
bility (u) Either term. Credit three hours. Three lec
tures. Prerequisite: first year calculus. L. I. Weiss and 
staff.

At the end of this course a student should have a 
working knowledge of some of the basic tools in 
probability theory and their use in engineering. This 
course may be the last course in probability for some 
students or it may be followed by a course in statis
tics. The topics that are introduced include: a difini- 
tion of probability; basic rules for calculating with 
probabilities when the number of possible outcomes 
is finite; discrete and continuous random variables; 
probability distribution and density functions; expect
ed values, join tly distributed random variables, and 
marginal and conditional distributions; special distri
butions important in engineering work, i.e., the nor
mal, exponential, binomial, Poisson, and other 
distributions and how they arise in practice; and Mar
kov chains and applications.

IOA270 (9170) Basic Engineering Statistics (u,g)
Either term. Credit three hours. Two lectures, one 
recitation. (Graduate students will be assigned to a 
separate recitation section.) Students who intend to 
enter the upperclass Field of industrial Engineering 
and Operations Research should take IOA260 in
stead of this course. Prerequisite: first year calculus. 
Staff.

At the end of this course a student should command 
a working knowledge of basic statistics as it applies 
to engineering work. For many students this will be 
the only course in statistics they take. For students 
who wish to learn more about statistics, a course in 
probability (e.g.. IOA260) followed by a course in 
statistics (e.g., IOC370) is recommended. The topics 
are: graphical and numerical methods of repre
senting data— histograms and cumulative frequency 
polygons, sample means and variances; basic tools 
of probability, discrete and continuous random varia
bles, probability distribution and density functions, 
expected values and "popu la tion”  moments, special 
distributions— the normal, chi-square, binomial, and 
others; tests of "s ign ificance”  and one- and two- 
sided hypothesis tests concerning the mean of a nor
mal distribution when the standard deviation is 
known (unknown); hypothesis tests concerning the 
variance of a normal distribution; point- and confi- 
dence-interval estimation; correlation and curve fitting 
by least squares.

ICS211 (202) Computers and Programming (u)

Either term. Credit three hours. Prerequisite: ICS100
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or equivalent programming experience. Two lectures, 
one tw o-hour laboratory.

Intended as a foundations course in computer pro
gramming. Algorithms and their relation to  computers 
and programs. Analysis of algorithms in terms of 
space and time requirements. A  procedure-oriented 
language: specification of syntax and semantics, data 
types and structures, statement types, input-output, 
program structure. A  brief introduction to  machine 
organization. Programming and debugging problems 
on a com puter are an essential part o f this course.

Group II

IEE210 (4210) Introduction to Electrical Systems
(u ) Either term. Credit three hours. Three lecture- 
recitations. Prequisites: Mathematics BMA192 and 
Physics BPS112.

Intended to  develop competence in several analysis 
skills appropriate to the field o f electrical engineering 
and to  impart understanding of the physical basis for 
the concepts associated with the skills. Topics in
clude: electrical c ircuit elements (resistors, capaci
tors, inductors, independent sources, and branch 
relationships); time functions and their representation 
(real exponentials, complex numbers, trigonometric 
functions, and complex exponentials); response of 
simple networks and the impedance concept (natural 
response, forced response to  periodic excitation and 
pole-zero concepts); circuit equations and methods 
of solution (branch equations, K irchhoff's laws, nodal 
and mesh equations, matrix methods of solution, and 
Norton and Thevenin equivalents); controlled sources 
and modeling of devices (representation of idealized 
electronic and electromechanical devices).

ITB262 (6262) Introduction to Electrical Proper
ties of Materials (u) Spring. Credit three hours. 
Two lectures and one recitation or laboratory.

Description and understanding of physical properties 
and applications of electrical materials. Electronic 
structure of atoms, molecules, and crystalline solids. 
Energy band concept applied to  insulators, semicon
ductors, and metals. Sem iconductors and applica
tions in electronic devices. Thermoelectricity, 
dielectrics, and magnetic properties.

IPK217 (8117) Contemporary Topics In Applied 
Physics (u) Spring. Credit three hours. Prerequi
site: Physics BPS213. The course will consist of lec
ture periods combined with recitations and some 
experiments. Two lectures, recitation-laboratory.
V. O. Kostroun and staff.

Selected examples of contemporary applications of 
modern physics will be studied. The objective is to 
develop a semiquantitative understanding of the un
derlying physical principles and phenomena and the 
intrinsic limits they place on applications. Discussion 
will also include the interplay between physics and 
other factors (technological, scientific, and, when rel
evant, social) that set limits on application of modern 
physics and influence its development. For example, 
nuclear energy utilization may be studied in terms of

the physics of fission, fusion, and plasmas, along 
with the technological and social factors affecting de
velopment of nuclear energy sources. Applications of 
physics in other sciences such as astrophysics and 
biology may also be studied.

IPF306 (8606) The Physics of Life (u ) Spring 
Credit three hours. Prerequisite: Physics BPS213 or 
consent of instructor. Two lectures. A. Lewis.

This course deals with the physics of life w ithin the 
unity and interdependence of living matter. It aims at 
developing in the student an appreciation for the ap
plicability of physical principles in understanding the 
processes which underlie our life. The biological 
problem is first outlined and then the physics on 
which the problem rests is discussed. The course 
begins with photosynthesis and the molecular phys
ics on which our understanding of this important 
process is based The two products of photosynthe
sis, oxygen and starch, are considered next. In deal
ing with oxygen, our attention is focused on 
hemoglobin protein structure, and function is ex
plored. Various form s of the transport equation are 
used in this unit. The ingestion of starch is consid
ered next and here the physical basis o f membrane 
structure and function is discussed. A t this point we 
see the utility o f oxygen and starch in the animal 
kingdom and the crucia l function the membrane 
plays in this biological interdependence. Next repro
duction and the critical role o f nucleic acids in this 
process are discussed. An introduction to  statistical 
mechanical approaches to  nucleic acid function is 
given. Finally we consider perception by the organ
ism. This course is considered as a foundations 
course for those interested in biophysics and bioen
gineering and can also be considered as an intro
duction to  the physical basis of life for students 
specializing in other engineering disciplines or in 
physics.

Group III

IAK201 (1001) Introduction to Applied Mechan
ics (u ) Either term. Credit three hours. Two lec
tures, one recitation a week; four laboratory sessions 
per term. Prerequisite: registration in Mathematics 
BMA293. Students may not receive credit for both 
IAK201 and IAK221, o r for both IAK201 and IAK231.

An integrated treatment of the mechanics of solids 
and fluids for students in engineering, life sciences, 
and interdisciplinary programs. Consists of an intro
duction to the fundamental concepts of statics, dy
namics, continuum  mechanics, and the properties of 
materials, with application of these concepts in dis
cussions of several practical examples drawn from 
solid and fluid mechanics. These include the torsion, 
bending, and buckling of structural members, time- 
dependent and statical problems in elasticity and 
fluids at rest, pedect fluids, and fluids with friction.

IAK221 (1021) Mechanics of Solids (u) Either 
term. Credit three hours. Two lectures, one recita
tion; laboratory participation four times per term. Pre
requisite: registration in Mathematics BMA293.
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Principles of statics, force systems, and equilibrium. 
Mechanics of deformable solids, stress, strain, stati
cally determinate and indeterminate problems. Prop
erties of engineering materials. Analysis of slender 
bars, shearing force, bending moment, singularity 
functions. Plane stress, transformation of stress, 
Mohr's circle of stress and strain. Bending and tor
sion of slender bars: stresses, deformations, and 
plastic behavior.

IAK231 (1031) Dynamics (u ) Either term. Credit 
three hours. Two lectures, one recitation; laboratory 
participation four times per term. Prerequisite: reg
istration in Mathematics BMA294.

Principles of Newtonian dynamics of a particle, sys
tems of particles, and a rigid body. Kinematics, 
frames of reference, motion relative to  a moving 
frame, impulse, momentum, energy. Laws of motion 
of a system, center of mass, total kinetic energy, mo
ment of momentum, constraints. Rigid body kinemat
ics, angular velocity, moment of momentum and the 
inertia tensor, Euler equations, the gyroscope. Ad
vanced methods in dynamics. As time permits: gen
eralized coordinates, Lagrange's equations, the 
potential energy function, the kinetic energy function, 
applications. At the level of Applied Mechanics- 
Dynamics by Housner and Hudson.

ITB261 (6261) Introduction to Mechanical Prop
erties ot Materials (u ) Either term. Credit three 
hours. Two lectures, one recitation or laboratory.

Elastic, anelastic, and plastic behavior o f crystalline 
and rubber-like materials, single and polycrystalline 
materials. Stress-thinning mechanisms, composite 
materials: fracture, fatigue, and creep. Crystal struc
ture, lattice defects, phase equilibria, diffusion, ma
crostructure and m icrostructure from programmed 
learning sequences. Engineering applications of ma
terials.

Group IV

Several courses in physical and organic chemistry 
offered by the Department o f Chemistry in the Col
lege of Arts and Sciences at Cornell qualify as engi
neering core sciences.

BCH287-288 (287-288) Introductory Physical 
Chemistry (u) Fall: BCH287. Spring: BCH288. 
Credit three hours a term. Prerequisite: Chemistry 
BCH208 (formerly 108) or consent of instructor; 
BCH287 is prerequisite to BCH288. Two lectures, 
one recitation. Examinations may be given M 9:05 or 
evenings. Fall: E. L. Elson and assistants. Spring: R.
E. Hughes and assistants.

A systematic treatment of the fundamental principles 
of physical chemistry.

BCH289-290 (289-290) Introductory Physical 
Chemistry Laboratory (u) Fall BCH289 Spring: 
BCH290. Credit two hours a term. Prerequisite: 
BCH289 is prerequisite to BCH290. Coregistration in 
Chemistry BCH287-288 is required. One lecture and 
two three-hour laboratory sessions each week. One 
hour of laboratory devoted to BCH287 recitation.

Fall: A. C. Albrecht and assistants. Spring: R. R. Rye 
and assistants.

The development of needed skills in experimental as
pects concerned with the fundamental principles of 
physical chemistry.

BCH357-358 (357-358) Introductory Organic 
Chemistry (u) Fall: BCH357. Spring: BCH358. 
Credit three hours a term. Prerequisite: Chemistry 
BCH208 or advanced placement in chemistry; 
BCH357 is prerequisite to BCH358. Preliminary ex
aminations may be held in the evening. Three lec
tures each week. Fall: D. A. Usher.

A  systematic study of the more important classes of 
carbon compounds, reactions of their functional 
groups, methods of synthesis, relations, and uses.

IMG221 (3631) Thermodynamics (u ) Either 
term. Credit three hours. Three recitations. Prerequi
sites: Mathematics BMA191 and BMA192, Physics 
BPS112.

The definitions, concepts, and laws of thermodynam
ics. Applications to  ideal and real gases, mutiphase 
pure substances, gaseous mixtures, and gaseous re
actions. Heat-engine and heat-pump cycles. An intro
duction to statistical thermodynamics.

IHE110 (5111) Mass and Energy Balances (u)
Either term. Credit three hours. Prerequisite: one 
year of freshman chemistry or consent of instructor. 
R. G. Thorpe.

Content is the same as for IHE111, but this course 
uses on ly self-paced audiovisual instruction a t the 
convenience o f the student. A minimum of seventy 
clock hours of audiovisual instruction is required to 
master the subject matter. Student performance is 
evaluated by nine tests, two preliminary examina
tions, and a final examination. Superior students may 
earn exemption from the final examination.

Aerospace Engineering

See p. 121

Agricultural Engineering

(For a complete description of the courses in agri
culture, see the Announcem ent o f the College o f A g
riculture and Life Sciences.)

OAE103 Basics of Electronic Computation (u)
Spring. Credit one hour. One discussion/laboratory 
session. Limit of twenty students per section. L. D. 
Albright.
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Directed exercise in using electronic calculators for 
solving selected agricultural management and pro
duction problems. Several types of electronic calcula
tors are used. Flow charting techniques for problem 
solutions are emphasized. Digital com puter program
ming languages will not be taught. The course goal 
is to teach the use of machines that elim inate te
dious arithmetic computations.

OAE151 Introduction to Agricultural Engineering 
Measurements and Graphics (u ) Fall. Credit one 
to three hours. Two lecture/laboratory sessions. Pre
requisite: one term of calculus or concurrent registra
tion. H. A. Longhouse.

The subject will be presented in modular form. Mo
dule I, T laboratory, will consist o f the introduction to 
engineering measurements, including graphics and 
the basics of PL/C . Module II, F laboratory, will ex
amine basics of surveying measurements. Module I 
and Module II will be completed during the first nine 
weeks of the semester, and each will confer one 
credit hour. Module III, T laboratory, will enable the 
student to  apply measurement principles and com 
puter skill to a typical engineering problem. Module 
IV, F laboratory, will enable the student to apply sur
veying knowledge and skill to  an applied engineering 
problem. Module III and Module IV will start the tenth 
week and continue to the end of instruction; each 
will confer one-half credit.

OAE152 Engineering Measurements and Graph
ics (u)
Spring. Credit one to  three hours. Two lecture/ 
laboratory sessions. Prerequisite: OAE151 or consent 
of instructor. W. W. Gunkel.

The subject will be presented in modular form. Mo
dule I, T laboratory, will consist of engineering mea
surements, graphics, and PL/C . Module II, F 
laboratory, will consist of graphics, including work on 
machine drawings, intersections, developments, de
scriptive geometry, and use of conventional practices 
and symbols. These modules will be completed dur
ing the first nine weeks, and each will confer one 
credit. Module III, T laboratory, will enable the stu
dent to  apply the measurement principles and com
puter skill to  a typical engineering problem. Module 
IV, F laboratory, will enable the student to  apply 
graphic skills to  selected problems. Module III and 
Module IV will start the tenth week and continue to 
the end of instruction; each will confer one-half cred
it.

OAE325 (421) Introduction to Environmental 
Pollution (u) Spring. Credit three hours. Two lec
tures, one discussion period each week. D. C. Lud- 
ington.

A general course dealing with the impairment of the 
environment by the wastes of man. The causes and 
effects of air, water, and soil pollution will be dis
cussed. Fundamental factors underlying waste pro
duction, abatement, treatment, and control will be 
included. A  selected number of wastes from urban, 
rural, and industrial areas will be used to  illustrate 
the factors.

OAE326 Agricultural Practices and Environmen
tal Pollution (u,g). Spring. Credit two hours. One 
lecture/recita tion session. Prerequisite: OAE325 or 
consent o f instructor. D. C. Ludington.

Agricultural practices will be studied with regard to 
maintaining and improving environmental quality. 
Subjects include alternatives for managing wastes as
sociated with animal production, use of inorganic fer
tilizers and pesticides, conservation of soil and water, 
and rural domestic waste disposal. Pollution of water 
and air, aesthetic aspects, and legal restraints will be 
emphasized.

OAE401 (450) Special Topics In Agricultural En
gineering (u) Fall. C redit one hour. Open only to 
seniors. W. W. Gunkel.

Presentation and discussion of the opportunities, 
qualifications, and responsibilities for positions of 
service in the various fields of agricultural engineer
ing.

OAE415 (410) Physical Analysis ol Plant and 
Animal Materials (u,g) Spring. Credit two hours. 
Two lectures. Prerequisite: one semester o f calculus. 
G. E. Rehkugler.

A  study and analysis o f the physical properties of 
plant and animal materials. The definition of pertinent 
physical properties and development o f the meaning 
of a physical property. The morphology of plant and 
animal materials will be related to  problems of defin
ing physical properties. Specifically, material product 
geometry will be examined and the influence of 
forces on behavior of materials will be studied. Phys
ical properties of plant and animal materials will be 
related to  material and manipulative forces applied in 
growth, harvesting, processing, and handling. The 
deformation and flow  of these materials will be mod
eled. Interpretation of physical properties of plant 
and animal materials will be used in defining texture 
of food materials and mechanical damage to  plant 
products.

OAE416 (411) Laboratory Practice In Physical
Analysis (u,g) Spring. Credit one hour. May be 
taken w ithout OAE415 by permission of the instruc
tor. One laboratory/recitation session. Prerequisite: 
one semester of calculus. Laboratories and recita
tions will be offered in alternate weeks. G. E. 
Rehkugler.

Laboratory com ponent of course OAE415. Labora
tory practice will be in the physical analysis o f plant 
and animal materials.

OAE450 Introduction to Analog Computation (u,
g) Fall. Credit two hours. One lecture, one labora
tory. R. B. Furry.

Fundamentals of analog com puting w ith elementary 
examples of applications from biological and physical 
systems. Includes basic computing elements, analog 
programming, scaling, and com puter operation. An 
attempt will be made to  permit students to  work on a 
problem related to  their own areas of interest. A  bas
ic knowledge of differential equations is required.
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OAE461 (461) Agricultural Machinery Design (u,
g) Spring. Credit three hours. Two lectures, one 
laboratory. Prerequisite: mechanical design and anal
ysis. W. W. Gunkel.

The principles of design and development of agri
cultural machines to meet functional requirements. 
Emphasis is on computer-aided analysis and design, 
stress analysis, selection of construction materials, 
and testing procedures involved in agricultural ma
chine development. Engineering creativity and design 
related to  agricultural production systems are also 
stressed.

[OAE462 (462) Agricultural Power (u,g) Fall 
Credit three hours. Two lectures, one laboratory. 
Prerequisite: engineering mechanics (dynamics), or 
equivalent. W. W. Gunkel. Not offered in 1974-75.

Utilization of internal com bustion engine and other 
forms of energy in agriculture. Basic theory, analysis, 
and testing of internal com bustion engines for use in 
farm tractors and other agricultural power applica
tions. Specific study of tractor transmissions. Nebras
ka Tractor Tests, and soil mechanics related to 
traction and vehicle mobility. Economics and human 
factors in power use and application will be consid
ered.)

OAE465 (463) Processing and Handling Systems 
for Agricultural Materials (u,g) Spring Credit 
three hours. Three lectures, one laboratory. R. B. 
Furry.

Processes such as size reduction, separation, meter
ing, and drying. Psychrometrics, fluid flow measure
ment, and an introduction to dimensional analysis 
and contro ls for agricultural applications. Problem 
solutions will employ both analog and digital com put
ers; it is preferred that the student know how to write 
programs to  utilize the digital computer.

[OAE471 (471) Soil and Water Engineering (u,g)
Fall. C redit three hours. Two lectures, one discus- 
sion-laboratory. Prerequisites: fluid m echanics or hy
draulics and soils, or concurrent registration; farm 
management recommended. R. D. Black. Not offered 
in 1974-75.

The application of engineering principles to problems 
of soil and water management. Design and construc
tion of drainage, irrigation and erosion control sys
tems, small reservoirs, and earth embankments.)

OAE475 (475) Systems Models for Environmen
tal Quality Control (u,g) Spring Credit three 
hours. Prerequisite: one year of college mathematics. 
Three lectures. D. A. Haith.

Introduction to the use of systems analysis tech
niques in the study of environmental quality prob
lems. The course will emphasize the role of 
mathematical modeling as a technique for identifying 
alternative means of satisfying environmental quality 
objectives. The techniques of simulation and linear 
and dynamic programming will be applied to  such 
areas as water quality control, solid waste manage
ment, air pollution control, and agricultural wastes.

Students will be encouraged to  select course pro
jects from their fields of interest.

[OAE4S1 (481) Agriculture Structures Design (u,
g) Spring. Credit two hours. Prerequisite: structural 
engineering. One lecture, one recitation-laboratory.
N. R. Scott. Not offered in 1974-75.

Application of basic structural concepts to  design of 
agricultural structures. Emphasis on wood structures, 
including design of trusses, rigid frames, prefabricat
ed panels, and columns. Design of reinforced con
crete members and steel members. Economic 
considerations are presented also.)

[OAE482 (482) Environmental Control lor Ani
mals and Plants (u,g) Spring. Credit two hours. 
Prerequisite: thermodynamics One lecture, one rec
itation-laboratory. N. R. Scott. Not offered in 1974- 
75.

Study of thermal interchanges between animals, in
cluding man, and plants with the environment. Un
derstanding of physiological principles affecting 
thermal com fort and health. Ventilation, air condition
ing, psychrometrics, insulation, condensation control, 
solar energy, and weather phenomena.)

OAE491 (491) Highway Engineering (u,g)
(Same as Civil and Environmental Engineering 
IID632.) Fall. Credit three hours. Prerequisite: con
sent o f instructor. Two lectures, one laboratory. L. H. 
Irwin.

Study of economic considerations in road improve
ment, planning and programming, road location and 
geometric design, traffic engineering, engineering soil 
characteristics and classification, design of roadbed 
thickness, drainage, stabilization methods and mate
rials, wearing surfaces. Emphasis is on secondary 
roads.

OAE492 (492) Bituminous Materials and Pave
ment Design (u,g) Spring. Credit three hours. Pre
requisite: consent o f instructor. Two lectures, one 
laboratory. L. H. Irwin.

Properties of asphalts, aggregates, and bituminous 
mixtures; bituminous mixture design; pavement con
struction; seal coat and surface treatment design and 
construction; pavement maintenance; flexible pave
ment design methods; rigid pavement design meth
ods.

OAE495 Transportation Policies for Developing 
Nations, with Emphasis on Low-Volume Roads (u,
9) Fall. Credit three hours. Prerequisites: upper- 
class or graduate standing and permission of com 
mittee. Limited to forty-five students. Two lectures. 
Core committee consists of: L. H. Irwin, coordinator, 
agricultural engineering; G. J, Cummings, rural soci
ology; and D. F. Williams, policy planning and re
gional analysis.

A  multidisciplinary study of the processes of policy 
formulation and planning of transportation facilities in 
developing nations with different energy resources. 
Areas of investigation will include: the policy-making 
process and strategy for policy implementation, eco
nomic policy and econom ic analysis methods for
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transportation, sociological considerations of trans
portation policy, and technology of road building. A 
term project and report on an appropriate aspect of 
transportation for developing nations will be required.

OAE551-552 (551-552) Agricultural Engineering 
Project (g ) Credit six hours. Required for M.Eng. 
degree. G. E. Rehkugler and staff.

Comprehensive design projects utilizing real engi
neering problems to present fundamentals of agri
cultural engineering design. Emphasis on formulation 
of alternate design proposals, including economics 
and nontechnical factors and complete design of the 
best alternative.

OAE651 (501) Similitude Methodology (g)
Spring. Credit three hours. Two lectures, one labora
tory. R. B. Furry.

Similitude methodology, including the use of dimen
sional analysis to  develop general equations to define 
physical phenomena, model theory, distorted models, 
and analogies, with an introduction to  a variety of 
applications in engineering. It is preferred that the 
student know how to  write programs to  utilize the di
gital com puter prior to enrolling in the course.

OAE652 (502) Instrumentation (g) Spring. Credit 
three hours. Two lectures, one laboratory. Prerequi
site: consent of instructor. N. R. Scott.

Emphasis is on the application of instrumentation 
concepts and systems to physical and biological 
measurements. Characteristics o f instruments, appli
cation of operational amplifiers and transistors for 
signal conditioning and interfacing, shielding and 
grounding; transducers for measurement of force, 
pressure, displacement, velocity, acceleration, temp
erature, light, and flow; and data acquisition systems, 
including telemetry, are considered.

OAE675 (505) Solid Waste Management (u,g)
(Same as Civil and Environmental Engineering 
IIE630.) Spring. Credit three hours. Prerequisite: con
sent o f instructor.

Study of municipal, industrial, and agricultural solid 
wastes. Emphasis on waste characteristics, method 
of treatment and disposal, and interrelationship with 
air, water, and land environment. Discussion of eco
nomic and political aspects. Intended primarily for 
graduate students but open to qualified undergradu
ates

OAE676 (506) Industrial Waste Management (u,
g) (Same as Chemical Engineering IHE622 and Ci
vil and Environmental Engineering IIE631.) Spring. 
Credit three hours. Primarily a graduate course, but 
open to upperclassmen in chemical, agricultural, or 
civil and environmental engineering, o r in the College 
Program with a major from these fields.

Offered join tly with chemical engineering and civil 
and environmental engineering as an integrated pres
entation. The first third of the course is concerned 
with legal aspects, assimilatory capacity of receiving 
waters, joint industrial-municipal collection of wastes, 
and sewerage service charges. The second part cov

ers waste sampling and analysis, treatment 
processes, waste-reduction possibilities, water quality 
and quantity, water reuse and recovery, and costs. 
The final third of the course includes specific indus
trial operations and selected case studies of industri
al waste treatment. An in depth study of a particular 
waste problem is required of all students.

OAE677 (507) Treatment and Disposal of Agri
cultural Wastes (u ,g) Spring. Credit three hours. 
For graduate students and seniors. Prerequisite: con
sent o f instructor. W. J. Jewell.

Emphasis is on the causes of agricultural waste 
problems and on the fundamentals and application of 
possible treatment and disposal practices to control 
the problems. The purpose is to have students un
derstand how to  make decisions about the selection 
and utilization of appropriate agricultural waste man
agement processes and systems, as well as how to 
design and operate the systems. Aerobic and anae
robic processes, nutrient control, waste utilization, 
and land disposal are discussed. The students apply 
these and other concepts to the management of 
wastes from specific animal and crop production and 
food processing operations. Discussion of the inte
gration of feasible waste management methods into 
agricultural production constitutes a m ajor part of the 
course.

OAE678 (510) Environmental Quality Manage
ment for Agro-Ecosystems (g) (Same as Civil and 
Environmental Engineering IIF751.) Fall. C redit three 
hours. Prerequisite: some knowledge of linear pro
gramming or consent of instructors. C. Shoemaker,
D. A. Haith.

The application of systems analysis and mathemati
cal ecology to  problems in ecosystem management 
and environment quality. Topics to  be considered will 
be selected from  the follow ing: pest control, fertilizer 
usage, eutrophication, agricultural waste, soil and 
water conservation, and public policy decisions af
fecting ecosystem management.

OAE685 (504) Biological Engineering Analysis
(9 ) Fall. Credit four hours. Three lectures. Prerequi
site: IAA351 or consent o f instructor. J. R. Cooke.

Engineering problem-solving strategies and tech
niques will be explored. The student will solve se
veral representative engineering problems which 
inherently involve biological properties. The math
ematical modeling will emphasize problem form ula
tion and interpretation of results. The student's 
knowledge of fundamental principles will be exten
sively utilized. Principles of feedback control theory 
will be applied to biological systems.

OAE700 (601) Agricultural Engineering Seminar
(9 ) Fall and spring. Staff.

Presentation and discussion of research and special 
developments in agricultural engineering and other 
fields.

OAE750 Orientation lor Research (g) Fall. Cred
it one hour. R. B. Furry.
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Introduction of newly joining graduate students to 
departmental research policy, programs, m ethodolo
gy, resources, and candidate responsibilities and op
portunities.

OAE761 (602) Power and Machinery Seminar (g)
Spring. Credit one hour. Prerequisite: consent of in
structor. Staff.

Study and discussion of research and new develop
ments in agricultural power and machinery.

OAE771 (603) Soils and Water Engineering 
Seminar (g) Spring. Credit one to three hours. Pre
requisite: consent of instructor. Staff.

Study and discussion of research on selected topics 
in irrigation, drainage, erosion control, and agricultur
al hydrology.

OAE775 (605) Agricultural Waste Management 
Seminar (g) Fall and spring. Credit one hour. Pre
requisite: consent of instructor. Staff.

Study and discussion of the management of agri
cultural waste, with emphasis on the physical, chem i
cal, biological, economic, and aesthetic 
requirements.

OAE781 (604) Agricultural Structures and Rela
ted Systems Seminar (g) Spring Credit one hour 
Prerequisite: consent of instructor. Staff.

Study and discussion of farmstead production prob
lems, with emphasis on biological, economic, envi
ronmental, and structural requirements.

OAE785 (606) Biological Engineering Seminar
(g) Spring. Credit one hour. Prerequisite: consent 
of instructor. N. R. Scott, J. R. Cooke.

The interaction of engineering and biology will be ex
amined, especially the environmental aspects of 
plant, animal, and human physiology, in order to  im
prove communications between engineers and biolo
gists.

Applied and Engineering 
Physics
IPK751 and IPK752 (8051 and 8052) Project (g)
Fall and spring. Credit three hours.

Informal study under direction of a member of the 
University staff. The objective is to develop self- 
reliance and initiative, as well as to gain experience 
with methods of attack and overall planning in exam
ining a special problem related to the student's field 
of interest.

IPK490 (8090) Informal Study In Engineering 
Physics (u,g) Laboratory or theoretical work in any 
branch of engineering physics under the direction of 
a member of the staff.

IPK217 (8117) Contemporary Topics In Applied 
Physics (u) Spring. Credit three hours. Prerequi

site: Physics BPS213. Lecture periods combined with 
recitations and some experiments. Two lectures, one 
recitation-laboratory each week. V. O. Kostroun and 
staff.

Topics include basic atom ic and nuclear structure, 
selected properties of ground and excited states of 
atoms and nuclei, atom ic and nuclear reactions (in
cluding fission and fusion), and interaction of radia
tion and matter. Examples of contemporary 
applications of atom ic and nuclear physics, such as 
nuclear-energy utilization (neutron chain reaction and 
thermonuclear fusion), photoelectron spectroscopy, 
charged-particle-induced x-ray flourescence, and las
ers, as well as applications in astrophysics, geophy
sics, and possibly other sciences, will be studied. 
Formal lectures will stress a semiquantitative under
standing of the underlying physical principles and the 
intrinsic limits they set on applications. Laboratory 
and recitation sessions will be used to demonstrate 
(e.g., with the Cornell ZPR and TRIGA reactors) and 
discuss applications and principles in more detail.

IPG323 (8123) Statistical Thermodynamics (u)
Fall. Credit four hours. T. N. Rhodin.

Quantum statistical basis for equilibrium therm ody
namics, canonical and grand canonical ensembles, 
and partition functions. Laws of thermodynamics, 
concepts of temperature, entropy, free energy, etc. 
Differential thermodynamic relations. Quantum and 
classical ideal gases and para-magnetic systems, 
Fermi-Dirac, Bose-Einstein, and Maxwell-Boltzmann 
statistics. Introduction to  systems of interacting parti
cles. At the level of Thermal Physics by Kittel and 
Statistical and Thermal Physics by Reif.

IPG424 (8124) Statistical Physics (u) Spring 
Credit four hours. R. V. Lovelace.

Elementary kinetic theory of gases in terms of the 
single-particle distribution function: transport 
processes involved in viscosity, heat conductivity, 
particle diffusion, and electrical resistivity; the Boltz
mann equation and the FI theorem. Fluctuations and 
irreversible processes: the master equation, the Lan- 
gevin equation, the Fokker-Planck equation, and 
Brownian movement; electromagnetic noise and 
Nyquist's theorem; the W iener-Khintchine relations; 
entropy production and the Onsager reciprocal rela
tions

IPA333 (8133) Mechanics of Particles and Solid 
Bodies (u) Fall. Credit tour hours. Three lectures, 
one recitation.

Primarily for majors in engineering physics. Newton's 
laws; coordinate transformations; generalized coor
dinates and momenta, Lagrangran and Hamiltonian 
formulation; applications to  oscillator, restrained mot
ion, central forces, small vibrations of multiparticle 
systems, motion of rigid body.

IPA434 (8134) Continuum Physics (u) Spring 
Credit four hours. Three lectures, one recitation.

Stress tensor, equation of reaction, Euler's equation,
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incompressible and compressible flow, strain tensor, 
elements of elasticity theory, elastic waves, viscous 
liquids and anelastic solids.

IPA355 (8155) Intermediate Electromagnetism
(u ) Fall. Credit four hours. Prerequisites: Physics 
BPS214 and BPS216 and coregistration in Math
ematics BM A421, or consent of instructor. B. R. 
Kusse.

Topics include vector calculus, electrostatic and 
magnetostatic fields as solutions of boundary value 
problems, dielectric and magnetic media, mechanical 
and electric energy and pressure. Also, electric in
duction phenomena, skin effect, and the introduction 
of displacement current. Emphasis on the application 
of concepts to physical phenomena and engineering. 
At the level of Lectures on Physics, Vol. II, by Feyn
man, and Foundations o f Electromagnetic Theory by 
Reitz and Milford.

IPA456 (8156) Intermediate Electrodynamics (u)
Spring. Credit four hours. Prerequisite: IPA355, core
gistration in Mathematics BMA422, o r consent o f in
structor. T. A. Cool.

Development of electromagnetic wave phenomena 
and radiation. Topics include transmission lines, 
waveguides, wave properties of dispersive media, ra
diation and scattering phenomena, reciprocity, phys
ical optics, and special relativity. Emphasis is on 
concepts and their application to  physical phenom
ena and engineering. A t the level o f Lectures on 
Physics, Vol. II, by Feynman, and Classical Electro
magnetic Radiation by Marion.

IPG461 (8161) Introductory Quantum Mechanics
(u) Spring. Credit four hours. Prerequisites: IPA333 
or Physics BPS318; coregistration in Mathematics 
BMA422 and in IPA456 or Physics BPS326. Three 
lectures, one recitation. M. S. Nelkin.

A first course in the systematic theory of quantum 
phenomena. Topics will include wave packets and 
the Schroedinger equation, illustrative solutions for 
the square well, harmonic oscillator, and the hydro
gen atom, the formal structure of quantum mechan
ics, angular momentum, spin, and the exclusion 
principle, perturbation theory, and an introduction to 
symmetries and to the quantization of the electro
magnetic field. This course, which is similar in con
tent to  Physics BPS443, is offered in the spring 
semester to allow flexibility in scheduling. At the level 
of Chapters 4 through 9 of Modern Physics and 
Quantum Mechanics by Anderson.

IPB711 (8211) Principles of Diffraction (g)
(Same as Materials Science and Engineering 

ITF706). Fall. Credit three hours.

Broad introduction to diffraction phenomena as ap
plied to  solid state problems. Production of neutrons 
and Xrays, scattering and adsorption of neutrons, 
electrons, X-ray beams. Diffraction from two- and 
three-dimensional periodic lattices. Crystal symmetry, 
Fourier representation of scattering centers, the ef
fect o f thermal vibrations on scattering. Phonon infor
mation from diffuse X-ray neutron scattering, Bragg

reflections. Standard crystallographic techniques for 
single crystals and powders. Diffraction from  almost 
periodic structures, surface layers, gases, amorphous 
materials. Survey of dynamical d iffraction from per
fect and imperfect lattices. Techniques fo r imaging 
structural defects. A t the level o f Optical Principles o f  
the D iffraction o f X-Rays by R. W. James. X-Ray Dif
fraction  by B. E. Warren, Electron D iffraction  by 
Vainshtein, and Electron M icroscopy o f Thin Crystals 
by Hirsch, et al. Lectures accompanied by ex
periments on flourescence and polarization of X-rays, 
diffractometer measurements of vibrational ampli
tudes in crystals, natural w idths of emission lines, 
identification of crystal structures, crystal orientation 
by back reflection techniques.

IPB712 (8212) Selected Topics In Diffraction (g)
(Same as Materials Science and Engineering 
ITF712). Spring. Credit three hours.

Ewald-von Laue dynamical theory applied to  X-ray 
and high energy electron diffraction in solids. Ther
mal scattering and measurement of phonon disper
sion, frequency spectrum, interatomic force 
constants, Debye temperatures, vibrational ampli
tudes. Diffuse scattering, short- and long-range or
der, precipitation in solids, point defects.

IPK753 (8252) Seminar Topics In Applied Phys
ics (g ) Either term. Credit one hour. Primarily for 
candidates for the Master of Engineering (Engineer
ing Physics) degree.

The student is expected to attend and participate in 
a minimum of fifteen scheduled University seminars 
and /o r colloquia chosen in technical or scientific 
areas close to  that of the student's ch ie f interest. A 
brief summarizing report on each of these seminars 
is presented to  the staff member overseeing the 
course. It is expected that the seminar material may 
be augmented by reference to and inclusion of rela
ted research reported in the literature and read by 
the student.

IPG761 (8261) Kinetic Theory (g) (Same as 
Electrical Engineering IEE781.) Fall, every other year. 
Credit three hours. Two lectures. Prerequisites: Phys
ics BPS561, BPS562, o r consent o f instructor. R. L. 
Liboff.

Designed for students who wish to acquire a firm 
foundation in flu id dynamics, plasma-kinetic theory, 
and nonequilibrium statistical mechanics. Brief review 
of classical dynamics. The concept of the ensemble 
and the theory of the Liouville equation. Prigogine 
and Bogoliubov analyses of the BBKGY sequence. 
Master equation, density matrix, W igner distribution. 
Derivation of fluid dynamics. Boltzmann, Krook, Fok- 
ker-Planck, Landau, and Balescu-Lenard equations. 
Properties and theory of the linear Boltzmann co lli
sion operator. Chapman-Enskog and Grad methods 
o f solution of the Boltzmann equation. Klimontovich 
formulation. Kubo theory. Coarse graining and er- 
godic theory. A t the level of Introduction to the Theo
ry  o f K inetic Equations by Liboff.

IPB762 (8262) Physics of Solid Surfaces (g)
(Same as Materials Science and Engineering
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ITG762). Spring. Credit three hours. A  lecture course 
for graduate students and upperclassmen. T. N. Rho- 
din. J. M. Blakely.

Equilibrium thermodynamics and statistical mechan
ics of interfaces. Atom ic structure of surfaces in 
equilibrium. Surface fields, dipoles, and defects in in
sulators. Electronic and vibrational properties of sur
faces. Surface barriers and work functions, surface 
vibrational and electronic states. Kinetic processes at 
surfaces. Mass and charge transport. Condensation 
and evaporation processes. Experimental techniques. 
Materials drawn from research papers and various 
review articles in journals such as Progress in Mate
rials Science, Advances in Chemistry, and Solid State 
Physics.

IPC201 (8301) Nuclear Energy and the Environ
ment (u) Fall. Credit three hours. Two lectures and 
one tw o-hour recitation or laboratory each week. The 
level of presentation assumes knowledge of introduc
tory physics, chemistry, and calculus, but previous 
knowledge of biology is not required. V. O. Kostroun.

Fundamentals o f nuclear radiations and their mea
surement and interaction with matter, the natural ra
diation environment, and sources of man-made 
radioactivity (five weeks); radiation chemistry, radia
tion biology, somatic and genetic effects of nuclear 
radiation, movement o f radioactive materials in the 
biosphere, and bases of radiation protection stand
ards (five weeks); environmental effects of nuclear 
e lectricity generation and nuclear fuel mining, 
processing and waste storage, control of radiation 
hazards, and waste heat problems (four weeks).

IPC303 (8303) Introduction to Nuclear Science 
and Engineering (u) Spring. Credit three hours. 
Prerequisites; sophomore physics and mathematics.
D. D. Clark.

An introductory course in low-energy nuclear physics 
and nuclear engineering for juniors and seniors not 
majoring in engineering physics. The objective is to 
acquaint students with low-energy nuclear physics 
and some of its practical applications. The following 
topics will be covered: elementary quantum mechan
ics; properties and structure of nuclei; radiations 
emitted by nuclei and their interaction with matter; 
nuclear reactions, with emphasis on fission and fu
sion processes; the neutron chain reaction; types 
and uses of nuclear radiations, such as neutron acti
vation analysis and radioactive tracer analysis.

IPC609 (8309) Low-Energy Nuclear Physics (g)
Fall. Credit four hours. Three lectures. Prerequisite: 
an introductory course in modern physics including 
quantum mechanics. Also open to  qualified seniors.
D. D. Clark.

The nuclear interaction. Properties of ground and ex
cited states of nuclei; models of nuclear structure; al
pha, beta, gamma radioactivity; low-energy nuclear 
reactions— resonant and nonresonant scattering, ab
sorption, and fission. At the level o f Introduction to 
Nuclear Physics by Enge.

IPC612 (8312) Nuclear Reactor Theory I (g)
Fall. Credit four hours. Three lectures. Prerequisites:

one year of advanced calculus and some familiarity 
with nuclear physics. Also open to qualified seniors. 
M. S. Nelkin.

A  first course in the physical theory of fission re
actors. The fission process and the essential proper
ties of neutron interactions with matter are described. 
The theory of neutron diffusion, slowing down, and 
thermalization is developed. The theory is applied to 
calculations of criticality and neutron flux distribution 
in nuclear reactors. Attention is restricted to  idealized 
configurations in order to  illustrate the physical ideas 
involved. Nuclear reactor kinetics and neutron trans
port theory are introduced. At the level of Nuclear 
Reactor Theory by Lamarsh.

IPC613 (8313) Nuclear Reactor Theory II (g)
Spring. Credit three hours. A  continuation of IPC612, 
primarily intended for students planning research in 
nuclear reactor physics and engineering. Three lec
tures. Prerequisite: IPC612. K. B. Cady.

The Boltzmann linear transport equation, its adjoint, 
and the ir approximate solutions are developed and 
applied to the heterogeneous neutron chain reactor. 
The theories of fast fission effect, resonance escape, 
and thermal utilization are developed for heterogene
ous reactors. The escape probability formulation of 
reactor lattices, the neutron importance function, per
turbation theory, temperature coefficients of reactivi
ty, and fission product poisoning are also treated. At 
the level of The Physical Theory o t Neutron Chain 
Reactors by Weinberg and Wigner.

IPC633 (8333) Nuclear Reactor Engineering (g)
Fall. Credit four hours. Prerequisite: introductory 
course in nuclear engineering. Also open to  qualified 
seniors. K. B. Cady.

A  selected set of topics representing the fundamen
tals of nuclear reactor engineering: energy conver
sion and power plant thermodynamics, reactor plant 
fluid flow and heat transfer, thermal stresses, radia
tion protection and shielding, routine and accidental 
discharge of radionuclides from nuclear reactors, 
and nuclear fuel cycles. At the level of Nuclear Re
actor Engineering by Glasstone and Sesonske.

IPC634 (8334) Nuclear Engineering Design Sem
inar (g) Spring. Credit four hours. Prerequisite: 
IPC633. K. B. Cady.

A group design study of a selected nuclear reactor 
system. Emphasis is on safety, siting, and radiation 
protection in the design of nuclear power systems.

IPC636 (8336) Seminar on Therm onuclear Fu
sion Reactors (g) Spring. Credit three hours. Pre
requisite: a basic course in plasma physics or 
nuclear reactor engineering, o r consent of the in
structor. Also open to  qualified seniors. H. H. 
Fleischmann.

The present state of the technological and engineer
ing problems expected in the design and construc
tion of thermonuclear fusion reactors will be 
analyzed. Topics will include basic reactor contain
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ment schemes, materials development, mechanical 
and heat transfer problems, refueling, radiation and 
safety hazards, superconducting magnets,, energy 
conversion, and economics.

IPC651 (8351) Nuclear Measurements Labora- 
tory (g ) Spring. Credit four hours. Two 2 '/r-hour af
ternoon periods. Prerequisite: some knowledge of 
nuclear physics. Also open to qualified seniors. D. D. 
Clark.

Laboratory experiments plus lectures on interaction 
ot radiation with matter and on radiation detection, 
including electronic circuits. Twenty different ex
periments are available in the fields of nuclear and 
reactor physics and radiation protection. Among 
these are experiments on emission and absorption of 
radiation, radiation detectors and nuclear electronic 
circuits, interactions of neutrons with matter (absorp
tion, scattering, moderation, and diffusion), activation 
analysis and radiochemistry, and properties of a sub- 
critical assembly. Many of the experiments use the 
TRIGA Reactor. The student is expected to perform 
eight to  ten experiments selected to  meet the 
student’s needs. Some stress is placed on in
dependent work by the student. At the level of Nu
clear Radiation Detection  by Price.

IPC652 (8352) Advanced Nuclear and Reactor 
Laboratory (g) Spring. Credit three hours. Two 
2'/2-hour afternoon periods. Prerequisites: IPC651 
and IPC609 or IPC612. Offered on independent 
study basis or, if sufficient demand, as a formal 
course.

Laboratory experiments and experimental methods in 
nuclear physics and reactor physics. Ten different 
experiments are available, some using the Zero Pow
er Reactor critical facility.

IPD401 (8501) Physics of Atomic and Molecular 
Processes (u,g) Fall. Credit three hours. Prerequi
site: IPG461, Physics BPS443, o r consent of instruc
tor. H. H. Fleischmann.

An introduction to  the basics of contemporary prob
lems in the physics of atomic and molecular 
processes, including atom ic structure, chemical 
bonding, radiation resonance processes, and elastic 
and inelastic collisions.

IPG705 (8505) Topics in Statistical Physics (g)
Fall. C redit three hours. Prerequisite: general famili
arity with statistical mechanics. M. S. Nelkin.

Selected topics of current research interest in statisti
cal physics. In 1974 the subject will be the nonlinear 
behavior of macroscopic systems driven far from 
thermal equilibrium. The primary illustrative examples 
will be from  fluid mechanics. With increasing depar
ture from  equilibrium, successively new classes of 
phenomena occur. First there are the enhanced fluc
tuations which are a precursor of instability. Then 
there is an instability to  form  a "dissipative structure”  
such as convective cells. This structure itself be
comes unstable, and there is the onset o f turbu
lence. Finally, in the lim it o f strong disequilibrium, 
there is fu lly  developed turbulence. In describing the

above phenomena, analogies with equilibrium phase 
transitions will be developed. Examples will also be 
chosen from other kinds of phenomena, such as 
chemical reaction kinetics and the behavior of a las
er near threshold.

IPE606 (8506) Introduction to Plasma Physics
(u,g) (Same as Electrical Engineering IEE681). Fall. 
Credit three hours. Three lectures. Prerequisite: 
IPA355, IPA456, or equivalent. Open to fourth-year 
students at discretion of instructor. R. N. Sudan.

Plasma state; motion of charged particles in fields; 
adiabatic invariants, collisions, coulom b scattering; 
Langevin equation; transport coefficients, ambipolar 
diffusion, plasma oscillations and waves; hydromag- 
netic equations; plasma confinement, energy princi
ples, and m icroscopic instabilities; test particle in a 
plasma; elementary applications. A t the level o f El
ementary Plasma Physics by Longmire.

IPE607 (8507) Advanced Plasma Physics (u,g)
(Same as Electrical Engineering IEE682). Spring. 
Credit three hours. Three lectures. Prerequisite: 
IPE606. R. N. Sudan.

Boltzmann and Vlasov equations; moments of kinetic 
equation, Chew-Goldberger-Low theory, waves in hot 
plasmas, Landau damping, instabilities due to  aniso
tropies in velocity space, gradients in magnetic field, 
temperature and density, effects of collisions and 
Fokker-Planck terms; h igh-frequency conductivity 
and fluctuations, quasi-linear theory; nonlinear wave 
interaction, weak turbulence and turbulent diffusion.

