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be obtained from the Office of Student Personnel, College of Engineering,
Carpenter Hall.
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ENGINEERING AT CORNELL

The objective of the College of En%meerlng IS to_provide students with a
combination of sound competence in mathematics, and in engineering science and
technolo_gY, and a fuller and more meaningful apPreC|atlon of the humanities
and social sciences within the intellectual and cultural setting of Cornell Uni-
versity. To attain this goal now, and to meet the future requirements of the
engineering profession, the College builds upon a long Cornell tradition of
significant contributions to engineering education. o

Since the founding of the University, the College of Engineering has rec-
(’Jv?mzed the need for excellence in both undergraduate and graduate programs.

an%/ early Cornell engineering graduates became educators who were mstru-
menfal in ‘establishing the Fattern of development of modern engineering edu-
cation. Cornell, for examﬁe %ranted_the first doctorate in engineering in the
country and also established the nation’s first separate program grantmg de-
grees in electrical eaneerlng. The introduction of the five-year undergraduate
progra_m in 1946 reflected the need for engineers to have a better foundation
In Dasic sciences and mathematics, greater comﬂetence_ in engineering science
and technology, and broader exposure to the humanities and social™ sciences
than was possible in a four-year under?raduate program. Today the flve-gear
curriculum provides flexibility for nearly 2000 undergraduates which enables
them to prepare effectively either for graduate work or for engineering prac-
tice. Pro%rams of graduate study provide opportunities for over 400 graduate
stu_dent,st 0 explore new areas of technology within the atmosphere of a diverse
university.
_ The more than 180 permanent members of the faculty reflect varied interests
in the problems of education, the challenges of new fields of research, and the
advancement of the engineering profession. Each year several outstanding visit-
ing professors are attracted to the campus. In budgeted and contract research,
the entire range of the profession from the phenomena of outer space to the
subatomic properties of materials, and from the decision models for computer
simulation to magnetohydrodynamics was mvestl?ated by members of the faculty.
Such research, essential to education in an age of dynamic technological pro?ress
and change, creates opportunities for faculty to operate on the frontiers of en-
gineering, and provides an intellectually sfimulating atmosphere for students.

Nine modern buildings on the engineering campus provide over 650,000
sguare_ feet of floor space for teaching and research. Many have been the gifts
of distinguished Cornell alumni:

LeroK R. Grumman ’16: Graduate School of Aerospace Engineering

Franklin W. Olin '86: Chemical Engineering

SPencer T. Olin 21: Civil Engineering

Ellis L. Phillips "95: Electrical Engineering

Maxwell M. Upson "99: Mechanical Engineering

Francis N. Bard 04 Metalluré;lca_l Engineering S

Walter S. Carpenter, Jr. °10: Engineering Library and Administration
1
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The College of Engineering has in operation a nuclear reactor facility unique
among educational institutions. One reactor has a moderate power core capable
of beln? pulsed to very high power for brief periods, producing an intense
pulse of neutrons for investigations of various radiation effects. 'In addition
the facility has a zero power critical assembly for studies of reactor design and
associated problems, a gamma irradiation cell, laboratories, and classrooms.
Opportunities for study and research in nuclear technoloqy exist in such areas
as nuclear meta!lurﬂlcal problems, fuel processing, nuclear instrumentation
activation analysis, heat transfer, radiation effects on chemical reactions, and
design of reactor structures. The pulsing feature of the reactor permits special
kinds of radio-isotope tracer work in biological research. o

A Center for Radiophysics and Space Research is conducting radio investi-
gations of the atmosphere, moon, Venus, Mars, and properties of space in the
vicinity of the earth and near-by Planets. The development of space vehicle
instrumentation for the study of solar gases and the use of radio astronomy for
investigating solar, g_alactlc, and extragalactic phenomena are a few of the
many pr0+ected studies of the Center. One of its major facilities, a radar
antenna of 1000 foot diameter, [s_nearln? completion at its site in Puerto Rico.
Such activities provide opportunities for faculty and graduate students in astron-
omy, engineering ph}/sms, electrical engineering, physics, and aerospace en-
gineering to collaborate in advancing the understanding of space, and are typical
of the many interdisciplinary programs at the University. . _

Graduate study and research in the field of materials science, integrating the
perspectives of the basic and engineering sciences are conducted in the Mate-
rials Science Center. A better understan mg of the general laws governing the
behavior of materials, development of methods for improving the engineering
properties of materials, as well as the creation of new kinds of materials, are
among the activities of this Center. Such unified teaching and research efforts
will benefit both undergraduates and graduates in their instruction and labora-
tory work, and will enable Cornell to maintain its prominent reputation in
the materials science field.

In recognition of the growing impact of computer technology on nearly every
area of en meerlnq analysis, the Cornell Computln% Center has installed a Con-
trol Data 1604 system in add_ltlon to a Burroughs 220 digital computer for use
by students and faculty. Special courses are offered in the principles and OPera-
tion of computers, and several engineering courses make active use of these
powerful computational tools in class assignments, projects, and research investi-

ation.
! In 1961, the Ford Foundation made a grant of $4,350,000 to Cornell Uni-
versity to advance graduate studﬁ and research in the College of Engineering.
This grant has made possible the establishment of new professorships, addi-
tional "research facilities, expanded financial assistance for graduate students,
and other special projects within the College. The Ford Foundation grant is
having a significant effect in enabling Cornell to pioneer more effectively in
education and research, essential to a rapidly expanding modern technology.
Recently, five new professorships in en meermg_have been established: the
Given Foundation Professorship endowed Ythe iven Foundation in memory
of John La Porte Given '96, the IBM Professorship endowed by the Interna-
tional Business Machines Corporation, Inc., the Walter S. Carpenter, Jr,



UNDERGRADUATE REQUIREMENTS 3

Professorship endowed by Walter S. Carpenter, Jr., TO, the J. Preston Levis
Professorship endowed by the Owens-Illinois Glass Company Charities Founda-
tion and J. Preston Levis 24, and the Class of 1912 ProfesSorship endowed by
the Class of 1912. These chairs are held by William R. Sears, Henry G. Booker,
Henri S. Sack, Glen Wade, and George Winter, respectively.

The accelerating expansion of modern science and tec _noIogy poses a com-
Plex challenge for engineering education to keep pace with the needs of the
uture. These programs and activities described above are but a part of the
continuing efforts of every division of the College to improve undergraduate
programs and to advance graduate education and research, in order to provide
Cornell engineering graduates with the foundation essential for active and
rewarding professional careers.

UNDERGRADUATE CURRICULA
REQUIREMENTS, AND DEGREES

Eight baccalaureate degrees are conferred in the following fields: Agricultural
Engineering, Chemical Engingering, _C|V|I.Eng|neer|n51, Electrical Engineering
Engineering Physics, Industrial Engineering and Administration, echanical
Engmeermg, and Materials and Metallurgical Engineering. _

uch degrees are conferred on candidates who have fulfilled the following
requirements:

L The candidate must have been in residence and registered in the College
of Engineering for the last two terms, must have satisfied the University
requirements in physical education, and must have paid his tuition and fees.

2. He must have completed to the satisfaction of the faculty of the Colleﬁe
of Engineering all the subjects and the elective hours prescribed in the
course of study as outlined by that faculty. o .

3. A student who transfers to the College of Engineering, after having spent
one or more terms in another college of Cornell University or elsewhere,
must conform to the requirements of the class with which he graduates.

The first two years of undergraduate work are essentially the same for
students expecting to study chemical, civil, electrical, industrial, mechanical,
materials and metallurgy, or en meerlngda_hys!cs. The freshman and sophomore
years of study are administered by the Division of Basic Studies described on
pages 24-26. Choice of a specific’ degree program in most instances does not
nave to be made until the conclusion of the Second year. o

Any student contemplating a transfer within the College of Engineering, or
another division of the University should discuss his plans first with his adviser.
If he decides to transfer to another school within the C_oIIe?e of Engineering,
the student must apply to the director of that school durln% he term preceding
the one in which he wishes to make the change. Transters made after the
beginning of the third year, while still possible, may require one or more addi-
tional terms of study in order to meet the specific degree requirements of the
program to which the student has transferred. In general,_transfers early in the
college program result in fewer complications and less time lost.



4 COLLEGE OF ENGINEERING

LIBERAL STUDIES IN THE
ENGINEERING CURRICULA

~ Each curriculum requires a minimum total of 30 credit-hours of liberal studies,
including English in the freshman year. Generally these credit hours are dis-
tributed so that an elective liberal course is taken in at least six of the remain-
ing e_|%ht terms after the freshman year. Liberal studies include humanities
(English, fine arts, philosophy, literature, music, classics, and speech and drama)
andh somlal st)udles (economics, government, history, psychology, sociology, and
anthropology).

In apddit?_gn to freshman English, nine additional hours are required in hu-
manities with at least one two-term seguence, and nine hours in social studies,
also with one two-term sequence included. The six hours remaining for fulfill-
ment of the liberal studies minimum requirement may be taken in either
humanities or social studies, or in a modern foreign language, or in any com-
bination according to the student’s preference.

TRANSFER AND SPECIAL STUDENTS

Students desiring to transfer to the College of Engineering from another
Cornell division or from another university or college are invited to communi-
cate with the Director of the Division of Basic Studies, Hollister Hall, if they
have the equivalent of two or fewer years of applicable colleg_e credit. If it
appears that the equivalent of all the ‘courses of the Basic Studies curriculum
(pages 25-262 has been successfully completed, ﬁrosp,ectlve_ students should com-
municate with the director of the professional school in which they are interested.

In exceptional cases, individuals who do not wish to become candidates for
any of the undergraduate degrees may be admitted to the College of Engineer-
ing as special students. Prospective students who cannot meet the entrance
requirements or who do not wish to spend the required time to complete the
course. must have had some engmeerlng training, and must satisfy the pre-
requisites for the courses they wish to take. Others with a baccalaureate de_?ree
wishing to pursue further work at the undergraduate level may also be admitted
as SEeuaI students. In either instance, individuals should write to the director
of the professional school in which they are interested in being admitted as
special students. o o _

Applications for admission and general University information may he ob-
tained by writing the Office of Admissions, Edmund EzZra Day Hall.

SPECIAL UNDERGRADUATE

PROGRAMS OF STUDY
GRADUATE HONORS PROGRAM

An opportunity now exists for superior students who have achieved high
scholastic records during their first four years to_enroll in the graduate division
in their fifth year. This materially advances their graduate studies in engineer-
ing and permits such candidates to obtain graduate degrees at an earlier
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date. Throughout the undergraduate years, students exhibiting special compe-
tence in individual subjects as well as strong over-all scholastic Performance are
enrolled in enriched course sections which provide a sound base for the program.

.%uahfled candidates are encouraged to discuss their interest in the program
with the directors of their respective schools during their third year so that their
fourth year Erogram_of studies can be modified to permit the undertaking of
graduate work in engineering during their fifth year.

INDUSTRIAL COOPERATIVE PROGRAM

During the fourth term, above-average students who_plan to enroll in elec-
trical engineering, engineering physics, mdustrlallen_(}uneenng, “or mechanical
engineering at the beginning of the fifth term are invited to be interviewed for
admission to the Industrial Cooperative Program. _

_The cooperative program provides three term-length work periods (about
sixteen weeks each) in one of the foIIowmg companies operating the plan with
the University: American Electric Power Service Corporation, Anaconda Wire
and Cable Company, Cornell Aeronautical Laboratory, Emerson Electric Manu-
facturing Company, General Electric Company, General Radio Company, the
Gleason Works, International Business Machines Corporation, Philco Corpora-
tion, Procter and Gamble Manufacturing Company, Raytheon Manufacturing
Company, Stromberg-Carlson Company. . _
~ The program incorporates the summer vacation periods after the fourth term
into the student’s work-study schedule. The cooperative student completes the
reggul,ar academic study for"his Bachelor’s degree, pursues his work program,
totaling one year in ‘industry, and still graduates with his regular class. He
remains on campus with his regular classmates except during the fifth and
elghtht terms. The work of these terms is taken by the student in the summer
€0-0p term.

_ Tﬁe schedule for the Cooperative Program, beginning after the fourth term,
is as follows:

Third year Fourth year Fifth year
Summer:  Fifth term courses Industry Eighth term courses
Fall: Industry Seventhterm courses Nint term courses
Spring: Sixth term courses Industry Tenth term courses

The objective of the program is educational rather than remunerative, al-
though the student receives a substantial salary from industry during his three
work”periods. , o
~ The work program of each student is arranged to advance his individual
interests and aptitudes within the regular activity of the company with which he
is affiliated. He has no industry assignment the first summer, and he does his
industrial work in one company throughout the entire program. These two
requirements enable him to pufsue his engineering obfectlves in_meaningful
work areas seldom available through ordinary summer placement. The individ-
ual counseling and appraisal of progress that characterize the program enable
the student to pursue his studies and graduate with realistic industrial objectives.

Students are admitted to the Cooperative Program in the fourth term only.
Applicants are subject to approval both by the College and by one of the co-
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oper_ating industries. Admission to this plan involves no obligation on the part
of either the student or the industry with regard to future employment.

AEROSPACE ENGINEERING PROGRAM

Du_rin? the fourth and fifth years, students with good scholastic records in
electrical engineering, en%meerlng physics, or mechanical engineering may elect
courses in the Graduate School of Aerospace Engineering. They may carry out
senior projects in the aerospace field under the direction of the School’s’ staff.
Students who elect this pro%ra_m graduate w'ith an unusually sound aeros[qace
education in addition to their broad undergraduate englneerln% education.
Tthgsetspeuallzed aerospace studies are of a type usually reserved for graduate
students.

The student plannin(l; to follow this course of studies should consult with the
Director of the Graduate School of Aerospace Englneerln?, by the beginning of
his_third year in engineering so as to plan his program to best advantage.

This same program prepares the student intending to work for the Master of
Engineering FAerospace) egree. It is also a basic program, algn? with his other
engineering course work, for the student planning study in this
Master’s degree. (See page 17.)

NUCLEAR ENGINEERING PROGRAM

Students with an aptitude for applied physics and mathematics may elect a
sequence of courses in the field of nuclear engineering. Comﬁletlon of such an
elective program provides the Bachelor’s degiree candidate with an exceptionall
strong foundation for graduate study or for [Jrofessmnal work in this field.
ApProprlate courses should be chosen'to match the student’s interest and should
include 8301 or Physics 314, 8302, and 8351. Additions to this introductory
sequence may be made in consultation with the nuclear engineering staff. Further-
more, opportunities usually exist to carry out a senior project In the nuclear
en?meerlng field. _ _ . . _

nterested students should discuss the program with their advisers or with
the Director of the Nuclear Reactor Laboratory.

GRADUATE PROGRAMS OF STUDY

A graduate student holding a baccalaureate or equivalent degree from a
college or university of recognized standing may pursue advanced work lead-
ing f0 a graduate degree in engineering. Such a student maK enter as a candi-
date either for the’aeneral degrees (M.S. or Ph.D.) or for the professional en-
%/llneerln_g degrees—Master of En%meermg (Chemical, Civil, Electrical, Industrial,

echanical, Materials and Metallurgy).

THE GENERAL DEGREES

The M.S. and Ph.D. degrees are available in all the fields and subdivisions
of the College of Engineering. They are administered by the Graduate School

leld beyond the
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and require work in both major and minor fields of study, as well as the com-
pletion of a satisfactory thesis, usually involving individual and original re-
search. A prospective graduate student interested in obtaining an M.S. or Ph.D.
degree should consult the Announcement of the Graduate School for additional
information concerning these degrees and should correspond with the professor
supervising the particular field of engineering representing his major interest.
Students who do not completely meet the entrance requirements for these
degrees may be admitted as provisional candidates or without candidacy accord-
ing to previous preparation, but they must in all cases hold a baccalaureate or
equivalent degree.

THE DEGREE OF MASTER OF
ENGINEERING (AEROSPACE)

~The Master of En?ineering (Aerospace) degree is granted on the recommenda-
tion of the faculty of the Graduate School of Aerospace Engineering. Prospective
candidates for this degree should apply directly to the Director of the Graduate
School of Aerospace Engineering.

PROFESSIONAL MASTERS’ DEGREES

Professional degrees at the Master’s level are offered in chemical, civil, elec-
trical, industrial, and mechanical engineering, and in materials and metallurgy,
and are administered by the Engineering Division of the Graduate School.
These degrees are intended primarily for those persons who wish to enhance
their ability in the practice of engineering, and not for those whose expected
activities will be in englneerln? teaching or research. The student with a bac-
calaureate degree in an area of engineering or science deemed ap_proerlate to
his proposed Tield of study may become a candidate for a professiona deFree.
These professional degrees require at least 45 credit hours of graduate-fevel
course_work, or its equivalent, in the principles and practices of the specific
field. They do not require the presentation of a thesis based upon research
studies. For each candidate a s?ecwl curriculum of related courses, differing in
content among the several professional degrees, is either prescribed or agreed
upon in advance. The prospective student should consult the detailed descrip-
tions of requirements of the various schools elsewhere in this Announcement.

The required number of credit hours in each curriculum may be reduced by
allowing credit for graduate-level work completed before entry into the pro-
gram, or for professional experience approved by the faculty "as substantially
covering the same area as any part of the curriculum, Frow ed that the total
allowance does not exceed fifteen credit hours. Such allowance for work out-
side the program will be granted only after the candidate is enrolled in the
program, and, in order to avoid misunderstanding, no commitments concern-
Ing advanced credit can be made by prior correspondence between faculty mem-
bers and prospective students. The candidate interested in coming into this
ﬁrogram from industry should write to the director of the division of en_gmeermg
e plans to enter. Under a special arrangement a student with a superior recor
of performance for four years of undergraduate englneer_lngrstudms at Cornell
may enroll in the Graduate Honors Program during his Tifth undergraduate
year and accumulate credits which may be applied toward an advanced degree.
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The minimum time required for a Cornell student to obtain the professional
Master’s degree will be one term beyond the baccalaureate degree. _

The professional degrees are considered to be at the five-and-one-half to six-
year level of university work, requiring from one to two years of additional
study beyond a four-year baccalaureate program.

COMBINED PROGRAMS =
Law, Business and Public Administration,
or City and Regional Planning

Qualified students may apply for admission to special programs permitting
completion of both a Bachelor’s degree in engineering and a graduate or
advanced degree in law, business or public administration, or city and regional
planning, in one year less than the normal period. Interested students should
consult “their advisers during their third year, in order to plan appropriate
elective courses during the fourth and fifth years.

Ordinarily such a combined program, leading to two degrees, would con-
stitute an eight-year course of study in the case of law and seven Years_ in the
case of business and public administration or city and regional planning. By
choosing as electives courses acceptable to the other schools or colleges and
by being permitted to count certain other courses as meetlng,re(iuwements in
both dareas, students will be able to acquire the two degrees in the shortened
period. _ _

Arrangements for one or more such combined programs of study are possible
for selected students in chemical, civil, electrical, Industrial, and mechanical
engineering and materials and metallurgy. Applications will be accepted at any
time prior to the fifth Kear, but, for maximum erX|b|I|t)6 and ease of program
Blannmg, the choice should be made as earIY as possible. Applications must
e approved by both participating schools or col

GRADUATE SCHOLARSHIPS AND FELLOWSHIPS

“Graduate students whose major subjects are in the various branches of en-
gineering and who wish to be candidates for scholarship or fellowship aid should
consult the Announcement of the Graduate School and make application to the
Dean of the Graduate School. Those who are candidates for the degree of
Ilé/I.E.ng.(Aero.) should apply to the Director of the Graduate School of Aerospace

ngineering.

STUDENT PERSONNEL SERVICES
STUDENT PERSONNEL OFFICE

The admission of new students, the administration of scholarships in the
CoI_IeFe of Engimeermg, the placement of graduates, and the compilation and
mainfenance ot alumni records are activities of the College which are coordinated
in the Student Personnel Office. The Personnel Office, in addition to other
facilities, is also available at all times to students who wish to discuss any ques-
tion relating to their life in the College.

eges.
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STUDENT COUNSELING

In general, the counseling of students rests with the class advisers to whom
the students are asm%ned primarily for assistance in planning and scheduling
their academic work, but who will welcome students at any time to discuss other
personal matters. In each school of the College, students are referred to the
chairman of the scholarship_committee when in financial need and to a place-
ment adviser for assistance in vocational choice and postgraduate employment.
Also, the students are free to consult with the dean, directors, department heads,
and faculty, not only on matters pertinent to their education and future plans
but also on personal matters. In addition, the University’s Dean of Students and
staff may be consulted by students regarding their nonacademic problems.

SCHOLARSHIPS, GRANTS-IN-AID,
AND PRIZES
SCHOLARSHIPS FOR FRESHMEN

Some of the scholarships listed below are paid for from the income of
endowments; others derive from revolving funds established by industries,
foundations, or individuals. Many of the revolving funds provide generous
%lfts to the University in support of the costs of educating students not covered
y tuition and fees. Those gifts to the University are made in addition to the
scholarshlf) grants, and, in the list below, the amounts are indicated in paren-
theses following the amounts paid the students.

CHARLES R. ARMINGTON SCHOLARSHIPS IN ENGINEERING . . .
Gift of Mr. and Mrs. R. Q. Armm[qton, in memory of their son who was a
student in the School of Mechanical Engineering at the time of his death in
1956. Open to men students in any branch of engrmeermg. One scholarship
annually with annual stipend up to $2000 ($1000). Tenure, not limited. Selec-
tion based on balance of academic and extracurricular interests with outstand-
ing personal characteristics.

JOHN HENRY HARR SCHOLARSHIP . .. Gift of Mrs. Mabel R. Barr, for
a deservmﬂ student to be chosen by the University from recommendations of
thet |(_Zo_rtned Club of the Lehigh Valley. Annual award, up to $2000. Tenure,
not limited.

EDWARD P. BURRELL SCHOLARSHIPS ... Gift under the will of Kath-
erine W. Burrell, in memory of her husband. OBen to men and women enterlng
the College of Engineering. Award, up to $800 for freshman year only. Nee

IS an important factor in selecting the winners,

GENERAL MOTORS COLLEGE SCHOLARSHIP . . . Established in 1957
by the General Motors Corporation. Available to men or women who are
citizens of the United States and are enterln% the CoIIe%e of Engineering.
Two scholarships annually with stipend of from $200 to $2000 ($800), depending
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upon need. Tenure, unlimited. Selection based upon outstanding academic
promise, general character, and financial need.

INLAND STEEL FOUNDATION SCHOLARSHIPS . . . Established by the
Infand Steel Foundation. Annual award, §1500 ($1000). Tenure, not limited.
Selection is based on scholastic attainment, personal characteristics, and finan-
(éla| need. Summer employment may be offered to recipient by the Inland Steel
ompany.

MARTIN J. INSULL SCHOLARSHIP . .. Gift of his wife, Mrs. Vir?inia
Insull. Open to men entering the College of En%meerm . Annual award, $1500.
Tenure, not limited. Further provisions as for the McMullen Regional Scholar-
ships (see below), except that financial need is an essential criterion.

LOCKHEED NATIONAL ENGINEERING SCHQLARSHIP . . . Established
b}/ the Lockheed Leadership Fund. Open to enterln? students in the College
0 .En_%meermg. Annual award, tuition and fees plus $500 ($500). Tenure,
unlimited. One award each year to a student who 15 in a field of engineering
applicable to the aerospace industry and whose total personal qualities can be
_exdpected upon graduation to offer a signficant contribution to the aerospace
industry.

JOHN McMULLEN REGIONAL SCHOLARSHIPS . . . Gift under the will
of John McMullen. Open to men entering the College of Engineering. Annual
award, up to $1800. Tenure, not limited. Sixty or more scholarships awarded
annuaily. Applicants will be selected on the basis of high scholastic achievement
and other indications of qualities likely to produce leadership in engineering.
Althou%h financial need is not a factor in selecting the winners, full considera-
tion will be given to need in fixing stipends.

OWENS-ILLINOIS SCHOLARSHIP ... Established by Owens-Illinois. Open
to men. Annual award, tuition and fees plus $125 for books and supplies in
the freshman year and $100 annually thereafter ($1400). Tenure, not limited,
Selection will "be based on scholastic achievement, personality, and financial
need. Summer employment may be offered by Owens-Illinois.

PROCTER AND GAMBLE SCHOLARSHIPS ... Established by the Procter
and Gamble Company. Open to men or women entering thé College of
Engineering. Annual award, tuition and fees plus $115 for books and supplies
(86 Of)" Tenure, unlimited. Selection based on academic achievement, character,
and financial need.

ANNIE F. AND OSCAR W. RHODES SCHOLARSHIPS .. . Gift under the
will of Oscar Lynn Rhodes in memory of his mother and father for scholarshbps
to students in "engineering. Open to freshmen. Annual award, up to $1800.
Tenure, not limited. One or more scholarships to be awarded annually to
students on the basis of high scholastic achievement and professional promise.
A_Ithou_?h financial need is not a factor in selecting the w'inners, full considera-
tion will be given to need in fixing stipends.

ALFRED P. SLOAN NATIONAL SCHOLARSHIPS . . . Established by the
Alfred P. Sloan Foundation. Open to men entering the College of Engmeermg.
Annual award varies from a prize scholarship of $200 to as much as $2000, de-
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pending upon financial need (§520). Tenure, not limited. Nine scholarships
awarded annually. ApJ)Ilca_nts will be selected on the basis of high character,
sound personality, leadership potential, and professional promise.

UNION CARBIDE ENGINEERING SCHOLARSHIPS . . . Established in
1960 by the Union Carbide Corporation. One scholarship awarded annually to
an entering student with a preference for chemical, industrial, or mechanical
en%meermF or materials and metallurg?(. Award equal to the amount of tuition
and fees plus $100 for books and supplies (S$600?. enure, not limited. Same re-
quirements as for the McMullen Regional Scholarships.

JESSEL STUART WHYTE SCHOLARSHIP . . . Gift of Mrs. Anna Jessel
Whyte in memory of her son. Open to entering students with a preference for
mechanical engineering. Annual award, $1000. Tenure, not limited. Preference
will be given to residents of Illinois, lowa, Michigan, Minnesota, and Wisconsin.
Further provision as for McMullen Regional Scholarships.

SCHOLARSHIPS AND GRANTS-IN-AID
FOR UPPERCLASSMEN

Students in their sophomore ){ear and beyond may apply for financial assist-
ance through the Office of Scholarships and”Financial Aid,” Day Hall. N
_Awards are of two general types: 1? those for which the principal qualifica-
tion is financial need, and (2) those for which outstanding scholastic ‘achieve-
ment is the chief criterion. In the first categor?/ are scholarships which are essen-
tlaII% grants-in-aid. Eligibility extends to any student not on scholastic probation.
The second category of awards, based on high scholastic and other attain-
ments, consist of (f} a limited number of scholarships sponsored by industrial
companies, mostly for students in their last two years of study, and (2) such
vacancies as may occur in scholarships of this type usually awarded to entering
students and subject to renewal. _ , o
~ Many of the sponsorln? institutions provide generous g|fts to the University
in support of the costs of educating students not covere bY tuition and fees,
Their ?_IftS to the University are made in addition to the scholarship grants, and,
in the Tist below, the amounts are indicated in parentheses following the amounts
paid the students. . . _ _ _
Below are the scholarships sponsored by industrial companies and foundations.

ALCOA SCHOLARSHIPS . . . Established in 1959 by the Alcoa Foundation.
Oﬁ_en to third, fourth, or fifth year students. Five awards annualgy, one of
which shall be for a student in materials and metallurgy. Award, $625 ($125).
Tenure, one year.

ALLEGHENY LUDLUM SCHOLARSHIP . .. Established by the Allegheny
Ludlum Steel Corporation. Award, $500 (8500). Tenure, three years. Awarded
annually to a student in chemical engineering or materials and_meta_llur?y,
normally to a student in materials and metallurgy, with primary consideration for
academic record, promise of ability, and success in his field of study. Need is a
secondary factor.

CHARLES R. ARMINGTON PRIZE SCHOLARSHIP IN ENGINEERING .. .
Gift of Mr. and Mrs. R. Q. Armington, in memory of their son who was a
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student in the Sibley School of Mechanical Engineering at the time of his death
in 1956. One scholarship annually to a student entering his fourth year in any
branch of engineering, with annual stipend of $500 or more depending upon
need ($1000). Tenure, two years. Recipients will be students who in their first
three years of college have” demonstrated outstanding qualities of personality,
notably sportsmanship of a high order.

CARRIER MEMORIAL SCHOLARSHIPS . . . Established in 1961 by the
Carrier Air Conditioning Company. Award, $1200. Tenure, three years. One
scholarship annually to a student in his third year who has established an out-
sEa_?_dmg scholastic record, who needs financial assistance or possesses exceptional
ability.

DOW CHEMICAL COMPANY SCHOLARSHIP . .. Established by the Dow
Chemical Company. Award, $1000. One scholarship to be awarded annually and
renewable for the fifth year to a student in chemical engineering.

FOUNDRY EDUCATIONAL FOUNDATION SCHOLARSHIPS ... Open to
all students (except freshmen) in materials and metallurgy and mechanical
engineering who are interested in preﬁarmg themselves for grofessmnal engineer-
ing work in the foundry industries. Annual award, up to $600. Tenure, one or
more years. Awarded on'the basis of leadership, financial need, scholastic standing,
and interest in foundry work.

MINNESOTA MINING AND MANUFACTURING COMPANY SCHOLAR-
SHIPS . . . Established in 1962 by the Minnesota Mining and Manufacturing
Company. One or more awards "to undergraduate students. Award, not to
exceed $1000. Tenure, one year.

MONSANTO SCHOLARSHIP . . . Established by the Monsanto Chemical
ComFany. Open to fifth é/ear students in chemical engineering and materials and
metalu_rgy. Award based upon academic standln_g, interest in chemistry, and
probability of success. Financial need not considered. Annual award, "$1000.

NIAGARA MACHINE & TOOL WORKS SCHOLARSHIP ... Established in
1956 by the Niagara Machine & Tool Works. Award, $1000 ($1000). Tenure,
two years. One scholarship every two years to a fourth year student in mechan-
ical engineering with principal interest in machine design and development.

SCOTT PAPER COMPANY FOUNDATION AWARD FOR LEADERSHIP
... Established in 1954 by the Scott Paper Company. One scholarship awarded
annually to an outstandlln(l; third year student in chemical, industrial, or mechan-
ical engineering whose intention is to prepare for an industrial career. Tenure
three years. Award, $1,000 ($333.33). Recipients should have demonstrated
those high qualities of intellect, personality, and physical vigor associated with
the well-known “Rhodes Scholars.” Financial need is not a criterion of selection.

STANDARD OIL COMPANY OF CALIFORNIA SCHOLARSHIP ... Estab-
lished in 1961 by the Standard Oil Company of California. Award, tuition.
Tenure, one year. One scholarship for a mechanical engineering student in any
undergraduate year.

WESTERN ELECTRIC SCHOLARSHIPS . . . Established by the Western
Electric Company. Open to students in any division of the CoIIe?.e of Engineer-
ing. Three scholarships with annual award up to $800 to be applied against the
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cost of tuition, fees, and hooks. Tenure, one year; may be renewed. Selection
tb_ased upon need and ability in fields of study related to the Company’s opera-
ions.

WYMAN-GORDON SCHOLARSHIPS . . . Established in 1954 by the Wyman-
Gordon CqmFany._One_ scholarship awarded annually to a fourth-year student
in mechanica englneerln% or materials and metallurgy, as the Company may
designate. Award, §500 ($

PRIZES

Cornell University has a considerable number of funds given for the endow-
ment of prizes to be awarded annually, Some of these prizes are open to com-
petition by any students in the University. The publication, Prize ComPe_tltlons,
describing the prizes and the nature of the competitions, may be obtained at
the Visitor Information Center, Day Hall. Prizes open to competition particularly
by students of the College of Engineering are:

THE AMERICAN INSTITUTE OF CHEMICAL ENGINEERS PRIZE is a
badge awarded by the School of Chemical Englneerln? to a junior in chemical
engineering for the hest scholastic record at the end of the fourth term.

THE AMERICAN SOCIETY OF TESTING MATERIALS PRIZES, consist-
ing of six one-year memberships in the Society, are awarded to students in the
College of Engineering for the highest scholastic average in materials.

THE CHARLES LEE CRANDALL PRIZES, founded in 1916 by alumni of the
School of Civil Engineering. The prizes of $200 and $100 ar¢ awarded each
¥ear by a committee appointed by the Director of the School of Civil Englneerln([]
or the best papers written by students in the fifth term or above in that School,
on suitable subtjects, provided that both the substance and the written form of the
papers submitted show real merit. The prizes were established to encoura%e
original research, to stimulate interest in matters of public concern, and to
inspire in the students an appreciation of the opportunities which the profes-
sion of civil engineering offers them to serve their fellow men as intelligent and
public-spirited citizens. Papers must be submitted to the Director of the School
of Civil Engineering on or before April 15 of each year.

THE FUERTES MEDALS, established by the late Professor E. A. Fuertes. The
endowment provides for two sgold medals. One is awarded annually by the
faculty to that student of the School of Civil Engineering who is found at the
end of the first term of his senior year to have maintained the highest degree
of scholarship in the subjlects of this course, provided he has been in attendance
at the University for at least two years. The other is awarded annually by the
faculty to a graduate of the School of Civil Engineering, or the recipient of a
graduate degree with major in civil engineering, who has written a meritorious
paper upon some engineering subgect tending to advance the scientific or practi-
cal interests of the profession of the civil engineer. It is desired that papers be
presented on or before April 15. If_awer IS presented in printed form, it will
not be received if it has been printed earlier than the preceding April 15,
Neither medal is awarded unless it appears to the faculty of the School of
ClvrllldEr{gmte,erlng that there is a candidate of sufficient merit to entitle him to
such distinction.

00). Tenure, two years.
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THE FUERTES MEMORIAL PRIZES IN PUBLIC SPEAKING, established
in 1912, consist of several prizes totaling $200. They are awarded by a com-
mittee of seven judges to students in the fifth term or beyond of the” Colleges
of Architecture and Engineering for proficiency in public”speaking.

THE HAMILTON AWARD ... A suitably engraved Elamilton watch and
letter of commendation is awarded annually to the senior in engineering who
has most successfully combined me'C"?”CY in his major field of study with
achievements, either academic, extracurricular, or a combination of both,"in the
social sciences and humanities.

THE AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS
PRIZE ... The “Student Branch Scholastic Award” of the American Institute
of Aeronautics and Astronautics is Presented annually to the M.Eng.(Aero.) can-
didate who attains the best scholastic record for that academic year. The award
consists of a certificate and a two-year free technical membership“in the Institute.

SIBLEY PRIZES . .. Under a gift of Hiram Sibley, made in 1884, the sum of
$100 is awarded annually in several prizes to fifth year students in mechanical
engineering and electrical engineering, equally distributed, who have received
the highest average in the preceding four years.

THE SILENT HOIST AND CRANE COMPANY MATERIALS HAN-
DLING PRIZE, established in 1950 by the Wunsch Foundation, is in an amount
aPprommatlng $300 and is awarded for the best original paper on the subject
of materials handling at the discretion of a College of Engineering faculty com-
mittee. This contest is open to undergraduate and graduate students of the
College of Engineering.

THE WILLIAM WAYNE KRANTZ AWARD, established by the Class of
1961 in Electrical Engineering in memory of their classmate” who died on
August 6, 1960, is made to the fifth year student in Electrical Engineering who
has demonstrated qualities of perseverance, ambition, courage, and unwavermP
desire to become an electrical engineer. Award consists of a shingle and enroll-
ment of the winner’s name on a plague in Phillips Hall.

THE J. G. WHITE PRIZES IN SPANISH ....Throu?.h the generosity of James
Gilbert White (Ph.D., Cornell, ’85|), three prizes, established in 1914, éach of the
value of $100, are offered annually. One of the three, which is awarded to an
English-speaking student for ﬁrofluency in Spanish, is open to members of the
junior and senior classes in the College of Engineering who are candidates for
their first degree. No candidate is ellgllble unless he has completed successfully
two terms of work in Spanish at Cornell University.

COLLEGE HONORS AND ACTIVITIES
DEAN’S HONOR LIST

Students of the College of Engineering whose weighted average in their
studies is 85.00 per cent or better are included annually in an Honor List com-
Enled for the Dean. The honor students comprise approximately the highest
enth of all the students enrolled in the College.
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HONOR SOCIETIES

Engineering students may qualify for membershig_in local and_national honor
societies, including Tau Beta Pi, Phi Kappa Phi, Sigma Xi, Pi Tau Sigma, Chi
Epsilon, Rod and Bob-Pyramid, Atmos, Kappa Tau Chi, and Eta Kappa Nu.

PUBLICATIONS

The Cornell Ent[]ineer, a magazine _containin?_ articles of professional interest
for englneerlng students and “alumni, is Ipub ished monthly throughout the
academic year by undergraduates of the College of Engineering.

ENGINEERING SOCIETIES

Many m_eetings of the American Society of Civil Engineers, American Society
of Mechanical Engineers, American Institute of Electrical Engineers, Society of
Automotive Engineers, and Institute of Electrical and Electronic Engineers are
held on campus and are attended by students. The College also maintains active
student branches of these societies, as well as of the American Institute of
Chemical Engineers, American Society of Agricultural En(I;lneers, and the Amer-
ican Institute of Aeronautics and Astronautics. The Cornell Metallur%c.al_Somety
was formed in 1949 and is an affiliate of the American Institute of Mining and
][\/Ietadlludrgllcalléisrégmeers. A student branch of the American Nuclear Society was
ounded ‘in .

ENGINEERING STUDENT COUNCIL

The Engineering Student Council, consisting of elected student representatives
from each division of the College, plans the annual Engineers’ Day program for
high school visitors to the campus, represents engineering student viewpoints
in"campus affairs, and conducts studies of the activities of the College. Upper-
classmen on the council have participated in an informal tutoring program for
freshmen desiring such assistance.

SOURCES OF ADDITIONAL
INFORMATION

_ Prospective freshmen interested in engineering should write for a special
illustrated hooklet entitled En |neer|nﬁ at Cornell. Requests should be addressed
to the Announcements Office, Day Hall, Cornell University, and should mention
that the writer is a prospective freshman. . o
Also of interest to prospective students is an article “What Is EnglneerlnP
School Like?” which may he obtained from the Office of Student Personnel,
Carpenter Hall, Cornell Unlversn}{. _ S _
Detailed information on the following subjects is available in the Announce-
ment of General Information: health services and medical care, health require-
ments, housing, ownership of cars, physical education, loans, part-time employ-
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ment, tuition, and fees. Information on military training is available in the
Announcement of Military Training. Both Announcements may be obtained
by writing the Announcements Office, Day Hall.

Students on the Cornell campus may obtain copies of the Announcements
(catalogs) at the administrative offices of the various schools and colleges.

THE PHILIP AND SADIE SPORN LOAN FUND. In addition to the University
loan program open to all Cornell students, the Philip and Sadie Sporn Loan Fund
is reserved specifically for engineering candidates. It is for students with con-
siderable need. Evidence of maturity and enterprise on the part of the applicant
are considered in choosing the recipients.



GRADUATE SCHOOL OF
AEROSPACE ENGINEERING

GRUMMAN HALL

_Aerospace enginee.ring is the field of engineering that deals with the
flight of aircraft, guided missiles, and space vehicles in the atmosphere and
in the regions of s[)ace ad!ommg.the atmosphere, The primary objective of this
School is to educate selected engineering and science graduates in' the scientific
aspects of this field. The training is intended especially to prepare the students
for research and development engineering in the aerospace industry and in related
research institutions. . . _

In the School’s new quarters, superior facilities are provided for laboratory
studies in fluid mechanics, aerodynamlcs, and gasdynamics. Members of the
teaching staff and graduate students are engaged In an active program of funda-
mental studies in these fields. Em#)hasys is put upon the scientific and engineering
problems of space flight, i.e., of vehicles which leave and re-enter the earth’s
atmosphere at extreme speeds.

PREPARATION FOR GRADUATE STUDY

_ The Graduate School of Aerospace Engineering will admit students hold-
ing baccalaureate degrees in any branch of engineering, physics, or mathematics,
provided that their undergraduate scholastic records are such as to indicate
ability to handle graduate study. The Cornell courses of study in en?lneerln

physics, electrical engineering, and mechanical engineering are especially recom-
mended to students who expect to enter this School after graduation.

CAll students who expect to enter the Graduate School of Aerospace En-
gineering should try to arrange their undergraduate programs to include as
much work as possible in aPphed mechanics, thermodynamics, mathematical
anal}/sm, and physics. In most cases, it would be_well for engineering students
to elect courses In_intermediate or advanced physics, such as atomic and molec-
ular phrsms, Kinetic theory of ?ases, and electricity and magnetism.

[t will be possible for Cornell students in the five-year undergraduate programs
to complete the requirements for the degree M.Eng. (Aerosi)ace) in ong year of
graduate study instead of the normal two years, if they complete a sufficient num-

er of the required graduate courses as electives in their undergraduate programs.

MASTER OF ENGINEERING (AEROSPACE)

Students who in their undergraduate careers have demonstrated more than
average ability in analytical subjects and who have shown adequate promise
of carrgmg on graduate study successfully are eligible to apply for this program
in the Graduate School of Aérospace Engineering.

1
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A%pllcatlon for admission to this program should be made to thti Director
of the Graduate School of Aerospace Engineering, Grumman Hall, Cornell
University. A sPeuaI apﬁllcatlon blank for this purpose can be obtained from
the Director’s office, It should be returned directly to him.

The program of aerospace engineering studies is applicable to much of

the standard engineering work in the aerospace industry, but beyond that its
objective is to increase the student’s facility in the use of the basic sciences in
engineering and to stimulate his growth in independent research and develop-
ment work. Because the pro%ress in this field is so rapid, it is an essential objec-
tive of this program to go beyond the study of present-day practices and tech-
niques and to pregare the student in the fundamental background and analytical
methods that can be adapted to future development. _
The successful completion of the work for this degree requires that the stu-
dent 51) pass a series of courses or examinations in the subjects listed below;
and. (2 submit an acceptable Master’s thesis based UPOH original research. The
subject list constitutes a standard of accomplishment for the M.Eng. (Aerospace{}
candidate, but the faculty will modify the list to suit the needs, interests, anc
background of each individual candidate. Courses are available to permit candi-
dates to study in any of three areas of aerospace engineering: (2 aerodynamics, (2)
?asd}/_namlcs ?aerophysms),.and_ (3) aerospace structures. Active research in
he Tirst two of these ‘areas is being carried out in the School. Research in aero-
space structures is an important activity of the Department of Engineering
Mechanics. The student e_Iectmgi_ to concentrate his work in this field will take a
considerable ﬁortlon of his electives in engineering mechanics. .

Although the standard list of required subjects, together with the thesis, would
ordinarily occupy four terms of graduate study, the residence requirement has
been set"at one year (two terms? so that students who enter the School with
exceptional pregaratlon, or who are able otherwise to pass the required examina-
tions, may be able to qualify for the degree in one year.

If the student wishes to satisfy a requirement by examination rather than b%/
passing a course, he should request the faculty of the School to schedule suc
an examination. _ _ _

[t is suggested that each candidate supplement his required program of courses,
e.0., the standard list below, by additional courses either in aerospace engineer-
ing or in other fields of study In order to achieve a balanced program of twelve
to sixteen cre_dlthoursFer term. o _

The candidate must pass a final examination, either oral or both oral and
written, administered by the facult;g of Aerospace Engineering. The faculty
frequently invites other members of the University staff to attend and to particl-
pate in such examinations.

SU S
INEERING (AEROSPACE) DEGREE

CREDIT

HOURS
Engineering 1180, 1181, Mathematical Methods in Engineering | and I

Engineering 7101, Fundamentals of Aerodynamics.....mmmmmmmmmmes %
Engineering 7102, Fundamentals of AStrONAULICS....ummmmrcmsmmmsmressersensens 3
3

or
Engineering 4991, Electronic Engineering
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CREDIT

HOURS
Engineering 7203 (or 8121) and 7204, GaSAYNAMICS..cvvwrmsmmimrsmsersmsmmimssmessssessisssessssesne 6
Engineering 7301, Theoretical ALTOYNAMICS | ovvvcvcvrsmrsmsensessmsssssssmssssssssssesssssssesen 3
Engineering 1170, AQVANCEA DYNAMICS .oovvviersrmsmmsmssmsssmsssssessessesssssessssssssssssssssssssssssesses 3
Electives chiosen from LISt A DEIOW .oovvevmmmmsmsrmmsmssssesmmsmmsmssssessssssmssssesesmsssse 2

ELECTIVES: LIST A

Engineering 7206, Introduction to Magnetonydrodynamics. ...
Engineering 7207, Dynamics, 0f RAEFIE GASES....wmmmummmemmsessensmmsmmsessmssssssssessssssssessessens
Engineering 7208, H%/perso_mc-FIow Theory e e
Engineering 7302, Theoretical Aerodynamics I (Wing Theo_r)r) ......... e
Engineering 7303, Theoretical Aerodynamics 111" (Compressible Fluids).. .
Engineering 7304, Theoretical Aerodynamics IV (ViscousFluids)
Engineering 1162, Theory of Vibration
Engineering 1163, Applied Elasticity..
Engineering 1164, Theory of EIast|_C|_tE/ 1
Engineering 1165, Theory of Elasticify II.. .
Engineering 1167, Theory of Plate and Shell StrUCIUTES. .. evmmmmsmrmsvssmnsrssmnsessmsssssssssssne
Engineering 1168, TNEOTY 0OF PIASHICILY .covveerirrsersensissessmssnssssssssssssesssssessssssssesssssesssssnns
Engineering 1171, Space Mechanics............. s N
Engineering 1172, Selected Topics in Engineering Mechanics..
Engineering 1175, Oscillations in NONINEArMECRANICS....vvvvvvrsersersrsssnssmssssssssessessessessens
Engineering 3652, COMBUSEION THEOTY covvvcvivvimsensmsmmsenmessmsssssssssssssssssssssssssssssssssssnes
Engtmeenng 4565, Electroma%_nenc L] p— e
athematics 415-6, Mathematical MethodS in Physics .
hysics 318, Analytical Mechanics ,
hysics 431, Introductory Theoretical Physics .. .
hysics 443, Atomic Physics and Introductionto Q m Mec

hysics 444, Nuclear and High Energsy Particle” PhYSICS .cvvrersvnersnn .
hysics 454, Electronic Properties of S0lids. and  LiQUIdS...mmmmmemmmmmmmmmmmrmmmssssmssssrsssssrne
hysics 510, Advanced Exgerl_mental [
NYSICS 571, ClASSICAl MECNANICS..ovvvvrvrvsersrnersesssssesssmsssssssssssesssssessssssssessssssssssssssssssnes
NYSICS 573, ElRCETOUYNAMICS covvovievrersrssessensrssessrssessssssmssssssssssssssssssssessesssssessessssssssssssssses

U U U U U U U U=

STUDY LEADING TO THE
DEGREE OF Ph.D.

The current Announcement of the Graduate School sets forth the require-
ments for candidacy for the degree of Ph.D. and lists the general requirements—
residence, major and minor subjects, foreign languages, qualifying examinations,
and thesis. As explained in that Announcement, each candidate must complete
a schedule of courses acceptable to his Special Committee.



AGRICULTURAL ENGINEERING

RILEY-ROBB HALL

A joint program administered by the Colleges of Agriculture and Engineer-
ing leads to the degree of Bachelor of Engineering (Agncultural)_. Students in
this curriculum register in the College of Agriculture during the first four years
but take courses in the Colle?es of Engineering, Arts and Sciences, and Agricul-
ture. Registration for the fifth and final year is in the College of Engineering,
which grants the deqree. , _ ,

The purFqse of this_curriculum is to éJrepare engineers for a career in the
agricultural industry—including such fields as power and machinery, structures
soil and water engineering, electrification, and the processing and handling of
agricultural products. . _ : .

Complete laboratory facilities for teaching and research programs in agricul-
tural engineering and food technology are in Riley-Robb Hall. Because the
Department has an active research program supported through the Cornell
Agricultural Experiment Station, many students find opportunities for part-
time work in research during the academic year and in summer vacations.

PRACTICE REQUIREMENT

Since agricultural englneerln%students are registered in the College of Agri-
culture for the first four years, they must meet the farm practice requirement of
the College. The basic requirement is 25 units of acceptable farm experience
%alned at the apPrommate rate of one unit per week. Twelve of these units must
e completed before registration for the sophomore year. The entire 25 units must
be completed prior to reglstratlon in the fourth 'year. Unless the student has
fulfilled these requirements as a prefreshman, he will usually do so durln? the
summers between the freshman and junior years. The Announcement of the
College of Agriculture should be consulted for details of the requirement.

AS.A.E. STUDENT BRANCH

An active student branch of the national American Souet}/, of Agricultural
Engineers is available to all students in this program. Participation in the
organization is a valuable means of gaining first-hand knowledge of the pro-
fessional field of agricultural engineering, and it also provides opportunities for
personal development,

ELECTIVES

There are thirty hours of electives:
1. Six hours insocial studies with a two-course sequence.
2. Six hours in humanities with a two-course sequence.
3. Twelve hours of electives in nontechnical courses.
4. Six hours of electives unspecified.

20
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SCHOLASTIC REQUIREMENTS

To remain in good standing, a student must have a weighted average for the
term of 70 or above. If the weighted average is 60 or higher, but less than 70,
the student will be placed on probation. A student will be dropped from the
program if a third consecutive term of probation is indicated or If the weighted
average is below 60. In all cases, the student m_aY appeal an action by present-
ing new information to the Joint Faculty Committee.

CURRICULUM . . . Bachelor of Engineering (Agricultural)

ﬂFor a complete description of the courses in agriculture, see the Announcement
of the College of Agriculture.)

