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ENGINEERING AT CORNELL

THE OBJECTIVE of the College of Engineering is to provide students with
hlqh-qual_ltx education, combining competence in e_n?lne_ermg science and tech-
no o?y with appreciation of the humanities and social sciences, and utilizing the
intellectual and cultural resources of Cornell University. 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
engmeerlng education. o o

“From the founding of the University, the College of Engineering has recoF-
nized the need for strong undergraduate and graduate programs. Many early
Cornell engineering graduates became educators who were instrumental in estab-
lishing the pattern of development of modern engineering education. Cornell
granted the first doctorate in englneerlng in the country and established the
nation’s first separate program granting degrees in electrical engineering. The
introduction of the five-year undergraduate program in 1946 reflected the need
for engineers with a better foundation in basic science and mathematics,
greater competence in engineering science and technology, and broader exposure
to the humanities and social sciences. Today the five-year course provides flexi-
bility for more than 1800 undergraduate students, enabling them to prepare
effectively either for graduate work or for en%meerln practice. Programs of
graduate study provide opportunities for nearIK 00 graduate students to explore
new areas of technology in a scholarly atmosphere. o
~ The more than 130 permanent members of the facu_ItY reflect varied interests
in the problems of education, the challenges of new fields of research, and the
advancement of the engineering profession. Each year this staff is supplemented
by several outstanding visiting professors. The engineering faculty last year
conducted budgeted and contract research coverm% the entire range of engineer-
ing science and technology from the phenomena of outer space to the subatomic
properties of materials, and from the decision models for computer simulation
to hot gasdynamics. Such research, essential to education in an age of dynamic
technology, creates opportunities for teachers to keep abreast of the latest devel-
opments at the frontiers of engineering, and provides an intellectually stimulating
atmosghere for attracting outstanding engineering educators.

Eight modern buildings on the engineering campus provide over 600,000
square feet of floor space for teaching and research. Many of these buildings
have been the gifts of distinguished Cornell alumni:

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

Franklin W. Olin ’se: Chemical Engineering

S?encer T. Qlin 21 Civil Engineering

Ellis L. Phillips "95: Electrical’ Engineering

Maxwell M. Upson "99: Mechanical Engineering S

Walter S. Carpenter, Jr. "10: Engineering Library and Administration
1
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Bard Hall for metallurgical engmeermg, now under construction, the gift of
Francis N. Bard ‘04, will add 50,000 square feet of space for classrooms and
laboratories, devoted to ex[Janded programs in metallurgy when it is ready for
occupanq(] in the fall of 1963. _

With the newly completed nuclear reactor laboratory, the College of Er]?l-
neering has in operation a reactor facility unique among educational institu-
tions. One reactor has a moderate power core capable of being pulsed to very
high power for brief periods, thereby affording 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 associatéd prob-
lems. The reactor building” also houses a gamma irradiation cell, laboratories,
classrooms, and offices. Opportunities exist for study and research in such areas
of nuclear technology as nuclear metallurgical problems, fuel processing, radia-
tion effects on chemical reactions, heat transfer, design of reactor structures, and
analysis of electric power plant systems. The E(ul,smg. feature of the reactor
permits special kinds of radioisotope tracer work in biological research.

A Center for Radiophysics and, Space Research has been organized to conduct
graduate programs and research in:

L. Radio investigations of the atmosPhere, moon, Venus, Mars, and properties
of space in the vicinity of the earth and near-by planets.

2. The development of space vehicle instrumentation for the study of the
gases of the solar system. o .

3. The use of radio astronomy for investigating solar, galactic, and extra-
galactic phenomena.

A radar antenna 1000 feet in diameter, designed for use in many of these investi-
gations, is under construction. In addition, numerous laboratory studies will be
carried on. The Center provides opportunities for faculty and graduate students
in astrono_my,_englneerlngn physics, electrical engineering, physics, and aero-
space en?lneerlng to collaborate in advancing the understanding of space.

A newly established mterdlsmp_llnar¥ Materials Science Center offers graduate
study and research in the broad field of materials science, mteqratmg the perspec-
tives of the basic and engm_eerm? sciences. Investigations will be conducted to
obtain a better understanding of the general laws governing the behavior of
materials, to determine methods for improving the “engineering properties of
materials, and to develop entirely new kinds of materials. Such unifie _teachlng
and research efforts will benefit both undergraduate and graduate instruction, ang
will efr]altéle Cornell to maintain its prominent reputation in the materials sci-
ence field.

In recognition of the growing impact of electronic computers on every area
of engineering analysis, the Cornell Computing Center has added a large-scale,
magnetic-core, magnetic-type Burroughs 220 digital computer for use by students
and faculty. The Center will install during 1902 1903 a Control Data Corpora-
tion 1604-160A computer system. Courses are offered in the operation and
principles of the computer, enabling both undergraduate and graduate engineer-
Ing students to obtain the advantages of this powerful computational tool in
project and thesis work. .

In the spring of 1961, the Ford Foundation made a grant of $4,350,000 to
Cornell University to advance graduate study and research in the College of
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Engineering. This grant has made possible the establishment of new professor-
ships, additional research facilities, ex,rw,nded financial assistance for graduate
students, and other special projects within the College. Resultlng strengthened
programs of teaching and research are enabling the College of Engineering to
meet more effectwelig the educational and research requirements o rapld_l?( ex-
panding modern technology. The Ford Foundation grant is having a significant
and pervasive influence upon the future de_velopment of engineering at Cornell.

As of July 1, 1962, two new Brofessorshlps, he Given Foundation Professor-
sh|8 in Engineering, endowed by the Given Foundation in memory of John
LaPorte Given, Class of 1896, and the IBM Professorship in Engineering, en-
dowed by International Business Machines Corporation, Inc., have been es-
tablished, The chairs are held by William R. Sears, Director of the Graduate
School of Aerospace Engineering, and Henry G. Booker, Director of the School
of Electrical Engineering, respectively. _

The accelerating expansion of modern science and technology poses a com-
Plex challenge for englneerlngneducatlon to keep pace with the demands of the
uture. The programs described above are representative of the contlnumg
efforts of every division of the College to improve undergraduate programs an
to develop graduate education and research, in order to PTO\(Ide Cornell
engineering graduates with sound preparation for rewarding protessional careers.

UNDERGRADUATE CURRICULA.
REQUIREMENTS, AND DEGREES

Prospective freshmen interested in engmeerm? should write for a special illus-
trated booklet entitled Englneerlnﬂ at Cornell. Requests should be addressed
to the Announcements Office, Day Hall, Cornell University, and should mention
that the writer is a prospective freshman.

CORNELL University confers seven baccalaureate degrees in engineering:

Bachelor of Agricultural Engineering (B.Agr.E.)
Bachelor of Chemical Engineering ﬁ;B'Ch'E')
Bachelor of Civil Enqlneer[ng (B.C. Eg

Bachelor of Electrical Englneerln %.E.E.)
Bachelor of Engmee_rlnF hysics EB. n%Phys.
Bachelor of Mechanical Engineering (B.ME.
Bachelor of Metallurgical Engineering (B.Met.E.)

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

1 The candidate must have been in residence and registered in the _CoIIe,gie
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.
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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.

4, Each student in the first term of the freshman year in the College of En-
gineering must attend regularly the lectures in orientation for students in
engineering.

The first two years of undergraduate work are substantllallf the same for
students expecting to study chemical, civil, electrical, mechanical, or metallurgi-
cal endgmeermtg, or enginéering physics. The freshman and sophomore courses
of study therefore are administered by the Division of Basic Studies described on
Pa es 23-25. Choice of a sdpecmc degree program in most cases does not have
0 be made until the secona year. . .

After the second year, a student contemplating a transfer within the College
of Engineering, or to another division of the University, should discuss his plans
first with his “adviser. If he decides to transfer to another school within the
College of Engineering, the student must a_pgl;g to the director of that school
durlngi the term recedmg the one in which he wishes to make the change.
Transters made arter the beginning of the third year, while still possible, may
require one or more additional terms of study in order to meet degree require-
ments. In ?ene[al, transfers early in the college program result in fewer complica-
tions and Tess time lost.

SPECIAL UNDERGRADUATE
PROGRAMS OF STUDY

UNDERGRADUATE PROGRAM IN
AEROSPACE ENGINEERING

DURING the fourth and fifth years, students with good scholastic records in
electrical en meermg, engineering physics, or mechanical engineering may elect
courses in the Graduate School of "Aerospace Englneerm?_. They may carry
out senior projects in the aerospace field under the direction of the School’s
staff. Students ‘who elect this program graduate with an unusually sound aero-
space education in addition to their broad, undergraduate engineering education.
hese specialized aerospace studies are of a type usually reserved for gradu-
ate students. _ _ _ _

The student planning to follow this course of studies should consult with
W. R. Sears, Director of the Graduate School of Aerospace Engineering, by
tr(lje betglnnlng of his third year in engineering so as to plan his program to best
advantage. ,

This same program prepares the student planning to work for the Master of
Aeronautical Engineering degree. It is also a basic program, along with his
other en |neer|nt‘; course work, for the student planning study in" this field
beyond the Master’s degree. (See page .
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NUCLEAR TECHNOLOGY

Qualified students in the fourth and fifth years of chemical, civil, electrical,
mechanical, and metallurgical engineering, and engineering physics, may elect
a series of coordinated courses in nuclear techno]ogr. The courses, introductory,
advanced, and supplementary, comprise a relatively complete coverage of the
field of nuclear engineering.

I6rét7r20ductory: 8301 (or Physics 243), 8311, 8351, 3605 (or 3665 or 5505), 5760,

INDUSTRIAL COOPERATIVE PROGRAM

During the fourth term, above-average students in electrical and mechanical
engineering and in engineering physics are invited to be interviewed for admis-
sion to the Industrial Cooperative Program. _

The CooEeratwe Program provides three term-length work periods (about
sixteen weeks each) in one of the following industries operating the plan with
the University: American Electric Power Service Corporation, Anaconda Wire
& Cable Company, Cornell Aeronautical Laboratory, Emerson Electric Com-
pany, General Dynamics/Telecommunication, Generai_ Electric Company, Gen-
eral’ Radio Companz, the Gleason Works, International Business Machines
Corporation, Philco Corporation, Procter and Gamble Manufacturing Company,
Ra]ytheon Manufacturing Company. _ _ .

he program incorporates the summer vacation Ferlods after Term 4 into the
student’s work-stud%_schedule. The cooperative student completes the regular
academic study for his Bachelor’s degree, pursues his work program, totaling one
year in industry, and still graduates with his reqular class. He remains on campus
with his regular classmates except during the Tifth and eighth terms. The work
of these terms he takes in the summer co-op term.
_ Thfe”schedule for the Cooperative Program, beginning after the fourth term,
is as follows:

Third Year Fourth Year
Summer: Fifth term courses Summer: Industry
Fall: Industry Fall; Seventh term courses
Spring: Sixth term courses Spring: Industry
Fifth Year

Summer: Ei?hth term courses
Fall: Ninth term courses
Spring: Tenth term courses

The objective of the program is educational rather than remunerative, al-
thoukgh thedstudent receives a substantial salary from industry during his three
work” periods.