IPD609 (8509) Molecular Energy Transfer (g)
Fall. C redit three hours. T. A. Cool.

Fundamentals o f energy transfer by molecular colli
sions in gases. Energy transfer mechanisms in mo
lecular and chemical lasers. Intermolecular potential, 
dispersion forces, multipole moment interactions, re
pulsive forces. Processes fo r interconversion of vi
bration, rotation, and translational energy.
Perturbation methods in vibrational energy transfer. 
Survey of experimental data and techniques for mea
surement o f rates of energy transfer: shock tubes, 
laserinduced flourescence, laser schlieren, optic 
acoustic effect. Transfer chemical lasers, vibration- 
vibration pumping, dissociation lasers. Laser diagnos
tics of chem ically reacting systems.

[IPB612 (8512) Electron Microscopy and Diffrac
tion (g) Spring. Credit three hours. J. Silcox. Not 
offered in 1974-75.

A  discussion of selected topics in the areas of elec
tron m icroscopy and diffraction, with the major em
phasis on m icroscopy. Probable topics include: 
elastic and inelastic electron scattering from  atoms, 
molecules, and aggregates of matter; nature of im
age formation— amplitude, phase, and diffraction 
contrast; resolution; magnetic domain structure as a 
phase grating and atom ic planes as a diffraction 
grating; kinematical 2-beam, and n-beam dynamical 
theories of perfect crystals; phenomenological treat
ment of absorption; extension to  imperfect crystals—  
diffraction contrast from  defects such as dislocations,
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stacking faults, coherent and incoherent precipitates; 
discussion of inelastic scattering; instrumental and 
fundamental lim itations on source properties and im
age formation capabilities and reasons for current re
search activities devoted to extending the 
capabilities.]

IPB611 (8511)-IPF613 (8513) Electron Microsco
py: Image Formation, Image Processing, and Ap
plications to Blomolecular Materials (u,g) Fall. 
This course will be given as a proseminar divided 
into three coherent but separate topics, each four to 
five weeks in duration. All three sections may be tak
en as IPB611 (8511) for three credit hours or as 
IPF613 (8513) for one or two credit hours if the stu
dent wishes to  take only one or two of the topics. 
Prerequisite: consent of instructor. B. M. Siegel.

The three topics are (in the order they will be dis
cussed): (1) imaging in the electron microscope— the 
basic electron optical system, specimen-electron in
teraction, image formation and optical transfer of in
formation, parameters determining contrast and 
resolution; (2) image processing— methods and ap
plications of coherent optical image reconstruction 
and com puter processing, noise filtering, two- 
dimensional image restoration, determination of com 
plex scattered wave, object-support separation, 
three-dimensional reconstruction; (3) application of 
electron m icroscopy in biomolecular investigations—  
current levels of observation, examples, limitations 
set by beam damage and specimen preparation, pos
sibilities and prospect of obtaining high resolution in
formation (less than th irty Angstrom units).

IPF601 (8601) Photosynthesis (u,g) (Same as 
Biological Sciences OBE545). Fall. C redit two hours. 
Prerequisites: Chemistry BCH104 or BCH208, Math
ematics BMA108, BMA111, or BMA191, and Physics 
BPS102, BPS208, or BPS214, or consent of instruc
tor. Past or current registration in IPF605 is rec
ommended. R. K. Clayton.

A  detailed study of the process by which plants use 
light in order to grow, emphasizing physical and phy
sico-chemical aspects o f the problem.

[IPF603 (8603) General Photobiology (u,g)
(Same as Biological Sciences OBE547). Fall. Credit 
two hours. Prerequisites: Chemistry BCH104 or 
BCH208, Mathematics BMA108, BMA111, or 
BMA191, and Physics BPS102, BPS208, or BPS214, 
or consent of instructor. R. K. Clayton. Not offered in 
1974-75.

A study of the major interactions between light and 
living matter as encountered in photosynthesis, vi
sion, regulation of physiology and development, b io
luminescence, and damage by ultraviolet and visible 
lig h t]

IPF605 (8605) Optics In Biology (u,g) (Same as 
Biological Sciences OBA405.) Fall. Credit two hours. 
Prerequisites: Chemistry BCH104 or BCFI208, Math
ematics BMA108, BMA111, or BMA191, and Physics 
BPS102, BPS208, or BPS214, or consent of instruc
tor. R. K. Clayton.

Lectures, problems, demonstrations, and laboratory

experience in applications of optics to biology.
Topics will include geometrical optics as applied to il
lumination systems, methods for studying biological 
effects o f light, and analytical uses of optical absorp
tion and fluorescence.

IPF306 (8606) The Physics ol Life (u ) Spring 
Credit three hours. Prerequisite: Physics BPS213 or 
consent of instructor. Two lectures. A. Lewis.

This course, which deals with the physics of life 
within the unity and interdependence of living matter, 
is among the engineering core sciences offered by 
the Division of Basic Studies; See p. 66 for the course 
description.

[IPF610 Biophysical Processes (u,g) Spring 
Credit three hours. Prerequisite: equivalents of 
IPG323, Physics BPS341 or Chemistry BCH390, 
BMA422, Physics 315, OBD431, o r consent of in
structor. W. W. Webb. Not offered in 1974-75.

Introduction to  physical aspects of biological 
processes; statistical thermodynamics of solutions of 
macromolecules and weak electrolytes; dissipative 
processes, diffusive, convective, electrochemical, and 
coupled transport; chemical kinetics; multiphase sys
tems, colloids and membranes; multiphase macro
structures; some physical probes ]

Chemical Engineering
IHE101 (5041) Nonresident Lectures (u) Fall 
One lecture. K. B. Bischoff, C. C. Winding,

Given by lecturers invited from industry and from se
lected departments of the University for the purpose 
of assisting students in their transition from college to 
industrial life.

IHE110 (5111) Mass and Energy Balances (u)
Either term. Credit three hours. Prerequisite: one 
year of freshman chemistry o r consent of instructor.
R. G. Thorpe.

Content is the same as for IFIE111, but this course 
uses only self-paced audiovisual instruction at the 
convenience o t the student. A  minimum of seventy 
clock hours of audiovisual instruction is required to 
master the subject matter. Student performance is 
evaluated by nine tests, two preliminary examina
tions, and a final examination. Superior students may 
earn exemption from the final examination.

IHE111 (5101) Mass and Energy Balance (u)
Spring. Credit three hours. Three lectures, one com 
puting session. Prerequisite: one year of freshman 
chemistry or consent of instructor. R. G. Thorpe.

Engineering problems involving material and energy 
balances. Batch and continuous reactive systems in 
the steady and unsteady states. Plumidification 
processes. (See also IHE110.)

IHE311 (5102) Equilibria and Staged Operations
(u) Fall. Credit three hours. Three lectures, one 
com puting session. J. L. Anderson.
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Phase equilibria and phase diagrams. The equilibrium 
stage, mathematical description of single and multis
tage operations, analytical and graphical solutions.

[IHE312 (5103) Chemical Engineering Thermo
dynamics (u) Fall. C redit three hours. Three lec
tures. Prerequisites: IHE311, Chemistry BCFI287, 
BCH288. Not offered in 1974-75.

A  study of the first and second laws with application 
to batch and flow  processes. Physical and thermody
namics properties, availability, free energy, chemical 
equilibrium. Applications to gas compression, refrig
eration, power generation, adiabatic reactors, and 
chemical process development.]

IHE321 (5257) Materials (u) Spring. Credit five 
hours. Three lectures, two laboratories. G. G. Cocks.

An introduction to  the structure and properties of so
lid materials. The polarizing m icroscope is used for 
examining materials in the laboratory. Topics include: 
testing of materials, bonding of atoms, crystal struc
ture, phase transformations, form ing and fabrication, 
production of materials, selection of materials, and 
behavior under service conditions. Laboratory topics 
include: optics o f the m icroscope, geometrical and 
optical crystallography, and the physical chemical 
behavior of materials.

IHE410 (5106) Reaction Kinetics and Reactor 
Design (u,g) Spring. Credit three hours. Three lec
tures. Prerequisite: IHE430. J. F. Stevenson.

A  study of chemical reaction kinetics and principles 
of reactor design for chemical processes.

IHE430 (5304) Introduction to Rate Processes
(u ) Fall. Credit three hours. Three lectures, one 
com puting session. Prerequisites: IHE111 and engi
neering mathematics sequence. F. Rodriguez.

Fundamentals of fluid mechanics and heat transfer; 
solutions to problems involving viscous flow, heat 
conduction and convection, dimensional analysis, 
friction factors and heat transfer coefficients, macro
scopic balances; elementary applications.

IHE431 (5305) Analysis ot Separation Processes
(u ) Either term. Credit three hours. Three lectures, 
one com puting session. Prerequisites: IHE430 and 
familiarity with FORTRAN or PL/I. G. F. Scheele, R.
G. Thorpe.

Analysis of separation processes involving phase 
equilibria and rate of mass transfer; extensive use of 
the digital computer. Phase equilibria; binary, multi- 
component, and extractive distillation; liquid-liquid ex
traction; gas absorption.

IHE432 (5353) Unit Operations Laboratory (u)
Fall. Credit three hours. Two lectures, one labora
tory. Prerequisite: IHE430. C. C. W inding and staff.

Laboratory experiments in fluid dynamics, heat and 
mass transfer. Correlation and interpretation of data.

Technical report writing.

IHE433 (5354) Project Laboratory (u ) Fall and 
spring. Credit variable. Prerequisite: IFIE432.

Special laboratory projects involving bench-scale or 
p ilot-plant equipment.

IHE461 (5623) Chemical Process Evaluation (u)
Fall. C redit three hours. H. F. Wiegandt.

A study of the important chemical processes.

IHE462 (5624) Chemical Process Synthesis (u)
Spring. Credit four hours. G. F. Scheele, C. C. W ind
ing.

A  consideration of process and econom ic alterna
tives in selected chemical processes, along with 
technological assessment.

IHE563 (5625) Equipment Selection and Design
Fall. C redit three hours. Three lectures. J. C. Smith 
and staff.

Performance, selection, and design of process equip
ment; storing, transporting, mixing, heating, reacting, 
and separating fluids and solids. This course or its 
equivalent is required preparation for the Master of 
Engineering (Chem ical) design project.

IHE564 (5626) Project Development and Eco
nomics (g) Fall. Credit three hours. Prerequisite: 
IHE312, IFIE430, IHE431 or equivalent. P. Harriott.

Methods for estimating capital and operating costs. 
Process development and design. Market research 
and survey.

IHE565 (5627) Design Project (g) Spring Credit 
three or six hours. Prerequisites: IHE563, IHE564. 
Staff.

Design study and econom ic evaluation of a chemical 
processing facility, alternative methods of manufac
ture, raw material preparation, food processing, 
waste disposal, o r some other aspect o f chemical 
processing.

IHE595, IHE596 (5955, 5956) Special Projects In 
Chemical Engineering (g) Either term. Credit vari
able.

Research or studies on special problems in chemical 
engineering.

IHE611 (5161) Phase Equilibria (u ,g) Fall Credit 
three hours. Three lectures. Prerequisite: physical 
chemistry. R. G. Thorpe.

A  detailed study of the pressure-temperature- 
composition relations in binary and m ulticomponent 
heterogeneous systems where several phases are of 
variable composition. Prediction of phase data.

IHE621 (5741) Petroleum Refining (g) Fall 
Credit three hours. Three lectures. Prerequisite: 
IHE430. H. F. Wiegandt.

A  critical analysis o f the processes employed in pe
troleum refining.
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IHE622 (5731) Industrial Waste Engineering (u,
g) (Same as Agricultural Engineering OAE676 and 
Civil and Environmental Engineering IIE631.) Spring. 
Credit three hours. Primarily a graduate course, but 
open to  upperclassmen in chemical, agricultural, or 
civil and environmental engineering, o r in the College 
Program with a major trom these fields.

Offered jointly with Agricultural Engineering and Civil 
and Environmental Engineering as an integrated 
presentation. The first third is concerned with legal 
aspects, assimilatory capacity of receiving waters, 
joint industrial-municipal collection of wastes, and 
sewerage service charges. The second part covers 
waste sampling and analysis, treatment processes, 
waste-reduction possibilities, water quality and quan
tity, water reuse and recovery, and costs. The final 
third includes discussions of specific industrial opera
tions and selected case studies of industrial waste 
treatment. An in-depth study of a particular waste 
problem is required of all students.

IHE623 (5790) Consumer Products Engineering 
(u,g) Fall. Credit three hours. Two lectures, one 
computing session. Open to qualified seniors and 
graduate students in engineering. J. E. Fledrick.

The organization and the interrelated departmental 
functions for the development of new consumer 
products. Case studies are drawn from industry to 
describe the special problems and situations encoun
tered. The role of scientists and engineers in the 
consumer product industries is stressed.

IHE625 (5636) Economics ol the Chemical En
terprise (g ) Spring. Credit three hours. Three lec
tures. Prerequisite: IHE561. J. E. Hedrick.

Research economics, feasibility studies, information 
sources; venture analysis; planning.

|IHE627 (5760) Nuclear and Reactor Engineering
(g) Spring. Credit two hours. Two lectures. Prereq
uisite: consent of instructor. R. L. Von Berg. Not o f
fered in 1974-75.

Fuel processing and isotope damage, biological ef
fects and hazards, shielding, radiation chemistry.)

[IHE628 (5641) Inventions, Patents, and Trade 
Secrets (u,g) Fall. Credit three hours. Not offered 
in 1974-75.

Protection ot inventions and trade secrets. Statutory 
and other legal requirements for patentability of in
ventions. Evaluation of patents. Role and manage
ment of patents in planning growth and expansion 
into new product lines.]

IHE630 (5312) New Separation Techniques (u,g)
Fall. C redit three hours. Three lectures.

Lectures, problems, and demonstrations of new or 
less common separation techniques such as chrom a
tography; ion exchange, electrophoresis, and mem
brane operations; analysis, design, and scale-up.

[IHE631 (5609) Mixing and M echanical Separa
tions (g) Fall. Credit three hours. Three lectures.

Prerequisite: IHE430 or consent of instructor. Not o t
tered in 1974-75.

Principles of mixing of gases, liquids, and solids; ag
itation, solid suspension; gas dispersion and chem i
cal reaction; filtration; sedimentation; special 
mechanical separations.]

IHE640 (5742) Polymeric Materials (u,g) Fall 
Credit three hours. Three lectures. F. Rodriguez.

Chemistry and physics of the formation and charac
terization of polymers. Principles of fabrication.

IHE641 (5743) Properties of Polymer Materials
(u,g) Spring. Credit one to three hours. Three lec
tures. Prerequisite: IHE640 a n d /o r IHE430. J. F. Ste
venson, F. Rodriguez.

Polymer rheology: measurement of material func
tions, generalized Newtonian models, linear and non
linear viscoelasticity. Special topics in polymeric 
materials.

IHE642 (5752) Polymeric Materials Laboratory
(g) Spring. Credit two or three hours. One or two 
laboratories. Prerequisite: IHE640. F. Rodriguez.

Experiments in the formation, characterization, fab
rication, and testing of polymers.

IHE643 (5770) Engineering Analysis ol Physio
logical Systems (u,g) Spring. Credit three hours.
K. B. Bischoff, J. F. Stevenson.

Engineering analysis and mathematical description of 
flow, transport phenomena, and chemical reactions 
involved in physiological system function. Cell and 
body fluid properties, the circulatory system and 
blood flow, renal system models, transport o f drugs 
and other solutes, artificial organ design.

IHE644 (5748) Fermentation Engineering (u,g)
Fall. C redit three hours. Two lectures, one recitation. 
Prerequisites or corequisites: Chemistry BCH288 and 
any course in m icrobiology. R. K. Finn.

An advanced discussion of fermentation as a unit 
process. Topics include sterilization, aeration, agita
tion, and continuous fermentation.

IHE645 (5749) Industrial Microorganisms (u,g)
Spring. Credit two hours. Prerequisites: organic 
chemistry and physical chemistry. R. K. Finn.

A brief introductory course in m icrobiology for stu
dents with a good background in chemistry.

IHE647 Wastewater Engineering In the Process 
Industries (u,g) Fall. Credit three hours. Prerequi
sites: organic and physical chemistry; IHE430 or 
equivalent. R. K. Finn, M. L. Shuler.

Introduction to  general and legal problems of pollu
tion control, including some descriptive technology. 
Major emphasis, however, is on the quantitative engi
neering aspects of design and operation. Both bio
logical and physical chemical methods, as they apply 
to the treatment of strong and special wastes from 
the chemical and allied industries, are discussed.
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IHE648 (5744) Polymer Processes (u,g) Spring. 
Credit three hours. Three lectures. Prerequisite: 
IHE640 or consent of instructor. F. Rodriguez.

Production and applications of polymers. Discussion 
of stabilization and degradation, including processes 
for recycling and disposal of plastics and related 
products.

IHE651 (5510) Numerical Methods in Chemical 
Engineering (u,g) Fall. Credit three hours. Three 
lectures. J. L. Anderson.

Solution of single and systems of algebraic equa
tions, polynomial approximation, integration, intro
ductory statistics, initial and boundary valued 
ordinary differential equations, matrix methods, par
ameter estimation, empirical correlation. Examples 
are chosen from  chemical engineering applications.

IHE671 (5717) Process Control (g) Spring 
Credit three hours. Two lectures, one laboratory. 
Prerequisite: IHE430. M. L. Shuler.

Dynamic response of processes and control instru
ments. Use of frequency response analysis. Laplace 
transforms and electronic analogs to  predict the be
havior o f feedback control systems.

IHE672 (5750) Applied Surface Chemistry (u,g)
Spring. Credit three hours. J. L. Anderson, R. E.
Baier.

Aspects o f surface chemistry and physics which af
fect engineering practice. Both equilibrium and dy
namic concepts are covered. Topics include 
capillarity, contact angle phenomena, critical surface 
tension, adsorption, Marangoni effects, coalescence, 
electrokinetic phenomena and collo id stability, bio
materials and compatability, and heat and mass 
transfer at mobile interfaces. Both fluid-solid and flu- 
id-fluid interfaces are considered.

IHE680 (5851) Chemical Microscopy (u,g) Fall. 
Credit three hours. One lecture, two laboratories.
G. G. Cocks.

The use of the light m icroscope to investigate chemi
cal problems in biological o r nonbiological systems. 
Topics include: the optics of the microscope, types 
of m icroscopes (transmission, reflection, polarizing, 
interference, phase, and dark field), the preparation 
of specimens, qualitative and quantitative analysis, 
crystallography, and photomicrography.

IHE681 (5857) Electron Microscopy (u,g) Fall 
Credit three hours. One lecture, two laboratories. 
Prerequisite: IHE680 or special permission. G. G. 
Cocks.

An introductory course designed to teach the student 
how to  use the electron microscope. Topics include: 
optics o f the microscope, the use and maintenance 
of the m icroscope, specimen preparative techniques 
(substrates, particulates, replication, microtomy, elec
tron diffraction, and thinning of metals), photom icro
graphic techniques, and the interpretation of 
micrographs.

IHE682 (5859) Advanced Chemical Microscopy
(u,g) Offered on demand either term. Credit varia
ble. Prerequisite: IHE680 a nd /o r special permission. 
G. G. Cocks.

This is primarily a projects course and offers the stu
dent the opportunity either to learn more about mi
croscopes and their use or to apply the techniques 
of m icroscopy to  the investigation of top ics or prob
lems of special interest.

IHE683 (5852) Laboratory in Optical Crystallog
raphy (u,g) Fall. Credit variable. Two laboratories; 
lecture given as part o f one laboratory. This course 
partially duplicates the laboratory of IHE321 (5257), 
and is not open to  students who have taken that 
course. It is the normal laboratory for the geological 
sciences course IGE355, but is open to  students 
who want to  take the laboratory only. G. G. Cocks.

An introduction to  geometrical and optical crystallog
raphy for mineralogists, with instruction in the use of 
the polarizing m icroscope. Topics include the optics 
of the polarizing m icroscope, and geometrical and 
optical crystallography.

IHE692, IHE693, IHE694 (5952, 5953, 5954) Re
search Project (g ) Fall and spring. Credit three 
hours; additional credit by special permission. Pre
requisite: IHE430.

Research on an original problem in chemical engi
neering.

IHE711 (5105) Advanced Chemical Engineering 
Thermodynamics (g) Fall Credit three hours.
Three lectures. Prerequisite: IHE312 or equivalent.

Application of general thermodynamic methods to 
advanced problems in chemical engineering. Evalua
tion, estimation, and correlation of properties; chem i
cal and phase equilibrium.

[IHE712 (5107) Reactor Design (g) Spring.
Credit three hours. Not offered in 1974-75.

Effects of heat transfer, diffusion, and nonideal flow 
on reactor performance. Optimum design for com
plex reactions. Analysis of current literature on topics 
such as partial oxidation, catalytic cracking, hydro
genation, and polymerization ]

1HE713 (5109) Advanced Chemical Engineering 
Kinetics (g) Spring. Credit three hours. Three lec
tures. Prerequisite: IHE410 or equivalent.
P. Harriott.

Advanced treatment of applications of chemical ki
netics to  reactor design.

IHE714 (5508) Diffusion In Membranes and Po
rous Solids (g ) Spring. Credit two hours.

Theories for diffusion of gases and liquids in porous 
solids, porous membranes, and dense membranes. 
Problems in analysis and correlation of experimental 
results.

IHE731 (5505) Advanced Transport Phenomena
(g) Spring. Credit three hours. G. F. Scheele.
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An integrated treatment of momentum, mass and 
heat transfer. Molecular transport, the equations of 
change, viscous laminar flow of Newtonian and non- 
Newtonian fluids, perfect fluid theory, boundary layer 
theory, unsteady-state transfer, penetration theory, 
models of mass and heat transfer, flow stability, tur
bulent transport, simultaneous heat and mass trans
fer, applications to  industrial operations.

IHE751 (5501) Methods of Chemical Engineering 
Analysis (g) Fall. Credit three hours. May be taken 
by undergraduates with the permission of the instruc
tor. K. B. Bischoff, J. F. Stevenson.

Methods of mathematical analysis of direct applicabil
ity in thermodynamics, transport phenomena, and 
chemical reactor design.

IHE790 (5900) Seminar (g) Fall and spring 
Credit one hour.

General chemical engineering seminar required of all 
graduate students majoring in the field of chemical 
engineering.

IHE891, IHE892, IHE893 Thesis Research (g)
Either term.

Thesis research for the Master of Science degree in 
chemical engineering.

IHE991, IHE992, IHE993, IHE994, IHE995 Thesis 
Research (g) Either term

Thesis research for the Ph.D. degree in chemical en
gineering.

Civil and Environmental 
Engineering

The courses in civil and environmental engineering 
are listed under the follow ing headings: Professional 
Practice; Environmental Sensing, Measurement, and  
Evaluation; Environmental Engineering (Environmen
tal Quality Engineering, Fluid Mechanics and Hydrol
ogy, Public Systems and Environmental Policy 
Analysis, Transportation, and Water Resources Plan
ning and Analysis); and Structural Engineering (Anal
ysis, Behavior, and Design; Structural Materials; and 
Soil Mechanics and Foundations).

Professional Practice

IIK502 (2002) Civil and Environmental Engineer
ing Practice (u,g) On demand. Credit three hours. 
Prerequisite: fourth year or graduate standing. Staff.

Analysis of large engineering works, planning and or
ganizing engineering and construction projects, pro
fessional practice, feasibility evaluations, financial 
justification of projects, social and political implica
tions. The case method is used extensively.

IIK510 (2010) Civil and Environmental Engineer
ing Design Project I (g ) Fall, Credit one or two

hours. Normally required for students in the M.Eng. 
(Civil) program. Staff.

First term of a two-term sequence. Design of a major 
civil engineering project enbodying several aspects 
of civil engineering. Planning and part of preliminary 
design to  be accomplished in the fall term; remainder 
of preliminary design and final design in the spring 
term. Projects to  be carried out by students working 
under the direction of a faculty project coordinator.

IIK511 (2011) Civil and Environmental Engineer
ing Design Project II (g) Spring. Credit three 
hours. Prerequisite: IIK510. Normally required for stu
dents in the M.Eng. (C ivil) program. Continuation of 
IIK510. Staff.

IIK520-521 (2020-2021) Professional Practice In 
Engineering (g ) Fall: IIK520. Spring: IIK521. Credit 
three hours a term. Required of each candidate for 
the M.Eng. (Civil) degree. Enrollment limited to can
didates for the professional Master of Engineering 
degrees.

The objective is to introduce the student to  the busi
ness, professional, and managerial aspects of the 
professional practice of engineering. Emphasis is 
placed upon legal, financial, social, and ethical as
pects. Other topics include: personnel management, 
labor relations, professional registration and organi
zations, and engineering communications.

IIK801 (2001) Thesis (g) The thesis gives the 
student an opportunity to work out a special problem 
or make an engineering investigation, to record the 
results o f his or her work, and to obtain academic 
credit fo r such work. Registration for the thesis must 
be approved by the professor in charge at the begin
ning of the semester during which the work is to be 
done. Topics are selected by agreement between the 
professor and the student. They are intended to be 
pursued under the immediate direction of the profes
sor in charge, the student usually being free from the 
restriction of the classroom and working either in
dependently o r in conjunction with others pursuing 
the same topic.

Environment Sensing, Measurement, 
and Evaluation
IIA153 (2153) Principles of Navigation (u) Fall. 
Credit four hours. Three lectures, discussion period, 
and project work. G. B. Lyon.

Coordinate systems, chart projections, navigational 
aids, instruments, compass observations, tides and 
currents, soundings. Celestial navigation: time, spher
ical trigonometry, motion of the stars and sun, star 
identification, position fixing, use of Nautical Alma
nac. Electronic navigation.

IIA380 (2180) Engineering Surveying and Evalu
ation (u ) Fall. Credit three hours. Two lectures, one 
laboratory. Intended for juniors as an introductory 
course. Staff.

Surveying: basic principles of geometric measure
ments, including errors and adjustment; modern sur
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veying instruments and procedures fo r measuring 
and laying out angles, distances, areas, and vol
umes; use of coordinate systems and modern map
ping methods for the acquisition and display of earth 
resources data. Evaluation: significance of the se
veral com ponents of the physical environment in en
gineering projects; assessment o f information about 
these components from maps, airphotos, and ground 
data; land inventory systems.

IIA661 (2161) Photogrammetry (u,g) Fall. Credit 
three hours. Two lectures, one laboratory. Prerequi
site: consent of instructor. A. J. McNair.

Principles of terrestrial, aerial, and space photogram
metry; geometry of a photograph; tilt and relief dis
placements; parallax distortions; control 
requirements; flight planning. Stereo plotting; relative 
and absolute orientation; use of Bausch and Lomb 
Balplex, Wild A-9 Autograph, and Zeiss stereometric 
camera including Terragraph plotter. Geometry of re
mote sensors.

IIA662 (2162) Analytic Aerotrlangulation (u,g)
Spring. Credit three hours. Two lectures, one labora
tory. Prerequisite: IIA661. A. J. McNair.

Coplanarity and colinearity mathematical equations 
for performing spatial solutions for resection and or
ientation for single photo, stereo pair, triplet, strip, 
sub-block, and block coverages of various types of 
surfaces for which positioning is sought. Stereogram 
assemblage and coordinate transformation of strip 
and b lock coordinates. Solutions of large rectangular 
matrices in photogrammetry.

IIA671 (2171) Geodesy (u,g) Spring Credit three 
hours. Three lectures. Prerequisite: consent of in
structor. A. J. McNair.

The figure of the earth and the precise determination 
of position on or near the earth ’s surface. Funda
mentals o f geometric geodesy, geodetic astronomy, 
physical geodesy, satellite geodesy, and map projec
tions.

IIA685 (2185) Physical Environment Evaluation
(u,g) Fall. C redit three hours. Two lectures, one 
laboratory. Prerequisite: consent of instructors.
T. Liang, D. J. Belcher.

A  study of physical environment and resources fac
tors affecting engineering and planning decisions 
and methods of evaluating these factors. Physical 
factors include the climate, soil and rock conditions, 
and water resources in different parts of the world. 
Evaluation methods include field reconnaissance, in
terpretation of meteorological, topographic, geologi
cal, and soil maps, and use of aerial photography, 
engineering data, and subsurface exploration re
cords. Display and presentation.

IIA686 (2186) Advanced Physical Environment 
Evaluation (u,g) Spring. Credit three hours. Two 
lectures, one laboratory. Prerequisite: IIA685 or 
IIA687 or consent of instructors. T. Liang, D. J. 
Belcher.
A  study of physical environment and resources by

use of aerial photography and other remote sensing 
methods. Conventional photography, sequential pho
tography, multiple spectral photography, space pho
tography, and infrared thermal and radar imagery. 
Evaluation of environment is d irected to  the planning 
of engineering and development projects in general, 
with some emphasis on those related to  special cli
matic regions such as arctic, tropical, humid, and 
arid regions.

IIA687 (2187) Analyses and Interpretation ol 
Aerial Photographs (u,g) Fall and spring. Credit 
three hours. Two lectures, one laboratory. Prerequi
site: consent of instructors. Preregistration required. 
The student is expected to  pay the cost of field trips, 
and aerial photographs for use in a term  project —  
approximately $15. D. J. Belcher, T. Liang.

Methods of identification of a broad spectrum of 
soils, rocks, and drainage conditions; the significance 
of vegetative and cultural patterns of the world. Na
tural resources inventories and specific fields of ap
plication are emphasized.

IIA688 (2188) Advanced Interpretation of Aerial 
Photographs (u ,g) Fall and spring. Credit three 
hours. Prerequisite: IIA687 or consent o f instructors.
D. J. Delcher, T. Liang.

Lectures and team projects in laboratory and field. 
Facilities include material for city-regional planning, 
soil mapping, conservation, ground and surface 
water, and civil engineering projects.

IIA689 (2189) Remote Sensing (u,g) Spring. 
Credit three hours. Two lectures, one laboratory. 
Prerequisite: consent o f instructor. Staff.

Fundamentals o f sensors and sensing in the electro
magnetic spectrum. Photographic sensing will be dis
cussed; however, emphasis will be placed on 
nonphotographic forms. Coverage will include sen
sors, sensor and gound data acquisition, data geom
etry, analysis and interpretation, and mission 
planning.

IIA691 (2191) Design Project (u ,g) On demand 
Credit one to six hours. Staff.

Design problems, frequently associated w ith the Mas
ter o f Engineering program.

IIA692 (2192) Research (g) On demand. Credit 
one to  six hours. Staff.

For students w ho wish to  study one particular area in 
depth. The work may take the form  of a laboratory 
investigation, field study, theoretical analysis, or the 
development of design precedures.

IIA693 (2193) Seminar (u,g) On demand. Credit 
one hour. Staff.

Presentation and discussion of technical papers and 
current research in the general field o r one of its 
specialized fields.

IIA694 (2194) Special Topics (u,g) On demand. 
Credit one to  six hours. Staff.
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Supervised study in small groups on one or more 
special topics not covered in the regular courses. 
Special topics may be ot a theoretical o r applied na
ture.

IIA696 (2196) Seminar in Remote Sensing (u,g)
Credit one hour. Staff and guest lecturers.

Presentation and discussion of current research and 
development in remote sensing. Lectures by Cornell 
staff members and invited specialists from gov
ernment and industry.

Environmental Engineering

Environmental Quality Engineering

IIE301 (2501) Environmental Quality Engineering
(u) Spring. Credit three hours. Three lecture- 
recitations. Prerequisite: upperclass standing in Col
lege ot Engineering or consent o f instructor. C. D. 
Gates.

Concepts of environmental quality, including ecologi
cal, resource, socioeconomic, and political- 
administrative considerations. Objectives and meth
ods of environmental quality control, with emphasis 
on air, water, land, noise, and radioactivity. Introduc
tion to  natural phenomena, technology, and analyti
cal skills pertinent to  environmental quality control.

IIE602 (2502) Water Quality Engineering (u,g)
Fall. C redit three or four hours. Three lectures, one 
laboratory or computing session. Prerequisite: IIC301 
or IIE301, or equivalent, or consent of instructor. V.
C. Behn.

Introduction to water quality engineering, including- 
water supply, and water and waste-water treatment 
and disposal. Principles applicable to the behavior of 
municipal and industrial effluents in natural waters. 
Elements of analysis and design of municipal water 
supply systems and wastewater and storm water co l
lection and disposal systems.

IIE610 (2510) Chemistry ol Water and Wastewa
ter (u,g) Fall. Credit three hours. Three lecture- 
recitations. Prerequisites: one year of college chemis
try and consent of instructor. J. J. Bisogni.

Principles of physical, organic, inorganic, and bio
chemistry applicable to the understanding, design, 
and control of water and wastewater treatment 
processes and to reactions in receiving waters.

IIE611 (2511) Aquatic Chemistry (g) Spring 
Credit three hours. Three lectures. Prerequisites: 
IIE610 and Chemistry BCH287-288. J. J. Bisogni.

Chemical equilibrium in natural aquatic systems, in
cluding water and wastewater treatment systems. 
Chemical thermodynamics, acid-base systems, oxida- 
tion-reduction systems, coordination chemistry, solid- 
liquid-gas interfaces with regard to  precipitation, dis
solution, and adsorption. Chemical-biological 
interfaces in natural systems.

Emphasis on phenomena, mathematical solution of

chemical equilibrium, and application to engineering 
management of water quality.

IIE613 (2513) Biological Phenomena and 
Processes (u,g) Fall. Credit four hours. Three lec
tures, one laboratory. Prerequisite: IIE602 or equiva
lent and concurrent registration in IIE610.

Theoretical and engineering aspects ot biological 
phenomena and processes applicable to  the removal 
of impurities from water, wastewater, and industrial 
wastes and to  their stabilization in receiving waters. 
Pertinent m icrobiological principles, biological oxida
tion kinetics, and eutrophication. Analysis and design 
of biological treatment processes. Laboratory studies 
of pertinent phenomena and processes.

IIE614 (2514) Chemical and Physical Phenom
ena and Processes (u,g) Spring Credit four 
hours. Three lectures, one laboratory. Prerequisites: 
IIE610 and IIE613. J. J. Bisogni.

Theoretical and engineering aspects o f chemical and 
physical phenomena and processes applicable to  the 
removal of impurities from water, wastewater, indus
trial wastes, and receiving waters; reaction kinetics, 
transfer and dispersion phenomena, and fine particle 
mechanics. Analysis and design of conventional and 
advanced treatment and disposal processes. Labora
tory studies of pertinent phenomena and processes.

IIE620 (2520) Environmental Quality Control (u,
g) Spring. Credit three hours. Three lecture- 
discussions. Prerequisite: consent of instructor. In
tended primarily for graduate students and seniors in 
engineering. C. D. Gates.

An introduction to environmental pollution problems, 
their nature and dimensions, and their impact on 
man. Principles and methods underlying environmen
tal quality control; engineering, environmental health, 
regulatory, and technological aspects of control. Em
phasis on air and water quality standards and legisla
tion, and solid wastes.

IIE630 (2530) Solid Waste Management (u,g)
(Same as Agricultural Engineering OAE675.) Fall. 
Credit three hours. Three lectures, reports. Prerequi
site: consent of instructor.

Study of municipal, industrial, and agricultural solid 
wastes. Emphasis on waste characteristics, methods 
of treatment and disposal, and interrelationships with 
air, water, and land environment. Discussion of reg
ulatory and cost considerations, and econom ic and 
political aspects. Intended primarily for graduate stu
dents, but open to qualified undergraduates.

IIE631 (2531) Industrial Waste Engineering (u,g)
(Same as Agricultural Engineering OAE676.) Spring. 
Credit three hours. A  graduate course, but open to 
qualified upperclass students. V. C. Behn..

Offered jointly with agricultural engineering as an 
integrated presentation. The first third of the course 
is concerned with regulatory aspects, assimilatory 
capacity of receiving waters, joint industrial-municipal 
collection of wastes, and sewerage service charges. 
The second part covers waste sampling and analysis, 
treatment processes, waste-reduction possibilities,
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water quality and quantity, water reuse and recovery, 
and costs. The third part treats specific industrial op
erations and selected case studies of industrial waste 
treatment An in-depth study of a particular waste 
problem is required of all students.

IIE633 (2533) Environmental Quality (u,g) Fall; 
spring on demand. Credit three hours. Three lecture- 
discussions. Field trips. Prerequisite: upperclass or 
graduate student status. L. B. Dworsky.

An introduction to environmental quality and pollution 
problems, their nature, causes, and control. Man's 
interaction with the air-land-water resource. Engi
neering and regulatory aspects of environmental 
quality management, with emphasis on control of air 
quality, water quality, and solid wastes.

IIE634 (2534) Air Quality Control (u,g) Fall 
Credit three hours. Three lecture-discussions. Pre
requisite: upperclass or graduate student status. C.
D. Gates.

An introduction to  air quality and air pollution prob
lems. Sources, natures, and effects of specific air 
pollutants; their dispersion and interactions in the at
mosphere. Air quality standards, regulations, and leg
islation. Air quality control methods and technology.

IIE791 (2591) Design Protect in Sanitary Engi
neering (g ) On demand. Credit variable. Prerequi
site: IIE301 or IIE602 or equivalent. Staff.

The student will elect o r be assigned problems in the 
design of water and wastewater treatment processes 
or plants; wastewater disposal systems; water quality 
control systems; water resource development or 
management systems; or laboratory apparatus of 
special interest.

IIE792 (2592) Sanitary Engineering Research (g)
On demand. Credit variable. Prerequisites will de
pend on the particular investigation to be under
taken. Staff.

For the student who wishes to study a special topic 
or problem in greater depth than is possible in formal 
courses.

IIE693 (2593) Environmental Quality Engineering 
Colloquium (u,g) Fall and spring. Credit one to 
two hours. Required of graduate students majoring 
or minoring in sanitary engineering. Open to under
graduates with consent of the instructor.

Presentation and discussion of current topics and 
problems in sanitary engineering and environmental 
quality engineering.

IIE794 (2594) Special Topics In Sanitary Engi
neering (g) On demand. Hours and credit variable. 
Staff.

Supervised study in special topics not covered in for
mal courses.

Fluid M echanics and Hydrology
IIC301 (2301) Fluid Mechanics (u) Credit three
hours. Three lecture-recitations. W. H. Brutsaert.

Fluid properties, hydrostatics, the basic equations of 
fluid flow, potential flow, dimensional analysis, flow in 
conduits, open channel flow.

IIC302 (2302) Hydraulic Engineering (u) Spring 
Credit three hours. Two recitations, one laboratory. 
Prerequisite: IIC301.

Free surface and pipe flow, fluid meters and meas
uring devices, hydraulic machinery, unsteady flow, 
waste heat discharges into lakes and rivers, applica
tions of fluid mechanics. Laboratory will include a 
number of experiments in fluid mechanics and hy
draulic engineering.

IIC612 (2312) Experimental and Numerical 
Methods In Fluid Mechanics (u,g) Offered on de
mand. Credit two hours. Prerequisite: IIC302 or con
sent o f instructor. Staff.

Primarily laboratory, for undergraduates and gradu
ates; may be repeated fo r credit upon permission of 
the instructor. Emphasis is on planning and conduct
ing laboratory and field experiments and numerical 
computation.

IIC615 (2315) Advanced Fluid M echanics I (g)
Fall. Credit three hours. Three recitations. Prerequi
site: IIC301.

Introduction to  vector and tensor notation. The equa
tions of conservation of mass, momentum, and ener
gy from a rigorous point of view. Similitude and 
modeling potential flow including circulation, vorticity, 
conformal mapping, and hodograph methods.

IIC716 (2316) Advanced Fluid Mechanics II (g)
Spring. Credit three hours. Three recitations. Prereq
uisite: IIC615.

Exact solutions to  the Navier-Stokes equations, the 
laminar and turbulent boundary layers, turbulence, 
introduction to  non-Newtonian flow, and other topics.

IIC617 (2317) Free-Surlace Flow (u,g) Spring. 
Credit three hours. Three recitations. Prerequisite: 
IIC615 or IIC618, or consent o t instructor.

The formulation of the free-surface equations and 
boundary conditions. Shallow water theory and the 
theory of characteristics. Unsteady and two- 
dimensional flow  in open channels.

IIC618 (2318) Dynamic Oceanography (u,g)
Fall. C redit three hours. Prerequisite: elementary fluid 
mechanics.

The statics and dynam ics of oceans and lakes. C ur
rents in homogeneous and stratified bodies of water. 
Tides, seiches, waves, and tsunamis. Turbulence and 
diffusion.

IIC721 (2321) Flow In Porous Media (g ) Spring. 
Credit three hours. Prerequisite: IIC301; IIC615 also 
recommended. W. H. Brutsaert.

Fluid m echanics of flow through porous solids. The 
general equations of single phase and multiphase 
flow and the methods of solving the differential form
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of these equations. Hydraulics o f wells, infiltration, 
ground water recharge, and other steady state and 
transient seepage problems in fu lly and partially sat
urated materials.

IIC609 (2309) Descriptive Hydrology (u,g)
Spring. Credit two hours. Intended for non
engineering majors. Prerequisite: consent of instruc
tor. W. H. Brutsaert.

Introduction to hydrology as a description of the hy
drologic cycle and the role of water in the natural 
environment. Topics include precipitation, infiltration, 
evaporation, ground water, surface runoff, floods, 
and droughts.

IIC620 (2320) Analytical Hydrology (u,g) Fall 
Credit three hours. Prerequisite: IIC301 or equivalent. 
W. H. Brutsaert.

Physical and statistical analysis related to  hydrologic 
processes. Hydrometeorology and evaporation. Infil
tration and base flow. Surface runoff and channel 
routing. Linear and nonlinear hydrologic systems 
analysis. Storage routing and unit hydrograph theory.

IIC691 (2391) Project (u,g) Offered on demand 
Hours and credit variable. Staff.

The student may elect a design problem or under
take the design and construction of special equip
ment in the fields of fluid mechanics, hydraulic 
engineering, o r hydrology.

IIC792 (2392) Research In Hydraulics (g) Of
fered on demand. Hours and credit variable. Staff.

The student may select an area of investigation in 
fluid mechanics, hydraulic engineering, or hydrology. 
The work may be either of an experimental or theo
retical nature. Results should be submitted to the in
structor in charge in the form of a research report.

IIC693 (2393) Hydraulics Seminar (u,g) Spring. 
Credit one hour. Open to undergraduates and gradu
ates and required of graduate students majoring in 
hydraulics o r hydraulic engineering. Staff.

Topics of current interest in fluid mechanics, hydraul
ic engineering, and hydrology.

IIC694 (2394) Special Topics in Hydraulics (u,g)
On demand. Hours and credit variable. Staff.

Special topics in fluid mechanics, hydraulic engineer
ing, o r hydrology.

Public Systems and Environmental Policy 
Analysis

IIB201 (2201) Economic Analysis of the Private 
Sector (M icroeconom ics) (u) (Same as Eco
nomics 307.) Fall. Credit four hours. Prerequisite: 
one year of college-level mathematics. Acceptable as 
a liberal elective for undergraduates in engineering. 
May be taken for credit in addition to Economics 
102, although Economics 102 is not a prerequisite.
R. E. Schuler.

Considers the econom ic behavior of individual 
households and firms; how individual agents com 
bine under different market structures, including 
competitive markets, monopoly, and monopsony; and 
concludes with the theory of distribution and general 
equilibrium. Most topics will receive both graphical 
and mathematical treatment. The course is designed 
to provide students with adequate preparation to take 
any advanced-level economics course for which Eco
nomics 311 is a prerequisite.

IIB202 (2202) Economic Analysis of Government
(u) (Same as Economics 308). Spring. Credit four 
hours. May be taken for credit in addition to  Eco
nomics 101, although Economics 101 is not a pre
requisite. Prerequisites; one year of college-level 
mathematics and IIB201; or Economics 311. R. E. 
Schuler.

A continuation of IIB201. First half: consideration of 
the welfare implications of various forms of economic 
organization and the rationale for government inter
vention in the m icroeconomy. The theory underlying 
investment in government projects and environmental 
programs will be studied. Second half: national eco
nomic constraints and aggregate behavior (m acroe
conomics), together with the impact of government 
activity on these aggregates. Mathematical as well as 
graphical tools of analysis are used.

IIB303 (2203) Engineering Economics and Sys
tems Analysis (u) Spring. Credit three hours.

Aimed at the junior-senior level. Intended to give the 
student a working familiarity with the principles and 
main analytical techniques for reaching decisions 
about the economic aspects of engineering projects. 
Concepts of economic decisions; choice among al
ternatives; break-even and m inimum-cost analysis; in
ventory control; resource allocation and scheduling; 
concepts of interest, depreciation, and replacement 
of assets. Decisions under conditions of risk and un
certainty. Introduction to  systems analysis as a quan
titative basis for public policy decisions; optimization, 
linear programming, critical path scheduling, elemen
tary queuing and game theory. Not intended for stu
dents with substantial background in business 
economics or methods of operations research.

IIB205 (2205) Social Implications of Technology
(u,g) Fall. C redit three hours. S-U grades optional. 
Open to  all Cornell students beyond the freshman 
year. Acceptable as a liberal elective for undergradu
ate students in engineering. Students from outside 
the College of Engineering are invited to take this 
course. P. L. Bereano.

Some of the issues pertaining to the development, 
implementation, and assessment of technology. The 
social, political, and economic aspects of current 
problems which have important technological com 
ponents. The technical background will be developed 
to the extent necessary for an intelligent considera
tion of policy alternatives. Students will be required 
to do extensive reading and may be required to par
ticipate in case studies or write a term paper.
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IIB615 (2215) The Law and Environmental Con
trol (u,g) Fall. Credit four hours. Prerequisite: con
sent of instructor. Designed for seniors and graduate 
students. P. L. Bereano.

An introduction to the structure and operation of the 
legal system and an investigation of the manner in 
which that system may handle environmental prob
lems. The interaction of law and science, regional 
problems and political jurisdictional boundaries (the 
interstate compact), the police power of the states, 
statutory law and case law, the judicial function, the 
nature and functions of the administrative agencies, 
environmental regulation, recent environmental case 
law.

IIB616 (2216) Seminar in Technology Assess
ment (u,g) Spring. Credit three hours. Prerequisite: 
consent o f instructor, based on a showing of ad
equate background. P. L. Bereano and others.

An interdisciplinary seminar dealing with the social 
consequences of future technological development 
and means by which technology can be guided in 
socially beneficial directions. Topics include: gov
ernmental institutions, such as the Congress, courts, 
and regulatory agencies, and the manner in which 
they handle technical problems; economic considera
tions and the roie of the market; the planning 
process (prediction, role of normative considerations, 
creation and evaluation of alternative courses of ac
tion, and feedback considerations); existing assess
ment mechanisms and institutions in the private and 
public sectors, and proposed new structures; oppor
tunities for public participation. Student-faculty task 
forces will organize to undertake projects exploring 
aspects of technology assessment theory and metho
dology, do case studies, perform simple assess
ments, or investigate questions pertaining to the 
design and functioning of institutions to perform such 
tasks.