CONTACT HOURS
CREDIT LECT. LAB.
HOURS  REC. COB/IP‘

TERM 1 Mathematics 191, Calculus for ENgiNers.....mmern: 4 i
Physics 121, IntroductorY Analytical Physics...... w3 3 2Vi
Chemlstr{ 103, 107, or 115, General Chemistry... w3 3 2Yi
English 111, introduction to English..cioee 3 3 0
Agr. Engineering 105, Engineering Drawing... w4 2 5
Agriculture 1, Orientation 1 1 0

TOtAl o 18

TERM 2 Mathematics 192, Calculus for ENGiNEers.....emmemmmmines 4 4 0
Physics 122, Introductory Analytical Physics....... w3 3 2A
Chemlstq 104, 108, or 110, General Chemistry... w4 4 212
English 112, Introduction to_En?hsh...._ ......................... J— 3 3 0
Agr. Engineering 2, Introduction o Agricultural Engineering 2 1 2

TOMAD oo 16

In_addition to these courses, all freshmen must satisfy the University’s requirements in
physical education.

CONTACT HOURS
CREDIT LECT. LAB.
) o ) HOURS  REC. COMP.
TERM 3 Mathematics 292, Engineering Mathematics......mmmrnnns 4 0
Physics 223. Introductory Analytical PRYSICS.......uwmernes 3 3 2te
Engineering 211, Mechanics of Rigid and Deformed Bodies 4 3 2Vi
Animal HUSHANATY EIECTIVE ..vvvvivvsssessssssssssssssisssssssssisnes 3 .

Biology 1, General Biol0gy......mmeswmmmsmsmesmsrmsmsmesnes 3 2 Vi
TOMA] s 17
TERM 4 Mathematics 294, Engineering Mathematics......mmerersen 3 3 0
Physics 224, Introductory. Analytical Physics......... 3 3 2'A
Engm_eerm% 212, Mechanics of Rigid. and Deforme 4 3 Vi
Chemistry 276, (ntroduction to Physical Chemistry 3 3 0
Biology 2, General Biology........wmermrsessersnnn w3 2 Vi
Agr. Engineering 220, SUIVEYING...mrermrsmrmsersmesmsssesssens 2 1 2R

TOAl oo 18

In. addition to these courses, all freshmen must satisfy the University’s requirements in
physical education.
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TERM 5

TERM 6

TERM 7

TERM 8

TERM 9

TERM 10

CONTACT HOURS

CREDIT  LECT.
HOURS

Engineering 6311, Material SCIBNCE......mmmrersersensmmsrssnnsnn 4
Engineering 241, Electrical Science..... 3
Engineering 2701, Structural Theogf I 3
Agronomy 11, Production of Field Crops 4
Bacteriology 1, General Bacteriology 5

TOMA] s ————— 19

Engineering 2002, Engineering Materials

Engineering 242, EIECrical, SCIENCE.....wwmmmmersvrsmrrrsiraes -

Engineering 3331, Kinematics and Components of Machines 3

élgronomy 1, Nature and Properties 0f SOilS......wuweerenen 4
e

CHIVES ™ oo b
TOMA] o 19
Engineering 3621, Thermal Science I: Thermodynamics... 3
Engineering 2301, Fluid Mechanics.......... e 3
Agr. Engineering 203, Agricultural Machingry........ 3
Extension Teaching 101, Oral and Written EXpression........ 2
Technical Elective 3
EIBCHIVE oot 3
101 7

Engingering 3622, Thermal Science 1l: Thermodynamics.. 3
Agr. Engineering 221, Soil and Water Engineering.......... 3
Agr. Engineering 202, A%ncultural POWET vvvsvrersvmssssssnsssnens g

3

Agricultural Economics 102, Farm Management. ...
TECANICAl EIBCHIVE oovvvsvvvsvvssssesssssssssssenssssssssssssssssessssssnins

L1 17

Engineering 3625, Thermal Science V: Heat Transfer........ 4
Agr. Engineering 461, Materials Handlm%} and Processes... 4
Agr. Engineering 231, Agricultural Structures.....ween 3
AQr. Engineering 206, Project. .. mmmemmmmmmmmemmsssmessensne 3
ETBCHIVE ™ oooeocoeeesesscseesssssssssesssssssssessssssssssssesssesssssssese 3
TOAD oo 7
Agr. Engineering 253, Special Topics in Agr. Engineering.. 1
Aqgr. Engineering 261, Project . 3
Electives .. 12
| 16
Total for ten termM . 174

REC.

2
4
3
3

woro ro ro

LSRN IO Y

LAB.

COMP.
2>
Al
2A
5

i

Al
Vi

The courses of study for terms 7 through 10, for those students who matricu-

lated in 1960 or before will be develope

from the new curriculum.

GRADUATE STUDY

_ Flexible programs leading to both the M.S. and Ph.D. are offered in the follow-
ing areas of specialization for either a major or minor: agricultural structures,
power and machinery, soil and water engineering, and electric power and process-
Ing. Minors for those majoring in agricultural engineering may be selected from

individually to incorporate olferings



AGRIC. ENGINEERING—CURRICULUM 23

the engineering, agricultural, or basic sciences depending upon the student’s
interests and needs. A broad and active research program, supported by the
Cornell Agricultural Experiment Station, ?IVG$ the student an ORportumty to
select a challenging research project for his thesis. Several assistantships are avail-
able with annual stipends ranging from $2400 to $3000. For more detailed infor-
mation and sample programs, contact the Graduate Field Representative. Riley-
Robb Hall, Cornell” University.



DIVISION OF BASIC STUDIES

Freshmen in the College of Engineering are enrolled, for the first two years
of the flve-é/ea{ undergraduate program, in the Division of Basic Studies of the
College of n?meerln . The Division is responsible for admissions to the College
at underclass Tevel, administers a program of courses for its freshmen and sopho-
mores, and assigns each engineering underclassman to a senior member of the
College of _En?meermg faculty as his adviser. _

During his freshman year the engineering student undertakes to develop his
underlymﬁ competence in mathematics and in the sciences of physics and chem-
istry, while improving his ability to communicate through a course in English
required of nearly all freshmen at the University. Through contact with senior
engineering staff, both as advisers and in class discussions in a course in en?meer-
ing problems and methods, the student is able to arrive at valid educationa %oals
in"line with his interest and demonstrated competence. He is made more fully
aware of the range of the fields and the functions of the individual in the engi-
neering profession. Instruction in graPh|cs as a means of communication, some
aspects of engineering economy, an"introduction to elementary concepts of prob-
lem solving, and design at an elementary level based on concurrent mathematics
and science courses, are also included. _ _

During the sophomore year the student extends his knowledge of mathematics
and physics and begins his stud¥ of the applications of these sciences to engi-
neering problems in"two courses taught by members of the faculty of the College
of Engineering in the fields of mechanics and electrical science. He undertakes a
course of physical chemistry, tYmg together his background in physics and chem-
istry at a level utilizing his strong preparation in mathematics, ‘and laying the
foundation for a subse(went course in materials in the junior year of the field
of his upperclass work, He also undertakes an elective course, continuing to de-
velop that group of liberal studies requirements, including English, that con-
stitute approximately one-fifth of his engineering education at Cornell. Students
moving toward chemical englneerlng delay the studies in mechanics from the
sophomore_to the junior year in order to establish earlier chemistry sequences
during their sophomore program. o o

Most students select their upperclass objectives before the beginning of the
spring term of their sophomore year. The professional schools specify one of
the five courses of term four, for Students planning to enter that specialty. This
may normally be taken either during the spring term of the sloomore year or
in "the summer session preceding z_umor enrollment. Through these alterna-
tives students find a change of objective possible as late as the beginning of their
junior year. o . _ o

I a student expresses his interest in a particular branch of en?me_ermg at the
outset, he will be assigned to a faculty adviser whose major interest is in that field,
If he does not express a particular interest, then after he determines his field of
study, he may change his adviser to obtain the counsel of a faculty member in
his chosen field. . _ _

Students in underclass courses are normally enrolled in sections of the various

24
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courses which are suitable to their individual level of achievement, and some are
thus able to devellog more rapidly toward the honors groups or programs of ad-
vanced stud?/ available in their professional fields. Through cooperation with the
advanced placement program of the College Entrance Examination Board and
departmental tests given during the orientation period, normally one-fifth of
the class is given advanced placement or actual college credit for one or more
courses of the freshman year. This makes possible more individual development
toward a broader liberal program, or advanced technical study in line with the
student’s own inclination. For superior students who have achieved advanced
ﬁlacement in mathematics and either chemistry or phﬁs_lcs upon graduation from
igh school, it is possible for enroliment to be achieved at sophomore level
through the use of the University summer session_prior to their enrollment at
the University in September. Students with sulperlor performance in the fresh-
man year aré encouraged to undertake enrollment in honors sections at the
sophomore level. Continued satisfactory achievement makes possible upperclass
registration in the Graduate School in the Graduate Honors Prolgram in the
student’s fifth year (see announcements of upperclass honors enroliment of the
separate 9n.g.|neer|n% schools). o _

The Division of Basic Studies of the College of Engineering requires all stu-
dents to_pass five courses, four of these with a ?rade, of seventr or better, in order
to remain in ﬂpod standm? in the Division. Al engineering students are required
to complete thirty hours of liberal studies hefore qraduatlon; six credits of English
and three credits'of liberal elective must be completed by students in this division
as part of this college requirement. (See Liberal Studies in the Engineering
Curricula, page 4, for distribution requirements.)

FRESHMAN YEAR

Freshman students entering the College of Engineering in the fall of 1963 will
take the following program of courses:
CONTACT HOURS
CREDIT LECT. LAB.
HOURS REC. COMP.

FIRST TERM

Mathematics 191, Calculus for ENQINEEIS. ..mmmmmsmmsmmmmsmmmmsessssssssssssnen 4 4 0

Physics 121, Introductory. Analytical Physics w3 3 M

Chiemistry 103, INtrOQUCTION 10 CREMISHTY s 3 2 3
or

Chemistry 107, General ChemIStY ... 3 2 3
or

Chemistr\I 115, General Chemistry and Inorganic Qualitative Analysis.... 4 3 3

English 111, Introduction to English 3 3 0

Engineering 101, Engineering Problems  and Methods 3 2 Vi

SECOND TERM

Mathematics 192 or 192H, Calculus for ENGINEerS. .. mmmmmmmmmmmmmmmmsmmssssmsssnns 4 3 A

Physics 122, Introductory Analytical PhySics 3 3 A

Chemistry 104, Introduction to " CREMISHY ..o 3 2 3
or

Chemistry 108, General CREMISIIY....vewrvcmersmnsemensmssssessssssssssssssssesn 4 33
or

Chemistrx 116, General Chemistry and Inorganic Qualitative Analysis... 4 3 3

English 112, Introduction to English 3 3 0

Engineering 102, Engineering Problems  and Methods 11 3 2 Vi

In additjon to these courses, all underclassmen must satisfy the University’s requirements in
physical education.
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SOPHOMORE YEAR

All sophomore engineering students, except chemical engineering designates,
will take the following program of courses:
CONTACT HOURS

CREDIT LECT. LAB.
HOURS REC. COMP.

THIRD TERM

Mathematics 293 or 293H, Engineering Mathematics 4 4 0
Physics 223, 225 or 227, Introductory Analytical Physics 3 3 M
Eléctrical Science 241 or 243, Electrical STIENCE 1....mrmsmrssvssmrsssssisissnn 3 2 VE
Mechanics 211, Mechanics of Rigid and DeformableBodies..1 .ovvccne 4 32
Liberal Elective 3ord

FOURTH TERM

Mathematics 294 or 294H, Endgineerin% Mathematics 3 3 0
Physics 224, 226 or 228, Introductory nal%tlcal _Physics 3 3
Chemistry 276, Introduction to. Physical Chemistr ) 3 3 0
Mechanics 212, Mechanics of Rigid and DeformableBodies |1 4 3 M
Electrical SCIENCE 242 OF 244 ¥ .o 3 2 22

All sophomore engineering students indicating a preference for chemical engi
neering will take the following program of courses:

CONTACT HOURS
CREDIT LECT. LAB.
HOURS  REC. COMP.

THIRD TERM

Mathematics 293 or 293H, Engineering Mathematics 4 4 0
Physics 223, 225 or 227, Introductory Physics 3 3 MW
Eléctrical Science 241 or 243, Electrical Science 1 3 2 2Vi
Chemistry 285, Introductory Physical Chemistry 5 3 6
Chemical Engineering 5101, Material and Energy Balances 3 22
FOURTH TERM

Mathematics 294 or 294H, Engineering Mathematics 3 3 0
Physics 224, 226 or 228, Introductory Analytical Physics 3 32
Liberal Elective ) ) Jord - -
Chemistry 286, Introductory Physical Chemistry ] 5 3 6
Chemical Engineering 5102; Equilibria and Staged Operations 3 22

* Civil engineering and engineering physics designates have the option of taking a liberal
elective in the place of the second term of ‘electrical ‘science. All other engineering designates arc
required to take the second-term electrical science.



CHEMICAL ENGINEERING

OLIN HALL

Chemical en?ineering is the application of the principles of the physical
sciences, of mathematics, ancl of engineering judgment to fields in which ma-
terial is treated to effect a change in state, .en_ergi/] content, or composition. The
ma{or_ application of chemical engineering is in the process industries where raw
materials are converted into useful products, such as chemicals, petroleum prod-
ucts, metals, rubber, plastics, synthetic fibers, loods, and paﬂer.
_ Programs in chemical engineering are administered by the School of Chem-
ical EnEmeermg, with facilities in Qlin Hall. Chemistry courses are given in the
Baker Laboratory of Chemistry. Instruction in the basic principles of chemical
engineering starts in the second year and extends through the fifth year. The
project courses in the fifth year are designed to encourage individual work and
Initiative under conditions equivalent to those found in the process industries.

The chemical englneerlnq curriculum contains 39 credit hours of electives. A
minimum of 24 of these elective credit hours must be taken in the fields of
humanities, social studies, and Iangua%es. In addition, 6 credit hours in English
are included in required courses, so that each student must take a minimum of
30 credit hours of nontechnical courses. Nine elective hours are considered to be
free electives, and courses may be chosen to fit a student’s particular needs and
objectives. They may be added to the minimum requirements in nontechnical
courses, or they may be used to take advanced courses in specialized fields. Stu-
dents planning to enter graduate schools may use both the free and technical
electives to prepare for graduate study. During the sixth term each student must
submit a coordinated plan to_ his adviser indicating the electives he proposes to
take and outlining the objectives to be achieved.

OPTIONS

Specialized work is offered in biochemical engineering, Fetroleum_, plastics and
rubbers, business administration, nuclear engineering, instrumentation and auto-
mation, industrial and englneerlnF administration, and reaction kinetics. The
choice of electives at an advanced level allows students to arrange programs that
are the equivalent of options in these fields. The exact sequence of courses to he
selected for advanced training is not specified, since it depends on the students’
interests and capabilities. Exceptional students are allowed to register lor gradu-
ate courses in these fields.

PREDOCTORAL HONORS PROGRAM

The Predoctoral Honors Program is available to capable underPraduate stu-
dents who intend to continue their education in graduate schools. [t is designed
to minimize the time required to obtain a Doctor’s degree. If this objective can
be achieved, it will aid in increasing the number of students available for teach-
ing, research, and hlgzh(ljy technical positions in industry. Two different programs
are available to the student. One is oriented towards research and ﬁrowdes actual
training in research during the fourth and fifth years. The other puts more
2
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fmphams on design, process evaluation, and the economics of the process indus-
ries.

Undergraduates interested in this program must apply for admission during
their third year. There are no fixed standards for entry. Students’ requests for
admission must be approved by the faculty of the School and their progress
is reviewed at the end of each term. Approved applicants choose either a research-
or _demgn-orlented_progra,m as outlined on pages 29-30. Each student is then
assigned to a special adviser who must approve the selection of courses to be
taken during the fourth and fifth years. o

The research-oriented students complete a three-term individual research
project and substitute theoretical courses required for doctoral candidates in
place of some of the design courses included in the regular curriculum, The
design-oriented students may specialize either in engineering design or in the
economics of the process industries by appropriate choice of elective courses.

Students enrolled in the honors program who apply for admission to the
Graduate School and are accepted may register as graduate students during their
fifth year. When they complete the courses included in either of the honors pro-
grams listed on pages 29-30, they will be awarded the Bachelor of Chemical Enﬁl-
neering degree. Normally, this requirement can be completed by the end of the
fifth year. Students who register in the Graduate School choose a committee
that supervises their work. The Announcement of the Graduate School should
be consulted for details about degree requirements. This program may be termin-
ated at the Master’s degree level if a student meets all the requirements.

SCHOLASTIC REQUIREMENTS

A student in the School of Chemical Engln_eerlng who tloes not receive a pass-
ing grade in every course for which he is registered, or who fails in any term or
sumbmte_r session fo maintain an average of 75, may be dropped or placed on
probation. . .

If, in the opinion of the faculty, a student’s general record is unsatisfactory,
the student may be refused permission to continue his course even though he
has met the minimum requirements of credit hours passed and of grades for
those hours. Students who fall behind in their work may be warned, put on pro-
bation, or dropped, either from an individual course or from the University, at
any time during the term.

CURRICULUM . . . Bachelor of Engineering(Chemical)

Course programs for Term 1through 4, administered by the Division of Basic
Studies, are described on pages 25-26.
CONTACT HOURS
CREDIT LECT. LAB.

. . . HOURS REC. COMP.

TERM 5 Chemistry 357, Introductory Organic Chemistry 5 3 b
Enginering 5303, Analysis of Stage Processes 3,2 2
Engineering 5203, Chemical Processes 2 2 0
Engineering 211, Mechanics . 4 3 2Vk
Englnermgi 5851, Chemical MiCrOSCOPY..omwemrmsersserrssersnen 3or0 1 5
Liberal EIBCHIVE  woovvvesrsresmssnssssssssssssssssssssssssssssssssssssnes Oord

Total 17or 18
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CONTACT HOURS

CREDIT LECT. LAB.
HOURS REC. COMP.
TERM 6 Chemistry 358 Introductor)(_ Orqanic Chemistry. .. 5 3 6
Engineering 5304, Introduction 10 Rate PrOCESSES...oeemee 3 2 2
Engineering 5204, Chemical PrOCESSES..mmmmemmmmsmssersensins 2 2 0
Engineering 211, Mechanics ... 4 3 M
Engineering 5851, Chemical Microsc 0or3 1 5
LiDEral EIBCHIVE ovovvrecesresessessensmnsensssssssssssssssssssssssesses dor0 -
Total 1Bor 17
TERM 7 Engineering 5305, Rate Processes and Unit Operations 3 22
Engineering 5103, Chemical Engineering Thermodynamics 3 30
Engineering 5353, Unit Oﬁ)eratlons Laboratory 3 2 3
Engineering 5255, MaterialS.......mcmmmmeesines 3 30
LIBEIAl E1ECHIVE covversevsrvsnsnnsnsnsssssnssesssssessessessesssssssssssnns 4
TOMA] oo 16
TERM 8 Engineering 5104, Chemical Engineering Thermodynamics 3 30
Engineering 5354, Pro&ect LaDOTAtONY oo 3 1 5
Engingering 5256, MaterialS...mrsmmsersmnsensmnsessensrssnns 3 30
EIECtrical ENGINELIING v 3 -
FIEE EIBCHIVE | ovvsvvsvssnsssssssssssssssssssssssssssssssssssssssssssssssssnes 3
L LT U= LT 4
TO s 19
TERM 9 Engineering 5621, Process Evaluation and DesSign............. 5 3 5
Engineering 5106, Reaction Kinetics... 3 30
Chemical Engineering Elective 3
Free Elective .. 3
Liberal Elective 4
TOTA] s 18
TERM 10 Engineering 5622, Process Evaluation and DesSign.............. 5 3 5
Engingerind 5717, Process CONtrol... . mmmmmmmersmmnnsns 3 2 M
Chemical Engingering EIRCHIVE...uwwvmerrmsmmmmsmmsmmsmssrmssssens 3 -
FIE EIBCHIVE  ovmvcsrssnssssssssssssssssssssssssssssssssssssssssssssssssons 3
LiDEral EIBCHVE ovvovovvccnsensssensnssnsmssssssssssssssessnssessne 4
L L 18
TOtal fOr 18N tBIM Summrreerrsrrcnsrnsmnsmssssssssssssesssssensnn 174

PREDOCTORAL HONORS PROGRAM

RESEARCH-ORIENTED
CONTACT HOURS
CREDIT LECT. LAB.
o ) ) HOURS ~ REC. COMP.
TERM 7 Engineering 5305, Rate Processes and Unit Operations... 3 2 2
Engineering 5103, Chemical Engineering Thermodynamics 3 3 0
Engineering 5353, Unit _OEJeratmns Laboratory 3 2 3
Engineering 5255, Materials ..eerermienssersnnnsneon 3 3 0
Engineering 5909, Introduction 0 1 0
lective ... p s ——— 3 - -
LIDEral EIBCHIVE ovvvecvessvsssssssssssssssssssssssssssssssssssssssssssnns 4
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CONTACT HOURS
CREDIT LECT.  LAB.
HOURS REC.  COMP.
3 3 0

0 9
3 0

TERM 8 Engineering 5104, Chemical Engineering Thermodynamics.
Engineering 5952, Research Project
Engm_eermg 5256, Materials
Electrical Engineering
Elective S
LIDEral EIBCHIVE oovovcerrsenrnsnssnsnssnssssssesssssessessessssssnns

TOLAD oo 19

TERM 9 Engineering 5106, Reaction KineiCS....mmmmmsmmmsmmmmsssessinsnn
Advanced Course Selected From 5100 or 5500 Series
Engineering 5953, Research Project
BIBCHIVE ovovrsesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssss s
Liberal Elective ..

TOMAl oo 16

TERM 10 Engineering 5954, Research Project......msnn, e 3
Advanced Courses Selected From 5100 or 5500 Series 6
BIBCHIVE ovvooivsisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssosnnns 3
Liberal Elective 4

TOMA] s 16
TOtal fOr 18N TBIM S.vvvevcvsrserresesesenssnsrsesssssssssensnens 173
DESIGN-ORIENTED
Terms 7 and 8 are the same as the research-oriented program.

TERM 9 Engineering 5621, Process Evaluation and Design
Recreation Kinetics

3
3
3
3
4

S oowwow
[==YJbY %)
' ooo

oo
[=1J<}

[FE YN ]
oo

Liberal Elective

TOMAl oo

TERM 10 Engineering 5622, Process Evaluation and Design
Engineering 5717, Process Control......

GRADUATE STUDY

REQUIREMENTS FOR THE
DEGREE OF MASTER OF ENGINEERING (CHEMICAL)

A candidate must complete a minimum of 54 credits of which 45 must be in
technical subjects from the following list &see page 7 for additional information):

Chemistry: Courses in analytical chemistry numbered 426 or higher; in organic
chemistry, 456 or h|gher;, in _physical chemistry, 380 or higher; in inorganic
chemistry, 410 or higher; in biochemistry, 201 or higher.

Physics: Courses numbered 225 or higher.

Mathematics: Courses numbered 200 or higher (except Course 608).

Chemical Engineering: The following courses are approved: 5105, 5107, 5108,
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5205-6, 5503-4, 5505-6, 5507, 5508-9, 5605-6-7-8, 5609, 5621-2, 5741-2-3-4-5,
5746, 5747, 5748, 5752, 5760, 5851, 5853, 5859, 5900, 5952-3-4-5-6. ,

~ Other branches of engnmeenng: Any course offered in the College of Engineer-
|n%wh|ch is considered by the school or department to be an advanced course.

~ Of these courses, a minimum of 18 credit hours must be in the basic sciences,
mcludln% at least 6 credit hours in mathematics and 4 in_chemistry. _

Also, 18 credit hours must be taken in the chemical engineering courses listed
above. Normally, a student will be expected to complete 5503-4 and six hours
in a project course. . .

To complete the de%ree requirements, all courses in excess of the 45 hours
specified are considered electives. They may be technical or nontechnical but
must be approved by the student’s adviser. _ o

All courses to be counted toward the degree must be passed with a minimum
grade of 75 or a signed statement by the professor in charge attesting that the
student’s work was of graduate caliber.. _
~ Graduate stud% for the Master of Science and Doctor of Philosophy degrees
is described in the Announcement of the Graduate School.



CIVIL ENGINEERING

HOLLISTER HALL

Civil engineeringD is concerned primarily with the large fixed works and
facilities that are Dbasic to community Ilvm%, industry, and commerce. In a
broad sense, the civil engineer learns™to control and modify our environment
to satisfy the needs and desires of society. In doing so he deals with a wide
variety of subfields. He is, for example, responsible for the design not only of
the foundations and superstructures of our common structures such as buildings,
bridges, dams, tunnels, wharves, etc., but also of many unusual structures suchas
rocket installations, containment vessels for nuclear reactors, suEports for radio
telescopes, frames for aircraft and also for devices used in other branches of
engineering. In addition, the civil engineer must concern himself with the
en_?meerlng aspects of water resources, rivers, harbors, irrigation, and drainage;
with the disposal of wastes and the control of the quality of our air and water;
with highways, railroads, pipelines, airports and other transE_ortatlon facilities;
with measurm?, mame , and interpreting the physical conditions of the surface
of the earth, often with the aid of electronic methods, photogrammetrY, and aerial
photographs; and with planning our metropolitan areas and constructing and
managing their public facilities. The work of the individual civil engineer may
vary from concePtlon, research, and development to Ipl_annlng, design, construc-
tion, and operation, and it frequently involves helping to find solutions to
complex social, political, economic, and managerial problems. Accordingly the
profession requires the talents of those who are esPemaIIy expert in one specialty
as well as those who can coordinate the over-all efforts on large prodects. All civil
engineers must be well grounded in mathematics, science, and engineering
technology and all require a broad liberal education to enable them to be
effective both as engineers and as citizens. They find employment in government,
in private engineering practice, in the construction and manufacturing industries,
in utility companies, In education, in sales, and in a variety of other areas.

THE CIVIL ENGINEERING CURRICULUM

The new curriculum in civil engineering permits the student considerable
freedom in choosing programs and courses that will most nearly suit his
particular professional objectives and aptitudes. Subject to the limitations in-
dicated below, 49 credit hours (about 1 coursesg out™of the 170 hours required
for gqraduation may be elected. Twentg-four of these 49 hours must be devoted
to hiberal studies and 16 hours must be devoted to sub#ects directly related to
the profession, leaving 9 hours of totally free electives. The remaining 121 hours
required for %raduatlon are prescribed and are common for all civil e_ngmeermg
students. Of these, 59 hours are taken in the Division of Basic Studies and 6
hours are included in the civil engineering core. Thus the student is required
to develop a strong foundation in mathematics, science, and engineering tech-

R
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nology and to continue his general education. At the same time he will receive
instruction in each of the major subfields of the profession and will have the
op&ortunlty of concentrating in one area if he so desires. . _

odern we,ll-eqmeed classrooms and laboratories are available for instruction
and research in Hollister Hall, Thurston Hall, and in the Hydraulics Laboratory
at Triphammer Falls. These facilities include several laboratories for testing
models and full-scale structural assemblies; a concrete laboratory; two hydraulics
laboratories; a highway materials and traffic engineering laboratory; “sanitary
engineering laboratories; a soils engineering laboratory; and laboratories for
interpreting aerial photographs and preparing maps and engineering data by
photogrammetric methods.

LIBERAL STUDIES

Students must take 24 credit hours of liberal studies beyond freshman English
distributed as evenlg/ as possible throughout the last four years. At least one
liberal subject must be taken in six of the last eight terms and, ordinarily, no more
than two such courses should be taken in one term. No course will be credited as
a liberal study if it has a major technical significance in civil engineering. The
subjects must’ be chosen as follows: 9 hours in humanities (English, fine arts,
philosophy, literature, music, classics, speech and drama; with at least one 2-term
sequence), 9 hours in social studies, [economlcs [at least 3 hours are required],
government, history, psychology, sociology, anthropology; with at least one 2-term
sequence), 6 hours either in humanities or social studies or a modern foreign
language or a combination thereof, according to a student’s preference.

PROFESSIONAL PROGRAMS

The 16 credit hours available for professional programs may be used to further
a student’s interest in a single area of civil engineering or to broaden his prepara-
tion in a number of Frofessmnally-related areas. In each case a coherent program
of scientific, technical, and/or managerial subjects must be chosen which need not
be limited to subjects offered in the School of Civil Engineering. Programs ma
be oriented to the needs of professional practice or to research and teachln? an
may, at the option of the student, include some or all of the 9 hours of free
electives. The five major areas approved at this time are: (12 structural and soils
engineering; (2) water resources engineering, including sanitary engineering and
hydraulic_engineering; (3) transportation and urban engmeermg;_%zl) surveying,
construction engineering and administration; and (5) general civil engineering.

Students_should indicate the areas they desire to pursue, not later than the
7th term. They will then be assigned advisers who will assist them in planning
programs and scheduling courses in accordance with established guidelines.

FREE ELECTIVES

Students are totally free to choose at least nine hours of work in any courses in
the University to which they can be admitted. Under this heading, not to exceed
9 hours may he credited toward graduation for courses taken in advanced
military, air, or naval science.
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SCHOLASTIC REQUIREMENTS

To remain in good standing a student in the School of Civil Engineering must
maintain an average grade of at least 70 per cent each term.

GRADUATE HONORS PROGRAM

As indicated on page 4 q limited number of students who meet certain
requirements may be admitted to the Graduate School at the end of the fourth

¥_ear. The subsequentyearofin-residence graduate studywillthenreplace the
ifth  year oftheundergraduatecurriculum.If,attheend of the fifth year,

the student has fulfilled the minimum rquuwe_men_ts of the civil engineering
curriculum, he will receive the Bachelor of nglneerlng((;lwlz degree; otherwise

he will receive a Bachelor's degree in engineering, undesignated as to branch.

To be admitted to the honors program a student must ordinarily be in the top
one-quarter of his class and be otherwise clearly _(l!Jahfled for and desirous of
pursuing graduate stud;g. He must applg, in writing, for enrollment in this
program not later than the 7th term, and be certified by the faculty of the School
of Civil Engineering. In order to qualify, he must complete, by the end of the
8th term, 136 credit hours of work, including ?n addition to 6 hours of freshman
English) at least 18 hours of liberal studies, of which at least 8 hours are in the
humanities and 8 hours are in the social studies. He may also be required to
perform such additional work as the faculty may prescribe.

CURRICULUM . .. Bachelor of Engineering (Civil) *

CONTACT HOURS
CREDIT LECT. LAB.
HOURS REC. COMP.

TERM 5 Geology 103, Geology for Engineers 3
Engineering 9170, Imdustrial & Eng. Statistics 3 2 2'E
Engineering 6311L, Material Science 1 4 3 VE
Engineering 2701, Structural Engineering 3 3 0
Engineering 2301, Fluid Mechanics.......... 3 3
Liberal StUAY oo v of
TOMAL s 19
TERM & Engineering 2001, Engineering Materials 3 2 22
Engineering 2702, Structural Engineering Il 3 2 21
Engineering 2302, Hydraulic Engineering 3 2 Al
Engineering 2101, SUTVEYING...oorporrsersersnnn 3 2 212
Engineering 3633, ThermoadyNAMICS ...wwersmmsmmprssnmsrmsrnsinns 3 3
Liberal Study (or Electrical Science 242 or 244 if not taken
in the 4th”term) 3 _ _
TOTA] ot 18
TERM 7 Engineering 2703, Structural Engineering 111 3 2 i
Engineering 2401, Soils ENGINEETING.covvrsvvsersmsrsmssnesesnnn 4 3 2Vi
Engineering 2303, HYArol0gY .o.vccovcmvssrenscsensenssiesnsnn 2 2 0
Engineering 2501, Water & Waste Water Treatment 4 3 20
E meerma 2102, Surveying.. 2 1 21E
Liberal Stddy 3
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CONTACT HOURS
CREDIT LECT. LAB.
HOURS  REC. COMP.

TERM 8 Engineering 2704, Structural Engineering IV .o 3 2 AVA
Engineering 2502, Sanitary Eng_meermg YSBMS oo 3 2
En |ne_er|n(]1 2601, TransportalionEngineering....ewnnen 4 3 212
Professional  SEIECHIONS ..vvvovvvcevmssssmsssssssssssmsssessssssssssssssens of - -
LIDEIAL STUIES vovvvvossvcsssesssesssssssssssssssssssssssssssssssssssssnsssenes 6
TOLA o s 16
TERM 9 Enginee_rinq 2903, Engineering ECONOMY...oovvvmvcmersrienn 3 3 0
Professional SEIECHIONS ..vvvvvrvccvessvsssssmssssssssssessssssssssssssnns 9+ - -
LIDEIAL STUAY  oorvrsensnsnsnsnssesnsenssssessssssssssssssssssssesns 3f
T 1 N 3f
TOLA o 18
TERM 10 Professional Selections T+
Liberal Study e 3t
FIEE EIBCHVES wooorovsersrrsnsnmsmsnssnsnssessssssssssssssssssssssssssssees 6f
TOMA] o —————— 16
Total for ten TerMS. s 1

In addition to the above courses, all freshmen must satisfy the University’s requirements in
physical education.

* Applies onlg to students who enroll in the School of Civil Engineering for the first time in
September, 1963, and thereafter. Requirements for other students are available in the School

office,

f The above schedule will enable candidates for the Graduate Honors Program to meet
requirements by the end of the 8th term. Other students will have some latitude™ in schedulmﬁ
Professwnal selections, free electives, and liberal studies especially in the 5th, 8th, 9th, and 10t
erms.

GRADUATE STUDY

~The School offers work leading to the Master of Engineering(Civil), the Profes-
sional Master’s dePree_, the M.S., and Ph.D. degrees. In “the field of civil
engineering the following areas of concentration are available either as major or
minor subjects: geodetic and photogrammetric engineering, hydraulics, hydraulic
engineering, construction engineering and administration, .sanlta[?/ engineering,
sanitary sciences, structural engineering, structural mechanics, soils engineering
transportation engineering, and aerial protographic studies. Descri tions of
individual courses are given elsewhere in" this Announcement. For information
concernln?_ professional” Masters’ degrees, see Ipa e’

Prospective qraduate students should consult the Announcement of the Gradu-
ate School. A brochure, Graduate Programs in Civil _Englneerlln?, is also avail-
able upon request from the School of Civil Engineering, Hollister Hall.



ELECTRICAL ENGINEERING

PHILLIPS HALL

The curriculum leading to the degree of Bachelor of Engineering(Elec-
trical) is intended to create in the student an understanding of the meaning and
the application of those laws of nature that are basic in the.Fracnce of electrical
engineering and, at the same time, to provide the opportunity for as much non-
technical course work as is consistent with the_grlmarY objective of educating
an electrical engineer. Two curricula are described below. The first is that to
be in effect for students startmgi as thlrd-z/ear students in the School of Electri-
cal Engineering in September, 1963, and thereafter. The second is that in effect
for those students in the School who expect to graduate by June, 1965. For con-
v|eé1|ence, tlhe first is described as the new curriculum, and the second as the
old curriculum,

THE NEW CURRICULUM

The education of the modern electrical engineer must prepare him for a
rapidly expanding field (that includes such recently developed areas as bio-
medical electronics, thermonuclear and ma?netohydrodynamm power generation,
space communication and control, computer design, and molecular electronics)
and for engineering functions that range from research to production. In revis-
ing its curriculum, the faculty of the School of Electrical Enﬁlneerlngi has
recognized the enormous scope of electrical engineering today and has concluded
that three main themes are necessary to prepare its students adequateIK. These
themes have been called Electrophysics, Systems, and Laboratory. The three
themes are interrelated and the revised curriculum contains an integrated series
of required courses in each, The conclusion of the faculty concerning the
required part of the curriculum has made it ﬁossmle_tq limit the number of
courses in any one semester to a total of five, the remaining two being elective.

Electrophysics is chiefly concerned with our present understanding of the
physical laws that govern ‘the design or application of electrical devices. Modern
devices from machines to lasers—and those in the process of development—are
based on the laws governing electric and magnetic fields, interaction of fields and
particles, fluid flow, kinetic theory, thermodynamics, quantum mechanics, prop-
erties of materials In the solid state, and plasmas. In the new curriculum these
suH)Jects are treated in significantly greater depth and breadth than ever before.
~ The Systems sequence is chiefly concerned with the laws that govern the
interaction of devices whose individual behavior is specified as well as the
response of these systems to various inputs. These systems may he solely elec-
trical or involve transducers; they may contain both™ linear and nonlinear ele-
ments; they may be passive or active or random. Systems may be used for many
purposes, including control, communications, and instrumentation. The course
program is designed to develop the general methods of analysis required for all
such systems together with understanding of the physical significance of the
solutions.

%
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~ The Laboratory sequence is to emphasize that new developments in engineer-
mg practice come from a blend of theory and experiment. It is a function of the
laboratory to bring students into close touch with reallt% in the areas of both
systems and electrophysics. The experimental work may be based on the analy-
sis developed in one of the areas or in neither. The abllltg/ to do experimental
work depends upon an understanding of techniques and apparatus and the
?Iace to develop this ability is in the laboratory. The new curriculum there-
ore contemplates an exFansmn of the time spent by the student in the labora-
tory. Each of the four laboratory courses involves two laboratory periods per
week. There will be sufficient time and flexibility to(fer_mlt_|nd|V|duaI explora-
tion, and the eventual goal is to enable the student to devise his own experiments.

ELECTIVE COURSES

The curriculum provides for fourteen elective courses, which must include
(a) six courses in the humanities, social studies, orllanguaqe, of which two are a
sequence in humanities and two are a sequence in social studies and (b) four
courses in terms 9 and 10 approved as a group by the student’s adviser.

[t is hoped that students will use their elective” courses effectively to pursue
their individual interests. The courses have been spread through the three years
to allow opportunity to |nvest|?ate some field of study in depth.

The on(lf/ limitation on the four-course group in the fifth year is that they

t

be selected to meet some particular career objective. The objective may be to
provide Preater depth or breadth in electrical e_n?lneermg, or it may be to
prei)_are or specialized careers by study in such fields as mathematics, physical
or life sciences, different fields of engineering, business, law, etc.
SUMMARY CHART OF ELECTRICAL ENGINEERING CURRICULUM
Term Systems * Electrophysics * Laboratory * Electives +
5 4301; Linear 4311: Electro- 4321: El. 2 courses (6)
Passive magnetic Waves Lab. | (4)
Networks (3) 4
b 4302: Introd. 4312: Applied . 4322: El, 2 courses (6)
to Active Thermodynamics Lab. 11 (4)
Systems (3) (4)
T, 4401: Linear 4411: Quantum 4421 El. 2 courses (6)
Systems Analysis Theory (4) Lab. I (4)
(1)
8 4402: Active 4412: Solid 4422: E|. 2 courses (6)
Systems (4) ?t)ate Physics Lab. IV (4)
4
9 4501: Systems 4511: Electro- 3 courses (9)
with Random dynamics (4)
Signals (4)
10 4502: Statistical 4512: Fields, 3 courses (9)
Aspects of System Waves, ang
Analysis (4) Electrons (4)

42Thotal Credits: Systems, 22 hours; Electrophysics, 24 hours; Laboratory, 16 hours; Electives,
ours.

* Credit hours indicated in parentheses,
t Minimum credit hours indicated in parentheses.
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With the adoption of the new curriculum the faculty also provided for a Pre-
?raduate Honors program. The Pregraduate Honors program recognizes the
act that some students have the ability and interest to prepare for genuine
graduate work in less than the normal time. It differs from the regular curriculum
chiefly in the fourth year but to qualify for entrance to the program, a student
must ‘successfully co_mJ)Iete two courses In applied mathematics, Mathematics 421
and 422, in his third year. For these superior students with their additional
mathematics preparation, a different series of courses in the fourth year is pro-
vided to prepare for graduate work in the fifth year, _

A student in the honors program who is admitted to the Graduate School will
spend his fifth year as a graduate student. There will be no additional under-
graduate requirements to be satisfied for the Bachelor of Engineering(Electrical)
degree. He maY pursue his graduate work with exactly the same flexibility of
choice as any other graduate student.

SUMMARY CHART FOR PREGRADUATE HONORS CURRICULUM

Term  Systems * Electrophysics * Lahoratory Mathematics *  Electives f
4301; Linear 4311: Electro- 4321: El. Lab. 421: Applied Leourse (3)
Passive Net- magnetic Waves | (Spec. Sect) Math. (AP)
works gSpec. (Spec. Sect) (4) (4
Sect) (3)
4302: Introd. 4312 Applied . 4322: El. Lab. 422: Apglied Lcourse (3)
fo Active Thermodynamics [l (Spec. Sect.) Math. (4)

Il
g;e/gge)m(ss)(Spec. (Spec. Sect) (4) (4

FORMAL ADMISSION TO PROGRAM

4403: Systems 4411: Quantum 4421 EI. Lab. 423: Apglied Lcourse (3)
Math. (4)

Analysis Theory (Spec. [ (Spec.

(Hon%rs) @ Sect) (4)( F Sect.() [%4)

4404: Prob. 4412: Solid 4422: El. Lab. Lcourse (3)
Theory and State %S ec. [V (Spec.

Systems Sect) 45) Sect) (4)

Applications

(Honors) (4) 4414 Electro-
Physics Honors
Seminars (4)

Total Credits: Systems, 14 hours; Electrophysics, 20 hours; Laboratory, 16 hours; Mathematics,
12 hours; Electives, 12-16 hours.

* Credit hours indicated in parentheses,
f Minimum credit hours indicated in parentheses.

THE OLD CURRICULUM

The curriculum and elective-course information in effect for those students
who expect to graduate by June, 1965, is described in the sections that follow.
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CURRICULUM
CONTACT HOURS
CREDIT LECT. LAB.
TERM 7 o HOURS REC.  COMP.
Engineering 4122, Elements of System Theory...... 4 3 2ifi
Engineering 4221,  Alternating Current Machinery...... 4 2 3
Engineering 4113, = Transmission Lines and Wavés.... 3 2 Vi
Nontechnical EIBCHIVE  oovvvcrccvsnsssessssssssssssssissnnns 3 - .
FIEE ETRCHIVE s 3
TOMAl o ——————. 17
TERM s Physics 314, Atomic, Nuclear, and Solid State Physics 3 3 0
Engineering 4165,  Electromagnetic TREOIY .rporsuerennn 4 3 Vi
Engineering 4123, _Electronic$ of Signal Transmission 4 3 Vi
Engineering 4226, Electrical Machinéry Laboratory. . 4 2 3
NONteChNICAl  EIBCHVE  woovrrsrsrsvmsnssmssssssssssssssssssenes 3 .

TOMAl s 18
TERM 9  Engineering 4021, Technical Writing and Presentation.... 3 3 0
FrEE EIBCHIVES  ooovpovvsssmsssssssssssssssssssssssssssssssssssssssssssssssins 3 . .

Nontechnical EIECHVE .voivomiosnnismssssssssssssssssssssissssiens 3

Senior Project 4091 (or TechnicalEIRCHIVE)...mvvrcsrrsvcsersen g
Technical EI6CtIVE ovvvvovisressesssessisisinn : .
Nonresident LeCtUres 4041.......mmmmsssmssssmssisssins 1 1 0
TOMA] s ——————— 19
TERM 10 FrEe EIECHVE oo 8 _ _
Nontechnical EIBCHIVES ...vvcovrvmniisssnsnessrnngin : .
Senior, Prol|_:ect 4092 (or Technical EI6CtIVE).c.wmrsmmsrrsnenn 3
TeChnical EIBCHIVES .ovvivevovvccrvsssnnssssssessisssssssssssssssssssenn 3
TOMA] s s——————— 18
Total for ten termS. s . 170

ELECTIVE COURSES

The curriculum in electrical engineering allows each student to choose a
considerable number of elective courses during the later years of the curriculum,
Of the fifty-one total elective credit hours, twenty-seven must be nontechnical,
fifteen must be technical, and nine are completely free. To achieve both breadth
and depth in the student’s nontechnical program, the twenty-seven nontechnical
elective hours must be selected as follows:

1. Nine hours elected from social studies with a two-course sequence included;
2. Nine hours elected from the humanities with a two-course sequence in-

cluded: ,
3. Nine hours elected from any nontechnical course.

Fifteen elective credit hours (of which six may be Project) must be selected
from courses in electrical engineering, mathematics, or physics. Of these fifteen
hours, nine must be taken in electrical engineering. A course so selected must
not contain a great amount of material that is essentially equivalent to that
in required courses in the curriculum. _ . _ .

The courses, elected in fulfillment of the fifteen-hour technical elective require-
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ment, serve as a core for advanced studies in a particular phase of electrical
engineering. Students may specialize in radio science, microwave or semicon-
ductor electronics, electric network theory, feedback control systems and com-
puters, nuclear technology, P.owelr systems, or applied mathematics and physics.
Alternately, some students find it advisable to take advanced courses that lie
in more than one of these specialties. ,

The nine free elective hours may be chosen from among any courses in the
University for which prerequisites are satisfied, including those in the fore-
going list. By carefullty planning the use of electives, students may carry out
extensive programs_of study in other divisions of the University ‘during the
fifth year of the curriculum. . _ .

The program of the fifth year includes two three-hour elective courses desig-
nated as “Project.” A student makes his own selection of the topic or problem
that he plans to investigate under the general su[Jerv_|3|qn of a faculty member
and prepares a project proposal for submission to his intended project super-
visor. In" choosing a topic and prepar!n%_a proposal, the student Is expected to
demonstrate the Initiative and responsibility he will need to complete the project
successfully. It is expected that each student will choose a problem ‘closely
related to his major interest in electrical engineering. If his proposal is not
approved or if he does not elect to do a project, the student must elect six
other technical elective hours. _ _

In many cases students choose to combine all or some portion of the free-
elective requirements with the technical-elective requirements in order to empha-
size certain studies in electrical engineering. Some of the many fields of studies
along with their related courses are listed below. These groupings of courses
are not intended to imply that a student must confine his studies to any one
field but are presented for general information.

ELECTRIC NETWORK THEORY

4115—Principles of Nonlinear Systems
4563—Signals and Noise in Communications Systems
564—Transmission of Information

4571—Modern Network Analysis

4572—Modern Network Synthesis

4575—Advanced Topics of System Theory

ELECTRIC POWER SYSTEMS

4351—Unified Theory of Electro-Mechanical Systems
4352—Elements of Power-8¥stem Analysis
4353—Transient Analysis of Power Systems

ELECTRONS AND WAVES

4526—E lectron Dynamics
4527—Microwave Electronics |
4528—Microwave Electronics 11
4521—Microwave Laboratory )
4561—Microwave Theory arid Techniques
4565—E lectromagnetic Theory
4529—Semiconductor Electrorics |
4530—Semiconductor Electronics I1
4531—Quantum Electronics
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FEEDBACK CONTROL SYSTEMS AND COMPUTERS

4711—Feedback Control Systems |
4712—Feedback Control Systems I
4713—Feedback Control Systems Seminar
4810—Analog Computation
4820—Switching Systems |
4821—Switching Systems 11
1175—Nonlinedr Mechanics

ILLUMINATION

4611—Introductory [llumination
4612—Illumination Engineering
4615—Illumination Seminar

Physics 307—Physical OP_ncs
Psychology 305—Perception

NUCLEAR ENGINEERING

(The following courses constitute the core curriculum for the Engineering College Nuclear
Engineering Program.) )
8301—Introduction to Atomic Nuclear Physics

or

Physics 314—Atomic, Nuclear and Solid State Physics
8302—Nuclear and Reactor Physics

8351—Nuclear Measurements Laboratory

COMMUNICATION SYSTEMS
4511—Physical Basis of Electronic Engineering
4512—Radio Engineering

4541—Applied Accoustics. .
4563—Signals and Noise in Communication Systems
4551—Radio Aids to Navigation

RADIO SCIENCE

4565—E lectromagnetic Theory

4568—Antennas . _

4566—Introduction to Plasma Physics

4567—Radio Wave Propagation _
4581—Magnetohydrodynamical Processes in the Solar System

Nine credit hours in advanced military science or air or naval science may
be counted toward the requirements of ‘the baccalaureate degree. These nine
hours are considered to lie within the free-elective area of the curriculum.

GENERAL INFORMATION
CLASS ADVISERS

Each student is assiqned an adviser who counsels the student about curricu-
lum, registration, scholarship, and other aspects of the academic program. In
addlthlon, the adviser is available to discuss any nonacademic problems the student
may have.

Syince the class adviser is responsible for approval of the registration of each
student, no cancellation of courses or other changes in program may be initiated
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without the adviser’s approval. If the adviser does not approve a chosen course
of study, the student may seek approval of the program hy petition to the
faculty of the School.

SCHOLASTIC REQUIREMENTS

To remain in good standing, a student must either pass the courses for which
he is registered two weeks after the beginning of the term and have a weighted
average of not less than 70 per cent; or, if one course is failed or is canceled,
have a Wel?h_ted average for the remaining courses of not less than 75 per cent.
A student all_lng to meet this requirement or failing to make satisfactory prog-
ress toward his degree, evidenced either by course failures or by low ?rades In
rSne#]JorI courses, may be warned, placed on probation, or dropped from the

chool.

INDUSTRIAL COOPERATIVE PROGRAM

The School participates in the Industrial Cooperative Program. See page 5
for details.