_ Thep work program of each student is arran_?ed to advance his individual
interests and aptitudes within the regular activi ){] 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 pursue his engineering ob11ect|v.es in work areas
seldom available through ordinary summer placement. The individual coun-
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seling and appraisal of progress that characterize the Program enable the student
to pursue his studies and graduate into industry with realistic objectives.
Students are admitted to the Cooperative Program in the fourth term only.
Applicants are subject to approval both bP/ the College and by one of the
€00 eratl_n% industries, Admission to the plan involves no obligation on the
part of either the student or the industry with regard to future employment.

GRADUATE PROGRAMS OF STUDY

M.S., Ph.D., and M.AERO.E. DEGREES

A GRADUATE student holding a baccalaureate or equivalent degree from a
college or university of ,recogmzed,standlng may pursue advanced work lead-
ing to a graduate degree in engineering. Such a student may enter as a candidate
either for the Eeneral degrees (M.S. or Ph.D.) or for the professional degrees
(M.Ch.E, M.CE, MEE, M.ILE. MME., MMetE). ,

“The general degrees (M.S. and Ph.D.) are available in all the fields and sub-
divisions of the College of.Engmeermg. They are administered by the Graduate
School and require work in both major and minor fields of study, as well as
the completion of a satisfactory thesis, usually involving individual“and original
research. A prospective graduate student interested i obtaining an M.S. or
Ph.D. de?ree should consult the Announcement of the Graduate School for
additional information concernlngi, these dePrees 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
according to [Jrevmus preparation, but they must in all cases hold a baccalaureate
or_equivalent degree. _ o .

The degree of Master of Aeronautical Engineering (M.Aero.E.) is granted on
the recommendation of the facult}/ of the Graduate School of Aerospace En-
%meermg. Prospective candidates for this degree should apply directly to the

irector 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, mechanical, and metaIIurglcaI engineering and are adminis-
tered by the En%meerm% Division of the Graduate School.” These degrees are
intended ;r)rlma_rly for those persons who wish to enhance their ability in the
practice of engineering, and not for those whose expected activities will be in
engineering teaching or research. The student with a baccalaureate de?_ree in
an area of engineering or science deemed appropriate to his proposed field of
study may become a candidate for a professional degree. These professional
degrees require at least 45 credit hours of graduate-level course work, or its
equivalent, in the principles and practices of the specific field. They do not
re_guwe the presentation of a thesis based upon research studies. For each can-
didate a special curriculum of related courses, differing in content among_the
several professional degrees, is either prescrlbed or agreed upon in advance. The
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prospective student should consult the detailed descriptions 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 entr% into the program,
or for professional experience approved by the faculty as substantially covering
the same area as any part of the curriculum, provided that the total allowance
does not exceed fifteen credit hours. Such allowance for work outside the pro-
gram will be granted only after the candidate is enrolled in the program, and,
In order to avoid misunderstanding, no commitments concerning advanced credit
can be made by prior correspondence between faculty members and prospective
students. The candidate interested in coming into this program from industry
should write to the director of the division of engineering he plans to enter.
Under a special arrangement, a student with a superior record of performance
for four years of un_der%raduate engineering studies at Cornell may enroll in the
program during his fifth undergraduate year and begin the accumulation of

rofessional degree credits for certain advanced courses taken during this year.

he minimum time required for a Cornell student to obtain the professional
degree will be one term beyond the baccalaureate deF(];ree: _
he 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_IN_LAW, BUSINESS
AND PUBLIC ADMINISTRATION,
AND CITY AND REGIONAL PLANNING

Qualified students ma aﬂply 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 Clt}/ and regional
planning, in one year less than the normal period. Interested students should
consult their advisers durln(f; 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 )(ears_ 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
eriod.
d Arrangements for one or more such combined programs of study are possible
for selected students in chemical, civil, electrical, mechanical, and” metallurgical
engineering. Api)hqatlonswnl be accepted at any time prior to the fifth year, but,
for maximum feX|b|I.|tY and ease of program planning, the choice should be
made as early as possible. Applications must be approved by both participating
schools or colleges.

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
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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
E/I.A,ero.E_. 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
College of Engineering, and the placement of graduates 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 question relating to their life in the College.

STUDENT COUNSELING

In general, the counseling of students rests with the class advisers to whom
the students are asm%ned Erlmquly 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 instructors, not only on matters(})_e.rtlnent 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
%|fts to_the University in support of the costs of educating students not covered
y tuition and fees. Their ([ufts to the University are made in addition to the
scholarship 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. ArmmPton, in memory of their son who was a
student in the School of Mechanical Engineering af the time of his death in
1956. Open to men students in any branch of "engineering. One scholarship
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annually with annual stifpend up to $2000 ($1000). Tenure, not limited. Selec-
tion baSed on balance of academic and extracurricular interests with outstand-
ing personal characteristics.

JOHN HENRY BARR SCHOLARSHIP . .. Gift of Mrs. Mabel R. Barr, for
a deservm? student to be chosen by the University from recommendations of
the f_or_nedl 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. Ogen to men and women enterlng
the College of Engineering. Award, up to $800 for freshman year oidy. 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 entering the College of Engineering.
One scholarship annually with stipend of from $200 to $2000 ($800), depending
upon need. Tenure, unlimited. Selection based upon outstanding academic
promise, general character, and financial need.

INLAND STEEL FOUNDATION SCHOLARSHIPS . .. Established by the
Inland Steel Foundation. Annual award, $1500 ($1000). Tenure, not limited.
Selection is hased on scholastic attainment, personal characteristics, and finan-
%lal 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 SCHOLARSHIP . . . Established
b}/ the Lockheed Leadership Fund. Open to enterm? students in the College
0 .Enlgimeermg. Annual award, tuition and fees plus $500 ($500). Tenure,
unlimited. One award each year to a student who s in a field of engineering
applicable to the aerosFace industry and whose total personal qualities can be
ex ectted upon graduation to offer a significant 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 $1500. Tenure, not limited. Fifty or more scholarships awarded
annually. Applicants will be selected on the basis of high scholastic achievement
and othier 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 ($1340). Tenure, not limited.
Selection will "be based on scholastic achievement, personality, and financial
need. Summer employment may be offered by Owens-Illinois.
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PROCTER AND GAMBLE SCHOLARSHIPS .. . Established by the Procter
and Gamble Company. Open to men or women entering the College of
Engineering. Annual award, tuition and fees plus $115 for books and supplies
(%6 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 $1500.
Tenure, not limited. One or more scholarships to be awarded annually to
students on the basis of high scholastic achievement and professional promise.
Althougih financial need is not a factor in selecting the winners, 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 Englneermg.
Annual award varies from aémze scholarship of $200 to as much as $2000, de-
pendln% upon financial need ($520). Tenure, not limited. Nine scholarships
awarded annually. Applicants 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, mechanical, or metallurgical
engineering. Award eq[ual to the amount of tuition and fees plus $100 for books
and SUDBHGS_ (8600). Tenure, not limited. Same requirements as for the Mc-
Mullen 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 year and beyond may app_l(}/ for financial assist-
ance through the Office of Scholarships and Financial Aid, Day Hall.
_Awards are of two general types: (12 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-
tl&ll% 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 (12 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 sponsonn? institutions provide generous ngIS to the University
in support of the costs o educatlng students not covere b¥ tuition and fees.

Their gifts to the University are made in addition to the scholarship grants, and,
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in the list 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 annuallby, one of
which shall be for a student in metallurgical engineering. Award, $625 ($125).
Tenure, one year.

ALLEGHENY LUDLUM SCHOLARSHIP . . . Established by the Allegheny
Ludlum Steel Corporation. Award, $500 ($500). Tenure, three” years. Awarded
annually to a student in chemical or metallurgical engineering, normally to
a student in metallurgical engineering, with primary consideration for academic
Fecord, promise of ability, and success in his field of study. Need is a secondary
actor.

AMERICAN MACHINE AND FOUNDRY COMPANY SCHOLARSHIPS . ..
Established in 1960 by the American Machine and Foundry Company. One
scholarship awarded annually to a leading fourth year student in mechanical
or electrical engineering. Tenure, two years. Annual award, $500 or $1000 de-
pending upon need (variable).

CHARLES R. ARMINGTON PRIZE SCHOLARSHIP IN ENGINEERING
Gift of Mr. and Mrs. R. Q. Armington, in memory of their son who was a
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
outstanding scholastic record, who needs financial assistance or possesses ex-
ceptional ability.

CHEMSTRAND SCHOLARSHIP ... Established in 1958 by tbe Chemstrand
Corporatlon. Open to a senior in chemical engineering who is a superior stu-
dent and a U.S. citizen. Annual award, $500.

DOW _CHEMICAL COMPANY SCHOLARSHIPS .. . 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 en meermq. One “other
scholarship, with a tenure of one year and a stipend of $500, will be awarded
annually to an upperclassman in metallurgical engineering.

DRAVO CORPORATION SCHOLARSHIPS . . . Established by the Dravo
Corporation. Open to fourth year students in civil, electrical, or mechanical
engineering. One new award of $1000 annually ($500); may be renewed for
f|{1 year. Selections based on scholastic ability, need, and personal character-
istics.
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FOUNDRY EDUCATIONAL FOUNDATION SCHOLARSHIPS ... Open to
all students gexcept freshmen) in metallurgical and mechanical engineering who
are interested in preparing themselves for professional engineering 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
Company. Open to fifth year students in the School of Chemical and Metallurgi-
cal Engineering. Award based upon academic standing, interest in chemlstr%,
and probability of success. Financial need not considered. Annual award, $1000.

NIAGARA MACHINE ir 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.

THE SCOTT AWARD AT CORNELL . .. Established by the Scott Paper
Company. One scholarship awarded annually to an outstanding fourth year
student ‘in mechanical engineering who intends to follow an industrial career.
Tenure, two years. Award, tuition ($500). The recipient must have demonstrated
those high qualities of intellect, personality, and physical vigor associated with
the Rhodes Scholars.

STANDARD OIL COMPANY OF CALIFORNIA SCHOLARSHIP . . . Estab-
lished in 1961 by the Standard Oil Company of California. Award, $1200.
Tenure, one year. One scholarship for a student in any undergraduate year.

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

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 ComFe_tltlons,
describing” the” prizes and the nature of the competitions, mar_ 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 bﬁ' the School of Chemical Engineering to a junior in chemical
engineering for the best scholastic record at the end of the fourth term.
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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 are awarded each
¥ear by a committee apPomted by the Director of the School of Civil EnglneerlnF
or the best papers written by students in the fifth term or above in that School,
on suitable su_bt]ects, provided that both the substance and the written form of the
papers submitted show real merit. The prizes were established to encourage
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 gold 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 subjects of this course, provided he has been in attendance
at the University for at least two )(ears. 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 subject tending to advance tbe 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 a paper is ﬂresented in printed form, it will
not be received if it has been Frmted earlier than the next preceding April 15,
Neither medal is awarded unless it appears to the faculty of the School of
Civil Engineering that there is a candidate of sufficient merit to entitle him to
such distinction.

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 bey_ond of the” Colleges
of Architecture ‘and Engineering for proficiency in public speaking.