IIB617 (2217) Public Systems Analysis I (u,g)
Spring. Credit three hours.

An introduction to the philosophy and techniques of 
systems analysis as applied to the public sector. Dis
cussion and comparison of various techniques that 
have been traditionally associated with public sys
tems analysis: economics (primarily marginal analysis 
and welfare economics), operations research (prima
rily linear, nonlinear, and dynamic programming), de
cision analysis, cost-benefit and cost-effectiveness 
analysis, and engineering economics (present value 
and rate-of-return evaluation). The emphasis is on 
integrating these approaches in the context of specif
ic public sector applications.

IIB618 (2218) Public Systems Analysis II (u,g)
Spring. Credit three hours. Prerequisite: one of the 
follow ing (which may be taken concurrently): IIB303, 
IOC320, IOE622, OAE475, or consent of instructor. 
IIF617 and IOA260 recommended but not required.
C. A. Shoemaker.

Mathematical public systems models which integrate 
economic, environmental and social considerations 
to  develop desirable management programs. Course

emphasis will be on applications in the fo llow ing are
as: public health, long-range global planning (Limits 
to Growth), water resources, m acroeconom ic policy. 
Methodology will include simulation and mathemati
cal programming.

IIB619 (2219) Environmental Systems Analysis
(u ,9 ) On demand. Credit three hours. Prerequisite: 
IIB618. D. P. Loucks.

Application of systems analysis, environmental engi
neering, and econom ics to environmental quality 
management systems. Evaluation of public policy al
ternatives for air, land, and water quality control and 
for reducing the material and thermal and acoustical 
energy wastes released into the environment. Devel
opment of deterministic and stochastic models for 
steady-state and dynamic conditions.

IIB747 (2247) Environmental Policy Analysis (g)
On demand. Credit three hours. Prerequisite:
IOA260, IIB618, o r equivalent, or consent of instruc
tor. D. P. Loucks.

Current research topics concerning the application of 
econom ic and simulation techniques to  the definition 
and evaluation of public policy alternatives for man
aging air, land, and water resources and the material 
and energy wastes released into the environment.
The influence of technologic, econom ic, and political 
uncertainty will be emphasized. Each student will be 
expected to select a particular environmental man
agement problem and structure models or methods 
for analyzing alternative solutions.

IIF751 (2651) Ecological Systems Analysis (u,g)
Fall. C redit three hours. Prerequisite: one of the fo l
lowing: IIB303, IOC320, IOE622, OAE475 or consent 
of instructor. Biological Sciences 361 or 261 strongly 
recommended. C. A. Shoemaker.

The application to  ecosystem management and envi
ronmental quality control of mathematical ecology, 
simulation, and optim ization techniques. Basic princi
ples of ecology and mathematical modeling will be 
discussed. Topics will include mathematical models 
of the following: water quality ecology, forest growth, 
pest control, and fisheries management.

IIB780 (2280) Environmental Control Workshop
(g) Spring. Credit one to  three hours by arrange
ment with instructor. W. R. Lynn.

Students interested in research topics dealing with 
control of the environment (with special emphasis on 
biological and ecological aspects) are encouraged to 
participate in th is workshop. Topics discussed in pre
vious workshops include human population control, 
contrc* of pest and parasite populations, study of 
species’ strategic use of food supply, control o f pop
ulations by use of predators, and host-parasite sys
tems. Additional top ics will be developed.

IIB791 (2291) Public Systems Analysis Design 
Project (g) On demand. Credit variable. Prerequi
site: consent o f instructor. May extend over two se
mesters. Staff.

Design of feasibility study of public systems, super
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vised and assisted by one or more faculty advisers. 
Individual or group participation. Final report re
quired.

IIB792 (2292) Public Systems Analysis Research
(9) On demand. Credit variable. Prerequisite: con
sent o f instructor. Preparation must be suitable to  the 
investigation to be undertaken. Staff.

Investigation in depth of particular public systems 
problems.

IIB693 (2293) Public Systems Analysis Colloqui
um (u,g) Either term. Credit one hour.

Lectures in various topics related to public systems 
planning and analysis.

IIB794 (2294) Special Topics In Public Systems 
Analysis (g) On demand. Credit variable. Staff.

Supervised study, by individuals o r small groups, of 
one or more specialized topics not covered in regular 
courses

Transportation

IIF620 (2620) Transportation Engineering (u,g)
Fall. C redit three hours. No prerequisites, but some 
background in m icroeconomic theory is desirable. G. 
P Fisher

Introduction to  the principal technological, economic, 
and social aspects of modern transportation. A  suita
ble foundation for more advanced transportation 
courses. Role of transportation in society's economic 
and social activities, including study of the urban 
transportation problem and its alleviation, and of in
stitutional structures and current policy issues. Tech
nological and econom ic characteristics of 
conventional, emerging, and future forms of transport 
and terminals. Role of quantitative operational models 
in improving transportation systems. The transporta
tion planning process, conventional and emerging 
quantitative models for trip generation, distribution, 
assignment, and model choice— with some attention 
to supporting activities such as traffic flow theory 
and traffic engineering. Human factors, both physio
logical and psychosocial, that affect the design of 
transportation components and systems.

IIF621 (2621) Urban Transportation Planning I 
(u,g) Fall. Credit four hours. Prerequisite for most 
other courses in transportation area. Prerequisite: a 
basic m icroeconomics course. Designed primarily as 
a first course in transportation planning, leading to 
one or more of the other transportation courses. It 
may, however, be taken as an introductory, or 
overview course, in transportation planning. A. H. 
Meyburg.

The urban transportation problem, its roots, manifes
tations and implications; the systems analysis ap
proach to transportation; the demand and supply 
side of transportation; the urban transportation plan
ning process; generation of alternatives and their 
evaluation; and introduction to decision theory.

IIF623 (2623) Urban Transportation Planning II 
(u,g) Spring (alternate years only). C redit three

hours. Prerequisite: IIF611, IIF612, IIF621, IIF622, or 
consent of instructor. Intended primarily for graduate 
students, but qualified seniors may be admitted with 
consent of instructor.

Advanced instruction in conventional models of travel 
demand in transportation studies, including resi
dential and nonresidential trip generation; Fratar, 
Gravity and opportunity models of trip distribution; 
trip-end and trip-interchange modal split; network as
signment. New methods of travel demand modeling, 
including spatial distribution theories, "abstract 
mode" models, and individual behavior theories. The 
propagation of errors in models.

[IIF622 (2622) Multivariate Analysis Methods In 
Transportation (u,g) Fall (alternate years only). 
Credit four hours. Prerequisites: IOA260, IOA270, or 
equivalent; and IIF621, which may be taken concur
rently. Intended primarily for graduate students, but 
qualified seniors may be admitted with consent of in
structor. Not offered in 1974-75.

Multivariate methods for statistical model building in 
transportation and other urban systems. Linear and 
nonlinear regression analysis, weighted regression, 
canonical correlation, factor analysis, simultaneous 
equations methods, discrim inant analysis, probit anal
ysis, and logit analysis. Applications to  transporation 
demand modeling.)

IIF624 (2624) Transportation Systems Analysis
(u,g) Spring. Credit three hours. Prerequisite: 
IOA260, IIF621, IOC622, IOC320, or consent of in
structor. A. H. Meyburg.

Techniques of systems analysis as applied to  the 
physical planning, operation, and financing of trans
portation facilities. Wherever applicable, mathematical 
models of transportation processes are used to  ex
amine questions related to the development of opti
mal public policy decisions in the area of 
transportation. Attention is given to analysis o f single 
and multimodal forms of transportation. Methods of 
mathematical programming, simulation, and stochas
tic processes are employed.

(IIF640 (2640) Traffic Flow Theory (u,g) (Same 
as Industrial Engineering and Operations Research 
IOE627.) Spring. Credit three hours. Prerequisite: 
IIF621. Not offered in 1974-75.

Study of various mathematical theories of traffic flow. 
M icroscopic models (car following models). Macro
scopic models (kinematic wave theory). Stochastic 
properties of traffic flow at low density. Probability 
models for traffic lights and optimal control of signal
ized intersections. Traffic flow on transportation net
works. Application to  traffic assignment. Traffic 
network simulation system.)

IIF641 (2641) Airport Planning and Operations
(u,g) Spring (alternate years only). Prerequisite: 
IIF621 or consent of instructor. A. H. Meyburg.

The role of air travel within the overall transportation 
system, terminal access, location and site selection,
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terminal design and operations, metropolitan air 
transit systems, environmental impact of airport loca
tion, air traffic flow  analysis, air traffic control, aircraft 
technology.

[IIF643 (2643) Design and Planning ol Mass 
Transportation (u,g) Spring (alternate years only). 
Credit three hours. Prerequisite: IIF621 or consent of 
instructor. Not offered in 1974-75.

A study of mass transportation of the past and pre
sent; innovative forms of mass and individual trans
portation in urban areas. The financing and 
organization of mass transportation; the "free transit" 
versus fares dilemma. Planning for mass transporta
tion: special applications, implementation of plans, 
planning transportation in new towns.)

IIF644 (2644) Transportation Systems Evaluation
(u,g) Spring. Credit three hours. Prerequisites:
IIF621 and a basic m icroeconomics course.

Economic evaluation techniques; measures of effec
tiveness; cost-effectiveness evaluation; definition of 
goals, objectives, and criteria for transportation plan
ning; impact analysis and evaluation.

IIF791 (2691) Transportation Design Project (g)
On demand. Credit variable. Prerequisite: consent of 
instructor. May extend over two semesters. Staff.

Design or feasibility study of transportation systems, 
supervised and assisted by one or more faculty ad
visers. Individual o r group participation. Final report 
required.

IIF792 (2692) Transportation Research (g) On
demand. Credit variable. Prerequisite: consent of in
structor. Preparation must be suitable to  the investi
gation to  be undertaken. Staff.

Investigation in depth of particular public systems 
problems.

IIF793 (2693) Transportation Colloquium (u,g)
Either term. Credit one hour.

Lectures in various topics related to  transportation 
planning and analysis.

IIF794 (2694) Special Topics In Transportation
(9) On demand. Credit variable. Staff.

Supervised study, by individuals o r small groups, of 
one or more specialized topics not covered in regular 
courses.

Water Resources Planning and Analysis

IIH615 (2815) Water Resources Problems and 
Policies (u,g) Fall. C redit three hours. Lecture- 
discussion. Prerequisite: consent of instructor. In
tended primarily tor graduate engineering and no
nengineering students but open to qualified 
upperclass students. L. B. Dworsky.

A  comprehensive approach to water resources plan
ning and development. Historical and contemporary 
perspectives of water problems, organization, and 
policies.

IIH616 (2816) Water Resources Planning Semi
nar (u ,g) Spring. Credit three hours. Prerequisite: 
IIH615 or consent o f instructor. L. B. Dworsky.

The concepts, processes, and techniques of region
al, multipurpose river basin planning and develop
ment. The case study method, including the 
preparation of an integrated, comprehensive report 
for the study area.

IIH718 (2818) Water Resource Systems (g) Fall 
or spring. Credit three hours. Prerequisite: any intro
ductory course in systems analysis, or consent of in
structor. D. P. Loucks.

Application of economics, engineering, and math
ematical optimization and simulation models to  river 
basin planning and regional development, hydropow
er and irrigation planning, reservoir operation, flow 
augmentation for quality control, watershed runoff, 
and other multiobjective, multipurpose water re
sources planning and management problems. Stu
dents will have the opportunity to  improve their 
modeling skills and solve deterministic and probabil
istic models for steady-state or dynamic conditions. 
Review of current literature.

IIH731 (2831) Water and Land-use Policy Analy
sis (g) On demand. Credit three hours. Prerequi
site: consent o f instructor. D. P. Loucks.

Current research topics concerning the application of 
mathematical planning techniques, econom ic theory, 
and regional science to  the definition and evaluation 
of alternative water and related land-use development 
policies. Emphasis on multiple objectives and policy 
instruments that affect flood plain development. Re
view of current literature. A  graduate research semi
nar for students who have a background in systems 
analysis and other applicable disciplines.

Structural Engineering

Analysis, Behavior, and Design

IIG301 (2701) Structural Engineering I (u) Fall 
Credit four hours. Three lectures, one tw o-hour peri
od. Prerequisite: M echanics IAK221. Evening prelimi
nary examinations. Staff.

Introduces the fundamental concepts of structural 
engineering analysis and behavior. First course in a 
four-course sequence of structural theory, behavior, 
and design. Structural planning, loads, structural 
form, analysis o f statically determinate systems, ap
proximate analysis o f statically indeterminate sys
tems. Introduction to  the behavior of simple steel and 
concrete members.

IIG302 (2702) Structural Engineering II (u)
Spring. Credit four hours. Three lectures, one two- 
hour period. Prerequisite: IIG301. Evening preliminary 
examinations. Staff.

Presents the fundamentals o f the calculation of dis
placements and the analysis o f statically indetermi
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nate structures, and uses these as the basis tor fur
ther understanding of structural behavior and design. 
Virtual work; flexibility and stiffness methods, includ
ing moment distribution; plastic behavior; analysis for 
moving loads. Applications to steel and concrete 
structures.

IIG303 (2703) Structural Engineering III (u) Fall 
Credit four hours. Prerequisites: IIG302 and IIG351 
(may be taken concurrently), or consent of instruc
tor. Staff.

Continues the study of the behavior of structures. 
Behavior and design of steel, concrete, and timber 
structural elements, connections, and systems.

IIG304 (2704) Structural Engineering IV (u)
Spring. Credit three hours. Prerequisite: IIG303. Staff.

The objective is to develop an understanding of the 
structural design process. Comprehensive design 
project, drawing on material from previous courses in 
structures and materials. Additional topics such as 
preliminary design, choice of form, shells, models.

IIG305 (2705) Structural Behavior Laboratory (u)
Spring. Credit two hours. May be taken concurrently 
with IIG302 or IIG304.

A laboratory course on behavior of structures, utiliz
ing small-scale models. Elastic, inelastic, and nonli
near behavior of structural com ponents and systems, 
including beams, beam-columns, trusses, frames, 
grids, plates, and shells in both metal and reinforced 
concrete. Individual projects.

IIG710 (2710) Strength of Structures (u,g) Fall 
Credit three hours. Prerequisite: IIG303 (can be tak
en concurrently). G. Winter.

Concepts of structural safety. Analysis of stress, 
strain, and strength in bi- and triaxial loading. Theo
ries of failure of ductile and brittle materials. Perform
ance of structural materials and members under 
load: strain hardening, Bauschinger effect, residual 
stresses, effects of stress concentrations, creep. De
sign for brittle fracture and fatigue. Inelastic bending 
of beams. Limit design of steel and reinforced con
crete structures. Critical discussion of recent re
search and current design codes.

IIG711 (2711) Buckling; Elastic and Inelastic (g)
Fall. Credit three hours. T. Pekoz.

Analysis of elastic and plastic stability. Determination 
of buckling loads and post-buckling behavior of co l
umns. Solid and open web colum ns with variable 
cross-section. Beam columns. Frame buckling. Tor
sional-flexural buckling. Lateral strength of unbraced 
beams. Buckling loads and postbuckling behavior of 
plates, shear webs, and cylindrical shells. Critical dis
cussion of current design specification.

IIG712 (2712) Advanced Structural Analysis (u,
9) Fall. Credit three hours. Three lectures. Prereq
uisite: IIG302. A. H. Nilson.

Stability, determinacy, redundancy of structures. Ap
proximate methods of analysis. Force, displacement,

and transfer matrix methods of matrix structural anal
ysis. Development of space frame element equations, 
including distributed loads and thermal strain effects. 
Methods of solution: d irect and iterative, tridiagonali- 
zation, partitioning, and special transformations. 
Analysis techniques for tall buildings and other spe
cial problems.

IIG713 (2713) Flnlte-Element Analysis (g)
Spring. Credit three hours. Three lectures. Prerequi
site: IIG712. R. H. Gallagher.

Theoretical and conceptual bases for formulation of 
finite-element representations in structural analysis. 
Development of element relationships for structural 
analysis of plates, shells, and solids. Extension of el
ement- and system-solution techniques to deal with 
problems in elastic stability, inelastic deformation, fi
nite displacements, dynamic response, and other 
special behavior mechanisms.

[IIG714 (2714) Structural Model Analysis and 
Experimental Methods (g) Spring. Credit three 
hours. Two lectures, one two-hour period. Prerequi
site: indeterminate analysis. R N. White. Not offered 
in 1974-75.

Dimensional analysis and principles of similitude. Di
rect model analysis, including materials, fabrication, 
loading, and instrumentation techniques. Basic tech
niques of experimental stress analysis. Confidence 
levels for model results. Laboratory projects in elastic 
behavior and ultimate strength of model structures.]

IIG715 (2715) Probabilistic Concepts In Struc
tural Engineering (g) Spring. Credit three hours. 
Prerequisite: IIG313. R. G. Sexsmith.

Introduction to probability concepts pertaining to en
gineering design and reliability, probabilistic models, 
inference techniques, decision analysis, stochastic 
processes, applications in structural safety decisions 
and structural random vibration.

IIG716 (2716) Prestressed Concrete Structures
(g) Spring. Credit three hours. Three lectures. Pre
requisite: IIG303; IIG304 recommended. A. H. Nilson.

Behavior, analysis, and design of prestressed con
crete structures: pretensioning, post-tensioning, pre
cast construction: beams, slabs, composite members, 
continuous beams and frames, tension and com pres
sion members: prestress losses, section efficiency, 
end zone stresses, deflection analysis, cracking, par
tial prestressing.

IIG717 (2717) Advanced Relntorced Concrete
(9) Fall. C redit three hours. Three lectures. Prereq
uisite: IIG303; IIG304 recommended. A. H. Nilson.

Behavior, analysis, and design of reinforced concrete 
structures; strength, safety considerations, deflection 
analysis, crack control, limit analysis, yield line theo
ry; flexure, shear, torsion, axial loads, slenderness ef
fects; beams, columns, slabs, continuous frames, 
two-way systems, composite construction, deep 
beams, ground-supported slabs, shear walls, folded 
plates.
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IIG718 (2718) Advanced Design of Metal Struc
tures (g) Fall. Credit three hours. Prerequisite: 
IIG303.

Behavior and design of steel structures, with empha
sis on design applications: single-story frames, plate 
girders, trusses, and plate structures. Behavior and 
proportioning of connections.

IIG719 (2719) Advanced Behavior ol Metal 
Structures (g) Spring. Credit three hours. Prerequi
site: IIG711.

Behavior of steel beams, beam-columns, and single- 
and multi-story frames. Torsion and combined torsion 
and flexure. Critical study of design specifications. 
Cold-formed steel structures. Fatigue and fracture.

IIG720 (2720) Shell Theory and Design (g) Fall. 
Credit three hours. Prerequisites: IIG302 and consent 
of instructor. P. Gergely.

The fundamentals of practical shell theory. Differen
tial geometry ot surfaces; membrane and bending 
theory of shells; analysis and design of cylindrical 
shells, polygonal domes, and paraboloids. Applica
tion to reinforced concrete roofs and pressure ves
sels. Introduction to the stability of shells.

IIG722 (2722) Structural Design for Dynamic
Loads (g) Spring. Credit three hours. Prerequisites: 
IIG303, some com puter programming experience, 
and consent o f instructor. P. Gergely.

A  broad study of the analysis, design, and behavior 
of structures subjected to dynamic effects, with em
phasis on earthquake-resistant design. Vibration of 
simple systems; response spectra; numerical, energy, 
and matrix methods of analysis. Basic seismology. 
Analysis and design of structures for earthquakes, in
cluding inelastic effects. Modern design approaches.

IIG730-731 (2730-2731) Transportation Struc
tures (u,g) Fall and spring. Credit three hours. Of
fered in alternate years. Prerequisite: IAK221. R. H. 
Gallagher.

Treatment of structural design aspects of land, sea, 
and air vehicles. Description of applicable design 
specifications, design environments, materials failure 
criteria, forms of construction, and methods of struc
tural analysis. Each student will be required to submit 
a term paper.

IIG732 (2732) Optimum Structural Design (g)
Fall. C redit three hours. R. H. Gallagher.

Treats the procedures to be applied in order to  de
sign minimum weight o r minimum cost structures. 
Coverage encompasses simplified ideas such as fu l
ly-stressed design, classical minimization procedures, 
and modern methods based on mathematical pro
gramming schemes.

IIG690 (2790) Planning of Structural Systems (u,
g) Spring. Credit three hours. Prerequisite: IIG302. 
Recommended for seniors planning to  enter the M. 
Eng. (C ivil) program. T. Pekdz.

Functional, structural, and other considerations in the

planning and selection of structural systems. Proba
bilistic description of loading and strength. Prelimi
nary design— estimating overall dimensions and 
weights, proportioning of members and joints— and 
optimization. Preliminary analysis of frames, trusses, 
plates, and shells. Erection, construction, and stress 
control considerations. Computer structural analysis. 
Case studies with the participation of practicing engi
neers

IIG791 (2791) Design Project In Structural Engi
neering (g) (Meets project requirement for M. Eng. 
degree for students who cannot enroll in IIK510- 
511.) Fall and spring. Credit variable. Coregistration 
in IIG690 during fall term required. Staff.

Comprehensive design project by teams. Formulation 
of alternate proposals, including econom ics and 
planning, for a given situation and complete design 
of the best alternative. Determination of construction 
costs and preparation of sketches and drawings. 
Presentation of designs by oral and written reports.

IIG792 (2792) Research In Structural Engineer
ing (g ) On demand. Hours and credit variable.
Staff.

For students w ishing to  pursue one particular branch 
of structural engineering further than can be done in 
any of the regular courses. Prerequisite courses de
pend upon the nature of the work desired. The work 
may be an investigation of existing types of construc
tion, theoretical work w ith a view of simplifying pre
sent methods of design or proposing new methods, 
o r experimental investigation of suitable problems.

IIG693 (2793) Structural Engineering Seminar
(u,g) Fall and spring. Credit one to three hours. 
Open to  qualified seniors and graduate students.
Staff.

Preparation and presentation of topics of current in
terest in the field of structures for informal discus
sion

IIG794 (2794) Special Topics In Structural Engi
neering (g) On demand. Hours and credit variable. 
Staff.

Individually supervised study in one or more of the 
specialized topics of civil engineering, such as tanks 
and bins, suspension bridges, towers or movable 
bridges, which are not covered in the regular 
courses. Independent design or research projects 
may also be selected.

Structural Materials

IIG351 (2751) Engineering Materials (u) Fall. 
Credit three hours. Two lectures, one laboratory.
F. O. Slate.

Engineering properties of concrete, steel, wood, and 
other selected structural materials; physicochemical 
properties of soils, concrete, and bitum inous mate
rials. Design characteristics and significance of test 
results o f materials used in engineering works. Exten
sive laboratory testing and report writing.
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IIG652 (2752) Advanced Plain Concrete (u,g)
Spring. Credit three hours. Two lectures plus confer
ence. Prerequisite: IIG351 or equivalent. F. O. Slate.

Topics in the subject of concrete, such as history of 
cementing materials, air entrainment, light-weight ag
gregates, petrography, durability, chemical reactions, 
and properties of aggregates. Relationships among 
internal structure, physical properties, chemical prop
erties, and the mechanical properties of interest to 
the design and construction engineer.

[IIG653 (2753) Structure and Properties ot M ate
rials (u,g) Spring, alternate years. Two lectures 
plus conference. Open to  graduate students in engi
neering or the physical sciences or to undergradu
ates by consent of the instructor. F. O. Slate. Not 
offered in 1974-75.

Internal structure of materials ranging from the 
amorphous to the crystalline state. Forces holding 
matter together versus forces causing deformation 
and failure. Correlation of the internal structures of 
materials with their physical and mechanical proper
ties. Applications to various engineering materials.]

IIG757 (2757) Civil and Environmental Engineer
ing Materials Project (g) On demand. Credit one 
to six hours. F. O. Slate.

Individual projects or reading and study assignments 
involving engineering materials.

IIG654 (2754) Low-Cost Housing Primarily tor 
Developing Nations (u,g) Spring, alternate years 
(offered in 1974-75). Credit three hours. Two lec
tures plus conference. F. O. Slate.

A  multidisciplinary course involving faculty members 
from the College of Architecture, Art and Planning, 
and the College of Human Ecology. Students will do 
intensive study, usually in their own discipline, for a 
term project, while also being introduced to problems 
and approaches of other disciplines. For engineers, 
the primary purpose is to investigate the technologi
cal aspects of the subject, and other aspects that in
fluence technological decisions, such as cultural and 
economic factors. Typical technological aspects are 
indigenous materials, structural systems, construc
tion, maintenance, and effects of the physical envi
ronment. Coverage is from agrarian-rural to 
industrial-urban.

[IIG655 (2755) Low-Cost Housing lor Developing 
Nations— Workshop for Physical Planning, Site 
Selection, and Design (u,g) Registration also 
available as a course in architecture. Spring, alter
nate years. Credit three hours. Prerequisite: consent 
of instructor. F. O. Slate. Not offered in 1974-75.

Intended for a mixed class of advanced civil engi
neering and architecture students. Discussions and 
workshop sessions covering physical planning, site 
selection, and detailed design of individual structures 
and groupings of structures. Opportunity for choice 
of appropriate materials and detailed design of struc
tural members.]

Soil Mechanics and Foundations

IID301 (2401) Elements ol Soil Mechanics (u)
Spring. Credit three hours. Two lectures, one labora
tory. D. A. Sangrey.

Soil properties, chemical nature, particle size distribu
tion, Atterberg limits, permeability, principle of effec
tive stress, compressibility, shear strength, the 
consolidation process. Introduction to bearing capac
ity, earth pressure, slope stability, settlement, seep
age and the solution of practical problems.
Laboratory tests for the measurement of soil proper
ties.

IID606 (2406) Engineering of Foundations and 
Earth Retaining Structures (u,g) Fall. Credit three 
hours. Two lectures, one two-hour period. Prerequi
site: 110301. J. N. Kay.

Mechanics and development of earth pressure in rel
ation to  soil properties and deformation. Design of 
retaining walls and bulkheads. Principles of bearing 
capacity, stress and distribution, and settlement. De
sign of shallow and deep foundations; design of foot
ing, raft, caisson, and pile foundations. Problems of 
construction and stability of excavations. Influence of 
ground-water flow  on walls, foundations, and excava
tions.

IID610 (2410) Engineering Properties ol Soils (u,
g) Fall. Credit three hours. Three lectures. Prereq
uisite: IID301. Undergraduates must have a grade of 
B or better in IID301 or consent of instructor. D. A. 
Sangrey.

Natural environments in which soils are formed; the 
chemical and physical nature of soils. Principle of ef
fective stress; shear strength and compressibility of 
natural geotechnical materials. Sensitivity, partial sat
uration, organic and frozen materials, anisotropy. Pri
mary and secondary consolidation. Soil properties 
influencing permeability.

IID616 (2416) Slope Stability; Earth and Rockflll 
Dams (u,g) Spring. Credit three hours. Two lec
tures and one two-hour period. Prerequisite: IID301.
D. A. Sangrey.

Principles of stability for earth and rock slopes, ef
fects of pore water pressure, short- and long-term 
stability, problems of drawdown, analysis of land
slides and dam stability, principles of earth and rock- 
fill dam design, internal pore water pressures and 
drainage, filters, relief wells, foundation problems, 
grouting, cut-offs, control and instrumentation.

IID712 (2412) Graduate Soil Mechanics Labora
tory (g) Spring. Credit three hours. Prerequisite: 
IID610. D. A. Sangrey.

Laboratory measurement of soil properties: classifica
tion tests, direct shear tests, triaxial tests for the 
measurement o f pore water pressure, strength par
ameters. Pore pressure dissipation tests. Relationship 
of laboratory tests to field behavior.

IID714 (2414) Advanced Geotechnical Engineer
ing (g ) Fall. Credit three hours. Three lectures.
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Prerequisite: IID606 or equivalent. J. N. Kay.

A  review in more intensive detail of topics covered in 
IID606, with additional discussion of recent improve
ments. Topics include site investigations; theories of 
bearing capacity for shallow and deep foundations; 
earth pressure on retaining walls, braced excava
tions, sheet pile walls, and tunnels; settlement and 
consolidation.

IID715 (2415) Soil Dynamics (g) Fall. Credit 
three hours. Three lectures. Prerequisite: consent of 
instructor. D. A. Sangrey.

Introduction to  principles of the vibration of simple 
systems under harmonic and transient loading. Ener
gy propagation by waves through solid and layered 
systems. Detailed consideration of the response of 
soils to  dynamic and repeated loading, and the mea
surement of these characteristics. Analytical models 
of simple foundations on elastic media and analogs 
useful for design. Analysis and design examples.

IID718 (2418) Case Studies in Soil Mechanics  
and Foundation Engineering (g ) Spring. Credit 
three hours. Prerequisite: IID610. Staff.

Study of real engineering problems of various types, 
importance of the geological environment in recog
nizing the nature of field problems, application of me
chanics and soil properties to  obtain engineering 
solutions. Preparation of engineering reports.

[IID631 (2431) Pavement Design and Construc
tion (u,g) On demand. Credit three hours. Two lec
tures, one laboratory. Prerequisite: IID301 or consent 
of instructor. Not offered in 1974-75.

Part I: subgrade evaluation, com paction, drainage 
and frost action, stabilization. Part II: aggregates, bi
tum inous materials, evaluation of flexible pavement 
components, design and construction of flexible 
pavement structure. Part III: design and construction 
of rigid pavements.]

IID632 (2432) Highway Engineering (u,g) (Same 
as Agricultural Engineering OAE491.) Offered upon 
sufficient demand, usually in the fall term. Credit 
three hours. Prerequisite: consent of instructor. Prin
cipally directed study and individual o r team investi
gations with one 2Vi-hour session per week, to be 
arranged.

Emphasis is on secondary roads in study of: eco
nomic considerations in road system improvement, 
road improvement planning and programming, road 
location and geometric design, engineering soil char
acteristics and classification, design of roadbed th ick
ness, drainage, stabilization methods and materials, 
dust palliatives, wearing surfaces.

IID645 (2445) Field Practice In Geotechnical En
gineering (u,g) Fall and spring. Credit one hour 
each term. Field studies are conducted as two-day 
trips allocated to  appropriate weekends in each term. 
(The student is expected to pay transportation and 
related costs, amounting to approximately $85.) Pre
requisite: IID301 or consent of instructor. Staff.

Designed to provide experience with field conditions 
in important project environments w ithin reach of the 
campus, including construction scenes in New York 
and central Pennsylvania. Reports on various sites 
are required. Field testing and sampling; resistivity 
and seismic probing of soils and bedrock; soil mois
ture and density measurements using nuclear equip
ment. Engineering construction practices and site 
evaluation related to landslides, bedrock drainage, 
and unstable soils. The influence of rock types, 
ground water, and soil materials on existing struc
tures; appropriate design procedures applied to  so
phisticated structures at d ifficult sites.

IID691 (2491) Design Pro|ect In Geotechnical 
Engineering (u,g) On demand. Credit one to  six 
hours. Staff.

Design problems frequently associated with the Mas
ter of Engineering program.

IID792 (2492) Research In Geotechnical Engi
neering (g) On demand. Credit one to  six hours. 
Staff.

For students who wish to  study one particular area 
of geotechnical engineering in depth. The work may 
take the form of a laboratory investigation, field 
study, theoretical analysis, o r the development of de
sign precedures.

IID693 (2493) Seminar In Geotechnical Engi
neering (u,g) On demand. Credit one to  two hours. 
Staff.

Presentation and discussion of technical papers and 
current research in the general field o f geotechnical 
engineering or one of its specialized fields.

IID694 (2494) Special Topics in Geotechnical 
Engineering (u,g) On demand. Credit one to  six 
hours. Staff.

Supervised study in small groups in one or more 
special topics not covered in the regular courses. 
Special topics may be of a theoretical o r applied na
ture.

Computer Science

The introductory courses ICS100, 101, 102, 104, 
and 106 are related and coordinated courses intend
ed to be taken during the same term. By selecting 
from this group of unit courses, a student can as
semble a three or four credit introduction to  pro
gramming that is appropriate for his o r her particular 
interests.

ICS100 (100) Introduction to P L /I Programming
(u) Either term. Credit two hours. No prerequisite. 
Two lectures each week, first e ight weeks of term 
only. No scheduled recitation or laboratory, but op
tional recitation offered. Four evening quizzes on M 
or Th at 7:30. Individual laboratory work on 
computer.
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An elementary presentation of com puter program
ming, using the PL/I language. No previous pro
gramming experience is assumed. Problem analysis, 
program design, and program testing are emphasiz
ed. The presentation is essentially nonmathematical, 
and can serve as a basis for programming of either 
mumeric or nonnumeric applications.

ICS101 (201) Implications of Computer Technol
ogy (u) Either term. Credit one hour. Prerequisite 
or concurrent registration: ICS100 or equivalent. Two 
lectures, weeks 9-14 only. Two evening quizzes on 
M or Th at 7:30. Individual laboratory work on com 
puter.

Intended as a continuation of ICS100. Overview of 
computer capability and applications. Discussion of 
implications of computer technology on society.

ICS102 (311) Introduction to FORTRAN Pro
gramming (u ) Either term. Credit one hour. Prereq
uisite or concurrent registration: ICS100 or 
equivalent. Two lectures, weeks 9-14 only. Two eve
ning quizzes on M or Th at 7:30. Individual labora
tory work on computer.

Intended as a continuation of ICS100. Introduction to 
programming in FORTRAN IV. Material will be d irect
ly related to ICS100, but will use the FORTRAN lan
guage rather than PL/I.

ICS104 Introduction to APL Programming (u)
Either term. Credit one hour. Prerequisite or concur
rent registration: ICS100 or equivalent. Three lec
tures, weeks 5-8 only. Two evening quizzes on M or 
Th at 7:30. Individual laboratory work on computer.

Intended as a continuation of ICS100. Introduction to 
interactive programming using the APL system. As
sumes no previous knowledge of APL, but student is 
expected to understand basic programming concepts 
(variables, arrays, assignment, contro l) from ICS100 
or equivalent.

ICS106 Computer Solution ol Mathematical 
Problems (u) Either term. Credit one hour. Prereq
uisite or concurrent registration: ICS100 or equiva
lent. One lecture each week, weeks 9-14 only. Two 
evening quizzes on M or Th at 7:30. Individual labo
ratory work on computer.

Intended as a continuation of ICS100. An introduc
tion to  numerical computation. Topics are floating 
point representation, errors and significance; approxi
mations and library functions; typical algorithms for 
simultaneous equations and quadrature.

ICS105 (305) The Computerized Society (u)
Fall. Credit three hours. Two seminars.

A  seminar-style course designed to bring the per
spectives of the sciences, social sciences, and hu
manities to  the question of the impact of computers 
on society. Students with varied backgrounds are en
couraged to enroll. The present-day influences of 
computers on human life and the future alternatives 
in the application of computers to  society will be

considered. Specific topics include: the potentialities 
and lim itations of the computer— the popular view 
versus the com puter scientist's view; man and the 
machine— the identity crisis; human privacy and the 
national data banks; human decision making versus 
military and industrial automation; the knowledge ex
plosion and information-retrieval systems; technologi
cal and occupational obsolescence— what price for 
progress?; social structure in the year 2000.

IC S211 (202) Computers and Programming (u)
Either term. Credit three hours. Prerequisite: ICS100 
or equivalent programming experience. Two lectures, 
one laboratory.

Intended as a foundations course in computer pro
gramming. Algorithms and their relation to computers 
and programs. Analysis of algorithms in terms of 
space and time requirements. A  procedure-oriented 
language: specification of syntax and semantics, data 
types and structures, statement types, input-output, 
program structure. A  brief introduction to  machine 
organization. Programming and debugging problems 
on a computer.

ICS280 (203) Discrete Structures (u) Fall. Credit 
three hours. Prerequisite: ICS101 or ICS211. Three 
lectures.

Fundamental mathematical concepts relevant to com 
puter science. Set algebra, mappings, relations, par
tial ordering, equivalence relations, congruences. 
Operations on a set, groups, semigroups, rings and 
lattices, isomorphism and homomorphism, applica
tions to  automata and formal languages. Boolean al
gebra, applications to switching theory and decision 
tables. Directed and undirected graphs, subgraphs, 
chains, circuits, paths, cycles, graph isomorphism, 
application to syntactic analysis and com puter pro
gram analysis.

ICS314 (401) Introduction to Computer Systems 
and Organization (u,g) Either term Credit four 
hours. Prerequisite: ICS211 or equivalent program
ming experience. Two lectures, one laborabory.

Characteristics and structure of digital computers as 
hardware units. Representation of data, addressing of 
data, index registers, indirect and base-plus- 
displacement addressing. Introduction to computer 
microstructure, gates, flip-flops, and adders. Storage 
and peripheral hardware and their characteristics, 
the input-output channel, and interrupts. Assembly 
language programming: format and basic instruc
tions, the assembly process, loops and indexing, 
data types, sub-routines, macros. Brief description of 
operating systems, loaders, interpreters, and com pi
lers. Programming and debugging assembly lan
guage programs on a computer.

ICS321-322 (321-322) Introduction to Numerical 
Analysis (u) Throughout the year. Credit four 
hours a term. Prerequisites: Mathematics BMA222 or 
BMA294 and knowledge of a programming language 
such as FORTRAN, ALGOL, or PL/I. Three lectures.

Emphasis on algorithms appropriate for use with 
computers. Students solve representative problems
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on the computer by programming these algorithms. 
Numerical methods for solving systems of linear 
equations and calculating eigenvalues and eigenvec
tors. Interpolation, differentiation, least squares and 
Chebyshev solution to discrete and continuous sys
tems, and integration. Numerical solution of ordinary 
and partial differential equations. Solution of nonli
near equations in several variables.

ICS410 (409) Data Structures (g) Either term 
Credit four hours. Prerequisite: ICS 314 or equiva
lent. Three lectures.

Data structures, relations between data elements, 
and operations upon data structures. Lists, trees, 
graphs, and other forms of data structures. List oper
ations including linear lists, circular lists, arrays, or
thogonal lists, and multilinked structures. Binary tree 
representation, tree traversal, infinity lemma, tree 
enumeration. Lists and garbage collection. Dynamic 
storage allocation. Search and sorting techniques.

[ICS414 (404) Advanced Computer Programming
(g) Spring. Credit four hours. Prerequisite: ICS314 
or consent of instructor. Three lectures. Not offered 
in 1974-75.

Intended for students who wish to  learn computer 
programming for eventual use in professional sys
tems programming or advanced applications. Basic 
logical and physical structure of digital computers is 
considered; the applicability and lim itations of this 
structure are studied through many examples and 
exercises. The approach, therefore, is not a theoreti
cal one, but rather an engineering one, in which 
techniques are emphasized. Students are expected 
to participate in a large systems programming design 
and implementation effort ]

ICS435 (435) Information Organization and Re
trieval (g ) Spring. Credit four hours. Prerequisite: 
ICS314 or equivalent. Two lectures.

Introduction to information retrieval. File organization 
and search algorithms. Statistical analysis and auto
matic classification of information. Structural lan
guage analysis. D ictionary techniques. Interactive 
retrieval. Question and answering and data base re
trieval. Evaluation of retrieval effectiveness.

ICS481-482 (485-486) Introduction to Theory of 
Computing I, II (u) Throughout the year. Credit 
four hours a term. Prerequisite: ICS211, ICS280, or 
equivalent mathematics, or consent of instructor. 
Three lectures.

Introduction to  modern- theory of computing: major 
results from automata theory, formal languages, ef
fective computability, computational complexity, and 
analysis of algorithms. Definition of abstract com put
ing models including finite automata, push-down au
tomata, Turing machines, and random access 
machines; their relation to formal languages and ef
fective com putability (regular sets, context-free lan
guages, parsing algorithms, recursively enumerable 
sets, etc.); and unsolvable problems related to  these 
models, including the halting problem equivalence 
and am biguity problems for languages, Rice's theo

rem, etc. Analysis o f algorithms for random access 
machines with various measures of complexity; data 
structures such as heaps, priority queues, and bal
ance trees; application of depth first search to graph 
algorithms such as biconnectivity and strong connec
tivity; sorting, recursion, dynamic programming, and 
introduction to  reducibilities.

ICS611 (411) Programming Languages (g) Fall 
Credit four hours. Prerequisite: ICS314 or consent of 
instructor. Three lectures.

An introduction to the structure of programming lan
guages. Specification of syntax and semantics. Prop
erties of algorithm ic list processing and string 
manipulation languages: basic data types and struc
tures, operations on data, statement types, and pro
gram structure. Macro languages and their 
implementation. Run-time representation of programs 
and data. Storage management techniques. Introduc
tion to  com piler construction.

ICS612 (412) Translator Writing (g ) Spring. 
Credit four hours. Prerequisite: ICS611 or consent of 
instructor. Three lectures.

Discussion of the models and techniques used in the 
design and implementation of assemblers, interpret
ers, ancf compilers. Topics include lexical analysis in 
translators, compilation of arithmetic expressions and 
simple statements, specifications of syntax, a lgor
ithms fo r syntactic analysis, code generation and op
timization techniques, bootstrapping methods, 
compiler-compiler systems.

ICS613 (413) Systems Programming and Operat
ing Systems (g) Fall. Credit four hours. Prerequi
site: ICS410 or consent o f instructor. Three lectures.

The organization and software com ponents of mod
ern operating systems. Batch processing systems. 
Loaders, input-output systems, and interrupt han
dling. Descriptive schema for parallel processes; 
communication among parallel processes. Introduc
tion to  multiprogramming and multiprocessing sys
tems. Addressing techniques, memory and 
instruction protection, procedure and data sharing; 
process scheduling, resource management; file o r
ganization, accessing, and management. Time
sharing systems. Case studies in multiprogramming, 
multiprocessing, and time-sharing. Job contro l lan
guages and m icroprogramming. Projects involving 
the design and implementation of systems program 
modules.

{ICS615 (415) Machine Organization (g ) Spring 
Credit four hours. Prerequisite: ICS314 or consent of 
instructor. Three lectures. Not offered in 1974-75.

The design and functional organization of digital 
computers. Boolean algebra, elements ot logical de
sign, and com puter components. Counters, shift reg
isters, half and full adders, design of arithm etic units. 
Memory components, accessing and retrieval tech
niques, addressing structures, realization of indexing, 
and indirect addressing. Control unit structure, in
struction decoding, synchronous and asynchronous 
control. Input-output channels, buttering, auxiliary
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memory structure, interrupt structures. Overall sys
tem organization, reliability, system diagnostics, sys
tem s im ulation]

[ICS616 (416) Operations Research Models for 
Computer and Programming Systems (g) Spring 
Credit four hours. Prerequisites: ICS611 and a 
course in probability (e.g., Mathematics BMA371 or 
IOD660) o r consent of instructor. Two or three lec
tures. Not offered in 1974-75.

Modeling and analysis o f computer hardware and 
software systems. Some applications of the theories 
and techniques of operations research to  problems 
arising in com puter systems design and program
ming. Operating systems design: resource allocation 
and scheduling. Queuing models for time-sharing 
and multiprogramming systems. Reliability of com put
er systems and computer networks. Statistical tech
niques for measuring systems performance.
Simulation of hardware and software; systems bal
ancing. Applications of stochastic processes and in
ventory theory; e.g., file organization and 
management, models o f computer center operation. 
Mathematical programming techniques applied to 
hardware configuration selection. Students will be ex
pected to program and analyze a model which can 
be applied to  a problem of hardware or software de
sign.]

|ICS618 (517) Picture Processing (g) Spring 
Credit four hours. Prerequisite: ICS611 or consent of 
instructor. Three lectures. Not offered in 1974-75.

A  study of com puter graphics and digital picture 
analysis. Topics include display and digitization hard
ware, picture data structures, preprocessing and fea
ture detection, the receptor-categorizer model of 
pattern recognition, linguistic methods in picture 
processing, mathematics of picture transformations, 
graphics programming languages and systems ]

ICS621-622 (421-422) Numerical Analysis (g)
Throughout the year. Credit four hours a term. Pre
requisites: Mathematics BMA411 and knowledge of a 
programming language such as FORTRAN, ALGOL, 
or P L/I, o r consent of instructor. Three lectures.

A more thorough treatment of the material of 
ICS321-322, at a faster pace, and covering addition
al topics. Emphasis on algorithms appropriate for use 
with computers.

ICS632 File Processing (g) Spring. Credit four 
hours. Prerequisite: ICS211; ICS410 is desirable.
Two lectures.

Concerned with the practical problems of processing 
large sets of structured data. Topics include prob
lems of file organization, searching, sorting, security, 
recovery, concurrency. Discussion of languages and 
operating system services for file processing. Con
cerned also with techniques for design and program
ming ot large, long-lived, often-changed, and 
highly-reliable systems.

ICS635 Special Topics In Information Retrieval
(9) Fall. Credit four hours. Prerequisite: graduate

standing, or ICS410 and consent of instructor. One 
seminar.

Topics in the theories of indexing and classification. 
Use of algebraic and probabilistic models for the 
analysis of storage organizations and retrieval 
processes

[ICS641 (441) Mathematical Symbol M anipula
tion (g) Spring. Credit four hours. Prerequisites: 
ICS410 and some knowledge of discrete mathemat
ics (e.g., ICS280, ICS481, or Mathematics BMA431). 
Not offered in 1974-75.

Arithmetic and algebraic algorithms and their imple
mentation in a generalized computer system. The 
emphasis is on symbolic rather than numeric tech
niques for solutions to the problems. For each algor
ithm, computing times are derived and analyzed. 
Among topics are: infinite precision integer arithme
tic, modular arithmetic, operations on multivariate 
polynomials and rational functions, such as symbolic 
integration and exact factorization over several fields, 
and exact solution of linear systems.]

ICS681 (588) Theory of Algorithms and Comput
ing I (g ) Fall. Credit four hours. Prerequisite:
ICS482 or consent of instructor. Three lectures.

An advanced treatment of topics related to  ICS482, 
including computational models for random access 
machines, measures of complexity, analysis of a lgor
ithms, arithmetic complexity, lower bounds on com
plexity of practical problems, reducibilities, and 
polynomial complete problems. Algorithm s discussed 
include fast Fourier transform, integer and polynomial 
arithmetic, evaluation and interpolation, extremal 
problems in graph planarity, and triconnectivity.

ICS682 (587) Theory of Algorithms and Comput
ing II (g ) Spring. Credit four hours. Prerequisite: 
ICS481 or consent of instructor. Three lectures.