GRADUATE STUDY

The re?ula_tlons and requirements for the degrees of Doctor of Philosophy and
Master of Science are described in the Announcement of the Graduate School.
These are research deqrees that involve residence on the campus and submission
of a thesis. In the School of Electrical EngmeermP, research work leading to
these degrees may be undertaken in the area of electrophysics including radio
propagation, radio and radar astronomy, plasma phenomena, magnetohydro-
dynamics, physical and microwave electronics, material science in electrical
engineering, biomedical electronics, electric power conversion, ionized gases
in electromagnetic fields, electrical breakdown phenomena, etc., and in the area
of systems theory including information theory, network theorY, communications
systems, feedback control” systems, swnchm% circuits, computers, co%mtlve 5ys-
tems, etc. A number of fellowships, research assistantships, and teaching assist-
antships are available to candidates for the degree of Doctor of Philosophy and
Master of Science who are doing their thesis research in the School of Electrical
Engm_e_ermtg. Assistantship applications and further information can be obtained
by writing to the Coordinator of Graduate Studies, School of Electrical Engineer-

ing.
grhe degree of Master of Engineering (Electrical) is available as a curriculum
type of professional degree at the Master’s level, the general requirements for
which are stated on page 7. Of the forty-five credit hours stated in the general
requirements, the deqree_requwes. six Rours of PrO{ect 4091 and 4092, twelve
hours of advanced electrical engineering courses (the advanced electrical en-
%lneerln courses include all the elective and graduate courses listed on pages
3-97 of this Announcement plus 4123, 5165, and 4226), six hours of advanced
physics, six hours of advanced mathematics, and fifteen hours from any of the
aforementioned groups of electrical engineering, physics, or advanced mathe-
matics courses. All course work to be counted toward the M.Eng. (Electrical)
degree requirements must be passed with a minimum grade of 80.
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To enter the Master of Engineering(EIectrical) program, a student must first
have been accepted by the Graduate School for admission as a candidate for the
M.S. degree. Upon admission he maK petition to the Electrical Engineering
Graduate Committee for transfer to the Master of Engineering (Electrical) pro-
%ram. The Master of Engln_eerlnﬂ(ElectrlcaI) program will normally be limited
0 students who cannot satisfy the residence requirements of the M.S. degree.



ENGINEERING MECHANICS

THURSTON HALL

The Department of Engineering Mechanics is responsible for under-
graduate and graduate instruction and research in applied mechanics, and
applied mathematics. Subject matter in these fields is of a fundamental nature,
and the undergraduate courses provide a substantial part of the basic engineer-
ing science education for,engmeermq.students. In “addition to the required
courses in applied mechanics and applied mathematics, the undergraduate can
elect advanced courses. Such courses are especially suited to students who have
demonstrated superior analytical or experimental ability and who wish to extend
and develop this ability. _ _ _ .

The graduate Bro%ram in applied mechanics and applied mathematics leads
to the M.S. and Ph.D. degrees in engineering mechanics. Advanced theoretical
and expenme_ntal work is basic in the newest developments in englneerln%l and
in applied science and provides a foundation for future needs in these Tields.
The analytical and scientific nature of the studies Permlts graduates to par-
ticipate in attacking problems that cut across varied tields of research, develop-
ment, and design. Graduate students pursue programs in the following areas of
specialization: ?1) space mechanics—including research on trajectories and orhits
of space vehicles and satellites as well as the theory of |Iﬂht-Wel(tht, thin-walled
structures; 32) wave propagation in solids—with research on the dynamic re-
sponse of plates, structures, and machine elements; (3) structural mechanics—
including static and dynamic loading, vibrations, and buckling; (4) theory of
elasticity and plasticity: (5) theoretical fluid mechanics—with research in mag-
netohydrodynamics. .

The fleXIbI|It¥ of the graduate study programs at Cornell permits students to
draw on several divisions of the University for supporting work in pure and
applied science. Graduate students interested primarily in applied mechanics
and applied mathematics find these supﬁor_tlng fields of interest: mathematics,
structures, engineering physics, servomechanisms, machine design, aerospace en-
gineering, soil'mechanics, and physics.



MATERIALS AND METALLURGY

BARD HALL

Engineering progress dePends heavily on the development of new ma-
terials and the improvement in the properties of those presently in use. Success
of a system, a design, or a theory is realized only when the scheme has heen
translated by the materials and metallurgical engineer into a tried and tested
engine, transistor, or missile. The key Is the development, selection, and/or
fabrication of the materials. Even a modest improvement of a product is often
contingent upon success in materials research, development, and engineering.

The materials and metallurgical engineer must be effectively trained to under-
stand both the behavior and application of materials. The mcreasm% complexity
of chemical, mechanical, electrical, and aerodynamic aspects, and their overlap
make it increasingly imperative to understand”the basic behavior of the material
in the proposed environment or system. _ o _

Extensive training in the fundamentals of science and engineering, of materials
processing, of materials properties, and of application of materials in design is
offered in the materials and metallurgy program, which is conducted by tlie
materials and metallurgy faculty of the Department of Englneerln? Physics and
Materials Science. The Tacilities include the newest of the Cornell engineering
buildings, Bard Hall, the largest of the Materials Science Center laboratories
(ﬁrocessmg, metallography and X-ray, single crystal, and high temperature),
the newest of materials teaching and research facilities, and a balanced facult%/
oriented toward both Eroducmg knowledge by research and applying it throug
engineering. Four of the seven faculty have Substantial engineering experience
in nuclear reactor materials, steel and high temPerature alloys, materials process-
ing, and space and missile materials. The fields of semiconductor and super-
conductor materials, glasses and liquids, diffusion and transport, thermodynamics
and kinetics are the major areas of interest of the other three professors. The
faculty’s professional experiences and research interests are the basis of the new
materials and metallur?y program which is being offered. The core of the new
program includes the following topics: (1) structure of materials, (2) Fropertles
and behavior of materials, (3) thermodynamics and Kinetics, (4) materials process-
ing, (5) materials engineering and design. o _

Combining the faculties of materials and metallurgy and of en%ln_eerlng physics
under the Department of Engineering Physics and” Materials Science provides
an integration of physics with materials and metallurgical engineering, as well
as exposing the engineering PhYSICS students to materials technology, at both
the undergraduate and graduate levels. .

The number of students enrolled in this program has heen traditionally small,
fostering individualized learning between student and faculty member. Also, 24
credits of liberal electives plus 21 credits of technical electives included in the

45
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curriculum permit a wide choice of subject areas ranging from law or business
administration to polymeric materials (pp. 4, s, 8). By proper choice of elec-
tives it is possible to obtain advanced degrees in a shorter period of time than

isnormally the case.

The senior project in the final year is selected by the student in his own
chosen area of interest. The purpose is to expose the student to those problems
associated with a research or development study and provide for the integration

of his educational experiences in the solution of his project.

SUGGESTED TECHNICAL ELECTIVE GROUPINGS

MATERIALS SCIENCE credt

] - o ] ] HOURS TERM
Physics 323, Modified EIectn_utY, Magnetism and O PLiCS.....upmmmmmrmrersersensessnssrnsn 4 7
Physics 318, Modified Analytical Mechanics and Atomic PRYSICS....wwermmmmsmmssrssersn 4 s
Chemistry 481, Advanced Physical ChemiStry.....mmmmmmsrmmmmsrenn w47
Chemistry 505, Advanced In0rganic CREMISIY ... 4 1
Chemistry 506, Advanced  Inorganic CREMISHY .o 4 8
Physics 443, Atomic Physics and Introduction to Quantum 4 9
Physics 454, Electronic Properties of Solids and Liquids 4 10
Engineering 6681, Advanced Experimental Metallurgy.... 3 9
Engineering 6710, Transport Processes...........u.. 3 W0
Engineering 6732, Advanced Metallography 310
MATERIALS TECHNOLOGY
Engineering 6661, Metals at Elevated TemperatureS... e 2 9
Engineering 6872, Nuclear Materials Technology...._....._ ......... 2 10
Engineering 6665, Materials for Space Craft and” MiSSIES.....mmmmmwmmmmersmmsmmsmmsmmsenns 2 9
Engineering 6911, Seminar in Non-Crystalline Materials........
Engineering 3331, Kinematics and Components of MachingS......mmmmmmmmsnsins 3 I8
Engineering 3372, Experimental Methods in Maching Design......ermmmessnesens 379
NUCLEAR ENGINEERING
Physics 314, Introduction to Atomic and NUCIEAr PRYSICS....mmmmmmrsemensessensnssrnn 3 71
Engineering 8302, Nuclear and ReACtOr PRYSICS...mmmmmmmmmmmmmmmmmmsmsmssmsssssmssssssssnssssnns 3 s
Engineering 8351, Nuclear Measurements Laboratory .. 3 8
Engineering 5760, Nuclear and Reactor Engineering 2 9
Engineering 3665, Advanced Heat Transfer.... 3 9
Engineering 6872, Nuclear Materials Technolog 2 10
Engineering 8051, 8052, Project e 9,10
POLYMERIC MATERIALS
Chemistry 357, Introductory Qrganic CREMISIY ..o 5 7
Chemistry 358, Introductory Organic CREMISHY ..o 5 8
Engineering 5742, POIYMENIC MAETIAIS ..o 3 9
Engineering 5743, Properties of POIYMEric MaterialS. s 3 10
Engineering 5752, Polymeric Materials Laboratory ... e 2 10
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PRODUCTION_OPERATIONS AND PROCESS CONTROL
(Industrial Engineering)

CREDIT

o o ) ) HOURS  TERM
Engineering 9153, Engineering Economics ,Analsysw,...., .................................................... 3 79
Engineering 9170, Industrial and Engineering Statistics.......... s ———————— 3 7.8
Engineering 9381, Introduction to Modern Digital Computation 3 7,8
Engineering 9570, Intermediate Industrialand” Engineering StatisticS........ne 3 10
Engineering 9575, Statistical Control ) 3 8,10
Engineering 5304, Analysis of Unit Operations... 3 8

Engineering 5747, Process Control

SCHOLASTIC REQUIREMENTS

_ A student in materials and metallurgy who does not receive a passing grade
in every course for which he is registered, or who fails in any term of summer
session ‘to maintain an average grade of 70, may be subject to disciplinary action.

CURRICULUM . . . Bachelor of Engineering (Materials and
Metallurgy)

Course programs for Terms 1, 2, 3 and 4, administered by the Division of Basic
Studies, are described on pages 25-26.

CONTACT HOURS
CREDIT LECT. LAB.
H04URS REC.  COMP.

TERM 5 Engineering 6311 Materials SCIBNCE......owwsrmersrmsmmmmessrrsenn 3 i
Engineering 6301, Structure of MALErials L. 3 2 2Vh
Mathematics 215 H|rqhe_r O X [T [T 3 3 0
Engineering 8121, Classical Thermodynamics.................... 3 3 0
Liberal Elective Jord

TERM & Physics 314, Atomic, Nuclear and Solid State 3
En%meenng 6302, Structure of Materials 11 w3
Mathematics 216, Higher Calculus..... w3
Chemistry 353, Organic............. .
ChemlstrE|355, Organic

OB WFW
gIoouUIo

Liberal Elective

TERM 7 Effective in fall, 1964
Engineering 6435, Physical Metallurgy ... 4 3 2h
Engineering 6423, Thermodynamics 3 3 0
Elective é 1o 11T 1) 6
Liberal Elective

TERM s Effective in spring, 1965
Engineering 6432, Mechanical Metallurgy.... s 3 3 0
Engineering 6442, Materials Processing {Chemical)............ 4 3 AV
Engineering 6443, Materials Processing (Mechanical) 4 3 28
Elective E T L1 N 3
Liberal Elective Jord

TERM 9 Effective in fall, 1965 ) )
Engineering 6505, Metallurgmal Eng. Design * . 3
Engineering 6553, SENIOr Project.....meimmnnns 3 0 9
Engineering 6539, Principles of Metallurgical Eng... 33 3 0

Elective E 10 T 1

Liberal Elective Jord
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CONTACT HOURS
o CREDIT LECT.  LAB.
TERM 10  Effective in spring, 1966 . o ] HOURS REC. COMP.
Engineering 6524, Kinetics of Reactions in Solids 3 3 0
Engineering 6554, Senior Project.. 3 0 9
Elective éTechmcaI) b
Liberal Elective e dord

* Optional for honors and graduate studies candidates.

RESEARCH AND GRADUATE STUDY

The research program by the staff and students in materials and metallurgical
engineering is an |nte(l;ral part of Cornell’s interdisciplinary Materials Science
Center, Undergraduate students are required to do independent projects in
their fifth year, and in this way students have an opportunity to work In areas
of advanced research with members of the faculty. Areas in which such work
is carried out include liquid-solid interfacial reactions: crystalline imperfections,
semiconductors, refractory materials, solidification and crystal growth phenomena,
recovery and recrystallization, solid solution strengthening; ordering; transforma-
tion kinetics; nuclear materials: X-ray diffraction microscopy, optical and elec-
tron microscopy, structure of thin films, and physical and mechanical behavior.

Graduate study programs in materials and metallurgical engineering at Cornell
are designed to fit the needs of individual students, in light of their previous
training, aptitudes, and interests. Candidates are expected to pursue a program
of study that will %lve them a deeper understanding of the basic and aprplled
sciences, which will develolg initiative and ongmall_t%. A candidate for a
general degree, M.S. or Ph.D., is required to take neither a fixed curriculum
nor a minimum number of credit hours in his major field. However, the stu-
dent will ordinarily find it desirable to take advanced courses offered in the
Department and to participate in graduate seminars. He will also be urged to
pursue advanced courses in mathematics, chemjstry, and thSICS offered In the
College of Arts and Sciences. The specific requirements for the M.S. and Ph.D.
degrees will be found in the Announcement of the Graduate School.




ENGINEERING PHYSICS

ROCKEFELLER HALL

The undergErad_uate .progPram_ in engineering phgs_ics, conducted by the De-
B_artment of Engineering Physics and” Materials Science, is designed to com-
ine the basic scientific and analytical training of the Ehysml_st_and the mathe-
matician with knowledge and experience in applying this tralmn? to problems
in engineering research and engineering development. Accordingly, the curric-
ulum “puts major emphasis on mathematics and physics. In addition, the
program is planned to develop an appreciation and understanding of the prop-
erties of materials from constituent atoms and molecules to bulk physical, elec-
trical, and chemical properties. . _ _

For training in engineering research, the fifth year student carries out a semi-
research project in his chosen special field under the direction of a faculty mem-
ber who Is an authority in that field. Students may undertake projects in"atomic
and nuclear physics, nuclear reactor technology, nuclear instrumentation, elec-
tron optics and ‘electron microscopy, engineering electronics mcludm? communi-
cations and servomechanisms, circuit analysis, X-rays and crystal structure,
physics of solids, physical metallurgy, radio astronomy and Space research,
magnetohydrodynamics and aerodynamics, thermodynamics and heat transfer,
elasticity and stress analysis, mathematics, and biophysics.

Because of the emP_hams on the basic sciences and the freedom to select
advanced courses to satisfy electives, the curriculum provides an excellent founda-
tion for graduate study in the sciences or in englneerln? research. .

The Department has fully equipped laboratories for study and research in
electron microscopy, solid state and surface physics, and nuclear, technolo?y._ The
Nuclear Reactor Laboratory, a separate building (see page 2), includes facilities
forwork in nuc_IearchemwtrY. o

In their project studies students also have access to other engineering labora-
tories and to those in the College of Arts and Sciences where such laboratories
are impaortant to the project, , o , _ _
~Including the course work taken in the Division of Basic Studies, the engineer-
ing phrsms undergraduate curriculum requires the student to distribute his

total of 165 semester hours of course work as follows:
Mathematics, th_sics,chemistry,engineering 116 hours
ENGlish COMPOSITION oot 6 hours
Modern foreign language (forclasses 0f1963, 1964, 1965) 6 hours

Students who pass the proficiency examination of the Deparment of Modern
angua%es and who do_not wish to continue the study of a language ma
substitute six hours of liberal electives in place of the language requnementx

EIBCHIVES  ovvorvvsvscsvmssssssssnsesssssssnnn e ————————— e ———————— 40 hours
Liberal—18 hours. At least nine hours must be taken in the area of human-
ities with a 2-term sequence; another nine hours in the area of social studies
with a 2-term sequence.
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Advanced Engineering and Science—12 hours minimum. This includes six
hours for Senior Project (see course description 8051). o
Unspecified—10 hours. May be taken in any course in" the University open to
the ‘student. Not more than six hours credit is allowed in advanced military
science or in naval science.

By suitable selection of technical electives during his last two years the (%uali-
fied"student may obtain an excellent preparation for a career’in one of the
matr|1y sgeuallze fields of engineering. As examples, four possible programs are
outlined:

AEROSPACE ENGINEERING ﬁsee p. 17) ... The undergraduate program in
en%meenng physics is particularly suited” for work in aerospace engineering,
either at the undergraduate or at the graduate level.

NUCLEAR ENGINEERING ... The student interested in the nuclear energy
field, or in nuclear reactor power developments, should choose his electives from
courses in reactor Physms, nuclear measurements, thermonuclear power princi-
ples, advanced heat transfer, and in physics of solids underl mg radiation dam-
age problems. His attention is directed to Courses 8302, 8306, 8312, 8351, 8352,
and to 3665, 5760, 6872, and 7206, which are described in detail in the section,
“Description of Courses.” Additional closely related courses such as Physics 444
are also available.

MATERIALS SCIENCE ... The core program of the engineering phgsics cur-
riculum combined with electives in en?meerl_ng physics (e.q., 8262, 8512)
en%lneermg.materlalls,(edg., 1244), and metallurgical engineering (e.g., 6411 an

6412) and with specialized seminars provides an excellent preparation for research
in materials science, a field that often holds the key to further technological
proaqress. Students can find ample possibilities for senior ?ijeCtS by joining one
of the active research groups studying such topics as surface physics, properties
of thin films, electron microscopy and diffraction, relaxation phenomena and
their relation to dislocations and” other defects, photoconductivity, and others.

SPACE SCIENCE AND TECHNOLOGY ... Engineering physics provides an
excellent preparation for undergraduate or graduate specialization in this chal-
lenging field. Qualified students may elect courses in gasdynamics, radio wave
Propagatlon, optics, astronomy, relativity, and other related courses. Several
aculty members have strong research interests in this field and are available to
supervise senior research projects related to their areas of specialization. Students
may undertake projects as a part of the work of the Center for Radiophysics and
Space Research. o . . _

Th%)Department participates in the Industrial Cooperative Program (see
page 5).

SCHOLASTIC REQUIREMENTS

The student is ur%ed to regard grades as an indication of his degree of achieve-
ment in His field rather than as, in"any sense, an end in themselves, The difference
of a point or two in grades is never a determining factor in his status in the
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Department. He is expected to pass every course for which he is re?istered to
maintain each term a weighted average of about 75 per cent or betfer, and to
d_emlonstrate aptitude and competence in the basic subject matter of the cur-
riculum.

A student failing to satisfy these requirements may be put on probation or
refused permission to continue his studies in the Department.

CURRICULUM Bachelor of Engineering (Physics)
For students who expect to graduate in 1964 and 1965.

CONTACT HOURS
CREDIT LECT. LAB.
HOURS  REC. COMP.

TERM s  Mathematics 616, Methods of Applied Mathematics 3 0
Physics 454, Electronic Properties of Solids andLiquids.... 4 0
Physics 410, Advanced Laboratory... | 6
Chiemistry 380, Chemical Bonding rties
OF OrGANIC MOIECUIES .o 3 0
EIBCHVE oot 3

TOAD s 17

TERM 9 En&intee[ir}g 8252, Selected Topics in Physics of Engineering
REBITAIS ..o s

Engineering  805L,PrOJECE...wmmercrrresesesensensessnsssssssnnn 3

EIECHVES oottt 9

TOMAl s 15

Term 10 Engineering 8131, Mechanics of Continua 3
Engineering8052, Project. ... 3

Electives 9

L L 15

For students who entered in 1961 and thereafter, course programs for Terms
1thr02ugr564, administered by the Division of Basic Studies, are described on
pages 25-26.

TERM 5  Mathematics 421, Methods of Applied Mathematics.........., 4 4 0
Ph 5|tc_s 323, Modified. Electricity and Magnetism and .
ICS | vrvvt s s ossssssesssssgrssssos s o s 0
Eng?neering 8121, Thermodynamics and Kinetic Theory.. 3 3 0
Engineering 6311, Materials SCIENCE....wmmmrrsmsrssnn 4 3 2\8
Elective 3ord
0L 18
TERM &  Mathematics 422, Methods of Applied Mathematics........ 4 4 0
Ph ﬁms_ 318 Modified, Analytical Mechanics and Atomic :
SICS vvrres v e g 0
Engi%eering 8122, Thermodynamics and Kinetic Theory.. 3 3 0
MOdern FOTeIgN LangUaQe........oummmrommmrsre 6 2 6

TOMAl oo s 18
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CONTACT HOURS
CREDIT LECT. LAB.
HOURS REC.  COMP.

TERM 7 Mathematics 423, Methods of Mathematics 4 4 0
Physics 443, Atomic and Molecular Physics 4 4 0
Engineering 4301, Linear, Passive Networks 3 2 1
Engineering 4321, Electrical Engineering Laboratory... 4 1 5
EIBCHVE  oovvvvssrsrmssssssssssmssssssssssmsssssssssssssssssssssssssssssssnssnes Jord
TOMA s ——————— 18
TERM s  Physics * 4
Physics 410, Advanced Laboratory 4 0 6
Engineering 4302, Introductionto Active Systems 3 2 1

Chemistry 380, Chemical Bonding and Physical Properties

of Organic Molecules 3 3 0
BIBCHIVE™ oot 3ord
TOMAl s i
TERM 9 EngineerinF 8252, Selected Topics in Physics of Engineer-
Ing Materials ] 3 3 0
Engineering 8051, Project 3 - -
o T T 8
TOMAl o ——— 14
TERM 10  Engineering 8131 Mechanics of CONtiNUA oovevvvrcrnrcsins 3 3 0
Engineering 8052, Project 3 -
Electives 8
Total e, O 14
MInIMUMCTAIE HOUTS v 102

* Either Physics 454 or 444, or Engineering 8302.

GRADUATE STUDY

The objective of graduate instruction in engineering physics is to offer con-
centrated study in a field which crosses conventional subject matter boundaries
as well as to deepen and enlarge hoth the general scientific and the engineering
background of the student. . _

Though engineering physics undergraduate work is the preferred preparation
for graduate work in engineering physics, qualified students with a conventional
physics or with another engineering background may enroll for gira.duate work.
~ The Graduate School imposes few requirements, permits ?reat atitude to the
individual in choice of studies, and expects each candidate to utilize all the
resources of the University relevant to his work. It encourages him to associate
freely with scholars.who will give him the aid and direction he needs to develop
a sense of responsibility for the wise application of knowledge.

Accordingly there are no specific course requirements or curricula for graduate
study in engineering physics. Each student’s program, both formal course work
and “independent individual study, is adjusted to fit his needs and to provide
him with a thorough k.nowled?.e of a special field and with adequate peripheral
competence. General information and regulations are given in the Announce-
ment of the Graduate School. A descriptive brochure can be obtained bx/lwrlt_lng
directly to the Office of the Department of Engineering Physics and Materials
Science, Rockefeller Hall.
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UPSON HALL

Industrial engineering * involves the analysis and design of integrated
systems of men, materials, and equipment to perform a useful economic function.
xamples of systems which are of interest to industrial engineers include systems
to manufacture a given product, including the decision rules to control the opera-
tion of the enterprise and its equipment; integrated communication-information
P.rocessmg systems to control and direct the activities of a complex organiza-
lon; and distribution systems that control the location, quantity, and movement
of various inventories fo serve an uncertain demand or to regulate inventories
from a variable supply. While prior to 1950 nearly all industrial en |_neer|nE
work took place in the mechanical manufacturing “industries, today this wor
is almost equally commonplace in the process industries and is found in service
industries, government, and institutional operations as well as manufacturing.
The scope of the work has tended to outgrow the designation as industrial
engineering, and this type of activity also is often identified as operations re-
search, operations analysis, management science, systems analysis, or systems
engineering. _ . o . _
Following the first two years’ work in the Division of Basic Studies, the cur-
riculum leading to the Bachelor’s degree in industrial engineering develops the
necessary background in probability theory, modern aITgebra, statistics, computing,
and cost analysis. Then an integrated “sequence of courses deve|0ps various
analytical techniques and a design methodology apprO[)_nate for such systems.
The required courses, coupled with a well planned elective program, allows the
student an O_Pp(_)rtunlty to develop a course of study of considerable breadth or
depth to suit his own needs.

CLASS ADVISERS

Each class will be assigned an adviser who serves in this capacity until the
class Praduates. In addition to counseling each student about curriculum, possi-
ble elective sequences to achieve particular objectives, registration, scholarshlp,
and other aspects of the academic Program, the ‘adviser is available to discuss any
nonacademic problems the students may have and to refer them to other offices
if such action aPpears to be in the best interest of the student. o

Inasmuch as the class adviser is responsible for approval of the registration of
each student, no cancellation of courses or other changes in program may be
initiated without his knowledge and approval.

*Althou%h some work in industrial e_ngineerin% has been offered at Cornell since 1904, this
work has heretofore been located within™ the Si I%y School of Mechanical Engineering, and
students have received a mechanical engineering degree. The program and curriculum de-
scribed are to be made available to students who matriculate at Cornell in 1961 or later,
subject to final approval by the University faculty and the Board of Trustees. This program
has” been approved by the _facultg of the "College”of Engineering, and the final approvals re-
quired are expected t0 be given during the 1963-1964 academic year.
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SCHOLASTIC REQUIREMENTS

A student in the Department of Industrial Engineering and Administration
who does not receive a passing grade in every course for which he is registered,
who fails in anE/ term or summer session to maintain an average grade of 70,
or who is not otherwise making substantial and steady progress toward the com-
pletion of his degree requirements, may be dropped or placed on probation.

CURRICULUM . . . Bachelor of Engineering(Industrial)

Course programs for Terms 1, 2, 3, and 4, administered by the Division of Basic
Studies, are described on pages 25-26. The curriculum which follows is
available to students matriculating in September, 1961, or thereafter, subject
to final approval by the Board of Trustees of Cornell University. (See footnote
at bottom of page 53.)

CONTACT HOURS

CREDIT LECT. LAB.
HOURS REC. COMP.

TERM 5 Engineering 9360, Introduction to Pro_babilitgy Theory . 3 3
Engineering 9381, Introduction to Digital Computation.... 3 2 2\2
Engineering 4301, Linear Passive Nefworks 3 2 V2
Engineering 6311, Materials Science 1 3 3 0
Engineering 3431, Materials Processing 3 1 5
T TR 3 -
TOMAl s 18
TERM & EnEqine_ering 9370, Introduction to Statistical Theory with
r]gme_ermg Applications ... ST 3 V2
Engineering Y350, Principles of Costing & Control 3 2 21>
Engineering 4302, Introduction to Active Systems 3 2 2R
Engineering 6312, Materials Science 11 ) 3 3 0
Engineering 3331, Kinematics and Components of Machines s 2 2Vi
EIECHIVES * "ooorscssessssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 3 - -
TOMA] s 19
TERM 7 En ineerin? 9310, Industrial Engineering: Analysis and
BSION T s 4 2 5
Engineering 9351, Cost Anal?/sw ............. 3 2 2V
Engineering 3332, Mechanical System 3 2 Pl
Engineering 3630, Thermodynamics......weemmmmsossene 3 3
Electives * 3
TOLA s —————— 16
TERM s Engineering 9320, Analytical Methods in Industrial En- _
gineering _ . 4 3 Vi
Engineering 3631, Fluid MeChanics....wmmervsemsesmsesniensn 3 3 0
ENgineering EleCHV. ... 3
Electives * 9
TOMAl o ————— 19

*The elective courses marked with an asterisk must include twenty-one credit hours of liberal
courses, while nine credit hours can be unspecified. (See Liberal Studies in Engineering, p. 4.
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CONTACT HOURS
CREDIT  LECT. LAB.
o ] o ) HOURS REC. COMP.
TERM 9 Engineering 9311, Industrial Engineering Analysis and De-

sign 11 4 3 i
Engineering 3632, HeatT ranSfer. ... 33
Engineering _ 9398,IndustrialEngineering Project 3 -
Engineering EIECHIVE ..oovvvrvcsresersrssensnnrssnssnnn 3 —
EIECHVES * 7 s 6

TOTA] s 19

TERM 10  Engineering 9352, Industrial and Engineering Administra- 3 -
tion
Engineering  9399,IndustrialEngineering Project 3 -
ENQineering EleCtIVES. . e 6
EIBCHIVES oo vt 6
TOA st 18

ELECTIVE COURSES

~ The curriculum in_industrial engineering includes forty-two elective hours
in addition to those in the basic two-year program. Of thése, twenty-one must
be in liberal courses, twelve in engineering, and nine are comRIeter free. The
curriculum is designed in such a way that the student has a chance to use the
elective hours to maximum advantage in meeting his particular objectives. For
example, a student desiring to combine the basic program in industrial engineer-
ing with work in some phase of electrical .englneer.mgi would find that he
could take as many as six three-hour courses in electrical engineering, in addi-
tion to the four required courses in this field. Similarly he could work out
strong programs in some area of mechanical engineering, such as machine
design, to supplement the required work in this field, in various areas of civil
engineering, such as sanitation or transportation, or in almost any technical
engineering area. On the other hand, a student interested in developing a
ﬁrogram in some depth in a nontechnical area could combine as many as twelve
ours of his liberal electives with the nine free electives and set up “a pro%ram
of as many as twenty-one hours in one of such fields as sociology, psycho o%hy,
economics, history, or government. A third choice would be to concentrate the
technical electives in more basic work in mathematical and statistical analysis
in order to prepare for graduate work in the field of industrial engmeermq
and operations research. In any event, a minimum of nine hours of socia
studies, including a two-course sequence, and nine hours of humanities, includ-
ing a two-course sequence are required, Students who contemplate graduate
study are advised to take an appro&rlate language. The elective program
seleCted by the student must receive the approval of his adviser.

Samples of the many possible elective programs are:

INFORMATION PROCESSING

9580—Digital Systems Simulation
9581—Integrated Information Processing Systems
9584—Structure of Comp_utlng Languages
9585—Complex Information Processes

Math 325—Numerical Analysis
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OPERATIONS RESEARCH

9520—Mathematical Programming

9523—0perations Research 11

9524—Problems in Operations Research o
9570—Intermediate Industrial and Engineering Statistics
9580—Digital Systems Simulation

ELECTRICAL SYSTEMS ENGINEERING

4401—Linear Systems Analysis
4402—Active Systems .
4501—Systems with Random Signals
9560—Applied Stochastic_ Processes |
9585—Complex Information Processes

MANAGEMENT SCIENCE

9520—Mathematical Programming
9525—Flow and Scheduling in Networks
9562— Inventory Theory
9572—Statistical Decision Theory
9580—Digital Systems Simulation

MANUFACTURING ENGINEERING

9510—Work Design and Measurement

9511—Mar]ufactur|n% Engineering . .
9517—Statistical Methods in Quality and Reliability Control
9521—Production Planning and Control

9580—Digital Systems Simulation

APPLIED INDUSTRIAL STATISTICS

9560—Applied Stochastic Processes
9561—Queuing Theory o
9570—Intermediate Industrial Statistics
9571—Design of Experiments
9572—Statitical Decision Theory

DUAL REGISTRATION IN THE GRADUATE SCHOOL
OF BUSINESS AND PUBLIC ADMINISTRATION

Industrial .En?ineering students may find attractive the possibility of dual
registration in the Graduate School of Business and Public Administration.
Qualified students who elect as their field of concentration in that school the
area of quantitative analysis will find that by proper selection of electives in the
fifth year, the requirements for the M.B.A. degree may be fulfilled in one
additional year. The suggested elective program’ is:

9528—Operations Research |l _
9581—Integrated Information Pro_ce_ssmﬁ Systems
BPA 100—Introduction to Administrafion
BPA 102—The American Economy

BPA 104—Finance

BPA 106—Marketing
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THE GRADUATE HONORS PROGRAM

Qualified students in industrial engineering may be admitted to the Graduate
School at the end of the fourth year and spend the fifth year as regular
graduate students. Such students will be awarded a Bachelor ‘of Engineering
degree at the end of the fifth year in addition to any graduate degree or credit
toward a graduate degree earned provided they are in good standing at the time.
Students Interested in this program should discuss it with their advisers prior to
registering for the fourth year.

GRADUATE STUDY

~ Two different types of graduate programs are offered in industrial engineer-
ing. The Master of Science and Doctor of Philosophy programs are designed
for those primarily interested in teaching or in academic or industrial research.
The professional Master of Industrial Engineering degree [Jrogram IS designed
for those primarily interested in becoming more proficient in the practice of
modern industrial engineering. A student matrlculatlng for one of these gradu-
ate degrees may concentrate his studies in any one of several subjects such as
industrial engmeermF, operations research, systems analcys_ls and design, applied
statistics and probability, engineering administration, and information processing.

To be accepted as a candidate for the Master of Science or Doctor of Philos-
ophy degrees in one of the subjects of concentration, the applicant must have
been graduated from an institution of recognized standing with a Bachelor’s
degree in engineering, mathematics, or the physical sciences. In addition he
must have had a commendable undergraduate scholastic record and other evi-
dence of his interest in and ability to pursue advanced study and research in
the selected field. To be accepted as a candidate for the Master of Industrial
En?.lne_erlng degree, an applicant must (1) hold a Bachelor’s degree from an
institution of recognized standmg in one of the fields of engineering, (2) have
an adequate preparation for %ra uate study in the chosen subject of specializa-
tion, and %3) show promise 0 domﬁ_ well “in advanced study as judged by his
previous scholastic record or other achievements.

For further information about each of these graduate programs see the
earlier references to graduate study on page 6 of this Announcement, the
Announcement of the Graduate School, and a brochure entitled Graduate
Work in Operations Research, Industrlal En?_meerlng, Applied Statistics, and
Related Areas, which may be obtained by writing the Department of Industrial
Engineering and Administration, Upson Hall.



MECHANICAL ENGINEERING

UPSON HALL

~Mechanical engfinee.rs design and develop diverse systems for power genera-
tion, machinery Tor industrial and private consumpfion, and enterprises for
manufacturing and production. o _

The Sibley School of Mechanical Engineering consists of four departments
of instruction:

Graphics and Industrial Design, T. J. Baird, 408 Upson Hall.

Machine Design, A. H. Burr, 306 Upson Hall.

Materials Processing, J. R. Mo?]/nlhan, 220 Kimball Hall,

Thermal Engineering, D. G. Shepherd, 206 Upson Hall.

Extensive, modern laboratories in each of these departments provide the stu-
dent with the finest equipment for studying engineering principles. The mechan-
ical e_n?lneermg.Iaboratorles_ and classrooms ‘are located in Upson Hall. All
materials processing laboratories are in Kimball Hall.

BACHELOR OF ENGINEERING (MECHANICAL)

PROGRAM FOR_ CANDIDATES
IN 1966 AND THEREAFTER

Students who entered the Colleﬂe of Engineering at the freshman level in
September, 1961, or later, are enrofled in the Division of Basic Studies for their
freshman and sophomaore years (see p. 24). Those who elect to enter the Sibley
School of Mechanical Engineering as candidates for the B.Eng. (Mech.) degree
may do so at the start of their ,um_or year and will follow a six-term sequence of
courses described in the two following sections.

REQUIREMENTS FOR THE BACHELOR OF ENGINEERING
(MECHANICAL) DEGREE BY SUBJECTS FOR CANDIDATES
IN 1966 AND THEREAFTER

All candidates for the B.Eng.(Mech.) degree after June, 1965, must satisfy
certain_course requirements in the Departments of Thermal Engmeermﬁ, Ma-
ching Design, and Materials Processing in the Sibley School of Mechanical
Engineering. In addition, the¥ must take specified courses in the Division of
Basic Studies, in the School of Electrical Engineering, and in the Departments
of Industrial Enfgmee_rmg, and En%lneerlng hysics and Materials Science. This
work _accounts for eighty-five of the 175 hours reguw_ed for the degree and
constitutes a core of courses offered in the College of Engineering throughout five
ears.

/ All candidates must also take sPecmed courses in mathematics, physics, and

chemistry. These total thirty-six of the 175 hours required for the degree and

appear in the Basic Studies program during the freshman and sophomore years.
58
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~The remaining fifty-four hours required for the B.Eng.(Me_ch.z degree include
six hours of English and forty-eight hours of electives distributed over all ten
terms.

A breakdown of the requirements in these three categories—engineering,
science, and English plus electives—appears in the following outline:

ENGINEERING COURSES CREDITS
Problems and MEthOUS ..., 6
Engmeermg Mechanics ... w8
Electrical Science ... 6
Materials SCIENCE ...vvrrvecvirissins S 6
Thermal Science and ThermalEngineering 2

MAching DESIGN ,...cvrrmsmmsrmsmsmssssssssnssrnsens w16
Materials ProCessing ........ewessrsiemsnssnnn
Industrial Engineering andAdministration
EIRCHHICAl ENQINEEIING  oovovvioremssnssensessensessessssssssssssssssssesssssessessessssssssssssssssssessssess 6

85

SCIENCE COURSES
Mathematics ..
PhysIiCS v
Chemistry

36

ENGLISH AND ELECTIVES
English ... PO
Liberal EI6CtiVes ....uvruns S _—

Engineering Electives including Project
UNTESEIICIEd EIBCHIVES ovvsvesvvsssmssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 9

BACHELOR OF ENGINEERINGISMECHANICAL CURRICULUM
FOR CANDIDATES IN 1966 AND THEREAFTE

TERMS 1-4  See Division of Basic Studies Curriculum, pages 25-26.
CREDIT LECT. LAB.

TERM 5 Offered fall, 1963 hours rec. comp.

Engineering 3241, Industrial and EngineeringStatistics .. .3
Engineering 3321, Kinematics and DynamicsofMechanisms .
Engineering 3621, Thermal SCIENCE T .ooivrvrmesmnsersnsnns .3
Enggneer!ng 4301, Electrical Engineering I... .

Engineering 6311, Materials SCIBNCE | vvovvorsrmsmsmmsmnsnssssmssssssssssssssssssnnn 3
Liberal elective 34

TOLAL s s 19,20

TERM 6 Offered spring, 1964

Engineering 3421, Processing of Materials |
Engineering 3622,Thermal Science I .

Engineering 3623,Thermal Science II1
Engineering 4302, Electrical Engineering
Engineering 6312, Materials Science 1
Liberal elective 34

Total 18,19
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. CREDIT LECT. LAB.

TERM 7 i Not Offered U_n“l fa”, 1964 i hours rec. comp.
Engineering 3322, Mechanical AnalysisandDesign ... 3 5

Engineering 3422, Processing of Materialsll ...

Engineerind 3624, Thermal “Science IV...

Engineering 3625, Thermal Science V

Liberal eleCtive .....ovvcomrsnsersrnsnsns

Total 18, 19

TERM s . Not offered until spring, 1965
Engineering 3323, Design of MAChINES ...ovvevcrcrirnrssssnssnsnsssssssene 3
Engineering 3324, Vibration and Contro| ofMechanical Systems .... 4
Engineering 3626, Thermal Systems ENGINEETiNG  wvvemmmmrsmmmsnnins 5
ENGINEErING LIECHIVE  ooorevsrtensnssnssesmnsessensnssemssmssssssssssssssssssssesssssessnn 3
Liberal elective 3,4

5
22
2?2

Soowoon
[SCT NN

5
22
Vi

[FCYICTEN

TERM 9 Not offered until fall, 1965 )
Engineering 9153, Engineering ECONOMIC ANAIYSIS  ovvevsvnvsvsvsrmsmsensninns 3
Mechanical” engineering Projett ..mmmmmessns w3
Mechanical en(];meermg elective 3
UNIeStriCted BIBCHIVES “oomvvmvmsvrssssssmssmsmsssssssssssssssssssssssssssssssssssssssssssssssssns 6
Liberal elective ...

2 Al

Total 18, 19

TERM 10 Not offered until springi,dl%?_ | Enginesti
ndustrial Engineering ...

Engineering 9110, Introduction to 3 22
Mechanical” engineering project
Engineering elective v
UNTESETICtEd BIECHIVE oovvorvcsvsrnssrssssssssssssssssssssssssssssssssssssssssssssssssssnne

Liberal electives 6,8

INDUSTRIAL COOPERATIVE PROGRAM
See page 5.

GRADUATE STUDY

Specialized programs for a Master’s degree, M.Eng. (Mech.), in the area of
maching design are available in the fields of machine dynamics and control
mechanical analysw and development, mechanical design, and vehicles an
propulsion; in the area of thermal engineering, in heat transfer and fluid
dynamics, nuclear technology, propulsion engines, thermal environment, and
thermal power. _ _

For further information about the programs for the professional Masters’
degrees, see page 7 of this Announcement; for additional information on the
Master of Science (M.S.) and the Ph.D. degrees, see page 6. For each of these
%raduate programs see also the Announcement of the Graduate School and_ the

rochure, Graduate Programs in Mechanical Engineering, which ma5{ be obtained
by writing to the School of Mechanical Engineering, Upson Hall.
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RE8UIREMENTS FOR THE DEGREE OF
BACHELOR OF ENGINEERING MECHANICAL%,
BY SUBJECTS, FOR 1964, 1965 CANDIDATE

All mechanical engineering students must satisfy course requirements in each
of the four departments of the School, and, in “addition, must take specified
courses in the School of Electrical Engineering, and in the Departments of
Engineering Mechanics, Industrial Engineering” and Administration, and En-
?meermg hysics and Materials Science. This work accounts for ninety-nine of
he 180 credit hours requwed for the degree and constitutes a basic group of
courses offered in the College of Engineering throughout five years.

All mechanical engineering students must take specified “courses in mathe-
matics, 8physms_, chemistry, English, and speech. These courses total forty-one
of the 180 credit hours reqnuwed for graduation. .

The remaining forty hours of elective courses required for the degree of
Bachelor of Engineering (Mechanical) are described in the following outline,
which summarizes the degree requirements.

ENGINEERING COURSES OFFERED IN: credits
Orientation; nonresident lectures w4
En mee_rlngE DIaWing.oeeesvrsenee v B
Industrial "Engineering and 17

Machine Design............

Materials Processing....... 5
Thermal Engineering..... il
Electrical ENGINELIING.covvrvrnrvrrivrn T s 9
Chemical Engineering and Metallurgical En?m_eermg.. w4
Engineering Mechanics and Engineering MaterialS. ... il
99
SCIENCES, ENGLISH, SPEECH:
MAENEMALICS oo ss s s 12
Physics .. W 12
Chemistry 8
English 6
Pu 3
4

ELECTIVES:
Liberal Arts*
Engmee_rm% (inc
Unrestricted t

*May be chosen from the fields of American studies, the classics, economics, English, fine
arts, government, history, literature, modern languages, music, philosophy, psychology, sociology,
anthropology, and speech and drama, Courses in these fields are avaifable in~ several col-
ques of the University and are not limited to the offerings, of any single division.

Includes all coyrses offered by the College of Engineering which are not the equivalent
of aRX courses specifically required in the mechanical en%meenng curriculum,

t May be chosen from both of the groups mentioned above or from any division of the
University, mclude 6 hours of advanced ROTC or 9 hours of Naval ROTC. These electives
may be used to take more course work in mathematics, physics, and chemistry.
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BACHELOR OF ENGINEERING (MECHANICAL)
PROGRAMS FOR 1964, 1965 CANDIDATES

Candidates for the Bachelor of_Enﬂineerin_g(MechanicaI) degree in June of
1964 and 1965 are expected to fulfill the requirements for that degree according
to the curriculum they have been following since their freshman year. The first
six terms of this ten-term sequence have been completed and do not appear in
this Announcement. The last four terms are:

CONTACT HOURS
CREDIT LECT. LAB.

TERM 7 o HOURS REC.  COMP.
Engineering 3604, Flow Processes andEnergyTransfer. . 3 2 2?2
Engineering 3605, Heat Transfer.... .. 3 2 272
Engineering 3353, Design of MachineMembers 3 2 22
Engineering 1243 Engineering Materials Laboratory.... 3 2
Engineering 3263, Production” Engineering 3 2 M\
ELECHIVES . omrvmsvssssssssssssssssssssssssssmsssssssssssmssssssssssssssssssssone 3
TOMAl s ————— 18
TERM s o ) .
Engineering 3354,De5|?r] of Machines 3 1 5
Engineering 4931, Electrical Engineering 3 2 Vi
Engineering 3264 Producnon_Enaneermg 3 2 2/2
Engineering3606, Thermal Engineering Laboratory 3 A
Env?lmlede_rmg 6112, Metallurgy” of Casting, Working, and ) 0
BIAING. oorrrrrsressrnsrssmgmssssss s
Electives ?including Engineering 3607,3608, 0r3609)......... 6
TOLA s ——————— 20
TERM 9 ]
PIOJECt oo SRR 3
Engineering 4932, Electrical En&meer_mg 3 2 V1
Engineering 1154, Strength of Material$ 3 30
EIBCHIVES  ovvvvvsvssnvmsssssnssssmssssssmsssssssssssssssssssssssssssssssssssssssses 10
TOMAl s ——————— 19
TERM 10 )
(0] -1 g ——————— 3
Engmeermg 4933 Electrical Engineering 3 2 M
Public Speakmg 20 _ 3 30
Engineering 3041, Nonresident Lectures 1 10
EIECHIVES  roovrvermsssmssssssmsssssssssssssssssssssssssssssssssssssssssssssines 9
TOMA] o, 19
Total for 18N tBIM S 180

ELECTIVE REQUIREMENTS FOR
1964, 1965 CANDIDATES

. The five-year curriculum allows time for forty hours of elective work, includ-
mg[sm hours of project. . o _

he elective requirements su?g,est possibilities that will satisfy a variety of
personal desires and interests, ft'is possible to obtain:

1 Twelve to twenty-six credit hours in liberal arts—all in one area or divided
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among several areas. This, together with the nine required hours of English
and speech, makes possible a total of thirty-five hours in liberal arts.

2. Fourteen to twenty-eight hours in an engineering option toprowde concen-
tration and depth’in one particular area of engineering; or these hours may
be divided among two or more areas. Those students who contemplate
graduate study leading to the degrees of Master of Engineering (Mechan-
ical), Master of Engineering(Industrial), Master of Science, or Master of
Engmeermg(Aerospace) should give serious consideration to the courses
they elect. Some courses are acceptable as credit toward both the Bachelor
of n%lneermg%Mechamcal) degree and the professional Masters” degrees.

3. Up to fourteen hours of unrestricted elective credit in any special program
of studies which is neither liberal arts nor engineering. This includes ad-
vanced ROTC.

_ Students seeking maximum depth of training in any particular field—whether
it be in liberal arts, in engineering, or in some other general area—should study
the Announcements of the colleges offering the work and consult with representa-
tlale_s of the particular faculties concerned, as well as with their engineering
advisers.

~To illustrate what can be accomplished in setting uF substantial elective op-
tions in engineering, the following samples are presented.

GRAPHICS AND INDUSTRIAL DESIGN

INDUSTRIAL DESIGN

CREDIT
o ) ) ) HOURS  TERM
Engineering 3116, Introduction to Industrial Design 8
Engineering 3198, 3199, PIOJECE...mmemserssmrsserssnen 6 9,10
Electives from the following 1St ... 15 5-10
Architecture 330, 331, Sculpture )
) 400, 401, History of Architecture,
Fine Arts 101, 102, Introduction to Art: Painting and Sculpture
or
m Introduction to Art )
, 112 Introduction to Art; Architecture
54 Twenueth-CentuBy Painting
Home Economics H.D. 100, Color and Design
TOTAl s 24
ENGINEERING DESIGN
MECHANICAL DESIGN (SYNTHESIS)
CREDIT
o . . HOURS  TERM
Engineering 3366, Advanced Kinematics .......mmmmmrmmminne re———— 3 8
Engineering 3367, Desu{;_n Problems in Vibrations and DynamicS.......wene 3 8
Engineering 3374, Crealive DESIGN ..ouwermmcmmmsemmmsmessssssssssssssssssssssssssssssssssenes 3 9
Engineering 3375, Automatic Machmer)é ............ 3 9
Engineering 3380, Design 0f COMPIEX SYSEEMS....cwvvvrsmmsrmsmmssmnsrnsemsessemessessessrssnns 3 10
Engineering 3398, 3399, DeSIgN PrOJECES ..o 6 9,10

TOMAL oo e seeesseeess s nsess e sessss s ssessssseeesses yil
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DESIGN DEVELOPMENT (ANALYSIS AND EXPERIMENTATION)

Engineering 3361, Advanced Machine Analysis........... e
Engineering 3362, Mechanical Design of Turbomachinery.....
Engineering 3367, Design Problems”in Vibrations and Dynamics
Engineering 3372, Experimental Methods in Machine Design..
Engineering 3376, Automatic Control ... e, s
Engineering 3398, 3399, Analysis or Experimental Projects. . ..

0L |
VEHICLES AND PROPULSION

Engineering 3367, Design Problems in Vibrations and Dynamics
Engineering 3377, Automotive ENGINEEIING  oovcvcermmrssermmnssnsmsssssssssssssssessns
Engineering 3374, Creative DeSIgN.....vmwcmmsmmmsmessersssssesssssssssssssssssssssssssssossnes 1

or
Engineering 3380, Design of COMPIEX SYSIEMS...wwmirmsmmsmimsmsmmsmmmsmssmsessssnsins
Engineering 3398, 3399, Vehicle Design Project.....
Engineering 3607, Combustion Engines ...

THERMAL ENGINEERING

FLUID DYNAMICS AND HEAT TRANSFER

Engineering 3661, Advanced Thermodynamics

Engineering 3663, Advanced Turbomachinery..
Engineering 3664, Advanced Fluid_Mechanics..
Engineering 3665, Advanced Heat Transfer..
Engineering 3698, 3699, PIOJECT ovvvervninsnnsessnnssssessesssssssssssssssssesssssssessnn

NUCLEAR ENGINEERING

Engineering 3608, Thermal POWEr PlANTS ..
Engineering 3665, Advanced Heat Transfer..
Engineering 3698, 3699, Project ... o
Engineering 8301, Atomic and Nuclear Physics....
Engineering 8311, Nuclear and Reactor PHysics.......

Engineering 8351, Nuclear Measurements Laboratory....