THE, HAMILTON AWARD ... A suitably engraved Hamilton watch and
letter of commendation is awarded annually to the senior in engineering who
has most successfully combined FTOf'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 INSTITUTE OF AEROSPACE SCIENCES PRIZE . . . The “Sty-
dent Branch Scholastic Award” of the Institute of Aerospace Sciences is
presented annually to the M.Aero.E. candidate 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
st00 15 awarded annually in several prizes to fifth year students in mechanical
engineering and electrical engmelerm?, equally distributed, who have received
the highest average in the preceding four years.
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THE SILENT HOIST AND CRANE COMPANY MATERIALS HAN-
DLING PRIZE, established in 1950 by the Wunsch Foundation, is in an
amount, apprommat!nP s300 and is awarded for the best original paper on
the subject of materials handling at the discretion of a College of Engineering
faculty ‘committee. This contest is open to undergraduate and graduate stu-
dents of the College of Engineering.

THE WILLIAM WAYNE KRANTZ AWARD, established by the Class of
1961 in Electrical Englneerln% in_memory of their classmate” who died on
August 6, 1960, is made to the fifth year student in Electrical Englneerlng
who has demonstrated qualities of perseverance, ambition, couraqe, an
unwavering desire to become an electrical engineer. Award consists of a
shingle and enrollment of the winner’s name on a plaque 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, each of the
valug 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 eligible 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-
piled for the Dean. The honor students comprise approximately the highest
tenth of all the students enrolled in the College.

HONOR SOCIETIES

Engineering students may qualify for members_hig_in local and _national honor
societies, including Tau Beéta 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 En?ineer, a magazine _con.tainin?. articles of professional interest
for enqmeenn% students and alumni, is FUb 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
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Automotive Engineers, and Institute of Radio E_n(];ir_leers are held on camﬁus
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 A%/Incultural_ En%lne_ers, and the Institute of Aerospace
Sciences. The Cornell Metallurgical Society was formed in 1949 and is an
affiliate of the American Institute of Mining and Metallurglqal Englneers. A
student branch of the American Nuclear Society was founded in 1959,

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 engineerina should write for a special
illustrated booklet 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. .

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-
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.



GRADUATE SCHOOL OF
AEROSPACE ENGINEERING

GRUMMAN HALL

AEROSPACE ENGINEERING is the field of engineering that deals with the
flight of aircraft, guided missiles, and space vehicles in"the atmosphere and
inthe regions of space adjoining 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 espe.maII?{ 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, aerod‘ynamms, and gasdynamics. Members of the
teaching staff and graduate studenfs are engaged In an active program of funda-
mental studies in these fields. Emphasis 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?lneerlng
physics, electrical engineering, and mechanical engineering are ‘especially recom-
mended to students who expect to enter this School after graduation.

Al 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 aPplled mechanics, thermodynamics, mathematical
analysw, 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 phlysms, kinetic theory of gases, and electricity and magnetism.

It will be possible for Cornell students in the five-year undergraduate programs
to complete the requirements for the degree M.Aero.E. in one year of graduate
study instead of the normal two years, If ,the;g complete a sufficient number of
the required graduate courses as electives in their undergraduate programs.

MASTER OF AERONAUTICAL ENGINEERING (M.Aero.E.)

Students who in their undergraduate careers have demonstrated more than
average ability in analytical subjects and who have shown adequate promise
of carrying on %raduate studfy successfully are eligible to apply for this program
in the’ Graduate School of Aerospace Engmeermg.

Application for admission to this program should be made to W. R. Sears,
Director of the Graduate School of Aerospace Engineering, Grumman Hall,
Cornell Umvermg, A special application blank for this purpose can be ob-
tained from the Director’s office. It should be returned directly to him.

16
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The program of areospace 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 prepare the student in the fundamental background and analytical
methods that can be adap_ted 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 upon original research. The
subject list constitutes a standard of accomplishment lor the M.Aero.E. candidate,
but the faculty will modify the list to suit the needs, interests, and background
of each individual candidate. Courses are available to permit candidates to
study in any of three areas of aerospace engineering: Fl) aerodynamics, (2)
?asd namics &aerophysms), ~and (3) aerospace structures. Active research 1in
he first two of these areas is being carried out in the School. Research in aero-
space structures is an important actlvn?/ of the Department of Engingering
Mechanics and Materials. The student ee_ctln? to concentrate his work in this
field will take a considerable portion of his e
and materials. . _ . _ _

Although the standard list of required subjects, together with the thesis, would
ordinarily occupy four terms of graduate study, the residence requirement has
been setat one 'year (two terms) so that students who enter the School with
exceptional preparation, or who are able otherwise to pass the required exami-
nations, 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. _ _ _

It is suggested that each candidate supplement his required program of courses,
e.., 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 credit hours per term. o _

The candidate must pass a final examination, either oral or both oral and
written, administered by the facultz of aerospace engineering. The facult
frequently invites other members of the University staff to attend and to partici-
pate in such examinations.

ectives in engineering mechanics

STANDARD LIST OF RE(&UIRED SUBJECTS
FOR THE M.AEROE. DEGREE
CREDIT

o . . HOURS
Engineering 1180, 1181, Advanced Engineering MathematiCS.....uummmmmmmmmmmmmmssmssssmsssssmsnsnn 6
Engineering 7101, Fundamentals of Aerodynamics........m. 3
Enogrmeermg 7102, Fundamentals of Aerodynamics....... 3
Engineering 4991, Electronic Engzineering e 3
Engineering 7203 (o 8121) and 7204, Gasdynamics 6
Enggneergng 7301, Theoretical Aerodynamics | ......... 3
Engineering 1170, Advanced MechaniCs ... 3

10,
Electives cﬁosen FIOM LIS A DEIOW oo ssssssssssssssssssssssssssssssissssssssssssssssssssnsen 12
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ELECTIVES: LIST A

CREDIT

HOURS
Engineering 7206, Introduction to Magnetohydrodynamics ......mmmsmmmsmmmmmmsmmsssmsmessrsssnns 3
Engineering 7207, Dynamics Of Rarefied GaSES .....vvmumsmmmmrmrmmmmmssssmmsmsnsssssmssssssssssssssssne 3
Engineering 7208, Hypersonic-Flow Theory ... e 2
Engineering 7302, Theoretical Aerodynamics [l (Wing TheorY) ...... et —————— 3
Engineering 7303, Theoretical Aerodynamics |11 @ompresyb,eFImds) ............ 3
Engineering 7304, Theoretical Aerodynamics IV (VISCOUS FIUIAS) ovovterevsrsersmsrsrmmsnsrssnne 3
Engineering 1162, Mechanics of VIDFATiON v 3
Engineering 1163, 1164, Applied Elasticity 3,3
Engineering 1165, Mathematical Elasticity 3
Engineering 1167, Plates and Shells ,.,..... 3
Engineering 1168, Plasticity and STADIIEY ... ovrmmmmmssmmsmmsmsssssmsssssssssmssssssssssssssmsssnn 3
Engineering 1171, Introductory Space Mechanics ... . 3

Engineering 1172, Selected TapicS in Engineering MECRANICS .ovvvvvvmsvssvssnsrmsssssmessrssnnes (arranged)
Engineering 1175, Introduction to NOnIINEar MeChaANICS ... wmmmrmsmsrmsssssmsssmmssssssssrnns 3
Engineering 1263, Electrical and Magnetic Properties of Materials . 3
Engineering 3652, Combustion THheary ... 3
:n%meermg 4565, Electromagnetic Theory ... 3
athematics 415-6, Mathematical Methads I A
Physics 318, Analytical Mechanics ... S 4
Physics 431, Intraductory Theoretical PRYSICS .....uvesmvmssssarssinen e —— 4
Physics 443, Atomic Physics and_Introduction toQuantum MeChanics ......mummmmmmmsrmsmssssnne 4
Physics 444, Nuclear and H|gh,Enerfg§ PATtICIe PRYSICS vvvssvsvnssmssmsmsrmsssssmsnssmssssssensnssnns 4
Physics 454, Electronic Propérties of Solids andLiquids 4
Physics 510, Advanced Experimental Physics 3
Physics 571, Classical Mechanics .. 3
Physics 573, Electrodynamics 4

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

AJOINT program administered by the Colleges of Agriculture and Engineer-
ing leads to the degree of Bachelor of Agricultural nglneerm%: Students in
this curriculum register in the College of Agriculture during the Tirst four years
but take courses in the CoII_e?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 degree. , _ ,

The purFqse of this curriculum is to prepare 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 Eroducts. _ , ,

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 a%ricultural engineering students are registered in the College of Agricul-
ture for the first four years, thek/.must meet the farm gractlce requirement of the
College. The basic requirement is 25 units of acceptable farm experience gained
at the apJ)rommate rate of one unit per week. Twelve of these units must be
completed before registration for the sthomore 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 durlngi the
summers between the freshman and junior years. The Announcement of the
College of Agriculture should be consulted for details of the requirement.

ASA.E. STUDENT BRANCH

An active student branch of the national American SocietY_ 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:

L Six hours in social studies with a two-course sequence.
2. Six hours in humanities with a two-course sequence.

19
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3. Twelve hours of electives in nontechnical courses.
4. Six hours of electives unspecified.

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 may appeal an action by present-
ing new information to the Joint Faculty Committee.

CURRICULUM (B.AgrE.)

(For a complete description of the courses in agriculture, see the Announce-
ment of the College of Agriculture.)
CONTACT HOURS

CREDIT LECT. LAB.
HORRS REC. COMP.

TERM 1 Mathematics 191, Analytic Geometry and Calculus............ 4 0
Physics 121 Introductory Analyticdl PRYSICS.....owwemuririce 3 3 2Vt
Chem|str¥ 105, General organic CAEMISTY ... 3 2 3
Enghsh 111, Introduction t0 ENGNSA ..vvoevvrmvmsrsrsssssssn 3 3 0
Agr. Engineering 105, Engineering Drawing .....ovmmwenn 4 2 5
Agricultire 1, Orientation” ... 1 1 0
18
TERM 2 Mathematics 192, Analytic Geom,etrr and Calculus .. 4 4 0
Physics 122, Introductory Analytical PRYSICS ...ovvrvmrvsnns 3 3 2172
Chermstr{ 105, General “Inorganic. ChemMistry ...wmmmmmmeene 3 2 3
English 112, Introduction t0 ENQlSH ooovosevorircpnsisenns 3 3 0
A?r. Engineering 2, Introduction” to Agr. Engin 2 1 21>
Elective 3
Total 18
In,aiidition 1o these courses, all freshmen must satisfy the University’s requirements in
physical education.
TERM 3 Mathematics 293, EnFineering Mathematics ... 4 4 0
Physics 223, Introductory. Analytical PhYSICS .. 3 3 21?
Engineering 211, Mechanics of Rigid and Deformed Bodies 4 3
Enqmeerm 241, Electrical SCIBNCE ..ovvovvsvvesrmesesssessessnsinns 3 2 22
BI010gy 1, GEneral BIOIOgY....mmwmmrmsmrmssmssmssmemssmssssssssssssrnns 3 2 A2
7
TERM 4 Mathematics 294, Enqineering Mathematics ...vvummvmssnsnn 3 3 0
Physics 224, Introductory Analytical PRYSICS .....o.wsmces 3 22
Engineering 212, Mechanijcs of Rigid and Deformed Bodies 4 3 A2
Chemistry 276, Introduction to Physical Chemistry 3 3 0
B|0Iog\E/ . Gengral Biolo 3 2 2\
Agr. "Engineering 220, 2 1 2]

TOMA oo 18

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



AGRIC. ENGINEERING—CURRICULUM 2

The courses of study for terms s through 10 will apPIy only to students who

matriculated in 1960 or before. For students matriculating in 1961, new courses

of study are heing developed and will appear in subsequent Announcements.
CONTACT HOURS

CREDIT L.ECT.  LAB.
HOURS REC.  COMP.