An advanced treatment of topics related to  ICS481, 
such as axiomatic treatment of com putability and 
computational complexity, including proofs from the 
axioms of certain theorems such as Rice’s theorem, 
the speed-up theorems, and hierarchy theorems.
Also an abstract account of formal languages (AFL's, 
principal AFL's, etc.) and algorithm ic languages (pro
gram schemata, subrecursive languages, etc.). At the 
instructor's discretion the course will include such 
topics as structure of the polynomial degrees, univer
sal schemata classes, Grzegorczyk hierarchy, equiva
lents of the LBA problem, classes of intractable 
problems, correctness of recursion rules, assignment 
of meaning to programs, natural unsolvable problems 
(word problems, Hilbert's 10th Problem, equivalence 
of schemata, etc.), and investigations of time-space 
trade-off (Savitch languages, C ook's class, etc.).

ICS709 (591) Computer Science Graduate Semi
nar (g ) Fall and spring. Credit one hour. For gradu
ate students interested in com puter science. One 
seminar. Staff, visitors, and students.

A seekly meeting for the discussion and study of im
portant topics in the field.
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ICS712 (487) Theoretical Aspects of Compiler 
Construction (g) Spring. Credit four hours. Prereq
uisites: ICS612 and ICS481. Two lectures.

Formal methods of syntactic analysis, including pre
cedence, bounded context, and LR techniques. Gen
eral parsing methods and their time-space 
complexity. Noncanonical parsing techniques. Two- 
level grammars. Formal methods of object code op
timization.

ICS719 (611) Seminar In Programming (g) Ei
ther term. Credit four hours. Prerequisite: ICS611 or 
consent of instructor. One seminar.

[ICS721 (521) Solutions of Nonlinear Equations 
and Nonlinear Optimization Problems (g) Fall. 
Credit four hours. Prerequisite: ICS622 or consent of 
instructor. Not offered in 1974-75.

Emphasis on the rigorous analysis o f practical nu
merical algorithms for nonlinear problems. Sample 
topics are nonlinear functional analysis, constrained 
and unconstrained minimization, and computationally 
convenient modifications of Newton's method, includ
ing quasi-Newton and penalty function methods and 
nonlinear least squares.]

ICS723 (523) Numerical Solution of Ordinary 
Differential Equations and Integral Equations (g)
Fall. Credit four hours. Prerequisite: ICS622 or con
sent o f instructor.

Solution of nonlinear initial and boundary value prob
lems: single and multistep methods, predictor- 
corrector and extrapolation methods; stability, order, 
consistency, and convergence; special methods for 
special problems and, in particular, stiff equations. 
Solution of Volterra and Fredholm integral equations: 
finite difference and iterative methods.

IICS725 (525) Numerical Solution of Partial Dif
ferential Equations (g) Spring. Credit four hours. 
Prerequisite: ICS622 or consent of instructor. Not o f
fered in 1974-75.

General classification, solution by method of charac
teristics, finite-difference methods for hyperbolic and 
elliptic equations, parabolic equations in two dimen
sions, direct solution of elliptic finite-difference equa
tions, iterative methods for the solution of elliptic 
equations, block methods for large systems, singular
ities in e lliptic equations, stability in relation to  initial 
value problems and nonlinear discretization algor
ithms.]

ICS727 (527) Introduction to Approximation The
ory (9 ) Spring. Credit four hours. Prerequisite: 
ICS622 or consent of instructor.

Topics include algorithms for best uniform, L i and l_2 
approximation by polynomials and rational functions 
in both the discrete and continuous case, approxima
tion by splines and related applications, and the con
struction of subroutines for the evaluation of 
functions.

ICS729 (621) Seminar In Num erical Analysis (g)
Either term. Credit four hours. Prerequisite: consent 
of instructor.

ICS733 Selected Topics In Information 
Processing (g ) (Same as Operations Research 
IOE789).

ICS734 Seminar In File Processing (g ) Fall. 
Prerequisite: ICS733. Credit to  be arranged.

ICS739 (635) Seminar In Information Organiza
tion and Retrieval (g) Spring. Credit four hours. 
Prerequisite: ICS435.

[ICS781 (488) Advanced Theory of Computing
(9 ) Fall term of odd-numbered years. Credit four 
hours. Prerequisite: ICS682 or consent o f instructor. 
Three lectures. Not offered in 1974-75.

At the instructor's discretion, advanced results in au
tomata theory, computability, and com putational 
complexity. Topics may include noneffectiveness of 
speed-up, honest naming theorem for complexity 
classes, definition of operator com plexity and reduci- 
bility classes, comparison of the power of program
ming languages, relationship between algorithm ic 
languages and formal theories, equivalence algor
ithms for multi-tape fin ite automata, the com putation
al complexity of decision problems (Presburger, 
Tarski's algorithms, etc.) and equivalents o f the LBA 
problem (pebble automata and auxiliary pushdown 
automata).]

ICS782 (589) Advanced Topics In Algorithms (g)
Spring term of odd-numbered years (1975, 1977, 
etc.). Credit four hours. Prerequisite: ICS682 or con
sent o f instructor. Three lectures.

At the instructor’s discretion, advanced results in 
analysis of algorithms. Topics may include detailed 
analysis of com plex algorithms, relationships between 
time and tape complexities, polynomial complete 
problems and reducibilities, complexity o f decision 
problems, and recent results from the literature.

|CS789 (681) Seminar In Automata Theory (g)
Either term. Credit four hours. Prerequisite: consent 
of instructor. One seminar.

ICS790 (590) Special Investigations In Computer 
Science (u,g) Either term. Prerequisite: consent of 
the registration officer of the department.

Independent research.

ICS890 (590) Special Investigations In Computer 
Science (g) Either term. Prerequisite: consent of 
the registration officer of the department.

Master's degree research.

ICS990 (590) Special Investigations In Computer 
Science (g) Either term. Prerequisite: consent of 
the registration officer o f the department.

Doctoral research.

Digital Systems Simulation (IO E680) (g ) Fall. 
Credit three hours. Prerequisites: ICS314 and 
IOD670 or consent o f instructor.

Switching Systems I (IEE675) (g ) Fall. Credit 
three hours. Prerequisite: IEE316 or consent of in
structor.
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Switching Systems II (IEE676) (g ) Spring. Credit 
three hours. Prerequisite: IEE675 or equivalent.

Electrical Engineering

The courses in electrical engineering are listed under 
the follow ing headings: Required Courses (Systems 
Sequence, Electrophysics Sequence, Laboratory Se
quence); Elective and Graduate Courses (Theory of 
Systems and Networks; Electronics; Power Systems 
and Machinery; Communications, Information, and 
Decision Theory; Computing Systems and Control; 
Radio and Plasma Physics and Electromagnetic The
ory; General); and Courses o f Interest to Students in 
Other Curricula.

Required Courses

Systems Sequence

IEE311 (4301) Analysis of Electrical Systems I
(u ) Fall. Credit four hours. Three lectures, one rec
itation-computing session. Prerequisites: IEE210 and 
Mathematics BMA294 or equivalents.

K irchhoff laws and network equations, topological 
methods in c ircuit analysis. Concept of state; state 
analysis o f linear systems. Transient and steady-state 
response of networks to exponential excitations, im
pedance, and transfer functions. Properties of pas
sive and active networks, introductory frequency 
domain circuit design and synthesis.

IEE312 (4302) Analysis of Electrical Systems II
(u) Spring. Credit four hours. Three lectures, one 
recitation-computing session. Prerequisite: IEE311.

Fourier series (response of linear systems to periodic 
excitation), Fourier integral (response of zero state 
linear systems to  aperiodic excitation), the convolu
tion integral (time domain response of linear sys
tems), application to modulation methods, the single- 
and double-sided Laplace transform (complete re
sponse of linear systems). Time and frequency- 
domain relations.

IEE410 (4401) Random Signals In Systems (u)
Fall. C redit four hours. Three lectures, one recitation- 
computing session. Prerequisite: IEE312 or equiva
lent.

Description of random signals and analysis of ran
domly excited systems. An introduction to the con
cepts of probability, random variables, expectation, 
random processes, and power spectra. Applications 
are drawn from the areas of communications, con
trol, and pattern classification.

Prerequisites: Physics BPS233 and BPS234 and 
Mathematics BMA294, or equivalent.

Foundations of electromagnetic theory for static and 
dynamic fields, with applications to energy storage, 
propagation, and radiation. Topics will include 
Maxwell’s equations, solution of electrostatic prob
lems by separation of variables, Poynting’s theorem; 
plane waves in isotropic dielectrics and conductors, 
energy in dispersive media, reflection and refraction 
of plane waves; transmission lines, waveguides, cavi
ties; plane waves in anisotropic dielectrics; radiation 
and antennas. At the level of Fields and Waves in 
Communication Electronics by Ramo, Whinnery, and 
Van Duzer.

IEE411 (4411) Quantum Theory and Applica
tions (u ) Fall. Credit four hours. Three lectures, 
one recitation-computing session. Prerequisites:
IEE313-314 or equivalent.

Introductory quantum mechanics with particular em
phasis on those concepts and results necessary for 
understanding modern solid state and quantum elec
tronic devices. The mechanics of the theory will be 
presented in terms of wave functions, operators, and 
solutions of Schroedinger's equation. Topics will in
clude, for example, wave-particle duality, angular 
momentum, spin, particles in potential wells, and the 
hydrogen atom. Where possible, one-dimensional 
models will be used, but special features of two- and 
three-dimensional models will be discussed. Applica
tions will include: tunneling, electrons in periodic po
tential, density o f states and energy bands in solids, 
periodic table, and atom ic structure. At the level of 
Basic Quantum M echanics by White.

Laboratory Sequence

IEE315 (4321) Electrical Laboratory I (u) Fall 
Credit tour hours. Two lectures, two laboratories. 
Prerequisite: IEE210.

Basic electrical and electronic instrumentation and 
measurements involving circuits and fields of both 
active and passive elements; an experimental intro
duction to solid-state and high-vacuum devices; d.c. 
machines.

IEE316 (4322) Electrical Laboratory II (u)
Spring. Credit four hours. Two lectures, two laborato
ries. Prerequisites: IEE311 and IEE313.

Laboratory studies of solid-state phenomena and de
vices; experiments illustrating the use of the digital 
computer in electrical engineering; laboratory studies 
of h igh-frequency phenomena and devices; an intro
duction to a.c. machinery.

Electrophysics Sequence

IEE313-314 (4311-4312) Electromagnetic Fields 
and Waves (u) Fall and spring. Credit four hours. 
Three lectures, one recitation-computing session.

Elective and Graduate Courses
Of the following elective and graduate courses, cer
tain ones may not be offered every year if the de
mand is considered to  be insufficient.
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Theory of Systems and Networks 
IEE620 (4450) Bioelectric Systems (u,g) Spring. 
Credit three or four hours (four hours with labora
tory). Three lectures, one laboratory. Prerequisite: Bi
ological Sciences OBC423 or OBC427, o r Physics 
BPS360, or IEE312. Consent o f instructor required 
for laboratory. R. R. Capranica, M. Kim.

Application of electrical systems techniques to bio
logical problems. Electrical activity o f nerve cells; 
generation and propagation of nerve impulse; voltage 
clamp technique, Hodgkin-Huxley model, and its 
phase-plane analysis; electrical excitablility and trans
fer function of neuromuscular systems; synaptic 
transmission; models of nerve cells and control sys
tem analysis o f oscillatory activity. Nerve nets: 
evoked activity; spontaneous activity; simulation and 
computer analysis. Functional neuro-anatomy of 
brain; transfer characteristics o f sensory receptors; 
sensory encoding and processing in the peripheral 
and central nervous systems; neural mechanisms for 
vision and hearing.

IIE621 (4453) Introduction to Biomechanics, 
Bioengineering, Bionics, and Robots (u,g) (Same 
as Theoretical and Applied Mechanics IAH601). Fall. 
Credit three hours. Prerequisites: elementary differen
tial equations, linear algebra, and probability; o r con
sent o f instructor. H. D. Block.

For course description, see Theoretical and Applied 
Mechanics IAH601.

IEE623 (4475) Active and D igital Network De
sign (u,g) Fall. Credit three or four hours (four 
hours with laboratory). Three lectures, one labora
tory. Prerequisite: IEE312.

Introduction to  network synthesis in terms of immit- 
tance and scattering parameters. Design of passive 
filters and matching networks. Active RC filter syn
thesis using negative-impedance converters (NIC), 
gyrators, and controlled sources. State-variable syn
thesis techniques using operational amplifiers. Practi
cal realizations of active RC filters and sensitivity 
considerations. Active 2-port network theory and de
sign of transistor amplifiers (bipolar and FET). Nega- 
tive-resistance amplifiers using tunnel diodes and 
varactors. Introduction to digital signal processing 
and discrete-time network design. Z-transform and 
the discrete Fourier transform (DFT). Design of non
recursive and recursive digital filters. Realizations of 
digital processing algorithms by either software pro
cedures or hardware implementations. The fast Four
ier transform (FFT) algorithms. Topics for the 
optional laboratory session: design and construction 
of passive and active filters based on analytical and 
computer-aided techniques using available computer 
programs; transistor (b ipolar and FET) amplifier de
sign using measured scattering parameters; simula
tion and hardware implementation of digital filters; 
computational realizations of DFT and FFT algor
ithms.

IEE624 (4478) Computer Methods in Electrical 
Engineering (u,g) Spring. Credit four hours. Pre
requisite: IEE312. Open to qualified juniors with con
sent o f instructor. C. Pottle.

Designed to present modern techniques for solving 
electrical engineering problems on the digital com 
puter. Efficiency (minimizing operation counts) and 
numerical stability rather than theoretical implica
tions. Laboratory session used for experimenting with 
algorithms in an interactive environment. Solution of 
linear and nonlinear algebraic equations; root finding; 
interpolation and extrapolation; integration; solution 
of ordinary differential equations; random number 
generators. Parameter optim ization. Com puter hard
ware and software considerations in implementing al
gorithms. Applications to  power systems, control 
systems, c ircuit design, sem i-conductor devices, 
communication systems.

IEE625 (4575) Computer Aided Network Design
(u ,9 ) Fall. C redit four hours. Three lectures. Prereq
uisite: IEE312.

Frequency and time domain analysis of large linear 
circuits. State-variable and matrix techniques. D.C. 
and transient analysis of nonlinear circuits. Toleranc- 
ing and sensitivity calculations, adjoint network ap
proach. General formulation of computerized design 
methods in time or frequency domains. Uncon
strained and constrained optimization methods and 
com puter programs. Modeling of circuits. Filter and 
active RC circu it synthesis methods. Methods of 
elim inating numerical sensitivity problems. Implemen
tation of algorithms for cascading active and digital 
circuits.

IEE627 (4571) Fundamentals of Linear Networks
(u,g) Fall. C redit four hours. Three lectures. Prereq
uisite: IEE312. H. Carlin.

Scattering, immittance, hybrid, and state-space for
malisms. Nonreciprocal and active network proper
ties. Passive and active network invariants.
Scattering, realizability, and energy theorems for mul
tiport networks. Phase-amplitude relations. Classic 
synthesis procedures. Z-transforms and digital filters. 
A t the level o f Network Theory: An Introduction to 
Reciprocal and  Non-Reciprocal C ircuits  by Carlin 
and Giordano.

IEE628 (4572) Network Theory and Applications
(u,g) Spring. Credit four hours. Three lectures. Pre
requisite: IEE627 or IEE723, o r IEE625, o r consent of 
instructor. H. Carlin.

Aspects of physical realizability in the frequency do
main will be discussed for particular application to 
the design of lumped and distributed network sys
tems. Applications will include insertion loss design 
of lumped filters and equalizers, design of distributed 
RC networks, transmission line filters and linear 
phase structures. Youla's gain bandwidth theory as 
employed tor broadband matching and wideband 
amplifiers. Application of transmission line network 
methods for realization of digital filters. Modeling of 
distributed systems with coupled transmission lines 
for application to  dielectric loaded propagating sys
tems.

IEE721 (4503) Theory of Linear Systems (g)
Fall. Credit four hours. Three lectures. Prerequisites:
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IEE410, IEE312, and Mathematics BMA222; or con
sent of instructor. C. Pottle.

The state-space model for linear systems. Properties 
of ordinary linear differential equations. Fundamental 
and transition matrices. Matrix exponential functions, 
the Cayley-Hamilton theorem, and the Jordan form. 
Time invariant and time-varying network and system 
response. Controllability, observability, stability. Real
izability of linear causal systems and applications of 
Fourier, Laplace, Hilbert transforms. Paley-Wiener 
theorem. Distributed systems. A t the level of Intro
duction to Linear System Theory by Chen.

IEE722 (4504) Theory of Nonlinear Systems (g)
Spring. Credit four hours. Three lectures. Prerequi
site: IEE721 or IEE723 or consent of instructor.

Analysis ot first- and second-order nonlinear systems 
with applications. Phase-plane analysis of auton
omous systems; singular points, limit cycles, and 
equilibrium states; theories of Bendixson, Lienard, 
and Poincare; relaxation behavior in the phase plane; 
stability of nonlinear systems; the methods of Lyapu
nov and Popov; circle criteria. Forced nonlinear sys
tems, harmonics, subharmonics, jum p phenomena, 
and frequency entrainment; periodic systems, Floquet 
theory, Mathieu-Hill theory, applications to the stabili
ty of nonlinear systems and to parametrically excited 
systems.

IEE723 (4571) Network Analysis (g) Fall. Credit 
four hours. Three lectures.

Introduction to network topology. Network form ula
tion for computer-aided analysis. State-space tech
niques for time-invariant and time-varying networks. 
Scattering, immittance, hybrid formalisms. Nonreci
procal and active network properties. Scattering and 
realizability theorems for multiport networks. A t the 
level o f Network Theory: An Introduction to Recipro
cal and Non-Reciprocal C ircuits  by Carlin and G ior
dano.

IEE724 (4572) Network Theory and Application
(g) Spring. Credit four hours. Three lectures. Pre
requisite: IEE721 or IEE723 or consent o f instructor.

Physical basis for network techniques in lumped and 
distributed systems deduced from  linearity, time in
variance, and power-energy constraints. Generalized, 
bounded real and positive-real functions and matri
ces and the theory ot physical realizability. Applica
tions to  insertion-loss synthesis, synthesis of n-ports, 
design of transmission line filters and equalizers. RC- 
lines. Gain-bandwidth theory of passive and active 
devices. Synthesis of active networks.

Electronics

IEE340 (4430) Introduction to Lasers and Opti
cal Electronics (u,g) Spring. Credit four hours. 
Two lectures, one lecture-recitation, one laboratory. 
Prerequisite: IEE314, IEE411, or equivalents such as 
Applied Physics IPA355, IPA456, and Physics 
BPS443. G. J. Wolga and R. A. McFarlane.

An introduction to stimulated emission devices such 
as masers, lasers, and optical devices based on lin
ear and nonlinear responses to  coherent fields. Ma
terial discussed, based on quantum mechanical 
results, will employ phenomenological theories and 
will stress applications to modern devices. Subjects 
will include: propagation of rays, spherical waves, 
and gaussian beams; microwave and optical resona
tors and their field characteristics; interaction of mat
ter and radiation; absorption and amplification; 
threshold for oscillation, rate equations, and output 
power; specific laser and maser systems; harmonic 
generation and optical mixing; modulators; parame
tric converters; detectors; elements of holography. 
Laboratory, to illustrate and elaborate on specific lec
ture material, will include: atom, ion, molecular, and 
solid state laser oscillators and their characteristics; 
mode properties of coherent optical fields; harmonic 
generation; optical mixing; optical communications 
link. A t the level of Introduction to Optical Electronics  
by Yariv and Introduction to Masers and Lasers by 
Seigman.

IEE432 (4412) Solid State Physics and Applica
tions (u,g) Spring. Credit four hours. Three lec
tures, one recitation. Prerequisite: IEE411 or cqnsent 
of instructor.

Introduction to  solid state physics; applications to 
electronic devices. Classical concepts of solid-state 
physics, including crystal structure and symmetries, 
X-ray diffraction, Brillouin zone representation of pe
riodic structures, band theory, phonon interactions, 
and superconductivity and relationship to  the latest 
concepts and devices of electronic engineering.
Some of the engineering problems discussed briefly 
in this context are the Gunn effect for generation of 
microwaves, integrated circuit technology as depend
ent upon crystalline properties, the Josephson effect, 
and superconducting electric transmission lines. The 
interaction period is used for discussion of reading 
and lecture material, problem solution, and laboratory 
demonstration of some of the physical principles and 
engineering problems discussed in lecture. A t the 
level of Introduction to Solid State Physics, 4th Edi
tion, by Kittel.

IEE531-532 (4431-4432) Electronic Circuit De
sign (u,g) Fall and spring. Credit three hours a 
term. Two lectures, one laboratory. Prerequisite: 
IEE316. N. H. Bryant.

Design techniques for circuits used in electronic in
strumentation. C ircuits will be designed to provide 
specific functions, then constructed and tested in the 
laboratory. At the level of Pulse Digital and Switching  
Waveforms by Millman and Taub.

IEE631-632 (4433-4434) Semiconductor Elec
tronics I and II (u,g) Fall and spring. Credit four 
hours each term. Three lectures, one laboratory. Pre
requisite: IEE316. P. D. Ankrum.

Band theory of solids; properties of sem iconductor 
materials; the physical theory of p-n junctions, metal 
sem iconductor contacts, and p-n junction devices; 
fabrication and properties of sem iconductor devices 
such as diodes and rectifiers, light-sensitive and
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light-emitting devices, field-effect and bipolar transis
tors, unijunction transistors, p-n-p-n devices (diodes, 
controlled rectifiers, and switches), integrated cir
cuits, etc.; device equivalent-circuit models; the ap
plications of sem iconductor devices as active or 
passive elements in discrete-component and integrat
ed circuits for use as power supplies, power con
trols, amplifiers, oscillators and multivibrators, pulse 
circuits, gates and switches, etc.; transistor noise. At 
the level o f Sem iconductor Electronics by Ankrum.

IEE633-634 (4437-4438) Solid State Microwave 
Devices and Subsystems I and II (u ,g) Fall and 
spring. Credit three hours. Two lectures, one labora
tory. Prerequisites: IEE312 and IEE314 or equiva
lents. G. C. Dalman.

A  theoretical and experimental study of modern solid 
state microwave devices and subsystems based on 
the Gunn effect diode, IMPATT diode, TRAPATT 
diode, tunnel diode, p-n diode, and the transistor. 
Initially, the basic elements of microwave systems 
and subsystems such as microwave cavities, filters, 
oscillators, amplifiers, modulators, and detectors are 
studied, and then more complex elements such as 
microwave network analyzers, superheterodyne re
ceivers, spectrum analyzers, noise measuring equip
ment, time domain reflectometers, and experimental 
Doppler Radars. Typical uses of solid state devices in 
these subsystems are discussed and analyzed. In 
many cases the subsystems themselves are used to 
characterize the c ircuit parameters of microwave so
lid state devices and other subsystems. An opportu
nity to  study and operate a wide variety o f modern 
test equipment such as the H.P. Network Analyzer, 
Sampling Oscilloscopes, near-carrier oscillator noise 
test sets, Spectrum Analyzers, and microwave labo
ratory test bench equipment. Participation in the de
sign and testing of varactor tuned oscillators, low 
noise oscillators, Doppler Radar speed measuring de
vices, and other devices and subsystems of interest 
to the class. At the level of Microwave Sem iconduc
tor Devices and Their Applications by Watson.

IEE635 (4537) Integrated Circuit Technology (u,
9) Fall. Credit three hours or four hours with pro
ject. Two lectures, one laboratory. Prerequisite:
IEE411 or consent of instructor. J. Frey.

Integrated circuit techniques applicable in the fields 
of com puter hardware, telecommunication systems, 
and opto-electronics are studied, with emphasis on 
device technology and the specialized approaches to 
device, circuit, and system design required by large- 
scale function integration. Computer logic and mem
ory elements, both MOS and bipolar. Telecommuni
cation applications include linear ICs and hybrid 
integration of microwave solid state devices, such as 
Gunn and IMPATT oscillators in transmitters and re
ceivers. Integrated optics and compound semicon
ductor light-emitting and sensing devices. To 
illustrate the techniques discussed, each student fab
ricates planar silicon diodes or transistors in the mi
croelectronics laboratory; project students later work 
on their own in the laboratory on topics of their 
choice, such as microwave integrated circuits, inte
grated gates, and opto-electronic devices. At the lev

el of current papers in IEEE J. Solid State Circuits 
and IEEE Trans, on E lectron Devices.

IEE636 Circuit Design lor Integration (g)
Spring. Credit three hours. Two lectures, one semi- 
nar-design laboratory. Prerequisite: IEE635 or equiva
lent J. Frey.

Details of c ircuit design for integration in silicon mon
olithic integrated circuits and hybrid microwave inte
grated circuits will be discussed. The lim itations ot 
and the advantages afforded by the physics and 
technology of the processes involved in the fabrica
tion of these circuits will be developed in relation to 
circuit design. Techniques for complete vertical inte
gration of com plex systems, from design through 
materials processing to  final testing. Topics will in
clude: component-dictated lim itations on IC design; 
specialized functional blocks for linear and digital 
ICs; special com ponents available to m onolith ic IC 
designers (e.g., multip le-collector transistors); feed
back in linear IC design; chip layout; thermaa con
siderations. The merging ot design techniques for 
microwave integrated circuits and gigabit date rate 
digital ICs will also be discussed. The class will un
dertake a design/fabrication project. Device physics 
will be considered at the level of Physics and Tech
nology o f Sem iconductor Devices by Grove; addition
al reading will be at the level o f current papers in the 
IEEE Journal o f Solid State C ircuits and Solid State 
Electronics.

IEE731 (4531) Quantum Electronics I (g) Fall. 
Credit four hours. Three lectures, one recitation- 
computing session. Prerequisites: IEE313, IEE314, 
and Physics BPS443 or IEE411. G. J. Wolga.

A  detailed treatment of the physical principles under
lying optical masers, related fields, and applications. 
Topics will include: a review of quantum mechanics 
and the quantum theory of angular momentum, the 
interaction of radiation and matter, the quantum me
chanical density matrix and m acroscopic material 
properties, theory of the laser and maser. A t the level 
of Quantum Electronics  by Yariv and Fundamentals 
o f Quantum Electronics  by Pantell and Puthoff.

IEE732 (4532) Quantum Electronics II (g)
Spring. Credit four hours. Three lectures, one recita
tion-com puting session. Prerequisite: IEE731 or con
sent o f instructor. R. A. McFarlane.

A continuation of the treatment of the physical princi
ples underlying optical masers and related fields. 
Topics will include: optical resonators; output power 
of amplifiers and oscillators; dispersive effects and 
laser oscillation spectrum; Lamb theory; spectrosco
py ot atoms, m olecules and ions in crystals as exam
ples of laser media; survey of chemical and dye 
lasers; noise in optical devices; principles of electro
optic and parametric devices.

IEE733 (4533) Opto-Electronic Devices (g) Fall. 
Credit four hours. Three lectures, one recitation. Pre
requisite: IEE411, IEE432, or equivalent. J. M. Ballan- 
tyne.

A  variety o f opto-electronic devices are considered 
with the aim ot providing a physical understanding of
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some properties of solids which affect their use in 
optical devices. Topics include: a review of the ma
croscopic theory of electromagnetic waves in iso
tropic, lossy, and anisotropic media; symmetry group 
theory of crystals; discussion of linear electrooptic 
devices such as modulators and deflectors; classical 
and quantum mechanical treatment of the m icro
scopic theory of dielectric constant and absorption in 
solids due to electronic transitions, including inter
band and intraband, impurity, surface state and exci- 
ton processes. The band-theory of photoemission is 
discussed. Physics of hot and cold carrier transport, 
including effects of trapping, recombination, and 
scattering are treated, as is photoconductivity in so
lids and noise in optical detectors. Principles are il
lustrated by their application to the performance 
analysis of actual photoconductive, thermal, and 
photoemissive detectors. Other topics are treatment 
of gain and loss mechanisms in sem iconductor las
ers and light-emitting diodes and performance analy
sis of sem iconductor lasers. Topics are mainly 
concerned with semiconductors, but metals and in
sulators are not excluded. At the level of Dielectrics 
and Waves by von Hippel, Photoconductivity o t 
Semiconductors by Bube, Physical Properties of 
Crystals by Nye, Quantum Electronics  by Yariv, and 
Optical Processes in Semiconductors by Pankove.

IEE734 (4534) Theory and Applications ol Nonli
near Optics (g) Credit four hours. Three lectures, 
one recitation. Prerequisite: IEE731 or IEE733 or the 
equivalent of Physics BPS572. C. L. Tang.

Recent developments in the theory and applications 
of nonlinear optics and related electrooptic devices. 
Topics include: properties and theories on nonlinear 
optical processes; nonlinear and electrooptic proper
ties of lll-IV and ll-VI com pounds and other optical 
materials; optical mixing; frequency up-conversion 
and down-conversion; spontaneous and stimulated 
processes involving nonlinear interactions of electro
magnetic waves, phonons, and molecular vibrations; 
and electrooptical modulators, optical parametric os
cillators, and other nonlinear optical devices. At the 
level of Treatise in Quantum Electronics, Vol. I—  
Nonlinear Optics, edited by Rabin and Tang, and 
current literature.

IEE735 (4535) Solid State Devices I (g ) Fall. 
Credit four hours. Three lectures. Prerequisite:
IEE432 or equivalent. C. A. Lee.

Properties of sem iconductor devices, with emphasis 
on low-frequency operation (below 1000 GHz). De
vices based on the tunnel effect: tunnel diodes, zen- 
er diodes, field emitter cathodes, thin film resistors. 
Devices based on charge flow across semiconduc- 
tor-sem iconductor contacts: p-n diodes, avalanche 
diodes, transistors, field effect transistors, unipolar 
transistors. Devices based on metal sem iconductor 
contacts: Schottky diode, Schottky triode. Emphasis 
is placed on determining the factors underlying per
formance capabilities. Equivalent c ircuits are devel
oped. The student will either carry out a term 
laboratory project or prepare a term paper on an ap
propriate contemporary topic. Presented at the level

ot Physics o f Semiconductors by Moll and of current 
papers published in the IEEE Transactions on Elec
tron Devices.

IEE736 (4536) Solid State Devices II (g) Spring. 
Credit four hours. Three lectures. Prerequisite:
IEE735 or equivalent. C. A. Lee.

Properties of sem iconductor devices w ith emphasis 
on high frequency operation (above 1000 GHz). The 
approaches to  the analysis to be studied are: ballistic 
analysis, e lectronic-network analysis, space-charge 
wave and coupled-m ode analysis. Devices studied in
clude avalanche microwave diode (Read diode),
Gunn oscillators, fast response photo diodes, and 
other contemporary devices. Determination of the 
factors that underlie performance capabilities. Equiv
alent circuits are developed. The student will either 
carry out a term laboratory project or prepare a term 
paper on an appropriate contemporary topic. Pre
sented at the level of current papers published in the 
IEEE Transactions on Electron Devices.

IEE737 (4631) Physics of Solid State Devices (g)
Spring. Credit two or three hours. Two lectures. Pre
requisite: IEE736 or consent o t instructor.

Phenomena and problems associated with conduc
tion in high electric fields, with emphasis on semi
conductors. A  review of hot electron phenomena, 
especially where instabilities arise because of multi
valley band structure or other interaction of charge 
carriers with the host crystal. Basic theory of elec
tron and hole scattering by phonons and examina
tion of methods of obtaining distribution functions 
from the Boltzmann equation. Modifications required 
by com plications of band structure.

IEE738 (4632) Physics of Solid State Devices (g)
Credit two or three hours. Two lectures. Prerequisite: 
IEE737 or consent of instructor.

Analysis of solid state devices of current interest (av
alanche, LSA, Gunn devices, etc.) to  give an under
standing of some of the lim itations involved in the 
design of such devices. Particular scattering mecha
nisms and band structure com plications as factors in 
obtaining realistic distribution functions. Emphasis will 
be on analytical solutions because of the physical in
sight they afford, but numerical methods will be con
sidered also. The number of devices considered will 
be limited, but subjects of specific interest to individ
uals can be considered on a seminar basis.

Power Systems and Machinery

IEE551 (4441) Contemporary Electrical Machin
ery I (u,g) Fall. Credit three hours. Two lecture- 
recitations, one laboratory-computing session. Pre
requisite: IEE312. R. E. Osborn.

Engineering principles. Real- and reactive-pcwer re
quirements of core materials with symmetrical and bi
ased magnetizing forces; analysis and characteristic 
prediction of h igh-efficiency transformers; magnetic 
amplifiers, energy transfers among electric circuits, 
magnetic fields and mechanical systems; control of 
magnetic field distribution by reluctance and winding
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distribution; traveling fields from polyphase excitation; 
elementary idealized commutator-type, asynchronous 
and synchronous machines.

IEE552 (4442) Contemporary Electrical Machin
ery II (u,g) Spring. Credit three hours. Two lecture- 
recitations, one laboratory-computing session. Pre
requisite: IEE312. R. E. Osborn.

Engineering principles. Production of air-gap magnet
ic fields; elementary and idealized rotating machines; 
steady state and transient characteristics ot realistic 
rotating machines; a-c commutator-type single-phase 
motors; poly-phase synchronous and single-phase 
induction machines; recently developed types; Saturi- 
stor motor, self-excited a-c generators; miscellaneous 
rotary devices; Hysteresis motor, selsyns, ampli- 
dynes, frequency converters.

IEE651 (4445) Electric Energy Systems I (u,g)
Credit four hours. Three lecture-recitations, one com
puting session. Prerequisites: IEE316 and consent of 
instructor. S. Linke.

The physical and engineering principles underlying 
steady state operation and control o f modern electric 
power systems, with emphasis on the characteristics 
ot m ajor power-system parameters. Theory of elec
tromechanical energy converters, power transform
ers, conventional transmission lines and cables, 
power networks, and other power-system com po
nents; use of the digital com puter as a dynamic “ lab
o ratory" model of a complex power system for 
load-flow studies. Laboratory-computing periods will 
include selected experiments with small electrome
chanical energy converters. At the level of Elements 
o f Power System Analysis (2nd ed.) by Stevenson.

IEE652 (4446) Electric Energy Systems II (u,g)
Credit four hours. Three lecture-recitations, one com 
puting session. Prerequisite IEE651. S. Linke.

Continuation of principles presented in Electric Ener
gy Systems I. Transient behavior o f power networks. 
Theory of unbalanced systems, symmetrical com po
nents, protective relaying systems, power-system sta
bility, high-voltage— direct-current systems and 
econom ic dispatch; use of the digital com puter for 
fault studies and econom ic analysis. At the level of 
Elements o f Power System Analysis  (2nd ed.) by Ste
venson.

Communications, Information, and Decision 
Theory

IEE661 (4473) Coding Algorithms (u,g) Fall 
Credit three or four hours (four hours with labora
tory). Three lectures, one laboratory. Prerequisite: 
some knowledge of linear algebra. For the labora
tory, FORTRAN, PL/I, or assembly language pro
gramming. T. Berger.

Coding algorithms for compression and storage of 
information, tor correction of errors in digital data 
processing and transmission, and for synchroniza
tion. Design, analysis, and implementation of underly
ing codes. Linear b lock codes, convolutional codes, 
maximum likelihood and sequential decoding, linear

sequential machines, cyc lic  codes, Bose-Chaudhuri 
codes, burst error protection, threshold decoding, 
variable length source coding. Laboratory consists of 
demonstrations and projects involving design and 
com puter simulation, modification, and evaluation of 
coding algorithms covered in lecture. A t the level ot 
An Introduction to Error Correcting Codes by Lin.

IEE662 (4474) Fundamental Information Theory
(u,g) Spring. Credit three or four hours (four hours 
with laboratory). Three lectures, one laboratory. Pre
requisite: IEE410 or equivalent knowledge of proba
bility. Prerequisite for laboratory only: IEE661.

Fundamental results o f information theory and their 
application to information storage, compression, 
processing, and transmission. The basis o f modern 
design of digital com m unication systems. Source 
coding, properties of entropy, and other information 
measures. Signal selection and detection aspects of 
noisy transmission channels. Channel capacity and 
Shannon's coding theorems. Analysis o f sequential 
decoding. Fidelity criteria and rate-distortion func
tions. Communication over gaussian channels. Labo
ratory projects investigate through com puter 
simulation the statistical problems involved with infor
mation source and channel characterization and ap
proximation (quantization), and evaluate the 
advantages and lim itations of the various coding al
gorithm s introduced in IEE661. At the level o f Infor
mation Theory by Ash.

IEE663 (4476) Statistical Aspects of Communi
cation (u,g) Spring. Credit four hours. Three lec
tures, one recitation. Prerequisite: IEE410 or 
equivalent. H. S. McGaughan.

Analysis of analog and digital com m unication sys
tems in the presence of random signals and noise. 
System optimization, matched filters, linear smooth
ing, and prediction of stationary processes. Modula
tion systems, performance of analog systems in time 
and frequency multiplex with additive noise; digital 
modulation systems, PCM systems with additive 
noise. Design of signals for digital transmission. Re
ceiver optimization, design of decision oriented re
ceivers, error bounds; selected topics in hypothesis 
testing and parameter estimation applied to  receiver 
design.

IEE664 Decision Making In Pattern Classifica
tion (u,g) Spring. Credit three or four hours (three 
hours with ten and Vi weeks of lectures; four hours 
with either ten and '/i weeks of lectures and labora
tory o r fourteen weeks of lectures.) Prerequisite: 
IEE410 or IEE761 or equivalent course in probability.

Concepts and key results o f decision theory will be 
developed and applied to  problems of pattern classi
fication (hypothesis testing). Typical pattern classifi
cation problems include classification of 
hand-written, typed, o r printed alphanumeric charac
ters; the transcription of speech; identification ot re
gions in photographs; and medical diagnosis 
Formulations of the design of pattern classification 
systems will be examined under a variety of assump
tions concerning prior information about the pattern 
source and the objectives in constructing such a
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system. The design philosophies to be discussed in
clude those of minimum expected loss, Neyman- 
Pearson, and minimax risk and regret. Laboratory 
projects will require the computer-based design and 
simulation of a pattern classifier for a real or simulat
ed pattern source.

IEE761-762 (4507-4508) Random Processes In 
Electrical Systems (g) Fall and spring. Credit four 
hours. Three lectures.

The concepts of randomness and uncertainty and 
their relevance to  the design and analysis of elec
trical systems. An axiomatic characterization of ran
dom events. Probability measures, random variables, 
and random vectors. Distribution functions and den
sities. Functions of random vectors. Expectation and 
measures of fluctuation. Moment and probability 
inequalities. Properties and applications of character
istic functions. Modes of convergence of sequences 
of random variables: laws of large numbers and cen
tral limit theorems. Kolmogorov consistency condi
tions for random processes. Poisson process and 
generalizations. Gaussian processes. Covariance sta
tionary processes, correlation functions, spectra: 
Bochner and Wiener-Khinchin theorems. Continuity, 
integration, and differentiation of sample functions. 
Hilbert space approach of optimum filtering and pre
diction. Spectral representation, orthogonal series 
representations. Markov chains and processes. Lin
ear and nonlinear transformations of random 
processes.

IEE763 (4674) Advanced Topics In Information 
Theory (g ) Fall. Credit four hours. Three lectures. 
Prerequisites: IEE662 and either IEE761 or Math
ematics BM A571, or consent o t instructor. T. Berger.

An in-depth treatment of an information theory re
search area. The topic varies from year to year and 
will be chosen from the following subjects: source 
encoding (rate distortion theory), convolutional codes 
and sequential decoding, multiterminal com m unica
tion networks, ergodic theory and information in ab
stract spaces, and complexity and instrumentability 
of coding schemes.

IEE764 (4672) Foundations of Inference and De
cision Making (g) Spring. Credit three hours.
Three lectures. Prerequisite: a course in probability 
and some statistics, or consent of instructor.

Much advanced research in information processing 
and its applications involves sources about which we 
have very little knowledge and the use of perform
ance criteria o f doubtful adequacy.
This motivates an examination of methods for char
acterizing uncertainty and chance phenomena and 
for transforming information into decisions and opti
mal systems. Discussion of the foundations of infer
ence centers on various approaches to the 
interpretation and formalization ot probability, includ
ing the following: axiomatic systems of comparative 
probability; Kolmogorov system of quantitative proba
bility; relative frequency interpretations; com putation
al complexity, randomness, and probability; classical 
probability and invariance; logical probability and in
duction; subjective probability and personal decision

making. The discussion of the foundations of deci
sion making will center on utility theory, axiomatic ra
tionality, statistical decision theory, the nature of a 
good system, and recent work on system design 
when there is little prior information.

IEE765 (4673) Principles of Analog and Digital 
Communications (g) Spring. Credit four hours. 
Three lectures. Prerequisite: IEE762 or consent of in
structor.

The fundamentals of information theory, signal theo
ry, and statistical estimation and decision theory are 
used to formulate approaches to  the solution of 
problems arising in digital and analog com m unica
tion. Particular topics are: receiver and signal design, 
probability of error, capacity, threshold effects for the 
additive gaussian channel. Extensions to the additive 
gaussian channel; feedback, random gain and 
phase, diversity. Time-variant gaussian channels; re
ceiver and signal design, probability of error, and ca
pacity. At the level of Principles o f Coherent 
Communication  by Viterbi.

Computing Systems and Control

IEE671-672 (4481-4482) Feedback Control Sys
tems (u,g) Fall and spring. Credit three hours (four 
hours with laboratory). Prerequisite: IEE312 or con
sent o f instructor.

The analysis ot feedback control systems and syn
thesis techniques to meet specifications or minimize 
performance indices. Mathematical models of phys
ical systems and solution of differential equations by 
the Laplace transform; transfer functions. The state- 
space approach to control systems; observability, 
controllability. Analysis and synthesis of linear control 
systems by root locus and frequency response meth
ods. Nonlinearities in control systems; analysis and 
compensation using describing functions and the 
phase plane; Lyapunov stability. Sampled-data sys
tems and digital compensation. An introduction to 
parameter optimization and optimal control. Labora
tory work consists of familiarization with system com 
ponents and correlation of transient and frequency 
responses; synthesis of linear and optimal control 
systems and analysis of nonlinear and sampled-data 
systems using analog and digital computers.

IEE674 (4484) Hybrid Computation (u,g) Spring. 
Credit four hours. Two lectures, one laboratory. Pre
requisites: IEE312 and IEE675 or an equivalent back
ground with consent of instructor. N. M. Vrana.

Theory, design, characteristics, and programming of 
hybrid computer systems; analog computation; spe
cial purpose logic programs; the digital com puter in 
a hybrid environment; theory and laboratory work on 
iterative procedures, steepest descent programs, and 
parameter optimization and identification. The labora
tory work will be with the PDP-11 /TR-48 hybrid com
puter system.

IEE675 (4487) Switching Circuits and Logic De
sign (u,g) Fall. Credit three hours, o r four hours 
with laboratory. Three lectures, one laboratory. Pre
requisite: Mathematics BMA293-294 or equivalent.
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Prerequisite for laboratory is IEE315. Concurrent reg
istration in IEE315 or an equivalent laboratory expe
rience with consent of instructor is acceptable. N. M. 
Vrana.

Switching devices, Boolean algebra, function mini
mization and decomposition, adders and other com
binational circuits, number representation and codes, 
synchronous and asynchronous sequential circuits, 
c ircuit equivalence, secondary assignments, counters 
and shift registers, fault detection and diagnosis. 
Topics for optional laboratory session: design and 
construction w ith TTL integrated circu it chips of 
counters, shift registers, adders, and other arithmetic 
circuits in digital computers. At the level o f Switching  
Circuits: Theory and Logic Design  by Torng.

IEE676 (4488) Computer Structures (u,g)
Spring. Credit three hours, or four hours with labora
tory. Three lectures, one laboratory. Prerequisite: 
IEE675 or Computer Science ICS314, or consent of 
instructor. Laboratory work in IEE675 is prerequisite 
for laboratory work in IEE676. N. M. Vrana.

Architecture and design of computing systems, con
figuration of components, hard-wired and m icropro
grammed control sequencer design, design of 
input-output and interrupt systems, memory organiza
tion, combinational logic and sequential circuits used 
in computers. In the optional laboratory session, 
each laboratory group will design and build an 8-bit 
general-purpose computer using TTL integrated cir
cuit chips. At the level o t Digital Systems: Hardware 
Organization and Design by Hill and Peterson.

IEE677-678 (4587-4588) Computer Architecture  
and Design I and II (g) Fall and spring. Credit tour 
hours each term. Prerequisite: IEE676 or consent of 
instructor. H. C. Torng.

This sequence of courses emphasized the architec
ture and design principles and the methodology of 
computers and computer networks. Topics include: 
evaluations of the implication and impact o f technol
ogies, analysis and modeling of hardware and soft
ware components, performance evaluations, 
m icroprogramming and microprocessors, implemen
tation of multiprogramming and multiprocessing, par
allel processings, pipelining processing, computer 
network topology, com m unication and processing, 
trade-offs in terms of performance and cost, com put
er reliability.

IEE771 (4505) Estimation and Control In Dis
crete Linear Systems (g ) Fall. Credit four hours. 
Three lectures. Prerequisite: IEE410 or consent o f in
structor. J. S. Thorp.

Optimal control, filtering and prediction for discrete 
time linear systems with extensive use of the 
A P L/360  system. Approximation on discrete point 
sets, curve fitting with various error measures. Mod
eling of discrete time systems with applications to 
tracking and estimation problems. Optimal control of 
discrete time linear systems, the principle of optimali
ty. Optimal filtering and prediction for discrete time 
linear systems, Kalman filtering. Stochastic optimal 
control, the separation principle. No knowledge of a

programming language is assumed. The APL lan
guage will be learned during the term through use of 
a library of programs written for the course. A t the 
level of Stochastic Optimal L inear Estimation and  
Control by Meditch.

IEE772 (4506) Optimal Control and Estimation 
for Continuous Systems (g) Spring. Credit four 
hours. Three lectures. Prerequisite: IEE771 or con
sent o f instructor. J. S. Thorp.

Methods ot design problem formulation, com putation
al techniques, and mathematical background are de
veloped for the implementation of continuous optimal 
control and estimation. Deterministic and stochastic 
controls as well as unbiased estimators are formulat
ed on both finite and infinite time intervals. Extensive 
examples are given such as re-entry vehicle flight- 
control, rocket-booster guidance, aircraft tracking, 
and human operator simulation. Methods of succes
sive approximation and substitution are presented for 
minimization with respect to  parameters and func
tions, with and w ithout equality and inequality con
straints. Properties of Lyapunov and Riccati 
equations are discussed. Material is illustrated by the 
student use of an APL library of com puter programs 
tor the automated design of continuous contro ls and 
estimators.