TOAl s

PROPULSION ENGINES

Engineering 3607, Combustion Engines ...
Engineering 3661, Advanced Thermodynamics .
Engineering 3663, Advanced Turbomachinery .
Engineering 3665, Advanced Heat Transfer

Engineering 3671, Aerospace Propulsion Systems
Engineering 3698, 3699, Project. s

0|

CREDIT
HOURS

(o2 X ICYFCYINTICN IV

2
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THERMAL ENVIRONMENT

CREDIT

. . ) ) ) . HOURS TERM
Engineering 3609, Refrigeration and Air CONditioning ...
Engineering 3665, Advanced Heat Transfer........
Engineering 3666, Advanced Air Conditioning...........
Engineering 3667, Temperature Measuring Instruments.
Engineering 3698, 3699, PTOJECE ..ooovoveverprrscrsmnesnnspinsnnnn .
Engineering 4934, Principles” of Automatic CONtrol... e

L0 | 2

THERMAL POWER

Engineering 3361,  Advanced TRErMOAYNAMICS....wwmrmermmsmmmemsmsressmssssessessens
Engineering 3607, _Combustion Engines..........
Engineering 3608, Thermal Power Plants
Engineering 3670, Advanced Combustion Eng
Engineering 3672, Energy Conversion.......
Engineering 3698, 3699, Project

TOAL o st 2

AEROSPACE ENGINEERING

Mathematics 1180, Mathematical Methods INENQGINEETING..L.mrvmeremsrrsrrsrnn
Mathematics 1181, Mathematical Methods inEngineering 11
Engineering 1170, Advanced DynamicCS..........eemeemmermen
Engineering 7101, Fundamentals of Aerodynamics.
Engineering 7102, Fundamentals of Astronautics....
Engineering 7203, Gasdynamics L......memmen
Engineering 7204, GaSAYNAMICS 11w
Engineering 7801, Projéct

0L | 24

ENGINEERING MECHANICS AND MATERIALS

MECHANICS

Engineering 1154, Advanced Strength of Materials ..
Engineering 1159, Advanced Mechanics Laboratory
Engineering 1162, Mechanics of Vibration ...
Engineering 1163, Applied Elasticity ...

Engineering 1180, Mathematical Methods
Engineering 1198, 1199, PTOJECE  oovvcmmnsensensessnssmsssssssmssssssssssssssssssssssssssesssess 6

LW oL
o

[,
cogooo 0 —~

, 10

=
OOWw —~I—Jo o1

[ICYICYINTINYIN
O oo 8\1

[,
o

MATERIALS TECHNOLOGY

Engineering 3367, Design Problems in Vibrations and Dynamics ...
Engineering 3372, Expérimental Methods in Maching DESign .....wmnecsensnn
Engineering 4711, Feedback Control Systems 1

Engineering 6353, Introductory Metall_o?rthy e ———————————————
Engineering 6415, Principles of Materials Processing .
Engineering 6661, Metals at Elevated Temperatures ..
Engineering 6872, Nuclear Materials Technology ...
Project, Machine Design or Metallurgical ENGINEEIING....wvvvrsmrsersersmmsersmesnsnnen 6
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NUCLEAR ENGINEERING

HOURS TERM
Engineering 3665, Advanced Heat TIanster ... 39
Engineering 5760, Nuclear and Reactor ENQiNEEring ... 2 9
Engineering 6872, Nuclear Materials TeChNOIOQY..owmwemessmvssmsrnsssmsessssssnsnen 31
Engineering 8051, 8052, Project ..., e 6 9,10
Engineering 8301, Introduction to Atomic and Nuclear PhySICS .orrmssmrsnsnn 37
Engineering 8311, Nuclear and Reactor PRYSICS .oovvmvrsmvmsmmsrmsmsmnssmssssnnen 3 8
Engineering 8351, Nuclear Measurements LaDOTALOrY ..overersensmsmmsmnsnssnssesnnn 3 8

L LN 23

INDUSTRIAL ENGINEERING
MANUFACTURING ENGINEERING
Engineering 3298, 3299, Project " _ 6 9,10
Engineering 9181, Introduction To Modern_D|gr|taI Computation  ....... _ 3 8
Engineering 9360, Introduction To Probability Theory With Engineering Appli- :

CAITOMS, oot
Engineering 9370, Introduction to Statistical Theory With Engineering Applica-

L1
Engineering 9511, Manufa_cturinP Engineering 3 9
Engineering 9521, Production Planning ... 310
Engineering 9580, Digital Systems Simulation 310

L L 5
PRODUCTION MANAGEMENT
Engineering 3298, 3299, Project ... S S 6 910
Engineering 9181, Introduction to Modern Digital Computation.................. I 9,10
Engineering 9370, Introduction to Statistical Theory With Engineering Applica-

BIONS e e R0 8
Engineering 9521, Production Planning ... 3 8
Engineering 9522, Introduction to Operations Research .. 3 7
Engineering 9554, Analytics of Decision and Control 3 9

L L 2
SYSTEMS ENGINEERING
Engineering 3298, 3299, Project ... S 6 910
Engineering 9181, Introduction To Modern Digital Computation ... - 3 8
Engltr]eerlng 9360, Introduction To Probability Theory With Engineering Appli-

CAIIONS oo 3 7
Engineering 9521, Production PIANNING . ...uvwmmmmmmnsmmsessmessmemssssssessssessssesns 3 0
Engineering 9522, Introduction To Operations RESEATCN ...oovrvcrescsensnsnnsensensnn 3 7
Engineering 9554, Analytics of Decision and Control ... s—— 3 9
Engineering 9570, Intermediate Industrial And Engineering Statistics .......uwweees 3 8
Engineering 9580, Digital Systems SIMUIALION  .ooocirvmrsmsmsnssnesesmssessnsnssessrnsnns 3 g

0| 2
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APPLIED INDUSTRIAL STATISTICS A
Engineering 3298, 3299, PrOject ..o e 6 9,10
Engineering 9181, Introduction To Modern _D|gr|tal Computation .. 3 10
Engineering 9360, Introduction To Probability Theory With Engine
cations. 3
Engineering ,
cations, . , 4 8
Engineering 9520, Mathematical Programming 3
or 0
Engineering 9561, QUeUINg TREOTY wopocrnsersrssene e !
Engineering 9570, Intermédiate Industrial And Engm_eerln% STafistics e 3 8
Engineering 9571, Advanced Industrial And_En_?_meermg STALISEICS  wvvrvrvmsrrersnn 3 9
Engineering 9573, Statistical Aspects Of Reliability ....rvrmmmmsrrsmnsrssensnsinns 3 9
TOMAl oo st 28

Some of the elective courses appearing in these suggested o[mons may, under
certain conditions, he used to satisfy requirements for both the under%raduate
and the graduate degrees. Other ‘electives, including advanced mathematics
courses, particularly, are also essential for graduate work. Prospective graduate
students should seek guidance from members of the graduate staff in arranging
their elective programs.

SCHOLASTIC REQUIREMENTS

A student in the School of Mechanical Engineering who fails in any term to
earn a passing grade in fifteen hours, with a grade of 70 or better in eleven hours,
may be placed on probation. If he fails in any term to pass twelve hours, he may
be dropped from the School.



DESCRIPTION OF COURSES

The_ courses listed in the preceding curricula are described in the sections
following. Courses are described under the heading of the school or college in
which they are offered. Courses in chemistry, En%llsh, mathematics, prlsyslcs, and

certain courses in economics are offered hy the

ollege of Arts and Sciences.

Courses offered by the Division of Basic Studies in the College of Engineering

have three digit numbers, All other courses offered within the

ollege have four

digit numbers, the first digit representing the school or department. Descriptions
of courses will be found in the section of this Announcement as follows:

L En%ineer_ing Mechanics
2. Civil Engineering
3. Mechanical Engineering
4. Electrical Engineering
5 Chemical Engineering

6. Materials and Metallurgical Engi-

neering

1. Aerospace Engineering
8. Engineering Physics
9. Industrial Engineering

For courses in other colleges not described here, to be taken either as required
courses or as electives, see the Announcement of the appropriate college.

DIVISION OF BASIC STUDIES

ENGINEERING PROBLEMS

AND METHODS

101, ENGINEERING PROBLEMS ANI)
METHODS . Credit 3 hrs, Fall. 1 Lect. 1
Rec. 1 Lab. Consideration of functions of en-
gineering and major _examples of modern
engineering to emphasize the nature of en-
gineering “and, the interrelationships of the
Several Professwnal_ﬂelds. Introduction to pro-
fessional method in solution of engineering
problems, graphlcal representation including
sketching, descriptive geometry, and drafting.

102. ENGINEERING PROBLEMS AND
METHODS II. Credit 3 hrs. Spring. 1 Lect.
1 Rec, 1 Lab. Solution of _engmeerln? prob-
lems; introduction to probability and sfatistics,
introduction to engineering economy, con-
tinuation of graphical repreSentation.

MATHEMATICS
191, CALCULUS FOR
term. Credit 4 hrs. M
s MTWTh9 MW
MWFSILMT W
geometry, differential an
plications.

ENGINEERS.

192. CALCULUS FOR ENGINEERS. Spring
term. Credit 4 hrs. Prereq., 191. Hours to be
arranged. Analytic gfeomet_ry,m the Rlane and
in space, partial ditferentiation, technique. of
|tntegrat|on and multiple integrals, applica-
ions.

293 ENGINEERING MATHEMATICS. Either
term. Credit four hours. Prereq., 192. Hours to
be arranged. Vectors and matrices, first-order
differential _equations, infinite series. Codm%
for electronic digital calculators will be taugh
and used for problems in the above topics.

294, ENGINEERING MATHEMATICS. Either
term. Credit three hours. Prereq., 193. Hours to
be arranged. Linear differential equations
quadratic_ forms and eigenvalues, differential
vector calculus, applications.

PHYSICS

Physics 121-122 and 223-228 are designed
primarily for students in the College of En-
gineering. The first year’s work consists of
121 and” 122; the second year’s work consists
of one of the two-term “sequences 223-224,
225-226, or 227-228. The initial assignment
to a given sequence in the second year will
be made on the basis of the student’s previous



performance in introductory physics and
mathematics courses. Students should see their
instructors for section assignments.

121-122, INTRODUCTORY ANALYTICAL
PHYSICS. Throughout the year. Credit three
hours a term. Prereg., calculus or coregistration
in Mathematics 191-192. Course 120 is pre-
requisite. to 122. Primarily for students of
engineering, Lecture, T 9,11, or 2. Two dis-
cussion periods per week and one 2Vi_hour
lahoratory period every other week, as asmgned.
Preliminary examinations will be held at
7:30 p.m.on Oct. 29, Dec. 3, Jan. 14, Mar.
17, Apr. 14, and May 19, Messrs. New-
hall, Mahr, Talman, and Staff.

The mechanics of particles: kinematics of
translation, dynamics, conservation of energy.
The properties of the fundamental forces:
ravitational, electromagnetic, and nuclear.
onservation of linear “"momentum, Kinetic-
molecular theory of gases, properties of solids
and liquids, mechanics of rigid bodies, har-
monic _motion. At the level “of Introductory
AnaIthaI Physics, Second Edition, Parts
and 11, by Newhall.

223-224. INTRODUCTORY ANALYTICAL
PHYSICS. Throughout the year. Credit 3 hrs.
a_term. Prereqs., Physics 122 and co-registra-
tion in Math. 293-294, or equivalent. Course
223 is prerequisite to 224. Lect, Th 9 or 11
Two discussion periods a week, and one 2>
hour laboratory period every other week, as
aSSIgned. Messrs. T omboulian, Weidner, Sells.

A survey of electric and maqnetl_c fields in-
cluding a review and an extension of the
study of static fields and their sources. Fields
in simple_dielectrics, char?es in motion, time
varying fields, induced electromotance, fields
in ma?net[c materials, ener?y of cha_rqe_and
current distributions, elecirical oscillations,
and the electromagnetic field relations.

Wave motion with emphasis on the prop-
erties of electromagnetic waves; reflection, re-
fraction and dispersion. Superposition of waves;
interference, ditfraction. Polarization.

Selected topics from contemporary physics
such as special relativity, quantum effects,
atomic and x-ray spectra; nuclear structure
and reactions; solid-state physics.

_ The laboratory work includes exloerime_nts
in electrical measurements, physical electronics,
optics and nuclear physics.

COURSES—BASIC STUDIES 69

225-226. INTRODUCTORY ANALYTICAL
PHYSICS. Throughout the year. Credit 3 hrs.
a term. Prereqs., same_ as for Physics 223-224,
Course 225 is prerequisite to 226. Lect, T 9
or 11 Two discussion periods a week, and
one a2 hour laboratory period every other
week, as assigned. Messis. Tomboutian, Del-
VAILLE.

Includes the same topics (“none omltted?1 as
those listed under Physics 223-224, but their
treatment is more analytical and somewhat
r2n203r922|4nten5|ve. Same textbooks as in Physics

227-228. INTRODUCTORY ANALYTICAL
PHYSICS. Throughout the year. Credit 3
hours a term. Prereqs., sameas for Physics
223-224, Course 227 is prerequisite to “228.
Lect, S 11. Two discussion periods a week,
and one hour laboratory period ever
other week, as assigned. Mr. Fitcnen and staff.

_Includes the same topics (none omitted) as
in_Physics 223-224 and 225-226, but with a
differént amount of time devoted to each
to?m_and generaléy each is freated at a
sufficiently advanced level to stimulate high-
ability students. At the level of Introduction
to Electricity and Optics by Frank, of Optics
bK Rossi, and, of some of Principles of Modern
Physics by Leighton.

CHEMISTRY

103-104.  INTRODUCTION TO. CHEMIS-
TRY. Throughout the year. Credit three hrs.
a_term. Chemistry 103 is (Prerequmte t0
Chemistry 104, Recommended for students
who have not had high school chemistry and
for those desiring a more elementary course
than Chemistry "107-108. If passed " with a
?rade of 70, this course serves as grerequmte
or Chemistry 205 or Chemistry 353. Lectures,
M F 10 or 11. Combined disctssion-laborator
Renod, TWorTh81L, MT W Th or
:40-4:30. Messrs. Porter, Goldstein, and
Assistants.

An introduction to chemistry with emphasis
on the important principles ‘and facts of in-
organic and organic chemistry.

107-108. GENERAL CHEMISTRY. Through
out the year. Credit three hrs. fall term
and four hours sprmg] term. Prerequisite, h|8h
school chemistry; 107 is prerequisite to 108
Recommended for those students who will

Note: Entering students exceptionaIIY_ well prepared in chemistry may receive advanced. credit

for, Chemistry"103-104 by _demonstra

ing competence in the high' school advanced standing ex-

amination of the Colle%e Entrance Examination Board, or in thé advanced standing examination

given_at Cornell on t

e Tuesday before classes start in the fall. A{Jplicanon or this latter
examination should be made to the Department of Chemistry no la

er than registration day.
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take further courses in chemistry but do not
intend to specialize In chem_|st_r¥ or closel
related fields, Enrollment limited to 700,
Lectures, T Th 9 or 10. Combined discus-
sion-laboratory period, M W F or S 8-11,
MT W ThorF 1:40-4:30. In spring term,
one additional recitation hour as arranged.
Messts. prane, Fay, and Assistants.

The important chemical principles and facts
are covered, with considerable attention %wen
to the quantitative aspects and to the tech-
niques which are important for further work
in “chemistry. Second-term laboratory includes
a simplified scheme of qualitative analysis.

115-116. GENERAL CHEMISTRY ANI) IN-

ORGANIC QUALITATIVE ANALYSIS.
Throughout the vyear. Credit four hrs. a
term. Prereq., high school chemistry at a
grade of 85 or higher; Chemistry 115" is pre-
requisite to Chemistry 116. Recommended, for
students who intend ‘to_specialize in chemistry
or in closely related fields. Students without
?ood mathematical competence are advised not
0 take this course. Enrollment limited to 350.
Fall term: lectures, M W F &; one three-hour
combined discussion-laboratory period, T or
Th 811, W or F 10-1, or W or F 1:40-4:30.
Spring term: Lectures, M W s two three-
hour “combined discussion-laboratory periods,
T Th 811, W F 10-1, or W F "1:40-4:30.
M?Ssrs. Laubengayer, Zuckerman, and ASS|St'
ants.

A general study of the laws and concepts
of chemistry based upon the more common
elements, and application of the theory of
chemijcal equilibrium to the proFertles ang
reactions of ions of the common elements and
their separation and detection in solution.

216 INTRODUCTION TO PHYSICAL

CHEMISTRY. Sprmoq. Credit 3 hrs. Preregs.

Chemistry 106 or 108, Mathematics 193, and

Physics 223, 225 or 227. For engineering

?\}ludents. A brief survey of physical chemistry.
[.Widom.

285-286. INTRODUCTORY PHYSICAL

CHEMISTRY. Replaces. (405-406). Through-

out the year. Credit 5 hrs. a term. Preregs.,
Chemistry 108, Mathematics 192, Ph)(sm_s 122,
or consent of instructor, For students in en-
?meermg. Lectures, M W F 9. Laboratories:
all, M "1:40-4:30 and T 10-1250 or W Th
1:407:30 or S 8-1; spnn%, M T 1:40-4:30 or
W Th 1:40-4:30 or F 1:40-4:30 and either
§8-10:50 or S 10-12:50. The lectures will give
a systematic treatment of the fundamental
principles of ph%/smal chemistry; the laboratory
will deal with the expenmental aspects of the
subject and also develop the needed skills in
quantitative chemical analysis.

ENGLISH

111-112. INTRODUCTION TO ENGLISH.
Thro.ughout the year. Credit 3 hrs. a term.
English 111 is Rreregumte to English 112, M
WFs 91010 12,23 T Th Ss, 9, 10,
11, ,12. The aim is to increase the student’s
ability to communicate his own thought and
to understand the thought of others.” Messrs.
Statoff, Smith, and others.

PHYSICAL EDUCATION

All undergraduate students are required bz
the University to complete four terms of wor
in physical éducation. The requirement must
be completed within the first four terms (for
further details, see the Announcement of Gen-
eral Information). Descriptions of the physical
education courses offered will be found in
publications made available to entering stu-
dents by the Department of Physical Education
and Athletics.

ELECTRICAL SCIENCE

241 ELECTRICAL SCIENCE I. Credit 3 hrs.
Fall. 2 Lect, 1§2V2 hour) Rec.-Comp. The
basic principles of electric and maqnehc fields
and circuits for_st_eadY fields, voltages, and
currents. Emphasis is [Jaced on understanding
of the physical concepts

242, ELECTRICAL SCIENCE 11, Credit 3 hrs.
Spring. 2 Lect. 1 (V2 hour) Rec.-Comp.
Prereq., 241. Extends the treatment of 241 to
time-varying fields, voltages, and currents. The
gslsa%é(r%tslon and steady-state behavior of simple

243, ELECTRICAL SCIENCE I. Credit 3 hrs.
Fall. 2 Lect. 1 (2V2 hour) Rec.-Comp. The
main topics are the same as those in 241, but
_thte|r treatment is more analytical and more
Intensive.

244, ELECTRICAL SCIENCE IlI. Credit 3
hrs. Sprln%. 2 Lect. 1 (V2 hour) Rec.-Comp.
Prereq., 243. The main topics are the same
as those of 242, but their treatment is more
analytical and more intensive.

MECHANICS

211, MECHANICS OF RIGID AND DE-
FORMABLE BODIES I. Credit 4 hrs. Fall-
spring. 1 Lee, 2 Rec., 1 Comp.-Lab. Force
s¥sl_ems and equilibrium. Distributed forces,
static friction, " statically determinate plane
structures. Concepts of stress and strain. Shear-
ing force bendm/g moment, bending and tor-
sion of beams. Analysis of plane Stress and
strain, combined stress, thermal stress. Theories
of failure. Instability of columns.



COURSES—ENGINEERING MECHANICS 71

212. MECHANICS OF RIGID AND DE-
FORMABLE BODIES Il. Credit 4 hrs. Spring.
1 Lect, 2 Rec, 1 Comp.-Lab. Prereq,
211, Inelastic behavior. Energy methods 'in
mechanics. Principles of particle dynamics.
Theory of oscillations. Kinematics of rigid
body ‘motion. Dynamics of systems of par-
ticles. Kinetics of rigid bodies.

CHEMICAL ENGINEERING

5101, MASS AND ENERGY BALANCES.
Credit 3 hrs. 2 Lect., 1 Comp, period. Parallel,

Physical Chem|s_tr){ 405. Engineering problems
involving material and heat balances. Flow-
sheet systems and balances. Total energy bal-
ances for flow systems. Messrs. Winding,
Thorpe, Scheele.

5102. EQUILIBRIA AND STAGED OPERA-

TIQNS. Credit 3 hrs. Spring. 2 Lect. 1 Comp,
Benod. Parallel, Physical” Chemistry  406.
hase equilibria and” phase _diagrams. The

equilibrium  stage, mathematical ~ description
of single and multistage operations, analytical
and Qraphical solutions.” Messrs. W inding,
Thorpe, Scheele.

ENGINEERING MECHANICS

211. MECHANICS OF RIGID AND DE-
FORMABLE BODIES I. Credit 4 hrs. Fall-
spring. 1 Lect. 2 Rec. 1 Comp.-Lab. Force
S)(st_ems_a_nd equilibrium. Distributed forces,
static friction, statically determinate plane struc-
tures. Concepts of stress and strain. Sh_earmg%
force, bending moment, bending and torsion 0
beams. Analysis of plane stréss and strain
combined stiess, thermal stress. Theories of
failure. Instability of columns. Staff.

212, MECHANICS OF RIGID AND DE-
FORMABLE BODIES I, Credit 4 hrs. Sfrmg.
1 Lect. 2 Rec. 1 Comp.-Lab. Prereq., 211. In-
elastic behavior. Energy methods in mechanics.
Principles of particle d\r{namjcs. Theory . of
oscillations. Kinematics of rigid body mgtion.
Dynamics_ of sYstems of particles.

rigid bodies. Staff.

1154 (1134). ADVANCED MECHANICS OF
MATERIALS.. Credit 3 hrs. Fall. 3 Lect
Beam theo&y including symmetric and unsym-
metric bending, beam-columns, huckling, shear
stresses, continuous beams, plastic bending,
curved bars and beams on elastic foundations.
Stren?th theories. Bending theory of circular
and Tong rectangular plates, mémbrane and
local bending theory for thin wall pressure
vessels. Symmietrical deformation E)roblem_s in-
cluding fthe pressurized thick walled cylinder
shrink” fit stresses, rotating discs and thermal
stresses in long hollow cylinders. Mr. Bijiaarad.

1159, EXPERIMENTAL MECHANICS. Credit
3 hrs. Spring. 1 Rec. 2 Lab. Prereq., 1154 or
equiv. Primarily for graduate students and
qualified undérgraduates.  Brittle coating
method of experimental stress analysis. Elec-
trical resistance type strain ,(llages, including
factors influencing alloy sensitivity, gage con-
struction, gage factors, Stress gages. Instrumen-
tation for Static and dynamm strain _?_age work
including a brief coverage of amplitiers, gal-
vanometers, recorders, and oscilloscopes. Photo-
?vllastlc methods of stress analysis, photostress.
[. Moynihan.

inetics of

1162. THEORY OF VIBRATION. Credit 3
hrs. Fall. 3 Lect. Prereq., 1180 or equiv. or
consent of instructor. Graduates and qualified
_unde[jgraduates. Vibration of lumped systems
including free and forced vibration, damp-
ing, impedance methods, resonance, vibration
isolation. Matrix. methods. Continuous sys-
tems including strings, membranes, torsion and
bending of ~ beams, plates. Rayleigh-Ritz
Method. Impact and transient response. Ap-
plications include vibrations of structures and
machine elements. Mr. pao.

1163. APPLIED ELASTICITY. Credit 3 hrs.
Fall. 3 Lect. Graduates and qualified under-
graduates. Analysis of thin curved bars. Plane
Stress and plane strain in the circular cylin-
der, effects of pressure, rotation, and thermal
stress. Smalland large deflection theory of
glate_s, classical and ~approximate methods.
train energy methods._ Symmetrically loaded
thin cylindrical shell. Torsion of thin-walled
members. A first course in the mechanics of
elastic deformable bodies with structural ap-
plications. Mr. Conway.

1164. THEORY OF ELASTICITY |. Credit 3
hrs. Spring. 3 Lect. General analysis of stress
and strain. Plane stress and strain. Airey’s
stress, function solutions using Fourier series,
Fourier integral, and approXimate methods.
St. Venant and Michell torsion theory. Simple
three-dimensional solutions. Bending of pris-
matical bars. Axially loaded circular cylinder
and half space. Mr. Conway.

£1165. THEORY OF ELASTICITY [I. Credit
hrs. Spring. 3 Lect. Graduate students. De-
velopment in tensor form of the basic e(i_ua-
tions of large deformation elasticity; solution
of certain Iar?_e deformation problems. Linear-
ization to infinitesimal elasticity. Boussinesq-
Papkovich potentials and their “application to
three-dimensional problems; contact ﬁrqb_lems;
plane stress by method of Muskhelishvili; ap-
plication of conformal mapping; Cauchy inte-
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%ral techniques in elasticity; torsion problems.
ot offered in 1963-1964.]

1166. STRESS WAVES IN SOLIDS. Credit 3
hrs.. Spring. 3 Lect. Prerqus., 1162, 1163 or
e(T]uw. Graduate students. General equations
of elastodynamics. Waves in extended elastic
media. Reflection and refraction of waves.
Surface waves and waves in layered media.
Vibrations and_waves in_strings,” rods, beams
and plates. Dispersion in mechanical wave-
guides. Transient loads. Scattering of elastic
waves and dynamical stress concentration.
Waves in visco elastic media. Mr. pao.

1167. THEORY OF PLATE AND SHELL
STRUCTURES. Credit 3 hrs. Spring, 3 Lect.
Graduate students and qualified undergradu-
ates. Analysis of deformation and stréss in
lates and” flat slabs under transverse loads.
arious boundary conditions. Numerical meth-
ods, Membrane “stresses and displacements in
shells under various loading. Bendln? theory
of shells. Applications to shell-type sfructures
such as submarines, aerospace structures, shell
roofs, pressure vessels. Mr. Bijraara.

1168. THEORY OQF PLASTICITY. Credit 3
hrs. Fall. 3 Lect. Graduate students and_qual-
ified undergraduates. Theory of inelastic be-
havior of materials. Plastic” stress-strain laws
¥|eld criteria and flow laws. Flexure and
orsion of bars, thick-walled cylmde_rs, metal
formmgI and, cutting, stress analysis in metals
and soils. Yield hinges. Limit analysis. Shake-
%own l\(/)lf simple statically indeterminate mem-
ers. MI. Lance.

1169. THEORY OF ELASTIC AND INELAS-
TIC STABILITY. Credit 3 hrs. Fall. 3 Lect.
Graduate students and qualified undergradu-
ates. Various cases of instability. Derivation
of elastic _and inelastic buckllng loads of
columns with various boundary and continuity
conditions, truss members, frames, etc., b
various methods, such as direct solution from
differential equations as eigenvalue problems,
by Haarman method, energy methods, matrix
method_using digital computer. Buckling of
composite structures such as columns with hat-
ten plates, latticed columns by ~Haarman
method and method of split rigidities. Buck-
ling of plates with various boundary condi-
tions. Solutions for b_ucklmp of platg assem-
blies by solving of differenfial equations and
b}/ method of “split rigidities. Theor¥3 of in-
elastic buckling of plates and shells. Bucklin
and forced crlpFImg_of stringerpanels in air-
glane_wmgg. InteraCtion of column and plate
uckling. Buckling of sandwich plates with
various™ boundary™ conditions. Derivation of
post-bucklm% load of plates. Buckling load of
columns in the post-buckling range of the com-

posite plates. Buckling of cylindrical, spherical
and_ copical shells under “external pressure.
Cylindrical shells evenly stiffened by rings.
Cylindrical shells under ‘axial compression and
bénding. Buckling of sandwich “shells. Mr.

Bijlaard.

1170. ADVANCED DYNAMICS. Credit 3 hrs.
Fall. 3 Lect. Graduate students and qualified
undergraduates. Newton’s equations of motion
for a” system of masses, their solution, mo-
mentum, energy. Systems with variable mass
rocket equations. Variational principles of
mechanics, d’Alembert’s principle, Legrange’s
equations, Hamilton’s equations. ~ Stability™ of
motion, Liapunov’s method. Rigid body “mo-
tion, Euler’s equations, tops
Theory of small “oscillations.

Ell?_l. SPACE MECHANICS. Credit .3 hrs.
prm%._ 3 Lect. Prereq., 1170 or equivalent.
Potential of earth; two-body problem; Ham-
ilton Jacobi theory; orbit about spherical and
nonspherical earth: vector theory of perturba-
tions; drag and solar radiation effect on orbit;
char?ed satellite in earth’s magnetic field; re-
stricted three-body problem: libration points;
reflectibility and "reversibility of trajectories;
attitude control of satellites: satellite libration.
Not offered in 1963-1964.]

1172, SELECTED TOPICS IN ENGINEER-
ING MECHANICS. Credit as arranged, an
term. Qualified students wishing to do wor
in any field of engineering mechanics should
register for this course after consultation with
the department. Students work with appro-
riate members of the staff in the chosen field.
yggc_al areas of work include theory of elastic
stanility, theory of plates and shélls, rocket
theory "and design, wave p_ropagatmn, elastic-
|S%,ffV|brat|ons, and experimental mechanics.

gyroscopes.
[. Cranch.

1173. RESEARCH IN APPLIED MECHAN-
ICS. Credit as arrangled. Thesis or independ-
ent research in a figld of applied mechanics.
Such research must be under the guidance of
a staff member. Staff.

1175. OSCILLATIONS IN NONLINEAR SYS-
TEMS. Credit 3 hrs. Spring. 3 Lect. A study
of the methods of analysis of nonlinear elec-
trical and mechanical systems. Theory of dif-
ferential equations, phase Blane analysis, sta-
bility criteria, comparison between linear and
nonlinear methods. Equations of Van der Pol,
Duffing, Mathieu, Floguet, Hill. Poincare Ben-
dixson™ theorem, orbital stability. Methods of
Van der Pol, PoincarE, Kryloff and Bogolioboff,
Galerkin, Ritz, harmonic balance, equivalent
linearization, graphics, perturbations. Hystere-
?\}Isf Application of Banach space techniques.
. Block.



1180. MATHEMATICAL METHODS IN EN-
GINEERING I. Credit 3 hrs. Fall. 3 Lect.
Prereq., 1155 or equivalent. Application to en-
gineering problems of elementary differential
equations, Laplace and Fourier _transforms,
series, orthogonal functions, functions of sev-
eral real variables, vector analysis, partial
differential equations. Mr. Brock.

1181, MATHEMATICAL METHODS IN EN-
GINEERING 1l Credit 3 hrs. 3 Lect. Spring.
Prereq., 1180. Applications to engineering
problems of calculus of variations, ténsor an-
alysis, complex variable, matrices, difference
equations, and integral equations. Mr. Lua-
ford.

1182. MATHEMATICAL METHODS IN EN-
GINEERING III. Credit 3 hrs. Fall. 3 Lect.
Prereq., 1181 or equivalent, Application of ad-
vanced mathematical techniques to engineering
?roblems. Conformal mapping; complex in-
egral calculus; Green’s function; integral
transforms; as%/m_ptoncs including steepest “de-
scent  and satmnarx phase; ~Wiener-Hopf
technique; general theory of characteristics;
Berturbatlon methods; singular perturbations;
boundary-layer analysis. Development will be
in term$ of problems drawn from vibrations
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and acoustics, fluid mechanics and elasticity,
heat transfer, electromagnetics. Mr. Ludford.

1183. MATHEMATICAL METHODS IN EN-
GINEERING IV. Credit 3 hrs. Spring. 3 Lect.
Prereq., 1182 or equivalent. More_extensive
treatment of 1182 in same spirit. Topics in-
clude; advanced methods in partial difterential
equations, WKB and PLK approximations
Hilbert-Schmidt and Fredholm " theories of
integral equations, singular integral equations,
Hilbert problem, dual integral equations. Mr.
Ludford.

1184, NUMERICAL METHODS IN ENGI-
NEERING. Credit 3 hrs. Sprm?._P_rereq., 1181
or equivalent. Methods for obtaining numeri-
cal solutions_ to problems arising In science
and engineering, such as houndary value prob-
lems, eigenvalue problems, diffusion, conduc-
tion, wave propagation, vibrations. Variational
and integral equation techniques are devel-
0p9d. Mr. Lance.

1198 1199. PROJECT. Total credit 6 hrs.
Work of the ninth and/or tenth terms in the
form of projects designed to integrate the
student’s trammE in several engineefing areas
when such work is done principally ‘in the
field of engineering mechanics. Staff.

CIVIL ENGINEERING

CIVIL ENGINEERING
MATERIALS

Mr. siate

2002, ENGINEERING MATERIALS. EOId
1212) Credit 3 hrs. Spring. 2 Lect. 1 Lab.
Prereq., 6311. Design and " engineering prop-
erties of concrete; “engineering properties of
steel and other selected structural metals
wood;_physico-chemical properties of soils, and
bituminods materials. Design characteristics
and significance of test results of materials
used i engineering works. Extensive labora-
tory testmg and réport writing. First taught
spring 1964,

2010. ADVANCED PLAIN CONCRETE. (Old
1217) Credit 2 hrs. Spring. 2 Lect. Prereq.
2002 or the equivalent. Topics in the field of
concrete, such_as history of cementing mate-
rials, air-entrainment, light weight aggre%ates,
petrography,  durability, chemical Teactions,
and ‘properties of a?gregates., Relationships
between internal strucitre, physical proFertles,
chemical properties, and the mechanical prop-
erties of interest to the design and construction
engineer.

2011 STRUCTURE AND
(0ld C

PROPERTIES OF
MATTER. 1216) 2 h

redit rs. Fall. 2

Lect, Open to ?rad_uate students in engineering
or the physical sciences or by consent of in-
structor. “Internal  structure of materials
rangmg from the amphorous to the crystalline
state. Correlation of the internal structures, of
materials with their physical and mechanical
properties, prlmanlty on a qualitative basis.
Ap{JIl_caImns to mefals and other engineering
materials.

2044, SPECIAL TOPICS IN MATERIALS. On
demand. Fall-spring. Hours and credit variable.

SURVEYING

Messrs. Anderson, Brock, Lyon, McN air, and
others.

2101, ENGINEERING MEASUREMENTS,
Credit 3 hrs. Spring. 2 Rec. 1 Lab. Study of
basic surveying instruments and of linear,
angular, and area measuring procedures; data
processing and presentation of results of meas-
urement “operations; topographic surveys by
terrestrial methods; and geometry of circular,
transition, and parabolic"curves.

L2102. ADVANCED SURVEYING. Credit 2 hrs.
all. 1 Rec. 2 Labs. Prereq., 2101. Project
planning from topographic maps; photogram-
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metry; measurement errors and statistics; con-
ditioned measurements; formulation of survey
specifications; subsurface surveys; hydro%raphm
surveys: geodesy: field astronomy; and bound-
ary surveys. First offered in fall "1964-1965.]

2107. ELEMENTS OF SURVEYING. Credit 2
hrs. Fall-spring. 1 Rec. 1 Lab. Fundamentals
of engineering” measurements. _AFprematmn of
observations and errors. Principles of record-
ing data, Use of steel tape, level, and transit.
Optical tooling. Problems of particular interest
to students in”fields other than civil engineer-

ing.

2108. SURVEYING. Credit 3 hrs. Spring. 2
Rec. 1 Lab. Fundamentals of engineering meas-
urements, Appreciation of methods of observa-
tions and errors. Principles of recording data.
Use of steel tape, level, transit, and” plane
table. Aerial mapping. Emphasis_on problems
common in agricultural engineering.

2111, GEODETIC SURVEYING. Credit 3 hrs.
On demand. 3 Rec. Prereq., permission of the
instructor, Consideration of “special problems
in geodetic surveying; base line; triangulation;
traverse: precise” leveling: deflection” of the
plumb line; figure of the earth; determination
of ?hravny; isostasy; magnetic properties of the
earfh. Subject t0 arrangement to meet the
special needs of students.

2112, ADVANCED ENGINEERING MEAS-
UREMENTS. Credit 3 hrs. Fall. Preregs.,
laboratory work involving physical measure-
ments, Math 294, and pérmission of the in-
structor. Measurement “systems; analysis of
errors and of error propa%,auon; aﬁphcatmn of
the principles of probability to the results, of
measurements for the purpose of determmmg
the best estimates of measured and deduce
quantities, and the best estimate of uncer-
fainty In these quantities; adjustment of con-
ditioned measurements by the method, of least
squares and other methods; curve fitting; and
data processing methods.

2113. MAP PROJECTION. Credit 3 hrs. On
demand. The theory of map projections. Con-
?trucnon of projections. Plane coordinate sys-
ems.

2117. VERTICAL CONTROL. Credit 3 his.
On demand. Lectures, reading, and field work.
Principles of establishing a geodetic sea-level
datum; isostasy, the geoid, and reference
ellipsoid; barometric, trlgonometnc, spirit, and
electronic leveling; study of precision alti-
metry; determination of economic relation-
sh|?s of vertical control methods fo mapping
scale, especially for photogrammetric mapping.

2121, ELEMENTS OF PHOTOGRAM-
METRY. Credit 3 hrs. Fall. Lect. Rec. Lab.

Principles and practice of terrestrial and aerial
Fhotogrammetnc mapping, including planning
I|3_hts,_comrol surveys, uncontrolled "mosaics,
radial-line control, Simple stereoplott_m? in-
struments, parallel distortions, graphical tilt
determination,  trimetrogen charting, = and
economics. A Balplex projection steréoplotter
with three projectors and ‘a Wild A-7 plotter
are available for use.

2122, ADVANCED PHOTOGRAMMETRY.
Credit 3 hrs. Spring. Prereq., 2121. Lectures
reading, and laboratory work. An  advanced
study ofJ)hologrammet_rl_c principles including
confrolled mosaics, rectification, graphical, me-
chanical, and analytical, spacé orientation.
Readings and reports from current technical
literature. The prmmples of many photpgram-
metric plotters are studied together with the
economic relation of these ‘instruments to
density of field control, officc methods, and
personnel. The BaIPIex plotter and the Wild
A-7 Autograph plotter with the attached EK-3
Electric Coordinate Printer are available for
study and use.

2128, SURVEYING AND_ MAPPING IN-
STRUMENTATION. Credit 3 hrs. On de-
mand. Prereq., 2121 Lectures and assigned
reading. Independent study of developments
in surveying, mapping, and photogrammetric
instruments”includinga_ brief histofical sketch
of instrumentation; optical-leading levels and
transits; electronic base line nieasurement;
precision altimeters; sonar equipment; equian-
%ulator,_odograph, and stereoscopic plotters.
orrelation of the principles of physics and
mathematics in new measuring instruments
and methods.

2131, LAND SURVEYING. Credit 3 hrs. On
demand. 3 Rec. Prereq., permission of the in-
structor. Functions ana responsibilities of a
land surveyor; deeds and land descriptions;
land records and land courts. Study of U.S.
public land system, metes and bounds, sub-
divisions, resurveys, cadastral surveys, riparian
rights, mineral [and_ surveys, and “other land
strvey systems. Specifications and registration.

2132. CARTOGRAPHY. Credit 2 hrs. On de-
mand. A stud}/_ of the needs of map users; and
of the production of maps to meet these needs.

2133. ROUTE AND CONSTRUCTION SUR-
VEYS. Credit 3 hrs. On demand. Prereq., 2102.
Circular curves, transition curves, earthwork
measurement and calculation, construction sur-
veys and project planning from maps.

2134 SUMMER SURVEY. (Topographic, Hy-
drographic, Route, and Geodetic Survey
Camp.{J Credit 5 hrs. Field and office work six
days a week for five weeks. Date to be an-



nounced in spring term. _Prere?s., 2101 and
2102. Design and execution of _topographic
survey and “corresponding map with emphasis
on transit-stadia methods; hydrographic sur-
vey and map of Cayuta Lake; and com?Iete
roufe survey including reconnaissance from
aerial photo%raphs,_ préliminary survey, paper
location, and staking of the "final fine. All
horizontal and vertical control surveys are
executed acc_orde_to present standards for
base-line tapmq, r|an%_ulat|on with repeating
and direction type op |cal-rea_d|n? thedolites
subtense and trig traverse, precise feveling, and
altimetry. Astronomic observation for azimuth
and position are made and results computed.

2141, PROJECT. GEQDETIC OR PHOTO-
GRAMMETRIC ENGINEERING. On de
mand. Open to seclaIIY selected seniors or
graduate students. Projects in the various fields
of geodesy and photogrammetry may be de-
veloped by conference "between grofessors and
students. Hours and credit variable.

2142, GEQDETIC OR PHOTOGRAMMET-
RIC ENGINEERING RESEARCH. On de
mand. Prereguisities will depend upon the
area of studies to be pursued. Special E]rob-
lems in error analyéms, geodesy, and photo-
grammetry as may be arranged.

2143, SEMINAR IN GEQODESY OR PHOTO-
GRAMMETRY. Credit 1-6 hrs. On demand.
Open to speually selected seniors or gradu-
ate students. Abstraction and discussion of
technical papers and publications in the geo-
detic or photogrammetric field.

HYDRAULICS AND
HYDRAULIC ENGINEERING

Messrs. Brutsaert, Graf, Liggett, and staff.

2301. FLUID MECHANICS. Credit 3 hrs. Fall.
3 Lect.-Rec. Fluid properties, hydrostatics, the
hasic equations of fluid flow, potential flow,
dimensional analysis, flow in conduits, open
channel flow. Stff.

2302. HYDRAULIC ENGINEERING. Credit 3
hrs. Spring. 2 Rec. 1 Lab. Prereq., 2301 Free
surface flow, fluid meters and measuring de-
vices, hydraulic_machinery, unstea_d?/ flow, net-
work anal¥5|s. The laboratory will include a
number of experiments in fluid mechanics and
hydraulic engineering. Mr. Grar.

2303. HYDROLOGY. (Old 2302) Credit 2 hrs.
Fall. 2 Lect-Rec. Prereq., 2301. Introduction
to hydrology including topics on precipitation,
evapotranspiration, %_round water, ~ surface
water, and sedimentation. Mr. Brutsaert.
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2309, HYDRAULIC ENGINEERING. (Old
2312) To be taken by those students who have
had 2301 prior to fall 1963. Offered for the
last time sprm% 1964. Credit 3 hrs. FaII-spr|n?.
3 Lect-Rec. Prereq., 2301 Introduction o
hydraulic ~engineering  problems.  Purpose,
planning, and” component parts of hydraulic
rojects, Flow measurement, unsteady flow.
eservoirs, dams, spillways, and river “protec-
tion works. Flumes and” channels. Conduits
tunnels, penstocks. Locks. Hydraulic model
studies. Staff.

2311, ADVANCED HYDRAULICS. Credit 3
hrs. Fall. 3 Rec. Prereq., 2301 Intended as an
extension of the elementary fluid, mechanics,
Primarily for students not majorm? in civil
engineering or those who have not received
their undergraduate training at Cornell. Basic
equations, potential flow, “flow in conduits,
boundary layer theory, open channel flow,
water hammer and surges, hydraulic models,
and compressible flow. Special” problems. Staff.

2312, EXPERIMENTAL METHODS _IN
FLUID MECHANICS. Credit 2 hrs. Fall-
s[)rm?. Prereq., 2302 or permission of in-
structor. Primarily a laboratory course for
undergraduates and graduates; " may be re-
Peate for credit on permission of the instruc-
or. Emphasis is on planning and conducting
laboratory and field experiménts. Each section
is limited to 4 students. Staff.

2313, HYDRAULIC MACHINERY. Credit 3
hrs. Fall. 2 Rec. 1 Lab. Prereg., 2302. Theory
and characteristics of the hydraulic ram; re-
ciprocating and centrifugal "pumps; impulse,
reaction and Propeller_type turbines. Selection
and testing of hydraulic machinery. Staff.

2314, RIVER AND HARBOR HYDRAULICS.

Credit 3 hrs. Fall. Prereq., 2302 and 2303 or

?err[nssmn of instructor. River hydraulics,
luvial hydraulics and problems in sedimenta-

}\hon coastal engineering and harbor hydraulics.
[. Graf.

2315. ADVANCED FLUID MECHANICS I.
Credit 3 hrs. Fall. 3 Rec. Prereq., 2301, Intro-
duction to vector and tensor notation. The
equations of conservation of mass, momentum,
and energy from a rigorous point of view, Po-
tential flow including circulation, vorticity,
?\/(l)nformal mapping, and hodograph methods.
[. Liggett.

2316, ADVANCED_ FLUID. MECHANICS II.
Credit 3 hrs. Spring. 3 Rec. Prereq., 2315.
Exact solutions to the Navier-Stokes equations,
the laminar and turbulent boundary layers,
turbulence, introduction to non-Newtonian
flow, and other topics. Mr. Liggett.
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2317. FREE SURFACE FLOW. Credit 3 hrs.

Spring. 3 Rec. Prereq., 2315 or permission of
instructor. The formulation of the free sur-
face equations and boundary conditions.
Shallow w'ater theory and the théory of charac-
teristics. Unsteady _and two-dimerisional _flow
in open channels: Theory of small amplitude
waves. Mr. Liggett.

2320. SURFACE-WATER HYDROLOGY,
Credit 2 hrs. Fall. 2 Rec. Prereq., 2301, Physi-
cal analysis and design relative to hydrolagic
processes. Hydrometeorology, runoff, “forecast-
ing and control of floods, unit-hydrography
procedures, channel and reservoir routing. Mr.

Brutsaert.

2321, FLOW IN PORQUS MEDIA. Credit 3
hrs. Spring. Prereq., 2301 ‘also recommended,
2315). Fluid mechanics of flow through porous
solids. The general equations of sm%le hase
and multiphase flow and the methoas of
solving the differential form of these equations.
Hydraulics of wells, of infiltration "and of
ground water recharge, and of other steady
State and transient “seepage problems. MF.

Brutsaert.

2341, PROJECT. Hours and credit variable.
Offered on demand. The student may. elect a
design problem or undertake the desSign and
construction of a si)e,ual piece of equipment
in the fields of fluid mechanics, hyaraulic
engineering or hydrology.

2342, RESEARCH IN HYDRAULICS. Hours
and credit variable. Offered on demand. The
student may select an area of investigation
in fluid mechanics, hydraulic engineering, or
hydrology. The work’ may be @ither of an
experiméntal or theoretical nature.. Results
should be submitted to the instructor in charge
in the form of a research report.

2343. HYDRAULICS SEMINAR. Credit 1 hr.
Fall-spring. Open to undergraduates and grad-
uates and required of graduate students major-
ing in hydraulics or™ hydraulic engineering.
Topics of current interest in fluid mechanics,
hydraulic engjneermé;, and hydrology are pre-
sénted and discussed.

2344. SPECIAL TOPICS IN HYDRAULICS.
Hours and credit variable. Offered on demand.
Special topics in fluid mechanics, hydraulic
engineering, or hydrology are presented when
a group of students expresses an interest or
when an especially qualified person appears
on campus.

SOILS ENGINEERING

Messrs. Broms, Esrig.

2401, ELEMENTS OF SOILS ENGINEER-
NG. Credit 4 hrs. Fall. 3 Lect. 1 Lab. Prop-

erties of soil and its behavior as an _engi_meermg
material. Principles of soil identification an
classification, terminology and soil character-
istics_ such as gradation, permeability, com-
pressibility,  consolidation,  and shearing
strength with anllcatlon to_simple problems
of seepage, settlement, bearing caRacny, sta-
bility of ‘earth slopes. Lateral "earth pressure.
Soil “exploration. Laboratory tests for experi-
mental determination of abiove-mentioned soil
characteristics, and evaluation and use of data.
Offered for the first time in fall 1964.]

2402. ELEMENTS OF SOILS ENGINEER-
ING. SOId 2125) Credit 3 hrs. Fall-spring. 2
Lect. 1 Lab. This course will be superseded
by 2401 It will be offered for the last time
in fall 1963. Properties of soil and its be-
havior as an engineering material. Principles
of soil identification and’ classification, termin-
ology and soil characteristics such as grada-
tion, permeability, compressibility, consolida-
tion, and, shearmg strength, Laboratory tests
for experimental determination of abové men-
tioned soil characteristics.

2406._FOUNDATIONS. (Old 2720) Credit 3
hrs. Fall-s r|n%. 2 Lect. 1 Lab. Preregs., 2715,
2401 or 2402. Study of the structural problems
encountered in foundation work. Retaining
walls, sheet piling, spread. footings, piles, piers,
abutments, cofferdams, caissons, underpinnings.
Design problems. Mr. Esrig.

2410, ENGINEERING ZPROPERTIES OF
SOILS. (Old 2726) Credit 3 hrs. Fall. 3 Lect,
Prereq., 2401 or 2402. Sail structure, adsorbed
and free water. Flow of water through_soil,
flow nets, piezometers, filters, piping, capillary
flow, soil suction, and frost action. Uniaxial
and triaxial consolidation, volume compressi-
bility and pore pressure coefficients, shrinkage
and ‘swelling. Shear strength of saturated and
partly saturated, isotropically and anisotropic-
ally consolidated_ soils, true “and apparent co-
hesion and friction resistance, sensitivity and
trixotrophy, triaxial, direct shear, penefration
and vane “tests. Mr. Esrig.

2412. PRINCIPLES OF SOILS ENGINEER-
ING. (Old 2727) Credit 3 hrs. Fall. 3 Lect.
Prereq., 2401 or 2402. Failure theories for
soils, general and local shear failures, Kotter’s
equation and boundary conditions. Lateral
earth pressures, Ranking, Coulomb, logarith-
mic spiral and friction circle methods._Bearmg
capacity of deep and shallow foundations, ec
centric and inclined loading, size and shape
effects. Stability of slopes, methods of slices
seepage pressures. Soil pressures, concentrated
ana distributed loads, influence charts, soil
modulus, contact pressures, and pressure cells.

[. Broms.



2414, APPLIED SOILS ENGINEERING. (Old
2128) Credit 3 hrs. Spring. 3 Lect. Preregs.,
2401 or 2402 and 2412. Long and short-time
strength of soils, numerical methods. Footings
and rafts, design criteria, elastic foundations,
construction problems, plate load tests. Piles
and caissons, pile. tests, p|Ie_dr|V|nF formulas,
d%/namm and static penetration tesfs, ultimate
strength and settlements of pile groups, stress
wave equation, buckling and lateral resistance.
Retaining walls, shallow and deep-seated fail-
ures, seepage pressures. Mr. Broms.