TERM 5 Engineering 1241, Materials of CONStUCtION vvvvvvvsrnrvsrns 3 3 0
Animal Hushandry 10, Livestock Feequ ....... e 4 3 2'A
Engineering 2731, Elements of Structural Engineering I... 3 2 20
Engineering 1152 Mechamcs—DYnamlcs .................................. 3 3 0
Bacteriology 1, General BACIEriOlgy ... 5 3 5
L 18

TERM 6 Engineering 3341, Machine Design ........
Engineering 1242, Materials of Canstruction.,
Engineering 2301, EIementar¥ Fluid Mechanics... .
Engineering 2732, Elements of Structural Enqlneerlng ...

212
0

WO
wWw oW L
N

Agronomy 1, Nature and Properties of SOMS ...vvvvcviren 2\b
T O8] s ——————————. 18
TERM 7 Engineering1 3601, Thermodynamics 3 3 0
Agronomy 11, Production of Field Crops w A 3 >
En?me,erlngr 2302, Hydrology................. w2 2 0
Extension Teaching 101, Ordl an .2 3 0
EIBCHIVES vovvvesrsssmsnsnssssssssssssssssssssssssssssssssssssssssssssssssssnen 6
TOMAl oo ————— 17
TERM s Engineering 3602, Thermodynamics..........c..., N 3 3 0
Agr. Engineering 221, Soils"and Water Engineering...... 3 2 2Y1
AQr. Economics 102 Farm Management.........ns w5 3 3
A[qr., ngineering 203, Agricultural Machinery Design.... 3 2 Vi
ETBCHIVE ™ oo st 3
L1 L 17
TERM 9 Engineering 3605, Heat Transfer. ... i 3 2 2\h
Engineering 4931, Electrical ENGiNEErING.....owwwrmmsvsvrern 3 2 Vi
Agf. Engineering 202, Farm Power Machines.... .3 2 2/2
Agr. Engineering 253, Special Topics.. .1 1 0
Electives .. 9
L 19
TERM 10 Engineering 4932, Electrical ENQiNEEring......uumweesrmsns 3 2 Vi
Agr. Engineering 231, Farm Structures Design......mweee 3 2 Vi
A%r._Englneerlng 253, SPECIAl TOPICS wovsvrsvrmsmsrvsrrren 1 1 0
EIBCHIVES ovvvvsrssmsssssssmssssssssssssssssssssssssssssssssssssssssssssssnnn 9
LN 16

Total fOr 8N TBIMS. s 176
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GRADUATE STUDY

Flexible programs leading to both the M.S. and the Ph.D. are offered in the
following areas of specialization for either a major or minor: agricultural struc-
tures, power and machinery, soil and water_en?meermg,_and electric Bower and
?rocessmg. Minors for those majoring in agricultural engineering may be selected
from the engineering, agricultural, or basic sciences depending upon the student’s
interests and needs. A broad and active research program, supported by the
Cornell Aﬁncultu_ral Experiment Station, %I_VES the student an opportunity to
select a challenging research project for his thesis. Several assistantships’ are
available with annual stipends ranging from $2400 to $3000. For more detailed
information and sample programs, contact the Graduate Field Representative,
Riley-Robb Flail, Cornell’ University.



DIVISION OF BASIC STUDIES

FRESHMEN in the College of Engineering are enrolled, for the first two years,
of the flve-gear, undergraduate program, in the Division of Basic Studies of the
College of Engineering. The Division is responsible for admissions to the College
at underclass level, administers a_program of courses for its freshmen and
sophomores, and assigns each englneermﬁ_ underclassman to a senior member
of the College of Engineering faculty as his adviser.

During his freshman year the engineering student undertakes to develop
his underlying _competence in mathematics, and in the sciences of physics and
chemistry, 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 engineering problems and methods, the student is able to arrive at
valid educational goals 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 englneerln? profession. Instruction in graphics as a means of
communication, some aspects of en?meerlng economy,” and an introduction
to elementar%/_con.cepts of problem solving, leading toward design at an elemen-
tary level which is 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 study of the applications of these sciences to enFmeer-
ing problems in two courses taught by members of the faculty of the College of
Engineering in the fields of mechanics and electrical sciencé. He undertakes a
course of physical chemistry, tying together his background in physics and
chemistry at a level utilizing his strong preparation in mathematics, and Iawng
the foundation for a subsequent course in materials in the junior year of the Tiel
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. Chemical
and metallurgical sfudents delay the studies in mechanics from the sophomore
to the junior-years in order to establish earlier chemistry sequences during their
sophomoreJJrogram. _ o o

Most studenfs 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 durln% the spring term of the sophomore
year or in the summer session preceding the junior enrollment. Through these
alternatives students find a change of objective possible as late as the beginning
of their junior year. o . . o

If a student expresses his interest in a particular branch of engineering 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.

23
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Students in underclass courses are normally enrolled in sections of the various
courses which are suitable to their individual level of achievement, and some
are thus able to develo_F more rapidly toward the honors ﬁroups or programs
of advanced study available in their professional fields. Through cooperation
with the advanced placement program of the Colle?_e Entrance Examination
Board and def)artmen_tal tests given during the orientafion 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 linewith thestudent’s own inclination. For superior studentswho have
achievedadvanced placement in mathematics and eitherchemistry —or physics
upon graduation from high school, it is possible for enrollment to be achieved at
sophomore level through the use of the University summer session prior to
their enroliment at the” University in September.

FRESHMAN YEAR

Freshman students entering the College of Engineering in the fall of 1962 will
take the following program of courses:

CONTACT HOURS
CREDIT LECT. LAB.
HOURS RFC.  COMP.
FIRST TERM

Mathematics 191, Analytic Geometry and CalCUIUS....vvmmmmrmsrssmsmmsssrsnn 4 4 0
Physics 121 Introductory Analytical Physics 3 3 215
Chemlstrx 105, General Chem|strly 3 2 3
English 113, Introduction 10 ENGHISN.cvvmmevvrrcsmsssenssmssssssssssssssesssssnes 3 3 0
Engineering 101, Engineering Problems and Methods L.....emmmmmnns 3 2 Al
SECOND TERM
Mathematics 192, Analytic Geometry and Calculus 4 4 0
or
Mathematics 122, Analytic Geometry and Calculus 3 3 0
Physics 122, Introductory Analytical Physics 3 3 D&
Chemistry 106, General” Chemistry 3 2 3
or
Chemistr;i 108, General Chemistry and Inorganic Qualitative Analysis 4 3 3
English 112, Introduction to Englis 3 3 0
Engineering 102, Engineering Problems and Methods |1 3 2 2b

In addition to these courses, all freshmen must satisfy the University’s requirements in physi-
cal education.

SOPHOMORE YEAR

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

CREDIT LECT. LAB.
HOURS REC. COMP.

THIRD TERM

Mathematics 293, Applied Mathematics , , 4 4 0
Physics 223 or 225 or 227, Introductory AnalyticalPhysics 3 3 >
Electrical Science 241 or 243, Electrical Science 1~ 3 2 Y
Mechanics 211, Mechanics of Rigid and DeformableBodies 1 4 3 i

LIDErAl EIBCHIVE .ovvvvvecesssssismscssssssssssisssssssssssssisssssssssssssssssssssssssssssssnesns Jord
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CONTACT HOURS
CREDIT LECT. LAB.
HOURS REC. COMP.
FOURTH TERM

Mathematics 294, Applied Mathematics.......... e s ———— 3 3 0
Physics 224 or 226 or 228, Introductory Analxncal Physics 3 3 2\2
Chemistry 276, Introduction to Physical Chemistry......, 3 3 0
Mechanics 212, Mechanics of Rigid and Deformable” Bodies I 4 3 21
Designated Course ) ] ) Jord -
Civil ,Ent[;meerjng, Liberal Elective or Electrical Science 242 or 244.... 3 3 V7
Electrica Englneermg, Electrical Science 242 0r 244......ovvrinnn 3 3 2Vi
Mechanical nﬁmeerm .. Electrical Science 242 or 244.....ooeovvveers, 3 3 Vi
Engineering Physics, Liberal Elective 3ord -

All sophomore engineering students indicating a preference for chemical
or metallurgical engineering will take the following program of courses:
CONTACT HOURS

CREDIT LECT. LAB.
HOURS REC. COMP.

THIRD TERM

Mathematics 293 Applied Mathematics.............. I e —— 4 4 Q
Physics 223 or 225 or 221 Introduc,tor?/ Analytical Physics 3 3 AV
Eléctrical Science 241 or 243, EI6CHICAL SCIENCE Lovmeorremesrrsmmsrrsmn 3 2 AV
Chemistry 285, Intraductory Physical CREMISIY.....cwmvmsmssssmissisins 5 3 6
* Chemical Engineering 5101, Material and Ene’{ﬂqy Balances 3 2 2
f Metallurgical Engineéring 6211, Introductory Meétallurgical Engineering 3 2 Al
FOURTH TERM

Mathematics 294, Applied Mathematics............ I s ——— 3 3 0
Physics 224 or 226 or 228, Introductory Analytical Physics 3 3 Al
Liberal Elective ) ) Jord

Chemistry 286, ,Introductor% PhEvsm,a,I Chemlstrg .......................... s, 5 3 6
* Chemjcal Engineering 5102, Equilibria and Staged Operations 3 2 2
f Mefallurgical ‘Engineéring 6212, Introductory Metallurgical Engineering 3 2 A

*For chemical ,enqinee[ing designates,
f For metallurgical engineering designates.



CHEMICAL ENGINEERING

OLIN HALL

CHEMICAL Engineering is the application ol the principles of the physical
sciences, of mathematics, and of engineering judgment to fields in which mate-
rial is treated to effect a ch_anFe in_state, energy content, or composition. The
major application of chemical engineering is in the process industries where
raw materials are converted into useful products, such as chemicals, petroleum
products, metals, rubber, plastics, synthetic fibers, foods, and paper.

Programs in chemical engineering and in metallurgical engineering are ad-
ministered by the School of Chemical and Metallurgical Engmeermg, with
facilities in Olin Hall, and in the laboratories for foundry [Jracuce and metal
working. Chemistry courses are given in the Baker Laboratory of Chemistry.
Information on metallurgical engineering begins ou page 57. .