[IEE773 (4681) Random Processes In Control 
Systems (g) Spring. Credit four hours. Three lec
tures. Prerequisites: IEE762 and IEE772. Not offered 
in 1974-75.

Prediction and filtering in control systems; Gaussian- 
Markov sequence, Gaussian-Markov process, pre
diction problem, generalized Wiener filtering, sto
chastic optimal and adaptive control problems. 
Selected topics: Bayes decision rule, min-max policy, 
maximum likelihood estimate, control o f systems with 
uncertain statistical parameters; stochastic differential 
equations, optimal nonlinear filtering; stability o f con
trol systems w ith random parameters ]

Radio and Plasma Physics and Electromagnetic 
Theory

IEE410 (4410) Therm al and Statistical Physics 
tor Engineers (u ) Spring. Credit three hours. Pre
requisite: IEE411 or equivalent. R. Liboff.

Thermodynamic principles. Elementary theory of 
transport coefficients. Electrical noise. Quantum and 
classical statistics. Black body radiation. Thermal 
properties of solids. Elementary descriptions of su
perfluidity, superconductivity, and the laser.

IEE581 (4461) Wave Phenomena In the Atmos
phere (u,g) Fall. C redit three hours. Three lecture- 
recitations. Prerequisites: IEE312 and IEE314.

An elementary treatment of wave phenomena in the 
atmosphere of the earth, including gravity waves, 
planetary waves, acoustic waves, radio waves, and 
plasma waves; attention is directed to  the role of 
these phenomena in various atmospheric processes 
and engineering problems such as weather, diffusive 
transport, air-sea interaction, radio communication, 
and remote sensing.
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IEE582 (4462) Radio Engineering (u,g) Spring 
Credit three hours. Three lecture-recitations. Prereq
uisites: IEE314 and IEE410.

Electrical systems for communications, control, de
tection, and other purposes in which radiowaves play 
a central role: system functions, including generation, 
modulation, transmission, reception, and demodula
tion; guidance, radiation, and propagation of radio
waves, including transmission lines and waveguides, 
antenna systems, and the effects of atmospheric in
homogeneity; system design problems.

IEE680 (4464) Elementary Plasma Physics and 
Gas Discharges (u,g) Spring. Credit three hours. 
Two lectures, one laboratory. Prerequisite: IEE314 or 
equivalent. J. A. Nation, C. B. Wharton.

Review of electromagnetic wave theory and applica
tions. Gas discharges and arcs: positive column, co l
lisions, mobility, diffusion, breakdown, sheaths, DC 
and RF excitation, transition trom glow to  arc, Lang- 
muir and conductance probes, reflex discharge, ef
fects of magnetic field. Plasma as a dielectric 
medium, interaction of electromagnetic waves (e.g., 
microwaves) with plasma in free space and finite re
gions, Plasma oscillations, space-charge waves, cy
clotron harmonic radiation, Tonks-Dattner 
resonances, effects ot plasma temperature. At the 
level of Plasma Diagnostics with Microwaves by 
Fleald and Wharton.

IEE681 (4561) Introduction to Plasma Physics
(u,g) (Same as Applied and Engineering Physics 
IPE606). Fall. Credit three hours. Three lectures. Pre
requisites: IEE313 and IEE314 or equivalent. Open to 
fourth-year students at discretion of instructor.

Plasma state; motion of charged particles in fields; 
adiabatic invariants, collisions, coulom b scattering; 
Langevin equation; transport coefficients, ambipolar 
diffusion, plasma oscillations and waves; hydromag- 
netic equations; plasma confinement, energy princi
ples, and m icroscopic instabilities; test particle in a 
plasma; elementary applications. At the level of El
ementary Plasma Physics by Longmire.

IEE682 (4564) Advanced Plasma Physics (u,g)
(Same as Applied and Engineering Physics IPE607). 
Spring. Credit three hours. Three lectures. Prerequi
site: IEE681.

Boltzmann and Vlasov equations; moments of kinetic 
equation, Chew-Goldberger-Low theory, waves in hot 
plasmas, Landau damping, instabilities due to aniso
tropies in velocity space, gradients in magnetic field, 
temperature and density, effects of collisions and 
Fokker-Planck terms; high-frequency conductivity 
and fluctuations, quasilinear theory; neoclassical to
roidal diffusion, relativistic beams.

IEE683 (4511) Electrodynamics (g) Fall Credit 
four hours. Three lectures, one recitation. Prerequi
sites: IEE312 and IEE314, or equivalent.

Foundations of electromagnetic theory. Maxwell's 
equations, electromagnetic potentials, and integral

representations of the electromagnetic field. Special 
theory of relativity. Radiation of accelerated charges 
and Cerenkov radiation. Electrodynamics of disper
sive and anisotropic media. Normal modes of wave
guides and cavities. Surface waves and leaky waves. 
At the level of Theory o f Electromagnetism  by Jones.

IEE684 (4514) Microwave Theory (g ) Spring 
Credit four hours. Three lectures, one recitation. Pre
requisites: IEE312 and IEE314, or equivalent.

Theory of passive microwave devices. Waves in hom
ogeneous and inhomogeneous waveguides; propaga
tion and distortion of pulses; application of gyrotropic 
media to nonreciprocal waveguide devices. Scatter
ing matrix analysis ot multiport junctions, resonant 
cavities, directional couplers, isolators, circulators. 
Periodic waveguides. Elastic waves in solids and 
their microwave applications. At the level of Introduc
tion to the Theory o f Microwave C ircuits  by Kuroka- 
wa.

[IEE685-686 (4551-4552) Upper Atmosphere 
Physics I and II (u,g) Fall and spring. Credit three 
hours each term. Three lectures. Prerequisite:
IEE314. Not offered in 1974-75.

The physical processes governing the behavior of 
the earth 's ionosphere and magnetosphere. Topics 
will include diagnostic measurement techniques; pro
duction, loss, and transport of charged particles in 
the ionosphere and magnetosphere; temperature var
iations; airglow; tidal motions, winds, and gravity 
waves in the ionosphere; the electrical conductivity 
of the ionosphere, the dynam o-current system, and 
the equatorial and auroral electrojets; plasma instabil
ities in the ionosphere; interactions between the ion
osphere, magnetosphere, and solar wind; 
acceleration and drift o f energetic particles in the 
magnetosphere; precipitation of particles and the au
rora; magnetic and ionospheric storms. A t the level 
of Introduction to Ionospheric Physics by Rishbeth 
and Garriott.j

IEE687 (4565) Radiowave Propagation I (u,g)
Fall. Credit three hours. Three lectures. Prerequisites: 
IEE314 and IEE410 or equivalent. D. T. Farley.

Propagation in the earth 's environment: troposphere, 
ionosphere, magnetosphere, and interplanetary 
space. Diffraction and surface wave propagation; tro
pospheric refraction and ducting; propagation in the 
ionospheric plasma, including magnetoionic theory, 
the CMA diagram, cross modulation and Faraday ro
tation, whistler mode propagation, ion effects and ion 
whistlers, group velocity and ray tracing. WKB solu
tions of the coupled-wave equations.

IEE688 (4566) Radiowave Propagation II (u,g)
Spring. Credit three hours. Three lectures. Prerequi
site: IEE687 or equivalent. D. T. Farley.

Full-wave solutions of the coupled-wave equations, 
interactions between particles and waves in the mag
netosphere, radar astronomy, the scattering of radio 
waves from random fluctuations in retractive index, 
tropospheric and D region ionospheric scatter prop
agation, incoherent scatter trom the ionosphere and
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its use as a diagnostic tool, radio star and satellite 
scintillations and their use in studying the ionosphere 
and solar wind.

IEE781 (4661) Kinetic Theory (g) (Same as Ap
plied and Engineering Physics IPG761). Spring, every 
other year. Credit three hours. Two lectures. Prereq
uisite: Physics BPS561, BPS562, or consent of in
structor. R. L. Liboff.

Designed for students wishing a firm foundation in 
fluid dynamics, plasma-kinetic theory, and nonequili
brium statistical mechanics. Brief review ot classic 
dynamics. The concept o f the ensemble and the the
ory o f the Liouville equation. Prigogine and Bogoliu- 
bov analysis o f the BBKGY sequence. Master 
equation, density matrix, W igner distribution. Deriva
tion ot fluid dynamics. Boltzmann, Krook, Fokker- 
Planck, Landau, and Balescu-Lenard equations. 
Properties and theory of the linear Boltzmann colli
sion operator. Chapman-Enskog and Grad methods 
of solution of the Boltzmann equation. Klimontovich 
formulation. Kubo theory. Coarse graining and er- 
godic theory. At the level of Introduction to the Theo
ry  o t K inetic Equations by Liboff.

IEE782 Nonlinear Phenomena In Plasma Phys
ics (g) Fall. C redit three hours. Corequisite:
IEE682. E. Ott.

Nonlinear processes in plasmas and their implica
tions for such diverse fields as controlled thermonu
clear fusion and space plasmas. (1 ) Coherent 
nonlinear processes (echoes, trapped particles, soli
tary waves, shocks, and parametric instabilities); (2) 
statistical theories of plasma turbulence (quasilinear 
theory, wave kinetic equations, the random phase 
approximation, resonant mode-mode coupling, non
linear Landau damping, Dupree’s theory of strong 
plasma turbulence, anomalous resistivity and d iffu
sion, and turbulent heating). A t the level of current 
articles in Physics o f Fluids and Journal o f Ex
perimental and Theoretical Physics (Soviet Physics).

General

IEE591-592 (4591-4592) Pro|ect (u,g) Fall and 
spring. Credit three hours.

Individual study, analysis, and, usually, experimental 
tests in connection with a special engineering prob
lem chosen by the student after consultation with the 
faculty member directing his project; an engineering 
report on the project is required.

IEE691-692 Special Topics In Electrical Engi
neering (u,g) Credit one to three hours.

Seminar, reading course, or other special arrange
ment agreed upon between the students and faculty 
members concerned.

IEE791-792 (4691-4692) Electrical Engineering 
Colloquium (g) Fall and spring. Credit one hour 
per term. For graduate students enrolled in the Field 
of Electrical Engineering.

Lectures by visiting authorities, staff, and graduate

students. A  weekly meeting fo r the presentation and 
discussion ot important current topics in the field.

IEE793-794 (4595-4596) Electrical Engineering 
Design (g) Fall and spring. Credit three hours per 
term. Offered for students enrolled in the M. Eng. 
(Electrical) degree program.

Utilizes real engineering situations to  present funda
mentals of engineering design.

IEE795-799 (4700-4800) Special Topics In Elec
trical Engineering (g) Credit one to  three hours.

Seminar, reading course, or other special arrange
ment agreed upon between the students and faculty 
members concerned.

Courses of Interest to Students in 
Other Curricula

IEE210 (4210) Introduction to Electrical Systems
(u ) Either term. Credit three hours. Three lecture- 
recitations. Prerequisites: Mathematics BMA192 and 
Physics BPS112.

A  core-science course intended to develop compe
tence in several analysis skills appropriate to  the field 
of electrical engineering and to  impart understanding 
of the physical basis tor the concepts associated 
with the  skills. Topics include: electrical c ircuit el
ements (resistors, capacitors, inductors, independent 
sources, and branch relationships); time functions 
and their representation (real exponentials, complex 
numbers, trigonometric functions, and com plex expo
nentials); response of simple networks and the impe
dance concept (natural response, forced response to 
periodic excitation, and pole zero concepts); circuit 
equations and methods of solution (branch equa
tions, K irchhoff’s laws, nodal and mesh equations, 
matrix methods of solution, and Norton and Thevenin 
equivalents); controlled sources and modeling of de
vices (representation of idealized electronic and elec
tromechanical devices).

IEE220 (4220) Electrical Engineering Laboratory
(u) Spring. Credit three hours. Two lectures, one 
laboratory. Prerequisite: IEE210.

An experimental introduction to basic electrical 
measuring techniques and instruments, electronic 
devices, and circuits. Design of practical analog and 
digital circuits. Use of integrated circuits. Individual 
projects.

Engineering Physics

See p. 71.

Environmental Engineering

See p. 79.
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Geological Sciences

The courses in geological sciences are listed under 
the follow ing headings: Freshman and Sophomore 
Courses; Junior, Senior, and Graduate Courses; and 
Field Courses.

Freshman and Sophomore Courses

IGE101 Introductory Geological Science (u) Ei
ther term. Credit three hours. Two lectures, one lab
oratory, field trips. Two scheduled preliminary 
examinations will be held at 7:30 p.m. during the 
term. Fall: W. B. Travers; spring: J. M. Bird.

Designed to give students a comprehensive under
standing of earth processes, features, and history. 
Basic knowledge for more specialized courses or a 
major in geological sciences. Study of the earth, par
ticularly materials, structure, internal condition, and 
the physical and chemical processes at work. Princi
ples of interpretation of earth history, evolution of 
continents, oceans, mountain systems, and other 
features; development o f its animal and plant inhabi
tants.

IGE102 Introduction to Historical Geology (u)
Spring. Credit three hours. Prerequisite: IEG101 rec
ommended. Two lectures, one laboratory. Two 
scheduled preliminary examinations will be held at 
7:30 p.m. during the term. J. L. Cisne and staff.

History of the earth and life in terms of the processes 
by which they have evolved. Study of the geologic 
record, its formation, and the ways it is used in inter
preting earth history. Introduction to the evolution of 
life and to  fossils and their use in reconstructing past 
environments and dating rocks. A continuation of 
IGE101 which can be taken as a separate course.

IGE103 Earth Science (u) Fall Credit three 
hours. (See Earth Science Laboratory IGE105.)
Three lectures. A. L. Bloom.

Physical geography, including the spatial relation
ships of the earth, moon, and sun that determine the 
figure of the earth, time, seasons, atmospheric and 
oceanic circulation, and climates.

IGE105 Earth Science Laboratory (u) Fall. Cred
it one hour. To be taken concurrently with IGE103. 
One laboratory. A. L. Bloom.

Observation and calculation of daily, monthly, and 
seasonal celestial events; topographical mapping and 
map interpretation; world climatic regions.

IGE131 Geology and the Environment (u) Fall 
Credit three hours. Two lectures, one laboratory, 
field trips.

The principles of geological science, with emphasis 
on the physical phenomena and rock properties as 
they influence the natural environments of man. Lab
oratory analysis of the cause and effect o f geological 
problems encountered in the planning, construction,

and operation of man’s works, and the influence of 
environmental factors.

IGE162 Mineral and Energy Resources (u)
Spring. Credit three hours. Two lectures. B. 

Bonnichsen, W. B. Travers.

Utilization of and our dependence upon mineral re
sources; their nature, occurrence, distribution, and 
availability at home and abroad; political and eco
nomic aspects of their availability and control. Dis
cussion of the energy crises and the long-term 
development of additional energy reserves. Explora
tion and recovery methods for petroleum, natural 
gas, coal, uranium, and geothermal power, and the 
environment damage from recovery are discussed.

IGE232 Environmental Geology (u) Spring.
Credit three hours. Prerequisite: IGE101, IGE102, or 
IGE131. Two lectures, laboratory and discussion pe
riod, field trips.

The geologic basis of man’s environment and rele
vant impact on such aspects as: ecosystems, trace 
elements and health, energy and mineral resources, 
land use, population, laws and policies, pollution, dis
posal of radioactive and industrial wastes, and the 
common geologically caused hazards. Laboratory ex
ercises on major problems, discussion sessions, field 
trips, and a special project.

Junior, Senior, and Graduate 
Courses

Of the following, the core courses IGE325, IGE345, 
IGE355-356, IGE376, and IGE388 may be taken by 
those who have successfully completed IGE101-102 
or the equivalent, or who can demonstrate to  the in
structor that they have adequate preparation in 
mathematics, physics, chemistry, biology, or engi
neering.

Core C ourses

IGE325 Structural Geology and Sedimentation
(u) Spring. Credit four hours. Suggested prerequi
site: IGE355 or consent of instructor. Three lectures, 
one laboratory. W. B. Travers.

Nature, origin, and recognition of geologic structures. 
Behavior of geologic materials, stresses, geomechan
ical and tectonic principles applied to the solution of 
geologic problems. Analysis of structural features by 
three-dimensional methods. Introduction to  the se
dimentary and hydraulic processes and petrology of 
sedimentary rocks. Description, classification, prove
nance, transportation, and depositional environment 
of sediments. The relationship between sed
imentary structures, clay mineralogy, and prelithifica- 
tion deformation as indications of regional tectonic 
history. Compaction and diagenesis o f sediments.

IGE344 Geological Oceanography (u,g) Spring 
Credit three hours. Prerequisite: IGE102 or Biological 
Sciences OBG461. Three lectures. Training cruise, 
depending on ship availability. A. L. Bloom, D. E. 
Karig.



106 Geological Sciences

Shoreline erosion, transportation, and deposition; ori
gin and structure of continental shelves and ocean 
basins. Geologic processes and geomorphic devel
opment in the marine environment.

IGE345 Geomorphology (u) Fall Credit four 
hours. Prerequisite: IGE102 or consent o f instructor. 
Two lectures, one laboratory. Additional assigned 
problems. A. L. Bloom.

Description and interpretation of land form s in terms 
of structure, process, and stage.

IGE355 Mineralogy, Petrology, and Geochemls-
try I (u ) Fall. Credit four hours. Prerequisite:
IGE102 or consent of instructor. Two lectures, one 
laboratory. Assigned problems and readings. Field 
trips. B. Bonnichsen.

Megascopic and optical properties, chemistry, and 
petrogenetic significance of rock-form ing minerals. 
Principles of phase equilibria as applied to  igneous 
and m etamorphic systems. Description, classification, 
chemistry, petrography, origin, and regional d istribu
tion of igneous and metamorphic rocks. Geochemical 
distribution of trace elements and isotopes in igneous 
and metamorphic systems. Study of representative 
rock suites from various igneous and metamorphic 
terranes.

IGE356 Mineralogy, Petrology, and Geochemis
try II (u ) Spring. Credit four hours. Two lectures, 
one laboratory. Assigned problems and readings.
Field trips. B. Bonnichsen.

A continuation of IGE355.

IGE376 Historical Geology and Stratigraphy (u)
Fall. Credit four hours. Two lectures, two laborato
ries. Additional assigned problems. J. L. Cisne.

Application of geologic principles to  interpretation of 
earth history; development of the geologic column, 
geochronology, and geochronometry; correlation and 
the zone concept; sedimentary environments and 
provinces; geosynclines and platforms; problems of 
the pre-Cambrian and continental evolution.

IGE388 Geophysics and Geotectonics (u)
Spring. Credit four hours. Prerequisites: Mathematics 
BMA112 and Physics BPS208 or equivalent. Three 
lectures. Laboratory, to  be arranged. B. L. Isacks, J. 
E. Oliver.

Global tectonics and the deep structure of the solid 
earth as revealed by investigations of earthquakes, 
earthquake waves, the earth 's gravitational and mag
netic fields, and heat flow.

Advanced Courses

IGE410 Experiments and Techniques In Earth 
Sciences (u,g) Spring. Credit two hours. Prerequi
sites: Physics BPS207-208 and Mathematics

BMA191-192 (or equivalents), or consent o f instruc
tor. Laboratory and field experiments chosen in ac
cordance with the students' interests and designed 
to familiarize them with instruments and techniques 
used in earth sciences. Independent work is 
stressed.

IGE423 Petroleum Geology (u,g) Fall. Credit 
three hours. Suggested prerequisite: IGE325. Three 
lectures, one laboratory. Field trip. W. B. Travers.

Sedimentation and tectonics as conditions of hydro
carbon entrapment. Problems of petroleum explora
tion, including geophysical investigations, subsurface 
mapping, the movement o f underground fluids, and 
the geophysical properties of subsurface fluids and 
sediments. The organization and operation of the pe
troleum industry; on-shore and off-shore exploration 
and production techniques. Future petroleum prov
inces, particularly in the off-shore region, and case 
histories of selected oil fields.

[IGE424 Tectonics of Orogenlc Zones: Modern 
and Ancient (u,g) Spring. Credit three hours. O f
fered in alternate years. Prerequisite: consent of in
structors. D. E. Karig, W. B. Travers. Not offered in 
1974-75.

A  comparative study of island arcs and mountain 
ranges, including Indonesia, the Alps, and the Apen
nines.)

IGE428 Geomechanics (u,g) Spring. Credit three 
hours. Prerequisite: Mathematics BMA240 or 
BMA296, Geology IGE101. Three lectures. D. E. 
Karig, D. L. Turcotte.

This course will utilize mathematical analysis to  ex
plain a range of geological observations. Specific ex
amples to be considered include: ocean 
ridges— their thermal structure, elevation, heat flow, 
and gravity; ocean trenches— the structure and me
chanics of the bending lithosphere; folding—  
buckling, viscous and plastic flow; faulting— a de
tailed mechanical and geological study of the San 
Andreas Fault; intrusives— geothermal power.

[IGE436 (436) Rock Deformation (u ,g) Spring 
Credit three hours. Prerequisite: IGE325. Three lec
tures. Not offered in 1974-75.

Review of stress analysis and behavior o f materials, 
both the rock mass and sample. Fundamentals of 
deformation pertaining to  the crustal rocks and the 
problems of geological sciences.)

IGE461 Mineral Deposits: Metals (u ,g) Fall. 
Credit four hours. Prerequisite: IGE356 or consent of 
instructor. Two lectures, one laboratory. Assigned 
problems and readings. Field trir. B. Bonnichsen.

Description, origin, distribution, and econom ic signifi
cance of the principal types of metallic ore deposits. 
Principles and processes involved in the formation of 
metallic ore deposits w ithin the context o f their ge
ologic environments. Megascopic and microscopic 
identification of principal opaque ore minerals; hand- 
sample and m icroscopic study of representative ore 
and rock suites from various mining districts.
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IGE462 Mineral Deposits: Nonmetals (u,g)
Spring. Credit four hours. Prerequisite: IGE461 or 
consent of instructor. Three lectures, one laboratory. 
Field trips. Staff.

Properties, occurrence, associations, distribution, and 
economic utilization of the industrial minerals and 
rocks.

IGE471 Invertebrate Paleontology (u,g) Fall. 
Credit four hours. Prerequisite: IGE102; invertebrate 
zoology recommended. Two lectures, two laborato
ries. J. L. Cisne.

Paleobiology and classification of important fossil in
vertebrates. Problems of evolution. Use of organisms 
in reconstructing past environments.

IGE483 Marine Tectonics (u,g) Fall. Credit three 
hours. Prerequisites: IGE325 and a course in physics 
or geophysics. Lectures to  be announced. Possible 
field trips. D. E. Karig.

Study of geophysical and geological characteristics 
of the earth’s crust beneath the oceans. Review of 
strengths and lim itations of marine exploratory tech
niques. Emphasis on recent geologic data concern
ing plate margins in the ocean, especially the island 
arc systems.

IGE485 Physics of the Earth I (u,g) Fall Credit 
three hours. Open to upperclass engineers, majors in 
the physical sciences, and others by consent of in
structor. D. L. Turcotte.

Rotation and figure of the earth, gravitational field, 
seismology, geomagnetism, creep and anelasticity, 
radioactivity, earth's internal heat, continental drift, 
and mantle convection.

IGE486 Physics of the Earth II (u,g) Spring. 
Credit three hours. Open to upperclass engineers, 
majors in the physical sciences, and others by con
sent of instructor; Physics of the Earth I is not re
quired. A. R. Seebass.

Composition and structure of the atmosphere and 
oceans, radiative balance, heat budget, dynamics of 
the oceans and atmosphere, tides, geostrophic mot
ions and thermal wind, Rossby waves and cyclogen- 
esis, internal waves and seiches.

IGE488 Introduction to Geophysical Prospecting 
(u,g) Fall. Credit three hours. Prerequisites: Physics 
BPS112-213 and Mathematics BMA191-192, or 
equivalents, or consent of instructor. Two lectures.
S. Kaufman.

Covers the physical principles, instrumentation, oper
ational procedures, and interpretation techniques in 
geophysical exploration for oil, gas, and minerals. 
Emphasis is on the seismic reflection, seismic refrac
tion, gravity, and magnetics methods of exploration.

IGE490 Senior Thesis (u) Either term. Credit one 
hour. Staff.

[IGE632 Exploration Geology (g) Spring. Credit 
three hours. Prerequisite: field geology and, usually,

graduate standing. Two lectures, one laboratory. Not 
offered in 1974-75.

Methods of exploration and appraisal of geologic 
data from both field and laboratory Investigations. 
Assessment o f environmental geology and the pres
entation of direct and indirect information for profes
sional purposes.)

[IGE633 Environmental/Engineering Geology: 
Theory (g) Fall. C redit three hours. Prerequisite: 
IGE325; IGE355-356 and IGE345 recommended.
Two lectures, one laboratory. Field trips. Not offered 
in 1974-75.

Advanced study of physical phenomena and rock 
properties of special importance from the planning 
through the operation stages of engineering works 
and in man's environment; includes underground 
fluids, subsidence, gravity movement, seismicity, geo
mechanics and stresses, rock mechanics, weather
ing, and geologic materials of construction. Analysis 
of geologic problems encountered in practice; pre
dicting the influence of natural and man-made envi
ronmental factors.)

{IGE635 Engineering Geology: Practice (g) Fall. 
Credit three hours. Offered in alternate years. Pre
requisites: IGE633 or IGE325, IGE355-356, and 
IGE345. Two lectures, one laboratory. Field trips. Not 
offered in 1974-75.

Application of geological principles in the planning- 
design, construction, and operation of engineering 
works. Case histories, analysis, and evaluation of 
physical environmental factors, remedial treatment, 
and reports.)

[IGE642 Glacial and Pleistocene Geology (g)
Spring. Credit three hours. Prerequisite: IGE345 or 
consent of instructor. Two lectures, one laboratory. 
Several Saturday field trips. A. L. Bloom. Not offered 
in 1974-75.

Glacial processes and deposits and the stratigraphy 
of the Pleistocene.)

IGE673 Stratigraphy (g) Fall. Credit three hours. 
Offered in alternate years. Prerequisite: IGE376. Two 
lectures and one hour to be arranged. J. M. Bird.

Principles of stratigraphy, developed by detailed 
study of selected American and European systemic 
examples.

IGE681 Geotectonics (g) Fall Credit four hours. 
Prerequisite: consent o f instructor. Two lectures. J.
M. Bird.

Theories of orogeny; ocean and continent evolution. 
Kinematics of lithosphere plates. Rock-time assem
blages of modern oceans and continental margins, 
and analogs in ancient orogenic belts. Time-space 
reconstructions of specific regions. Problems of dy
namic mechanisms— corollaries and evidence from 
crustal features.

IGE687 Seismology (g) Fall. Credit three hours. 
Prerequisite: Mathematics BMA421, BMA422,
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BMA423, or equivalent. Two lectures and one hour 
to be arranged. B. L. Isacks, J. E. Oliver.

Theories of generation and propagation of elastic 
waves in the earth. Derivation of the structure of the 
earth and the mechanisms of earthquakes from seis- 
mological observations.

IGE688 Gravity, Geomagnetism, and Heat Flow
(g) Spring. Credit three hours. Prerequisite: Math
ematics BM A421, BMA422, BMA423, or equivalent. 
Two lectures and one hour to be arranged. D. L. 
Turcotte.

Measurement and mathematical description of the 
gravitational and magnetic fields of the earth; heat 
flow; gravitational, magnetic, and heat flow anomalies 
and the structure of the earth; theories of the origin 
of the geomagnetic field. Selected advanced topics.

IGE690 Seminars and Special Work (g)
Throughout the year. Credit two hours a term. Pre
requisite: consent of instructor.

Advanced work on original investigations in geologi
cal sciences.

IGE690-1 Structural geology, sedimentation, and
tectonics. W. B. Travers.

IGE690-2 Petrology of Igneous Rocks and Met
allic Ore Deposits. B. Bonnichsen.

IGE690-3 Coastal geomorphology and Pleisto
cene geology. A. L. Bloom.

IGE690-4 Environm ental/engineering geology,
geomechanics, and hydrogeology. G. A. Kiersch.

IGE690-5 Geophysics, seismology, gravity, mag
netism, heat flow, geotectonics. B. L. Isacks, D. E. 
Karig, J. E. Oliver, D. L. Turcotte.

IGE690-6 Invertebrate paleontology and paleo-
ecology. J. L. Cisne.

IGE690-7 Mineral deposits and resources. Staff.

IGE690-8 Environmental problems. W. B. Trav
ers.

IGE690-9 Marine geology. D. E. Karig.

IGE690-10 Plate tectonics and geology. J. M.
Bird.

Field Courses

[IGE601 Intersession Field Trip (u,g) Credit one 
hour. Prerequisites: IGE101-102 or equivalent and 
consent of instructor. Not offered 1974-75.

A trip of one week to  ten days in an area of interest
ing geology in the lower latitudes. Travel and subsist
ence expenses to be determined. Interested students 
should contact the instructor during the early part of 
the fall semester.]

IGE602 Introductory Field Geology (u,g) Spring. 
Credit one hour. Prerequisites: one introductory

course and IGE325, o r consent o f instructor. Four 
weekend trips and two laboratory meetings. Times to 
be arranged. W. B. Travers.

Techniques of field mapping will be learned by ex
amining selective localities in southern New York and 
vicinity. Techniques will include use of the Brunton 
compass, detailed field descriptions of various rock 
types, the identification and field use of fossils, and 
the description of land forms. The students will make 
detailed and regional geologic maps, construct cross 
sections and colum nar sections, and make observa
tions on the environment of deposition or conditions 
of emplacement of rocks and describe the ir subse
quent geologic history.

IGE704 Western Field Course (g) Spring. Credit 
six hours. Prerequisites: four courses in geological 
sciences at the 300 level, and consent of instructor.
F 2-4:25, and a 38-day trip to California, Nevada, 
and Utah.

A  comparative study of our mountain ranges: Califor
nia Coast Range, Sierra Nevada, Basin and Range of 
Nevada, and Uinta Mountains, Utah. Seminar discus
sions and extensive reading at Cornell will precede 
the trip. Study of the follow ing geologic problems is 
the main emphasis of the course: Mesozoic subduc- 
tion near San Luis Obispo, California; recent earth 
movements along the San Andreas Fault near San 
Francisco; granitic pluton emplacement and volcan- 
ism in the northern Sierra Nevada; multiple-phase 
mountain building near Dixie Valley, Nevada; and 
sedimentology and block faulting of the Uinta Moun
tains, Utah. The latter will be seen during a five-day 
raft trip on the Green River through the core of the 
Uinta Mountains. An oil field in California and a cop
per mine in Nevada will be visited. Special lectures 
and field trips will be led by local experts.

Industrial Engineering and 
Operations Research

Undergraduate Courses

IOA213 (9113) Systems Analysis and Design (u)
Spring. Credit three hours. Two lectures, one recita
tion. Prerequisite: Mathematics BMA293. J. A. Muck- 
stadt.

Introduction to  the modeling of systems, using the 
concepts of states and transitions. Formulation of 
models common to problems in various branches of 
engineering. Use of graph theory, difference equa
tions, and Markov chains to  analyze and design stat
ic and dynamic systems.

IOA260 (9160) Introductory Engineering Proba
bility (u) Either term. Credit three hours. Three lec
tures. Prerequisite: first year calculus. T. J. Santner, 
M. S. Taqqu, L. I. Weiss.

Affords students a working knowledge of some of the 
basic tools in probability theory and the ir use in engi
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neering. This may be the last course in probability 
for some students, or it may be followed by a course 
in probability or statistics. The topics include: a defi
nition of probability: basic rules for calculating with 
probabilities when the number of possible outcomes 
is finite; discrete and continuous random variables; 
probability distribution and density functions; expect
ed values, jointly distributed random variables, and 
marginal and conditional distributions; special distri
butions important in engineering work; the normal, 
exponential, binomial, Poisson, and other distribu
tions, and how they arise in practice; and Markov 
chains and applications.

IOA270 (9170) Basic Engineering Statistics (u)
Either term. Credit three hours. Two lectures, one 
recitation. Prerequisite: first year calculus. Staff.

Affords students a working knowledge of basic statis
tics as it applies to  engineering work. For students 
who wish to learn more about statistics, a course in 
probability (e.g., IOA260) followed by a course in 
statistics (e.g., IOC370) are recommended. The 
topics are: graphical and numerical methods of rep
resenting data— histograms and cumulative frequen
cy polygons, sample means and variances; basic 
tools of probability, discrete and continuous random 
variables, probability distribution and density func
tions, expected values and "popu la tion”  moments, 
special distributions— the normal, chi-square, binomi
al, and others; tests of "s ign ificance" and one-sided 
and two-sided hypothesis tests concerning the mean 
of a normal distribution when the standard deviation 
is known (unknown); hypothesis tests concerning the 
variance of a normal distribution; point- and confi- 
dence-interval estimation; correlation and curve fitting 
by least squares.

IOA335 (9135) Introduction to Game Theory (u)
Spring. Credit three hours. Three lectures. M. J. Eis
ner.

A  broad survey of the mathematical theory of games, 
including such topics as two-person matrix and bi
matrix games; cooperative and non-cooperative n- 
person games; games in extensive, normal, and 
characteristic function form. Economic market 
games. Structure theory for games arising from com 
plex organizations.

IOC301 (9301) Introduction to Systems Engi
neering (u) Fall. Credit three hours. Three lecture- 
recitations. B. W. Saunders.

An introduction to modern systems engineering con
cepts. Historical development of industrial engineer
ing, the emergence of operations research 
techniques, and the maturing of classical industrial 
engineering into the more universal systems engi
neering methodology. Industrial organizations and 
their functions of production, marketing, costing, 
etc.; parallels drawn with their counterparts in health
care systems, governmental systems, and other serv
ice industries to demonstrate the universality of sys
tems methodology.

IOC320-321 (9320-9321) Optimization Models 
and Methods In Industrial Engineering and Oper

ations Research l-ll (u) Fall: IOC320; four hours 
credit; three lectures, one recitation. Spring: IOC321; 
three hours credit; two lectures, one recitation. Pre
requisites: Mathematics BMA293 and the rudiments 
of com puter programming and probability (as pre
sented in IOA260). M. J. Todd.

Formulation, analysis, and solution of classes of op
timization models arising in industrial engineering and 
operations research. Modeling of resource allocation, 
production planning, distribution, inventory, location, 
investment, and engineering design problems. Deter
mination of objectives and decision alternatives. 
Properties and solution techniques for models de
scribed in terms of the follow ing dichotomies: deter
ministic-probabilistic, univariate-multivariate, 
constrained-unconstrained, linear-nonlinear, discrete- 
continuous, static-dynamic, and single-multiple deci
sion makers. Methodologies include the simplex 
method, gradient techniques, recursive procedures, 
heuristics, etc. Synthesis of IE/OR techniques; inter
play between formulation and solution.

IOC350 (9350) Cost Accounting, Analysis, and 
Control (u) Either term. Credit four hours. Three 
lecture-recitations, one computing session. R. N. 
Allen.

Accounting theory and procedures, financial reports; 
product costing in job-order and process-cost sys
tems— historical and standard costs; cost character
istics and concepts for analysis, control, and 
decision making; differences between accounting 
and engineering objectives in the development and 
uses of cost data. Introduction to  decision making 
based on econom ic criteria.

IOC361 (9361) Probabilistic Models In Industrial 
Engineering and Operations Research (u)
Spring. Credit four hours. Three lectures, one com
puting session. Prerequisite: IOA260 or equivalent. 
Staff.

Various probabilistic techniques are developed and 
used to  model random processes. The emphasis is 
on deriving and building descriptive probabilistic 
models o f processes found in a variety o f practical 
situations. Topics include: Markov chains, Poisson 
process with extensions, exponential models, 
queuing models, renewal processes, and reliability 
models.

IOC370 (9370) Introduction to Statistical Theory 
with Engineering Applications (u) Either term 
Credit four hours. Three lectures, one recitation. Pre
requisite: a course in probability (e.g., IOA260). T. J. 
Santner.

Provides a working knowledge of basic statistics as it 
is most often applied in engineering work, and a ba
sis in statistical theory for continued study and fur
ther application. A variety of statistical procedures 
are presented, together with the theoretical principles 
on which they are based. May be followed by 
IOE512 or IOC371 or by Industrial and Labor Rela
tions 311 or Statistics and Biometry 511. Topics in
clude a review of distributions of special interest in 
statistics: normal, chi-square, binomial, Poisson, t
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and F; introduction to statistical decision theory and 
Bayes procedures; basic principles underlying hy
pothesis tests: the Neyman-Pearson theory; one- and 
two-sided hypothesis tests of the mean of a normal 
distribution when the standard deviation is known 
(unknown); hypothesis tests concerning the variance 
of a normal distribution; basic principles of point and 
confidence interval estimation; minimum variance un
biased estimators, maximum likelihood estimation; 
confidence-interval estimates of the mean and vari
ance of a normal distribution; the bivariate normal 
distribution and correlation; linear regression and 
curve fitting by least squares.

IOC371 (9371) Applications of Statistics to Engi
neering Problems (u) Fall. Credit four hours.
Three lectures, one recitation. Prerequisite: IOC370 
or equivalent. H. M. Taylor, 3rd.

Applications of regression and correlation techniques 
to problems arising in engineering and the sciences. 
Introduction to design and analysis of experiments. 
Elementary nonparametric procedures. Single-stage, 
two-stage, and sequential sampling rules,

IOC383 (9383) Applications of Computer Sci
ence In Industrial Engineering and Operations 
Research (u) Spring. Credit four hours. Two lec
tures, one computing session. Prerequisites: IOA260, 
IOC370, and Computer Science ICS211. D. G. Se
verance.

The application of computers in the analysis of in
dustrial engineering and operations research prob
lems. Simulation methodology. Design of data 
processing systems for operational control. Use of 
statistical and mathematical programming packages.

IOC410 (9310) Industrial Systems Analysis (u)
Fall. C redit four hours. Three lectures, one com put
ing session. Prerequisites: IOC350 and IOC370, or 
equivalent. A. Schultz, Jr.

Engineering economic analysis, including fundamen
tals o f engineering economy, cost-benefit analysis, 
replacement, taxation effects, decision making based 
on econom ic considerations. Operations analysis, in
cluding process flow, process evaluation, procedural 
analysis, resource layout, methods analysis and de
sign, work measurement and estimation, job evalua
tion.

IOC435 (9335) Introduction to Game Theory (u)
Spring. Credit four hours. Three lectures, one recita
tion. Prerequisite: IOC320 or IOE622. M. J. Eisner.

The same topics as IOA335; lectures will be common 
for both courses. Registrants in IOC435 will have 
recitations requiring the indicated prerequisites.

IOC437 (9337) Dynamic Programming (u) Fall. 
Credit four hours. Three lectures, one recitation. Pre
requisites: IOC320 or IOE622, and IOA260. G. L. 
Nemhauser.

This course will have lectures in common with 
IOE637, but will include one extra recitation.

Graduate Courses

IOA570 (9170) Basic Engineering Statistics (g)
Either term. Credit three hours. Two lectures, one 
recitation. Prerequisite: first-year calculus. Staff.

Same as IOA270. A  first course in statistics for those 
who have not studied probability (e.g., IOA260). 
M.S.-Ph.D. students should take IOD670. Master of 
Engineering students should take IOC570.

IOC570 (9370) Introduction to Statistical Theory 
with Engineering Applications (g) Either term. 
Credit four hours. Three lectures, one recitation. Pre
requisite: a course in probability (e.g., IOA260).
T. J. Santner.

Same as IOC370. For Master of Engineering students 
who have not had a course in statistics. M.S.-Ph.D. 
students should take IOD670.

IOC583 (9383) Applications of Computer Sci
ence in Industrial Engineering and Operations 
Research (g ) Spring. Credit four hours. Two lec
tures, one com puting session. Prerequisites: IOA260, 
IOC370, and Computer Science ICS211. D. G. Se
verance.

Same as IOC383. For Master of Engineering students 
who have not had IOC383 or its equivalent.

IOD660 (9460) Introduction to Probability Theory 
with Engineering Applications (g) Fall. Credit four 
hours. Three lectures, one recitation. S. Stidham, Jr.

Covers the same topics as IOA260, but all lectures 
and computing sessions are independent of those for 
IOA260.

IOD670 (9470) Introduction to Statistical Theory 
with Engineering Applications (g) Spring Credit 
four hours. Three lectures, one recitation. Prerequi
site: IOA260 or IOD660, L. I. Weiss.

Covers the same topics as IOC370, but all lectures 
and computing sessions are independent of those for 
IOC370.

[IOE612 (9512) Statistical Methods in Quality 
and Reliability Control (g) Spring Credit three 
hours. Three lectures. Prerequisite: IOC370 or equiv
alent. Not offered in 1974-75.

Control concepts: control methods for attributes and 
variables; process capability analysis; attributes ac
ceptance sampling plans and procedures; double 
and multiple sampling plans; elementary procedures 
for variables; acceptance-rectification procedures; 
basic reliability concepts; exponential and normal dis
tributions as models fo r reliability applications; life 
and reliability analysis of components; analysis of se
ries and parallel systems; stand-by and redundancy; 
elementary sampling-inspection procedures used for 
life and reliability.]

IOE614 (9514) Facilities Location and Design
(g) Spring, Credit three hours. Three lecture- 
recitations. Prerequisite: IOC320 or IOE622 or con
sent o f the instructor. P. M. Dearing, Jr.
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Location and facility design models involving various 
objectives and different feasibility assumptions. Em
phasis is on formulation, analysis, and solution tech
niques using operations research methods. 
Applications in industrial and environmental engineer
ing, regional planning, and management science.

IOE621 (9521) Production Planning and Control
(g) Spring. Credit four hours. Three lectures. Pre
requisites: IOC320 and IOC361 or consent of in
structor. W. L. Maxwell.

Methods for the planning and control of large-scale 
operations, with emphasis on manufacturing systems. 
Planning and control of inventories: production plan
ning and workforce leveling and smoothing; loading 
and scheduling of production resources; sequencing 
and dispatching of jobs; integrated planning and 
control procedures for single, multiple, and hierarchi
cally structured products. Mathematical, statistical, 
and com putational methods for performing these 
functions. Implementation problems and economic 
interpretations of procedures are covered.

IOE622 (9522) Operations Research I (g) Fall 
Credit three hours. Three lecture-recitations. Prereq
uisite: consent of instructor. Not open to students 
who have had IOC320. P. M. Dearing, Jr.

Model design, methodology of operations research, 
linear programming, transportation problem, assign
ment problem, dual theorem, parametric linear pro
gramming, integer programming, nonlinear 
programming, dynamic programming, introduction to 
inventory theory, game theory, comprehensive prob
lems, and case studies.

IOE623 (9523) Operations Research II (g)
Spring. Credit three hours. Three lecture-recitations. 
Prerequisite: IOA260, IOA270, or consent of instruc
tor. Not open to students who have had IOC361.
Staff

Models for inventory and production control. Re
placement theory: queuing, including standard birth 
and death process model and nonstandard models; 
application of queuing theory. Simulation. Illustrative 
examples and problems.

IOE626 (9526) Mathematical Models—  
Development and Application (g ) Fall. Credit four 
hours. Four recitation-laboratories. Prerequisites: 
IOC320 and IOC361 or equivalent. P. M. Dearing, Jr.

A laboratory course concerned w ith structuring prob
lems and operational systems as analytic or math
ematical models. A sequence of situations are 
considered for which students must specify criteria, 
identify parameters and interacting elements, specify 
data, and construct a representative model to  de
scribe the situation or accomplish their specified ob
jectives. Models are examined for their usefulness in 
analysis, synthesis, and design.

[IOE627 (9527) Traffic Flow Theory (g) (Same 
as Civil and Environmental Engineering IIF640.) 
Spring. Credit three hours. Two lectures. Prerequi
site: IOA260 or consent of instructor. Not offered in 
1974-75.

Study of various mathematical theories of traffic flow. 
M icroscopic models (car follow ing models). Macro
scopic models (kinematic wave theory). Stochastic 
properties of traffic flow  at low density. Probability 
models for traffic lights and optimal control of signal
ized intersections. Traffic flow  on transportation net
works. Application to  traffic assignment. Traffic 
networks simulation system ]

IOE637 (9537) Dynamic Programming (g) Fall. 
Credit three hours. Three lectures. Prerequisite: 
IOA260 or IOD660; IOC320 is desirable. G. L. Nem- 
hauser.

Optimization of sequential or multistage decision 
processes based upon the application of the dynam
ic programming principle of optimality. Theory, com 
putation, and applications.

IOE640-741 (9540-9541) Network Flows and Ex
tremal Combinatorial Problems l-ll (g) Fall: 
IOE640. Spring: IOE741. Credit three hours a term. 
Three lecture-recitation periods. Prerequisite: consent 
of instructor; first term is prerequisite to  the second. 
D. R. Fulkerson. IOE741 not offered in 1974-75.

The theory of flows in capacity-constrained networks 
and related areas in applied combinatorial mathemat
ics. Topics include: maximum flow, feasibility criteria, 
minimum path, minimum cost flow, maximum dynam
ic flow, out-of-kilter algorithm, multiterminal flows, 
network synthesis, project cost curves, scheduling 
problems, set representatives, (0,1)-matrices, match
ings, packing and covering problems, matroid parti
tion and intersection, flows in infinite graphs, 
blocking systems.

IOE651 (9551) Advanced Engineering Economic 
Analysis (g) Spring. Credit tour hours. Two lec- 
ture-discussions plus occasional individual confer
ences. Prerequisite: IOC350 or consent of instructor.
A. Schultz, Jr.

Brief review of cost accounting, control, and use of 
cost information for financial reporting and decision 
making. Capital expenditure planning procedures. 
Planning, budgeting, and control. Product and mar
ket decisions. Interdependence of organization, oper
ations, and econom ic decisions. Cash flow.
Measures and contro l of nonmanufacturing activities. 
Project management. Related topics of interest to 
class.

IOE660 (9560) Applied Stochastic Processes (g)
Spring. Credit four hours. Three lectures, one recita
tion. Prerequisite: a good first course in probability 
(e.g., IOD660 or Mathematics BMA371), o r a similar 
degree ot sophistication (e.g., IOA260 plus IOC361). 
H. M. Taylor, 3d.

An introduction to  stochastic processes; a variety of 
applications of the basic theory. Topics are: second 
order processes; Markov chains and processes; d if
fusion processes, renewal theory and recurrent 
events; fluctuation theory; random walks; branching 
processes; Brownian motion; birth and death
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processes. Examples are drawn from queuing theory, 
population growth and other ecological models, in
ventory theory, etc.

IOE662 (9562) Inventory Theory (g) Fall. Credit 
three hours. Three lecture-recitations. Prerequisites: 
IOC361 and consent of instructor. J. A. Muckstadt.