2416, APPLIED SOILS ENGINEERING. (Old
2129) Credit 2 hrs, Spring. 2 Lect. Prereq.,
2412 or consent of instructor. Soil exploration
and samplm? including geophysical methods
as applied fo foundafion, = construction and
ground water problems. Design of boring_pro-
%rams and interpretation of field data. "Bulk-
eads and bracing, _desuin criteria, behavior at
ultimate and working loads, design of earth
and rock fill dams, upstream and downstream
slopes, flow nets, concept of safety and load
factors. Demgn and stability evaluation of
cofferdams, effects of construction procedures
on lateral earth pressures. Tunnels, geological
considerations, factors affecting tunnel lining
design, special problems. Mr. Broms.

2418, EVALUATION OF SOIL PROPERTIES,
{OId 2730) Credit 3 hrs. Spring. 1 Lect 2
abs. Prereq., 2410 or consent of instructor,
Laboratory evaluation of the parameters used
in modern_soil mechanics and soil engineering.
Emphasis is placed on the relationship of these
measured parameters to_those needed in de-
sign. Consideration is gwen_ to the effects of
sam_plm% methods on the soil parameters. Ex-
E)e,rlmens include permeability, direct shear,
riaxial and consolidation testing. Mr. Esrig.

2441, PROJECT. On demand. Projects may be
selected from the various fields of soils” en-
gmeenng such as shear strength and consolida-
lon characteristics of soils, stabilization, soil-
structure interaction, hehavior of soils under
dynamic loads, etc. Also, des,||gn problems such
as Elle_foundatlons, sheet pile walls, earth or
rock fill dam tunnels, cofferdams may be
chosen which are of particular interest to the
student. Hours and credit variahle.

2442, SOILS ENGINEERING RESEARCH. On
demand. Credit 1-6 hrs. Students who wish to
study one particular area in soils engineering
to some depth. The work could bé in the
form of a laboratory investigation, theoretical
anaIKsm of the behavior and failure modes of
ear{h gtructures or the development of design
methods.

2443, SOILS ENGINEERING SEMINAR. On
demand. Credit 1-2 hrs. Presentation and dis-
cussion of technical papers and current re-
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search in the field of soils engineering. Open
to seniors and graduate students.

2444, SPECIAL TOPICS IN SOILS ENGI-
NEERING. On demand. Credit 1-6 hrs. Super-
vised studies in small gro_qu (2-3 s_tudentsf in
one or more of the special topics in the field
of soils engineering which are not covered in
the regular courses. Hours and credit variable.

SANITARY ENGINEERING

Messrs. Benn, Gates, Lynn, Woolhiser, and
staff.

[[2501. WATER AND WASTEWATER
REATMENT. Credit 4 hrs. 3 Lect-Rec. 1
Lab. Fall-spring. Prereq., 2301 Study of the
microbiological. chemical and phz/smal phe-
nomena underlying the treatment of water
supplies and of municipal and industrial waste-
water. Application of these principles to the
analysis and design of unit treatment proc-
esses and to the synthesis of treatment plants.
Laboratory measufement of water and of waste-
water quality. Offered for the first time in
fall 1964.]

2502, SANITARY ENGINEERING SYSTEMS.
Credit 3 hrs. 2 Lect.-Rec. lComP. FaII-_spnn?.
Preregs., 2302, 2303, 2501 Introduction fo
water resource systems. Analysis and design of
(1) municipal water distribution systems (2)
waste water and storm-water collection, trans-
portation and disposal systems. Concepts and
principles applicable. to” the dispersion and
stabilization of municipal, industrial and radio-
active wastes in water and_in air. Concepts of
comprehensive, water quality control. Offered
for the first time in spring’ 1965,

2503, WATER _AND WASTEWATER

TREATMENT. To be taken only b¥ students
who entered Civil Engineering ~before Sept.
1963 Offered for the [ast time™in sprmg 1964,
Credit 3 hrs. 2 Lect-Rec. 1 Lab. or Comp.
Study of processes for the treatment of water
supplies and of municipal and industrial waste-
water, in terms of the underlying biological,
chemical, and physical principles; ‘the applica-
tion of these _Prmmples to the analysis and
design of unit treatment processes” and to
the ‘synthesis of treatment plants.

2504, WATER SUPPLY AND WASTE-
WATER SYSTEMS. (Replaces 2502). To_ be
taken only b)é those students who entered Civil
Engineering before September 1963. Offered for
the, last time in fall 1963. Credit 3 hrs. Fall-
spring. 2 Lect-Rec. 1 Comp. Prereq., 2302,
Qn_ce?_ts of water resource development and
utilization; water quality control; analysis and
design of structures and systems for™ (1) the
colléction, transportation, and distribution of
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water supplies (2) the collection, transportation
and disposal of municipal and industrial waste-
water and of storm water.

2509, ENVIRONMENTAL SANITATION,
Open to_non-civil engineering students. Credit
3 hrs. Fall. Lect-Discuss., reports and field
trips. Concepts of environmental health and
their application to municipal and metro-
politan “sanitation. Introduction to water re-
source systems; water supply systems; munici-
pal, industrial and ;f)nva_te waste water disposal
systems; disposal of solid wastes; radmloq;cal
health; air and water quality control; particu-
larly as these pnnmi)les and  methods applix
to environmental health planning and control.

2510. CHEMISTRY OF WATER AND
WASTE _WATER. Credit 3 hrs. 2 Lect-Rec.
1 Lab. Fall. Prereq., 1 year of c_olle%e chem-
istry. Principles of ¢ emlst[jy applicable to the
understanding, desu%n, and control of water
and waste water treatment processes. Analytical
methods applicable to the measurement and
control of ‘air and water quality.

2511, SANITARY ENGINEERING LABORA-
TORY. Credit 3 hrs. On demand. 1 Lect. 2
Labs. Prereq., 2510 or parallel registration,
2501. Laboratory studies of microbiological,
chemical and ph)fslcal phenomena, processes
and methods applicable to the treatment of
water and waste-water.

2512. MICROBIOLOGY OF WATER AND
WASTE-WATER. Credit 3 hrs. 2 Lect-Rec. 1
Lab. Fall. Introduction to the characteristics,
activities, and control of mmroorgamsms.
Their effect on the environment and their rofe
in the biological oxidation of organic sub-
stances_in waste-water treatment plants and
in receiving waters. Biological and bacteriolog-
ical parameters of water quality and their
measurement.

2513. TREATMENT PROCESSES. Credit 3
hrs. 3 Lect.-Rec. Fall. Prereq., 2501 or equiv-
alent. Analysis and ,desu}ln of processes for the
removal of impurities from water and from
municipal and _industrial waste-water. Theo-
retical and applied aspects of treatment process
design, including reaction kinetics, transfer
?_hlenomena, and” the mechanics of fine par-
icles.

2514, ASSIMILATION OF WASTES IN
WATER AND IN AIR. Credit 3 hrs. 3 Lect.-
Rec. Spring. Prereq., appropriate undergradu-
ate course.” Capacity of air and of wafer re-
sources to assimilate gaseous, liquid and par-
ticulate wastes. Phenomena pertinent to the
dispersion and stabilization of wastes in air and
in water. Analog computer methods. Emphasis
on the advanced literature.

2515, WATER RESOURCE PLANNING AND
DEVELOPMENT. Credit 3 hrs. 3 Lect-Dis-
cuss. Open_ to engineers and non-engineers
interested in a comprehensive aPproach to
Avater resources. An introduction to the eco-
nomic, administrative and legal aspects of wa-
ter resource planning, development and man-
ageﬁnent and to the problems associated with
each.

2517. ENVIRONMENTAL SYSTEMS ENGI-
NEERING I._ Credit 3 hrs, 3 Lect-Rec. Fall.
Prereq., permission of the instructor. Intended
for graduate students but open to qualified
undergraduates. Development of Peneral linear
programmmg problem and special cases such as
networks, dyadics, transportation problem.
Emphasis placed on application of techniques
of operations research, queuing theory, dy-
namic_programming, simulation, game theory,
and_ linear pro%rammg to civil and sanitary
engineering problems.

2518. ENVIRONMENTAL SYSTEMS ENGI-
NEERING II. Credjt 3 hrs. 3 Lect.-Rec.
Spring. Prereq., permission of the instructor.
Advanced to_Encs in the analysis of water re-
source, sanitary  engineering, and environ-
mental engineering Systems.

2520. ENVIRONMENTAL HEALTH ENGI-
NEERING. Credit 3 hrs. 3 Lect.-Rec., reports.
Spring. Prereq., 2501 or equivalent or permis-
sion of the instructor. Concepts and methods
of environmental health planning and control;
their application to metropolitan sanitation
air_and water quality control, the disposal of
solid  Avastes. PrlnuP_Ies of epidemiology and
toxicology. Introduction to radiological "health.

2541, PROJECT, SANITARY ENGINEER
ING. On demand. Credit variable. Prereqs.
2501 and 2502 or equivalent. The student wiil
elect or be assigned specific problems in the
design of watef and  Avaste-water treatment
Frocesses and Plants; Avater distribution sys-
tems; Avaste-water disposal systems; water qual-
ity control systems; or of other sanitary engi-
neering processes or laboratory apparatus of
special interest.

2542, SANIT ARY ENGINEERING RE-
SEARCH. On demand. Credit variable. Pre-
re(i_s. will depend upon the particular investi-
gation to be undertaken. For the student Avho
Wishes to study a special topic_or problem in
greater depth” than is possible in formal
courses. These studies are not limited to the
laboratory.

2543, SANITARY ENGINEERING SEMINAR.
Credit 1-2 hrs. Fall-spring. Required of all
graduate studenfs taking maaor or minor
in sanitary engineering;” open fo undergrad-



uates by permission of instructor. Preparation,
Fresentanon, and discussion of thms and prob-
ems of current interest in sanitary engineer-

ing and water resources.

TRANSPORTATION
ENGINEERING

Messrs. Belcher, Hewitt, Lewis, Liang, Slate.

2601, TRANSPORTATION ENGINEERING.
redit 4 hrs. FaII-sEnng. 3 Rec. 1 Lab. Prereq.,
preceded byr or taken “concurrently with 2101
and 2401. Transportation systems, traffic and
operation, environmental investigations, trans-
{Jortatlon ?_Iannmg, highway engineering, other
transportation  modes, disCussions of “current
ngis] Staff. Offered for the first time in fall

2602. TRANSPORTATION. Credit 3 hrs. Fall
spring. 3 Rec. Prereq., Economics 103 or per-
mission of the instructor. The historical,
economic, requlatory, construction, and opera-
tional aspects of " transportation. Designe
particularly for engineering students. “Mr.
Lewis. Will not be taught after fall 1963.

2610. HIGHWAY ENGINEERING. Credit 3
hrs. Fall-spring. 2 Lect. 1 Lah. Prereqs., 2113,
and preceded "by or taken_ concurrently with
2425, Highway administration, plannlng, eco-
nomics, and finance; reconnaissance and loca-
tion; geometric design, traffic engineering;
drainage; subgrade; base courses, désign an
construction of flexible and r|g|d Pavements.
1M9|'6.4Liang‘ Will not be taught after spring

2612, HIGHWAY LABORATORY — BITU-
MINOUS. Credit 3 hrs. Fall. 2 Lab. 1 Seminar.
Prereq., 2601, or may be taken concurrently
with 2601. Bituminous materjals are tested
and aggzregates studied for their compatibilit
with Ditumens. Mixes are designed and tested.
Condition surveys are made on various classes
of bituminous " pavements. Laboratory fully
equipped for all phases of applied and re-
search studies. Mr. Hewitt.

2613. HIGHWAY LABORATORY — SUB-
GRADE SOILS. Credit 3 hrs. S%rmg. 2 Lab. 1
Seminar. Prereqs., 2425 and 2601, or may be
taken concurrently with 2601. Soil surveying
sampling, and classification. Correlation of
field and laboratory procedures. Tests on soil
samples stabilized with bituminous materials,
Portland cement and chemicals. Condition sur-
veys on stabilized roads. Evaluation of current
practice and development. Laboratory fully
equipped for all phases of applied and ré-
search studies. Mr. Liang.

COURSES—CIVIL ENGINEERING 79

2616. HIGHWAYS AND AIRPORTS. (Old
2614-17) Credit 3 hrs, Spring. 3 Rec. Prereq.,
2601 or permission of the instructor. Part I:
soil index properties and clagsification systems;
subgrade ‘strength evaluation; compaction;
drama%e and frost action; stabilization, aggre-
gates. Part II: design and construction’of base
and surface  courses for flexible pavements.
Part 111 desw and construction of rigid pave-
ments. Part [V: airport site selection; master
&I/an; terminal facilities; heliports. Mr. Liang.
ill not be taught until spring term 1964.

2618. LOW-COST ROADS. Primarily for for-
eign, students. Credit 3 hrs. On demand. (See
Agricultural Engineering 241.)

2621, ANALYSES AND INTERPRETATION
OF AERJAL PHOTOGRAPHS. Preregistra-
tion required. Credit 3 hrs. Fall-spring. 2 Lect.
1 Lab, 1((The student is expected to” pay the
cost of field trips and aerial p,hotographs for
use in a term proeect, amounting_fo approx-
imately $15) A study of the soil and rock
areas of the United “States and the patterns
present in aerjal Photographs. Fundamental
elements of soil patterns are analyzed to per-
mit determination of soil texture, type of
bedrock, and drainage properties. Field train-
ing in selected test areas.

2622. ADVANCED INTERPRETATION OF
AERIAL PHOTOGRAPHS. Preregistration re-
quired. Credit 3 hrs. On demand. Organization
of course depends upon fields of interest. Spe-
cial problems: four each on ground water,
engineering projects, agricultural soils map-
ping, irrigation, and geology. Mr. Beicner.

2626, TRAFFIC ENGINEERING. (Old 2620)
Credit 3 hrs. Fall-spring. 2 Rec. 1 Lab. Pre-
reg., 2601 or permission of the instructor.
City and highway _traffic surveys and designs.
Accidents, congestion, delar, speed, volume,
density, parking, channelization, I|?ht|ng
traffic_control, and routing. Signs, signals, and
markings. Urban traffic consideration in city
}%Iannmg. Driver reactions_ and hahit pattern.
raffic ‘engineering organization. Mr. Lewis.

2627. TRAFFIC ENGINEERING — OPERA-
TIONS. %Old 2619) Credit 3 hrs. On demand.
2 Lab. I Seminar. P_rere%. 6preceded,,by or
taken concurrently with 2626. Definition of
traffic problems, collection of field data, anal-
ysis of field data, findings, conclusions, and
recommendations. Traffic surveys. Design of
traffic control systems. Mr. Lewis.

2628. HIGHWAY GEOMETRIC DESIGN.
EOId 2615) Credit 3 hrs. Spring. 1 Lect. 2 Lab.
rereq., 2601 or permission of the instryctor.
Route selection; design controls and criteria,
including vehicle characteristics and highway
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capacity; SI?ht distance, and horizontal  and
vertical confrol; cross section elements; right-
of-way problems_and access control; at-gfade
intersection  design, including rotary ~ and
channelized intersection; grade ‘separations and
interchanges; regional systems of highways,
freeways,"and parkways. ‘Mr. Lewis.

2631, PHYSICAL ENVIRONMENT EVALU-

ATION. (Old 2623) Credit 3 hrs. Fall. 2 Lect.
| Lab. Intended “for, graduate students or
upperclassmen in _en?meermg and planning.
Permission of the instructor. A study of phys-
ical environment factors affecting engineering
and plannln% decisions and the evaluation
methods of fhese factors. Physical factors in-
clude the climate, soil and “rock conditions,
and water sources in different parts of the
world. Evaluation methods include air and
?round reconnaissance, interpretation of me-
eorological, topoqrapmc, geological, and soil
maps, aerial photography, engineering data,
and sub-surface exploration records. Mr. Liang.

2632, ADVANCED PHYSICAL ENVIRON-
ENT. (Old 2624) Credit 3 hrs. On demand.
’:\L/lg%S]Liang. Will not be taught until spring

2641, TRANSPORTATION ENGINEERING
PROJECT. Credit 3 hrs. On demand. Projects
in the various fields of transportation, advanced
aerial photographic studies, traffic engineering,
and earth engimeerlng may be developed by
conference between professors and students.
Projects may involve integrated planning or
deagn, drawing upon several fields of interest,
or they may concentrate upon special subjects,
Adequate facilities, material, and sources of
data are necessary for a satisfactory project.

2642, TRANSPORTATION ENGINEERING
RESEARCH. On demand. Students who wish
to pursue one particular branch of transporta-
tion enqmeermg further than can be done n
any of the regular courses may elect work in
this field. The work may be in the. nature of
an investigation of existing methods or sys-
tems, theoretical work with™ a view to simpli-
fying present methods of design or proposin
new”methods, or experimental “investigation o
suitable problems. Hours and credit variable.

2643, TRANSPORTATION ENGINEERING
SEMINAR. Credit 1-2 hrs. On demand. Num-
ber of meetings a week to be arran%ed. Abstrac-
tion and discussion of selected technical papers
and publications in the transportation engi-
neering field.

2644. TRANSPORTATION SPECIAL TOP-
ICS. Credit varies. On demand.

STRUCTURAL ENGINEERING

Maessrs. Britvec, Errera, Fisher, McGuire, Nil-
son, Stearns, W hite, W inter.

2101, STRUCTURAL ENGINEERING 1.
Credit 3 hrs. Fall. 2 Lect. 1 2-hour period.
Prereqs., Mech. 212 and conc. reg. in Materials
Science |. First course in a four course segue_nce
of structural theory, behavior, and design.
Basic structural coricepts. External forces ‘on
simple structures under fixed and moving
loads. Properties of structural metals. Behavior
under load of metal members (beams, com-
pression members, and beam-columns), includ-
ing elastic and inelastic buckling. Applications
of digital computers to analysis and design.
First taught in fall 1963. Staff.

2102, STRUCTURAL ENGINEERING _II.
Credit 3 hrs. Spring. 2 Lect. 1 2-hour period.
Prereq., 2701, Mat. Sci. I, and conc, reg. in
Engineering Materials. Analysis of simple
trusses under fixed and moving loads. Approx-
imate analysis of building frames. Materials
strength theories. Properties and behavior of
reinforced concrete. Behavior under load of
reinforced concrete beams, columns, and beam
columns, including effects of prestressing. Com-
puter ap‘phcatwns. First taught in" spring
1964, Starf.

¥703_. STRUCTURAL ENGINEERING |II.
redit 3 hrs. Fall. 2 Lect. 1 2-hour period.
Prereq., 2702, Eng. Materials. Elastic displace-
ments. ~ Analysis “of statically indeterminate
structures by classical and modern methods.
Collapse theory and plastic design concepts.
Apphcatmns t0 steel and concrete structures.
Starf. Offered for first time in fall 1964.]

E2704_. STRUCTURAL ENGINEERING IV.
redit 3 hrs. Sgrmg. 2 Lect. 1 2-hour period.
Prereq., 2703. Extension of previoys material
on steel and concrete, including various design
considerations and critical code discussions.
Behavior and design of connections. Membrane
theory of shell Structures. Structural model
analysis. Synthesizing problems drawmtr; on
matérial from all four courses. Staff. Offered
for first time in spring 1965.]

2705, STATICALLY INDETERMINATE

STRUCTURES. (Old 2704) Credit 4 hrs. Fall.

3 Lect. 1 Lab. Deflections.” Classical and mod-

ern methods of analysis of statically indeter-

minate beams, frames, trusses. Influénce lines,
lastic desqn and analysis of steel structures.
ffered forTast time in"1963-1964.

2107. ELEMENTS OF STRUCTURAL ENGI-
NEERING 1. (Old 273_12 For students not in
Civil Engineering. Credit 3 hrs. Fall. 2 Lect. 1



Lab. Analysis of statically determinate and
simple stafically indeterminate structures. De-
termination, by means of analytical and graph-
ical methods, of reactions and internal “forces
and moments caused bg stationary loads. Influ-
ence lines for beams. Staff.

2108. ELEMENTS OF STRUCTURAL ENGI-

NEERING Il. (Old 2732) For students not in
Civil Englneermg]. Credit 3 hrs. Spring. 2 Lect.
1 Lab. Prereq., 2707. Design of simple steel and
timber structures. Discussion of design in
light gage steel and aluminum. Analysis and
désign” of members and connections, roof
tSrtu%%es, floor systems, and other structures.
aff,

27110. STRENGTH OF STRUCTURES. Credit
3 hrs. Fall. 3 Rec. P_rereri., 2705; can be taken
concurrently. Analysis of two- and three-dimen-
sional stress and ’ strain. Theories of failure
of ductile and brittle materials. Strain energy
methods applied to bending, shear, and ifm-
Ract. Structural materials under load, strain
ardening, residual stresses, hysteresis, stress
concentration, brittle fracture, alternating
stress. D,esqin for fatigue. Stresses beyond the
elastic limit. Inelastic behavior of steel and
reinforced concrete structures. Critical dis-
cussion of recent research and current design
specifications. Mr. w inter.

27111, BUCKLING: ELASTIC AND INELAS-
TIC. Credit 3 hrs. Spring. Prereg., 2710. Anal-
\{_SIS of elastic and plastic stability. Determina-
ion of buckling loads and maximum stresses
of columns with and without _eccentn_cnY.
Solid and open web columns with variable
cross-section. Beam columns. Frame buckling.
Lateral strength of unbraced beams. Buckling
loads and post-buckling strength of plates
shear webs, and cylindrical shells. Critical
discussion of current design specification. Mr.
W inter.

2112, 2713, ADVANCED STRUCTURAL
ANALYSIS. (Old 2708, 2709) Credit 3 hrs. a
term. Fall-spring. 3_Lect. a week throughout
the year. Prered., 2705 or equivalent. Review
of fundamental methods of analyzing indeter-
minate structures and extension to complex
structural systems. Arches, curved beams, out-
of-éJIan_e_Ioadmg, suspension structures, trussed
and rigid space frames, etc. Elastic model
analrms, numerical methods, matrix solution
of structures, use of digital computers in anal-
ysis and design. Mr. Fisher.

2114, EXPERIMENTAL AND NUMERI
METHODS IN STRUCTURAL ENGINEEF
ING. Credit 3 hrs. Fall. 3 Lect. Prereq., dif-
ferential e?ua_nons, indeterminate analysis, and
consent of instructor. Dimensional " analysis

CAL
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and interpretation of experimental data. In-
direct model analysis. of beams and frames
using deformeters.” Direct model analysis of
structural forms, including principles of strain
measurement and. mterﬁre_atlon. Laboratory
projects in elastic behavior and ultimate
strength of model structures. Applications of
numerical methods (roots of equatlon_s,_matr_lx
algebra, e|gen,value determination, finite dif-
ferences and linear equations, and other topics)
to structural problems, stressing solution by
digital computer techniques. Mr> w nite.

2715, REINFORCED CONCRETE DESIGN.
Credit 4 hrs. Fall-spring, 2 Lect. 2 Lab. Pre-
reg., 2705. A first course”in reinforced concrefe.
Linear and ultimate_ strength theorr of rein-
forced concrete applied to rectangular beams,
one- and two-way slabs, T-beams,” beams rein-
forced for compreéssion, concentric and eccentric
columns. Shear and bond. Design project com-
?nsmg partial design of concrete ~building
rame. Introduction” to Erestressed concrete.
Offered for last time in 1963-1964.

27116 BEHAVIOR AND DESIGN OF CON-
CRETE STRUCTURES. Credit 3 hrs. Prereq.,
2105 or equivalent. Theory, behavior, and de-

sign of prestressed concrete and _continuous
getn#orce concrete frameworks. Limit design.
aff,

2117. ADVANCED CONCRETE DESIGN.
Credit 3 hrs, Prereq., 2716. Reinforced and
restressed slab, plate and shell structures.
heory, behavior, design. Critical analysis of
design’ codes. Staff.

2718. BEHAVIOR AND DESIGN OF METALS
STRUCTURES. Credit 3 hrs. Prereq., 2704
or equivalent. Elastic and plastic design of
framed structures, including wind and earth-
quake effects. Bridge types and economy. Mr.
McGuire.

2119. ADVANCED METALS STRUCTURES
DESIGN. Credit 3 hrs, Prereq., 2718. Steel
plate structures, suspension roof systems, com-
%osne bridges, lightweight alloy structures.
ritical review of recent research and specifica-
tions. Mr. m cGuire.

[2720. SHELL THEORY AND DESIGN. Not
given in 1963-1964.]

2121, STRUCTURES IN NUCLEAR ENGI-
NEERING. (Old 2736) Credit 3 hrs. Pressure
vessel anal1y3|s and associated design codes.
Thermal stresses including internal heat gen-
eration effects. Material properties which influ-
ence structural design.” Analysis and de5|?n
of nuclear reactor components; core, fuel ele
ments, primary containment, shielding, second-



82 COLLEGE OF ENGINEERING

ary containment. Structures to resist nuclear
weapons effects.

2122, DYNAMICS OF STRUCTURES. (Old
2735) Credit 3 his. FaII-sprlng. For graduate
students or qualified undergraduates. Dynamic
behavior of structures as caused by "blasts
earthquakes, and similar actions. Lumping of
masses. Motion of elastic framed structures
in the neighborhood of equilibrium positions,
caused by arbitrary disturbances. Systems with
one degree of freédom. Resonance “and stabil-
ity. Analytical and numerical methods of solu-
tion. Energy methods, Hamilton’s principle.
Lagrange’s equations of motion. Natural fre-
quéncies and normal modes of vibration of
multidegrees of freedom-systems. Matrix itera-
tion method. The Rayleigh-Ritz method for
the approximate determination of natural fre-
quencies of elastic systems. Dynamic response
of framed structures in the “inelastic range.
Free and forced, longitudinal and transverse
vibrations of simple “and continuous elastic
heams. Effect of axial forces on lateral vibra-
tions of beams. Torsional-flexural vibrations
of simple beams of open thin-walled sections.

LZ733. STRUCTURAL SYNTHESIS AND
LANNING. Not given in 1963-1964.]

2141, PROJECT IN STRUCTURAL ENGI-
NEERING. On demand. The student may
select a design problem such as an arch bridge
cantilever_ or rigid frame bridge, a specia
problem in steel’ or concrete building design,
or the design of am[/ other structure of par-
ticular interest to the student provided he
has the proper preparation for such design.
The work is submitted in the form of reports.
Drawings of typical details must accompany
reports.” Hours “and credit variable.

2142, RESEARCH IN STRUCTURAL ENGI-
NEERING. On demand. Students wishing to
pursue one particular branch of structural
engineering further than can be done in any
of "the_regular courses may elect work in this
field. The prerequisite courses_depend upon
the nature of the work desired. The work may
be in the nature of an investigation of existing
types of construction, theoretical work with a
view of simplifying present methods of. demgn
or proposing new . methods, or experimenfal
investigation” of suitable problems. Hours and
credit variable.

2743, STRUCTURAL ENGINEERING SEM-
INAR. Credit 1-3 hrs. Sprm?. Open to qual-
ified seniors and graduate sfudents. Prepara-
tion and presentation of topics of current in-
terest in the field of structures for informal
discussion.

2744, SPECIAL TOPICS IN STRUCTURAL
ENGINEERING. On demand. Individually

supervised study in one or more of the spe-
cialized topics “of mwl_engnmeermg such as
tanks and ‘hins, suspension ‘bridges,” towers or
movable bridges, which are not covered in
the reqular courses. Independent design or re-
search”projects may also be selected. Hours and

credit variable.
SPECIAL AND GRADUATE
COURSES

2801, THESIS. The thesis gives the student
an opportunity to work out a_special problem
or to make an engineering investigation, to
record the results of his work, and “to obtain
academic credit for such work. Registration for
thesis must be approved by the “professor in
charge at the beginning of the semester dur-
ing ‘which the work i§ to be done.

Individual courses may be arranged to_suit
the requirements of graduate students. They
are intended to be pursued under the imme-
diate direction of the Tprofessor in char?e, the
student usually being free from_the resfriction
of the classroom and” working either independ-
ently or in conjunction with others taking
the same course.

CONSTRUCTION ENGINEERING
AND ADMINISTRATION

Messrs. Bi.essis, Gebhard, Richards, and staff.

2901, CONSTRUCTION METHODS. _Credit
3 hrs. Fall-spring. 3 Rec. Introduction to
methods, equipment, and management prin-
ciples and procedures involved “in canstruc-
tion activities; nature of the construction in-
dustry and sources of information concerning
it: problems and oral reports by students
hased on current literature; correlation of
mongy, men, materials, machines, and design
details to produce economic results. M.
Richards.

2902. LAW FOR ENGINEERS. Credit 3 hrs,
Fall-spring. 3 Rec. Basic features of laws and
practices Telating to contracts, torts, agency,
property, water rights, forms_of business organ-
izations, sales, inSurance, utilities, labor, gov-
ernment requlation of business, sales, nego-
tiable instruments, workmen’s compensation,
liens, bankruptcy, patents, copyrights, trade-
marks; work of the expert witness; ethical
resF0n5|b|I|t|_es; professional registration; spe-
cial emphasis on contract documents used in
construction work.

2903. ENGINEERING ECONOMY. Credit 3
hrs. Fall-spring. Principles and techniques for
making decisions about the economic  aspects
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of en?_meermg pro#ects: choosing  hetween
alternatives; criteria for making decisions; time
value of money; economic selection and opera-
tion; effect of income taxes; retirement and
replacement; economy studies for government
activities; introduction to estimating costs of
construction.

2904. PUBLIC ADMINISTRATION, Credit 3
hrs. On demand. 3 Rec. Aspects of federal,
state, and local government of interest to engi-
neers, planners, constructors, and administra-
tors: general principles of administration;
patterns of %overnment; the engineer’s role
In government; problems posed b?/_ our rapidly
growing population and urbanizafion; regional
public ‘works projects; city and re.gmn,al plan-
ning; codes; zoning; planning capital improve-
ments; the city manager, managing and op-
erating the engineering and other functions of
municipalities.” Mr. G ebhara.

2906. ADVANCED ENGINEERING LAW.
Credit 3 hrs. On demand. 3 Rec. Prereq.,
2902. An extension by the use of case mate-
rial of the legal principles and practices cov-
ered in 2902, particularly those which apply
to construction contracts, and employer-em-
ployee relationships. Mr. Richaras.

2907. CONSTRUCTION MANAGEMENT.
Credit 3 hrs. On demand. Planning and_ opera-
tion of construction projects by the civil engi-
neer: coordinated organizations and control
of men, materials, and machines; scheduling;

MECHANICAL

The courses in mechanical engineering are
Engineering Design, Materials Processing, and

GENERAL

3041, NONRESIDENT LECTURES. Terms 9
and 10. Required. Total credit 1 hr. for both
terms. Fall and spring. 1 Lect. Given by lec-
turers invited from industry and from certain
other departments of the "University for the
Purpose of assisting students in their approach
0 employment and in their transition from
college to industrial life. Under the direction
of Messrs. Loberg, Wehe.

3051, A.S.M.E. CORNELL UNIVERSITY SEC-

TION. Credit 1 hr. Students who are entering
the School of Mechanical EngmeermF arg
urged to become members of the Cornell’ Uni-
versity section of the American_ Society of
Mechanical Engineers. The meetings of the
Society, however, are open to all. Attendance
at any twelve section meetings entitles the
member to one hour elective credit; however,
only one credit hour may be earned in this

estimating; purchasing; selection and trainin
of employees; operation and_maintenance 0
equipment; cost control: accident prevention;
and other topics. Special reports required. Mr.
Gebhard.

2941. PROJECT. CONSTRUCTION ENGI-
NEERING AND ADMINISTRATION. Credit
3 hrs. On demand. Preregs., 2901, 2902, 2903,
or, permission. Development of a public or
private engineering project selected by the
student, mvolvmg gconomic analysis, planning,
design, and_construction procedures, with spe-
cial emphasis on the legal, financial, and man-
agement aspects.

2942, CONSTRUCTION ENGINEERING
AND ADMINISTRATION RESEARCH.
Credit 3 hrs. On demand. Prereqs., 2901, 2902
2903, or permission. Investigation of spema_l
problems relating to the economic, Ie?_al, fi-
nancial, and management aspects of public and
private engineering operation of interest to the
en%meer-admmmrator, consulting  engineer,
and constructor.

2943, CONSTRUCTION ENGINEERING
AND, ADMINISTRATION SEMINAR.
Credit 1-6 hrs. On demand. Prereqs., 2901,
2902, 2903, or permission. Guided study and
discussions by small groups of selected students
of topics which involve the _Ie_?al, financial, and
management aspects of civil engineering in
public and anate work, including discussions
of current technical papers and publications.

ENGINEERING

listed under the following headings: General,

Thermal Engineering.

manner. Application for membership should be
made in October of each year at the Mechan-
ical Engmeerm% office or' to the faculty ad-
viser of the student section, Mr. Pierce.

ENGINEERING DESIGN

Messrs. Abrahams, Baird, Booker, Burr,
DuBois, Fehr, Ocvirk, Phelan (On leave 1963—
1964), Siegfried, Wehe.

3052. INDUSTRIAL ACOUSTICS. Credit 3
hrs. Fall. 2 Lect. 1 Lab. For graduate and
ualified_fifth year students. Treatment from
the engineering point of view. Sources of
noise, their measurement, and means for re-
duction; attenuation of airborne and struc-
ture-borne sound; transducers; room acoustics
and psychoacoustics; effect of noise on peaple.
Application of ultrasonic waves for testing,
control, and processing. Mr. Fenr.
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3115. CREATIVE SKETCHING. Credit 2 hrs,
Fall. 2 Lect. The sketch is_ the graphic tool
of creative thought. Exercises fo stimulate
creative ability follow basic training of eye and
hand for form awareness and skétching pro-
ficiency. Mr. Baira.

3116. INTRODUCTION TO INDUSTRIAL
DESIGN. Credit 3 hrs. Spring. 2 Lab. Prereg.
permission. Readings; abstract and applied
design problems which investigate and apply
the “interrelationships existing “between form,
function, and materials. Mr. Baira.

3190. SPECIAL INVESTIGATIONS IN
GRAPHICS OR INDUSTRIAL DESIGN.
Credit based “FO” actual hours of work. Lab,
as required. Fall or spring. Also may be elected
by students who desire the first térm only of
the Industrial Design Project. Mr. Baira.

3198, 3199. INDUSTRIAL DESIGN PRO
ECT. Total credit 6 hrs. Ninth and ten
terms. 2 Lab. Prereq., 3116. Project work_ in-
cludes readings and design problems. Readings
integrate design with the contem[)orary social
and “economic™ sceng. Design problems “are dj-
rected, toward creation of a comprehensive atti-
tude in product development and toward at-
tainment of a measure of design ability. Mr.
Baird.

3321, KINEMATICS AND DYNAMICS OF
MECHANISMS. Credit 4 hrs. Fall. 3 Rec.
1 Comp. Prereq., 212. Analysis of displace-
ment, velocity, and acceleration in  basic
mechanisms for control, transmission, and con-
version of motion and force. Cams, gears, and
four-bar linkages. Forces associated” with ac-
celerated motion and gyroscopic_ action. The
flywheel as a s[)eed control device. Counter-
balancing. Synthesis of mechanisms.  Mr.
OCVIRK.

£3322. MECHANICAL ANALYSIS AND DE-
IGN. Credit 5 hrs. Fall. 1 Lee. 2 Rec. 2
Des. Periods. Prereqs., 3321, 3421, 6312, and
parallel with 3422." A study of some major
components of mechanical équipment such”as
clutches, brakes, gears, shafts, and bearings,
with particular attention to performance char-
acteristics, strength and durability, optimum
proportions, choice of materials and treatment,
and design, for processing and assembly. Theory
of lubrication. Stress-concentration, fatigue, ré-
sidual stresses, and creep. Selected topics from
advanced strength of materials, such as curved
beams, plates,” pressure vessels, rotors, and
thermal stress. Layout design of one small but
complete machine. Not offered in 1963-1964.]

E3323. DESIGN OF MACHINES. Credit 3 hrs.
hA)rmg. 1 Lee. 2 Des. Periods. Preregs, 3322,
Methods for design and the stimulation  of
ingenuity. Contemporary design of machines

in selected fields. Enclosures, assembly, lub-
rication, controls, and other, r_e_(iuneme_nts for
a machine as a whole, Feasibility studies and
preliminary designs of mechanical systems. A
more detailed design of one or more machines
in the systems. Not offered in 1963-1964.]

3324, VIBRATION AND CONTROL OF
ECHANICAL SYSTEMS. Credit 4 hrs.
Spring. 3 Rec. 1 Lab. Preregs., 3321, 4302,
Free, “damped, and forced vibrations. Vibra-
tion isolation mounts, absorbers, and dampers.
Control ~systems: the Laplace transform,
transient résponse to specific mPut_sL transfer
functions, frequency response, stability. Ana-
Io_% computer solutions. Laboratory “on the
vibration of machines and their components,
balancing, and hydraulic and pneumatic con-
trol circuits. Modérn instruments for measurin
force and motion. Not offered in 1963-1964.(‘1

3331, KINEMATICS AND COMPONENTS OF
MACHINES. Credit 3 hrs. Spring. 2 Rec. 1
Comp. Prereqs., 212 and 6311, or equivalents.
Required of Students in industrial engineering
and may be elected by other qualified students
not in mechanjcal engineering. Theory and an-
alysis of mechanism§ and Components based
upon considerations of motion, velocity, ac-
celeration, material, strength, and durability.
Cams, linkages, couplings, clutches, brakes
belts, chains, gears, bearings, shafts, an
springs.

L3332. MECHANICAL SYSTEMS. Credit 3
rs. Fall. 1 Lee. 1Rec. 1 Lab.-Comp. Preregs.
3331, 3431, and 6312, or equivalents. Reguwed
of students in industrial engineering and may
be elected by other qualified students not in
mechanical engineering. An introduction to
problems assoclated with the design and ex-
Penmental investigation of machines and sys-
ems of machines. Design considerations for
Proces_smg and assembI?/. The synthesis and in-
egration of componenfs into machine systems,
A" brief treatment of vibration and Control
theory, followed by laboratory experiments.
Use ‘of modern instruments “for measuring
force and motion. Solution of problems by
analo% and digital computers. Not offered in
1963-1964.]

3353, DESIGN. OF MACHINE MEMBERS.
Credit 3 hrs. Fall. 2 Rec. 1 Comp. Preregs.,
1153, 1241, 3351 (prereq, or parallel). Ap-
plication of mechanics, Kinematics, materials
and processes to the demgn and selection of
Sﬁn_ngs, couplings, clutches, brakes, belts
chains, gears, shafts, bearings, fastenings, an
pressure” vessels; stress concentration, residual
stresses, theory of lubrication. Mr. Burr.

3354. DESIGN OF MACHINES. Credit 3 hrs.
Spring. 1 Lect. 2 Des. Periods. Preregs., 3353,
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3404, 1242 (prereq. or parallel). Feasibility
studies and preliminary designs of mechanical
systems, including a more detailed design of
one. or more machines in the system.” The
design of castings, weldments; ~forgings,
stampings, housings, and hydraulic systems
for ‘machings. Computations, sketches, and
layout drawings as required. Mr. DuBois.

3361. ADVANCED MACHINE ANALYSIS.
Credit 3 hrs. Fall. 3 Rec. Intended for graduate
students but open to qualified fifth-year stu-
dents. Prereqs., 3353 or 3341, 1155. Advanced
analysis of special clutches and brakes; theory
of film-lubricated bearings; theories of failuré
des;gn eqtuatlons,, stresS concentration, . an
residual stresses; impact; simple and built-up
cylinders subjected to pressure and rotation;
ttugh t'\e/lmperature problems, and shaft deflec-
10nS. MI. Burr.

3362, MECHANICAL DESIGN OF TURBO-
MACHINERY. Credit 3 hrs. SprlnP. 3 Rec.
Intended for graduate students buf open to
%uahﬂed fifth-year students. Prereqs., 1154 or
361, 3352 or 3367 (prereq. or parallel).
Mechanical design of major components of high
speed compressrs and turbines for structural
adequacy and vibration-free operation. Selected
topics from among the followm%: design of
rotor companents: “disks, vanes, blades, Shafts,
and connections. Design of casm? components:
cylindrical, conical,_ forical shells; flat plates
and diaphragms. Design of bearings,  seals
gaskets, expansion members, Investigation of
natural frequencies and_critical speeds. Selec-
tion_ of materials. Attention is called to a com-
panion course 3663. Mr. o cvirk.

3366. ADVANCED KINEMATICS. Credit 3
hrs. Spring. 2 Rec. 1 Comp. Prereq. 3352. Ad-
vanced analytical and graphical treatment of
velocities and accelerations, Further treatment
of Coriolis’ acceleration. Advanced analysis and
design of cams, gears, and_computing” mecha-
nisms. Synthesis of mechanism.

3367. DESIGN PROBLEMS IN VIBRATIONS
AND DYNAMICS. Credit 3 hrs. Spring. 2 Lect,
1 Lab, Preregs., 1155, 3352. Applications of
d}rnamlcs_ and vipration theory to the design
of machinery; vibration and ‘Shock mountin
of machines with smgle_ and multidegrees 0
freedom, properties of isolators, damping de-
vices, critical speeds of shafts and crankshaft
systems; analog computer solutions; vibration
instruments and experimental investigations.
MessIs. Burr, Booker.

3372. EXPERIMENTAL METHODS IN MA-

CHINE DESIGN. Credit 3 hrs. Fall. 1 Rec.
2 Lab. Prereq., 3353 or 3341 Investigation
and evaluation of methods used to obtain
design and performance data. Techniques of

photoelasticity, strain measurement, photog-
raphy, vibration and sound measurements,
balancing methods, and _development tech-
niques are studied as applied to machine de-
sign problems. Mr. w ene.

3374. CREATIVE DESIGN. Credit 3 hrs. Fall.
3 Rec. Prereq., 3354 or equivalent. Conception
and initial design of products and machines,
Methods to stimulate mechanical ingenuity and
improve appearance. Principles. of  synthesis
and creativity employing association, inversion,
and other téchniques. Sketching, class discus-
sion, and comparative evaluation of solutions.
Mr. DuBois.

3375, AUTOMATIC MACHINERY. Credit 3
hrs. Spring. 2 Rec. 1 Field trip. Prereq., 3351. A
study of “automatic and semiautomatic ma-
chingry such as dairy, canning, wire-forming,
textile, machine-tool,” computing, and printing
equipment. Mr. wene.

3376. AUTOMATIC CONTROL. Credit 3 hrs.
Spring. 2 Rec. 1 Lab. Prereqs., 1152, 1155
4933 EZprereq. or parallel). Introduction to feed
back “control theory with emphasis on the
applications of hydraulic and Pneum_atm sys-
tems to the automatic control of machines and
processes. The Laplace transform; open and
closed-loop systems; transfer functions; stability
criteria; frequency resRonse; _utilization  of
analog computers” in the design of control
?\%stems; components of industrial controllers.
I. Wene OF Mr. Booker.

3377. AUTOMOTIVE ENGINEERING. Credit
3 hrs. Fall of odd years. 3 Rec. Prereq., 3353.
Analysis_of various ‘designs for the parts of an
automotive vehicle, other than the engine, in
relation to its performance; stability,” weight
distribution, traction, steering, driving, brak-
mg, riding comfort, power required and avail-
able, transmission types, acceleration, and
climbing ability. Recommended together with
Course 3670 for a study of automotive engi-
neering. Mr. DuBois.

3380. SEMINAR IN DESIGN OF COMPLEX
SYSTEMS. Credit 3 hrs. Spring. Two meetings
of 2 hours per week to be arranged. Intendéd
for graduate and qualified fifth-year students
i engineering, Permission of “professor in
charge. A seminar course relying heavily on
student participation in discusSing frontier
problems such as salt water conversion, trans-
portation devices and systems, systems for space
and underwater exRIm ation. Determination of
specifications for these systems to meet %lven
needs. Critical discussion” of possible solutions
based on technical as well as economic and
social considerations. Reports will be required
confaining recommendations and reasoning
leading t0 these considerations. Mr. Fenr.
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3390, SPECIAL INVESTIGATIONS IN MA-
CHINE DESIGN. Permission of department
head required. Credit arranged. Either term.
Indjvidual work or work “in small groups
under guidance in the design and development
of a complete machine, in"the analysis of ex-
perimental investigation of a machine or com-
P_onent of a machine, or studies in a special
ield of machine design. Staff.

3391, MACHINE DESIGN SEMINAR. 1 hr.
credit at the end of 2 terms. A one-and-a-half
hour meeting approximately every other week.
Required of graduate students ma(Jjorm? in
machine design. Discussion and study of as-
signed topics™ of importance in the field by
faculty, ‘graduate students, and outside
speakers.

3398, 3399, PROJECT. Total credit 6 hrs.
Work of the ninth and tenth terms in the
form of projects to integrate the training in
mechan|_callenP|neer|ng when such work is
done grmupaly in the field of machine de-
sign. Staff.

MATERIALS PROCESSING

Messrs. Carpenter, Dispenza, Geer, Morgan.

3421, PROCESSING OF MATERIALS 1.
Credit 3 hrs. Spring. 2 Lect. 1 Lab. Ab-
stract conceEt of thé manufacturing process.
Ene_rgY, material, environmental, and topo-
logical considerations. Physics and mechanics
of chip formation, plastic deformation, fric-
tion, force relationships, thermal aspects, tool
wear. Machinability of materials. Capabilities
of single point, “multipoint, and abrasive
cutting™ processes. General purpose and pro-
duction “machine tools employed. Transfer
machines, automation, numerical control of
machine tools. Economics, of cutting. Nongh|F
removal processes; electrical, electrochemical,
chemical, ultrasonic, electron beam methods.
Basic concepts of metrolo%y_ and gaging, prin-
ciples of mechanical, electrical, optical, pneu-
matm, and radiation measuring instruments.
[. Geer.

@422_. PROCESSING OF MATERIALS II.
redit 3 hrs. Fall. 1 Lect. 2 Lah. Prereq.
3421, Material displacement, addition, and
modification _processes. Castln? of metal and
alloys; solidification, heat exfraction, shrink-
age, and foundry processes. Metal forming
theory, Capabilities of shearing, bending,
\sA()uee_zmg, rawing, and stretching processes,
elding™ theory, ‘processes, and effects, and
surface ~ coatings. Heat treatment of steel;
annealmgi, hardening, tempering, = surface
treatments. Processing of nonmetallic mate-
rials; plastics molding methods. Gage labora-

tory and additional cuttin? process laboratory
exercises. Mr. Geer. Not offered in 1963-1964.]

3431, PROCESSES OF MANUFACTURE.
Credit 3 hrs. Fall. 1 Lect. 1 Lab. and a
second lect. or lab. on alternate weeks. Physics
and mechanics or chip formation, force rela-
tionships, tool wear, machinahility of mate-
rials. Machine tool capabilities in Single point,
multipoint, and abrasive cufting processes.
Economics of cutting. Nonchip material re-
moval methods. Basic concepts of metrology
and gaging,. principles of measuring Instru-
ments. "Casting of metal and alloys. Metal
forming theory and capabilities of shearing,
bending, squeezing, drawm?_l, and stretchin
Processes. _elqu methods. Heat treatments o
steel. Plastics molding. Mr. Geer.

3490. SPECIAL INVESTIGATIONS IN MA-
TERIALS PROCESSING. Credit and hours as
arranged. Discussion and study of selected
topics on theorx of metal cutting and work-
ing processes, the technology of manufacture
with_ machine tools, and metrology and pro-
duction ga mF; topics and assignéd study to
suit individual needs. Mr. Geer.

3498, 3499, PROJECT. Total credit 6 hrs.
Work of the 9th and 10th terms in the form
of projects to infegrate the trammg in me-
chanical engmeermgf_when such work is done
pnrénu ?Ily In the Tield of materials process-
Ing. . Geer.

thermal engineering

MessIS. Barrows, Conta, Dropkin (0N leave
spring, 1964), Erdman, Fairchild, Gebhart,
Mackey, McManus (On leave 1963'64), Mark-
1anga (VISiting professor, spring, 1964), Pierce,
Shepherd.

3604. FLUIDS ENGINEERING 1I. Credit 3
hrs. Fall. 2 Rec. 1 Lab. Prereq., 3603. Dimen-
sional analysis; flow over immersed bodies;
boundary ldyer solutions; lift and drag; oblique
shocks; “waves in compressible flow; energy
transfer between a fluid and a rotor; char-
acteristics of turbomachines for mcomgre_ssmle
and_compressible flow; reaction and efficiency;
cavitation and _ surging; proEuIsmn analysis;
turbojet, ram jet and rocket; hydrodyndmic
transmissions. Messrs. Shepherd, Plierce.

3605. HEAT TRANSFER. Credit 3 hrs. Fall.
2 Rec. 1Lab. Preregs., 3603, 1155. Introduction
to heat transfer by conduction, convection, and
radjation; steady “state, transient state; steady
periodic state; "heat transfer in enqmeermg
apparatus; numerical methods; electrical an
fluid analogues. Laboratory ~instruction in
temperature measurement, “determination of
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surface coefficients, radiant energy exchange,
and experimental use of analogues. Mr.
Dropkin.

3606, THERMAL ENGINEERING LABORA-
TORY. Credit 3 hrs, Sgrlr’l\g. 1 Lect, 1 Lab.
Prereqs., 3602, 3604, 3605, Methods of testing;
experimental ~determination of performance
characteristics of engines, turbines, steam gen-
erating _units, pumps, compressors, fans,” re-
frigerating systems, air conditioning apparatus,
auxiliaries and components of complete plants;
analysis of experimental data; preparation of
engineering reports. Mr. Erdman.

3607. COMBUSTION ENGINES. Credit 3 hrs,
Fall-spring. 3 Rec. Prereq., accompanied
or preceded by 3606. Introduction to combus-
tion engines with emphasis on application of
thermodynamics, fluid dynamics, and heat
transfer;” reciprocating canibustion engines;, gas
IMurblnes; compound engines; reaction engines.
[. Fairchild.