Instruction in the basic prlnmﬁles_of chemical engineering starts in the sec-
ond 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 engineering curriculum_ contains 27 credit hours of electives.
A minimum of 15 of these elective credit hours must be taken in the fields of
humanities, social studies, and languages. In addition, e credit hours in both
English and history are included in required courses, so that each student must
take a minimum of 27 credit hours of nontechnical courses. The remaining 12
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 of englneermgi to prepare for careers in
such fields. Students pIannlndg to enter graduate schools may use the free electives
to prepare for giraduate_ 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, petroleum, plastics
and rubbers, business administration, nuclear engineering, instrumentation and
automation, industrial and engineering administration, “and reaction kinetics.
The two-year sequence of electives at an advanced level allows students to

26
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arrange programs that are the equivalent of options in these fields. The exact
sequence of courses to be selected for advanced training is not sFecmed, since
it depends on the students” interests and capabilities. Exceptional students are
allowed to register for graduate courses in these fields.

PREDOCTORAL HONORS PROGRAM

The Predoctoral Honors Program is designed for those undergraduate stu-
dents who expect to make careers of research and teaching. It has as its principal
objective indoctrination in research and the advanced theoretical subject matter
normally included as part of the work for the Doctor’s degree in chemical
engineering. Those graduating from this program should be able to obtain
their Doctor’s degree In the minimum time required by various graduate schools.

Undergraduates interested in this program may apply for admission durin
their third year so that they may provisionally preregister for a sequence o
courses beginning in the fourth year. Final approval for the program will not
be given until the end of the fourth year._Durlng this provisional period the
student must demonstrate initiative in selectlng and making plans for a research
project extending through both the fourth and fifth years of the undergraduate
chemical en?meerlng_ curriculum. .

There will be no Tixed standards for entry into the program. Students’ requests
for admission durlng their third year will ‘be considered by the entire chemical
engineering staff and reviewed again at the end of the seventh term. Applicants
must state their intentions to study for the doctorate with the objective of a
career in research or teaching. Since four of the courses to be taken in the ninth
and tenth terms are re%u_lred of doctoral candidates in the Graduate School
students approved for this program must have demonstrated high levels of
scholarsmP in difficult courses, particularly those that are prerequisites for
advanced-level work.

Principal features of the Predoctoral Honors Program are: a year of mathe-
matics beyond differential equations, a three-term research project, and the
substitution of theoretical advanced work for some of the design courses in
trlle fifth year. Students are also urged to take a foreign language as part of their
electives.

SCHOLASTIC REQUIREMENTS

A student in the School of Chemical and Metallurgical Engineering who does
not receive a passing grade in every course for which he is registered, or who
fails in any term or summer session t0 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
probation, or dropped, either from an individual course or from the University,
at any time during the term.
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CURRICULUM (B.CIiE.)

rams for Terms 1 through 4, administered by the Division of Basic

Course pro
Studies, pareg

TERM 5.

TERM 7

TERM 8

TERM 9

TERM 10

described on pages 24-25.

CONTACT HOURS
CREDIT  LECT.
REC.

HOURS
Chemistry 357 Introduc,torr Organic Chemistry........ 5
Engineering 5203, CHEMICAl PTOCESSES....ooovererrernen 2
Engineering 5303, Introduction to Rate Processes.......... 3
Engineering 5851, Chemical MiCrOSCOPY ..vuvevrsvmsmsssssssrsrnsnns 380
Engineering 3241, STALISHICS .vvovvvvrrvsonsernine 0or3

En%ineenng 1153, Strength of M aterials, ... L3
I$ 3

History 165, Science in Western Civilization ..

LI N 19
Chemistry 358, Introductory Organic Chemistry... 5
Engineering 5204, Chemical” PrOCESSES ......puvvrvermuesns 2
En !neer!ng 5304, Analysis of Unit Operations.... w3
Engineering 5851, Chemical MICroscopy ........... . Qor
En !neer!ng 3281, SEALISTICS vvvvvvsisvssssssssssesisssssssssssssssenss Jor
En%meenng 1157, DYNAMICS .o .3
History 166, Science in Western Civilization .. 3

TOMAl oot s 19
Engineering 5103, Chemical Engineering Thermodynamics 3
Engineering 5353, Unit Qperations Laboratory ... 3
Engineering 5255, Materials of Construction ... w3
Engineering 4931, Electrical Engineering ... w3
EIBCHVES  oooreoesrssmsssssssessssssssssssssssssssins w6

TOAl s ————————— 18
Engineering 5104, Chemical Engineering Thermodynamics 3
Engineering 5354, Prokec,t Laborator?/......, .................................... 3
Engineering 5256, Materials of Construction ... w3
Engineering 4932, Electrical Engineering....... 3
e 6

1L O 18
Engineering 5503, Fluid Dynamics and Heat Transfer.... >
Engineering 5106, ReACHON KINBLICS.....cmerrsgrrmmsrmmsvssnsinens 2
Engineering 5621, Process Economics and Design w5
Engineering 5713, PatentS...mmmmessmssnsssins .2
EIBTHIVES ooooovsvessssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 6

| 18
Engineering 5504, Mass Transfer....... 2
Engm_eermg5 5622, Plant Design Proje 5
Chemistry 555, Advanced Inofganic stry 3
Electives 6

Total 16

Total fOr N TBIMS..cmceessssssssssssssssssssssssssessssnens 174
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GRADUATE STUDY

REQUIREMENTS FOR THE
DEGREE OF M.ChE.

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

Chemistry: Courses in analytical chemistry numbered 426 or higher; in organic
chemistry, 456 or hl%her;m ph¥15|ca_l chemistry, 380 or higher; in inorganic
chemistry, 410 or higher; in bioc emls_tryﬁ, 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,
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, 5653, 5859, 5900, 5955-6, ,
~ Other branches of engineering: 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 hasic sciences,
including at least e credit hours in mathematics, 3 in chemistry, and 3 in either
physics or biology. . _ o _

Also, 18 credithours 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 degree 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.



CIVIL ENGINEERING

HOLLISTER HALL

THE CIVIL engineer is concerned with the large fixed works and systems that
are basic to community living, industry, and commerce, particularly in the
areas of water resources,_water,sui)plles, sanitation, transportation, structures,
and urban complexes. His particular work varies from research and develop-
ment to planning, desuin, construction, operation and maintenance, application
and sales, anal¥5|s and testing, teaching, and administration and management.

Modern wel -equ|Pped classrooms and laboratories are available for instruction
and research in Hollister Hall, and at the Hydraulic Laboratory at Triphammer
Falls, in the following principal areas:

Surveying, mapping, photogrammetry and graphics _
Airphoto interpretation and_ physical environment evaluation
Water resources and hydraulic engineering

Sanitary engineering

Transportation engineering

Structural engineering

Soilsengineering o

Construction engineering and administration

B.C.E. PROGRAMS

Except as noted otherwise, the curriculum outlined in the following section
applies only to students who registered in the School of Civil En?meermg before
September, 1961. Details of the curriculum which will apply fo students who
registered in Cornell in 1961 and thereafter will appear in subsequent An-
nouncements. The new curriculum will reduce the number of hours required
for graduation and will afford greater flexibility in planning programs to suit
the ‘Interests, needs, and aptitudes of students. Summer survey camp will be
discontinued as a required subject. The curriculum will consist of a core of
subjects which all students must take, plus_about twenty-one hours of work
in subjects related to one or more civil eng!neer,lng areas such as those listed
above, plus _twent}/-one_hours_of liberal studies (in “addition to those required
in the Division of Basic Studies), plus nine hours of free elective courses. In
addition, latitude will be allowed in taking courses in other parts of the
College of Engineering and the University.

SCHOLASTIC REQUIREMENTS

[n order to remain in good standing a student must maintain an average of
at least 70 per cent.
30
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CURRICULUM (B.C.E.)

Course programs for Terms 1 through 4, administered by the Division of Basic
Studies, are described on pages 24-25. Terms 5 through 10" described below, apply
to students matriculating before September, 1961.

TERM 5

TERM 6

TERM 7

TERM 8

TERM 9

Engineering 1134, Strength. of Materials ..o
Engineering 1152, Mechanics-Dynamics ... R,
Engineering 2701, Elementary Structural Analysis ...
En 1|3neer|ng 2501, Microbiology in Engineering (or Geology
Engi eering 7301 "Fluid" Mechanics ...

History 165, Science in Western Civilization ..

L1 N

Engineering 2102, Advanced Surveying

Engineering 2302, Hydrolog

Enggneer!ng 2102, Steel and"Tim

Engineering 2725, Soil Mechanics (or 2502) ..

Enﬂm?,ermg 2901, Construction Methods " (or Humanities
ective

History 1%6, Science 1n Western CIVINZAHION +..ovvvevvvecvnsseins

Engineering 1241, Materials (0F 2503).c....omermirmrnrssrrsssnne
En g]seenng 2502, Water Supply and "Sewerage Systems (or
Eng!ngering 2607 TransFortation (or Humanities Elective)
Engineering 2704, Statically Indeterminate Structures........
Engineering 4931, Electrical ENGINEEIING ..oovvvvrmvsssrnsnns
Humanities Elective (0r 2901) vvvvovvrmsvrsrmsmssmsssssmsssrssssnn

L IOL )

Engineering 2503, Water and Wastes Treatment ........... -
Engineering 2610, H|,%hway Engineering (or C.E. elective)
Engineering 2715, Reinforced Concrete Design (or 2902) ....
Engineering 2312, Hydraulic Engineering "...
Engineering 4932, Electrical Engineering
Humanities Elective (or 2602) ...

Engineering 1212, Materials Laboratory (7or 2903) v
Engineering 2902, Engineering Law (0F 2715) wvocvvrverrrginnen
Engineering 2720, Foundations (or Humanities Elec
Engmeenng 3630, TRErMOAYNAMICS vovvvvsvrsrmsrmsssrsssssnssnnns
C.E. Elective (or 2610) .....cerrvrsrnn
Free Elective

CONTACT HOURS

CREDIT  LECT.

HOURS  REC.
3
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CONTACT HOURS
CREDIT LECT. LAB.
HOURS ~ REC. COMP.
3 3 0

TERM 10 Engineering 2903, Engineering Economy (or 1212) 3 ) !

Enéqmeerin,g 3642, Heat POWEN .oovvervvessniisnnns
C.E. El

L EIBCHIVE oo 3
Humanities Elective (or 2720) 3
FIEE EIBCHVE oo 6
TOTAl oo —— 17
In, a?dHion to these courses, all sophomores must satisfy the University’s requirements in
physical education.

GRADUATE STUDY

The School offers work Ieadln? to the M.C.E. (professional Master’s degree),
the M.S., and the Ph.D. degrees. In civil engineering the following areas of con-
centration are available either as majors or minors: geodetic and photogram-
metric engineering, hydraulics, hydraulic engineering, construction englneerlngi
and administration, “sanitary engineering, structural engmee_rmg structura
mechanics, soils engineering, transportation engineering, and aerial photographic
studies. Descriptions of individual courses are given elsewhere in this Announce-
ment. For professional Masters’ degrees, see p. e.

Prospective graduate students should consult the Announcement of the Gradu-
ate School. A brochure, Graduate Programs in Civil Enq]neerlng, is also available
upon request from the School of Civil Engineering, Hollister Hall.



ELECTRICAL ENGINEERING

PHILLIPS HALL

THE CURRICULUM qudin% to the degree of Bachelor of Electrical Engineer-
ing 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 practice of electrical
engineering and, at the same time, to provide the_opportu_nlty_ for as much
nontechnical course work as is consistent with the primary objective of training
an electrical enqmeer. A new curriculum in electrical engineering for students
entermg the College of Engineering_in the fall of 1961 and thereafter is now
under development by the faculty. The curriculum described below applies to
students expecting to graduate by June, 1965.