An introduction to  mathematical inventory theory with 
applications to  inventory management, production 
control, control of pest population, and other prob
lems of business and government. Deterministic and 
stochastic models are developed using techniques of 
dynamic programming, stationary analysis, and net
work flows. Emphasis is placed on classical models 
and the ir application.

IOE670 (9570) Intermediate Statistics (g) Fall. 
Credit four hours. Three lectures, one recitation. Pre
requisites: IOC370, IOD670, or consent of instructor. 
T. J. Santner.

Distributions of random variables arising in statistical 
inferences based on the linear model, including non
central F and noncentral t distributions. Derivation of 
least squares estimators and the ir properties; likeli
hood ratio tests. Applications to  regression analysis 
and various Anova models; robustness properties.

IOE671 (9571) Design of Experiments (g)
Spring. Credit four hours. Three lectures. Prerequi
site: IOE670 or consent of instructor. R. E.
Bechhofer.

Use and analysis of experimental designs such as 
randomized blocks and Latin squares, analysis of 
variance and covariance, factorial experiments, sta
tistical problems associated with finding best operat
ing conditions, response-surface analysis.

IOE672 (9572) Statistical Decision Theory (g)
Spring. Credit three hours. Three lectures. Prerequi
site: IOC371 or IOE670, or equivalent. L. I. Weiss.

The general problem of statistical decision theory 
and its applications. The comparison of decision 
rules; Bayes, admissible, and minimax decision rules. 
Problems involving a sequence of decisions over 
time, including sequential analysis. Use of the sample 
cumulative distribution function and other nonpara- 
metric methods. Applications to  problems in the are
as of inventory control, sampling inspection, capital 
investment, and procurement.

IOE680 (9580) Digital Systems Simulation (g)
Fall. Credit four hours. Two lectures, one recitation. 
Prerequisites: Computer Science ICS211 and 
IOC370, o r consent o f instructor. W. L. Maxwell.

The use of a program for a digital com puter to sim
ulate the operating characteristics of a complex sys
tem in time. Discussion of problems encountered in 
construction of a simulation program; synchroniza
tion and file maintenance, random-number genera
tion, random-deviate sampling. Programming in 
simulation languages. Problems in the design of ef
fective investigations using simulation; statistical con
siderations when sampling from a simulated process.

IOE682 (9582) File Processing (g) (Same as 
Computer Science ICS632). Spring. Credit four 
hours. Two lectures, one com puting session. Prereq
uisite: Computer Science ICS211 or consent of in
structor. R. W. Conway.

IOE690 (9590) Special Investigations In Industri
al Engineering and Operations Research (u,g)
Either term. Credit and sessions as arranged. Offered 
to students individually o r in small groups. Registra
tion must be made with the registration officer of the 
School.

Study, under direction, o f special problems in the 
Field o f Industrial Engineering and Operations Re
search.

IOE725 (9525) Scheduling Theory (g ) Spring. 
Credit three hours. Three lecture-recitations. Prereq
uisite: consent o f instructor. M. L. Fisher.

Scheduling problems; problem definition and per
formance measures. Single resource scheduling.
MxN scheduling problems. Priority queuing ap
proaches. Simulation of job shop dispatching and 
heuristic procedures.

IOE730 (9530) Linear Programming (g) Fall. 
Credit three hours. Three lecture-recitations. Prereq
uisite: advanced calculus and basic linear algebra, or 
IOC320-321. A. W. Tucker.

Basic theory of polyhedral convex sets including po- 
lyhedra, polytopes, polyhedral cones, and the no
tions of extreme points and rays. Separating 
hyperplane theorems for polyhedral convex sets. Re
lationship to systems of linear equations and inequal
ities, including the Farkas lemma. Dual pairs o f linear 
programming problems and the duality theorem. Sim
plex method and dual simplex method. Transporta
tion and assignment problems. Decomposition 
principle. Introduction to  integer and nonlinear pro
gramming.

IOE731 (9531) Integer Programming (g) Fall 
Credit three hours. Three lecture-recitations. Prereq
uisite: IOE730. G. L. Nemhauser,

Discrete optimization. Linear programming problem in 
which the variables are restricted to be integers. 
Theory, computation, and applications.

IOE732 (9532) Nonlinear Programming (g)
Spring. Credit three hours. Three lecture-recitations. 
Prerequisite: IOE730. M. J. Eisner.

Necessary and sufficient conditions for uncon
strained and constrained optima. Computational 
methods, including interior (e.g., penalty functions), 
boundary (e.g., gradient projection), and exterior 
(e.g., cutting plane) approaches.

IOE733 (9533) Combinatorial Analysis (g)
Spring. Credit three hours. Three lecture-recitations. 
Prerequisite: IOE640 or consent of instructor. D. R. 
Fulkerson.

A  seminar in which students study and lecture on 
selected topics in com binatorics.
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IOE734 (9534) Graph Theory (g) Spring. Credit 
three hours. Three lecture-recitations. M. J. Todd.

Finite, infinite, directed, undirected, combinatorial, 
and topological graphs. Connectedness, planarity 
and imbedding problems, enumeration problems, co l
oring and matching problems, automorphism group 
of a graph, generalizations of graphs, matrix meth
ods, network problems. Applications to electrical net
works, economics, and sociometry.

IOE735-736 (9535-36) Game Theory l-ll (g) Fall: 
IOE735. Spring: IOE736. Credit three hours a term. 
Three lecture-recitations. Prere
quisite: Mathematics BM A411 or consent of instruc
tor; first term is prerequisite to the second. W.F. Lu
cas.

Two-person-zero-sum games; the minimax theorem, 
relationship to linear programming.,Two-person- 
general-sum games. Noncooperative n-person 
games; Nash equilibrium points. Cooperative n- 
person games: the core, stable sets, Shapley value, 
bargaining set, kernel, nucleolus. Games w ithout side 
payments. Games with infinite number of players. 
Economic market games. Mathematical techniques ot 
game theory.

[IOE738 (9538) Game Theory Seminar (g)
Spring. Credit three hours. Prerequisite: IOE736 or 
consent o f instructor. Not offered in 1974-75.

A seminar in which students read and report on cu r
rent papers of interest in game theory, primarily in 
the area of n-person cooperative theory.]

[IOE739 (9539) Selected Topics In Mathematical 
Programming (g) Spring. Credit three hours. Three 
lecture-recitations. Prerequisites: IOE730 and con- '  
sent of instructor. Not offered in 1974-75.

Current research topics in mathematical program
ming.]

IOE761 (9561) Queuing Theory (g) Fall. Credit 
three hours. Three lectures. Prerequisites: IOD66O 
and consent o f instructor. N. U. Prabhu.

Definition of a queuing process. Poisson and Erlang 
queues. Imbedded chains. Transient behavior ot the 
systems M /G /1  and G I/M /1 . The general queue 
G I/G /1 . Bulk queues. Applications to specific engi
neering problems such as shop scheduling, equip
ment maintenance, and inventory control.

IOE764 (9564) Stochastic Control (g) Spring 
Credit three hours. Three lectures. Prerequisite: con
sent of instructor. N. U. Prabhu.

The problem of stochastic control. Necessary and 
sufficient conditions for optimality. Stationarity. Com
putational algorithms. Applications to problems in op
erations research, including queues and inventories.

IIOE765 (9565) Tlme-Serles Analysis (g) Fall 
Credit three hours. Three lectures. Prerequisite: con
sent o f instructor. Not offered in 1974-75.

The Hilbert space projection theorem and its applica

tion to linear prediction and linear statistical infer
ence. Spectral representations of wide sense station
ary processes. Estimation of spectral densities and 
other topics in empirical spectral analysis. Discussion 
of several time-series models and the basic statistical 
techniques associated with the models.]

IOE769 (9569) Selected Topics In Applied Prob
ability (g) Fall. Credit three hours. Three lectures. 
Prerequisites: IOE66O and consent of instructor. M.
S. Taqqu.

Selected topics in applied probability for advanced 
students. Topics will be chosen from current litera
ture and research areas of the staff.

IOE773 (9573) Statistical Multlple-Declslon Pro
cedures (g) Fall. C redit three hours. Three lec
tures. Prerequisite: IOE671 or consent of instructor.
R. E. Bechhofer.

The study of multiple-decision problems in which a 
choice must be made among two or more courses of 
action. Statistical formulations of the problems. Fixed- 
sample size, two-stage, and sequential procedures. 
Special emphasis on applications to ranking prob
lems involving choosing the "be s t”  category where 
goodness is measured in terms of a particular par
ameter of interest. Recent developments.

[IOE774 (9574) Nonparametrlc Statistical Analy
sis (g) Spring. Credit three hours. Three lectures. 
Prerequisite: IOD670 or consent of instructor. Not o f
fered in 1974-75.

Estimation of quantiles, c.d.f.s. and p.d.f.s. Properties 
of order statistics and rank-order statistics. Hypothe
sis testing in one- and two-sample situations. Large- 
sample properties of tests and asymptotic distribu
tions of various test statistics.]

|IOE779 (9579) Selected Topics in Statistics (g)
Either term. Credit three hours. Three lectures. Pre
requisite: IOE670 or consent of instructor. Not o f
fered in 1974-75.

Selected topics chosen from such fields as nonpar- 
ametric statistical methods, sequential analysis, multi
variate analysis.]

IOE789 (9589) Selected Topics In Information 
Processing (g) Fall. Credit four hours. Two lec
tures, one computing session. Prerequisites: Comput
er Science ICS314 and IOE682, or consent of 
instructor. D. G. Severance.

Selected topics in the design and optim ization of re
cord storage and file accessing methodology using 
operations research techniques.

IOE791 (9591) Operations Research Graduate 
Seminar (g) Fall and spring. Credit one hour each 
term. Staff.

A  weekly 1 Vi hour seminar devoted to  presentation, 
discussion, and study of research in the Field of Op
erations Research. Distinguished visitors from other 
universities and institutions, both domestic and for
eign, and faculty members and advanced graduate
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students of the Department and the University speak 
on topics of current interest.

IOE793-794 (9593-9594) Industrial Engineering 
Graduate Seminar (g) Fall and spring. Credit one 
hour each term. Staff.

A weekly meeting to discuss assigned topics and 
hear presentations of the state of the art from practi
tioners in the field.

IOE898 (9598) Project Laboratory (g) Fall Cred
it one hour. Staff.

A weekly meeting for review of case studies and pro
ject planning, analysis, and management.

IOE899 (9599) Project (g) Fall and spring. Credit 
variable. A project must be completed by each can
didate for the professional Master of Engineering de
gree

Project work requires the identification, analysis, and 
design of feasible solutions to some loosely struc
tured systems engineering problem. The solution 
must be defended on sound engineering and eco
nomic grounds.

Materials Science and 
Engineering

Undergraduate Courses
ITK331 (6031) Structure and Properties of Mate
rials (u) Fall. Credit four hours. Lectures and labo
ratory.

Techniques for characterizing materials. Theory and 
practice of optical microscopy, X-ray and electron 
diffraction, transmission and scanning electron mi
croscopy. Crystal structure and symmetry, amorp
hous and semicrystalline materials, polymers. 
Quantitative metallography, characterization of mi
crostructure. Relation of structure to  properties.

ITK333 (6033) Research Involvement I (u) Fall. 
Credit three hours.

Semi-independent research project in affiliation with 
a faculty member and research group of the Depart
ment. Approval o f Department required.

ITK334 (6034) Research Involvement II (u)
Spring. Credit three hours.

May be continuation of ITK333, o r a one-term affilia
tion with a research group. Approval o f Department 
required.

ITK335 (6035) Thermodynamics of Condensed 
Systems (u) Fall. Credit three hours. Three lec
tures.

Introduction to basic thermodynamic laws from clas
sical and statistical viewpoints. M ulticomponent sys
tems; concept o f chemical potential. Heterogeneous

equilibrium, phase diagrams. Phase transformations, 
solutions.

ITK336 (6036) Kinetics, Diffusion, and Phase 
Transformations (u) Spring. Credit three hours. 
Three lectures.

Introduction to  absolute rate theory, atom ic motion, 
and diffusion. Applications to  nucleation and growth 
of new phases in vapors, liquids, and solids; solidifi
cation, crystal growth, oxidation and corrosion, radia
tion damage.

ITK339 (6039) Materials Engineering (u ) Fall. 
Credit three hours. Two lectures, one laboratory (a l
ternate weeks).

Selection and processing of materials for engineering 
applications. The effect of processing on the struc
ture and properties of materials and the control of 
properties by variations in processing. Processing 
methods considered involve solidification, plastic de
formation, heat treatment, material bonding, and con
solidation of powders.

ITK440 (6040)- Macro-Processing of Materials
(u) Spring. Credit three hours. Three lectures, oc
casional laboratory.

Control of chemical composition through smelting, 
reaction, and refining processes; applications to  iron 
and steel, aluminum, refractories, etc. Shape control; 
casting and solidification, welding; mechanical shap
ing through rolling, drawing, etc. Deformation and 
annealing, textures; relation to material properties. 
Thermomechanical treatments for control of material 
properties.

ITK441 (6041) Micro-Processing of Materials (u)
Fall. Credit three hours. Three lectures, occasional 
laboratory.

Materials aspects of electronic and magnetic device 
components. Crystal growth, including composition 
control. Zone refining. Thin film, vapor deposition, 
sputtering, and ion implantation techniques. Diffusion 
and integrated circuit technology. Composite mate
rials.

ITK443-444 (6043-6044) Senior Materials Labo
ratory (u) Either term. Credit three hours.

Experiments are available in structural studies, prop
erties of materials, deformation and plasticity, me
chanical and chemical processing, phase 
transformations, surface physics, etc.

ITK445 (6045) Electrical and Magnetic Proper
ties of Materials (u) Fall. C redit three hours. Three 
lectures.

An introduction to  electrical and magnetic properties 
of materials with emphasis on structural aspects. 
Classification of solids, charge and heat transport in 
metals and alloys, sem iconductors and insulators, 
principles of operation and fabrication of sem icon
ductor devices, behavior of die lectric and magnetic 
materials, phenomenological description of supercon
ducting materials.
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ITK446 (6046) Mechanical Properties of Mate
rials (u) Spring. Credit three hours. Three lectures.

Elasticity theory; stress, strain, equilibrium. Plastic 
(low under combined stresses, yield surfaces. Ex
perimental techniques, photoelasticity, etc. Plastic 
flow, creep, and fatigue. Fracture mechanics. Rela
tion to material structure.

ITK448 (6048) Current Topics In Materials (u)
Spring. Credit three hours. Three lectures.

Coordinated lectures on topics of current interest, 
such as biomaterials, fuel cells, composite materials, 
materials problems in power generating and distribu
tion systems, stress corrosion cracking, etc.

ITA201 (6101) Elements of Materials Science (u)
Spring. Credit three hours.

Relations between atom ic structure and macroscopic 
properties of such diverse materials as metals, ce
ramics, and polymers. Properties discussed include 
magnetism, superconductivity, insulation, semicon
ductivity, mechanical strength, and plasticity. Appli
cations to  microelectronics, desalinization by reverse 
osmosis, superconducting power transmission lines, 
synthetic bones and joints, etc. Extensive use of 
modern educational techniques, including slides, au- 
diotutorial systems, movies, student response system.

ITB261 (6261) Introduction to Mechanical Prop
erties of Materials (u ) Either term. Credit three 
hours. Two lectures, one recitation or laboratory.

Elastic, anelastic, and plastic behavior of crystalline 
and rubber-like materials; single and polycrystalline 
materials. Stress-thinning mechanisms, composite 
materials; fracture, fatigue, and creep. Crystal struc
ture, lattice defects, phase equilibria, diffusion, ma
crostructure and microstructure from programmed 
learning sequences. Engineering applications of ma
terials.

ITB262 (6262) Introduction to Electrical Proper
ties of Materials (u) Spring. Credit three hours. 
Two lectures, one recitation or laboratory.

Description and understanding of physical properties 
and applications of electrical materials. Electronic 
structure of atoms, molecules, and crystalline solids. 
Energy-band concept applied to insulators, semicon
ductors, and metals. Sem iconductors and applica
tions in electronic devices. Thermoelectricity, 
dielectrics, and magnetic properties.

Graduate Core Program
ITF701 (6601) Topics In Thermodynamics and 
Kinetics (g) Fall. Credit three hours.

Postulates of thermodynamics and statistical me
chanics. Ensembles and distribution functions. Appli
cations of Fermi-Dirac, Bose-Einstein and classical 
distribution functions. Free energy functions and 
phase equilibria. Statistical thermodynamics of solu
tions, surfaces and interfaces, and point defects. El
ements of irreversible thermodynamics. Reaction 
kinetics and diffusion processes in condensed sys

tems. A t the level of Thermodynamics by E. A. Gug
genheim, Statistical Thermodynamics by T. Hill, and 
Diffusion by P. G. Shewmon.

ITF702 (6602) Phase Transformations (g) Credit 
three hours. Spring. Prerequisite; ITF701 or equiva
lent.

Nucleation theory. Growth theory. Formal theory of 
nucleation and growth transformations. Spinodal de
composition. Diffusionless transformations. Discus
sions of topics such as crystal growth from the 
vapor, solidification, eutectic transformations, solid 
state precipitation, eutectoid transformations, marten- 
sitic transformations with emphasis-on the heat treat
ment of steels, and transformations in polymers and 
glasses. At the level o f Phase Transformations, 
American Society of Metals, 1970.

ITF703 (6603) Elasticity and Physical Properties 
of Crystals (g) Fall. Credit three hours.

Elastic stress and strain, constitutive relations be
tween stress and strain, elastic wave propagation in 
crystals, stress fields of dislocations, thermal stress
es, stresses at cracks, generalized tensor representa
tion of reversible physical properties of crystals, 
irreversible thermodynamics, the Onsager relations 
and transport phenomena in crystals. At the level of 
Physical Properties o f Crystals by Nye.

ITF704 (6604) Plastic Flow and Fracture ol M a
terials (g) Spring. Credit three hours. Prerequisite: 
ITF703 or equivalent.

Introduction to  the theory of dislocations. Strain 
hardening. Dislocation dynamical treatment of yield 
and flow. Polycrystalline hardening. Interaction of in
terstitial solute atoms with dislocations. Solution 
hardening. Two-phase hardening. Time- and temper
ature-dependent deformation. Dislocation models for 
cleavage of crystals. Viscosity and visco-elastic be
havior. Theories of rubber elasticity. Newtonian and 
nonlinear viscous flow. Creep and creep rupture. 
Ductile fracture and the fracture of rubber. Fatigue.
At the level o f Elementary Dislocation Theory by 
Weertman, and Weertman review articles in Progress 
in Materials Science, and various conference reports.

ITF705 (6605) Materials Processing (g) Credit 
three hours. Spring. Prerequisite: background in ma
terials science.

Discussion of topics in materials processing selected 
from the following areas: Solidification processes 
such as casting, welding, and directional solidifica
tion; mechanical processing such as rolling, swaging, 
and drawing; thin film technology; ion implantation; 
e lectrochemical processing; diffusional processing; 
solid state processing, including heat treatment of 
steels and alloys, precipitation strengthening, and re
crystallization. At the level of articles in Metallurgical 
Reviews.

ITF706 (6606) Principles of Diffraction (g)
(Same as Applied and Engineering Physics IPB711.) 
Fall. Credit three hours.

A broad introduction to d iffraction phenomena as ap
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plied to  solid state problems. Production ot neutrons 
and X rays, scattering and adsorption of neutrons, 
electrons, and X-ray beams. Diffraction from two- 
and three-dimensional periodic lattices. Crystal sym
metry, Fourier representation of scattering centers, 
and the effect o f thermal vibrations on scattering. 
Phonon information from diffuse X-ray and neutron 
scattering and Bragg reflections. Standard crystallo- 
graphic techniques for single crystals and powders. 
Diffraction from almost-periodic structures, surface 
layers, gases, and amorphous materials. A  survey of 
dynamical d iffraction from  perfect and imperfect lat
tices. Techniques for imaging structural defects. At 
the level o f Optical Principles o f the D iffraction o f X  
Rays by R. W. James, X-ray D iffraction  by B. E. War
ren, Electron D iffraction by Vainshtein, and Electron  
Microscopy o f Thin Crystals by Flirsch, et al.

The lecture course will be accompanied by a series 
of laboratory experiments on fluorescence and polar
ization of X rays, diffractometer measurements of vi
brational amplitudes in crystals, natural widths of 
emission lines, and identification of crystal structures 
and crystal orientation by back reflection techniques.

ITF707 (6607) Introductory Solid State Physics
(g) (Same as Physics BPS443). Fall. Credit three 
hours. Prerequisite: Physics BPS443 or Chemistry 
BCH793.

A semiquantitative introduction to  modern solid state 
physics, including lattice structure, lattice vibrations, 
thermal properties, electron theory of metals and 
semiconductors, magnetic properties, and supercon
ductivity. At the level of Introduction to Solid State 
Physics, 3rd ed., by Kittel.

Other Graduate Courses

ITE553-554 (6553-6554) Pro|ect (g) Fall and 
spring. Credit six hours.

Research on a specific problem in materials or met
allurgical engineering.

ITF712 (6612) Selected Topics in Diffraction (g)
(Same as Applied and Engineering Physics IPB712.) 
Spring. Credit three hours.

The Ewald-von Laue dynamical theory applied to X- 
ray and high-energy electron diffraction in solids. 
Thermal scattering and measurement of phonon dis
persion, frequency spectrum, interatomic force con
stants, Debye temperatures and vibrational 
amplitudes. Diffuse scattering, short- and long-range 
order, precipitation in solids, point defects.

ITF714 (6614) Electron Microscopy (g) Spring. 
Credit three hours.

Electron optics. Kinematical theory of d iffraction with 
applications to the imaging of stacking faults, dislo
cations, inclusions, etc. Dynamical theory of d iffrac
tion as applied to the calculation of images of 
various defects. Interpretation and analysis of elec
tron diffraction problems. Application of the stereo- 
graphic projection to problems in m icroscopy (e.g., 
indexing of diffraction patterns from  single crystals

containing oriented second phases). Applications of 
dark field m icroscopy. Instruction in the use of the 
microscope.

ITF725 (6625) Composite Materials (u,g) (Same 
as Theoretical and Applied Mechanics IAB680.) 
Spring. Credit three hours. Staff: faculty from mate
rials science and engineering and theoretical and ap
plied mechanics.

The physical basis o f the strength, elastic modulus, 
and fracture resistance of composite materials; the 
m icro- and macromechanics of composites, their me
chanical response, and important com posite systems 
including fabrication, processing, and design applica
tions. Compatibility and interaction of fibers and ma
trix. Fatigue, creep, fracture mechanisms. Analysis of 
primary configurations such as tension and compres
sion members, beams, and plates, including such lo
cal effects as bonding, fiber-tip stress concentration, 
and buckling.

ITG762 (6762) Physics of Solid Surfaces (g)
(Same as Applied and Engineering Physics IPB762.) 
Spring. Credit three hours. Prerequisites: ITF701 and 
some knowledge of solid state physics.

Equilibrium thermodynamics and statistical mechan
ics of interfaces. Atom ic structure of surfaces in 
equilibrium. Surface fields, dipoles, and defects in in
sulators. Electronic and vibrational properties of sur
faces. Surface barriers and work functions, surface 
vibrational and electronic states. Kinetic processes at 
surfaces. Mass and charge transport. Condensation 
and evaporation processes. Experimental techniques. 
Materials drawn from research papers and various 
review articles in journals such as Progress in Mate
rials Science, Advances in Chemistry, and Solid State 
Physics.

ITG763 (6763) Environmental Degradation of 
Materials (g) Fall. Credit three hours.

Corrosion of industrial alloys in natural environments. 
Electrochemistry of corrosion in stagnant and con
vective situations; kinetic models for rate of attack. 
Passivation and pitting. Stress corrosion and hydro
gen brittleness. Environmental attack on glasses and 
polymers, static fatigue, and crazing. Interactions be
tween nonmetallic surfaces and environmental con
stituents.

ITG765 (6765) Amorphous and Semicrystalline  
Materials (g) Spring. Credit three hours.

Topics related to the science of the amorphous state 
selected from within the follow ing general areas: 
structure of liquids and polymers; rheology of elas
tomers and glasses; electrical, thermal, and optical 
properties of amorphous materials. Presented at the 
level of Modern Aspects o f the Vitreous State by 
Mackenzie, “ Glass Transitions" by Shen and Eisen- 
berg in Progress in Solid State Chemistry, and The 
Physics o f Rubberlike Elasticity by Treloar.

ITG767 (6767) Electrical and Magnetic Proper
ties of Materials (g) Spring. Credit three hours. 
Prerequisite: Physics BPS454 or equivalent.
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Electronic transport properties of metals and semi
conductors, sem iconductor devices, optical and die
lectric properties of insulators and semiconductors, 
laser materials, dielectric breakdown, structural as
pects of superconducting materials, ferromagnetism 
and magnetic materials. At the level of Physics of 
Sem iconductor Devices by Sze, Ferromagnetism  by 
Bozworth, and current review articles.

ITG768 (6768) Theory of Crystal Defects (g)
Fall. C redit three hours. Prerequisites: ITF701 and 
ITF703 or equivalent.

The structure and properties of point, line, and pla
nar crystal defects treated from a fundamental point 
of view. Thermodynamics and kinetics of point de
fects. A tom istic and continuum theories of disloca
tions. Thermodynamic treatment ot grain boundaries. 
Structure of grain boundaries. Emphasis given 
throughout to interactions between the various types 
of defects and to their roles in important phenomena 
such as diffusion, precipitation, plasticity, radiation 
damage. At the level of Point Defects and Diffusion 
by Flynn, Theory o f D islocations by Hirth and Lothe, 
and High Angle Grain Boundaries by Gleiter and 
Chalmers.

ITG769 (6769) Ceramic Materials (g) Fall. Cred
it three hours. Prerequisites: ITF701 and some famili
arity with crystal structures.

Crystal structure and bonding of typical ceramic ma
terials; structure of silicate and nonsilicate glasses; 
imperfections in oxides: point defects and point de
fect chemistry, line defects, extended defects; d iffu
sion in stoichiometric and nonstoichiometric 
ceramics; phase transformations; equilibrium and 
nonequilibrium phases; grain growth and sintering; 
plastic deformation and creep; topics from research 
papers. At the level of Introduction to Ceramics by 
Kingery, Ionic Crystals, Lattice Defects and Nonstoi
chiometry by N. N. Greenwood, and selected re
search papers.

Mechanical and Aerospace 
Engineering

The courses in mechanical and aerospace engineer
ing are listed under the following headings: General, 
Engineering Design, Mechanical Systems and Analy
sis, Materials Processing, Transportation, Biomechan
ics, Aerospace Engineering, F luid Mechanics, Heat 
Transfer, and Power, Advanced Thermodynamics, 
and Combustion.

General

IMG101 (3301) Naval Ship Systems (u) Spring 
Credit three hours. Open to freshmen and soph
omores only.

An introduction to primary ship systems and their in
terrelation. Basic principles of ship construction, sta

bility, propulsion, control, internal communications, 
structure, and other marine systems.

IMG102 (3020) Technology and Society— A His
torical Perspective (u) Spring. Credit three hours. 
Approved as a liberal elective for undergraduates in 
engineering. Three lecture-discussions. B. J. Conta.

An introduction to the history of technology and its 
relationship to society. Emphasis will be upon the in
teractions between technology and the corre
sponding economic, social, and political 
developments of the period, rather than upon the in
ternal history of technology. The period of major in
terest will be the nineteenth and twentieth centuries. 
Both the material abundance and the explosive prob
lems of the twentieth century had their origins in two 
dramatic developments of the nineteenth century.
One was the emergence of the Watt steam engine as 
a general purpose prime mover and the vast in
crease in available power it made possible by the ex
ploitation of the thermal energy of wood and the 
fossil fuels. A second and less obvious development 
was a change in the technological motivation. Tech
nology changed from a response to the needs of 
man (necessity as the mother of invention) to  a re
sponse to  the possibilities of science (invention as 
the m other of necessity— the technological impera
tive).

IMG208 (3208) The Role of Energy In Society (u,
g) Spring. Credit three hours. Prerequisite: consent 
of instructor.

A seminar-format course including: patterns of ener
gy consumption; United States and world compari
sons; fuel resources; technology of fuel extraction, 
energy conversion, and utilization; energy policies 
and regulations; environmental conflict; limits to 
growth.

IMG221 (3631) Thermodynamics (u) Either 
term. Credit three hours. Three recitations. Prerequi
sites: Mathematics BMA191 and BMA192, Physics 
BPS112.

The definitions, concepts, and laws of thermodynam
ics. Applications to  ideal and real gases, multiphase 
pure substances, gaseous mixtures, and gaseous re
actions. Heat-engine and heat-pump cycles. An intro
duction to statistical thermodynamics.

IM G325 (3325) Mechanical Design and Analysis
(u ) Either term. Credit four hours. Three recitations, 
one laboratory. Prerequisite: IAK231.

Application of the principles of mechanics and mate
rials to  problems of analysis and design of mechani
cal systems. Topics considered vary from year to 
year and range from traditional discipline-oriented 
work to work cutting across several disciplines. Lab
oratory considers open-ended design problems. Use 
of the digital com puter for design problems is re
quired.

IMG453 (3053) Mechanical Engineering Labora
tory (u) Fall. C redit four hours. One lecture, two 
laboratories. Prerequisites: IMG325, IMG221,
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IMF323, and simultaneous registration in IMS326 and 
IMH324.

Laboratory exercises in instrumentation, techniques, 
and methods in mechanical engineering. Measure
ment of pressure, temperature, heat flow, mass 
transfer, displacement, force stress, strain, vibrations, 
noise, etc. Use of electronic instruments and fast- 
response sensors for steady and transient states.
Use of density-sensitive optical systems. Error analy
sis in experimental determinations.

IM G654 (3654) Environmental Control (u,g)
Spring. Credit three hours. Prerequisites: courses in 
thermodynamics, fluid mechanics, and heat transfer. 
D. G. Shepherd.

Environmental living systems; heating, cooling, and 
air conditioning. Refrigeration and cryogenic systems 
and applications. Artificial environments and life- 
support systems for space and underwater. Pro
duction of high vacuum, pressure, temperature, and 
velocity for simulation ot special environments; prob
lems of zero gravity.

IM G656 (3656) Energy and Fluid Systems Labo
ratory (u,g) Fall. Prerequisite: IMG453 or equiva
lent

Individually offered experimental studies. The time al
lotted, and the number of students accepted for 
each experiment will be specified by the instructor in 
each case. Available experiments will range from 
performance testing ot engine com ponents to  studies 
of laser interferometry.

IM G790 (3090) Mechanical Engineering Design 
Project (g) Both terms. Credit three hours each 
term. Intended for students in the M.Eng. (M echani
cal) degree program.

Design ot an engineering system or a device of ad
vanced nature. Projects to  be carried out by individ
ual students or by small groups with individual 
assignments culm inating in an engineering report by 
each student. In some cases the project is carried 
out in collaboration with an external organization, 
such as an industrial company, research laboratory, 
or public agency, whose representatives suggest cur
rent problems and review the final designs.

IMG791 (7801) Mechanical and Aerospace Engi
neering Research Conference (g) Either term. 
Credit one hour. For graduate students involved in 
research projects.

Short presentations on research in progress by stu
dents and staff.

IMG799 (7901) Mechanical and Aerospace Engi
neering Colloquium (g) Throughout the year. 
Credit one hour a term. All students and staff invited 
to attend. Registration for credit limited to  graduate 
students.

Lectures by Cornell staff members, graduate stu
dents, and visiting scientists on topics of interest in 
mechanical and aerospace science, especially in 
connection with new research.

IM G 890 (3098) Research In M echanical and 
Aerospace Engineering (g) Credit arranged. Pre
requisite: candidacy fo r M.S. degree in mechanical 
or aerospace engineering, o r approval o f the direc
tor.

Independent research in an area of mechanical and 
aerospace engineering under the guidance of a 
member of the staff.

IM G 990 (3099) Research In M echanical and 
Aerospace Engineering (g ) Credit arranged. Pre
requisite: candidacy for Ph.D. degree in mechanical 
or aerospace engineering or approval o f the director.

Independent research in an area of mechanical and 
aerospace engineering under the guidance of a 
member of the staff.

Engineering Design

IM D464 (3364) Design for Manufacture (u,g)
Fall. C redit three hours. Three recitations. Prerequi
site: IMM311 or ITB261, o r concurrent enrollment in 
IMM311, or consent o f instructor. R. L. Wehe, K. K. 
Wang.

Design of castings, forgings, stampings, and weld- 
ments; unconventional processes. Design for heat 
treatment, machining, and assembly; selection of ma
terials; dimensioning and fits, jigs and fixtures. Joints, 
fasteners, and shaft mountings and connections. 
Specifications for manufacturing and maintenance to 
minimize fatigue failures and improve reliability; be
neficial prestressing; improving the distribution of 
loads and deflections. Seals and lubrication systems. 
Components and circuits for fluid power and con
trols. Short design problems.

IM D663 (3363) Mechanical Components (u,g)
Spring. Credit three hours. Three recitations. Prereq
uisite: IMG325 or equivalent.

Advanced analysis of machine com ponents and 
structures. Application to the design of new config
urations and devices. Selected topics from  the fo l
lowing: lubrication theory and bearing design, fluid 
couplings, torque converters, speed-control devices, 
shells, thick cylinders, elastic foundation theory, de
sign of pressure vessels, rotating disks, fits, elastic- 
plastic design, thermal stresses, creep and relaxa
tion, impact, indeterminate and curved beams, plates, 
contact stresses, gears, and rolling bearings.

IMD672 (3372) Experimental Methods In M a
chine Design (g ) Fall. C redit three hours. One rec
itation, two laboratories. Prerequisite: IMG325 or 
equivalent. R. M. Phelan.

Investigation and evaluation of methods used to ob
tain design and performance data. Techniques of 
photoelasticity, strain measurement, photography, vi
bration and sound measurements, and development 
techniques as applied to  machine design problems.

[IMD674 (3374) Conceptual Design (g) Fall 
Credit three hours. Three recitations. Prerequisite:
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IMG325 or equivalent. Open to undergraduates with 
consent o f instructor. Not offered in 1974-75.

Processes of advanced system or new product evo
lution as practiced by industry, including product 
planning, creation of ideas, synthesis into working 
concepts, and evaluation. A working exposure to en
gineering components. Numerous projects, much 
discussion, some lectures.]

IMD680 (3380) Design of Complex Systems (g)
Fall. Credit three hours. Two meetings of two hours 
a week to be arranged. Prerequisite: consent of in
structor. R. L. Wehe.

A seminar course relying heavily on student partic
ipation in discussing frontier problems such as sys
tems for space and underwater exploitation, salt 
water conversion, and transportation. Determination 
of specifications for these systems to  meet given 
needs. Critical discussion of possible solutions based 
on technical as well as econom ic and social consid
erations. Reports which set forth recommendations 
and the reasoning leading to them will be required.

IMD690 (3390) Special Investigations In Me
chanical Design (u,g) Either term. Credit ar
ranged. Prerequisite: consent of supervising 
professor.

Individual work or work in small groups under guid
ance in the design and development of a machine or 
in the analysis of experimental investigation of a ma
chine or component.

IMD692 (3392) Special Topics In Engineering 
Design (u,g) Eigher term. Credit one hour or more. 
Ten to fifteen lecture periods a term on a topic of 
special interest not requiring a course of standard 
length. Flours to  be arranged. Prerequisite: consent 
of instructor.

Series of lectures by staff members and visiting staff 
on subjects of current interest. Topics will be an
nounced prior to  the beginning of the term. More 
than one top ic may be taken if offered.

Mechanical Systems and Analysis
IMS326 (3326) Systems Dynamics (u) Either 
term. Credit four hours. Three recitations, one labo
ratory. Prerequisite: IMG325.

Consideration of the dynamic behavior of systems 
with emphasis on modeling and analysis techniques 
and their application. Discipline-oriented topics in
clude analog- and digital-computer simulation; fre
quency and transient response of linear systems, 
scalar and vector-matrix models, and dynamic mea
surement of physical quantities. Laboratories include 
physical experiments, computer simulations, and de
sign of systems for specified dynam ic performance. 
Applications are drawn chiefly from vibration and 
control systems.

IMS389 (3333) Computer-Aided Design (u)
Spring. Credit three hours. Two lecture-recitations, 
one computing laboratory. Open to juniors and sen
iors. Staff.

A  broad introduction to  computational methods in 
design. Considerable practical experience in pro
gramming large and small digital computers. Interac
tive computing. Selected applications of numerical 
methods to problems in mechanical design. Case 
studies of large programs and problem-oriented lan
guages for system simulation, design optimization, 
computer graphics. Term project.

IMS677 (3368) Mechanical Vibrations (u,g)
Spring. Credit three hours. Two recitations, one labo
ratory. Open to  qualified undergraduates. Prerequi
site: IMS326 or equivalent.

Further development of vibration phenomena in sin
gle-degree and multidegree of freedom linear and 
nonlinear systems, with emphasis on engineering 
problems involving analysis and design. Also gyro
scopic effects, branched systems, random vibrations, 
impact and transient phenomena, isolation of shock 
vibration, and noise and its reduction. Impedance, 
matrix, and numerical methods. Analog- and digital- 
computer solutions and laboratory studies.

IMS678 (3378) Automatic Control Systems (u,g)
Fall. C redit three hours. Two recitations, one labora
tory. Open to qualified undergraduates. Prerequisite: 
IMS326 or equivalent.

Further development of the theory and implementa
tion of feedback control systems with particular em
phasis on the application of 
pseudo-derivative-feedback (PDF) control concepts 
to linear and nonlinear systems. Analog-computer 
simulation and laboratory studies of electro
mechanical, pneumatic, and hydraulic components 
and systems.

IMS679 (3388) Computer Simulation and Analy
sis of Dynamic Systems (g) Spring Credit three 
hours. Three recitations. Open to qualified under
graduates by permission of instructor. Some intro
ductory acquaintance with systems dynamics and 
digital programming areas is assumed.

Modeling and representation of physical systems by 
systems of ordinary differential equations in vector 
form. Applications from diverse fields. Simulation dia
grams. Analog and digital simulation by direct inte
gration. Problem-oriented digital-simulation languages 
(e.g., CSMP). Digital analysis of stability and re
sponse of large linear systems.

IMS682 (3382) Hydrodynamic Lubrication (g)
Spring. Credit three hours. Three recitations. Offered 
on demand.

Designed to acquaint those having a general knowl
edge of solid and fluid mechanics with the special 
problems and literature currently of interest in various 
fields of hydrodynamic lubrication. General topics in
clude equations of viscous flow in thin films, self- 
acting and externally pressurized bearings with liquid 
and gas lubricant films, bearing-system dynamics, 
and digital and analog computer solutions. Also, se
lected special topics.
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IMS685 (3385) Optimum Design ol Mechanical 
Systems (g) Fall. C redit three hours. Three recita
tions. D. L. Bartel.

The formulation, as optimization problems, of design 
problems frequently encountered in mechanical sys
tems. Emphasis is on the choice of the design objec
tive function and the constraints. Finite and infinite 
dimensional design problems. Theory and application 
of methods of mathematical programming to the so
lution of optimum design problems. Examples will be 
drawn from  structures and machine components fre
quently encountered in mechanical systems.

IMS690 (3390) Special Investigations In Me
chanical Systems (u,g) Either term. Credit ar
ranged. Permission required.

Individual work or work in small groups under guid
ance in studies in a special field of mechanical sys
tems.

IMS770 (3361) Advanced Mechanical Analysis
(9 ) Fall. Credit three hours. Three recitations.

Advanced topics in mechanical design. Selected 
topics from design optimization, finite-element meth
ods, design reliability, advanced kinematics, systems 
analysis, computer-aided design, advanced strength 
of materials.

IMS771 (3371) Computational Methods of Me
chanical Analysis (g) Spring. Offered on demand. 
Credit three hours. Prerequisite: IMS761 or equiva
lent. Staff.

Modern computer-based methods for mechanical de
sign analysis as applied to motion analysis of link
ages, stress-strain and load-deflection analysis of 
mechanical Structures, pressure-flow analysis of 
bearing lubricant film systems. Methods include finite 
elements, transfer matrices, etc.

Materials Processing

IMM311 (3401) Materials and Manufacturing  
Processes (u) Either term. Credit three hours. Two 
lectures and one laboratory. This course may be tak
en in addition to  ITB261. Prerequisite: IAK221.

Comprehension of material structures. Physical and 
metallurgical properties of materials, and their control 
by mechanical and metallurgical means. Convention
al and unconventional m anufacturing processes. Em
phasis is placed on the applications of the 
knowledge learned in core courses and the correla
tions among design, material properties, and 
processing methods.

IM M 612 (3451) Analysis of Manufacturing 
Processes (u,g) Spring. Credit three hours. Three 
recitations. Prerequisite: IMM311.

Analytical treatment of the processes of material re
moval and plastic deformation, from the interdiscipli
nary viewpoints of mechanics, thermodynamics, and 
metallurgy. Emphasis is placed equally on conven
tional and unconventional processes involving ultra
sonic, h igh-energy beam, electric-discharge, and 
electrochemical energy sources. Also, economic

analysis of production-system and machine-tool dy
namics.

IM M 614 (3475) Introduction to Numerical Con
trol (u ,g) Fall. C redit three hours. Three recitations. 
K. K. Wang.

A  broad introduction to  numerical control technolo
gy, covering both hardware and software aspects. 
Principles of conventional numerical control systems, 
adaptive control, and direct com puter contro l of ma
chine tools. Manual and computer-aided part pro
gramming methods. Extensive exercises in APT 
programming. Methodology for econom ic justifica
tion.

IM M 690 (3490) Special Investigations In M ate
rials Processing (u,g) Either term. Credit to  be ar
ranged. Permission required for registration.

Independent study of selected topics concerned with 
analytical or experimental investigation of manufac
turing processes. Design, manufacture, and test o f a 
machine or a com ponent to be used fo r materials 
processing. Topics will include production systems, 
quality assurance, metrology, or machine tools, in 
accordance w ith individual interests. W ork will be 
carried out individually or, for relatively large-scale 
projects, in small groups.

Transportation
IM T305 (7001) Introduction to Aeronautics (u,g)
Fall. Credit three hours. Open to upperclass engi
neers and others by consent o f the instructor.

An introduction to atmospheric flight vehicles. Princi
ples of incompressible and compressible aerodynam
ics, boundary layers, and wing theory. Propulsion 
systems, including analysis of engine types, propel
lers, fans, and rotors. A ircraft performance: maximum 
speed, rate of climb, range and endurance, takeoff 
and landing; turning performance; maneuver and 
gust loads; and elements of stability and control.

IM T486 (3377) Automotive Engineering (u,g)
Spring. Credit three hours. Prerequisite: IMG325.

Selected topics in the analysis and design of vehicle 
components and vehicle systems. Emphasis is on the 
automobile, particularly with regard to powerplant, 
driveline, brakes, suspension, and structure. Other 
vehicle types are considered, including rapid transit 
and recreational vehicles.

IM T606 (3671) Aerospace Propulsion Systems
(u,g) Spring, on demand. Credit three hours. Three 
recitations. Prerequisite: IMG221, IMF323, or consent 
of instructor. D. G. Shepherd.

Application of thermodynamics and fluid mechanics 
to the design and performance of therm al-jet and 
rocket engines in the atmosphere and in space. Mis
sion analysis in space as it affects the propulsion 
system. Consideration of auxiliary power supply; 
study of advanced methods oi space propulsion.

IM T687 (3387) Dynamics ot V ih lc le s  (u.g) Fall 
Credit three hours. Prerequisite: Ia\K221 and IAK231 
or equivalents, and consent of instructor.
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Intended as an introduction to the dynamics of auto
mobiles and trucks. Emphasis is on the handling be
havior of the automobile. Tire theory and suspension 
analysis. Also, articulated vehicle handling, m otorcy
cle dynamics, and vehicle safety.

Biomechanics

IMB562 (3362) Mechanics of Biological Mate
rials and Systems (u,g) (Same as Veterinary Medi
cine RLA678). Fall. Credit two hours. One lecture, 
one laboratory. Intended for students in veterinary 
medicine and life sciences. Not open to engineering 
students. Prerequisites: calculus and physics or con
sent o f the instructor. D. L. Bartel.

Basic concepts in engineering mechanics (statics, 
dynamics, strength of materials). Mechanical proper
ties of biological tissues (bone, soft tissue, muscle). 
Applications of engineering mechanics to specific 
biomechanical problems such as fractures, fixation of 
fractures, strength of suture closure of wounds, anal
ysis o f animal motion, mechanical aspects of lame
ness in horses, and total joint replacement (internal 
prostheses).

IMB665 (3365) Blomechanlcal Systems—  
Analysis and Design (u,g) Spring. Credit three 
hours. Three recitations. Prerequisites: IAK221, 
IAK231. D. L. Bartel.

Selected topics from the study of the human body as 
a mechanical system. Emphasis on the modeling, 
analysis, and design of biomechanical systems fre
quently encountered in orthopedic surgery and phys
ical rehabilitation. Investigation of normal and 
impaired biomechanical systems. Analysis and design 
of assistive (orthotic) and replacement (prosthetic) 
devices for impaired biomechanical systems. Analysis 
and design of man/m achine systems used in o r
thopedic surgery and physical rehabilitation.

IMB690 (3690) Special Investigations In Blome
chanlcal Systems (u,g) Either term Credit ar
ranged. D. L. Bartel.

Independent study of current problems involving the 
analysis and design of biomechanical systems. In 
most cases the investigations will involve collabora
tion with personnel from medical facilities. Work will 
be carried out individually or, for relatively large-scale 
projects, in small groups.

Aerospace Engineering
IMA602 (7302) Theoretical Aerodynamics I (g)
Fall. C redit three hours. Prerequisite: IMF632-633 or 
equivalent. Intended for graduate students interested 
in fluid dynamics or aerodynamics research.

Laplace's equation. Source, sink, and doublet. Vor
tices. Biot-Savart theorem, the flow  field of a vortex. 
Spherical and cylindrical harmonics. Methods of sin
gularity distributions. Complex-variable methods.
Wing theory. Acoustics. Compressible flows, subson
ic and supersonic. Shock waves. Hypersonic flow.

Rotational flows. Magnetohydrodynamics. Flow in the 
boundary layer, Prandtl theory. Heat transfer; separa
tion.

IMA603 (7303) Theoretical Aerodynamics II (g)
Spring. Credit three hours. Prerequisite: IMF632-633 
or equivalent.