3608. THERMAL POWER PLANTS. Credit
3 hrs. Fall and spring. 3 Rec. Prereq., ac-
companied or preceded by 3606. Introduction
to steam and binary vapor Power plants with
emphasis on_applications of thermodynamics,
fluid dynamics, and heat transfer;
power. MI. Erdman.

3609. REFRIGERATION AND AIR CONDI-
TIONING. Credit 3 hrs. Fall-spring. 3 Rec.
Prereq., accompanied or preceded "by 3606.
Introduction to refrigeration and air’ condi-
tioning with emphaSis on applications of
thermodynamics, fluid dynamics, and heat
transfer;” compression, abSorption, and other
systems of refrigeration; control of the physical
environment. Mr. Mackey.

3621, THERMAL SCIENCE |. THERMO-
DYNAMICS. Credit 3 hrs. Fall. 1 Lee. 2 Rec.
Preregs., Mathematics 294, Physics 224, Chem-
istry 276. Concept of temperature. Properties
of @ pure substance. First law of thermody-
namics; quasistatic processes; control volunie
analysis; stead¥ flow. Second law of thermo-
dyndmics; heat engines; heat pumps; Carnot
Er_muple; entropy; availability, irreversibility;
ibbs” and Helmholtz free enert};y functions;
entropy prodyction and flow; introduction to
thermod?/namms of irreversible processes and
thermoelectricity. Combined first and second
laws; Maxwell "relations; applications to sys-
tems and control volumes. MI. Conta.

3622. THERMAL SCIENCE Il: THERMO-
DYNAMICS. Credit 3 hrs. Spring. 1 Lee. 2
Rec. Prereq., 3621. Nonreacting ?aseous mix-
tures; Dalton-Gibbs law; Amagaf-Leduc law;
mixtures including psychrometrics; air-condi-
tioning processes.” Nonflow and  steady-flow

nuclear

vapor cycles; binary vapor cycles. Heat pump
cycles; refngeratlon cycles. Air standard non-
flow and steady-flow "heat engine cycles. In-
ternal combustion engine and gas _turbine
?rocesses. Thermodynamics of réacting sys-
ems; chemical equilibrium; standard ~state;
heats of reaction, formation, and combustion;
chemical potential; equilibrium  constants;
Mgacny and activity; combustion processes.
[. Conta.

3623. THERMAL SCIENCE III; FLUID ME-
CHANICS. Credjt 3 hrs. Spring. 3 Rec.
Prereqs., Mechanics 212, 3621. Hydrostatics;
kinematics and dynamics of flow™ including
introduction to hydrodynamics; Laplace equa-
tion; momentum “and ‘energy relations; Euler
equations; thermodynamics "of flow; wave mo-
tion; Mach number; stagnation values. Real
flow phenomena; laminar and_turbulent mo-
tion; pipe flow; universal velocity distribution.
Compressible flow with area change; normal
shock; nozzle flow. Mr. snepnera.

3624, THERMAL SCIENCE IV; FLUID ME-
HANICS. Credit 3 hrs. Fall. 2 Rec. 1 Lab.
Prereq., . 3623.. Continuation of compressible
flow, ‘with friction and heating. Hydraulic
analogy; flow metenn%; dimensional analysis.
Flow “over immersed Dbodies. Boundary Iaz/er:
laminar and turbulent; exact and momenfum
methods of solution. Lift and drag (subsonic
and supersonic). Elements of turbomachinery:
Euler ‘turbine” equation; reaction; efficiency.
Types of turbomachinery and turbomachine
characteristics, - Propulsion: forces on ducts;
propulsive efficiency; elementary characteristics
of ‘thermal jets and, rockets.” Turbomachine
components of couplings and _torque convert-
ers. Not offered in 1963-1964.)

3625. THERMAL SCIENCE V: HEAT
RANSFER. Credit 4 hrs. Fall. 1 Lee. 2 Rec.
1 Lab. Preregs., 3622, 3623. Conduction:

steady state; unsteady state with transient
and periodic heat flow Analogue and relax-
ation’ methods. Convection: DBoundary layer
fundamentals; natural convection; forced con-
vection inside tubes and ducts; forced con-
vection over various surfaces. Radiation:
emission, absorption, reflection, transmission,
and exchanges. Radiation combined with con-
duction and convection. Heat exchanqers:
over-all heat transfer coefficients; mean tem-
perature difference; effectiveness; design. Not
offered in 1963-1964.]

3626. THERMAL SYSTEMS ENGINEER-
NG. Credit 5 hrs. Sgrmsq. 3 Lee. 1 Lab,
Preregs., 3622, 3624, 3625 Applications of
thermodynamics, fluid mechanics, and heat
transfer “to complete thermal systems rather
than to processes. Work-producing, heat-pro-
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ducing, heat-pumping, propulsion, and en-
vironmental cantrol = systems.  Classification,

criteria of performance, and economic con-

siderations. Steam power plants, combustion
engines, refri eratm? (
ing systems, fuel cells, thermo-electric coolin
and power generation. Not offered in 1963-
1964.]0

3630, ENGINEERING THERMODYNAMICS.
Credit 3 hrs. 3 Rec. Laws of thermodynamics;
energy equations; thermodynamic properties of
state "of gases and vapors, nonflow and flow
processes; gas and vapor cycles; refrigeration;
steam turbines. Mr. Fairchita.

E3631_. ENGINEERING FLUID MECHANICS.
redit 3 hrs. 3 Rec. Prereqs., Mechanics 212,
3630. Brief treatment of hydrostatics, kinetics
and dynamics of flow; momentum and energy

relations. Thermodynamics of flow; wave mo-
tion; stagnation properties. Real flow phenom-

ena, laminar and turbulent motion. Pipe flow:
compressible flow with area change, normal
shock; nozzle flow. Dimensional analysis. Flow

metering. Flow over immersed bodies; boun-
dary layer; lift and drag. Elements of turbo-
machinéry; turbomachine characteristics; tur-

bomachiie components in _couglm s and
torque converters. Not offered in 1963-1964.]

3632, ENGINEERING HEAT TRANSFER.
redit 3 hrs. 3 Rec. Preregs., 3630, 363L.

Steady one-dimensional heat conduction; sys-

tems with heat sources; two- and three-dimen-

sional heat conduction; numerical and ana-

logic methods. Unsteady state conduction;
periodic heat flow, transient heat flow. Con-
vection: boundary Ia?/er fundamentals; dimen-
sional analysis. “Natural convection. Forced
convection Inside tubes and ducts; over ex-
terior surfaces of cylinders and sgheres. Heat
transfer with change of phase: Dboiling, con-
densation. Radiation: fundamentals; heat ex-
changes. Heat transfer by combined modes.
Heaf exchangers: over all” coefficients of heat
transfer; mean temperature difference; design.
Not offered In 1963-1964.]

3633. ENGINEERING THERMODYNAMICS
AND HEAT TRANSFER. Credit 3 hrs. Fall,
3 .Rec. Required of students in the School of
Civil Engineering. Laws of thermodynamics;
enerPy eguatmns; thermodynamic properties
of state of gases and vapors;”processes; gas and
vapor cycles of heat engines and heat pumps;
infroduction to heat transfer by conduction,
convection, and_radiation; heal transfer in
engineering equipment by combined modes.

3642. HEAT-POWER. Credit 2 hrs. Spring,
2 Lect. Required of students in the School of
Civil Engineering. Prereq., 3630. Vapor cycles;

systems, air condition-

heat transfer; the elementary steam power
plant; compressors; internal “combustion en-
gines; air conditioning Mr. Fairchird.

3651, GRAPHICAL AND NUMERICAL
METHODS. Credit 3 hrs. Spring. 3 Rec. In-
tended for undergraduates but open to
graduate students. Design of slide rules, net-
work charts, and alignment charts; graphical
and numerical methods of solution of prob-
lems in thermal engineering; fitting empirical
equations to experimental” data; analysis of
errors. Mr. Mmackey.

£365_2. COMBUSTION THEORY. Credit 3 hrs.
pring. 3 Lect. Prereq., 3605, Intended for
graduate students and qualified fifth year stu-
ents. Application of the basic equations of
fluid flow and heat and mass ftransfer to
homogeneous and diffusion flames. Ignition,
quenching, rate processes, and dissociation
effects will be examined. Consideration will
be given to flame stabilization and practical
systems. Mr. mcManus. Not offered in less—
1964.]

3661, ADVANCED THERMODYNAMICS.
Credit 3 hrs. Fall. 3 Rec. Intended for graduate
students but open to %ualmed fifth. year stu-
dents. Prereq., 3601, 3602, or equivalent. A
rigorous and general treatment of the laws of
thermodynamics with emphasis on = mathe-
matical " development and "~ philosophical in-
terpretations; the pure substance; homogeneous
and heterogeneous systems; Gibbs and. Helm-
holtz_functions; Maxiwell relations; availability
and irreversibility; equilibrium. Mr. Conta.

3663. ADVANCED TURBOMACHINERY.
Credit 3 hrs. Fall. 3 Rec. Open to graduate
students and qualified fifth year Students.
Prereqs., 3602, 3604 or e(}uwalent. Aero-
and thermodynamic design of turbomachines.
Analysis of " flow in impellers and blade
passages. Review of analytic methods and use
of cascade data. The tréatment is general as
far as possible, but is applied specifically to
fans, compressors and pumps and to steam
as and hydraulic turbines. A major part of
e course is the aero-thermodynamic design
of a_ high performance compressor-turbine
combination. (Attention is drawn to 3362 as
?\Acompamon course for mechanical design.)
[. Shepherd.

3664. INTERMEDIATE FLUID MECHAN-
ICS. Credit 3 hrs. Spring. 3 Rec. Intended for
graduate students and qualified undergraduate
students.. A more advanced treatment of sev-
eral topics in 3603 and 3604. Extension of
theoretical hydrodynamics, use of complex
variables; waves; two-dimensional compressible
flow; method ~of characteristics; laminar
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boundary Ia?/er incompressible flow; turbu-
lence; turbulent boundary layer in a pressure
grad|ent. Mr. Shepherd.

3665. ADVANCED HEAT TRANSFER. Credit
3 hrs. Fall. 3 Rec. Prereq., 3605 or consent of
instructor. Basic modes of heat transfer are
considered from an analytic point of view.
Analytic results are compared with experi-
mental correlations. Solutions of reFresentatwe
heat conduction problems, a general method of
analysis, for diffuse radiation, boundary layer
convection solutions, similarity theory in tur-
bulent flow, transport in rarefied %ases, and
an introduction to numerical methods. Mr.
Gebhart.

3666. ADVANCED AIR CONDITIONING.
Credit 3 hrs. Fall. 3 Rec. Selected studies of
air conditioning Frmmples and air condition-
ing apparatus; solar loads and solar collectors;
heat pumps; air conditioning in transportation;
thermoelectric refrigeration. mr. Mackey.

3667. TEMPERATURE MEASURING IN-
STRUMENTS. Credit 3 hrs. Spring. 2 Lect.
1 Lab. Intended for graduate students but open
to qualified undergraduates. Prereq., 3605.
Theory, construction, calibration, and appli-
cation” of I|qU|d-|n-g{Iass thermometers, solid
expansion thermometers, pressure-spring ther-
mometers, resistance thermometers, thermo-
electric thermometers, optical pyrometers,
radiation pyrometers. Mr. D ropkin.

3670. ADVANCED COMBUSTION EN-
GINES. Credit 3 hrs. SBrmg. 3 Rec. Intended
for graduate students but open to qualified
undergraduates. Preregs., 3604, 3607 or eﬂuwa-
lent. Advanced study of topics in_ field of
re0|procat|n% engines, both spark-ignition and
diesel. Methods™ of thermodynamic analysis
and performance prediction ~ for free-piston
FOWGT plants and supercharged engines. Re-
ation of engine ﬁerformanpe characteristics
angd. Performanoe characteristics of automotive
vehicles. Recommended together with Course
3377 for study in automotive engineering. Mr.
Fairchild.

3671, AEROSPACE PROPULSION SYSTEMS.
Credit 3_hrs. Spring. 3 Rec. Preregs., 3603,
3604, 3607 or equivalent. Intended for graduate
students and qualified fifth year Students.
Application of thermodynamics ‘and fluid me-
chanics to the design” and performance of
thermal-jet and rocket engines in the atmos-
phere and in space. Mission analysis in space
as it affects the propulsion system. Considera-
tion of auxiliary power supply; study of ad-
vanced methods of space propulsion. M.
Shepherd.

3672. ENERGY CONVERSION. Credit 3 hrs.
Spring. 3 Lect. Intended for graduate students
but open to guallfled fifth year students. Pre-
reqs., 3601, 3602, 3603, 3604, or equivalent.
Primarily a classification and thermodynamic
analysis ~ of energ(}/ conversion  devices, but
energy sources and the storage of e,nerqy are
also “Considered. A study of conventional heat
engines and combustion engines; thermo-elec-
tric, thermionic, photovoltaic, and magneto-
hydroclynamic generators; and fuel cells. "Mate-
rials, design, and application to conventional
and space’ power requirements are also con-
sidered. Mr. conta.

3673. ADVANCED THERMAL ENGINEER-
NG MEASUREMENTS. Credit 3 hrs. Fall.
2 Lectures. 1 Lab. Intended for graduate stu-
dents but open to qualified fifth year students.
Theory and_operation of instruments used in
fluid flow investigations; hot wire anemom-
eters; density-sensitive optical systems; tran-
sient temperature and pressure measurements;
measurements in reacting systems; error anal-
ysis and treatment of data. Mr. mcManus. Not
offered in 1963-1964.]

3674. MICROSCOPIC THERMODYNAMICS.
Credit 3 hrs. Fall. 3 Rec. Intended for gradu-
ate and qualified fifth year students. Funda-
mental equations of kinetic theory. Maxwell-
Boltzmann statistics and quantum statistics
are derived and used to interpret the phenom-
enological transport and thermodynamic prop-
erties” of ideal, inert, and reacting gaseous
systems. Consideration given to real™ gases.
omputer knowledge desirable. Mr. pierce.

3680. ADVANCED CONVECTION HEAT
TRANSFER. Credit 3 hrs. Fall. 3 Rec. Prereg.
3605 or consent of instructor. Processes of
transport of thermal energy, momentum, and
mass in fluids are considered in detail.
Theories of transfer processes and analytic
solutions. Analytical and experimental results
compared. Transport equations for a fluid
delineation of Kinds of processes, differential
similarity, natural convection, forced convec-
tion at fow and hl_?h velocities. Boundary layer
solutions, similarity theories, and effécts " of
turbulence. Transport in rarefied gases. Mr.
Gebhart.

3681, ADVANCED CONDUCTION AND
RADIATION HEAT TRANSFER. Credit 3
hrs. Spring. 3 Rec. Prereq., 3605 or consent of
instructor.” Theories of conduction mechanisms.
The conduction of heat in solids under con-
ditions_of steady, unsteady, and periodic heat
flow with and without intérnal sources. Mathe-
matical, numerical, and analogue methods of
Froblem solution are consideréd. The various
ypes of thermal radiation processes in solids
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and, ?ases. Spatial and specular distribution of
radiation. Methods of calculation for radia-
tion in the absence and in the presence of ab-
sorbing and emitting gases. Mr. Gebnart.

3682. SEMINAR IN HEAT TRANSFER.
Credit 3 hrs. Spring. Two meetings of 2 hours
per week to be arranged. Prered., permission
of professor in charge. Discussion of fields of
active inquiry and “current interest in heat
transfer. Considerations of major recent work
and several summaries of associated contribu-
tions. Mr Gebnart.

3683. VISCOUS FLOW THEORY. Credit 3
hrs. Fall. 3 Rec. Prereq., permission of in-
structor. Intended for graduate students but
open to_qualified fifth year students with con-
sent of instructor. Stress and rates of deforma-
tion tensors; dissipation function, derivation
of the Navier-Stokes equations. Exact solu-
tions, very slow motion, boundary layers, jets
and wakes, hydrodynamic stability, turbulence.

Mr. Barrows.

3690. SPECIA
THERMAL E

[GATIONS IN

L INVESIG ,
NGINEERING. Spring. Credit

ELECTRICAL

REQUIRED COURSES

4021, TECHNICAL WRITING AND PRES-
ENTATION. Credit 3 hrs. Fall. 3 Lect.-Rec,
The development of the basic principles of
exposition, the. k_nowled?e of suitable form,
and the appreciation of function that will en-
able students to write and present reports and
codmmumcanons that meet professional stand-
ards.

4041, NONRESIDENT LECTURES. Credit 1
hr. Fall. 1 Lect. Given by lecturers invited
from industry and from certain_other depart-
ments of the University to assist students in
their_approach to employment and in their
transition from college to industrial life.

4113. TRANSMISSION LINES AND WAVES.
Credit 3 hrs. Fall, 2 Lect. 1 Comp. Prereq.
4112 Strip transmission line, one-dimensional
electromagnetic  waves; — mechanical ~ waves;
transients, reflections; sinusoidal wave func-
tions, impedance; four-terminal networks, res-
onators,  filters;  three-dimensional ~ waves,
oblique reflection; rectangular waveguide.

4122. ELEMENTS OF SYSTEM THEORY.
Credit 4 hrs. Fall. 2 Lect. 1 Rec. 1 Lab.
Prereqs., 4121 and 4114 or their equivalent,
Elementar¥ signals for_system analysis; model
making of syStem devicés (tubes, "transistors,
transducers, Sensors) with lumped parameters;

to deFe_nd upon hours of actual work. In-
formal instruction will be given to a limited
number of students interested in work to
supplement that given in courses in combus-
tion en%mes, power generation, fluid dg_nam-
ics, heat transfer, refrigeration, air condition-
ing, and instruments. Permission of the De-
partment necessary for registration Mr. snep-
herd.

3691. THERMAL ENGINEERING SEMINAR.
No credit. A one-and-a-half-hour meeting ap-
proximately every other week. Attendance
exg_ected_ of all graduate students with major
subject in_the Department of Thermal Engi-
neering. Talks hy graduate students, staff
members, and invited guests.

3698, 3699. PROJECT. Total credit 6 hrs.
Work of the ninth and tenth terms to integrate
the training in_mechanical engineering, prin-
cipally in the fields of thermodynamics, fluid
dynamics, heat transfer, combustion engines,
energy conversion, powerrplants, refrigeration,
and air conditioning. Staff.

ENGINEERING

matrix analysis of interconnected linear mod-
els; flow-?raphs and analysis by ,anal_o,? simu-
lation; _stability; physical realizability and
realization techniques; feedback control; s?/s-
tem parameter-sensitivity; design methods for
compensation; approximations in the frequency
and time domains; signal generation; System
optimization for deterministic signals.

4123, ELECTRONICS OF SIGNAL TRANS-
MISSION. Credit 4 hrs. Spring. 2 Lect. 1 Rec.
1 Lab. Prereq., 4122. Information content of
messages and the role of band-width and
noise ‘In signal transmission; sampling theory;
autocorrelation and _cross-correlation tech-
niques in signal analysis and detection; modu-
lation theory and’ techniques; probability
theory athed to signals; noise calculations
in nétworks and amplifiers; laboratory work
on measurements, wave shaping, modulation
circuits, feedback, and oscillation.

4165, INTRODUCTION TO ELECTRO-
MAGNETIC THEORY. Credit 4 hrs. Sprln%.
3 Lect. 1 Comp. Preregs., 2331 and 4113,
The foundations of electromalgnetlc_ theory
and its applications to electrical’ engineering;
vector analysis, including vector calculus; elec-
tric, magnetic, and électromagnetic fields,
Maxwell’s equations; applications include cir-
cuits, gen_erators, simple  magnetohydrody-
namic devices, wave guides, elementary an-
tennas, simple traveling-wave tubes.
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4221, ALTERNATING CURRENT MACHIN-
ERY. Credit 4 hrs. Fall. 1 Conf. 1 Comp.
Preregs., 4112, 4216, Theory, construction, and
operating characteristics of transformers, in-
duction “motors, synchronous machines, and
single-phase motors.

4226. ELECTRICAL MACHINERY LABO-
RATORY. Credit 4 hrs. Spring. 1 Lect. 1 Rec.
1 Lab. Prereq., 4221, Magnefization and cir-
cuits with nonsinusoidal voltages. Harmonics
in polyphase systems; instrument, constant
current, and constant potential transformers;
single-phase and polyphase induction motors;
synchronous machines.

SYSTEMS SEQUENCE

4301, LINEAR PASSIVE NETWORKS. Credit
3 hrs, Fall. 2 Lect. 1 Rec.-Comp. Prereq.,
Electrical Science 242 or 244 or equivalent,
Analysis of RLC networks with exponential
excitations; emphasis on the sinusoidal steady
state; orderly and exact procedures for solving
complex linear network proble_ms__stressm%
understanding of the physical significance o
all solutions;” matrix methods; limitations of
Bhysmal_networks; synthesis of periodic signals
y Fourier series.

4302. INTRODUCTION TO ACTIVE SYS-
TEMS. Credit 3 hrs. Spring. 2 Lect. 1 Rec.-
Comp. Pr,ere(1.., 4301. Analysis and design of
systems with linear and nonlinear, passive and
active elements; analytical and graphical tech-
nigues. Amplifiers, oscillators, electromechan-
ical transducers and modulators; equivalent
circuits; concepts of energy balance; feedback
and stabiljty; ‘application to instrumentation,
control, electromechanical energy conversion,
and communication.

54401. LINEAR SYSTEMS ANALYSIS. Credit
hrs. Fall, 3 Lect. 1 Rec.-Comp. Prereq., 4301,
Analysis of linear systems subjected to arbitrary
excitations. Fourier, double-sided Laplace, and
z-transforms by contour integration in_the
complex plane; frequency-domain analysis hy
transforms; time-domain “analysis by the con-
volution integral; relationship of ‘time- and
frequency-domain  analyses, s-plane transfor-
mations; smgulanty functions applied to signal
synthesis and the representation of initial con-
ditions. Not to be offered until 1964-1965.]

E4402. ACTIVE SYSTEMS, Credit 4 hrs,
ring. 3 Lect. 1 Rec. Preregs, 4302 and
44017 Analysis of s?/stems confaining passive
elements and controlled sources. Formal meth-
ods; matrix analysis of interconnected linear
models; flow graphs and analoq. simulation;
methods for de _ermmm? stability; S){stem-
parameter sensitivity and teedback; signal gen-

eration; filter synthesis; compensating net-
works; physical réalizability; linear time-varia-
ble networks. Emphasis on the physical and
mathematical ~understanding  required to
achieve desired system behavior. Not to be
offered until 1964-1965.]

4501, SYSTEMS WITH RANDOM SIGNALS.
redit 4 hrs. Spring. 3 Lect. 1 Rec. Prereq.,
4402. Modulation theory; basic principles of
AM and FM; introduction to random Signals;
heuristic development of random variables
and processes; statistical and time averages;
analysis of linear systems with random excita-
tions; noise in physical systems; optimization
techniques; filtering; prediction; compensation;
matched systems. Not to be offered until
1965-1966.]

4502, STATISTICAL ASPECTS OF SYSTEM
NALYSIS. Credit 4 hours. Fall. 3 Lect. 1 Rec.
Prereq., 4501. Development of statistical con-
cepts ‘and their application to system prob-
lems. Sampling; estimation of “parameters;
regression; hypothesis Iestl_n%. Basic elements
of " information theory wit apPhcanon to
various transmission systems. Not to be offered
until 1965-1966.)

ELECTROPHYSICS SEQUENCE

4311. ELECTROMAGNETIC WAVES. Credit
4 hrs, Fall. 3 Lect. 1 Rec.-Comp. Preregs.,
Electrical Science 242 or 244 and Math 294,
Foundations of electromagnetic theory for
propagation and radiation “of electromagnetic
waves; Maxwell’s equation; transmission "lines,
one-dimensional waves; plane waves; oblique
reflection; guided waves, strip-line and rec-
tangular wave quide; radiation; elementary
anténna concepts.

4312, APPLIED THERMODYNAMICS. Credit
4 hrs. S nnp%. 3 Lect. 1 Rec.-Comp. Preregs.,
Chem 276, Physics 224. Brief review and appli-
cations of general laws of thermodynamics to
g[;ases. Elements of one-dimensional” compress-
ible-gas dynamics, channel flows, shock waves
and “applications in flow systems; elements o
kinetic theory, a derivation of the Navier-
Stokes equations and Boltzmann’s equation;
quantum statistics applied to heat capacities,
chemical  reactions, -and ionized gases; basic
formulation of fluid plasma equations and
waves in the plasma.

L4411. QUANTUM THEORY. Credit 4 hrs.
all. 3 Lect. 1 Rec.-Comp, Prereq., 4312. In-
troduction to nonrelativistic quantum theary;
experimental basis for wave-particle duality;
structure of the theory in terms of wave func-
tions, operators, and matrix elements; solution
of Schroedinger’s equation for one- and three-
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dimensional Potenuals;_ angular momentum;
perturbatjon heory;_si)_ln; interaction of atoms
with static and radiation fields; central field
model of atomic structure and the Pauli ex-
clusion principle, quantum statistics; structure
of cr)l/stalllne solids. Not to be offered until
1964-1965

{:4412. SOLID-STATE PHYSICS. Credit 4 hrs.
all. 3 Lect. 1 Rec-Comp. Prereq., 4411 In-
troduction to solid-state. physics based on
quantum theory; binding in ignic and covalent

crystals; free electron théory of metals with ap-

plication to electrical conductivity and electron
emission; band theory of solids; semiconductor
theory including application to p-n junction
devices; dielectric properties of solids; magne-
tism: super-conductivity. Not to be offéred
until 1964-1965.]

L4511. ELECTRODYNAMICS. Credit 4 hrs.
-all. 3 Lect. 1 Rec. Prereqs., 4312, 4402. Static
fields; electroma?_netlc stresses, ~ forces and
torques; quasi-stationary fields, eddy currents;
electromechanical ene_r%y_ conversion; traveling
waves generated by distributed currents; trans-
formation to. movln? reference frames, uni-
polar induction; interaction of fields with
rigid and fluid conductors in motion; inter-
action of fields with charged particles and
PlasmaS' transport processes in plasmas. Not
0 be offered until 1965-1966.]

4512, FIELDS, WAVES AND ELECTRONS.
redit 4 hrs. Spring. 3 Lect. 1 Rec. Preregs.,
4412, 4511. Electromagnetic fields and waves in
metal and dielectric wave guides and cavities;
plasma and electron-beam™ generation; fields
and waves in stationary and moving plasmas,
coupling of modes ©of wave propagation;
sources of electronic noise. Not to he offered
until 1965-1966.]

LABORATORY SEQUENCE

4321, ELECTRICAL LABORATORY I. Credit
4 hrs. Fall. 1 Lect. 2 Labs. Basic instrumenta-
tion and electrical measurements involving cir-
cuits and fields of passive electrical elements;
elementary mechanical and electrical resonant
circuits; and an_experimental introduction to
physical electronics.

4322, ELECTRICAL LABORATORY II.
Credit 4 hrs. Spring. 1 Lect. 2 Labs. Basic
experiments concerning parallel wire trans-
mission lines; ene,r|gy conversion methods; am-
plifiers and oscillators; high vacuum tech-
niques; and fundamental properties of plasmas.

%1421_. ELECTRICAL LABORATORY IlI.
redit 4 hrs. Fall. 1 Lect. 2 Labs. Advanced
experiments concerning wave composition and
shaping; analog computers; modulation; inter-

action of rotating and traveling electromagnetic
waves with solid and fluid conductors; high
frequency properties of dielectrics; high fre-
quenckr_ properties of plasmas; and reflection,
refraction, and scattering of radio waves. Not
to be offered until 1964-1965.]

4422, ELECTRICAL LABORATORY V.
redit 4 hrs. Spring. 1 Lect. 2 Labs. Advanced
experiments concerning filters; feedback am-
leers; _multivibrators; parametric amplifica-
ion; noise; drift, diffusion and recombination
of carriers in semiconductors; internal fields
and spontaneous polarization; magnetic reson-
ance; and physical properties of C.W. optical
gas masers. Not to be offered until 1964-1965.]

HONORS PROGRAM

54403. SYSTEMS ANALYSIS. Credit 4 his.
Lect. 1 Rec.-Comp. Prereqs., 4302, and Math
422. (Intended for students in the Pre-graduate
Honors Program.) Application of mathematical
concepts to"the analysis of linear systems sub-
jected to arbitrary” excitations. Analysis of
systems contamm% passive elements and con-
trolled sources; Tlow graphs, feedback and
stability, methods for determining system
stability, signal generation and_analysis of
linear and_ronlinéar oscillators. Physical real-
izability, linear time varying networks. Appli-
cations” of the formal analysis techniques to
systems, of practical importance will be pre-
sented in the recitation-computing sections. Not
to be offered until 1964-1965.]

[FMM' PROBABILITY THEORY AND SYS-
EM APPLICATIONS. Credit 4 hrs. 4 Lect,
Prereq., 4403. (Intended for students in the
Pre-giraduate Honors Program.) Mathematical
development of probability theory with aPpI|-
cations to random processes in linear systems
Basic rules of probability; sets; combinational
analysis. Random variables; expected values;
characteristic functions, Statistical averages;
law of large numbers. Random ?rocesses;_c_or-
relation functions; power  spectral densities.
Linear system analysis with' random inpuf;
mput-outFut relations; Gaussian processes, in
linear systems. Selected topics in_ the statistical
aspects of system analysis.. Individual prepara-
tion and seminar preséntation of selected topics
will be encouraged. Not to be offered until
1964-1965.]

k4414. ELECTROPHYSICS HONORS SEMI-
AR. Credit 4 hrs. Spring. Preregs., Math
423, 4411 I_ﬁlntended for students in' the Pre-
?_raduate onors Pro%ram.) Electromagnetic
ields and forces, electroméchanics; traveling
electromagnetic waves, Waveqmdes, cavities;
maintenance, diagnosis of plasmas, electro-
maPrJetlc fields and waves in stationary and
drifting plasmas; thermal and quantum Sources



COURSES—ELECTRICAL ENGINEERING 93

of electronic noise. Individual preparation and
seminar presentation of selected topics. Not to
be offered until 1964-1965.]

ELECTIVE AND GRADUATE
COURSES

GENERAL

4090. SPECIAL TOPICS IN ELECTRICAL
ENGINEERING. Credit 1 to 3 hrs. Seminar,
reading course, or other speual arrangement
agreed upon between the students and faculty
members concerned.

4091 and 4092. PROJECT. Credit 3 hrs. Fall
and spring. Individual study, anaI){ﬁls, and
usually experimental tests in”connection with
a special engineering problem_ chosen by the
student after consyltation with the faculty
member directing his project; an engineering
report on the project is required.

4095, INTRODUCTION TO RANDOM
PROCESSES. Credit 3 hrs. Fall. 3 Lect. Pre-
req., 4123 or consent of instructor. Mathe-
matical development of probability theory and
the theory of random processes in linear, sys-
tems. Sets and measure, axioms of probability.
Random variables, distributions, expectations
and moments, characteristic functions, laws of
Iar%_e _numbers, the central limit theorem.
Statistical description of random process, sta-
tionarity, correlation functions, spectral densi-
ties, Gdussian random processes, Input-output
relations for linear systems with random ‘ex-
citations. Orthogonal representation of signals,
the sampling theorem.

POWER SYSTEMS AND MACHINERY

4325 ELECTRICAL MACHINE THEORY.
Credit 3 hrs. Fall. (Offered only if demand
is sufficient) 1 Conf. 1 Comp. Prereq., 4226.
Space harmonics; parasitic torques; two-reac-
tion analysis; transient impedances; symmet-
rical component impedances; single-phase mo-
tor analysis; commutator-type a-c machines.

4326. ELECTRICAL MACHINERY LABO-
RATORY. Credit 3 hrs. Spring. {Offered only
if demand is sufficient.) 1 Lect.” 1 Lab. Prereq.,
4321, Salient-pole synchronous machines; in-
duction motor loss separation; energy meter-
ing; special topics.

4351, UNIFIED THEORY OF ELECTRO-

MECHANICAL SYSTEMS. Credit 3 hrs. Fall.
2 lect-Rec., 1 Lab.-Comp. Prereqs., 4114
1221 "or equivalent. Electric machines studied
as networks of coupled circuits, with period-
ically varying parameters; matrix analysis of

networks; forces and torques in electromechan-
ical systems; electromagnetic and electrostatic
transducers;. smgle_-ﬁha_se a-C generators; Kron’s
basic machine ‘with its practical derivatives;
the synchronous, induction, and commutator
machines, in the transjent and steady state;
fre,quency{-response methods applied to ma-
chines; Tlaboratory exercises using the gen-
eralized machine.

4541, APPLIED ACQUSTICS. Credit 3 hrs.
Fall. 2 Lect-Rec. 1 Lab. Lab assignments to
meet individual needs. Prereq., 4123. The
laws of ideal gases, the thermodynamic prop-
erties of air, and the laws of the propagation
of compressional waves; the transmission of
sound through tubes, horns, and unbounded
media; the design of sound sources, micro-
phones, loudspeakers, and wax, lacquer, mag-
netic, and photographic recorders; reflection,
absorption, and reverberation.

4551, RADIQO AIDS TO NAVIGATION. Credit
2 hrs. Sprm%. 2 Lect-Rec. Prereq., 4123
Long-wave and medium-wave direction finders
and_ radio beacons; atmospheric effects and
limitations on_ accuracy, medium-frequency
pulsed transit-time systems and high-frequency
return-signal  systems, with application  to
long-range navigation and precision. mappmgl;
airport approach systems and traffic control.

ELECTRONICS AND MICRO WAVES

4521, MICROWAVE LABORATORY. Either
term, Credit 1-3 hrs, At least 2 lab. for 3 hrs.
credit. Prereq., either 4527 or 4561 must
precede or be taken concurrently. A wide
variety of experiments is available in the
area of measurement of active and passive
microwave devices, including Klystrons, travel-
ing wave tubes, magnetronsl cavities, micro-
wave components, and periodic structures. The
experiments are designed to encourage the
exploration of the device characteristics while
simultaneously developing measurement tech-
mgues which” range in character from sstand-
ard techniques fo those of considerable sophis-
tication. In addition to performm? several of
the available experiments the student will
design and execute some laboratory project
of interest to him. Stress is laid ‘on inde-
pendent work by the student.

4526. ELECTRON DYNAMICS. Credit 3 hrs.
Fall. 2 Lect. 1 Lab. Prereqs., Physics 314, and
4122. Fundamental theory of Tlow-frequency
electron devices; emission; conformal mapping;
Farncle dynamics; electrostatic and magnetic
enses; s#)ace charge phenomena; limitations
at high fr

Version;

equencies; noise; thermoelectric con-
motion of electrons and holes in
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metals and semiconductors; junction diodes
and transistors.

4527, MICROWAVE ELECTRONICS I. Credit
3 hrs. Spring. 3 Lect. Coreqs., 4526 and 4565
or consent of the instructor. Study of the
theory of the interaction of electron streams
and ‘electromagnetic waves in localized and
distributed regions; the electron-ballistic and
the space-charge-wave approaches; application
to planar vacium tubes and microwave tubes.
It is suggested that 4521 be taken concurrently.

4528, MICROWAVE ELECTRONICS I,
Credit 3 hrs. Fall. 3 Lect. Preregs., 4527 and
4561, Topics will be discussed drawn from
these areas: propagation of electromagnetic
waves in periodic structures, anisotropic media,
and plasmas; theory of the interaction between
electron heams and Cuits inc
ing linear and nonlinear effects; noise in micro-
wave devices.

4352. ELEMENTS OF POWER SYSTEM
ANALYSIS. Credit 3 hrs. Fall. 2 Lect.-Rec.

1 Lab.-Comp. Preregs., 4113, 4226 or equiva-

lent. Studies of power systems through the

application_of equivalent “circuits of synchro-
nous machines, transmission lines, transform-

ers and static loads; power-system network

theory; power angle equations and circle dia-

grams; the two-machine system; load flow and

voltage regulation of comFIex Isys_temsf' sym-
ana>{3|s of com-

metrical components; faul C0
plex systems; ‘introduction to system stability;
use of a-c and
puting aids.

4353, TRANSIENT ANALYS|S OF POWER
SYSTEMS. Credit 3 hrs. Sprln%. 2 Lect.-Rec.
1 Lab.-Comp. Prereqgs., 4351, 435

lent. Study of synchronizing and damping

torques for salient-pole and™ solid-rotor ma-

chines; application” of constant-flux-linkage
theorem to halanced and unbalanced faulfs;

basic assumptions for transient stability stud-

ies; voltage regulators and_ governors; ‘control

of system™ frequency; application of a-c net-
work analyzers and” digital computers to tran-

sient problems; theory of the electric arc;
a-C arc _mterruEtlng media; simulated testing
of circuit breakers.

4371 HIGH-VOLTAGE PHENOMENA.
Credit 3 hrs. Spring. The study of problems
of the normal operation of power systems at
very high voltages, of the abnormal condj-
tions imposed by lightning, of the methods
emFone to assure proper operation of power

ems and apparatus under hlqh-voltage con-

syS
d¥tions, and of the devices available for labo-

ratorY testing of equipment under actual or
simulated conditions.

microwave circuits includ-

d-c network anélyzers as com-

2 0r equiva-

RADIO AND COMMUNICATION

4501 RADIO AND COMMUNICATION
SEMINAR. Credit 1 to 3 hrs. Fall and_ spring.
Primarily for graduate students. Reading and
discussion of “technical papers and publjca-
tions in the field of radio and communication.

4511, PHYSICAL BASIS OF ELECTRONIC
ENGINEERING. Credit 3 hrs, Fall. 3 Lect.
Prereqs., 4113, 4121, Physics 314. The con-
trol and use of electrons 'in modem electronic
engineering. The underlying Phcrs;cal phenom-
ena of electronic devices treated in depth, in-
cluding power exchanges, noise generation,
nonlinearity and frequency band-width limi-
tations, ccnventignal, microwave, and quan-
tum electronic principles.

4512, FIELDS, WAVES AND ELECTRONS.
Credit 4 hrs._ Spring. 3 Lect. 1 Rec. Preregs.,
4412, 4511, Electromagnetic fields and waves
in metal and dielectric wave guides and cavi-
ties; plasma and electron-béam generation;
fields ‘and waves in stationary and moving
plasmas, coupllnq of modes of wave propaga-
tion; sources of €lectronic noise.

4516, 4517. RADIO AND COMMUNICATION
LABORATORY. Credit 3 hrs. each. Fall and
spring respectively. Either or both may be
taken. (Offered only if demand is sufficient.)
1 Rec. 1 Lab. Preregs., 4113 and 4123. Choice
of three to five different experiments from
the field of electronic circuits, networks, trans-
mission lines; wave guides, and antennas.
Experiments selected to meet individual needs.

4529. SEMICONDUCTOR ELECTRONICS 1.
Credit 3 hrs. Fall. 2 Lect. 1 Lab. Preregs.
Physm_s 314, and 4123. Motion of electrons and
holes in semiconductors; IheorY of P-N junc-
tions, metal-semiconductor contacts, and junc-
tion triodes; preparation of materials’ and
fabrication of devices; characteristics of diodes
and rectifiers, tunnel diodes, solar batteries,
transistors, four-laver devices Edlodes, con-
trolled rectifiers, and switches), etc.; transistor
equivalent circuits; bias-stabilized transistor
amplifiers.

4530. SEMICONDUCTOR ELECTRONICS II.
Credit 3 hrs. Spring. 2 Lect. 1 Lab. Prereg.,
4529, A continuation of Semiconductor Elec-
tronics | with emphasis on the application of
semiconductor _devices as active or passive
elements in circuits for use as power sup-
plies, power converters, amplifiers, oscillators
and multivibrators, pulse circuits, gates and
switches, modulators, and other circuits.

4531, QUANTUM ELECTRONICS 1. Credit
3 hrs. Fall. 3 Lect. Prereq., Physics 325-326
or 4165 and Physics 443 or 314. A detailed
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treatment of the Iphysmal principles under-
I%mg masers and [asers. Topics will include
the Interaction of radiation and matter; quan-
tum properties of an electromagnetic radiation
field; the coherence properties of spontaneous
and stimulated emission of radiation; theory
of partial coherence; thermal equilibrium and
non-equilibrium in  paramagnetic ~ systems;
quantum theory of,an%ular mementum_ with
application to atomic structure; properties of
paramagnetic ions in crystals.

4532, SU,ANTUM ELECTRONICS Il Credit
3 hrs. Spring. 3 Lect. Prereq., Quantum Elec-
tronics I orconsent of instructor. A continua-
tion of the treatment of the physmal_f)n_nm les
underlying maser devices. Topics will include
the analysis of solid state and gaseous masers
and lasers including the methods used to qb-
tain state inversion; operating characteristics
of the most _|mF_ortant of these_ devices; semi-
conductor injection lasers; nonlinear processes
such as, double quantum absorbtion, harmonic
generation, ~ photomixing;  applications  of
masers and lasers.

4561, MICROWAVE THEORY AND TECH-
NIQUES. Credit 3 hrs. Fall. 3 Lect. Prereg.,
4565 or equivalent. Theory of microwave cir-
cuits; normal modes in uniform waveguides
and cavities; power_and energy relations; ob-
stacles i waveguides and mhqmogieneous
media; perturbational and variational tech-
niques; periodic circuits.

4562. MICROWAVE ELECTRONICS SEMI-
NAR. Credit variable, Spring, Fields and waves
in plasmas; beam-plasma interaction; fields
and waves in ferrites; millimeter waves; micro-
wave filters; advanced beam-circuit interaction.
Microwave electronics staff.

ELECTROMAGNETIC WAVES
AND PROPAGATION

4566. INTRODUCTION TO PLASMA PHYS-
ICS. Credit 3 hrs, Fall. 3 Lect. Prere(i_s. 2331
and 4565, or_equivalent. Charged particle dy-
namics; continuum plasma theor%; conduction
of electricity in gases; magnetohydrodynamcs
with applications;  transverse and "longitudinal
\{\_/gxes; magneto-ionic theory with “applica-
ions.

4567. RADIO WAVE PROPAGATION. Credit
3 hrs. Spring. 3 Lect. Prereq., 4565. Influence
of the fropfhosphere on radio wave pro(j)_a?a,-
tion; dielectric properties of air and disfri
butions of refractive index; propagation in
standard and nonstandard atmospheres; dif-
fraction around a spherical earth;, inhomo-
geneities of refractive index; scattering.

4568. ANTENNAS. Credit 3 hrs, Spring. 3
Lect. Prereq., 4565. Theory of radiation and
reception; directional characteristics; imped-
ance; elementary theor?/ of cylindrical anten-
nas,; Huy%ens’ rinciple; apérture antennas;
antenna ‘thermodynamics.

4581. MAGNETOHYDRODYNAMICAL
PROCESSES IN THE SOLAR SYSTEM,
Credit 2 hrs. Fall. 2 Lect. Prereq., 4565 or
Physics 325-26. Theories of solar phenomena—
solar flares, prominences, coronal features; the
interplanetary plasma—density, velocity, ioni-
zation, magrietic fields; cosmic ray effects as-
sociated - with solar events—production and
modulation; theories of magnetic disturbances,
magnetic storms, aurorae, Van Allen radia-
tion, and associated ionospheric effects.

SYSTEM THEORY

4115, PRINCIPLES OF NONLINEAR SYS-
TEMS. Credit 3 hrs. Fall. 3 Lect. Prereq.,
4114 or equivalent. Analysis of first and  sec-
ond order nonlinear systems with applications.
Phase-plane analysis, Static equilibrium, limit-
ci/cle_sj Poincare-Bendixson Theory, Orbital
stability, Geometrical analysis of periodic sys-
tem behavior, bifurication.” Theory of van der
Pol method of averaging. Graphical construc-
tion of phase trajectories. Piecewise linear and
stepwise. approximations. Relaxation oscilla-
tlons._L|anunov’s first and second method on
stability. Forced oscillations, harmonic balance.
Duffing’s equation, jump and hysteresis phe-
nomena, subharmonics. Frequency entrain-
ment. Parametric excitation and amplification.

4563. RANDOM PROCESSES IN COMMUNI-
CATION SYSTEMS. Credit 3 hrs. Spring. 3
Lect. Prereq:, 4095 or consent of instructor.
The generation and processing of signals in
communication systems. Characterization  of
time-varying deterministic systems, generalized
modulation. Characterization of time-varying
non-deterministic systems; random_ chanfels
multipath distortion, Doppler shift. Signal
detection and processing; linear and non-
linear smoothing and prediction, signal-to-
noise ratios in” simple detectors, matched
filters, radar detection and ambiguity func-
tions. Comparison_ of communication “systems
in the presence of noise.

4564, TRANSMISSION OF INFORMATION.
Credit 3 hrs. Spring. 3 Lect. Prereq., 4095
or_consent of instructor. Selection of hdehty
criteria for accurate and efficient transmission
of information. Efficient representation of
outputs of message sources. The entropy
measure and its properties. Encoding for relia-
ble communication through discrete memory-
less noisy channels. Rate of information
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transmission and the probability of decodmg
error, channel capacity. Systematic codes an
the _instrumentation “problem. Time-discrete
continuous_channels. Coding and decoding for
the band-limited Gaussian” channel. Applica-
tion of information theory to the analysis and
design of communication systems.

4571. MODERN NETWORK ANALYSIS.
Credit 3 hrs. Fall. 3 Lect. Prereq, 4122 or
equivalent. Network topology and its relation
to the analysis of complex systems; energy

functions: network functions; general realiza-

biIit}(. criteria; interrelationship of network
functions; Hilbert transforms;” flow graPhs;
generalized coordinates; scattering parameters.

4572, MODERN NETWORK  SYNTHESIS.
Credit 3 hrs, Spring. 3 Lect. Prereg,, 4571
Real-part sufficiency” and related topics; the
realization problem  of, drlvmg-ﬁomt and
transfer functions. Darlington’s ~tneory;. the
Miyata method;  Guillemin’s  zero-shifting
technique; iterative and other “classical” pro-
cedures; the approximation problem—I[east

square and Tschebyscheff sense—in the fre-

quency domain; time-domain synthesis; cor-
relation between frequency and fime domains.

4575. ADVANCED TOPICS IN SYSTEM
THEORY. A course centered about some
broad but particular problems of current
interest. Topics vary. from semester to semes-
ter. One of the major aims of the course is
to develop the abi |I¥ of students to select
needed information from available sources.
For fall 1963: statistical theory of signal
detection. Credit 3 hrs. Prereq., 4563, and
4564 or consent of the instructor. Description
of noise. Hypothesis Iestlnlg and detection of
signals, Estimation of signal’ parameters. Detec-
tlonlotf_ signals of unknown arrival time. Signal
resolution:

ILLUMINATION

4611, INTRODUCTORY [LLUMINATION.
Credit 3 hrs. Fall. 2 Rec. 1 Lab.-Comp. Prereq.
Physics 224. Problems commonly encountere
in “illumination engineering and the methods
of solution; sources of light; visual perception;
light control, both spectral and directional;

measurement of light sources and illumina-

tion; general illumination design; production
and mixing of colors; architectural objectives.

4612, ILLUMINATING ENGINEERING.
Credit 3 hrs, Spring. (Offered onl
mand is sufficient) 2 'Rec. 1 Lab.-Comp.

Prereq., 4611. Computation of light-flux dis-
tribution and study of difficult lighting prob-

lems; emphasis on specialized rather “than
general lighting problems.

if de-

4615. ILLUMINATION SEMINAR. Credit 2
hrs. Fall. (Offered only if demand is suffi-
cient) One 2-hour pefiod each week. Must
be accompanied, or preceded by 4611. Reports
on, selected topics of current interest in illy-
minating engineering.

CONTROL SYSTEMS AND
COMPUTERS

4711, FEEDBACK CONTROL SYSTEMS I.
Credit 3 hrs. Fall. 2 Lect. 1 Lab. Preregs.,
4122, 4216, 4221. Principles of feedback con-
trol ‘systems emphasizing analysis of perform-
ance “from equations and transfer-function
plots; Laplace transformations; error detecting
devices; ‘hydraulic devices; factors affecting
errors, dampmlg, and speed of response; cri-
teria for stabifty.

4712, FEEDBACK CONTROL SYSTEMS II.
Credit 3 hrs. Spring, 2 Lect. 1 Lab. Prereq.,
4711, Synthesis of “feedback control systems;
i)re_dmnon of performance from stability cri-
eria_and comparison with laborator P_er-
formance; relay control systems; consideration
of nonlinearity.

4713. RANDOM PROCESSES IN CONTROL
SYSTEMS. Credit 3 hrs, Spring. 3 Lect. Pre-
req., 4095 or 4712 or with consent of instruc-
tor. Optimum filtering and prediction. Limita-
tion. by fixed elements "in_ minimization.
Limitation of saturation in minimization. De-
sign of control system for minimum band-
width. Minimization_of mteglral square error.
Random processes in sampled data control
systems.  Analysis of nonstationary random
processes. Series approximation of” nonlinear
systems. Technique using differential and
integral equations for nonlinear systems. Qther
techniques for statistical analysis”of nonlinear
control systems. Minimization techniques by
the method of dynamic programming.

4714, OPTIMIZATION TECHNIQUES IN
CONTROL SYSTEMS. Credit 3 hrs. Sprm%.
3 Lect. Prereq., 4095 and either 4711 or 4571.
State-space concept. Solution of matrix-differ-
ential equations, state vectors and fundamental
matrix. Development of maximum principle;
minimum time problem, minimum energy
Broblem and generalized performance criteria.
evelopment of dynamic programming; opti-
mum design of discrete and “continyous con-
tro| systems via d)(,namw rogramming. Con-
troller implementation. Effects of inacCuracies
%n%roor]]ponents. Optimum design of adaptive

4720, SEMINAR IN CONTROL SYSTEMS.
Credit 2 hrs. Fall or spring. Preregs., 4713
and 4714, Open to graduate Students who are
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doing research in the area of control system
engifeering. Presentation and discussion of
current research and publications in control
systems and switching systems.