INDUSTRIAL COOPERATIVE PROGRAM

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

CLASS ADVISERS

Each class is assigned to an adviser who serves in this capacity until the class
graduates. In addition to counseling each student about curriculum, registration,
scholarship, and other aspects of the academic program, he is available to discuss
ang_serlous nonacademic problems the students ma?/ have.

ince 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. If the class adviser does not approve a
chosen course of study, the student may seek approval of the program by
petition to the faculty of the School of Electrical Engineering.

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:

L 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

ke
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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-
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 technolog?/, P_owe.r systems, or applled 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 carefulle/ 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 superVJsmn of a faculty member
and prepares a project proposal for submission to his intended project super-
visor. In choosing a topic and (Freparlng,a_proposal, the student Is expected to
demonstrate the initiative an respon5|b|I|tK he will need to complete the
project successfull?]/: It is expected that each student will choose a problem
closely related to his mador interest in electrical engineering. If his proposal is
not aﬁproved or if he does not elect to do a project, the student must elect
six_otner 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 |mPIy 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 Communication Systems
4564—Transmission of Information

4571—Modern Network Analysis

4572—Modern Network S¥nt esis

4575—Advanced Topics ot System Theory

ELECTRIC POWER SYSTEMS

4351—Unified Theory of Electro-Mechanical Systems
4350—E lements of Power-S¥stem Analgsw
4353—Transient Analysis ot Power Systems

ELECTRONS AND WAVES

4526—E lectron Dynamics

452 7—Microwave ‘Electronics |
4528—Microwave Electronics 1
4521—Microwave Laboratory )
4561—Microwave Theotﬁl and Techniques
4565—E lectromagnetic_Theory
4529—Semiconductor Electronics |
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4530—Semiconductor Electronics Il
4531—Quantum Electronics

FEEDBACK CONTROL SYSTEMS AND COMPUTERS
4711—Feedback Contro| Systems |

4719—Feedback Contro| Systems [I

4713—Feedback Control Systems Seminar

4810—Analog Computation

4820—Switching Systems |

4821—Switching S’\Xstems 1l

1175—Nonlinear Mechanics

ILLUMINATION

4611—Introductory Hlumination
4612—Illumination Engineering
4615—Illumination Seminar
Physics 307—Physical Optics
Psychology 305—Perception

NUCLEAR TECHNOLOGY

(The foIIowing courses constitute the core curriculum for the Engineering College Nuclear
Technology Program.)

8301—Introduction to Atomic Nuclear Physics
8311—Nuclear and Reactor Physics
8351—Nuclear Measurements Laboratory
3605—Heat Transfer

6872—Nuclear Materials Techno,loggl,
5760—Nuclear and Reactor Engingering

COMMUNICATION SYSTEMS

as11—Physical Basis of Electronic Engineering
4512—Radio Engmeen,ng

4541—A,pﬁ||ed A(cjcous,nc_ "
4563—Signals and Noise in Communication Systems
4551—Radio Aids to Navigation

RADIO SCIENCE

4565—E lectromagnetic Theory
4568—Antennas . ,
iSGg—g]t(rjod%tmn FEO Plasng,a Physics
—Raalo Wave rropagation .
4%%1—Magnetoﬁydrod>ﬁwa?n|caI 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.

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; oy, if one course is failed or is canceled,
have a wel(r;h.ted average for the remaining courses of not less than 75 per cent.
A student aH_ma to meet this requirement or fa|I|nP ‘to make satisfactory prog-
ress toward his degree, evidenced cither by course failures or by low grades in
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guhjorl courses, may he warned, placed on probation, or dropped from the
chool.

SPECIAL PROGRAM IN MATHEMATICS

For those students who have a special interest and ability in mathematics
an advanced program in mathematics is offered. It is recommended part|cu|arl%
to the students who intend to do graduate work. To allow time for the 1
credits of additional mathematics courses, some of the normal requirements
of the curriculum are waived.

CURRICULUM (B.E.E.)

Course programs for Terms 1, 2, 3, and 4, administered by the Division of Basic
Studies, are described on pages 24-25. The curriculum described below applies to
students matriculating before September, 1961.
CONTACT HOURS
CREDIT LECT. LAB.

. . . . . HOURS ~ REC. COMP.
TERM 5 Engineering 1241, Engineering Materials.........wwmmmuesern

Engineering 1152, Mechanics........... e ——————— .3 § 0
Engineering 4112, Introduction to Linear Network Analysis 3 2 2\i
Engineering 4116, Introductory Electrical Laboratory....... 3 1 3
NONEECANICAl  EIBCLIVES...ovvmorerivesssssssssssssssssssssssssssssssssssssnnn 6 . -
T 0L s s——— 18

TERM 6 Engineering 2331, Fluid MeChaANICS. ..pmmvssvrssrsrssrmnsrssnn 3 3 0

Enﬁmeermg 4114, Mathematical Analysis of Linear Systems :
Engin'e"e"r'i'r'n"g'"ki'i'é'i',"'i'r'i't'r'ii'd'ij'c"t'ib'ﬁ"'t'b""E'léi’iib'hi'é"'E'ﬁqEﬁé'e"r'ih'g'i". A
Engineering 4216, Electric and Magnetic Circuits Laboratory 4
NONECANICA] EIBCHIVE .ot 3

IO L 17

TERM 7 *Engineering 2331 Fluid Mechanics............. 3 3 0
Engineering 4122, Elements. of Sgstem Theory.... 4 3 2\8
En meerm% 4221, Alternating Current Machinery. 4 2 3
En%meermg 4113, Transmission Lines and Waves... 3 2 2\
NONEECANICAl EIBCHIVE ovovervvsssmssesssessssssssssssssssssssssssssssnns 3 - -
TOAl oo ———— 17
TERM 8 Physics 314, Atomic, Nuclear, and Solid State Physics........ 3 3 0
Engineering 4165, Electromagnetic  ThEOIY....ommmmmmmmren 4 3 .
Enggneer!ng 4123 "Electronics of Signal Transmission........ 4 3 o'N
Engineering 4226, Electrical Machinery Laboratory......... 4 2 3
NONteChNICal EIBCHIVE ... e 3 - -
L IC I 1 18
TERM 9 Engineering 4021, Technical Writing and Presentation....... 3 3 0
FIEE  EIBCHIVES  oovvoevvscssseessssessssssnsssssssssssssesens w3 -
Nontechnical Elective .. 3
Senjor. Project 4091 (or 3
Technical Elective ......... 6 B
Nonresident Lectures 4041 1 | 0

TOMAL et 19
* Applies to students in Term 7 in fall, 1962-
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CONTACT HOURS
CREDIT LECT. LAB.

. HOURS REC. COMP.
TERM 10 Free Elective 6

Nontechnical Electives ... s - 6
Senjor. Project 4092 (or Technical Elective) 3
Technical EI6CHIVES ..o 3
TOtal e 18
Total for ten terms 170

Master of Science are described in the Announcement of the Graduate School.
These are research degrees that involve residence on the campus and submission
of a thesis. In the School of Electrical Engineering, research work leading to
these degrees may be undertaken in the area of electrophysics including radio
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 theor?/, communications
systems, feedback control systems, SWItChIn% circuits, computers, cognitive sys-
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 domgi_ their thesis research in the School of Electrical
Engineering. Assistantship applications and further information can be ob-
tEalned by writing to the Coordinator of Graduate Studies, School of Electrical

ngineering. _ L , ,

TQhe degree of Master of Electrical Engineering is available as a curriculum
tyﬁ_e of professional degree at the Master’s level, the general requirements for
which are stated on page 6. Of the forty-five credit hours stated in the general
requirements, the M.E.E. degree requirgs six hours of Project 4091 and 4092
twelve hours of advanced electrical engineering courses (thé advanced electrical
engineering courses include all the elective and graduate courses listed on pages
90-94 of this Announcement plus 4123, 4165, and 4226), six hours of advanced
physics, six hours of advanced mathematics, and fifteen hours from any of the
aforementioned ?roups of electrical engineering, physics, or advanced mathe-
matics courses. All course work to_be counted toward the M.E.E. degree require-
ments must be passed with a minimum %rade of 80.

To enter the M.EEE. 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 may petition to the Electrical Engineering Graduate Committee
for transfer to the M.E.E. program. The M.E.E. program will normally be
Hmlted to students who cannot satisfy the residence requirements of the "M.S.
egree.



ENGINEERING MECHANICS
AND MATERIALS

THURSTON HALL

THE DEPARTMENT of Engzm,eermg Mechanics and Materials_is responsiple
for undergraduate and graduate instruction and research m,applled mechanics,
applied mathematics, and materials science. Subject matter in these three fields
is of a fundamental nature, and the undergraduate courses provide a substantial
part of the basic engineering science education for engineering students. In
addition to the required courses in aPplled mechanics, applied mathematics, and
materials science, the under%raduae can elect advanced courses. They are
especially suited to students who have demonstrated superior analytical or exper-
imental ability and who wish to extend and develop this ability in one or more
of the three areas. . _ . _ .

The graduate Brogram in applied mechanics and applied mathematics leads
to the M.S. and Ph.D. deﬁrees in engineering mechanics; in materials science it
leads to the M.S. and Ph.D. degrees in engineering materials (see p. e). Ad
vanced theoretical and experimental work is basic in the newest developments
in engineering and in applied science and provides a foundation for future
needs in these fields. The analytical and scientific nature of the studies permits
graduates to participate in attacking problems that cut across varied fields of
research, development, and design. Graduate students pursue programs in the
following areas of specialization: (1) space mechanics—including research on
t.rahector_les and orbits of space vehicles and satellites as well as the theory of
light-weight, thin-walled structures; (22 wave propagation in solids—widr research
on the dynamic response of plates, structures, and_machine elements; () struc-
tural mechanics—including static and dynamic Ioadlnlg, vibrations, a,nd buckling;
(4) theory of elasticity and plasticity; (5) theoretical fluid mechanics—with re-
search in"magnetohydrodynamics; (e% materials science—with research programs
in stress corrosion ‘cracking, fatigue, liquid metal solidification, concrete, and
the creep of metals under Righ pressure. .

The IeX|b|I|tY 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 supﬁortlng fields of interest: mathematics,
structures, en;ilneermg.physms, servomechanisms, machine design, aerospace en-
gineering, soil mechanics,” physics. Graduate students wishing_ to specialize_in
materials science find these supporting fields of interest: physics, mathematics,
chemistry, metallurgy, solid state physics, mechanics, colloidal chemistry, engineer-

ing physics.

3



ENGINEERING PHYSICS

ROCKEFELLER HALL

THE UNDERGRADUATE program in engineering physics is designed to
combine the basic scientific and analytical training of the phﬁsicist and the
mathematician with knowledge and experience in applying this training to
problems in engineering research and engineering deveIoFJment. Accordingly, the
curriculum puts major emphasis o 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 1s 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 includin? 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 emphasis ou 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 engineering research. .