Basic equations; fundamental theorems; normal 
shock waves. Linear and nonlinear small-disturbance 
equations. Linearized theory of two-dimensional and 
axisymmetric flows; three-dimensional wings; super
sonic area-rule. Exact theories; oblique shock waves 
and shock wave interactions; method of characteris
tics; conical flows; hodograph transformation. Im
provements in the linearized theory; thickness and 
Mach number expansions; second-order supersonic 
flow; sonic boom theory; shock wave interactions. 
Transonic flow; fundamental equation and similitudes; 
transonic area-rule; nozzle flows; airfoil design.

IMA611 (7101 and 3667) Physics of Fluids I (g)
Fall. Credit three hours. This course may be taken by 
itself, or may be followed by IMA612.

Fundamental treatment of fluid properties, primarily 
from a m icroscopic viewpoint, providing an under
standing necessary for advanced study of com bus
tion, air pollution, gas dynamics, and related areas. 
Kinetic theory of gases: BGK model equation, trans
port coefficients, mean free path, conservation equa
tions. Chemical kinetics and chemical 
thermodynamics. Statistical mechanics of non
interacting particles: Fermi-Dirac, Bose-Einstein, and 
Maxwell-Boltzmann statistics, partition functions, spe
cific heat of gases. Quantum mechanics: atomic 
structure, rotational and vibrational energy levels. At 
the level of Introduction to Physical Gas Dynamics 
by Vincenti and Kruger, and The Dynamics o f Real 
Gases by Clarke and McChesney.

IMA612 (7612) Physics of Fluids II (g ) Spring 
Credit three hours.

Molecular structure: bonding theory, heats o f re
action. Atomic and molecular spectroscopy; applica
tions to  pollution. Nonequilibrium statistical 
mechanics: Boltzmann equation, H-theorem, review 
of Hilbert-Enskog-Chapman theory, fluctuations, 
Onsager's relations. Radiative transfer; lasers. At the 
level of The Dynamics o f Real Gases by Clarke and 
McChesney, and Elementary Statistical Physics by 
Kittel.

IMA613 (7102) Gasdynamlcs (g) Spring. Credit 
three hours. E. L. Resler, Jr.

Strong shock waves and their use in the production 
and study of high-temperature gases. High- 
temperature chemical kinetics and its application to 
hypersonic external flows, rocket internal flows, and 
other phenomena of current interest. Chemical relax
ation effects of flow fields and the method of charac
teristics including chemical reactions. Experimental 
techniques.

IMA621 (7201) Introductory Plasma Physics (g)
Fall. Credit three hours.
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Intended to be a first course in plasma physics and 
includes: plasma state, particle orbits in electric and 
magnetic fields, adiabatic invariants, Coulomb scat
tering, transport phenomena, plasma oscillations and 
waves, hydromagnetic equations, energy principle 
and instabilities, applications to laboratory and space 
plasmas, introduction to controlled thermonuclear re
search. At the level of Elementary Plasma Physics by 
Longmire.

IMA622 (7202) Introductory Magnetohydrody
namics (g) Spring. Credit three hours. Offered on 
demand.

Basic equations of magnetohydrodynamics. Flow 
problems. Hydromagnetic shock waves. The pinch 
effect and instabilities. Tensor conductivity and ex
cess electron temperature.

IMA704 (7304) Theory of Viscous Flows (g)
Spring. Credit three hours. Prerequisite: IMG632 or 
equivalent. S. F. Shen.

A  systematic study of laminar flow phenomena and 
their methods of analysis. Vorticity diffusion and flow 
development. Linear and nonlinear exact solutions of 
the Navier-Stokes equations. Linearized theory: vis
cous acoustics, the small Reynolds number approxi
mation. Matched asymptotic expansion. The 
boundary layer equation and its general properties. 
Singular solution and the separation point. Transfor
mations for compressibility and axisymmetric effects. 
Similar solutions; approximate methods of calcula
tion. Three-dimensional and unsteady problems. Sta
bility of laminar flows.

IMA705 (7305) Hypersonic Flow Theory (g) On
demand. Credit three hours. Prerequisite: IMF632- 
633 or equivalent. A. R. Seebass.

Hypersonic small disturbance theory and the related 
similitude; blast wave analogy; entropy layers. New
tonian theory and shock layer structure. Constant 
density solutions. The blunt body problem; numerical 
techniques. Viscous and real gas effects, ideal disso
ciating gas, viscous interactions, other real gas phe
nomena.

IMA706 (7306) Atmospheric Motions (u,g) On
demand. Credit three hours. A. R. Seebass.

One-semester senior o r graduate level course, em
phasizing a mathematical and physical understanding 
of synoptic scale motions. The atmosphere; basic 
scales of synoptic motions; thermodynamics. Equa
tions of motion; rotating and spherical coordinates. 
Geostrophic flow, the Rossby number, hydrostatic 
approximation, isobaric coordinates, balanced mot
ions, thermal wind, prognostic equations. C irculation 
and vorticity; Ertel's theorem and potential vorticity. 
Planetary boundary layer; Reynolds stress, Ekman 
layer. Diagnostic equations; baroclin ic motions. 
Sound, gravity, and Rossby waves. Analytical and 
numerical models, filtered equations, baroclinic mod
el, primitive equations. Cyclogenesis; fronts and fron- 
togenesis. General circulation, energy and 
momentum, numerical simulation.

IMA707 (7307) Aerodynamic Noise Theory (g)
Spring, on demand. Credit three hours. Prerequisite: 
background in acoustics and fluid dynam ics equiva
lent to  IMF339 and IMF632-633 or consent o f in
structor.

Advanced topics in acoustics relevant to  aerodynam
ic and transportation noise sources and control. 
Measurements and annoyance scales. Random 
processes. Geometrical acoustics in inhomogeneous 
moving media. K irchhoff and Poisson formulas, d if
fraction, scattering. Lighthill-Curle formulations for 
sound generation. Moving sources. Jet, rotor, and 
boundary layer noise. Absorption and transmission in 
fluid and at boundaries.

IMA713 (7103) Dynamics of Rarefied Gases (g)
Offered on demand. Credit three hours. Prerequisite: 
IMF632 or equivalent. S. F. Shen.

Flow regimes according to the Knudsen number. 
Theories of the shock structure at high Mach num
bers. Boundary conditions at a solid wall. Slip-flow 
conditions. Free-molecule flows. Eigen function ex
pansion of the linearized Boltzmann equation. Full- 
range and half-range moment methods. The model 
equation approach and recent developments for han
dling the transition regime.

IMA723 (7203) Intermediate Plasma Physics (g)
Spring. Credit three hours. Prerequisite: IEE681 or 
IMA621 or equivalent.

Collective oscillations in a cold plasma; waves in a 
warm plasma; application to natural phenomena. 
Nonlinear theory of collision-free shocks. Quantum 
effects in solid state plasma waves; plasma-phonon 
interactions. Introduction to  radiation and scattering 
in plasmas. A t the level of Theory o f Plasma Waves 
by Stix; and Radiation Processes in Plasmas by 
Bekefi.

IMA792 (7902) Seminar In Aerospace Engineer
ing (g) Credit two hours. Prerequisite: approval of 
the director.

Study and discussion of topics of current research 
interest in aerospace engineering.

IMA793 (7903) Plasma Physics Colloquium (g)
Fall and spring. Credit one hour.

Lectures by staff members, graduate students, and 
visiting scientists on topics of current interest in plas
ma research.

IMA795 (7905) Special Topics In Aerospace En
gineering (g) Either term. Credit arranged. Prereq
uisite: consent o f instructor.

Topics of current importance in aerospace engineer
ing and research. Lecture or seminar format. More 
than one topic may be taken if offered.

IMA890-990 (7801) Research in Aerospace Engi
neering (g) Prerequisite: admission to  the graduate 
Field o f Aerospace Engineering a nd /o r approval of 
the director.
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Independent research in a field of aerospace sci
ence. Such research must be under the guidance of 
a member of the staff and must be of a scientific 
character.

Fluid Mechanics

IMF230 (3622) Fluid Mechanics of Gases (u,g)
Fall. Credit three hours. Prerequisites: Mathematics 
BM A112 or BMA192 and Physics BPS112 or 
BPS207-208 or equivalent. Not open to mechanical 
engineering students or students planning to  major in 
mechanical engineering. E. L. Resler, Jr.

Use of elementary kinetic theory of gases to derive 
the Navier-Stokes equations, w hich are the basis of 
fluid mechanics. Elementary flow phenomena such 
as boundary layers, heat flow, shock waves, and in
compressible and compressible flow  fields will be 
treated. The applications are not limited to gases. In
tended to survey fluid phenomena at an elementary 
level for those interested in a broad treatment or an 
introduction to  more specialized courses.

IMF323 (3623) Fluid Mechanics (u) Either term 
Credit four hours. Four recitations. Prerequisites: 
IAK231 and IMG221.

Properties of fluids, fluid statics; kinematics of flow, 
elements of hydrodynamics; dynamics of flow, mo
mentum and energy relations. Euler equations, wave 
motion; thermodynamics of flow, shocks and gas dy
namics; dimensional analysis; real fluid phenomena, 
laminar and turbulent motion; compressible flow in 
ducts with area change, friction, and heating; laminar 
and turbulent layer, lift and drag; supersonic flow.

IMF339 (3639) Acoustics and Noise (u) Fall 
Credit three hours. Prerequisite: some knowledge of 
fluid mechanics or consent of instructor. A. R. 
George.

Vibration and wave motion. Plane sound waves: 
transmission and absorption. Spherical waves and 
sound radiation by surfaces and flow. Loudspeakers. 
Flearing, noise, and noise control criteria. A rch itec
tural acoustics and noise control techniques. At the 
level o f Fundamentals o f Acoustics  by Kinsler and 
Frey.

IM F632-633 (3632-3633) Fluid Mechanics I and 
"  (u .9 ) Fall and spring. Credit three hours. Prereq
uisite: an elementary course in fluid mechanics or 
consent of instructor.

Stress, deformation, mass, momentum, energy, and 
constitutive equations. Incompressible potential flow. 
Viscous flow, boundary layers, convection heat trans
fer, and separation. Instability and transition. Turbu
lence and turbulent flows. Body force flows. 
One-dimensional steady and unsteady flows, includ
ing heat addition and friction. External compressible 
flow. Reacting flows.

IMF636 (3663) Turbomachinery (u,g) Fall. Credit 
three hours. Three recitations. Prerequisite: IMG221, 
IMF323, o r consent o f instructor. D. G. Shepherd.

Aerothermodynamic design of turbomachines in gen
eral, followed by consideration of specific types: 
fans, compressors, and pumps; steam, gas, and hy
draulic turbines. Energy transfer between a fluid and 
a rotor; flow in channels and over blades. Compress
ible flow, three-dimensional effects, surging and cavi
tation. Outline design of a high-performance 
com pressor-turbine unit.

IM F690 (3690) Special Investigations In Fluid 
Dynamics (u) Fall and spring. Credit arranged. 
Permission required for registration.

Intended either for informal instruction of a small 
number of students interested in work to supplement 
that given in regular courses or for a student wishing 
to pursue a particular investigation outside of regular 
courses.

IMF734 (7308) Turbulence and Turbulent Flow
(9 ) Fall, on demand. Credit three hours.

The structure of turbulence and methods of calculat
ing turbulent flows. Topics will include mathematical 
descriptions of turbulence and experimental mea
surement techniques; Reynolds stress, eddy viscosity 
and mixing length; structure of turbulence, including 
homogeneous isotropic turbulence, correlations and 
spectra, inertial and dissipation ranges, effects of 
shear and buoyancy, energy budget; recent develop
ments in turbulent flow calculation methods.

IMF735 (3675) Dynamics of Rotating Fluids (g)
Fall, on demand. Credit three hours. Three lectures. 
Prerequisites: IMF312 and IAA682 or consent of in
structor.

Review of classical fluid mechanics. Rotating coor
dinate systems. Linearized theory for rapidly rotating 
fluids. Inviscid regions, viscous layers. Large- 
amplitude steady motions past objects. Unsteady 
motions. Small amplitude and nonlinear waves in ro
tating fluids. "Vortex breakdown”  in tornadoes and 
other swirling flows. Theories of vortex breakdown. 
Boundary layer interactions. Spin-up of fluids in ro
tating containers. A  theoretical course designed for 
engineers and scientists interested in such applica
tions as fluid motions in rotating containers, geo
physical fluid mechanics, energy and mass 
separation in vortex tubes, etc. Some simple labora
tory demonstrations of fundamental phenomena are 
included.

IM F737 (3677) Numerical Methods In Fluid Flow 
and Heat Transfer (g) Spring. Credit three hours. 
Three recitations. Prerequisites: familiarity with the 
partial differential equations of fluid m echanics and 
basic FORTRAN programming.

Finite-difference and finite-element methods are de
veloped for solving multidimensional fluid flow and 
heat transfer problems. Basic principles are stressed 
throughout, enabling the methods to be extended to 
a wide range of physical problems involving convec
tive and diffusive transport. Physical and numerical 
restraints imposed on transient and steady state nu
merical solutions are determined. Recent methods 
are surveyed and compared. Selected examples illus
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trate applications involving natural convection, tlow 
over objects and within channels, planetary atmos
pheres and interiors, and flame spread. Assigned 
problems and the final examination require solution 
of fluid tlow  problems on a digital computer.

IM F738 (3685) Nonlinear Wave Propagation (g)
Spring, on demand. Credit three hours. Three lec
tures. Prerequisite: an acquaintance with the Fourier 
transformation and integration in the complex plane.

Mathematical treatment of nonlinear effects as
sociated with waves in continua. Some particular ex
amples discussed are taken from water waves, 
gasdynamics, elasticity, plasma physics, and electro
magnetic theory. Topics include: Fourier analysis of 
linear waves; phase and group velocity; dispersion; 
energy propagation; caustics; kinematic waves; high 
frequency expansions, diffracfion, and ray theory. 
Nonlinear hyperbolic systems; characteristics; shock 
waves; energy dissipation; the Burgers equation and 
its solution. Conservative dispersive systems. The 
Korteweg-deVries equation and the GGKM method of 
solution. Nonlinear WKB approximation. Variational 
principles and Flamiltonian equations for nonlinear 
dispersive waves. Conservation of wave action. Non
linear group velocity. Resonant wave interactions and 
instability of deep water waves.

Heat Transfer
IM H324 (3625) Heat Transfer and Transport 
Processes (u) Either term. Credit three hours. One 
lecture, two recitations. Prerequisites: IMG221, 
IMF323.

Conduction of heat in steady-state, unsteady-state 
and periodic heat flow; analogic methods; numerical 
methods; fin surfaces; systems w ith heat sources. 
Convection; boundary layer fundamentals; natural 
convection; forced convection inside tubes and 
ducts; forced convection over various surfaces. Boil
ing and condensation. Radiation: emission, absorp
tion, reflection, transmission, and exchanges. 
Radiation combined with conduction and convection. 
Heat exchangers; overall heat transfer coefficients; 
mean-temperature difference; effectiveness; design.

IM H650 (3665) Transport Processes (u,g) Fall 
Credit three hours. Three recitations. Prerequisites: 
basic thermodynamics and fluid mechanics.

Description of modes of thermal and mass diffusion 
and transport. Formulation of the transport equations 
and their use in engineering and in environmental 
studies. Conduction and mass diffusion in solid ma
terials. Thermal radiation exchange among assem
blies of radiating bodies and as a diffusion process. 
Nature of nonopaque radiation interaction. Energy 
and mass diffusion by molecular and turbulent 
processes in convection. Regimes of transport. Con
sideration of convection resulting from buoyancy 
forces and from other forcing conditions in fluids. 
Various aspects of buoyancy-induced flows empha
sized in relation to applications.

IMH651 (3680) Convection Heat Transfer (g)
Spring. Credit three hours. Prerequisite: IMH650 or 
consent of instructor. B. Gebhart.

The diffusion of thermal energy, mass, and momen
tum is considered. Basic equations are reasoned in 
detail and applied to  problems of current importance 
in technology and in environmental and ecological 
studies. Natural convection (buoyancy-induced) flows 
adjacent to surfaces and in freely rising plumes, 
buoyant jets, and thermals in extensive media (in
cluding stratified) are treated for laminar and for tur
bulent processes. Transient flows and the conversion 
of laminar motion to  turbulent motion are treated. 
Thermal instability and the diffusion characteristics in 
naturally occurring bodies of flu id are studied.
Forced flows and resulting convection are also con
sidered; included are effects o f property variation 
and viscous dissipation. Convective flow  driven jo in t
ly by buoyancy forces and by imposed conditions, 
such as those in the atmosphere and adjacent to 
heated surface, is discussed. Limits and mechanisms 
of these mixed flows are given.

IMH652 (3682) Seminar In Heat Transfer (g)
Spring. Credit three hours. Two-hour meetings week
ly to  be arranged. Prerequisite: consent of professor 
in charge. B. G ebhart

Discussion of fields of active inquiry and current in
terest in heat transfer. Considerations of major re
cent work and several summaries of associated 
contributions.

Power, Advanced Thermodynamics, 
and Combustion

IMP304 (3659) The Nature of Thermodynamics
(u ,9 ) Fall. C redit three hours. Three recitations. 
Prerequisite: a course in thermodynamics or consent 
of instructor. B. J. Conta.

History, philosophy, and mathematics of therm ody
namics with emphasis on its scope and limitations. 
The methods of exposition of the concepts and laws 
of thermodynamics; a comparison of the intuitive, the 
axiomatic, and the statistical approaches. Principle 
rather than problem oriented; each student will be 
expected to develop a special top ic in thermodynam
ics, present it orally, and write a term paper in place 
of a final examination.

IMP440 (3640) Thermodynamic Applications (u)
Fall. C redit three hours. Prerequisite: IMG221 or 
equivalent.

An introduction to  a broad range of engineering ap
plications of therm odynam ics to  cyclic and noncyclic 
processes. Heat engine or power cycles, both gas 
and vapor, steady flow  and nonflow. Heat pump or 
refrigeration cycles, including therm oelectric and ab
sorption refrigeration. Noncyclic energy conversion, 
with emphasis on combustion engines. The elements 
of chemical thermodynamics, including the Gibbs 
availability function and the special case of the Gibbs 
free energy, will be developed in order to  establish 
the criteria of performance of combustion and other 
chemical engines. A  brief treatment o f fuel cells and 
an introduction to  the thermodynamics of biological 
systems.
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IMP442 (3642) Pollution Control In Power and 
Propulsion (u) Spring. Credit three hours. Three 
recitations. Prerequisite: IMF323 concurrently, or 
consent of instructor. Staff.

The m ajor sources of general power and motive 
power are also sources of air pollution, thermal pol
lution, and noise. Abatement techniques for these 
pollutants must be developed if we are to satisfy de
mands for more power while preserving our environ
ment. An introduction to the m ajor problems 
associated with each ot these types of pollution and 
to possible methods of control; fundamental technical 
aspects o f the problems and their solutions. Introduc
tion to  the various engineering sciences which form 
a basis for control technologies.

IMP449 (3669) Combustion Engines (u) Fall. 
Credit three hours. Three recitations. Prerequisite: 
IMG221 or IMG221 concurrently.

Introduction to  combustion engines with emphasis on 
application of thermodynamics and fluid dynamics, 
and on minimization ot harmful exhaust emissions. 
Reciprocating com bustion engines, including the 
stratified charge engine; rotary engines.

[IMP457 Statistical Thermodynamics (u) Spring 
Credit three hours. Prerequisite: IMG221. Not offered 
in 1974-75.

Classical statistics and the statistics of discrete parti
cles from  the Maxwell-Boltzmann point o f view. 
Quantum mechanical descriptions of substances and 
the Gibbs ensemble approach to  probabilistic ther
modynamics. The evaluation of thermodynamic prop
erties. An introduction to  the kinetic theory of gases.)

IMP643 (3652) Combustion Processes (u,g)
Spring. Credit three hours. Three recitations. Prereq
uisites: basic thermodynamics, fluid mechanics, and 
heat transfer.

An introduction to combustion and flame processes 
with emphasis on the rate-controlling effects of fluid 
dynamics, heat and mass transfer, and reaction ki
netics. Topics include classification of fuels; heat of 
combustion and flame temperature; mixture equilibri
um; combustion in homogeneous mixtures; deflagra
tions, detonations, and explosions; ignition, 
quenching, and burning limits; flame stabilization; tur
bulent burning; diffusion flames; and burning of dro
plets and particles.

IMP648 (3668) Seminar on Combustion (g)
Spring. Credit three hours. Meetings three times a 
week to be arranged. Prerequisite: consent of in
structor. F. C. Gouldin, W. J. McLean, K. E. Tor
rance.

Discussion of contemporary problems in combustion, 
such as combustion-generated air pollution, destruc
tive fires, and fuels for future combustion systems. 
Emphasis will be placed on the experimental and 
analytical tools required for current com bustion re
search. Topics include numerical techniques, turbu
lence modeling, temperature and composition 
measurements, and laser applications.

IMP655 (3672) Energy Conversion (u,g) Spring 
Credit three hours. Three lectures. Prerequisite: 
IMG221 or equivalent.

Primarily an analysis of energy conversion devices as 
classified into heat engines, chemical engines, and 
expansion engines. An analysis of each class from 
the point of view of efficiency and other criteria of 
performance. A  more detailed study of some conven
tional and direct energy conversion devices including 
thermoelectric, thermionic, and photovoltaic convert
ers and fuel cells. Energy sources and energy stor
age, application to terrestrial and space power 
systems.

IMP656 (3641) Power Systems (u,g) Spring 
Credit three hours. Prerequisites: IMG221 and 
IMF323 or equivalent.

A  broad survey of methods of large-scale power 
generation, emphasizing energy sources, thermody
namic and fluid mechanical cycle considerations, 
and com ponent description. Power industry, eco
nomic, and environmental factors. Long-range trends 
and projections. Fossil-fueled steam-turbine systems. 
Exhaust emissions, cooling problems and methods. 
Peak load problems; gas turbine, energy storage 
schemes. Topping units, binary cycles, MFID.

IMP658 (3691) Processes of Large Scale Heat 
Rejection (u,g) Fall. Credit three hours. Three rec
itations. Prerequisites: IMF323 and IMFI324 concur
rently; or equivalent preparation in fluid mechanics 
and heat transfer. F. K. Moore.

Application of fluid mechanics and heat transfer to 
the analysis o f problems of large-scale heat rejection. 
The development of plumes and the effects of heat 
rejection on temperature cycles of water bodies. Per
formance and size estimation of cooling towers of 
evaporative and dry types, including the role of heat 
exchanger design in such cooling systems for large 
power plants. The effects of large-scale heat rejec
tion on the planetary boundary layer. Dispersion of 
thermal effluents in the atmosphere. Urban heat is
lands and regional warming. Discussion of present 
and future trends in the development of heat disper
sal methods.

IM P690 (3690) Special Investigations In Power, 
Thermodynamics, or Combustion (u,g) Fall and 
spring. Credit by arrangement. Intended either for in
formal instruction of a small number of students in
terested in work to  supplement that given in regular 
courses or for a student wishing to pursue a partic
ular investigation outside of regular courses. Permis
sion required for registration.

Nuclear Science and 
Engineering

See course descriptions for Applied and Engineering 
Physics, p. 71.



126 Theoretical and Applied Mechanics

Operations Research

See course descriptions for Industrial Engineering 
and Operations Research, p. 108.

Structural Engineering

See course descriptions under Civil and  Environmen
tal Engineering, p. 79.

Theoretical and 
Applied Mechanics

Courses in theoretical and applied m echanics are 
listed under the follow ing headings: For Undergradu
ates Only, Engineering Mathematics, Mechanics o f 
Solids, Dynamics and Vibrations, Experimental Me
chanics, Space Mechanics, Biomechanics, and Spe
c ia l Courses.

For Undergraduates Only

BMA293 (293) Engineering Mathematics (u) Ei
ther term. Credit four hours. Prerequisite: BMA192 or 
BMA194. Three lectures plus recitation periods to be 
arranged. Preliminary examinations will be held at 
7:30 p.m. on Oct. 1, Oct. 29, Dec. 3, Feb. 25, Apr.
1, Apr. 29.

Vectors and matrices, first-order differential equa
tions, infinite series, complex numbers, applications. 
Problems for programming and running on the auto
matic computer will be assigned, and students are 
expected to  have a knowledge of com puter program
ming equivalent to  that taught in IBE105, Elements of 
Engineering Communication.

BMA294 (294) Engineering Mathematics (u ) Ei
ther term. Credit three hours. Prerequisite: BMA293. 
Two lectures plus recitation periods to be arranged. 
Preliminary examinations will be held at 7:30 p.m. on 
Oct. 1, Oct. 29, Dec. 3, Feb. 25, Apr. 1, Apr. 29.

Linear differential equations, quadratic forms and ei
genvalues, differential vector calculus, and applica
tions.

BMA295 (293H) Engineering Mathematics (u)
Fall. C redit four hours. Prerequisite: BMA192 or 
BMA194. An honors section of BMA293. Three lec
tures plus recitation periods to be arranged. Prelimi
nary examinations will be held at 7:30 p.m. on Oct.
1, Oct. 29, Dec. 3.

Lectures fo llow  the general plan and cover the mate
rial of BMA293, with substantially greater emphasis 
on fundamental unifying concepts. Additional topics 
may include: an introduction to  convergence in me
tric spaces, the role o f complex numbers in clarifying 
the behavior of real power series and real linear 
transformations, invariant subspaces of a linear trans
formation and the Jordan canonical form.

BMA296 (294H) Engineering M athematics (u)
Spring. Credit four hours. Prerequisite: BMA295 or 
consent of instructor. An honors section of BMA294. 
Three lectures and recitation periods to  be arranged. 
Preliminary examinations will be held at 7:30 p.m. on 
Feb. 25, Apr. 1, Apr. 29.

Lectures follow the general plan and cover the mate
rial of BMA294, with substantially greater emphasis 
on fundamental unifying concepts. Additional topics 
may include: a development of the theory of linear 
ordinary differential equations with constant coeffi
cients via the matrix exponential function, fundamen
tal solution matrices for time-dependent linear 
ordinary differential equations, particular solutions via 
the superposition integral. Recitation work will in
clude one m ajor problem-solving project involving 
modeling, com puter programming, and, possibly, ex
perimental verification.

IAK105 (1005) Finite Mathematics for Biologists
(u) (Same as Mathematics BMA105.) Fall. Credit 
three hours, plus optional fourth hour fo r introduction 
to computing. Prerequisite: three years of high 
school mathematics, including trigonometry. Two lec
tures, plus two hours to  be arranged. Preliminary ex
aminations will be held the evenings of Oct. 3, Oct.
31, Nov. 21.

Models, analytic geometry, difference equations, el
ementary linear algebra, probability. Optional intro
duction to  interactive computing. Examples from 
biology will be used throughout the course.

IAK106 (1006) Calculus for Biologists (u)
(Same as Mathematics BMA106.) Spring. Credit 
three hours. Prerequisite: Mathematics BMA105 or 
three years of high school mathematics, including 
trigonometry and analytic geometry. Two lectures 
plus two hours to  be arranged. Preliminary examina
tions will be held the evenings of Feb. 27, Apr. 3,
May 1.

Introduction to  differential and integral calculus, par
tial derivatives, elementary differential equations. Ex
amples from bio logy will be used throughout the 
course.

IAK201 (1001) Introduction to Applied Mechan
ics (u ) Either term. Credit three hours. Two lec
tures, one recitation per week; four laboratory 
sessions per term. Prerequisite: registration in Math
ematics BMA293. Note: Credit earned fo r this 
course, which is an Engineering Core Science, pre
cludes credit in the Field Program in Theoretical and 
Applied Mechanics for the comparable courses 
IAK221 (form erly 1021) and IAK231 (form erly 1031).
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An integrated treatment of the mechanics of solids 
and fluids for students in engineering, life sciences, 
and interdisciplinary programs. Consists of an intro
duction to  the fundamental concepts of statics, dy
namics, continuum  mechanics, and the properties of 
materials, with application of these concepts in dis
cussions of several practical examples drawn from 
solid and fluid mechanics. These include the torsion, 
bending, and buckling of structural members, time- 
dependent and statical problems in elasticity and 
fluids at rest, perfect fluids, and fluids with friction.

IAK221 (1021) Mechanics of Solids (u) Either 
term. Credit three hours. Two lectures, one recita
tion; laboratory participation four times per term. Pre
requisite: registration in Mathematics BMA293.

Princples of statics, force systems, and equilibrium. 
Mechanics of deformable solids, stress, strain, stati
cally determinate and indeterminate problems. Prop
erties of engineering materials. Analysis of slender 
bars, shearing force, bending moment, singularity 
functions. Plane stress, transformation of stress, 
Mohr's circle of stress and strain. Bending and tor
sion of slender bars; stresses, deformations, and 
plastic behavior.

IAK222 (1022) Mechanics of Solids (u) Either 
term. Credit three hours. Audiovisual, exam-tutorial 
format. Laboratory participation four times per term. 
Prerequisite: registration in Mathematics BMA293.

Principles of statics, force systems, and equilibrium. 
Mechanics of deformable solids, stress, strain, stati
cally determinate and indeterminate problems. Prop
erties of engineering materials. Analysis o f slender 
bars, shearing force, bending moment, singularity 
functions. Plane stress, transformation of stress, 
Mohr's circle of stress and strain. Bending and tor
sion of slender bars; stresses, deformations, and 
plastic behavior.

IAK231 (1031) Dynamics (u). Either term Credit 
three hours. Two lectures, one recitation; laboratory 
participation four times per term. Prerequisite: reg
istration in Mathematics BMA294.

Principles of Newtonian dynamics of a particle, sys
tems of particles, and a rigid body. Kinematics, 
frames of reference, motion relative to a moving 
frame, impulse, momentum, energy. Laws of motion 
of a system, center of mass, total kinetic energy, mo
ment of momentum, constraints. Rigid body kinemat
ics, angular velocity, moment of momentum and the 
inertia tensor, Euler equations, the gyroscope. Ad
vanced methods in dynamics. As time permits: gen
eralized coordinates, Lagrange's equations, the 
potential energy function, the kinetic energy function, 
applications. At the level of Applied Mechanics- 
Dynamics by Housner and Hudson.

Engineering Mathematics

IAA350 (1150) Advanced Engineering Analysis I
(u,g) Fall. Credit three hours. Prerequisite: Math
ematics BMA294 or equivalent. Two lectures. Exam- 
tutorial arranged. R. H. Lance.

Methods of applied mathematics as they arise in a 
systematic study of problems in engineering which 
give rise to ordinary differential equations. Topics in
clude infinite series, uniform convergence, Bessel's, 
Legendre, and gamma functions, numerical methods, 
matrix algebra, initial-value problems, boundary-value 
problems, and eigenvalue problems in ordinary differ
ential equations. At the level of Mathematics o f Phys
ics and Modern Engineering by Sokolinkoff and 
Redheffer.

IAA351 (1151) Advanced Engineering Analysis II
(u,g) Spring. Credit three hours. Prerequisite: 
IAA350 or equivalent. R. H. Lance.

A  continuation of IAA350, with emphasis on methods 
of analysis which arise in a systematic study of par
tial differential equations. Topics include functions of 
several variables, vector field theory, Fourier series, 
classical methods for partial differential equations, in
troduction to numerical methods, classification, and 
complex variables. Applications to heat flow, stress 
analysis, and gasdynamics. Examination-tutorial 
course format.

IAA770-771 (1170-1171) Foundations ol Applied 
Mathematics (g) Throughout the year. Offered on 
demand. Credit, three hours a term. Two 1 '/< hour 
lectures. Prerequisite: one year of mathematical 
methods at or beyond the level of IAA350-351, or 
consent of instructor. J. C. Dunn.

Differs substantially in content and emphasis from 
methods-oriented courses such as IAA680-681 or 
Mathematics BMA415-416 or BMA421-423. Presents 
various applied mathematical topics from the view
point of underlying abstract mathematical similarity 
and provides an introductory treatment of unifying 
principles from modern analysis and algebra. Subject 
matter: sets, logic, and switching circuits; algebraic 
systems and isomorphism; the completion-embedding 
principle, from natural numbers to distribution theory, 
including the real-complex embedding, the Riemann- 
Lebesque integral embedding, and the function- 
distribution embedding; the contraction mapping 
principle, iterative solution techniques, existence- 
uniqueness theorems, and the Cartesian arithmetiza- 
tion of Euclidean geometry and its extension to Hil
bert spaces; the projection principle and 
approximation theory; symmetric linear operators, 
matrix diagonalization, and boundary value problems; 
local approximation of nonlinear functions by linear 
functions, differentials, variational calculus, gradient 
methods, generalized Newton-Raphson process, and 
boundary-value problems. Physical motivation will be 
drawn from a variety of sources, historical and cur
rent, including the literature of theoretical mechanics, 
communication and control theory, and numerical 
analysis.

IAA680 (1180) Methods of Applied Mathematics
(9) Fall. Credit three hours. Three lectures. Open to 
graduate students or to undergraduates with the 
consent of the instructor. Intended for students who 
plan to use applied mathematics frequently; many 
students will supplement it with IAA681-683.
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Ordinary differential equations, series, orthogonal 
functions and Sturm-Liouville theory, functions of 
several real variables, vector fields and integral theo
rems, matrices, partial differential equations. Empha
sis on applications and techniques of solution, 
wherever possible. At the level of Mathematics of 
Physics and Modem Engineering by Sokolnikoff and 
Redheffer.

IAA681 (1181) Methods of Applied Mathematics
II (g) Spring. Credit three hours. Three lectures. 
Prerequisite: IAA681 or equivalent.

Continuation of partial differential equations, separa
tion of variables, Green's functions, Fourier and La
place transforms, complex variables through the 
theory of residues, calculus of variations, including 
Rayleigh-Ritz method, tensor analysis.

IAA682 (1182) Methods of Applied Mathematics
in (g) Fall. Credit three hours. Two lectures. Pre
requisite: IAA681 or equivalent. G. S. S. Ludford.

Application of advanced mathematical techniques to 
engineering problems. Review of com plex variable 
theory, conformal mapping, and com plex integral cal
culus; integral transforms for partial differential equa
tions; Green’s function; asymptotics, including 
steepest descent and stationary phase; W iener-Hopf 
technique; nonlinear partial differential equations; 
general theory of characteristics; singular perturba
tions and boundary layers. Problems drawn from vi
brations and acoustics, fluid m echanics and 
elasticity, heat transfer, and electromagnetics.

IAA683 (1183) Methods of Applied Mathematics
IV (g) Spring. Credit three hours. Three lectures. 
Prerequisite: IAA682 or equivalent. G.S.S. Ludford.

Topics include: regular and singular perturbation the
ory, method of matched asymptotic expansions, two 
timing (method of multiple scales), WKB approxima
tion, Hilbert-Schmidt and Fredholm theories of inte
gral equations, singular integral equations, 
W iener-Hopf equations with application to  finite inter
val, Carleman equation and its generalization, effec
tive approximations, further methods in partial 
differential equations.

IAA684 (1184) Numerical Methods In Englneer-
Ing (g) Spring. Offered in alternate years. Credit 
three hours. Prerequisite: IAA681 or equivalent. J. C. 
Dunn

Methods for obtaining numerical solutions to prob
lems arising in engineering. Linear and nonlinear me
chanical systems. Ordinary and partial differential 
equations, initial-value problems, boundary-value 
problems, eigenvalue problems, and extrema. Calcu
lus of variations. Function-space methods. Applica
tions to  vibrations, diffusion, heat transfer, wave 
propagation, membranes, plates, fluid flow, and ce
lestial mechanics. Simulation of dynamical systems. 
Analog computation.

Mechanics of Solids

IAB610 (1210) Introduction to Continuum Me

chanics (u,g) Fall. Offered in alternate years. Cred
it three hours. Three lectures. J. T. Jenkins.

Introduction to  the physical aspects of modern con
tinuum mechanics, providing a foundation for further 
studies in fluid and solid mechanics, materials sci
ence, and other branches of engineering. Vectors 
and tensors. Analysis of stress and strain. Deforma
tion. Constitutive equations. Balance principles and 
the derivation of field equations. Examples from fluid 
dynamics and elasticity.

IAB663 (1263) Applied Elasticity (u ,g) Fall 
Credit three hours. Two lectures. H. D. Conway.

Analysis of thin curved bars. Plane stress and plane 
strain in the c ircula r cylinder; effects of pressure, ro
tation and thermal stress. Small- and large-deflection 
theory of plates, classical and approximate methods. 
Strain-energy methods. Symmetrically loaded thin 
cylindrical shell. Torsion of thin-walled members. A 
first course in the mechanics of elastic deformable 
bodies with structural applications.

IAB664 (1264) Theory of Elasticity (g ) Spring 
Credit three hours. Three lectures. H. D. Conway.

General analysis of stress and strain. Plane stress 
and strain. A iry 's  stress function solutions using 
Fourier series, Fourier integral, and approximate 
methods. St. Venant and Michell torsion theory. Sim
ple three-dimensional solutions. Bending of prismati- 
cal bars. Axially loaded circular cylinder and half 
space.

IAB76S (1265) M athematical Theory of Elasticity
(g) Spring. Offered in alternate years. Credit three 
hours. Three lectures. Prerequisites: IAB663 and 
IAB664. J. T. Jenkins.

Development in tensor form  of the basic equations of 
large-deformation elasticity; solution of certain large- 
deformation problems. Linearization to infinitesimal 
elasticity. Boussinesq-Papkovich potentials and their 
application to three-dimensional problems; contact 
problems; plane stress by method of Muskhelishvili; 
application of conformal mapping; Cauchy integral 
techniques in elasticity; torsion problems.

[IAB766 (1266) Dynamic Theory of Elasticity (g)
Spring. Offered in alternate years. Credit three hours. 
Two lectures. Prerequisites: IAC664 and IAB663 or 
equivalent. Y. H. Pao. Not offered in 1974-75.

An advanced course on dynamic stress analysis and 
wave propagation in elastic solids. General equations 
of elastodynamics. Waves in extended elastic media. 
Reflection and refraction. Surface waves and waves 
in layered media. Generation of waves by explosive 
sources and dynamic loadings. Methods of Lamb- 
Cagniard-Pekeris and the generalized rays. Disper
sion of waves in plates and rods. Thick plate theo
ries. Vibration of spheres. Scattering of waves and 
dynamic stress concentration. Waves in anisotropic 
m edia ]

IAB667 (1267) Introduction to the Inelastic Be
havior ol Solids and Structures (u,g) Spring 
Credit three hours.
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Introduction to the physical aspects of inelastic mate
rial behavior. Microscopic, macroscopic, and ide
alized models for elastic, plastic, viscous, 
viscoplastic, and locking materials. Mathematical for
mulations and methods of solution. Design concepts.

IAB668 (1268) Theory of Plasticity (u ,g) Fall 
Credit three hours. R. FI. Lance.

Theory of inelastic behavior of materials. Plastic 
stress-strain laws, yield criteria, and flow  laws. Flex
ure and torsion of bars; thick-walled cylinders; metal 
form ing and extrusion; stress analysis in metals. Limit 
analysis of beams, plates, and shells. Shake-down.

IAB771 (1271) Theory of Plates and Shells (u,g)
Fall. C redit three hours. Staff

Topics to  be covered are: review of classical plate 
theory; Reissner plate theory; theory of anisotropic 
plates with special emphasis on plates of composite 
materials and curvilinear coordinates on a surface; 
general shell theories including Love’s first and sec
ond approximations and Fltigge-Byrne and Naghdi- 
Reissner shell theories; membrane theory with appli
cations to shells of revolution; Nemenyi-Truesdell 
stress function; bending theory solutions for cylindri
cal shells with and w ithout transverse shear deforma
tion.

IAB680 (1280) Composite Materials (u,g) (Same 
as Materials Science and Engineering IFT725.)
Spring. Credit three hours. Three lectures. Staff: fac
ulty from  materials science and engineering and the
oretical and applied mechanics.

The physical basis of the strength, elastic modulus, 
and fracture resistance of composite materials; the 
micro- and macromechanics of composites, their me
chanical response, and important composite systems 
including fabrication, processing, and design applica
tions. Compatibility and interaction of fibers and ma
trix. Fatigue, creep, fracture mechanisms. Analysis of 
primary configurations such as tension and compres
sion members, beams, and plates, including such lo
cal effects as bonding, fiber-tip stress concentration, 
and buckling.

[IAB790 (1290) Continuum M echanics and Ther
modynamics (g) Fall. Offered in alternate years. 
Credit three hours. Three lectures. J. T. Jenkins. Not 
offered in 1974-75.

Kinematics. Conservation laws. The entropy inequali
ty. Constitutive equations. Frame indifference. Mate
rial symmetry. Simple materials and the position of 
classical theories in the framework of modern contin
uum mechanics.]

[IAB791 (1291) Topics In Continuum Mechanics
(g) Spring. Offered in alternate years. Credit three 
hours. Three lectures. Prerequisite: IAB790. J. T. 
Jenkins. Not offered in 1974-75.

Theory of (nonlinear) elasticity and thermoelasticity; 
universal solutions, wave propagations, and stability 
theory. Nonlinear viscoelastic fluids and solids. Vis
cometric flows. Materials with continuum  microstruc
ture.]

Dynamics and Vibration

IAC664 (1364) Mechanical Waves and Vi
brations (u,g) Spring. Offered in alternate years. 
Credit four hours. Two lectures, one laboratory. Y. H. 
Pao

An introduction to a unified treatment o f waves and 
vibrations in elastic systems, including strings, rods, 
beams, membranes, and plates. Waves in shallow 
and deep water, acoustic waves in air and solids, 
and seismic waves. Dispersion and group velocity. 
Transient waves and forced vibrations. Moving loads 
and sources. Plane, cylindrical, and spherical waves. 
Huygens’ principle. Radiation and scattering. Me
chanical wave guides. A t the level of Analytical M eth
ods in Vibrations by Mierovitch, and Mechanical 
Radiation  by Lindsay.

IAC670 (1370) Intermediate Dynamics (u,g)
Fall. Credit three hours. Two lectures. For graduate 
students or advanced undergraduate students with 
consent of instructor.

Newtonian mechanics for single particles and sys
tems of particles, conservation laws, central-force 
motion; rigid-body mechanics, Euler's equations, 
tops, gyroscopes; generalized coordinates, introduc
tion to  Lagrangian mechanics, Hamilton's principle. 
Text: Principles o f Dynamics by Greenwood.

IAC771 (1371) Advanced Dynamics (g ) Spring 
Credit three hours. Prerequisite: IAC670 or equiva
lent.

Hamilton's principle, Lagrangian mechanics, principle 
of least constraint, principle of least action, Gibbs- 
Appell equations; Hamilton's equations, canonical 
transformations, Hamilton-Jacobi theory; differential 
geometry of geodesics; general theory of orbits; top
ological dynamics.

IAC675 (1375) Nonlinear Vibrations (g) Spring 
Credit three hours. Three lectures. Prerequisite: 
IAC662 or equivalent.

Phase-plane techniques, singular points, conservative 
systems, limit cycles. Poincard-Bendixson theorem, 
Poincard's cycles w ithout contact, method of 
isoclines, Lienard’s method, Lyapunov stability, Flo- 
quet theory, H ill's and Mathieu's equation, perturba
tion methods, method of Krylov and Bogoliubov 
Applications.

IAC676 (1376) Stability of Motion (g ) Spring 
Credit three hours. Three lectures.

Physical notions of stability, Lyapunov stability, orbit
al stability, Lyapunov’s second method, validity o f lin
earized variational equations, stability o f equilibrium 
points, stability of periodic motions, Floquet theory, 
perturbations, structural stability, Poisson stability, er- 
godicity.

IAC781 (1381) Dynamics of Flight (g ) Spring 
Offered on demand. Credif three hours. Two lec
tures. Prerequisites: IAA681 and IAC670 or equiva
lent.
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Introduction to the dynamics of atmospheric vehicles. 
Static stability and contro l. Derivation of the general 
equations of unsteady motion. Small disturbance 
equations. Dynamic stability. Dynamic response to 
controls. Stability augmentation and automatic con
trol. Flight path optimization techniques. A t the level 
of Dynamics o f Flight by Etkin.

Experimental Mechanics

IAD659 (1459) Experimental M echanics (u,g)
Fall. Credit three hours. Two lectures. W. FI. Sachse.

The student is expected to  perform four to six classi
cal experiments in mechanics selected to  meet his or 
her individual interests. Available experiments in
clude: elastic waves in rods, viscoelastic waves and 
internal damping, linear vibrations of beams and 
plates, mechanical properties of materials, photoelas
ticity, plastic response of structures, gyroscopic mot
ion, linear oscillators, and analog computers.

IAD660 (1460) Project in Experimental Mechan
ics (u ,g) Arranged. Credit three hours. W. FI. 
Sachse.

The student is expected to perform one or two in- 
depth experiments chosen from areas very active in 
contemporary experimental mechanics and reflecting 
some of the research interests of the faculty. A t pre
sent, experiments in the linear and nonlinear me
chanical response of materials and the propagation 
and internal friction of stress waves in solids and 
fluids are available. It is expected that the student will 
report findings in a departmental seminar o r a re
search publication.

Space Mechanics

IAG672 (1772) Space Flight M echanics (u,g)
(Same as Astronomy 579.) Fall. Credit three hours, 
j .  A. Burns.

Gravitational potential of the earth, two-body prob
lem, three-body problem, restricted three-body prob
lem, Jacobi's integral, Hill curves, libration points and 
stability, capture problems. Lagrange’s planetary 
equations; effect o f oblate earth, atmospheric drag, 
and solar radiation on satellite orbits; satellite attitude 
control; orbital maneuvers, rendezvous problems.

[IAG673 (1773) Mechanics ot the Solar System  
(u,g) (Same as Astronomy 571.) Fall. C redit three 
hours. Three lectures. Prerequisite: IAC670 or con
sent o f instructor. J. A. Burns. Not offered in 1974- 
75.

Application of the principles of m echanics to explain 
large-scale physical phenomena in the solar system. 
An understanding of the interplanetary environment 
will be developed. Topics will include: geophysical 
principles and ideas as applied to  the Earth and oth
er planets; seismic waves, free oscillations, free and 
forced rotation, gravitational potentials. Equilibrium 
tidal theory, tidal interactions, orbital evolution of the 
earth-moon system, spin-orbit coupling of Mercury 
and Venus. Dynamical characteristics of comets, as

teroids, and interplanetary dust. Relativistic perihelion 
precession of Mercury.)

Biomechanics

IAH601 (1801) Introduction to Blomechanlcs, 
Bioengineering, Bionics, and Robots (u,g) Fall. 
Credit three hours. Three lectures. Prerequisites: el
ementary differential equations, linear algebra, and 
probability; or consent o f instructor. A  lecture course 
intended primarily for undergraduates. An introduc
tion to  IAH692, but not necessarily a prerequisite. H.
D. Block.