4810. ANALOG COMPUTATION. Credit 3
hrs. Fall. 2 Lect. 1 Lab. Prereq., 4121 or
4933. Concepts and principles of analog com-
EJ_utatlon; scaling and programming linear, non-
inear, and time-varying “systems of equations;
partial differential “equations;  adjoint com-
puter systems; matrix pro?rammmg. Laboratory
work involves solution of problems on_ a gen-
eral-purpose computer and by permission “can
be devoted in part to special projects to suit
the student.

4820, SWITCHING SYSTEMS I, Credit 3 hrs.
Spring. 2 Lect. 1 Lab. _Prereql., 4123 or consent
of _instructor. Switching . algebra; switching
devices; logical formulation™ and realization
of combindtional switching circuits; minimi-
zation aids; number representation and codes;
simple memory devices; synchronous sequen-
tial  circuits; counters; shift registers ~and
arithmetic units in a digital computer.

4821, SWITCHING SYSTEMS II. Credit 3
hrs. Fall. 3 Lect. Prereq., 4820 or equivalent.
Synchronous and asynchronous sequential cir-
cuits, formulation ‘and optimization; large-
scale memory units, selection and control;
further discussion of arithmetic units; inte-
grated study of switching systems mcludmgi
general-purpose  digital “computer,  contro

Switching, and communication switching; in-

troduction to the general theory of learning
machines.

COURSES FOR OTHER
ENGINEERING CURRICULA

4931, ELECTRICAL ENGINEERING. Credit
3 hrs. Fall and spr|n%. 2 Lect. 1 Comp.
Preregs., Math. 163, 1132 or 1152. An elemen-
tary study of direct-current electric circuits;
the concépts of resjstance, inductance, an
capacitance; magnetic cjrcuits; single-phase
and three-phase ~ alternating-current ~circuits;
instruments and techniqueS appropriate for
making measurements in all such circuits.

4932, ELECTRICAL ENGINEERING. Credit
3 hrs. Fall and spring. 1 Lect. 1 Rec. 1 Lab.-
Comp. Prereq., 4931, D-c generators and
motors, motor Starters and controllers; trans-
formers; induction motors; synchronous ma-
chines; a-c single-phase motofs; d-c and a-c
selsyn units.

4933, ELECTRICAL ENGINEERING. Credit
3 hrs. Fall and spring._1 Lect. 1 Rec. 1 Lab.-
Comp. Prereq., 4932 The characteristics and
anllcatlons of the various commonly used
electron tubes; rectifiers; amplifiers; oscilla-
tors; electronic control and instrumentation,

4991, ELECTRONIC CIRCUITS. Credit 3 his.
Fall. (Offered only if demand is sufficient.)

Lect. For ?_raduate students mago_nng in an
engineering field other than electrical. Alter-
nating-current circuits; characteristics of high-
vacuum tubes and transistors, small-signal
and large-signal amplifiers; feedback and os-
cillators; modulation and demodulation; sim-
ple wave-shaping circuits.

CHEMICAL ENGINEERING

5101, MASS AND ENERGY BALANCES.
Credit 3 hrs. Fall. 2 Lect. 1 Comp. Parallel,
Physical Chem|str){ 405. Engineering problems
involving material and heat balances. Flow-
sheet syStems and balances. Total energy bal-
ances ‘for flow systems. Messrs. winding,
Thorpe.

5102, EQUILIBRIA AND STAGED OQPERA-
TIONS. Credit 3 hrs. Spring. 2 Lect. 1 Comp.
Parallel, Physical Chemistry 406. Phase equi-
libria and phase diagrams. The equilibrium
staqe,; mathematical description of single and
multistage operations; analytical and “graph-
ical solutions. Messrs. W inding, Thorpe.

5103. 5104, CHEMICAL ENGINEERING
THERMODYNAMICS. Credit 3 hrs. Fall-
spring. 3 Lect. Prereqs., Chemistry 403, 404.
A study of the first and second” laws with
application to batch and flow processes. Phys-
ical and thermodynamic properties. Availabil-

ity; free energy; chemical equilibrium. Appli-
ction to gaS, compression; process steam:
power generation; adiabatic reactors; an
chemical process development. Mr. Von Berg.

5105. ADVANCED CHEMICAL ENGINEER-
ING THERMODYNAMICS. Credit 3 hrs.
Spring. 3 Lect. Prereq., 5104 or equivalent.
Primarily for graduate students. Application
of the general thermodynamic method to ad-
vanced "problems in ‘chemical en?m_eermg.
Evaluation, estimation, and correlation of
Rﬂropernes. Chemical and phase equilibria.
I. Von Berg.

5106, REACTION KINETICS AND REAC-
TOR DESIGN. Credit 2 hrs. Fall. 2 Lect.
Prereq., 5104. A study of chemical reaction
kinetics and principles of reactor design for
chemical processes.” Mr. Von Berg.

5107. ADVANCED  REACTION KINETICS.
Credit 3 hrs. Spring. 3 Lect. Primarily for
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graduate students, The_or?/_ and applications
of chemical reaction kinetics. Mr. Harriott.

5108. COLLOIDAL AND SURFACE PHE-

NOMENA. Credit 3 hrs. Fall. Prereq., physical
chemistry. Lectures, demonstrations, and prob-
lems in” the physics and chemistry of small
particles and surface films. Topics include
surface enerFy, surface films, electrokinetics,
and colloidal’’behavior. Applications to deter-
%ency,_ emulsions, catalysis, lubrication, and
ehavior of natural products. Mr. Finn.

5161, PHASE EQUILIBRIA. Credit 3 hrs,
Fall. 3 Lect. Prereq., physical chemistry. A
discussion of the phase rule and interpretation
of phase diagrams. A detailed studx of the
B[essure-tempera_ture-composmon-rela ions In
inary and multicomponent heterogeneous sys-
tems where several phases are of variable com-
[Josmon: Aqueous salt systems and metal sys-
ems will also be considered. Prediction of
phase data. Mr. Thorpe.

5203, 5204, CHEMICAL PROCESSES. Credit

hrs. 2 class periods. An analysis of impor-
tant chemical processes and industries. Fall
term, inorganic chemical processes; spring term,
organic chemical processes. Mr. ‘W iegandt.

5205. ANALYSIS OF PROCESS DESIGN.
Credit 2 hrs. Fall. Primarily for graduate
students. Reaction chemistry, reactor™ design,
and physical separations for" selected processes
recently undergoing major changes. Mr.
W iegandt.

5255, 5256. MATERIALS OF CONSTRUC-
TION. Credit 3 hrs. each term. 3 Lect. Pre-
regs., orparallel courses. Ph}/,s. Chem. 403,
404, An introductory presentation of the na-
ture, properties, tréatment, and applications
of the more important metals and alloys,
including extractive and physical metallurgy
and beRavior under service “conditions. Non-
metallic materials, including refractories, ce-
ment, _protective coatings, and plastics, are
also discussed. Messrs. M ason, Rodriguez.

5303, ANALYSIS OF STAGE PROCESSES.
Credit 3 hrs. Fall. 2 Lect, 1 Comp. Preregs.,

5101 and 5102. An analysis of separations in-
volving mass transfer in stage processes. De-

sign  variables,, b|nar¥_ and.” multicomponent
system calculations, effic .

mation for stage processes are considered. Mr.
W inding.

5304. INTRODUCTION TO RATE PROC-

ESSES. Credit 3 hrs, Spring. 2 Lect. 1 Comp.

Prereq., 5303. An introduction to fluid me-

chanics and heat transfer. Mr. J. C. smith.

5305. RATE PROCESSES AND UNIT OPER-
ATIONS. Credit 3 hrs. Fall. 2 Lect. 1 Comp.

iencies, and cost esti-

Prereq., 5304. Rate of mass transfer; analysis
of chemical gngineering systems. Extension of
{Jrevmus studie$ to cover the interrelation and
ransient aspects of unit operations. Mr. J. C.
Smith.

5353. UNIT OPERATIONS LABORATORY.
Credit 3 hrs. Fall. Lect. Rec. Lab. P_rereq.,
5304. Typical laboratory experiments involv-
ing unit operations equipment. Messrs. Har-

riott, Finn.

5354, PROJECT LABORATORY. Credit 3
hrs. Spring, Special laboratory projects in-
volving unit operations equipment.” Messrs.
Harriott, Finn.

5503, 5504. CHEMICAL ENGINEERING
COMPUTATIONS. Credit 2 hrs. Fall-sprmg.
Two class periods. Prereqs., or parallels, 5303
and 5304 or equivalent. Lectures and advanced
Rroblems in fluid_flow and heat transfer;
eterog‘_eneous equilibrium; ~ distillation; gas
absor? ion; and extraction. A selected num-
ber of the less conventional operations are also
considered. Mr. scheele.

5505. ADVANCED HEAT TRANSFER. Credit
3 hrs. Fall. 3 Lect. Prereq., 5503-5 or equiv-
alent. Advanced topics in heat transfer. Heat
transfer under unsteady-state conditions; nu-
merical ~approximation methods; analo%ms
amonq heat, mass, and momentum transter;
heat transfer to |I?UId metals; simultaneous
heat and mass transfer, etc. Primarily for grad-
uate students. Mr. J. C. smith.

5506. DIFFUSIONAL OPERATIONS. Credit
3 hrs. Spring. 3 Lect. Primarily for graduate
students. Advanced topics in diffusional opera-
tions. Molecular and turbulent diffusion in
binary and multicomponent systems; film,
boundary layer, and penetration-theory models
of ‘mass” transfer; applications to ditillation
gas absorption, liquid-liquid extraction, an
other industrial operations. Mr. Scheele.

5507. ADVANCED FLUID DYNAMICS. Credit
3 hrs. Fall. 3 Lect. Primarily for graduate
students. Advanced topics in Tluid dynamics.
Viscous laminar flow of Newtonian and non-
Newtonian fluids; flow stability; turbulent
flow; perfect fluid theory; boundary layer
theory; analogies among hieat, mass, dnd mo-
mentum transfer. Mr. Scheele.

5605, 5606, 5607, 5608. DESIGN PROJECT.
Credit variable. Fall and spring, Individual
projects involving the design of themical pro-
cesses and plants. Estimation of costs of con-
struction and operation, variation of costs and
profits with rate of production, etc. Staff.

5609. ANALYSIS AND DESIGN OF PROCESS
EQUIPMENT. Credit 3 hrs. Fall. 3 Lect. Prc-
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reg., 5304 or consent of instructor. Discussion
and analysis of ogera_th principles, design,
and selection of chemical process equipment.
Primary emphasis is on operations involving
solids and fluid-solid mixtures such as m|xmg|,
mechanical separations, size_reduction, crystal-
lization and drying. Mr. J. C. smitn.

5621, PROCESS EVALUATION AND DE-
SIGN. Credit 5 hrs. Fall. Prereqs., 5304, 5104.
Technigues, and case studies in chemical proc-
ess design influgncing reactors and separating
systems;” optimization of p_|ﬁmg and" equip-
ment; economic balance within~ process. Cost
estimating for process unjts and Elants. Com-
modity surve,Y and chemical market research.
Oral and wrilten presentation. Mr. York.

5622. PROCESS EVALUATION AND DE-
SIGN. Credit 5 hrs. Spring. Contjnuation of
5621. Plant location, process selection, process
design, equipment design and specifications;
Flant layout. Cost estimates and 'profitahility
or a chemical, petroleum, or_ petrochemical
product. Pilot plant operations, research
economics, product development, technical
service, and related commercial aspects. Oral
and written presentation. Mr. York.

5741 PETROLEUM REFINING. Credit 3 hrs.
Spring. 3 Lect. Prereq., 5304. A critical analysis
of the processes employed in petroleum refin-
Ing. M. W iegandt.

5742, POLYMERIC MATERIALS. Credit 3
hrs. Fall. 3 Lect. Polymerization reactions, man-
ufacture and properties of synthetic resins,
fibers, plastics, and rubbers. MI. Rodrigue:.

5743, PROPERTIES OF POLYMERIC MA-
TERIALS. Credit 3 hrs. Spring. Prereq., 5742,
Mechanical, electrical, and optical properties of
polymers. F_’henomenolo%lcal aspects and molec-
ular theories of non-Newtonian flow visco-
elasticity and ultimate tensile properties. Mr.

Rodriguez.

5745. ANALYSIS OF POLYMERIC PROC-
ESSES, Credit 3 hrs. Fall. 3 Lect. Prereq., 5742.
Technical and economic evaluations of the
principal processes used in manufacture of
resins, plastics, and elastomers, including
analyses of raw materials, reactor systems,
{)_ro uct preparation, and problems in distribu-
ion and marketing. Special emphasis on new
processes and means of reducing capital and
operating costs. Mr. Hedrick.

5746, CASE STUDIES IN THE COMMER-
CIAL DEVELOPMENT OF CHEMICA
PRODUCTS. Credit 3 hrs. Spring. 3 Lect.
Prereq., or parallel, 5622, For graduate and
selected fifth year students. Detailed analysis
of specific, cases mvolvmg the development of
new chemical products. Particular emphasis is

?_iven to é)lanning activities, research %ustif_ica-
ion, and market forecasting. Profitability
calculations and projections are required. Mr.
Hedrick.

5747. PROCESS CONTROL. Credit 3 hrs.
Fall. 2 Lect. 1 Lab. Prereq., 5304. Frequency
response and ftransient response of process
equipment. Brief description of control in-
struments. De5|fgn of processes and selection
of controllers for desired dynamic behavior.

Mr. Harriott.

5748, FERMENTATION ENGINEERING.
Credit 3 hrs. Spring. 2 Lect. 1 Rec. Preregs.
or parallel courses, Chemistry 404 or 408 and
any course in microbiology. ‘An advanced dis-
cussion of fermentation as'a unit process. Topics
include sterilization, aeration, agitation, and
continuous fermentation. Mr. Finn.

5749, INDUSTRIAL MICROORGANISMS.
Credit 1 hr. Fall. 1 Lect. Preregs., organic
chemistry and physical chemistry. A brieT in-
troductory course “in mmrobgologx for students
vFvnh a good background in chemistry. Mr.
nn.

5752. POLYMERIC MATERIALS LABORA
RY. Credit 2 hrs. Spring. | Lab. Prereq.,

5742. Experiments in the formation, character-

ﬁanon, fabrication, and testing of polymers.
[. Rodriguez.

5760. NUCLEAR AND REACTOR ENGI-
NEERING. Credit 2 hrs. Spring. 2 Lect. Fuel
processing and isotope separatjon, radioactive
waste disposal, fuel ‘cycles, radiation damage,
biological effects and Razards, shielding, power
reactors. Mr. von Berg.

5851, CHEMICAL MICROSCOPY. Credit 3
hrs. Either term. 1 Lect. 2 Lab. Preregs., or
parallel courses, Chemistry 403, 404, or 407, 408
and Physics 123, 124 or special ‘permission,
Microscopical examination of chemical and
technical materials, processes and products.
Measurements, particle size determination, an-
alyses of mixtures, crystallization,  phase
changes and colloidal phienomena, lens sys-
tems and photomicrography. Mr. Mason.

5853. MICROSCOPICAL QUALITATIVE AN-
ALYSIS (INORGANIC]n. Credit 2 hrs. or more.
Offered on demand either term. Prereq., 5851.
Laboratory Penods to be arranged. Laboratory
practice in the analysis of inorganic substances
containing the more common elements. Mr.

Mason.

5859, ADVANCED CHEMICAL MISCROS-
COPY. Credit 1 hr. or more. Offered on de-
mand either term. Prereq., 5851 and special
permission. Laboratory practice in special
methods and special applications of chemical
microscopy. Mr. Mason.



100 COLLEGE OF ENGINEERING

5900. SEMINAR. Credit L hr. Fall-spring.
General chemical engineering seminar re-
quired of all graduaté students majoring in
the field of chemical engineering. Mr. Roa-

riguez.

5909. RESEARCH SEMINAR. Spring. 1 Lect.
Required of all students enrolled in the pre-
doctoral honors program. An introduction to
the research methods and techniques of chem-
ical engineering.  Mr. W inding.

5952, 5953, 5954. RESEARCH PROJECT.
Credit 3 hrs.; additional credit by special per-
mission. FaII-sprln%. Prereq., 5304. Research
on an original problem in chemical engineer-
ing. Staff.

5955, 5956, SPECIAL PROJECTS IN CHEM-
ICAL ENGINEERING. Credit variable. Either
term. Research or studies on special problems
in chemical engineering. Staff.

MATERIALS AND METALLURGICAL ENGINEERING

6112. METALS TECHNOLOGY. Credit 2 hrs,
Spring. 2 Lect. Prereq., 1243, An advanced
coursé for students in mechanical engmeenngi
covering the mechanical and = metallurgica
factors “affecting service behavior of metals
under static and,dynamlclloaqu. Subjects
covered include failure criteria, brittle fracture,
creep, embrittlement, fatigue, and corrosion.

6301 STRUCTURE OF MATERIALS I. {OId
6353) Credit 3 hrs. Fall. 3 Lect-Rec. 1 Lab.
Prereq., concurrent, registration in 6311 and
6313. ' Characterization of metallic and non-
metallic structures by the most useful labora-
tory techniques, principally optical microscopy
and X-ray diffraction,  Structures of materials
are related to composition, thermal history and
both mechanical and physical properties.
Techniques of specimen preparation, principles
and use of microscopes and metallographs are
treated. X-ray diffraction theory and tech-
niques are introduced and applied to determin-
ation of structure of materials. Mr. N ewkirk.

6302. STRUCTURE OF MATERIALS Il
£0Id 6354) Credit 3 hrs. Sprm(};_. 1 Lect 2
abs. Prereq., 6301. A continuation of 6301
with emphasis on structural changes in specific
materials resulting from particular mechani-
cal and thermal “treatments. Quantitative
microscopy is treated and more advanced
technique$ in, X-ray diffraction, micro-radiog-
raphy,  chemical analysis by X-ray fluores-
cencé and dilatometry ‘are included. Mr. New-
Kirk.

6311, MATERIALS SCIENCE I. Fall. Credit
4 hrs. Prereqs., Chemistry 276 or 285, Applied
Differential * Equations ~ 1155 Physics ' 224,
226 or 228, Mechanics 211, 3 Lect One 212
hr. lab. per week as assigned. Binding of
atoms, Arrangement of atoms in molecules and
crystals. Diffraction and structure. Equilibrium
of assemblies of matter. Rate processes involv-
ing assemblies of matter. Metastable states of
matter. Elastic and plastic deformation_ of
matter under static_and dynamic stress. The
IaboratorY work includes experiments in
crystal structure by X-ray diffraction, phase

equilibria using thermal analysis and quench-
ing, microstructure of materials using micros-
copy, crystalline imperfections by quenchmg
and’ electrical res_lst|V|t_¥ and Dy polarize
light and etch pits, diffusion of carbon in
iron_ by carburizing and hardness profiles and
by intgrnal friction, metastable states studied
by microstructure and hardness, mechanical
%opertles of materials by tensile testing.

€SSIS. Ruoff, Blakely, Ghate, Howe, Jef-
frey, Johnson, Rhodin, Scala, Taylor,
Weart.

6313. MATERIALS SCIENCE | (a). Fall,
Credit_3 hrs. Prereqs. are the same as 6311, 3
Lect. The lecture material and staff are the
same as for 6311.

6323. METALLURGICAL THERMODYNAM-
ICS. (Old 6403) Credit 3 hrs. Fall. 3 Lect.
A discussion of thermodynamic equilibria
with emphasis upon metallic liquid and  solid
solutions.  Topics considered include binary,
ternary, and quaternary phase _dlagram_s;
thermodynamic probability and disorder in
c;yslals; ‘partial and integral molar properties
of solutions and their “applications; experi-
mental_methods used in determining thermo-
dynamic parameters. Mr. Li.

6324. METALLURGICAL THERMODYNAM-
ICS.. (Old 6404) Credit 3 hrs. Spring, 3 Lect.
Topics considered include the equilibrium con-
stant, the partition function, phase field bound-
aries in heterogeneous_sYstems, chemical stabil-
ity of ceramic materials, mastastable phases,
zone purification, vacyum metallurgy, reactive
atmospheres, order-disorder phendmena in
alloys, surface thermodynamics. Mr. Li.

6411, PHYSICAL METALLURGY 1. Credit
3 hrs, Fall. 3 Lect. Not offered after 1963-1964.
See 6435. Prereq., 6301 and 6302 (or 6353,
54). Discussion of the structyral basis of be-
havior of materials with emphasis on metallic
materials. Topics include dislocations, two-
dimensional structural discontinuties, plastic
deformation, nucleation, solidification, cor-
rosion, diffusion, oxidation, radiation damage,
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theory of alloys, electrical and magnetic prop-
erties, recovery, recrystallization “and grain
?rowth, solid state transformations d(d|ffu_s|_on-
pss and diffusion-controlled), hardenability.
Mr. Weart.

6314. MATERIALS SCIENCE 11 (a). Credit 3
hrs, 2 Lect. 1 Lab. Prereq,, 6311, The objectives
and philosophy of Materials Science I are con-
tinued to include chemical behavior, prope[tles
of surfaces, properties of composite materials,
specific _applications of engineering materials,
dielectric "behavior, chargeand heat transport
in solids, semiconductor properties and the
behavior of magnetic materials.

6412. PHYSICAL METALLURGY II. Credit
3 hrs. Spring.. 3 Lect. See 6435. Prereq., 6411
This course™ is a continuation of 6411. Mr.
Weart. Not offered after 1964-1965.

[6423. THERMODYNAMICS. Credit 3 hrs, 3
ect, Prereq., 8121 or equivalent. Application
of thermodynamics, topics include solutions
phase equilibria, defects in solids, surfaces and
order-disorder reactions. Mr. Li. First offered
in fall 1965.]

£6432. MECHANICAL METALLURGY. Credit
hrs. 3 Lect. Preregs., 6301, 6311 and 6313.
This course will replace 6503. Elastic, plastic,
and fracture phenomena in metallic solids, in-
cluding yielding, strain hardening, brittle frac-
ture, creep and fatigue. Mr. smitn. First
offered in spring 1965?

6435. PHYSICAL METALLURGY (Old 6412)
Credit 4 hrs. Fall. 3 Lect. 1 Lab. Prereqgs., 6302,
6311, Physics 314. Structural basis of the phys-
ical behavior of materials with emphasis on
metals. Consideration of atomic basis of phase
stability and resulting physical properties. The
kineticS and_mechanisms “of phase transforma-
tions involving condensed systems; nucleation,
crystal growth"and solidification, diffusion, pre-
cipitation, oxidation, polyphase transformations,
diffusionless transformafions. Mr. weart.

6442, MATERIALS PROCESSING /. (Chem-
ical) Credit 4 hrs. Spring. 3 Lect. 1 Lab. Re-
covery and refining of metals. Production of
ferrous, and non-ferrous alloys. Manufacture
and utilization of refractories.” Mr. 6 regg.

6443, MATERIALS PROCESSING Il
Mechanical) Credit 4 hrs. Spring. 3 lect. and
lab. Preréq., 6435 A course felating basic
and applied sciences to the processing of metal-
lic and non-metallic materials, and developrmg
a_critical analysis of processing methods. Th
effect_of procéssing on the properties of the
materials, and control of material properties
by variations in Processmg IS emphasized,
Also considered are the effects of environmental
conditions and the kinetics of the processes.

Lecture material emphasizes the theoretical
Frmuples involved in" processing,. while the
aboratory, which is integrated With the lec-
tures, includes experiments involving both
Brmupl_es and actual processing procedures.
_roc_essmg methods considered include solidi-
fication, deformation, heat treatment, material
bonding, material removal, consolidation of
powders and others. Mr. Burton. First offered
In 1965

6503. SERVICE BEHAVIOR OF METALS.
Credit 3 hrs. Fall, 3 lect. Prereq., 6412. Metal-
lurgical and mechanical factors governing the
selection of metals for various services. Analysis
of service requirements, and the selection and
fabrication of metals to fulfill such require-
ments; analysis of service failures of metals
and remediés for such failures; and stud)r_ of
the merits and limitations of materials applica-
tions in existing products and equipment. Mr.
Smith.

6504, UNIT PROCESSES IN METALLURGY.
Credit 3 hrs. Fall. 1 Lect. 1 Lab. with reports.
Experimental_study of important processes in
metallurgy, including generation of furnace
atmosphéres, furnace design and performance,
determination of rates of heating and cooling
and electrochemical operations. Reports base
on the experimental data, discussing principles
involved in the operations, are important. Mr.
Gregg.

6506. METALLURGICAL DESIGN. Credit 3
hrs. Spring.. Prereq., 6503. A seminar course
using a modified case-history approach to prob-
lemsand current developments in metallurgical
engineering. Mr. smith.

£6524. KINETICS OF REACTIONS IN
OLIDS. Credit 3 hrs, 3 Lect. Prereq., 6423 or
equivalent, Designed for advanced undergradu-
ates; considers rate theory, transgort process,
irreversible thermodynamics and their applica-
tion. Mr. Li. First offered spring 1966.]

6539. PRINCIPLES OF METALLURGICAL
ENGINEERING. Credit 3 hrs. Fall. 3 Lect.
Prereq., 6442 or consent of instructor. Discus-
sion and calculations concerning. fuels, fluid
flow, heat flow, roasting and Sintering, gas
cleaning, and application of thermochemical
data to metallurgical processes. Mr. Gregg.

6553, 6554. SENIOR PROJECT. Credit 2 hrs.
Fall-spring. Research on an individual prob-
lem in metallurgical engineering. Staff.

6555, 6556. ADVANCED PROJECT. Credit as
arranged. Fall-spring. Staff.

L{6651. PHYSICAL METALLURGY OF FER-
OUS MATERIALS. Credit 2 hrs. 2 Lect.
Prereq., consent of instructor. Study of the
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basic effects of alloying on the structure and
Eropertles of steels, and’_the application of this
nowledge to the design of modern high
strength, stainless, or heat-resistant steels and
of stéels for tools and dies. Mr. smitn. Offered
alternate years commencing fall 1964

6661. METALS AT ELEVATED TEMPERA-
TURES. Credit 2 hrs. Fall. 2 Lect. Offered
alternate ?rears commencing_fall 1963. Prereq.,
consent of the instructor. Evaluation and ap-
plication of metals for use at service temper-
atures. Emphasis is placed on nature of creep
flow and fracture at elevated temperatures.
Attention is also paid to scaling, metallurgical
instability, and pertinent physical properties.
Mr. Smith.

L6662. REFRACTORY MATERIALS. Credit 3
rs. Spring. 2 Lect. Lab. demonstrations and
visits. The lectures will review the crystallog-
raphy, rheology, and engineering character-
istics of refractory metals Etungs en, molyb-
denum, columbium, and tantaluim): graphites;
refractory oxides (magnesia, alumina, zirconia,
beryllia ‘and thoria); ‘and the refractory com-
Founds carbides, nitrides, horides and ber){l-
|desz. Laboratory demonstrations will supple-
ment the lectures, illustrating pyrolitic tech-
niques in preFarmg graphites and compounds,
and the melting, Joining, and zone refining
by electron beam ‘methods necessary for the
refractory materials. Research laboratories
actively ‘nvolved in study[nF these materials
will be visited, and key articles in the current
iterature will be reviewed to augment the
lectures. Mr. scara. Not offered in 1963-1964.]

6665. MATERIALS FOR SPACECRAFT AND
MISSILES. Credit 2 hrs. Fall. 2 Lect. The basic
phenomena and _interactions occurring in re-
entry, space environment, propulsion and, con-
version for electrical power will be reviewed
as they apply to materials behavior and prop-
erties.” The prmmeaI problems involving me-
chanical, chemical, electrical and/or agrody-
namics, interactions will be discussed relative
to the compromises in translating the system
and mission requirements into working “solu-
tions throuqh materials. Supersonic powered
fl|ﬁ_ht vehicles, ballistic missiles, and space
vehicles will be reviewed as engineering ap-

plications of materials. Mr. scara.

6669. INTRODUCTORY PHYSICAL CE-
RAMICS. Credit 2 hrs. Spring. 2 Lect. The prop-
erties and behavior of ceramics as single and
poly-crystalline non-metallic inorganic mate-
rials, and as composites will be reviewed based
on crystal structure, atom mobility, and
structural imperfections. The surface” effects
interfaces, composition and microstructure of
ceramics will be studied as a background for
their hehaviors during sintering and forming

and as thermal, electrical and mechanical prop-
erties, with discussions on nucleation, crystal
and grain growth and vitrification. Mr. scaia.

6671. PRINCIPLES OF POWDER METAL-
LURGY. Credit 3 hrs. Fall. 2 Lect. 1 Lab.
Offered on demand. Following brief considera-
tion of industrial powder-mctallurgy  equip-
ment, including dies, presses, and sintering
furnaces, and industrial applications such as
porous products, permanent magnets, refractory
metals, cemented carbides, cermets, etc., the
theory_of powder metallurgy is treated criti-
cally.” Emphasis_is on the theories of compact-
ing” and 'sintering, diffusional processes,  and
surface chemistry. The theories, applications
and, limitations 'of hot pressing are examine
critically. Laboratory experimentation jis pri-
marily “concerned with fundamental investi-
gation of compacting, bonding, sintering, hot
ressmt};, infiltration™ of porous networks, etc.
aboratory _studies of surface chemistry and
surface activities are included. Mr. Burton.

6681, ADVANCED EXPERIMENTAL MET-
ALLURGY. Credit 3 hrs. Fall. 2 Labs. Experi-
ments using advanced metallurgical laboratory
techniques, with discussions of’ the principles
involved and the results of the experiments,
Experiments are available in_the fields of
physical, chemical and mechanical metallurgy;
métallography; materials processing; and ma-
terials properties. The student is expected to
perform “approximately six experiments,
selected to meet his ‘individual needs. In-
de_Eendent work by the student is stressed
with emphasis both on  the experimental
method and the metallurgical phenomena. Mr.
Burton and staff.

6710. TRANSPORT PROCESSES. Credit 3
hrs. Spring, 3 Lect. Prereqs., 6524, Physics
314, or equivalents. Discussion of trans_[)ort of
mass and energy in solid systems with em-
phasis on mass™ transport. he_nomenolo?_mal
diffusion theories; the diffusion equation,
equilibrium and_non-equilibrium thermody
namic theories. Description of atomic diffu-
sion:  self-diffusion, etfects of composition,
Fressure. Diffusion of imperfections. Simul-
aneous mass and energy transport, ionic
solids, semiconductors, thermal and electro-
diffusion. Mr. Weart.

6732, ADVANCED METALLOGRAPHY,
Credit 3 hrs. Spring. Prereqs., 6301 and 6302
or equivalent. Reciprocal lattice, oscillating
and rotating crystal X-ray diffraction methods.
Diffuse X-raY scattering” effects, Quantitative
optical meta I_ograph%, stress_ measurement by
-ray diffraction. Theory of electron micro-
probe, thermionic and field emission_micros-
copy, mmroradmgraghy. X-ray diffraction
microscopy. Application of metallographic
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methods will be illustrated usm% metal and
ceramic systems undergoing allotropic phase
transformations, precipitation, and order-dis-
order reactions. Lecture problems and labora-
tory practice will be included. Mr. Newxkirk.

6872. NUCLEAR MATERIALS TECHNOL-

OGY. Credit 2 hrs. Spring. 2 Lect. Prere_(i.,
consent of instructor.  Production of fissile,
source materials, and other materials used in
nuclear reactors. Behavior of materials in
nuclear reactors, including deterioration by
corrosion and irradiation. “Problems involved
in connection with fuel elements. Fabrication
of reactor components. Mr. 6 regq.

6911, SEMINAR IN NON-CRYSTALLINE
MATERIALS. Credit 3 hrs. Fall. 3 Lect. Pre-
regs., 6435, 6524 or equivalents. Discussion of
those condensed phases characterized by the
absence of long-range order, viz, liquids and
glasses. The nature” of the liquid and glassy

AEROSPACE

7101, FUNDAMENTALS OF AERODYNAM-
ICS. Credit 3 hrs. Fall. Prereq., engmeer_mg
mechanics. Properties of gases and  fluids.
Kinematics of fluid flows. Equations of motion
for an incompressible fluid and Bernoulli’s
equation. Flow around simple bodies, thin
airfoils and W|n%s. Basic proFe_mes of com-
?ressmle flow: the energy relations, channel
lows. Prandtl-Meyer and” shock waves. Small
perturbations at “subsonic, transonic, super-
sonic, and hypersonic speeds. Introduction to
viscous-flow theory, boundary-layer equations
and the integral method. Transition Detween
laminar and ‘turbulent flows. Mr. snen.

7102. FUNDAMENTALS OF ASTRONAUT-
ICS. Credit 3 hrs, Spring. Prereq., en?meermg
mechanics and thermodynamics. Performance
of chemical- and nuclear-rocket systems, i).er-
formance in central force fields, optimization
of powered trajectories, perturbations of tra-
jectories. Solid-"and liquid-propellant rockets,
lon and plasma propulsion, photon propul-
sion, and solar sailing, relativistic rocket me-
chanics. Mr. T urcotte.

7203. GASDYNAMICS I. Credit 3 hrs. Prereq.,
engineering thermodynamics. Thermodynamics
of " gases and %as mixtures; _kinetic " theory
transport properties: introduction to statistical
mechanics, chemical equilibria, and reaction
rates; derivation of fundamental equations of
gasdynamics; acoustics. Mr. T urcotte.

7204 GASDYNAMICS II. ~ Credit 3 hrs.
Prereq., 7203 or 8121. One-dimensional gasdy-
namics, weak and strong shock limits, Shock-

states of atomic, molecular, and polymeric ma-
terials is examined via their structure and
properties; theories of the liquid state are re-
viewed to provide a background for a discus-
sion of crystallization vs. glass formation. Mr.
Weart.

6961-6962. GRADUATE SEMINAR, Credit 1
hr. Fall and Spring. Objectives are (12 to pro-
vide a forum in which subjects at the fore-
front of metallurgical sciencé and engineering
can be effectively discussed, (2) to develop the
student’s ability to communicate technical ideas
effectively through oral presentations, and (3)
to give “the student practical experience i
organizing and conducting efficient technical
meetings. Mr. Burton.

6980. RESEARCH IN METALLURGICAL
ENGINEERING. Fall-spring. Credit as ar-
ranged. Thesis research under guidance of a
member of the staff. Staff.

ENGINEERING

tube theory, method of characteristics, blast
waves, effects of viscosity and thermal con-
ductivity, one-dimensional gadenamws of a
dissociating gas, one-dimensional gasdynamics
of an ionized gas. Mr. T urcotte.

7206. INTRODUCTION TO MAGNETOHY-
DRODYNAMICS. Credit 3 hrs. Spring. Pre-
req., 7203, Review of electrodynamics, con-
duction of electricity in gases,” equations of
motion of magnetohydrodynamics, solutions for
special cases “and Under” various a%promma-
tions, m_a%netohydrodynamlc waves, phenomena
in rarefied gaseS. Mr. Rester.

7207. DYNAMICS OF RAREFIED GASES.
Spring. Credit 3 hrs. Review of classical kinetic
theora/ of gases. The Boltzmann equation,
the hapmann;Ensko?1 and Grad solutions for
slightly nonuniform flows. The hydrodynamic
equation. Studies of flow problems involving
gases in the regime where the mean free
path becomes comparable to pertinent body
dimensions; transition between continuum and
free-molecule flow regimes. Mr. Siien.

7208. HYPERSON1C-FLOW THEORY. Credit
2 hrs. On demand. Prereqs., 7301, 7303. Gen-
eral features of hypersonic flow; the role %Iayed
by the ratio of specific heats; normal, oblique
and curved shock relations; vorhuhy_ and
shock curvature; irrotational small-disturb-
ance similitude, the principle of equivalence;
blast-wave analogy; Newtonian theory with
shock-layer structures; optimum  bodies; ‘bound-
ary-layer hypersonic-flow interactions; real-gas
effects. Mr."Seebass.
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7301, THEORETICAL AERODYNAMICS 1.
Credit 3 hrs. Fall. Prereq., differential equa-
tions, intermediate mechanics or introduction
to theoretical physics. Introduction to theo-
retical hydrod%namms. [deal fluids. The bound-
ary-valué problems of s_teady and non-steady
two- and . three-dimensional potential flows
with special attention to flows produced by
the motion of solid bodies. Vector methods
and complex variable are used extensively.

[. Sears.

7302, THEORETICAL AERODYNAMICS II.
Credit 3 hrs. On demand. Preregs., 7301,
7303. qu theory: thin-airfoil theory, two-
dimensional = airfoil ~theory. Prandtl wing
theory, I|ft|n?_ surfaces, “general multiple
theory, nonstationary wing theory. Correction
for compressibility ‘(linearized theory). W[ng
theory for supersonic speeds; source “and sin
methods and extensions, conical-flow methods,
nonstationary cases.

7303,

Credit 3 hrs. Spring. Preregs., 7204, 7301,
The aerodynamics ‘of compressible ~fluids;
equations of motion, small-perturbation theQrK
(subsonic and supersonic): Janzen-Reyleig
theory, the hodograPh methods, the limiting
line, "the method™ of characteristics, Prandtl-
Meyer flow, hypersonic flow. Mr. seebass.

THEORETICAL AERODYNAMICS I1I.

7304. THEORETICAL AERODYNAMICS IV.
Credit_ 3 hrs. Fall. Prereq., registration in
7301. The aero-dynamics of viscous fluids; the
boundary layer, "heat transfer, fundamentals
of boundar?/-layer stability. Turbulence, the
fundamentals of isotropic turbulence. Mr.
Shen.

7801. RESEARCH IN AEROSPACE ENGI-
NEERING. (Credit to be arranged.) Prereq.,
admission to the Graduate School of Aero-

%J_ace EnPineering and apﬁro_val of the
irector. Independent research in a field of
aerospace science. Such research must be

under the guidance of a member of the staff
and must be of a scientific character.

7901. AEROSPACE ENGINEERING COL-
LOQUIUM. Credit 1 hr. Prereq., admis-
sion to the Graduate School of ~Aerospace
Engineering. Lectures by staff members, grad-
uate students, personnel of Carnell Aeronauti-
cal Laboratory, and visiting scientists on topics
of interest in aerospace science, especially
in connection with new research.

7902. ADVANCED SEMINAR IN AERO-
SPACE ENGINEERING. Credit 2 hrs. Prereq.,
approval of the Director.

ENGINEERING PHYSICS

8051 and 8052. PROJECT, Terms 9 and 10.
Credit 3 hrs, Fall and spring. 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™ with over-all
planning, in the carrying out of a_slpeual
problem” related to the student’s field of
interest. The choice of a problem is to be
made by the student in consultation with
members of the staff,

8090. INFORMAL STUDY IN ENGINEER-
ING PHYSICS. Fall or spring. Laboratory_ or
theoretical work in any hranch of engineérin
;[)hysms under the direction of a mémber o
hé staff. Hours to be arranged.

8121-8122, CLASSICAL THERMODYNAMICS.
Credit 3 hrs. Through the year. 3 Rec. Pri-
marily for candidate$ for thé de?ree of Bach-
elor of Engineering Physics.. Infroduction to
classical thermodynamics, Kinetic theory of
gases, and statistical mechanics. Ap&lmatmn to
physical and engineering problems. Mr. R ester.

8131, MECHANICS OF CONTINUA. Credit
3 hrs. Spring. 3 Lect. Prereqs., Math. 616, 622
or permission of the instructor. Stress and
strain tensors; fundamental equations of mo-

tion in continuous media; generalized equa-
tion of state; applications, to” special topics. of
general and engineering interest in elast|c_|tY,
wave propagation, viliration, incompressible
and compressible fluids, viscous flow, etc. Mr.

Sears.

8252, SELECTED TOQPICS IN PHYSICS OF
ENGINEERING MATERIALS. Credit 3 hrs.
Fall term. Primarily for fifth year students
in engineering physics; others with consent of
instructor. Seminar-type discussion of a num-
ber of special topics n the field of engineering
materials, such as plastic and, rheological prop-
erties; dielectric_and magnetic behavior; semj-
conductors; radiation damage, etc. Emphasis
is given to the interpretation of the phenomena
in I|gi_ht of modern theories in physics of solids
and Tiquids and their impact on ‘the engineer-
ing applications. Current literature is included
In”the" assignments. Staff.

8255 CRYSTAL DISLOCATION THEORY.
Credit 3 hrs.. Spring. 3  Lect. Prereqs,,
consent of the instructor, equivalents of Math
616 or 1182, and Physics 454, Primarily for
?hraduate students in “solid state physics.” The
neoretical basis for elementary concelpts of
dislocations, elastic continuum  models in-
cluding continuum field theory, crystallogra-



pheg of line and plane defects, and the dislo-
cafion core problem are emphasized. The
origin of dislocations and some of their prop-
erties such as electron scattering, perturbations
of electronic structure, interactions with point
defects are discussed. Crystal growth, creep,
and plasticity and fracture are considered as
applications “of dislocation theory. Mr. Webb
or Mr. Ruoff.

8256. THEORETICAL MATERIALS—CRYS-

TAL MECHANICS. Credit 3 hrs. Fall. Prereq.,
1243 or equivalent. Primarily for %raduae
students, Mechanical and physical character-
istics of crystals from a classical viewpoint,
including crystallographly, symmetry elements,
mechanical and physical properties” of crystals
of differing symmetry, influence of crystal
structure upon” elastic constants, theorie$ of
elastic constants for metals and ionic crystals;
crystallography of simple ?hde and twinning
for different "crystal structures, double slip,
cross slip, deformation bands. Mr. Johnson.

8262. PHYSICS OF SOLID SURFACES. Credit
3 hrs. Spring. (Given in odd numbered years.&
A lecture course for graduate students an
upperclassmen, Permission of instructor re-
quired. An introductory review of advances in
theories of surface, phenomena normally not
covered in conventional courses in solid” state
plgjysws or physical chemistry. Phenomena con-
sidered include thermodynamics of surfaces,
atomic_and molecular Iprocesses, electron emis-
sion effects, interfacial effects in solids and
Bﬂ\ellse transformations at surfaces. Mr. Rho-

8265. THEORY OF REACTION RATES IN
SOLIDS. Credit 3 hrs. Spring. 3 Lect. (Given
in even numbered years.;] Prereq., permission
of instructor. Directed toward graduate stu-
dents and advanced engineering undergraduates
concerned with the application of “physical-
mathematical concepts to the interpretation of
rate processes in metals. The theory of ab-
solute rate processes is_presented in détail with
reference to the kinetics and thermodynamics
of physical and chemical changes primarily in
metals. Rates of physical and” chemical proc-
esses are considered from first principles,
utilizing such fundamental properties as atomic
configurations, dimensions, and interatomic
forces of the reacting molecules. The analytical
description is introduced in terms of statistical
mechanics, the Arrhenius equation, potential
energ\l/ surfaces, properties of the activated
complex, and the behavior of transition states.
Quantitative applications are developed in
terms of atomic mechanisms with reference to
transport and transformation processes in
metals such as diffusion, nucleation and
growth, creep, precipitation, and other Rhysmal
and chemical solid-state processes. Mr. Rhodin.
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8301, INTRODUCTION TO ATOMIC AND
NUCLEAR PHYSICS. Credit 3 hrs. Fall. 3
Lect. Prereqs., two years of college physics and
calculus through differential equations. Con-
cepts of atomic structure of matter; funda-
mentals of quantum theory, and applications
to structure of atoms, molecules and nuclei.
At the level of Fundamentals of Modern Phys-
ics by Eisberg. Mr. Fisher. (This course will
be replaced by Physics 314 beginning in the
fall of 1964.)

8302. NUCLEAR AND REACTOR PHYSICS.
gOId 83113 Credit 3 hrs. SBnng_. 3 Lect. Prereg.,
301 or Physics 314 or Physics 443. Nuclear
particles, niclear structure,” properties of nu-
clei; radioactivity, applications of radioactivity;
nuclear reactions; neutron reactions, nuclear
fission. Neutron slowing down and diffusion;
elementary reactor thedry, types of reactors,
reactor design criteria. Af the level of Nuclear
Physics by Kaplan and Nuclear Reactor Engi-
neering by Glasstone. Mr. Fisher.

8309, LOW ENERGY NUCLEAR PHYSICS.
Credit 3 hrs. Fall. 3 Lect. Preregs., a one-year
introductory course in atomic and_ nuclear
physics including quantum mechanics, such
as~ 8301-8302 or prefer_ablly Physics 443-444;
Math 215-216 or equivalent. Primarily, for
graduate students in the field of nuclear science
and engineering. Low energy nuclear physics
as an organized body of exeprimental facts,
ProFe_rnes of ground and excited states of
nuclei; models of nuclear structure; low energy
nuclear reactions—scattering, absorption, fis-
sion, resonance effects, coherent ~scattering
effects. At a level between Introductor)(] Nuclear
Physics by Halliday and Nuclear Physics by
Fermi. M1, Clark.

8312. REACTOR THEORY I. Credit 3 hrs.
Spring. 3 Lect. Prereqs., 8309 and co-regjstra-
tion in Math 416. The theary of neutron diffu-
sion and slowing down is developed, and a?-
plied to basic “integral experiments and to
criticality  calculations.  Neutron transport
theory S introduced and applied to some prob-
lems “for heterogeneous reactors. At the level
of Reactor Analysis by Meghreblian and
Holmes. Mr. Nelkin.

L8313. REACTOR THEORY Il. Credit 3 hrs.
Fall. 3 Lect. Continuatjon of 8312 pnmaan
intended for students planning to do researc
in the fields of reactor phySics and reactor
engineering, Delayed neutron kinetics, fission
Bro_duct poisoning, non-linear kinetics, pertur-
ation theory, temperature coefficients, control
rod theory,” hydrogenous reactors, neutron
transport and ‘heterogeneous reactor theory.
At the level of The Physical Theory of Ned-
tron Chain Reactors by Weinberg and Wigner.
lngsg??I]Iy given each year, but not offered in
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?314_. NEUTRON TRANSPORT THEORY.
redit 3 hrs, Spring. 3_Lect. Prereq., 8312 or
consent of instructor. The linear Boltzmann
equation de_scrlme neutron migration in mat-
ter is mtenswel)f studied. Topics will vary, but
_may include Milne’s problem, neutron thermal-
ization, deep penetration of radiatjon, as well
as a formal ‘development of approximate meth-
ods of solution. At the level of Neutron
Transport Theory by Davison. Offered in
alternate years. Not given in 1963-1964.)

8333. NUCLEAR REACTOR ENGINEERING.
Credit 3 hrs. Fall. 3 Lect. Prere%., consent_of
instructor. Primarily for second and third
year graduate students. A selected set of topics
re;l)resentmg the fundamentals of nuclear re-
actor engineering: energy conversion and
Rower plant Ihermodrnamms, fluid flow and
eat transfer, thermal stresses, radiation pro-
tection and shleldln?, materials for nuclear
reactors, economics of nuclear power and fuel
cycles, instrumentation and control. At the
level of Nuclear Engineering by Bonilla. Mr.
Cady and staff.

8334. NUCLEAR ENGINEERING SEMINAR.
Credit 3 hrs. Spring. Prereq., 8333. A group
study of a reactor “systems analysis or a re-
actor safe?uards report. Emphasis on the
_mte[pla?/ 0
ics in the design of nuclear power systems.
Messrs. Howe, Cady.

8342. READING COURSE IN RADIOCHEM-
[STRY. Credit 2 hrs. Spring. Primarily for
graduate students. Reading assignments in the
g_eneral_ field of radio-chemistry. Meetings for
iscussions at the convenience of the grouE,
gossml for two hours every other “week.
lanted toward the interests of the students,
the_course may include such topics as nuclear
fission, radio-Chemistry, nuclear concepts in
geochemmr_y, neutron “activation analysis, beta
ecay studies, radiation chemistry, “hot-atom
chemistry, biological effects of radiation, cos-
mic chemistry, * nuclear reactions, neutrino
searches, elemental abundances, tracer tech-
niques, and applications in various fields. Mr.
Fisher.

requirements of safety and econom-

8351, NUCLEAR MEASUREMENTS LAB-
ORATORY. Credit 3 hrs. Either term. Two
212 hour afternoon periods. Prereqs., 8302 or
8309, or 8311 or Physics 444. Laboratory ex-
Ferlments plus lecturés on interaction of radia-
tion with matter and on radiation detection,
including electronic circuits. Some tw_en(t]y
different experiments are available in the fields
of nuclear and reactor physics. Amaong these
are experiments on emission and absorption
of radiation; on radiation detectors and nu-
clear electronic circuits; on interactions of
neutrons with matter (absorption, _scattering,
moderation, and diffusion); on activation an-
altysm and radiochemistry; and on properties
of a subcritical assembly. Many of the experi-
ments use the TRIGA  Reactdr, The student
is expected to perform eight to ten experi-
ments, selected to meet his needs. Some stress
is laid on independent work b%/ the student.
Mr. crark ana staff. (After 1963-1964 this
course will be offered in spring only.)

8352. REACTOR. PHYSICS LABORATORY.
Credit 3 hrs. Sprmg. Two 2Vi hour afternoon
periods. Prere?s., 351 and 8312. Laborator
experiments_plus lectures on methods of ré-
aclor  physics measurements.  Experiments
utilizing the Zero Power Reactor critical famh(tjy
as well"as the TRIGA Reactor are included.
Mr. crark and staff. (After 1963-1964, this
course will be offered in"fall only.)

8512. ELECTRON MICROSCOPY, Credit 3
hrs. Spring. Prereq., permission of the instruc-
tor. Lect. Lab. Hours to be arranged. Basic
electron optics, image formation and interpre-
tation, construction“and operation of the elec-
tron microscope, applications in physics, chem-
istry, and biology.

8517, ELECTRON OQPTICS AND ITS AP-
PLICATIONS. Credit 3 hrs. Fall. Prereq.,
Physics 225 (Physics 215 advised but not re-
guned.). Electron beam formation, Gaussian
ioptrics and aberrations of electron lenses,
application mcludln(t; cathode ray tube, elec-
tron microscope, bela ray spectrometer, mass
spectrometer.

INDUSTRIAL ENGINEERING

Since several of the courses listed here were formally given under the 3200 series of numbers

when the industrial engineering activity was i

part of ‘the School of Mechanical Engineering,

the old number is given in parentheses if the course is similar to one formerly offered.