The Department has fully equipped laboratories for study and research in
electron microscopy, solid state and surface physics, and nuclear technolo?y.l The
Nuclear Reactor Laboratory, a separate building (see page 2), includes tacilities
for work in nuclear chemistry. 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 important to the project. . o . _ _
~Including the course work taken in the Division of Basic Studies, the engineer-
ing ph}/sms undergraduate curriculum requires the student to distribute his

total of 165 semester hours of course work as follows:
Mathematics, physics, chemistry, engineering [11" hours
ENGHSN COMPOSIION  ovvvvvvsvvvrsvssssmmssssrsmsrmssssssssssssssssssssssssssssssssssssssssssssssssssnns 6 hours

%Students who in the first term show sufficient proficiency to be exemﬁted
Irt()mtthe )second half of the course must substitute other colrses in English or
iterature.

Modern foreign language (for classes of 1963, 1964, 1965) 6 hours
(Students who pass the proficiency examination of the Department of Modemn
Languages and who do not wish to continue the study of a language ma
substitute six hours of liberal electives in place of the language requwements/

39
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EIBCHIVES  ooveovvesscvssssessssssssssssssesssssssssssssssessssssssssessssses s sssssssssssssesssssessesssssasssss s 42 hours
Liberal g18,). At least six hours must be taken in the area of humanities; another
six hours In the area of social sciences.

Advanced Engineerinlg and Science (15). A minimum of 3 credit hours must
be in advanced [aboratory work. These 15 hours include six credit hours
for the research project.

Unspecified (’%P. May be taken in any course in the University open to_the
student. Not more than six hour§ credit is allowed in advanced military
science or in naval science.

By suitable selection of technical electives during his last two years the quali-
fied"student may obtain an excellent preparation for a career in one of the
many t?pec&allzed fields of engineering. As examples, four possible programs
are outlined:

AEROSPACE ENGINEERING (see p. 16) . .. The undergraduate program in
en%meermg physics is partlcularlﬁ suited for work in aerospace engineering,
either at the undergraduate or at the graduate level.

NUCLEAR TECHNOLOGY ... The student interested in the nuclear energy
field, or in nuclear reactor power developments, should choose his electives from
courses in reactor physics, nuclear measurements, thermonuclear power princi-
ples, advanced heat transfer, and in physics of solids underlylng radiation dam-
age problems. His attention is directed to Courses 8311, 8312, 8313, 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 physics cur-
riculum combined with electives in engineering physics (e.g., 8262, 8512),
en%lneerlng_matenals_(e.dq., 1244), and metallurgical engineering (e.g., 6411 and
6412) and with specialized seminars provides an excellent preparation for research
in materials science, a field that often holds the key to further technological
prothess. Students can find ample possibilities for senior PrOjeCtS 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.

_Beginninq early in his academic career, the student should work out with
his adviser the necessary detailed planning of his electives, in order to develop
the most effective program in a particular field of interest.

The School participates in the Industrial Cooperative Program (see p. 5).
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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
Department. He is expected to pass every course for which he is re([ustered to
maintain each term a weighted average of about 75 per cent or better, and to
demonstrate 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 (B.Eng.Phys.)

Course programs for Terms 1 through 4, administered by the Division of Basic

Studies, are described on pages 24-25.
CONTACT HOURS
CREDIT LECT. LAB.
HOURS REC. COMP.

TERM 5 Mathematics 421, Methods of Applied Mathematics. ... 33 0
Physics 323, Electricity and Magnetism 3 3 0
Engineering 8121, Thérmodynamics and Kinetic Theory ... 3 3 0
Engineering 4116, Electric-Circuit Laboratory ... 3 1 3 )
Engineering 1153, Mechanics of Materials 3 2 Vi
L 3
TOAl s s 18
TERM & Mathematics 422, Methods of Applied Mathematics 3 30
Physics 318, Analytical Mechanics ........ T — 4 40
Engineering 8122, Thermodynamics and Kinetic Theory 3 3 0
Engingering 4121, Electron Tubes and Circuits ... 4 2 5
Eléctive 3 - “
Total 7
TERM 7 Mathematics 423, Methods of Applied Mathematics 3 3 0
Physics 443, Atomic and Molecular Physics 4 4 8
Engineering 1201, Engmee[m%,Materlals 4 3 \z
Engineering 4122, Electronic Tircuit Elements 4 2 5
Elective .3 -
TOMAl s s 18
TERM s Mathematics 616, Methods of Applied M,athemgtics , 3 30
Physics 454, Electronic Properties of Solids and Liquids.... 4 40
Physics 410, Advanced Laboratory ... s 4 0 6
Chemistry 416, Chemical Bonding'and Physical Properties o
OrgaNC MOTECUIES ..o 3 3 0
Elective 3 - -
Total 17
TERM 9 En’\g‘inee_ring 8252, Selected Topics in Physics of Engineering
ELCI(E S— e ——— 3 30
Engineering 8051, Project 3 - -
EIECHIVES orvrrvrrrsrsersrrsrssssnne 9
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CONTACT HOURS
CREDIT LECT. LAB.
. . . . HOURS REC. COMP.
TERM 10 Engineering 8131, Mechanics of Continuum 3 3 0
Engineering 8052, ProJeCt ...ovvcrvcsrsvrien
EIBCHIVES .ovvveoecvsscssssssssssssssssssssssssssssssssssnns 9

Total 15

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 both 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 candidafe to utilize all the
resources of the University relevant to his work. It encourages him to associate
freely with scholars who will ?lve 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 knowledge of a special field and with ad.equateferlpheral
competence. General information and regulations are given in the Announce-
ment of the Graduate School. A descriptive brochure can be obtained bY wnth
directly to the Office of the Department of Engineering Physics, Rockefeller Hall.



INDUSTRIAL ENGINEERING*

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
processing systems to control and direct the activities of a complex organization;
and distribution systems that control the location, quantity, and movement of
various inventories to serve an uncertain demand or to regulate inventories
from a variable supply. While prior to 1950 nearly all industrial engineering
work took place in the mechanical manufacturing industries, today this work Is
almost equally commonplace in the process industries and is found in service
industries, government, and institutional ot)eratlons as well as manufacturing.
The scope of the work has tended to outgrow the_de5|_%_nat|on_ as industrial
engineering, and this type of activity also is often identified with the names
operations research, operations analysis, management science, Systems analysis,
and sYstems engineering. , o , _
Following the first two years’ work in the Division of Basic Studies, the cur-
riculum leading to the Bachelor of Industrial Engineering degree develops the
necessary background in probability theory, modern algebra, statistics, comput-
ing, and cost analysis. Then an integrated” sequence of courses develogs various
analytical techniques and a design methodology appropriate for such systems.
The required courses, coupled with a well planned elective program allows the
student an qpﬁ_ortumty to develop a course of study of considerable breadth or
depth to suit nis own needs.

CLASS ADVISERS

Each class will be assigned an adviser who serves in this capacity until the
class graduates, fn addition to counseling each student about curriculum, possi-

*AIthou%h some work in industrial engineering has been offered at Cornell since 1904, this
work has heretofore been located within the Sibley School of Mechanjcal Engmeerm%, and
students have received a mechanical engineering degree. The program and currictlum described
here is to be made available tq studenfs who matriculate at Cornell in 1%61 or later, subge t to
final approval by the University faculty and the Board of Trustees. This prolgram has been
approved by the ,faculta/ of the College of Engineering, and the final a IEr,ovas requw?d are
expected tg be glven uring the 1962-1963 academic” year. In the meantime, the followin
members of the School of Mechanical Engineering faculty constitute the faculty of the Deparf-

ment of Industrial Engineering and Administration: professors: Robert Eric Bechhofer, A.B.,
Ph.D.: Henry Phillip Goode, B.S, M.S. Byron Winthrop Saunders, BS. in E.E., M.S.; Andrew

hultz, Jr., BS. In A.E. Ph.D.; and Lionel Weiss, B.A., M.A., Ph.D. Associate Professors:

Morton AIIdenq_e(, B.S., M.S." Robert Nelson Allen, BS. in A.E.; Richard Walter Conway,
B.M.E., Ph.D.; John Hsu-Kau Kao, BS.M.E, MS. in [E., D.Eng.Sc.; and Martin ansht Samp-
n, BS. in AE. MS. in Eng. Assistant Professors: Richard H. Bernhard, B.M.E., M'S,, Ph.D.:
Frederick S. Hillier, BS. in T.E., MS. in IE., Ph.D., VlsmhnAg Assistant Professor in Industrial
Engineering_for 1962-1963: Donald L. I%Iehart, B.E.P., MS., Ph.D.; William L. Maxwell,
B.M.E. PhiD.; and Pefer E. Ney, BS, MA., Ph.D.
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ble elective sequences to achieve particular objectives, registration, scholarship,
and other aspects of the academic program, the adviser is available to discuss any
serious_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.

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.

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 any term or summer session to maintain an average grade of 70,
or who is not otherwise making substantial and steady progress toward the
completion of his degree requirements, may be dropped or placed on probation.

ELECTIVE COURSES

The curriculum in industrial engineering includes forty-two elective hours in
addition to those in the basic two-year program. Of these, twenty-one must be
in liberal courses, twelve in engineering, and nine are completely 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-
mE with work in some phase of electrical engineering would find that he could
take as many as six three-hour courses in electrical engmeermE, in addition to
the four required courses in this field. Similarily he could work out strong pro-
grams in some area of mechanical engineering, such as machine design to supple-
ment 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 program in some depth in
a nontechnical area could combine as many as twelve hours of his liberal elec-
tives with the nine free electives and set up a program of as many as twenty-one
hours in one of such fields as sociology, psychology, economics, history, or govern-
ment. A third choice would be to Concentrate the technical electives in more
basic work in mathematical and statistical analysis in order to prepare for grad-
uate work in the field of industrial engineering and operations research. Of
course, a student may also take a broad elective program involving one or two
courses in a number of different areas. The only restrictions on the use of the
three categories of electives are that in his ten terms a student must have taken
a minimum of nine hours of social science including a two-course sequence and
nine hours of humanities including a two-course sequence.

CURRICULUM (B.I.E)

Course programs for Terms 1, 2, 3, and 4, administered by the Division of Basic
Studies, are described on pages 24-23. The curriculum which follows is available
to students matriculating in” September, 1961, or thereafter, subject to final ap-
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proval by the Board of Trustees of Cornell University. (See footnote at bottom
of page 43.)