Bionics, the general subject, is the study of possible 
applications of techniques used by living organisms 
to the design of engineering devices. Examples are 
how birds fly, fish swim, and men run; and how ani
mals see, hear, learn, recognize, recall, guess, and 
reason. The possibility of designing robots to  operate 
in ways analogous to  physiological and mental func
tions will be explored. Typical areas: developments in 
biomedical engineering, artificial intelligence, pattern 
recognition, neural network and brain models, philo
sophical questions of computers and the foundations 
of mathematics, theoretical aspects of competitive 
and evolutionary ecological systems, and progress in 
the augmentation of human muscular and mental 
power. Students interested in particular areas may do 
individual or team work consisting of study, research, 
design, or construction.

[IAH666 Pattern Classification (u,g) Spring. Of
fered in alternate years. Credit three hours. Prerequi
site: IOA260-270 or equivalent background in 
probability and statistics. J. C. Dunn. Not offered in 
1974-75.

Graph theoretic and criterion function clustering 
techniques. C lustering methods based on the theory 
of fuzzy sets. Linear and nonlinear categorizers. Er
ror correcting procedures. Group averaging tech
niques and feature extraction. Applications to 
biological taxonomy, automated character recogni
tion, medical diagnosis.]

IAH692 (1892) Current Research Problems In 
Bionics and Robots (u,g) Spring. One to  four 
credit hours, as arranged in prior consultation with 
the staff. Course IAH601 is introductory but is not 
necessarily a prerequisite. H. D. Block.

A  graduate-level seminar, concentrating on a few of 
the top ics listed under IAH601. Faculty and students 
will report on current research articles, papers, 
books, and personal investigations in such areas as: 
robots designed to  learn natural language; artificial 
intelligence; pattern recognition and scene analysis 
by machine; evolutionary systems; adaptive control; 
and brain and behavior models.

Special Courses

IAJ704-705 (1904-1905) Seminar In Fluid M e
chanics (g) Fall and spring. Credit three hours. 
Prerequisite; consent o f instructor. G. S. S. Ludford.
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Study and discussion of topics of current research 
interest in the field of fluid mechanics. Participants 
prepare and deliver reports based on published and 
unpublished literature.

IAJ821-822 (1921-1922) Project In Mechanics
(9 ) Fall and spring. Credit to be arranged.

A  minimum of three credit hours must be completed 
by each candidate for the Master of Engineering (En
gineering Mechanics) degree.

IAJ896 (1996) Research In Theoretical and Ap
plied Mechanics (g) Either term. Credit as ar
ranged.

Thesis, literature survey, or independent research on 
a subject o f theoretical and applied mechanics. Re
search will be under the guidance of a staff member.

IAJ897 (1997) Selected Topics In Theoretical 
and Applied Mechanics (g) Either term. Credit as 
arranged.

Special lectures or seminars on subjects of current 
interest in the Field of Theoretical and Applied Me
chanics. Topics will be announced when the course 
is offered.

Courses of Interest to Students 
from Other Schools and 
Colleges in the University

Any Cornell student is eligible to enroll in courses of
fered by the College of Engineering. Certain offerings 
that have had or are likely to have a general appeal 
are listed below. More complete course descriptions 
may be found under the indicated areas of instruc
tion.

IAH601 (1801) (Theoretical and Applied Me
chanics) Introduction to Blomechanlcs, Bioengi
neering, Bionics, and Robots (u,g) Fall. Credit 
three hours. Three lectures. Prerequisites: elementary 
differential equations, linear algebra, and probability, 
or consent of instructor. FI. D. Block.

Intended primarily for undergraduates. Bionics, the 
general subject, is the study of possible applications 
of techniques used by living organisms to  the design 
of engineering devices.

IAK105 (1005) (Theoretical and Applied Me
chanics) Finite Mathematics tor Biologists (u)
Fall. C redit three hours, plus optional fourth hour for 
introduction to  computing. Prerequisite: three years 
of high school mathematics, including trigonometry. 
Two lectures, plus two hours to  be arranged. Prelimi
nary examinations will be held the evenings of Oct.
3, Oct. 31, Nov. 21.

Models, analytic geometry, difference equations, el
ementary linear algebra, probability. Optional intro

duction to interactive computing. Examples from bi
ology will be used throughout the course.

IAK106 (1006) (Theoretical and Applied Me
chanics) Calculus for Biologists (u) Spring.
Credit three hours. Prerequisite: Mathematics 
BMA105 or three years of high school mathematics, 
including trigonometry and analytic geometry. Two 
lectures, plus two hours to be arranged. Preliminary 
examinations will be held the evenings of Feb. 27, 
Apr. 3, May 1.

Introduction to differential and integral calculus, par
tial derivatives, elementary differential equations. Ex
amples from biology will be used throughout the 
course.

ICS100 (100) (Computer Science) Introduction 
to P L /I Programming (u) Either term. Credit two 
hours. No prerequisite. Two lectures, first eight 
weeks of term only. Optional recitation.

An elementary presentation of computer program
ming using the PL/I language.

ICS105 (305) (Computer Science) The Compu
terized Society (u) Fall. Credit three hours. Two 
seminars.

A seminar-style course designed to bring the per
spectives of the sciences, social sciences, and hu
manities to the question of the impact o f computers 
on society. Students with varied backgrounds are en
couraged to enroll.

ICS211 (202) (Computer Science) Computers 
and Programming (u) Either term Credit three 
hours. Prerequisite: ICS100 or equivalent program
ming experience. Two lectures, one laboratory.

A foundations course in computer programming.

IEE620 (4450) (Electrical Engineering) Blolelec- 
trlc Systems (u,g) Spring. Credit three or four 
hours (four hours with laboratory). Prerequisite: Bio
logical Sciences OBC423 or OBC427, o r Physics 
BPS360, or IEE312. Consent of instructor required 
for laboratory. R. R. Capranica, M. Kim.

Application of electrical systems techniques to  bio
logical problems.

IGE101 (Geological Sciences) Introductory Ge
ological Science (u) Either term Credit three 
hours. Two lectures, one laboratory. Field trips. Fall: 
W. B. Travers. Spring: J. M. Bird.

Designed to give students a comprehensive under
standing of earth processes, features, and history.

IGE103 (Geological Sciences) Earth Science (u)
Fall. Credit three hours. (See Earth Science Labora
tory IGE105.) Three lectures. A. L. Bloom.

Physical geography, including the spatial relation
ships of the earth, moon, and sun that determine the 
figure of the earth, time, seasons, atmospheric and 
oceanic circulation, and climates.
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IGE105 (Geological Sciences) Earth Science  
Laboratory (u) Fall. Credit one hour. To be taken 
concurrently with IGE103. One laboratory. A. L. 
Bloom.

Observation and calculation of daily, monthly, and 
seasonal celestial events; topographical mapping and 
map interpretation; world climatic regions.

IGE131 (Geological Sciences) Geology and the 
Environment (u) Fall. Credit three hours. Two lec
tures, one laboratory. Field trips.

The principles of geological science with emphasis 
on the physical phenomena and rock properties as 
they influence the natural environment o f man. The 
cause and effect of geological problems encountered 
in the planning, construction, and operation of man's 
works are analyzed in the laboratory, along with the 
influence of environmental factors.

IGE162 (Geological Sciences) M ineral and Ener
gy Resources (u ) Spring. Credit three hours. Two 
lectures. B. Bonnichsen, W. B. Travers.

Utilization of and our dependence upon mineral re
sources; their nature, occurrence, distribution, and 
availability at home and abroad. Political and eco
nomic aspects of their availability and control.

IGE232 (Geological Sciences) Environmental 
Geology (u ) Spring. Credit three hours. Prerequi
site: IGE101, IGE102, or IGE131. Two lectures, labo
ratory and discussion period, field trips.

The geologic basis o f m an’s environment and rele
vant impact on such aspects as: ecosystems, trace 
elements and health, energy and mineral resources, 
land use, population, laws and policies, pollution, dis
posal of radioactive and industrial wastes, and the 
common geologically caused hazards.

IIB201 (2201) (Civil and Environmental Engi
neering) Economic Analysis of the Private Sector 
(M icroeconom ics) (u ) Fall. C redit four hours. Pre
requisite: one year of college-level mathematics. R.
E. Schuler.

The econom ic behavior o f individual households and 
firms; how  individual agents com bine under different 
market structures, including competitive markets, mo
nopoly, and monopsony; and the theory of distribu
tion and general equilibrium.

IIB202 (2202) (Civil and Environmental Engi
neering) Economic Analysis of Government (u)
Spring. Credit four hours. Prerequisites: one year of 
college-level mathematics and IIB201, o r Economics 
311. R. E. Schuler.

A  continuation of IIB201. Welfare im plications of vari
ous form s of econom ic organization and the rationale 
for government intervention in the microeconomy.
The theory underlying investment in government pro
jects and environmental programs. National eco
nomic constraints and aggregate behavior 
(m acroeconomics), together with the impact of gov
ernment activity on these aggregates.

IIB205 (2205) (Civil and Environmental Engi
neering) Social Implications ol Technology (u,g)
Fall. C redit three hours. S-U grades optional. Open 
to  all Cornell students beyond the freshman year. P. 
L. Bereano.

Some of the issues pertaining to the development, 
implementation, and assessment o f technology. The 
social, political, and econom ic aspects o f current 
problems which have important technological com 
ponents.

IIB615 (2215) (Civil and Environmental Engi
neering) The Law and Environmental Control (u,
9) Fall. Credit four hours. Prerequisite: consent of 
instructor. Designed for seniors and graduate stu
dents. P. L. Bereano.

An introduction to  the structure and operation of the 
legal system and an investigation of the manner in 
which that system may handle environmental prob
lems.

IIB616 (2216) (Civil and Environmental Engi
neering) Seminar In Technology Assessment (u,
g) Spring. Credit three hours. Prerequisite: consent 
of instructor, based on a showing of adequate back
ground. P. L. Bereano and others.

An interdisciplinary seminar dealing with the social 
consequences of future technological development 
and means by w hich technology can be guided in 
socially beneficial directions.

IIE633 (2533) (Civil and Environmental Engi
neering) Environmental Quality (u ,g) Fall; spring 
on demand. Credit three hours. Three lecture- 
demonstrations. Field trips. Prerequisite: upperclass 
or graduate student status. L. B. Dworsky.

An introduction to  environmental quality and pollution 
problems, their nature, causes, and control.

IIE634 (2534) (Civil and Environmental Engi
neering) Air Quality Control (u,g) Fall. Credit 
three hours. Three lecture-discussions. Prerequisite: 
upperclass or graduate student status. C. D. Gates.

An introduction to  air quality and air pollution prob
lems.

IIF620 (2620) (Civil and Environmental Engineer
ing) Transportation Engineering (u,g) Fall. Credit 
three hours. No prerequisites, but some background 
in m icroeconom ic theory is desirable. G. P. Fisher.

Introduction to  the principal technological, economic, 
and social aspects of modern transportation.

IIH615 (2815) (Civil and Environmental Engi
neering) Water Resources Problems and Policies
(u .9 ) Fall. C redit three hours. Lecture-discussion. 
Prerequisite: consent o f instructor. Intended primarily 
for graduate engineering and nonengineering stu
dents but open to  qualified upperclass students. L.
B. Dworsky.

A  comprehensive approach to  water resources plan
ning and development. Flistorical and contemporary
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perspectives of water problems, organization, and 
policies.

IMG102 (3020) (M echanical and Aerospace En
gineering) Technology and Society— A Historical 
Perspective (u) Spring. Credit three hours. Three 
lecture-discussions. B. J. Conta.

An introduction to the history of technology and its 
relationship to society, especially in the nineteenth 
and twentieth centuries.

IMG208 (3208) (M echanical and Aerospace En
gineering) The Role of Energy In Society (u,g)
Spring. Credit three hours. Prerequisite: consent of 
instructor.

A  seminar-format course including: patterns of ener
gy consumption; United States and world compari
sons; fuel resources; technology of fuel extraction, 
energy conversion, and utilization; energy policies 
and regulations; environmental conflict; limits to 
growth.

IPC201 (8301) (Applied and Engineering Phys
ics) Nuclear Energy and the Environment (u)
Fall. Credit three hours. Two lectures and one two- 
hour recitation or laboratory per week. The level of 
presentation assumes knowledge of introductory 
physics, chemistry, and calculus. V. O. Kostroun.

Fundamentals of nuclear radiations; their measure
ment, interactions, biological and environmental ef
fects, and control.

IPC303 (8303) (Applied and Engineering Phys
ics) Introduction to Nuclear Science and Engi
neering (u ) Spring. Credit three hours. 
Prerequisites: sophomore physics and mathematics.
D. D. Clark.

An introduction to low-energy nuclear physics and 
nuclear engineering for junior and seniors.

IPF306 (8606) (Applied and Engineering Phys
ics) The Physics of Life (u) Spring. Credit three 
hours. Prerequisite: Physics BPS213 or consent of 
instructor. Two lectures. A. Lewis.

The applicability of physical principles in understand
ing the processes which underlie our life. The biolog
ical problem is first outlined and then the physics on 
which the problem rests is discussed. Among topics 
are photosynthesis, hemoglobin protein structure, 
membrane structure and function, reproduction and 
the role of nucleic acids, and perception by the or
ganism. A foundations course for those interested in 
biophysics and bioengineering; also an introduction 
to the physical basis of life for students specializing 
in other engineering disciplines or in physics.

OAE151 (Agricultural Engineering) Introduction 
to Agricultural Engineering Measurements and 
Graphics (u) Fall. Credit one to three hours. Two 
lecture/laboratory sessions. Prerequisite: one term of 
calculus or concurrent registration. H. A. Longhouse.

Presented in four modules covering engineering 
measurements, including graphics and the basics of

PL/C ; the basics of surveying measurements; and 
applications of these to  engineering problems.

OAE325 (Agricultural Engineering) Introduction 
to Environmental Pollution (u ) Spring Credit 
three hours. Two lectures, one discussion period 
each week. D. C. Ludington.

A general course dealing with the impairment o f the 
environment by the wastes of man.

OAE415 (410) (Agricultural Engineering) Phys
ical Analysis of Plant and Animal Materials (u,g)
Spring. Credit two hours. Two lectures. Prerequisite: 
one semester of calculus. G. E. Rehkugler.

A study and analysis of the physical properties of 
plant and animal materials, including the relation of 
these to material and manipulative forces applied in 
growth, harvesting, processing, and handling, and 
their interpretation in defining texture of food mate
rials and mechanical damage to  plant products.

OAE465 (463) (Agricultural Engineering) 
Processing and Handling Systems for Agricultural 
Materalls (u,g) Spring. Credit three hours. Three 
lectures, one laboratory, R. B. Furry.

Processes such as size reduction, separation, meter
ing, and drying. Psychrometrics, fluid flow measure
ment, and an introduction to dimensional analysis 
and controls for agricultural applications. Problem 
solutions will employ both analog and digital com put
ers; it is preferred that the student know how to write 
programs to utilize the digital computer.

OAE475 (475) (Agricultural Engineering) Sys
tems Models lor Environmental Quality Control
(u,g) Spring. Credit three hours. Prerequisite: one 
year o f college mathematics. Three lectures. D. A. 
FHaith.

Introduction to  the use of systems analysis tech
niques in the study of environmental quality prob
lems, with emphasis on mathematical modeling. 
Simulation and linear and dynamic programming ap
plied to  such areas as water quality control, solid 
waste management, air pollution control, and agri
cultural wastes. Students will be encouraged to se
lect course projects from their fields of interest.
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Engineering (on leave, academic year 1974-75) 

Wilfried H. Brutsaert, Engr., M.S., Ph.D., Professor of 
Civil and Environmental Engineering 

Nelson H. Bryant, E.E., M.E.E., Professor of Electrical 
Engineering

Robert A. Buhrman, B.S., Ph.D., Assistant Professor 
of Applied Physics 

Joseph A. Burns, B.S., Ph.D., Assistant Professor of 
Theoretical and Applied Mechanics 

Malcolm S. Burton, B.S., S.M., Professor o f Materials 
Science and Engineering; Associate Dean of the 
College

K. Bingham Cady, S.B., Ph.D., Associate Professor 
of Applied Physics
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Robert R. Capranica, B.S., M.S., Sc.D., Associate 
Professor of Electrical Engineering and of 
Biophysics

Herbert J. Carlin, B.S., M.S., D.E.E., J. Preston Levis 
Professor of Engineering; Professor of Electrical 
Engineering; Director of the School 

William W. Carson, B.S., M.S., Sc.D., Assistant 
Professor of Mechanical and Aerospace 
Engineering 

Frank J. Cesario, B.S., M.S., Ph.D., Assistant 
Professor of Civil and Environmental Engineering 

John L. Cisne, B.S., Ph.D., Assistant Professor of 
Geological Sciences 

David D. Clark, A.B., Ph.D., Professor of Applied 
Physics; Director of the Ward Laboratory of 
Nuclear Engineering 

Roderick K. Clayton, B.S., Ph.D., Professor of 
Applied Physics and of Biology and Biophysics 

George G. Cocks, B.S., Ph.D., Associate Professor 
of Chemical Engineering 

Robert L. Constable, B.A., M.A., Ph.D., Associate 
Professor of Computer Science (on leave, 
academic year 1974-75)

Bartholomew J. Conta, B.S., M.S., Professor of 
Mechanical and Aerospace Engineering 

Harry D. Conway, B.Sc., Ph.D., M.A., D.Sc.,
Professor of Theoretical and Applied Mechanics 

Richard W. Conway, B.M.E., Ph.D., Professor of 
Operations Research and of Computer Science 

J. Robert Cooke, B.S., M.S., Ph.D., Associate 
Professor of Agricultural Engineering; Graduate 
Faculty Representative (Agricultural Engineering) 

Terrill A. Cool, B.S., M.S., Ph.D., Associate Professor 
of Applied Physics 

Dale R. Corson, A.B., A.M., Ph.D., Professor of 
Applied Physics and of Physics; President of the 
University

Edmund T. Cranch, B.M.E., Ph.D., Professor of 
Theoretical and Applied Mechanics; Dean of the 
College

G. Conrad Dalman, B.E.E., M.E.E., D.E.E., Professor 
of Electrical Engineering 

Perino M. Dearing, Jr., B.S., M.A., M E., Ph.D., 
Assistant Professor of Operations Research 

P. C. Tobias de Boer, Mech. Eng., Ph.D., Associate 
Professor of Mechanical and Aerospace 
Engineering

Lutgard DeJonghe, B.S., M.A.S., Ph.D., Assistant 
Professor of Materials Science and Engineering 

Alan J. Demers, B.S., M.A., Ph.D., Assistant 
Professor of Computer Science 

John E. Dennis, Jr., B.S., M.S., Ph.D., Associate 
Professor of Computer Science 

Joseph C. Dunn, B.Aero.E., M.S., Ph.D., Assistant 
Professor of Theoretical and Applied Mechanics 

Leonard B. Dworsky, B.S., M.A., Professor of Civil 
and Environmental Engineering; D irector of the 
Water Resources and Marine Sciences Center 

Lester F. Eastman, B.E.E., M.S., Ph.D., Professor of 
Electrical Engineering 

Mark J. Eisner, B.A., Ph.D., Assistant Professor of 
Operations Research 

William H. Erickson, B.S., M.S., P.E., Professor of 
Electrical Engineering

Donald T. Farley, Jr., B.E.P., Ph.D., Professor of 
Electrical Engineering 

Terrence L. Fine, B.E.E., S.M., Ph.D., Associate 
Professor of Electrical Engineering 

Robert F. Finn, B. Chem., Ch.E., Ph.D., Professor of 
Chemical Engineering 

Gordon P. Fisher, B E., D.Eng., P.E., Professor of 
Civil and Environmental Engineering; D irector of 
the Center for Urban Development Research 

Hans H. Fleischmann, Dipl. Phys., Dr.rer.nat., 
Associate Professor o f Applied Physics 

Jeffrey Frey, B.S., M.S., Ph.D., Associate Professor 
of Electrical Engineering 

D. Ray Fulkerson, B.E., M.S., Ph.D., Maxwell M. 
Upson Professor of Engineering; Professor of 
Operations Research and of Applied Mathematics 

Ronald B. Furry, B.S., M.S., Ph.D., Professor of 
Agricultural Engineering 

Richard H. Gallagher, B.C.E., M.C.E., Ph.D., P.E., 
Professor of Civil and Environmental Engineering; 
Chairman of the Department of Structural 
Engineering

Charles D. Gates, B.A., M.S., Professor o f Civil and 
Environmental Engineering 

Benjamin Gebhart, B.S.E., M.S.E., Ph.D., Professor of 
Mechanical and Aerospace Engineering; Graduate 
Faculty Representative (Mechanical Engineering) 

Albert R. George, B.S.E., M.A., Ph.D., Associate 
Professor o f Mechanical and Aerospace 
Engineering; Assistant Director of the Sibley 
School of Mechanical and Aerospace Engineering 

Peter Gergely, B.Eng., M.S., Ph.D., P.E., Associate 
Professor of Civil and Environmental Engineering; 
Graduate Faculty Representative (Civil and 
Environmental Engineering)

Ralph E. Gomory, B.A., Ph.D., Andrew D. White 
Professor-at-Large (Operations Research)

Frederick C. Gouldin, B.S.E., M.A., Ph.D., Assistant 
Professor of Mechanical and Aerospace 
Engineering

David Gries, B.S., M.S., Ph.D., Associate Professor of 
Computer Science; Graduate Faculty 
Representative (Computer Science)

Wesley W. Gunkel, B.S., M.S., Ph.D., Professor of 
Agricultural Engineering 

Douglas A. Haith, B.S., M.S., Ph.D., Assistant 
Professor of Agricultural Engineering and of Civil 
and Environmental Engineering 

Shih-Ping Han, Ph.D., Assistant Professor of 
Computer Science 

Peter Harriott, B.Chem.E., Sc.D., Professor of 
Chemical Engineering; Graduate Faculty 
Representative (Chemical Engineering)

Paul L. Hartman, B.S., Ph.D., Professor of Applied 
Physics and of Physics; Associate D irector of the 
School of Applied and Engineering Physics 

Juris Hartmanis, Cand.Phil., M.A., Ph.D., Professor of 
Computer Science 

J. Eldred Hedrick, B.A., M.S., Ph.D., P.E., Professor 
of Chemical Engineering 

John E. Hopcroft, B.S., M.S., Ph.D., Professor of 
Computer Science 

Lynne H. Irwin, B.S.C.E., M.S.C.E., Ph.D., Assistant 
Professor of Agricultural Engineering
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Bryan L. Isacks, A.B., Ph.D., Associate Professor of 
Geological Sciences 

Stratton C. Jaquette, B.S., M.S., Ph.D., Assistant 
Professor of Operations Research (on leave, 
academic year 1974-75)

James T. Jenkins, B.S., Ph.D., Assistant Professor of 
Theoretical and Applied Mechanics 

William J. Jewell, B.S., M.E., Ph.D., Associate 
Professor of Agricultural Engineering 

Herbert H. Johnson, B.S., M.S., Ph.D., Professor of 
Materials Science and Engineering; Director of the 
Department

Daniel E. Karig, B.S., M.S., Ph.D., Assistant Professor 
of Geological Sciences 

Sidney Kaufman, A.B., Ph.D., Acting Professor of 
Geological Sciences 

J. Neil Kay, B.E., M.E., Ph.D., P.E., Assistant 
Professor of Civil and Environmental Engineering 

George A. Kiersch, Geol.E., Ph.D., Professor of 
Geological Sciences (on leave, academic year 
1974-75)

Myunghwan Kim, B.S., M.E., Ph.D., Associate 
Professor of Electrical Engineering 

Vaclav O. Kostroun, B.S., M.S., Ph.D., Assistant 
Professor of Applied Physics 

Edward J. Kramer, B.Ch.E., Ph.D., Associate 
Professor of Materials Science and Engineering 
(on leave, academic year 1974-75)

Allan I. Krauter, M.E., M.S., Ph.D., Assistant 
Professor o f Mechanical and Aerospace 
Engineering

James A. Krumhansl, B.S., M.S., Ph.D., Professor of 
Applied Physics and of Physics 

Walter H. Ku, B.S., M.S., Ph.D., Associate Professor 
of Electrical Engineering 

Arthur F. Kuckes, B.S., Ph.D., Professor of Applied 
Physics (on leave, academic year 1974-75)

Bruce R. Kusse, B.S., Ph.D., Assistant Professor of 
Applied Physics 

Richard H. Lance, B.S., M.S., Ph.D., Associate 
Professor o f Theoretical and Applied Mechanics; 
Graduate Faculty Representative (Theoretical and 
Applied Mechanics)

Noshir A. Langrana, B.E., M.S., Ph.D., Assistant 
Professor of Engineering 

Alonzo Wm. Lawrence, B.S., M.S., P.E., Ph.D., 
Associate Professor of Civil and Environmental 
Engineering (on leave, academic year 1974-75) 

Charles A. Lee, B.E.E., Ph.D., Professor o f Electrical 
Engineering

Sidney Leibovich, B.S., Ph.D., Associate Professor of 
Mechanical and Aerospace Engineering 

Simon A. Levin, B.A., Ph.D., Associate Professor of 
Theoretical and Applied Mechanics and of Ecology 

Gilbert Levine, B.S., Ph.D., Professor o f Agricultural 
Engineering

Aaron Lewis, B.S., Ph.D., Assistant Professor of 
Applied and Engineering Physics 

Che-Yu Li, B.Sc., Ph.D., Professor o f Materials 
Science and Engineering 

Ta Liang, B.Eng., M.C.E., Ph.D., Professor of Civil 
and Environmental Engineering 

Richard L. Liboff, A.B., Ph.D., Professor o f Electrical 
Engineering and of Applied Physics

James A. Liggett, B.S., M.S., Ph.D., Professor o f Civil 
and Environmental Engineering (on leave, 
academic year 1974-75)

Simpson Linke, B.S.E.E., M.E.E., Professor of 
Electrical Engineering 

Philip L.-F. Liu, B.S., S.M., Sc.D., Assistant Professor 
of Civil and Environmental Engineering 

Raymond C. Loehr, B.S., M.S., Ph.D., Professor of 
Agricultural Engineering and of Civil and 
Environmental Engineering; Director of 
Environmental Studies Program (on leave, 
academic year 1974-75)

Howard A. Longhouse, B.S., M.S., Lecturer in 
Agricultural Engineering 

Robert T. Lorenzen, B.S.A.E., B.S.C.E., M.S., P.E., 
Associate Professor o f Agricultural Engineering 

Daniel P. Loucks, B.S., M.S., Ph.D., Associate 
Professor of Civil and Environmental Engineering; 
Chairman of the Department o f Environmental 
Engineering

Richard V. Lovelace, B.S., Ph.D., Assistant Professor 
of Applied and Engineering Physics 

William F. Lucas, B.S., M.A., M.S., Ph.D., Professor 
of Operations Research and of Applied 
Mathematics; D irector of the Center for Applied 
Mathematics 

Geoffrey S. S. Ludford, B.A., M.A., Ph.D., Sc.D., 
Professor o f Applied Mathematics 

David C. Ludington, B.S., M.S., Ph.D., Associate 
Professor of Agricultural Engineering 

Walter R. Lynn, B.S., M.S., Ph.D., Professor of 
Environmental Engineering; Director o f the School 
of Civil and Environmental Engineering 

George B. Lyon, B.S., M.S., P.E., Associate 
Professor of Civil and Environmental Engineering; 
Assistant D irector o f the School o f Civil and 
Environmental Engineering; Secretary of the 
College of Engineering Faculty 

William L. Maxwell, B.M.E., Ph.D., Professor of 
Operations Research; Graduate Faculty 
Representative (Operations Research)

Ross A. McFarlane, B.S., M.S., Ph.D., Professor of 
Electrical Engineering 

Henry S. McGaughan, B.S.E., (Physics), M.E.E., 
Professor o f Electrical Engineering 

William McGuire, B.S.C.E., M.C.E., P.E., Professor of 
Civil and Environmental Engineering 

Paul R. Mclsaac, B.E.E., M.S.E., Ph.D., Professor of 
Electrical Engineering; Graduate Faculty 
Representative (Electrical Engineering)

William J. McLean, B.S., M.S., Ph.D., Assistant 
Professor o f Mechanical and Aerospace 
Engineering

Arthur J. McNair, B.S., (C.E.), M.S., C.E., P.E., 
Professor o f Civil and Environmental Engineering 

George D. Meixel, Jr., B.S., Ph.D., Assistant 
Professor o f Engineering; Assistant D irector of 
Division of Basic Studies 

Arnim H. Meyburg, B.A., M.S., Ph.D., Assistant 
Professor of Civil and Environmental Engineering 

William F. Millier, B.S., Ph.D., Professor of 
Agricultural Engineering 

Charles G. Moore III, B.A., M.A., Ph.D., Assistant 
Professor of Computer Science
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Franklin K. Moore, B.S., Ph.D., Joseph C. Ford 
Professor of Engineering; Professor of Mechanical 
and Aerospace Engineering 

Jorge J. Mor6, B.S., M.S., Ph.D., Assistant Professor 
of Computer Science 

John A. Muckstadt, A.B., M.S., M.A., Ph.D.,
Associate Professor of Operations Research 

Peter J. Murphy, B.S., Ph.D., Assistant Professor of 
Civil and Environmental Engineering 

John A. Nation, B.Sc., Ph.D., Associate Professor of 
Electrical Engineering 

Mark S. Nelkin, B.Sc., Ph.D., Professor of Applied 
Physics

George L. Nemhauser, B.Ch.E., M.S., Ph.D.,
Professor of Operations Research 

Benjamin Nichols, B.E.E., M.E.E., Ph.D., Professor of 
Electrical Engineering 

Arthur H. Nilson, B.S., M.S., Ph.D., P.E., Professor of 
Civil and Environmental Engineering 

Jack E. Oliver, B.A., M.A., Ph.D., Irving Porter 
Church Professor of Engineering; Chairman of the 
Department of Geological Sciences 

Robert E. Osborn, B.S.E.E., P.E., Professor of 
Electrical Engineering 

Edward Ott, B.E.E., M.S., Ph.D., Associate Professor 
of Electrical Engineering 

Yih-Hsing Pao, B.S., M.S., Ph.D., Professor of 
Theoretical and Applied Mechanics; Chairman of 
the Department 

Teoman Pekoz, B.S., M.S., Ph.D., Assistant Professor 
of Civil and Environmental Engineering 

Richard M. Phelan, B.S.M.E., M.M.E., Professor of 
Mechanical and Aerospace Engineering 

Leigh Phoenix, B.Sc.Eng., M.Sc., Ph.D., Assistant 
Professor of Mechanical and Aerospace 
Engineering

Christopher Pottle, B.Eng., M.S., Ph.D., Associate 
Professor of Electrical Engineering and of 
Computer Science 

Narahari U. Prabhu, B.A., M.A., M.Sc., Professor of 
Operations Research 

Richard H. Rand, B E., M.S., Engr. Sc.D., Associate 
Professor of Theoretical and Applied Mechanics 

Gerald E. Rehkugler, B.S., M.S., Ph.D., P.E., 
Associate Professor o f Agricultural Engineering 

Edwin L. Resler, Jr., B.E.Aero.E., Ph.D., Joseph 
Newton Pew Jr. Professor of Engineering;
Professor of Mechanical and Aerospace 
Engineering, of Electrical Engineering, and of 
Applied Physics; D irector of the Sibley School of 
Mechanical and Aerospace Engineering 

Thor N. Rhodin, B.S., A.M., Ph.D., Professor of 
Applied Physics 

Ferdinand Rodriguez, B.S., M.S., Ph.D., Professor of 
Chemical Engineering 

Joseph L. Rosson, B.S.E.E., M.E.E., Professor of 
Electrical Engineering; Assistant D irector of the 
School

Arthur L. Ruoff, B.S., Ph.D., Professor of Materials 
Science and Engineering; Representative of the 
Graduate Field 

Wolfgang H. Sachse, B.S., M.S.E., Ph.D., Assistant 
Professor of Theoretical and Applied Mechanics

Miriam M. Salpeter, B.A., M.A., Ph.D., Professor of 
Applied Physics and of Neuobiology and Behavior 
(on leave, spring term 1975)

Gerard Salton, A.B., M.A., Ph.D., Professor of 
Computer Science; Chairman of the Department 

Martin W. Sampson, B.S., M.S., Associate Professor 
of Industrial Engineering and Operations Research; 
Director of the Division of Unclassified Students; 
Dean of the Division of Summer Session and 
Extramural Courses 

Dwight A. Sangrey, B.S., M.S., Ph.D., Associate 
Professor of Civil and Environmental Engineering 

Thomas J. Santner, B.S., M.S., Ph.D., Assistant 
Professor o f Operations Research 

Stephen L. Sass, B.Ch.E., Ph.D., Associate Professor 
of Materials Science and Engineering (on leave, 
academic year 1974-75)

Byron W. Saunders, B.S., M.S., Professor of 
Industrial Engineering and Operations Research; 
Director of the School; Dean of the University 
Faculty

George F. Scheele, B.S.E., M.S., Ph.D., Associate 
Professor of Chemical Engineering 

Richard E. Schuler, B.E., M B.A., Ph.D., P.E., 
Assistant Professor o f Civil and Environmental 
Engineering and of Economics 

Andrew Schultz, Jr., B.S., Ph.D., P.E., Spencer T.
Olin Professor of Engineering; Professor of 
Operations Research 

Norman R. Scott, B.S.A.E., Ph.D., Associate 
Professor of Agricultural Engineering 

A. Richard Seebass, B.S.E., M.S.E., Ph.D., Professor 
of Mechanical and Aerospace Engineering; 
Associate Dean of the College 

David N. Seidman, B.S., M.S., Ph.D., Associate 
Professor of Materials Science and Engineering 

Dennis G. Severance, B.S., M.S., Ph.D., Assistant 
Professor of Computer Science and of Operations 
Research

Robert G. Sexsmith, B.A.Sc., M.S.Eng., Ph.D., 
Assistant Professor of Civil and Environmental 
Engineering

Shan-Fu Shen, B.Sc., Sc.D., Professor of Mechanical 
and Aerospace Engineering; Graduate Faculty 
Representative (Aerospace Engineering)

Edwin S. Shepardson, B.S., M.S., Professor of 
Agricultural Engineering; Director of the 
Department 

Dennis G. Shepherd, B.S.Eng., Professor of 
Mechanical and Aerospace Engineering 

Christine Shoemaker, B.A., Ph.D., Assistant Professor 
of Civil and Environmental Engineering and of 
Entomology

Michael L. Shuler, B.S., Ph.D., Assistant Professor of 
Chemical Engineering 

Benjamin M. Siegel, B.S., Ph.D., Professor of Applied 
Physics

John Silcox, B.Sc., Ph.D., Professor of Applied 
Physics; D irector of the School of Applied 
Engineering Physics (on leave, academic year 
1974-75)

Floyd O. Slate, B.S., M.S., Ph.D., Associate Professor 
of Civil and Environmental Engineering



140 College Council

Julian C. Smith, B.Chem., Chem.E., P.E., Professor 
of Chemical Engineering; Associate Director of the 
School (on leave, spring term 1975)

James W. Spencer, B.C.E., M.C.E., Ph.D., Professor 
of Agricultural Engineering; Associate Dean of the 
College of Agriculture and Life Sciences 

James F. Stevenson, B.S., M.S., Ph.D., Assistant 
Professor o f Chemical Engineering 

Shaler Stidham, Jr., B.A., M.S., Ph.D., Assistant 
Professor of Operations Research and of Civil and 
Environmental Engineering 

Ravindra N. Sudan, B.A., D.I.I.Sc., D.I.C., Ph.D., 
Professor of Electrical Engineering and of Applied 
Physics (on leave, academic year 1974-75)

George Szentirmai, Dipl.E.E., Cand. of the Technical 
Sciences, Ph.D., Associate Professor of Electrical 
Engineering (on leave, academic year 1974-75) 

Chung L. Tang, B.S., M.S., Ph.D., Professor of 
Electrical Engineering 

Murad S. Taqqu, B.A., M.A., Ph.D., Assistant 
Professor of Operations Research 

Howard M. Taylor, 3rd, B.M.E., M.I.E., Ph.D., 
Associate Professor o f Operations Research 

Ray Teitelbaum, B.S., Ph.D., Assistant Professor of 
Computer Science 

Robert J. Thomas, B.S.E.E., M.S.E.E., Ph.D.,
Assistant Professor of Electrical Engineering 

James S. Thorp, B.E.E., M.S., Ph.D., Associate 
Professor of Electrical Engineering 

Raymond G. Thorpe, B.Chem.E., M.Chem.E., 
Associate Professor of Chemical Engineering 

William E. Tobler, B.S., M.S., Ph.D., Assistant 
Professor of Mechanical and Aerospace 
Engineering

Michael J. Todd, B.A., Ph.D., Assistant Professor of 
Operations Research 

Hwa-Chung Torng, B.S., M.S., Ph.D., Professor of 
Electrical Engineering 

Kenneth E. Torrance, B.S., M.S.E.E., Ph.D.,
Associate Professor of Mechanical and Aerospace 
Engineering (on leave, academic year 1974-75) 

William B. Travers, B.S., M.S., Ph.D., Assistant 
Professor of Geological Sciences 

Donald L. Turcotte, B.S., M.Aero.E., Ph.D., Professor 
of Geological Sciences 

Robert L. Von Berg, B.S.Ch.E., M.S.Ch.E., Sc.D., 
P.E., Professor of Chemical Engineering (on leave, 
academic year 1974-75)

Norman M. Vrana, B.E.E., M.E.E., Professor of 
Electrical Engineering 

Kuo-King Wang, B.S., M.S., Ph.D., Associate 
Professor of Mechanical and Aerospace 
Engineering

Watt W. Webb, B.S., Sc.D., Professor of Applied 
Physics (on leave, academic year 1974-75)

Robert L. Wehe, B.S., M.S., Associate Professor of 
Mechanical and Aerospace Engineering 

Lionel I. Weiss, B.A., M.A., Ph.D., Professor of 
Operations Research 

Charles B. Wharton, B.S., M.S., Professor of 
Electrical Engineering 

Richard N. White, B.S., M.S., Ph.D., P.E., Professor 
of Civil and Environmental Engineering (on leave, 
academic year 1974-75)

Herbert F. Wiegandt, B.S.Ch.E., M.S.E., Ph.D., 
Professor of Chemical Engineering (on leave, 
spring term 1975)

John H. Williams, B.S., M.S., Ph.D., Assistant 
Professor o f Com puter Science 

Charles C. W inding, B.Ch.E., Ph.D., P.E., Herbert 
Fisk Johnson Professor of Industrial Chemistry; 
Professor of Chemical Engineering 

George Winter, Dipl.lng., Ph.D., Class of 1912 
Professor of Engineering; Professor of Civil and 
Environmental Engineering 

George J. Wolga, B.E.P., Ph.D., Professor of 
Electrical Engineering and of Applied Physics 

Robert York, B.S., M.S., Sc.D., P.E., Professor of 
Chemical Engineering

Visiting Faculty
Barrington deV. Batchelor, B.S., Ph.D., Visiting 

Professor o f Civil and Environmental Engineering 
Carlos A. B. Dantas, B.A., M.A., Ph.D., Visiting 

Associate Professor o f Operations Research (fall 
term)

Marshall L. Fisher, S.B., S.M., Ph.D., Visiting 
Assistant Professor o f Operations Research 

David G. Kirkpatrick, B.S., M.S., Ph.D., Visiting 
Assistant Professor of Com puter Science 

Albert W. Tucker, A.B., A.M., Ph.D., Mary Shepard 
Upson Visiting Professor of Operations Research 
(fall term)

John R. Zimmerman, B.E., S.T.B., M.S., Ph.D.,
Visiting Professor of Mechanical and Aerospace 
Engineering

Engineering College 
Council

Charles W. Lake, Jr., President, R. R. Donnelley and 
Sons Company, Chairman of the Council 

A lexander M. Beebee, Chairman, Executive and 
Finance Committee, Rochester Gas and Electric 
Corporation

Arthur M. Bueche. Vice President and Director, 
Research and Development Center, General 
Electric Company 

George F. Carrier, T. Jefferson Coolidge Professor of 
Applied Mathematics, Harvard University 

Joseph Coors, Executive Vice President, Adolph 
Coors and Company 

Robert A. Cowie, President, C & M Auto Spring 
Company, Inc.

Herbert Dow Doan, form er President and Chief 
Executive Officer, Dow Chemical Company 

Walter A. Fallon, Vice President and General 
Manager, United States and Canadian 
Photographic Manufacturing, Eastman Kodak 
Company

Robert F. Gilkeson, President, Philadelphia Electric 
Company

Meredith C. Gourdine, Gourdine Associates
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Jerrier A. Haddad, Vice President of Engineering, 
Programming, and Technology, and Director of the 
Laboratory, International Business Machines 
Corporation

James Hillier, Executive Vice President of Research 
and Engineering, Radio Corporation of America

Philip E. Hogin, Executive Vice President, Western 
Electric Company, Inc.

S. C. Hollister (retired), Dean of Engineering, Cornell 
University

D. Brainerd Holmes, Executive Vice President, 
Raytheon Company

Frederick G. Jaicks, Chairman and Chief Executive, 
Inland Steel Company

Dudley N. Schoales, Partner, Morgan, Stanley and 
Company

Philip Sporn, Consulting Engineer, former Chairman 
of the Board, American Electric Power Company, 
Inc.

Winfield W. Tyler, Vice President and Manager, 
Research Laboratories, Xerox Corporation 

J. Carlton Ward, Jr. (retired), Chairman of the Board, 
Vitro Corporation of America 

Wallace E. Wilson. Group Vice President, General 
Motors Corporation 

Frank W. Zurn, President, Zurn Industries, Inc.
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Academic programs, 8 
Academ ic standing, 20 
Admission, 13 
Advanced placement, 14, 21 
Advising and counseling, 21 
Aerodynamics. See mechanical and aerospace 

engineering 
Aerospace engineering, 5 0 ,117  
Agricultural engineering, 24, 67 
Applied and engineering physics, 26, 71

Bachelor of Science degree, 8 
Basic Studies Division, 23, 63 
Biochemical engineering. See Chemical engineering 
Bioengineering, 30
Bioengineering, College Program in, 37 
Biomechanics, 121, 130

Chemical engineering, 31, 75
Chemical miscoscopy. See Chemical engineering
Chemistry. See Basic Studies Division
Civil and environmental engineering, 32, 79
College entrance examinations, 14
College Program, 36
Computer science, 39, 90
Com puter science, College Program in, 37
Com puting facilities, 40
Continuing education, 12
Cooperative program, 9
Core sciences (engineering), 24, 65

Design projects. See Professional master’s degrees 
Doctor of Philosophy degree, 11 ,17

Electrical engineering, 40, 95 
Electronics. See Electrical engineering 
Electrophysics. See Electrical engineering 
Employment, 17, 21
Energy conversion, College Program in, 37 
Engineering College Council, 140 
Engineering Cooperative Program, 9 
Engineering physics, 26, 68 
Engineering science, College Program in, 38 
Engineering sciences, 24, 65 
Environmental engineering, 32, 34, 79 
Exchange program, 10 
Expenses, 17

Facilities, 8 
Faculty and staff, 135 
Fees, 17
Field Programs, 9 
Financial aid, 17
Fluid mechanics. See both Civil and environmental 

engineering and Theoretical and applied mechanics

Geological sciences, 4 3 ,105  
Geological sciences, College Program in, 38 
Geomorphology. See Geological sciences 
Geophysics. See Geological sciences 
Geophysical engineering. See Civil and environmental 

engineering.
Geotectonics. See Geological sciences 
Grading, 20 
Graduate programs, 11

Flonors, 20
Hydraulics and hydrology. See Civil and environmental 

engineering

Industrial engineering and operations research, 45, 58, 
108

Information processing. See both Com puter science 
and Operations research 

International students, 17

Library resources, 8

Machine design. See Mechanical engineering 
Master of Science degree, 11 ,17  
Master o f Engineering degrees, 11 ,17  
Materials engineering. See both  Materials science and 

engineering and Chemical engineering 
Materials science and engineering, 48 ,114  
Mathematics. See both  Basic Studies Division and 

Theoretical and applied m echanics 
Measurement and Remote Sensing, Program in, 36 
Mechanical and aerospace engineering, 50, 117 
Mechanics. See Theoretical and applied mechanics 
Metallurgical engineering. See Materials science and 

engineering 
M inority students, program for, 10

Nuclear engineering. See Nuclear science and 
engineering 

Nuclear process engineering. See Chemical 
engineering 

Nuclear science and engineering, 56, 71 
Numerical analysis. See Com puter science

Operations research, 45, 5 8 ,1 08

Paleontology. See Geological sciences 
Petrology. See Geological sciences 
Physics. See both  Applied and engineering physics 

and Basic Studies Division 
Placement, 21
Plasma physics. See both  Applied and engineering 

physics and Electrical engineering 
Professional master's degrees, 11
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Public systems, 35
Public systems planning and analysis, College Program 

in, 38

Survey engineering, College Program in, 39 
Systems analysis and design. See Operations research

Theoretical and applied mechanics, 59 ,126  
Transfer admission, 15 
Transportation, 3 6 ,120  
Tuition, 17

Sanitary engineering. See Civil and environmental 
engineering 

Scholarships and fellowships, 18 
Science, Technology, and Society, Program on, 61 
Seismology. See Geological sciences 
Special students, 17 
Student personnel sen/ices, 21 
Structural engineering, 34, 86

Undergraduate engineering curricula, 9 

Water resources systems, 36
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List of Announcements

Following is a list o l Announcem ents published by 
Cornell University to provide information on pro
grams, faculty, facilities, curricula, and courses of the 
various academic units.

Agriculture and Life Sciences at Cornell 
New York State College of Agriculture and Life Sci
ences: Courses
College of Architecture, Art, and Planning 
College of Arts and Sciences 
Department o f Asian Studies 
Graduate School of Business and Public Administra
tion
Field of Education (Graduate)
College of Engineering 
Engineering at Cornell
Graduate Study in Engineering and Applied Sciences 
General Inform ation’
Graduate School
Graduate School: Course Descriptions 
School of Hotel Administration 
New York State College of Human Ecology 
New York State School o f Industrial and Labor Rela
tions
Law School
Medical College (New York City)
Graduate School of Medical Sciences (New York 
City)
Cornell University— New York Hospital 
School of Nursing (New York City)
Officer Education (ROTC)
Summer Session
New York State Veterinary College

•The Announcem ent o f General Information  is de
signed to  give prospective students pertinent infor
mation about all aspects and academic units of the 
University.

Requests for the publications listed above should be 
addressed to

Cornell University Announcements 
Edmund Ezra Day Hall 
Ithaca, New York 14850.

(The writer should include a zip code.)

Office of University Publications 
874 20M TA