SERVICE COURSES

9101. INDUSTRIAL ORGANIZATION AND

ANAGEMENT. (Old 3235) Credit 3 hrs.
Spring.. 3 Lect. Management ‘of an industrial
enterprise; internal organization; effect of type

of product, methods of manufacture, size of
enterprise, and personnel involved; types of en-
terprises; - plant location; centralization and
decentralization trends: ' diversification _and
specialization; growth of industry. Not offered
in 1963-1964.]
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[29110. INTRODUCTION TO INDUSTRIAL
NGINEERING. Credit 4 hrs. Sprma. 3 Rec.
1 Lab.-Comp. Preregs., 9153 and 9170. An
introduction to modern industrial engineering
with emphasis on the design activities of in-
dustrial ~engineers in specifying workplace
methods, the integration of many workplaces
into integrated man-machine activity in' such
systems. %ueumg theory, line balanicing, and
introductory concepts of linear programming
will be E)resented as analytical methods to be
used in the analysis of plant design problems.
Laboratory work” and computing problems will
be drawn from situations of interest to mechan-
ical, electrical, and_ civil engineers. First
offered in 1965-1966.]

9120. SYSTEMS ENGINEERING. EOId 3261)
Credit 3 hrs. Spring. 2 Rec. 1 Lab. Elective
for graduate students and qualified under-
graduates not majlorm%/‘m industrial engineer-
ing. Prereq., 9170. Methods of describing,
analyzing, and mampulatm%_complex, inter-
relafed open systems. Graphical and mathe-
matical analysis. Techniques of design of
transportation, service, and information sys-
tems and appropriate evaluation methods.

9153, ENGINEERING ECONOMIC ANALY-
SIS. (Old 3253) Credit 3 hrs. Fall. 2 Rec. 1
Comp. An introduction to underlylng economic
principles and phenomena associated with en-
gineering projects. Basic accounting and cost
control principles and procedures will be pre-
sented initially as a frame of reference for a
discussion of" the more profound problems
relatm% to the_engineer’s role as consultant
on matters of investment and operations. In
addition to the necessar%/ accountm?, topics
will include cost concepts, Eroflt-vo ume re-
lationships and analysis, make-buy problems,
minimum cost models, replacement and re-
newal models, etc.

9170. INDUSTRIAL AND ENGINEERING
STATISTICS. (Old 3241) Credit 3 hrs. Either
term. 2 Rec. 1 Comp. Prereq., Math. 192,
Applications of probability, theory and sta-
tistics to industrial and engineering problems;
E_omt and confidence Interval estimation; sta-
istical  testing of h)&potheses; propertles of
binomial, Poisson, and hypergeometric distri-
butions, and applications to Sampling inspec-
tion problems; large sample theorY and ‘the
normal distribution, small sample theory and
Student’s t and Chi-square distributions; in-
troduction to correlation theory and curve
fitting by least squares.

9180. DIGITAL COMPUTER PROGRAM-
MING. Credit 1, 2, or 3 hrs. Fall. 2 Rec. 1
Comp. Intended for graduate students; under-
graduates should ordinarily take 9381. Prereq.,
consent of instructor. Intended to prepare stu-

dent to use the medium and large scale digital
computers of the Cornell Computing Centér in
a Iangua?e other than CORC, The course con-
sists of three independent five week sections
with one hour of credit for each section. Each
section will consider one language from the
following: FORERAN, ALGOL, COBOL,
CAP, CODAP. The particular languages to
be covered and the order of presentation will
be posted at the Computing Center at the
beginning of the term. Machine operation,
program - test procedures and input-output
operations including the use of magnetic tape
systems will also be covered. Mr. "R udan OF

[. Saltzman.

9182. DATA PROCESSING SYSTEMS. Credit
3 hrs. Fall. 2 Rec. 1 Comp. Elective for gradu-
ate students and upperclass undergraduates.
Prereq., a course In industrial dccounting
(concurrent registration is acceptablg). An in-
Iroductor){ codrse in modern " business data
systems. Includes introduction to appropriate
data handling equipment and techniques . of
systems anal¥_s|s and design. Problem definition
and description is by COBOL and DETAB
languages; " laboratory work is in COBOL
(Cantrol Data_1604t) and SPS (IBM 1401). Con-
trol and decision functions as well as routine
accounting operations; emphasis is more on
problem analysis and systems planning than
on programming. Mr. Conway OF Mr. Sattz-

man.

REQUIRED COURSES

[{9310. INDUSTRIAL ENGINEERING ANAL-
SIS AND DESIGN I. Credit 4 hrs. Fall. 2
Lect, 2 Comp.  Preregs., 9370, 9381. Intro-
duction to engineering anal¥3|s and  design.
Background and environmental factors. Con-
centration on design problems of the single
workplace, and on methods of measurement
and evaluation, Specific topics include ele-
ments of the desu%n process, problem defini-
tion, restraints, synthesis, analysis, etc.; graphi-
cal activity models and other” forms of model-
ing; man-machine and small-group activity
analysis; human factors and design of manual
operations; general problem of “measurement
and basic methods for work measurement;
rating, allowances, and associated problems;
measurement by work s_amﬁ)lmg; standard time
data; other methods in labor measurement;
application of queuing theory to design prob-
lems; (JOb evaluation " techniques and. related
methods for measurement and evaluation; etc.
First offered in 1964-1965.]

@311. INDUSTRIAL ENGINEERING ANAL-
SIS AND DESIGN II. Credit 4 hrs. Fall, 2
Lect. 2 Comp. Prereqs., 9320, 9351. The desu[m
of complex systems such as production plants,
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warehousing and distribution systems, other
systems in “which discrete flow occurs; infor-
mation systems with feedback. Applications of
simulation_in the design and analysis of such
systems. First offered in 1965-1966.%

9320. ANALYTICAL METHODS [N INDUS-

RIAL ENGINEERING. Credit 4 hrs. Spring,
1 Lect. 2 Rec. 1 Comp. Preregs., 9310 and
9351. Analytical techniques for the solution of
design, planning and operational problems.
Linéar programmm? and the simplex method;
transportation problem and assignment prob-
lems ‘as special cases; the dual and its inter-
retation; the quadratic a55|?nm_ent problem.
lows in networks and flow algorithms; appli-
cation to the transportation problem. Practical
application of these techniques to make-huy
decisions, product mix problems, facility allg-
cation, machine grouping, routing of materials
handling e(impment_, raw matefial blending,
and general operational Plannmg problems.
Introduction to the inventory problem. First
offered in 1964-1965.]

9350. PRINCIPLES OF COSTING AND CON-

)L. Credjt 3 hrs. Spring. 2 Rec. 1 Comp.
An introduction to problems of cost determin-
ation and allocation. Differences hetween ac-
counting and engineering objectives in cost
f|nd|n% and cost procedures. Cost concepts and
characteristics, and the inexactitude of cost
figures relative to engineering problems and
décisions. Costing techiniques and procedures.

9351, COST ANALYSIS AND CONTROL.
redit 3 hrs. Fall. 2 Rec. 1 Comp. Prereq.,
9350. A continuation of the preceding course
with emphasis on the analysis, interpretation
and uses of such data in establishing control
over operations being judged against cost
criteria. Also, the uses of such data for evalu-
ation and prediction of future design and/or
operations. The, choice of proper cost data for
use in economic models of interest to engi|-
neers, ie., replacement and renewal models,
linear programming models, make-buy models,
etc. First offered in 1964-1965.]

9352. INDUSTRIAL AND ENGINEERING
DMINISTRATION. Credit 3 hrs. Spring. 3
Lect. Prereq., fifth year or graduate stand-
nhg._S_tudy_of related topics “in engineering
administration, organization, and economic an-
alysis. Applications of selected theoretical con-
ceépts. to practical problems of modern com-
mercial, governmental, or military activity.
Development of selected sRe_uahzed operational
planning and_control techniques. First offered
in 1964-1965.]

9360. INTRODUCTION TO PROBABILITY
THEORY WITH ENGINEERING APPLI-
CATIONS. Credit 3 hrs. Fall. 3 Lec.-Rec.
Prereq., Math. 192. Definition of probability

and basic rules of probability theory. Random
variables, probability distributions, and ex-
pected values. Special distributions important
in engmeerm? work and relations “among
them; “elemenfary limit theorems. Introduc-
tion to stochastic P_rocess_es and Markov chains
and their_applications in the construction of
mathematical models of operation, with em-
phasis on queuing and inventory models.

9370. INTRODUCTION TO STATISTICAL
THEORY WITH ENGINEERING APPLICA-
TIONS. Credit 4 hrs._Spring. 3 Lect-Rec. 1
Comp. Prereq., 9360. The applications of sta-
tistical theory to problems associated with the
analysis of data and inferences drawn there-
from. Principles of statistical inference: esti-
matmg. the value of unknown. parameters of
probability distributions, testing hypotheses
concerning these parameters; elements of sta-
tistical decision theory. Introduction to corre-
lation theory and curve fitting by least squares.
ApJ)Imauor_\s in regression, Statistical control,
and experimentation.

9381, INTRODUCTION TO MODERN DIG-
ITAL COMPUTATION. Credit 3 hrs. Either
term. 2 Rec. 1 Comp. Required of 1.E. majors
and elective for upper class undergraduates
and tgraduate students. (See 9582.) Survey of
the field of the computer sciences. Devélop-
ment of the modern digital computer, prin-
ciples, and characteristics of current equipment,
machine and higher-level information process-
ing languages. Laboratory work involves use
of equipment of the Cornell Computing Cen-
ter, but this is not essentially a course in pro-
?hrammmg (see 9180). Emphiasis is placed on
he digitdl computer as a general-purpose de-
vice fqr,stor[n?, retrieving, processing, and
transmitting information in addition “to its
role as an” arithmetic calculator. Breadth of
Bresent and potential aRphcatm_n_ is stressed
y conadermq areas such as artificial intelli-
ence, mte?ra ed decision and control systems,
Vonte Carlo analyses, simulated experimenta-
tion, information retrieval, and manufacturing
automation. Messrs. Conway, Maxwert, RU-

dan, O Saltzman.

9398, 9399. PROJECT. Max. credit 6 hrs. Both
terms. Prereqs., 9320 and concurrent registra-
tion in 9311, Project work requires the identi-
fication and analysis of both professional and
research problems in industrial engineering.
The projects emphasize analytic ability and the
synthesis of feasible solutions. Projects can be
done |nd|V|duaI(ij or_in groups of up to eight.
The problem definition™ and the subse?uent
analysis and synthesis are the concern of the
student. Faculty guidance and participation are
available at any time for all projects. In
addition, progress must be reviewed on a
reqular schedule with the faculty adviser.



COURSES—INDUSTRIAL ENGINEERING 109

ELECTIVE AND GRADUATE
COURSES

?501_. ENGINEERING ADMINISTRATION.
redit 3 hrs. Fall. 2 Lect. Organization of en-
gineering function; planning and analysis_ of
engineering activities; provision of engineering
support throth specialized services of tech-
nical information; laboratory facilities, edi-
torial, commupication, etc.; " personne| prob-
lems of recruiting, professional development
and evaluation: discussion of sociological and
psychological studies of scientific and engineer-
ing personnel; funding, budgeting, and related
financial problems. Not offered in 1963-1964.]

E9502. PERSONNEL MANAGEMENT (Old
232) Credit 3 hrs. Fall. 3 Rec. Intended
for graduate students but ogen to qualified
undergraduates. Prereq., 9170 or equivalent.
Techniques of employee, selection and evalua-
tion, |o evaluation, training, motivation; per-
sonne dePartment organization and_interde-
%menta relations. "Not offered in  1963—

9510, WORK DESIGN AND MEASURE-
MENT. %Old 3266) Credit 3 hrs. Spring, 2
Rec. 1 Lab. Intended for graduate students but
ogen to qualified . undergraduates. Prereq.,
9310, 3262, or_ permission. An advanced course
in the analysis and design of man-micro sys-
tems and man-machine” micro systems. Ad-
vanced statistical treatment of work measure-
ment design, variables measurement, and work
sampling; mathematical and statistical treat-
ment of model design, standard data, control,
and standards maintenance;_ study of the micro-
systems design ?roblem, including . emphasis
on the behavioral aspects and wage incentives.

9511, MANUFACTURING ENGINEERING.
Old 32672 Credit 3 hrs. Sprmg. 2 Rec. 1
omp. Infended for graduates “or qualified
undergraduates. Prereq,, 9311, The analysis
and design of production facilities based on
output_ requirements of the sxste_m. Atten-
tion will be directed towards the interaction
of processing methods and requirements with
handling methods and storage facilities. The
effects of various levels of mechanization on
operating costs and initial investment will be
studied. " Problems of modelling a_ proposed
design to serve various functions will be dis-
cussed mc_ludmg_ lahoratory tests of designs
through simulation.

9512. STATISTICAL METHODS IN QUAL-
TY AND RELIABILITY CONTROL. Credit
3 hrs. Spring. 3 Lee. Prereq., 9170 or equiva-
lent. A Dbasic course primarily for undergradu-
ates presented from an engineering stan dpomt.
Control concepts; control” chart methods _ for
attributes and for variables; process capability

analysis; attributes acceptance sa_mf)llng plans
and "procedures; double and mult|dp e sampling
inspection; elementary plans ang procedures
for variables; acceptance-rectification pro-
cedures; basic reliability concepts; exponential
and normal distributions as ‘models for re-
liability application; life and reliability analy-
sis of components; analysis of series and
parallel systems; stand-by and redundancy; ele-
mentary ‘sampling-inspection procedures used
fl%r64life and religbility. Not offered in 1963—

9520. MATHEMATICAL PROGRAMMING.
Credit 3 hrs, Sf)rmg. 2 Rec. 1 Comp. Prereq.,
9360 or equivalent.” Theory, methoas, comﬁu-
tational techniques, and athc_atlons of mathe-
matical E_rogrammmg. assical constrained
maximization and Lagrange multipliers. Linear
Frogrammmg: simplex method and variations;
he “dual and the dual smplex method; trans-
portation programming. Integer programming.
Quadratic and convex programming. Linear and
quadratic assignment programming.

9521, PRODUCTION PLANNING. Credit 3
hrs. Spnn?. 2 Rec. 1 Comp. Intended for
graduate students but open to qualified under-
graduates. Prereq., 9170 or permission. Sched-
uling of manufacturing operations—forecast-
ing, ~ leveling, explosion, loading, sequencing.
The planning and control of inventories. Em-
phasis on mathematical and statistical methods
of performing these functions, including de-
velopment of decision rules and reactive con-
trol ‘systems.

9522, OPERATIONS RESEARCH I. Credit 3
hrs. Spring. 2 Rec. 1 Comp. Prereqs., 9160,
9381, or permission. Model design, methodol-
ogy of operations research, lingar program-
ming, transporation problem, assignment prob-
lem,” dual "theorem, parametric™ linear pro-
gramming, integer programming, non-linear
Frogram,mmg, dynamic programming, introduc-
ion to inventory theory, comprehensive prob-
lems and case studies.

L9523. OPERATIONS RESEARCH II. Credit 3
rs. Fall. 2 Rec. 1 Comp. Preregs., 9522, or
9320, 9370. Models for inventory and produc-
tion control; replacement theory; queuing in-
cluding standard birth and death process model
and _non-standard models, application of
glueum(‘;_ theory; simulation; game theory;
illustralive examples and problems. First
offered in 1964-1965.]

9524, PROBLEMS IN OPERATIONS RE-
SEARCH. Credit 3 hrs. 1 2-hr. meeting a
week. Prereq., 9523 or equivalent. An ad-
vanced seminar concentrating on problem
definition, measures of effectiveness aEJphca-
b|||t¥_ of various analytical methods to the
solution of real problems.
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9525. FLOW AND SCHEDULING IN NET-

WORKS. Credit 3 hrs. Srm%. 2 Rec. 1
Comp. Elective for graduate students. Net-
work analysis for confinuous static flow; feasi-
bility theorems, capacity determination, min-
imal cost operation. Sequencing models for
deterministic discrete flow. networks, Deter-
mination of capacity, routing and discipline
for networks of queues. Mr. conway 0r Mr.

Maxwell.

9560, APPLIED STOCHASTIC PROCESSES.
Credit 3 hrs. Spring. 2 Rec. 1Comp. Intended
for graduate students but open to qualified
undergraduates. Preregs., 9300 and 9370 or
permission. An introduction to the theory of
stochastic processes, with emphasis on appli-
cations to science and engineering. Topics
drawn from_sequences of fandom “variables;
Markov . chains; ‘renewal theory; apphcanons
to waiting time Frobl_ems, to " counter prob-
lems, and to reliability theory; birth and
death processes; multipliCative processes; Gaus-
sian processes; stationary - processes; correla-
tion and_ spectral distribution; applications to
communication theory.

9561, QUEUING THEORY. Credit 3 hrs.
Fall. 2" Rec. 1 Comp. Intended primarily for
graduate students. Prereqs., 9360 and pérmis-
Sion of the instructor. Definition of a queuing
Frocess. Explicit solutions of queuing prob-
ems when the arrival and service distributions
are exponential or Erlang, A detailed study
of the one-ser\(er\}\)/r_oblem for general distribu-
tions: the basic Wiener-Hopf "equation; exist-
ence and unigueness of stable solutions; ap_-
proaches to solving the basic equation. Multi-
server problems; bulk service; queues in series.
Apﬁllcatlons to specific engingering problems
such as shop scheduling, e(1U|pment mainte-
nance, and inventory control.

9562. INVENTORY THEOQRY. Credit 3 hrs.
3 Lee.-Rec. Intended primarily for graduate
students but open to qualified undergraduates.
Prereqs., 9360 and permission of the instruc-
tor. An introduction to the mathematical
theory of inventory and production control
with "emphasis on the construction and _solu-
tion of mathematical models: topics will be
drawn from the recent technical literature and
will include deterministic and stochastic de-
mands; dynamic programming and stationary
anallyses of inventory ‘problems; renewal theory
applied to inventory problems; multi-echelon
problems; statistical problems; and production
smoothing.

9570. INTERMEDIATE INDUSTRIAL AND
ENGINEERING STATISTICS. (Old 3243).
Credit 3 hrs. Spring. 2 Rec. 1C0m{). Intended
for graduate studénts but open to qualified
undergraduates. Prereq., 9370 or permission.

Application of statistical methods to the effi-
cient design, analysis, and interpretation of
industrial “and engineering experiments; ra-
tional choice of sample size for various statis-
tical decision procedures and the operating
characteristic curves of these procedures; curve
fitting by least squares; simple, partial, and
multiple-correlation analysis.

9571, DESIGN OF EXPERIMENTS. (Old
3244). Credit 3 hrs. Fall. 2 Rec. 1 Comp. In-
tended for graduate students. Prereg., 9570 or
permission. ‘Use and analysis of experimental
designs such as randomizéd blocks and Latin
squares; analysis of variance and covariance;
factorial e_xReerents; statistical problems as-
sociated wit f|nd|ng1 best operating conditions;
response-surface analysis. (Offered in alternate
years. Given in 1963-1964.

@572_. STATISTICAL DECISION THEORY.
redit 3 hrs. Fall. 2 Rec. 1 Comp. Intended
for graduate students. Prereqs., 9360 and 9570,
or equivalent. The general problem of statis-
tical decision theory "and its applications. The
comparison of decision rules; Bayes, admissible,
and minimax decision rules. Problems involv-
ing a sequence of decisions over time, inclugd-
ing sequential analysis. Use of the sample
cumulative distribufion function, and other
nonparametric methods, Applications to prob-
lems in the areas of inventory control, sam-
pling inspection, capital investment, and pro-
curement. Not offered in 1963-1964.)

E)573. STATISTICAL MULTIPLE DECISION
ROCEDURES. Credit 3 hrs, Fall. 2 Rec.
1 Comp. Intended for graduate students.
Prere%., 9570 or permission” of the instructor.
The study of multiple-decision problems where
choices must be made between two or more
courses of action. The Wald two decision
problem; the relationship of classical sequen-
tial analysis to multiple decision procedures:
single-sample procedures; sequential analogs
of “single samPle procedures; “development of
sequential multiple decision procedures. Appli-
cations_ in ranking problems where preference
according to various criteria is desired, i.e.,
ranking “vendors by quality, of missiles by
range. or precision,” of systém components b
reliability, etc. Offered” in alternate years.
Given i 1964-1965.]

9579, SELECTED TOPICS IN INDUSTRIAL
STATISTICS. (Old 3245). Credit 3 hrs. Either
term. 2 Rec. 1 Comp. Intended for graduate
students. Prere(%., 9570 or permission. “Selected
topics chosen from such fields as non-para-
metric statistical methods, sequential analysis,
multivariate analysis.

9580. DIGITAL SYSTEMS SIMULATION,
Credit 3 hrs. Fall. 2 Rec. 1 Comp. Intended
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for graduate students and qualified under-
graduates. Prereqs., 9381 and permission. The
use of a Program for a digital computer to
simulate the ™ operating characteristics of a
complex system in time. Discussion of prob-
lems encountered in construction of a simula-
tion program; synchronization and file main-
tenance, random’ number generation, random
deviate_sampling. Programming in the SIM-
SCRIPT _language. Problems ‘in the design
of effective Investigations using simulation;
statistical considerations when_sampling. from
a_simulated process. Applications of simula-
tion to queuing, storage, traffic, and feedback
éyst,ems. A]ppljc,a,uons will “include use in the
esign of Tacilities, deS|Fn «of operating disci-
plines, and use in rea

operating system.

9581, INTEGRATED INFORMATION PROC-
ESSING SYSTEMS. Credit 3 hrs. Spring. 2
Rec. 1 Comp. Intended for graduate students
but open to qualified underg‘raduate_s. Prereq.,
9381 or 9182. Concerned with the integration
of systems for_acquiring, recording, coding,
transmitting, filing, storing, retrieving, proc-
essing, and reporting information. Theoretical
basis™ in such_topics as information theory,
data communications, information retrieval
queuing theory, character recognition, and
adagtlve control theory. Also, implementation
problems in equipment capability and com-
paI|b|I|I¥_, processing languages, “and overall
information. systems™ design. A?,phcauons in
manufacturing—hoth in accounting and con-
trol of operations—merchandising,” warehous-
ing, banking, transportation, and military
operations.

9582. MODERN DIGITAL COMPUTATION.
Credit 4 hrs. Either term. 3 Rec. 1 ComP.
Intended for graduate students but open to
qualified undergraduates; consent of instruc-
tor required. Covers the same topics as 9381
but with somewhat greater depth and. rigor.
Meets concurrently with 9381 for 2 recitations
each week. Messrs. Conway, Maxwell, Rudan,
Or Sattzman.

time control” of an

9584, STRUCTURE OF COMPUTING LAN-
GUAGES. Credit 3 hrs. Spring. 2 Rec. 1C0m[).
Intended for graduate students but open to
qualified undergraduates. Prereq., 9582 or
consent of instructor. Will consider the struc-
ture and form of different types of program-
ming languages including assemblers, inter-
Freters, compilers, list processors and tabular
languages. Basic _technl_?ues for scanmwl order-
mg and translating will be covered. Will con-
sider also advanced programming systems for
executive_control and Multi-processing. Stu-
dents will design and implement “several
§|mple programming languages during the
erm.

9585, COMPLEX INFORMATION PROC-
ESSES. Credit 3 hrs. Spring term. 2 Rec. 1
Comp. Elective for graduate students. Prereq.,
9582 or consent of Instructor. Considers basic
theory of automata and complex com_P_uI_er
applications in which some degree of artificial
intelligence is exhibited. ConSiders programs
which”are heuristic, adaptive, or which “learn
from computation experience. [lustrative ap-
plications in game-playing and theorem prov-
Ing; practical anllc_atmns in industrial sched-
uling, line balancing. and machine layout.
Laborator%/ work will “involve [PL-V program-
ming on the Control Data 1604 of the Cornell
Computing Center. Messrs. Conway, Maxwell
0 Sattzman.

9590, SPECIAL INVESTIGATIONS IN IN-
DUSTRIAL ENGINEERING. Credit and ses-
sions as arranged. Either term. Elective for
ualified undergradua_te and graduate students.
ffered to students individually or in small
grouiJs. S,tud%, under direction, of  special
problems in the field of industrial engineering
and administration.

9591, INDUSTRIAL ENGINEERING AND
ADMINISTRATION GRADUATE SEMINAR.
Credit 1 hr. Both terms. A weekly 1V2 hr,
meeting. For graduate students. Discussion and
%’tul?iy of assigned topics of importance in the
ield.

AGRICULTURAL ENGINEERING

(For a complete description of the courses in agriculture, see the Announcement of the College

of Agriculture.)

2. INTRODUCTION TO AGRICULTURAL
ENGINEERING. Credit 2 hrs, Spring. 2 Lect.
Limited to students in the five-year agricul-
tural engmeermg curriculum. The purpose Is
to_introduce the application of engineering
Br!nup_les to Problems in agriculture, with 3
rief history of the development of agricultural
engineering in the United States. Problems

that are of primary interest to the a?ncultural
engineer are used ‘to provide understanding of
the application of principles and to test the
students’ comprehension of the subject matter.
Selected staff.

105. ENGINEERING DRAWING. Credit 4
hrs. Fall. 2 Lect. 2 Lab. Designed to promote
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an understanding of the engineer’s universal
graphic language. The lectures will deal pri-
marily with“spatial relationships involving the
problem-solving  techniques ~of descriptive
geometry. Thé laboratories will develop a
working” knowledge of drawing conventions,
drafting techniques, and their “application  to
machine, architectural, and pictorial drawing
problems. Graphs and  engineering graphics
(nomoqr%pf}]y and graphical calculug Wwill also
be included. Students will accomplish their
work with_drafting machines as well as the
standard T-square” and hoard. Department
equipment will be utilized to reproduce selected
drawmg exercises to illustrate the techniques
involved and verify line work quallty.”he
first half-hour of the laboratory will be utilized
as.an instruction-recitation period. Laboratories
will be conducted to promote learning through
informal student-teacher contact. Mr. Long-

house.

202. AGRICULTURAL POWER. Credit 3 hrs.
Fall. Lect. Lab. Comp._ Prereq., Engineering
3601 or the equivalent. Thermodynamic prin-
ciples applied to internal combustion engines.
Application of kinematics and dynamics to
tractor design and field use, Elements involved
in proper construction, selection, and_ opera-
tion of farm tractors. Emphasis on writing of
engineering reports. Mr. Siemens.

203. AGRICULTURAL MACHINERY. Credit
3 hrs. Spring. 2 Lect. 1 Lah. Prereq., E_nF|-
neering 3341 or the equivalent. The principles
of design and development of agricultural ma-
chines to meet functional requirements, Em-
phasis is given to stress analysis, selection of
materials of construction, and testm? proce-
dures_involved in machine and development.
Mr. Gunkel.

220. SURVEYING. Credit 2 hrs, Spring. 1
Lect. 1 Lab. A study of the principles and
practices of surveying measurements. Funda-
mentals of measurement, sources of errors,
Use of steel tape, engineer’s level, transit and
plane table. Emphasis upon agricultural en-
gineering applications. Mr. Levine.

221, SOIL AND  WATER ENGINEERING.
Credit 3 hrs. S rmg. 2 Lect. 1 Lab. Preregs.,
Engineering 2132, 2302, and Agronomy 1, or
thelr equivalents. An advanced “course™ in the
application of ,engmeerm? principles to the
problems of soil and water control in agri-
culture. Includes demgn and construction” of
drajnage systems and_farm ponds; and design
and operation of sprinkler systems for irriga-
tion. Mr. Black.

231 AGRICULTURAL STRUCTURES. Credit
3 hrs. Spring. 1 Lect. 2 Lab. Preregs., Engi-

neermé; 2132 and 3605 or their equivalents.
An advanced course in the application of
structural desul;_n principles to farm buildings.
Includes functional requirements, character-
istics of materials, structural design, and the
gn_nc!ples of environmental control in farm
uildings. Mr. scott.

241, LOW-COST ROADS. Primarily for
foreign students. Credit 3 hrs. On démand.
Prereq., 2610 or the equivalent. Study of eco-
nomic importance of routes and selection of
roads to be improved; location and design;
subgrade soils and stabilization of subgrade
s0ilS by use of admixtures, chemicals™ and
bituminous materials; drainage structures; bi-
tuminous treatments and bituminous mats for
stabilized subgrades. Survey of the experi-
mental work in the use of ‘materials and de-
sign and construction of low-cost roads. Mr.

Spencer.

251, SPECIAL PROBLEMS I[N AGRICUL-
TURAL ENGINEERING. Credit 1 or more
hrs. Fall or sPnan. Preregs., adequate ability
and training tor the work proposed, and pei-
mission to " register. (Normally reserved ~for
seniors in upBer two-fifths of class.) Special
work in an% ranch of agricultural engmeer-
ing on problems under investigation Dy the
Départment or of sPemaI interest to thé stu-
dent, provided, in the latter case, that ade-
quate facilities can he obtained. Staff.

253. SPECIAL TOPICS IN AGRICULTURAL
ENGINEERING. Credit L hr. Fall and s{frmg.
Open only to seniors. Presentation and dis-
cussion of the opportunities, qualifications, and
responsibilities for positions of service in the
various fields of agricultural engineering. Mr.

French.

260-261, AGRICULTURAL ENGINEERING
PROJECT. Total Credit 6 hrs. Fifth year
work in the form of progects. Individual work,
or in small groups, with staff guidance. Pri-
marily ~intended to develop initiative and
self-reliance, as well as to provide for experi-
ence with engineering. problems, Problems in
the student’s area of interest will be assigned
ggﬁfr consultations between student and Staff.

461. AGRICULTURAL MATERIALS HAN-
LING AND PROCESSES. Credit 4 hrs,
Fall. 3 Lect. 1 Lab. A study of prmmf)les of
and eqmi)m_ent for handling agricultural mate-
rials, including the development of systems for
typical farm operafions. Processes such as size
reduction, separation, mixing, metering, de-
hydration, refrigeration, and ventilation as
_the?f apply to farm structures and materials are
included.” Not given in 1963-1964.]
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WINNFLRLEQ GUNKEL, B.S., , Professor of Agricultural Engineering.

Ph.D
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GILBERT LEVINE, B.S., Ph.D. Assocrate Professor of Agricultural Engineering.
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ASSISTANT PROFESSORS
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JULIAN C. SMITH, B.Chem., Chem E., Professor of Chemical En ingering.

R%BERT L. VON 'BERG, BS. in Chem.E. MS. in Chem.E. St.D. Professor of Chemical
ngin

HER RTgF WIEGANDT, BS. in Chem.E., MS. in Eng., Ph.D., Professor of Chemical
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ROB%RT Y8RK BS. (M.E.), MS. (M.E.), ScD. in Chem.E., Socony Mobil Professor of Chemical
Engineering.

ASSOCIATE PROFESSORS

PETER HARRIOTT, B.Chem.E., Ph.D., Associate Professor of Chemical Engineering.

FERDINAND RODRIGUEZ, BS. in Chem.E., M.S. in Chem.E., Ph.D., Associate Professor of
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RAYMOND G."THORPE, B.Chem.E., M.Chem.E., Associate Professor of Chemical Engineering.

ASSISTANT PROFESSOR
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Engineering.

CIVIL ENGINEERING
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of Civil Engineering,
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EMERITUS PROFESSORS

SAMUEL LATIMER BOOTHROYD, M.S., Professor of Astronomy, Emeritus.

WALTER L. CONWELL, CE., Professor of Highway Engineering, Emeritus.

CARL CRANDALL, CE., Professor of Civil Engineering, Emeritus. o o
SOLOMON CADY HOLLISTER, B.S., CE. D.Eng., Sc.D. Professor of Civil Engineering,

Emeritus.

JOHN EDWIN PERRY, B.S. in C.E., Professor of Railroad Engineering, Emeritus.

ERNEST WILLIAM SCHODER, BS. BS. in Min,, Ph.D., World War Memorial Professor of
Experimental Hydraulics, Emeritus. ) ) )

HERBERT HENRY SCOFIELD, M.E., Professor of Testing Materials, Emeritus.

CHARLES LEOPOLD WALKER, C.E., Professor of Sanitary Engineering, Emeritus.

PROFESSORS

DONALD J. BELCHER, B.S.CE., M.SE., Professor of Civil Engineering.

PAUL P. BIJLAARD, C.E., Professor of Mechanics. )

HARRY D. CONWAY, B.Sc. (Eng.), M.A., Ph.D., Professor of Mechanics. )

GORDON P. FISHER, B.E., D.Eng., Professor of Civil Engineering and Associate Dean of the

College.
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De'ﬂartmentofSamtary Engineering. o o

JOHN C. GEBHARD, "C.E.; Professor of Civil Engineering and Head of the Department of
Construction E\Anﬂmeerm% and_Administration. o

TAYLOR D. LEWIS, B.SE., C.E., Professor of Civil Engineering and Head of the Department
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TA LIANG, B.E, M.CE., Ph.D., Professor of Civil Engineering.

WILLIAM McGUIRE, BS. in C.E., M.C.E., Professor of Civil Engineering..

ARTHUR J. McNAIR, BS, M5, CE. Professor of Civil Engineéring and Head of the
Surveying Department,

GEORGE WINTER, CE. Ph.D. Professor and Head of the Department of Structural
Engineering, Class of 1912 Professor of Engineering.

ASSOCIATE PROFESSORS

VAUGHN C. BEHN, B.S., M.S., D.Eng., Associate Professor of Civil Engineering.
BENGT BROMS, C.E. M.S., Ph.D., Associate Professor of Civil Engmeen_n%. o
LLIAM L. HEWITT, AB., B.C.E, M.CE., Associate Professor of Civil Engineering.
LYNN, BS, M.S. PhD., Associate Professor of Civil Engineering.
S.in CE., M.S., Associate Professor of Civil Engineering.
SON, BSCE. E/I.S. Associate Professor of Civil Engineering.

o
m

. M.CE., Associate Professor of Civil Engineering.
h.D., Associate Professor of Materials.

M.E., Assistant Professor of Civil Engineering o

AE., MS, PhD., Assistant Professor of Civil _Er]Fmeer_mg._

, (Eng.), Ph.D., Assistant Professor of Civil Engineering.
.D., Assistant Professor of Civil Engineering.

S, Ph.D., Assistant Professor of Civil | nl:gme_ermg.
S, M.S., Ph.D., Assistant Professor of Civil Engineering.

. MS., Ph.D., Assistant Professor of Civil Engineering.

INSTRUCTORS

BURDETT K. STEARNS, B.S., M.S.
SAMUEL J. ERRERA, B.S., M.S.
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GLEN WADE, B.S, M.S., Ph.D., Director of the School of Electrical Engineering and J. Preston
Levis Professor of Engineering. _ _ _ _

WILLIAM HARRY ERICKSON, BS. in E.E., MS. in E.E., Assistant Director of the School and
Professor of Electrical Engineering.

EMERITUS PROFESSORS

LAEWREtNCE ADAMS BURCKMYER, Jr., BS. (in E.E.), E.E., Professor of Electrical Engineering,

meritus.

R%BER’tT FRANKLIN CHAMBERLAIN, ME. (in E.E.), Professor of Electrical Engineering,
meritus.

CASPER LEHMAN COTTRELL, AB., Ph.D., Professor of Electrical Engineering, Emeritus.

MICHEL GEORGE MALTI, AB., BS. in EE, MEE., PhD., Professor of Electrical
Engineering, Emeritus.

PROFESSORS
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En%meenn%. o )
HIE’\/Il\IthY GtE RGE BOOKER, B.A, M.A., Ph.D. IBM Professor of Engineering and Applied
athematics.
WALTER WENDELL COTNER, B.S. (in E.Eg, EE., M.EE. Professor of Electrical Engineering.
. CONRAD DALMAN, BEE. M.EE., D.EE. Professor of Electrical Engineering.
THOMAS GOLD, M.A., Chairman, Department of Astronomy, Professor of Astronomy, Professor
of Electrical Engineering, Director of the Radehysms and Space Research Center.
WILLIAM EDWIN GORDON, B.A, M.A, M.S,, Ph.D., Director, Arecibo lonospheric Observa-
tor}s, Arecibo, Puerto Rico, Professor of Electrical En meerln% éon leave, academic year 1963).
CHARLES F. GREEN, A.B., AM. Ph.D. Visiting Protessor of Electrical Engineering.
SII}/IQPG%ON LINKE, BS. in E.E., M.E.E., Professor of Electrical Engineering (on leave, fall term
TRUE McLEAN, EE. Professor of Electrical Engin_eering (on leave, academic year 1963]. _
HEENR_Y STOCKWELL McGAUGHAN, B.S.E.” (in Phys.), M.E.E., Professor of Electrical
ngineering.
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En?meermg, Secretary of the Facult;& of the School of Electrical Engineering.
BENJAMIN "NICHOLS, B.E.E, MEE., Ph.D., Professor of Electrical Engineering (on leave,

[ITH, EE., M.EE. Ph.D. Professor of Electrical Engineering and
dies of the College of En%meermg. o

n E.E., Professor of Electrical Engineering. )
BS. in EEE, MS. in EE. Professor of Electrical
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ASSOCIATE PROFESSORS
RALPH BOLGIANO, BEE., MEE. Ph.D., Associate Professor of Electrical Engineering.

=

B.E
NELSON HOWARD BRYANT, E.E.. M.E.E., Associate Professor of Electrical En?meer[ng. )
MARSHALL H. COHEN, B.EE. M.Sc., Ph.D., Associate Professor of Electrica Engineering
%esment at Arecibo, Puerto Rico, academic year 1963). o
NICK DeCLARIS, B.S. Sc.D., Associate Professor of Electrical Engmeenn?. ) o
LESTER FUESS EASTMAN, B.EEE., M.S, Ph.D., Associate Professor of Electrical Engineering.
CYLDE EDWIN INGALLS, E.E., Associate Professor of Electrical Engineering. o
PAUL ROWLEY McISAAC, BEE., MSE. Ph.D. Associate Professor of Electrical Engéneer[ng.
Tl-éﬁog)e%RnE GREGORY MIHRAN, AB., M.S., Ph.D., Visiting Associate Professor of Electrical
ingeri
ROB y SBORN, BSEE, AEssouate Professor of Electrical Engineering.
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SUDAN, B.S., D LI, Sc., Ph.D,, Associate Professor of Electrical Engineering.
G TORNG, B.S, MS, Ph.D. Associate Professor of Electrical Engineering.
. NA, B.EE. M.EE. Associate Professor of Electrical Enginegring.
A, B.E.P., Ph.D., Associate Professor of Electrical Engineering.

ASSISTANT PROFESSORS

ALEXANDER SCOTT GILMOUR, B.EE., MS., Ph.D. Assistant Professor of Electrical
Engmeenn Eemdent at Cornell Aero Lab, Buffalo, acadamic year 19_63?. o

FREDERICK JELINEK, SB.. SM. Ph.D. Assistant Professor of Electrical Engineering.
MYUNGHWAN KIM, BS. in EE, MS. in EE, Ph.D., Assistant Professor of Electrical

Engineering.
KEHgH ROGER KLECKNER, BEE. Ph.D. Assistant Professor of Electrical Engineering.
LEE AUBRY MacKENZIE, B.EE. M.S., Ph.D. Assistant Professor of Electrical En ineering.
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ngineering.
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S
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LELAND C. ROBERTS, AB., BSEE.
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EMERITUS PROFESSORS

ERIC V. HOWELL, C.E., Professor of Mechanics, Emeritus.
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PROFESSORS

echanics. _ _

h.D., Professor of Applied Mathematics.

of Mechanics. i

., Professor of Mechanics. . )

¢.D., Professor of Applied Mathematics.

f Materials, Secretary of the Faculty of the

B.C.E., Ph.D., Associate Professor of Mechanics.
ssociate Professor of Mechanics.

R
Ig.
D., Visiting Associate Professor of Mechanics.

OMAS P. M L
YIH-HSING PAO, B.S., M.S. Y
ALLAN W B.E ,
ASSISTANT PROFESSOR

RICHARD H. LANCE, B.S., M.S., Ph.D., Assistant Professor of Mechanics.
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INSTRUCTORS

KARL F. GRAFF.
STANLEY OLSEFSKI.

ENGINEERING PHYSICS AND MATERIALS SCIENCE

JOHN P. HOWE, Ph.D., Professor of Engineering and Director of the Department of Engi-

neenn% Physics and Materials_Science, o _ _ _
TREVOR R. CUYKENDALL, Ph.D., Professor of Engineering Physics and Associate Director
of the Department of Engineering Physics and Materials Science.

PROFESSORS

HENRY GEQRGE BOOKER, Ph.D., IBM Professor of Engineering and Applied Mathematics,
Professor of Electrical Engmeer_m , and Professor of EnFm_eermg Physics. o
MALCOLM S. BURTON, S.M. in 'M.E., Professor of Materials and Metallurgical En%meermg.
DALE RAYMOND CORSON, Ph.D., Dean of the College of Engineering, Professor of Physics,
and Professor of E gmeermg Physics. ) o
EDPIr\]/IU_ND TITUS CRANCH, Ph.D., Professor of Mechanics, and Professor of Engineering

Sics.

THOyMAS GOLD, M.A., Chairman of the Department of Astronomg, Professor of Electrical
Engineering, Director of the Radiophysics and Space Research Center, and Professor of
En meen\r}\}; PR?IS

S LAWRENC ( Engin )
h.D., Professor of Physics and Professor of Engineering Physics.
., Professor of Materials Science,

E E
RANK NEWHALL, Ph.D., Professor of Physics and Professor of Engineering

, Sc.D., Professor of Materials and_Metallurgical Engineering. )
. RESLER, JR., Ph.D., Professor of Aerospace Engineering and Professor of Engi-

Physics.
g_SAM}_’UEL SACK, D.Sc., Walter S. Carpenter, Jr. Professor of Engineering and Professor
n%meermg Physics. ) o ) )
LDUS SCALA, D.Sc., Professor of Metallurgical Engineering and Materials Science.
LIAM REES SEARS, Ph.D., Professor of "Aerospace Engineering, John LaPorte Given
ofessor of Engineering, and Professor of Engineering Physics: )
JAMIN M. SIEGEL, Ph.D., Professor of Engineering Physics and Professor of Physics.
GE V. SMITH, Sc.D., Francis Norwood Bard Professor of Metallurgical Engineéring.

CIATE PROFESSORS

D. CLARK, Ph.D., Associate Professor of Engineering Physics.

RT H. JOHNSON, Ph.D, Associate Professor of Materials Science.
Ph.D., Associate Professor of Engineering Phxsm_s.
Ph.D., Associate Professor of Engme_ermgS Physics.
L. RUOFE, Ph.D., Associate Professor of Materials Science.
. WEBB, Ph.D., Associate Professor of Engineering Physics.

ASSISTANT PROFESSORS

JOSH_N M. BLAKELY, Ph.D., Assistant Professor of Engineering Physics and of Materials
cience.
K. BINGHAM CADY. Ph.D., Assistant Professor of Engineering Physics.
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DAVID E. FISHER, Ph.D., Assistant Professor of Engineering “Physics. o

CHE-YU LI, Ph.D., Assistant Professor of Materials ‘and Meétallurgical Engineering.

JOHN SILCOX, Ph.D., Assistant Professor of Engineering Physics. ) )

A’\S‘é[eHn(c)eNY TAYLOR, Ph.D., Assistant Professor of Engineering Physics, and of Materials
ience.

HARRY W. WEART, Ph.D., Assistant Professor of Materials_and Metallurgical Engineering.

GEP%RGE J. WOLGA, Ph.D., Assistant Professor of Electrical Engineering, and of Engineering
ysics.
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ANDREW SCHULTZ, BS. in AE., Ph.D., Head of the Department and Professor of Industrial
Engineering.

PROFESSORS

ROBERT ERIC BECHHOFER, AB., Ph.D., Field Representative, Graduate Field of Industrial
En%meerm? and Operations Research, and Professor of Industrial Engineering.

HENRY PHILLIP G BS., M.S, Professor of Industrial Eaneermg_. o

R NDERS, B.S. in E.E., M.S. Professor of Industrial Engineering.

E M.A., 'Ph.D., Professor of Industrial Engineering.

ASSOCIATE PROFESSORS

ROBERT NELSON ALLEN, B.S. in A.E., Secretary of the Faculty of the Def)artm_ent of In-
dustrial E\r}\?meerm and Administration, and Associate Professor “of Industrial Engineering.
RICHARD WALTER CONWAY, B.M.E,, Ph.D., Associate Professor of Industrial n?meenng.
MI/E-\R_TIN WRIGHT SAMPSON, BS. inA.E., MS. in Eng., Associate Professor of Industrial

ngineering.

ASSISTANT PROFESSORS
RICHARD HAROLD BERNHARD, B.M.E., MS., Ph.D., Assistant Professor of Industrial

Engineering.
DONALD LEE IGLEHART, B.EP., M.S., Ph.D., Assistant Professor of Industrial Engineering.
WILLIAM LAUGHLIN MAXWELL, B.M.E., Ph.D., Assistant Professor of Industrial En-
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ineering. ) . L

PETER ERNEST NEY, BS, M.A, Ph.D. Assistant Professor of Industrial Engineering.

SIDNEY SALTZMAN, B.S. MS. Ph.D., Research Associatt—Cornell Computing Ceiter and
Assistant Professor of Industrial Engineering.

INSTRUCTORS

GARY DEAN EPPEN, B.S., M.S.ILE., Instructor in Industrial Engineerinﬂ. )
JOHN WALTER RUDAN, BSc. (M.E) MS. Assistant Director, Cornell Computing Center
and Instructor in Industrial Engineering.

MECHANICAL ENGINEERING

HARRY JOHN LOBERG, M.E., M.S. in Eng., Director of the School and Professor of Mechanical

Engineering,
GEO%GE,RRYMOND_HANSELMAN, M.E., M.S., Assistant Director of the School, Professor of
Mechanical Engineering, and Secretary of the Faculty of Mechanical Engineering.

EMERITUS PROFESSORS

WILLIAM COOK ANDRAE, M.E., M.M.E., Professor of Mechanical Engineering, Emeritus.
ROY EDWARDS CLARK, M. E.. Professor of Heat-Power Engineering, Emeritus, )
CLARENCE ELLSWORTH TOWNSEND, M.E., Professor of Engineering Drawing, Emeritus.

PROFESSORS

ARTHUR HOUGHTON B S.oin ME, MS. in ME., PhD. Silbey Professor of
n f the Department of Machine Design

U i
Mechanical ne\}neerln and Head g I . o
EW JOSEPH CONTA, B.S. M.S. in Eng., Professor of Mechanical Engineering.
E., MME. PhD., Professor of Mechanical Engineering.
Professor of Mechanical En%meenng. )
) BS. in M.E., MMM.E., Ph.D., Professor of Mechanical
he Graduate School.
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. E.E., Professor of Engineering. o
| %A Ph.D., Professor of Mechanical Engineering.
E., MM.E., Professor of En%meer_mg Materials.
E n E. Sweet Professor of Engineering.
E., Professor of Engineering Materials.
in C.E., Professor of Mechanical Engineering..
n M.E., M.M.E., Professor of Mechanical Engineering.
n Eng., Professor of Mechanical Engineering and Head

PROFESSORS

Arch, M.R.P. Associate Professor of Mechanical Engineering,

D IRCHILD, M.E., E.E., Associate Professor of Mechahical Engineering.

GER LOREN GEER, M.E., Associate Professor of Materials Processing. _
D S, Jr, BSME., MS., Ph.D. Associate Professor of Mechanical

McMANU
T HERMANN SIEGFRIED, M.E., Associate Professor of Mechanical Engineering. .
T S HE . in ME, MS. in ME., Associate Professor of Mechanical

ASSISTANT PROFESSORS

NOBLE WAYNE ABRAHAMS, B.S., Assistant Professor of Mechanical En ineerin%. )
S, B.SE., MSE., PhD., Assistant Professor of Mechanical

JOEHN_ FREDERICK BARROW

ngineering.

JOHgl FRA!\?KLIN BOOKER, B.E., MA.E., Ph.D., Assistant Professor of Mechanical Engineering.
FELIX JOHN PIERCE, B.SM.E,, M.S., Ph.D., Assistant Professor of Mechanical Engineering.

INSTRUCTORS
GE

RALD PETER FRANCIS
RICHARD HAROLD PLE

INSTRUCTOR-TECHNICIANS IN
MECHANICAL ENGINEERING
H. RUPERT CARPENTER.

ANTHONY S. DISPENZA.

W.EVERETT MORGAN.

ENGINEERING COLLEGE COUNCIL

ALEXANDER M. BEEBEE, M.E., Chairman of the Executive Committee, Rochester Gas &
Electric Carporation. . _

JAMES R. DONNALLEY, Jr., Ph.D., General Manager, Insulating Materials Department, General
Electric CompanK. . , _

JPAHIE O'EGFyNSHA US, A.B.. former Assistant Vice President, New York Telephone Company.

. hRBI T HOLLOMON, BS. Ph.D., Assistant Secretary of Commerce for Science” and

echnology.

MARK KA%, Ph.D., Member of Rockefeller Institute and Professor of Mathematics.

KENNETH ‘A, KESSELRING, B.EE. General Manager, Knolls Atomic Power Laboratory,
General Electric Company. ) ) ; o

WILLIAM LIT'l LEWQOD, M.E., Vice President, American Airlines.

KARL N. NELSON, B.Ch.E., Vice President, Enjay Chemical Company.

IRA J. ROSS, M.S.Aero E., President, Cornell Aeronautical Laboratory, Inc.

BEAUCHAMP E. SMITH, M.E., Consulting Engineer. ) o

LLO SMITH, Ph.D., Director of Research, Aeronutronic, a Division of Ford Motor
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PORN, EE., DEng, LLD. LH.D. Chairman, Systems Development Committee,
Electric Power Company, Inc.
H. STURDY, C.E., Consulting Engineer. ) ) )
D, Ir, M.E., former Chairman of the Board, Vitro Corporation of America.
D CE. _Consultm,g Engineer, Wood, Sibbert and Tower.
WOOLSON, M.E., Vice President and Division General Manager, MoPar, Chrysler
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