CONTACT HOURS
CREDIT LECT. LAB.
o ) . HOURS REC. COMP.
TERM 5 Engineering 9360, Introduction to Probability Theory ... )
Engineering 9181, Introduction to Digital Computation .... 3 2 Vi
Engineering: Materials Science | 3 - -

Engineering: Electrical E,n(];meering | 3 - -
Engineering 3431, Materials Processing 3 1 5
Elective* 3 - -
TOM] o —————— 18
TERM 6 Engineering 9370, Introduction to Statistical Theory with
r]glne_erlng ADPLICALIONS ooz 4 3 N8
Engineering 9350, Principles of Co 3 2 2
Engineering: Materials Science Il ... w3 -
Engineering: Electrical Engineering. 1l ....oeopniosnngrssons 3 - -
Engmeerlng 3331, Kinematics and Components of Machines 3 2 N2
EIECHIVES® v 3 - -

L L 19
TERM 7 EanineeriTg9310, Industrial ~ Engineering:
esi

N1 s s s 4 2 5
Enginegering 9351, Cost AnaIYsis e —————— 3 2 Me
Engineering 3332, Mechanical Systems... w32 N2
Engineering 3630, Thermodynamics ... w33 0
BIBCHIVES™ ottt 3 -
L L 16
TERM s En,ginelelring 9311, Industrial Engineering: Analysis& De- :
sign
Eng?neering 3631, Fluid Mechanics 3 3 0
Engineering EIRCtIVE ovvverrsrsirnins 3 - =
EIBCHIVES® oo 9 - -
] L 19
TERM 9 Engineering 9320, Operations Planning & Analysis 4 3 2?2
Engineering 3632, Heat Transfer .~ i 3 3
Englneer!ng 9398, Industrial Engineering Project 3 -
Engineering Elective ... 3
Electives* 6
Total 19
TERM 10 Engineering 9352, Advanced Economic,AnaFlysi_s 3 2 2h
Engineering 9399, Industrial Engineering Project 3 - -
Engineering Electives .. 6 -
Electives* .. 6
LKL R 18

*The elective courses marked with an asterisk must include twenty-one credit hours of “liberal™
courses, while nine credit hours can be “free,” Ie., courses selected from any open to under-
graduatelsI who have the proper prerequisites from among those offered in any” school or college
at Cornell.
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GRADUATE STUDY

Two different types of graduate programs are offered in industrial engineering.
The Master of Science and Doctor of Philosophy programs are designed for
those primarily interested in teaching or in academic or industrial research. The
Professmnal Master of Industrial Engineering degree program is designed for
those primarily interested in becoming more proficient in the practice of modern
industrial engineering. A student matriculating for one of these graduate degrees
may concentrate his studies in any one of several sutyec_ts such as industrial
englneerlng, operations research, systems analysis and design, applied statistics
and probability, engmeermg_ 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 s_tandm% with a Bachelor’s
degree in engmeermg, mathematics, or the ph}{Slc_aI sciences. In addition he must
have had a commendable undergraduate scholastic record and other evidence 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.?ln_eerm%
degree, an appllcant.must (1) hold a Bachelor’s degree from an institution 0
recognized standing in one of the fields of engineering, (2) have an adequate
preparation for gradate study in the chosen subject of SBECI&JIZ&IIOH_, and () show
promise of doing well in advanced study as judged by his previous scholastic
record or other dchievements. _

For further information about each of these graduate programs see the earlier
references to %raduate study on page & of this Announcement, the Announce-
ment of the Graduate School, and” the brochure entitled Graduate Work in
Operations Research, Industrial Engineering, Applied Statistics and Related
Areas, which may. he obtained by writing the Department of Industrial Engi-
neering and Administration, Upson Hall.



MECHANICAL ENGINEERING

UPSON HALL

MECHANICAL engineers design and develop diverse systems lor power genera-
tion, machinery for industrial and private consumption, and enterprises for
manufacturing and production. o _ _

The Sibley” School of Mechanical Engineering consists of five departments
of instruction:

Drafting and Industrial Design, R. H. Siegfried, 420 Upson Hall.

Industrial and Englneerlng Administration, A. S. Schultz, Jr., 324 Upson Hall.
Machine Design, A. H. Burr, 306 Upson Hall.

Materials Processing, W. Pentland, 220 Kimball Hall.

Thermal Engineering, C. O. Mackey, 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?lneerlng.Iaboratorles_and classrooms are located in- Upson Hall. All
materials processing laboratories are in Kimball Hall.

REQUIREMENTS FOR THE
B.M.E. DEGREE BY SUBJECTS
FOR 1963, 1964, 1965 CANDIDATES

All mechanical engineering students must satisfy course requirements in each
of the five M.E. departments, and, in addition, must take specified courses in the
Schools of Electrical, and Chemical and Metallurgical Engineering, and in the
Department of Engineering Mechanics and Materials. This work accounts for
ninety-nine of the "180 credit hours required for the degree and constitutes a
basic group of courses offered in the College of Englneerln_?. throughout five years.

All"mechanical engineering students must take specified courses in mathe-
matics, physics, chemistry, English, and speech. These courses total forty-one of
the 180 credit hours required orqrad_uatlon. _ _

The remamln%forty hours of elective courses required for completion of the
Bachelor of Mechanical Engineering degree are described in the following out-
line, which summarizes the degree requirements.

ENGINEERING COURSES OFFERED IN: CREDITS
Orientation; nonresident [8CIUIES ..ovvvvvsvvssee 4

Enagmee_rmg DIAWING covrmmmsprngrgrnsmengrnen
Industrial and Engineering Administration i
Machine De5|gn peenessssnens .12
MaAterials ProCESSING .ovvovvmsmssmssmssmsmmsmsssssmssmsmsssssssssssssssssssssssssssssssssssnes 5
Thermal Engineering ... il
Electrical Ergjgmeermg I sz 9
Chemical and” MetallUrgical Enr[nn_eermg
Engineering Mechanics ‘and Materials

!
yil

9
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SCIENCES, ENGLISH, SPEECH: CREDITS
MEHNEMALICS  oovvvssvvsssssssssssssssssssss s 12
PRYSICS  ovvrvsvmssmsmssmsssssmssssssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssnn 2
0811 8
Engl;sh ........ vt 6
PUDIIC SPAKING  wvovvvssvssssvmssssmssssssssssssssssssssssssssssssssssssssssssssssssesssssssnes 3

|
ELECTIVES:
Ebe.ral Arts *, s : ﬁ
AR I o, = b ;

40
0L 180

SCHOLASTIC REQUIREMENTS

A student in the School of Mechanical Engineerin7g0 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.

B.M.E. PROGRAMS FOR
1963, 1964, 1965 CANDIDATES

Candidates for the B.M.E. degree in June, 1963, 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 four terms of this ten-term
seﬁue_nce have been completed and do not appear in this Announcement. The
last six terms are:

CONTACT HOURS

CREDIT LECT. LAB.

TERM 5 HOURS REC. COMP.

Engineering_ 1241 Engineering Materials ..vovsumrmsvnnn 3 2 212
Engineering3351, Mechanism. ....... e ——————— 3 2
Engineering 3601, THErMOAYNAMICS v 3 3 0
Engineering 1152, MechanicS—DYNamiICs .....ueeemmersrrins 3 3 0
Engineering _ 3246, Industrial Actountin 2 1 2kE
Engineering 3404, Production Machine Tools (or En - ]
mg R I 2 1 2i
EIBCTIVES oooovesvvsvsssessssmsssssssssssssssssssssssssssssssssssssssssssssns 3 A Am
TOMA s —————— 19

*May be chosen from the fields of American studies, the classics, economics, English, fine
arts, government, history, literature, modern languages, music, philosophy, ps%cho_logy, socmlog?/
and anthropology, and “speech an(tj drama. Courses in_ these_ fields are available in several col-

d
leges of the University and are not limited to the offerings of.any single division.
%Includes all courzes offered %y the Co? 9 g’ g

ur ) gge of _EnP neering” which are not the equivalent
oflar’\lx courses specifically required in the M.E. curriculum.
2

_May be_chosen from both of the groups_mentioned ahove or from an&division of the
University, including & hours of advanced ROTC or 9 hours of Naval ROTC. Theseelectives
may be Used to take more course work In mathematics, physics, and chemistry.
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CONTACT HOURS
CREDIT LECT. LAB.
HOURS REC. COMP.

TERM
° Engineering 1242, Engineerin% Materials "o 3 3 0
Engmeer!ng 3352, Dxnamms L T T 3 2 2'A
Engineering 3602, TNErmodynamics .o...comomusin . 3 3 0
Enggneer!ng 3603, Fluid Properties and_Mass FIOW ..o 3 3 0
Engineering 247, Pnnmlg_)les of Cost Control ..., . 3 2 2A
Engineering 3405, Gage Laboratory (or Engineeri Lo 0 2'A
EIBCHIVES oo 3 Am Am
TOA] o ———— 19
TERM 7 o ‘
Engineering 3604, Flow Processes and Energy Transfer .... 3 2 2'A
Engineering 3605, Heal TIansfer . 3 2 2'A
Engineering 3353, Deslgn of Maching Members ... 3 2 2A
Engmeer!ng 1243, Engineering Materials Laboratory ... 3 2 2A
Engineering 3263 Production” Engineering 3 2 2'A
EIETHVES oo 3 Am Am
TOMAl o, 18
TERM 8 . . .
Engineering 3354, Design of Machings .........mmmmersnnn 3 | 5,
Engineering 4931, Electrical Engingering .. w3 2 2'A
Engineering 3264, Production Engineering ... w3 2 2A
Engineering 3606, Thermal Engmeerm%, aboratory ... 3 1 2'A
En\ﬂllnlede.rmg 6117, Metallurgy “of Casting, Working, and 0
BIUING . oo esssmsosesmmepess gt sssmsessgog oo 2 2
Electives ({including Engineering 3607 or 3608 or 3609)--- 6 A Am
TOMAl s 20
TERM 9
0] 110 S 3 Am Am
Endgneer!ng 4937 "Electrical En meer,mP 3 2 2'A
Engineering 1154, Strength of M aterials 3 3 0
Electives o Am Am
Totals 19
TERM 10
o0 (1] [T 3 Amr Am
Enémeermg 4933, Electrical Engineering . 3 2 2'A
Public Spéaking 201 ... s 3 3 0
Engineering 3041, Nonresident Lectures. 1 1 0
EIBCHIVES oo eesscssesssssssesssssessenes 9 Am Am
TOTAl oo 19
180

ELECTIVE REQUIREMENTS FOR
1963, 1964, 1965 CANDIDATES

~ The five-year curriculum allows time for forty hours of elective work, includ-
ing six hours of project. If the student is to use this extra time and olpportunlty
to best advantage, he must begin as early as his sophomore year to plan so that
these elective hours will form an integrated program. He “should explore the
various possibilities open to him and, with the help of his adviser, set up a com-
plete program for his entire undergraduate program of study.
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The elective requirements suggest possibilities that will satisfy a variety of

personal desires and interests. 1t"is possible to obtain:

1 Twelve to twenty-six credit hours in liberal arts—all in one area or divided
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 to provide 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 M.M.E., M.LLE., M.S., or M.Aero.E. degrees
should give serious consideration to the courses they elect. Some courses
are acceptable as credit toward both the B.M.E. 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-
tl(}/e_s of the particular faculties concerned, as well as with their engineering
advisers.

To illustrate what can be accomplished in setting up substantial elective op-
tions in engineering, the following sample options are presented.

DRAFTING AND INDUSTRIAL DESIGN
INDUSTRIAL DESIGN e e

Engineering 3116, Introduction to Industrial Design 3 8
Engineering 3198, 3199, PrOJECt .ovvvreresvssrssrssnnen 6 9,10
Electives from the fOllOWING™ [ISE: ovvvovvcrsmmsrmsrmmsmmsssssmsmssmssssssssssmssssssssssssssesss 5 5-10
Architecture 330, 331, SGulpture )
) 400, 401, History of Architecture.
Fine Arts 101, iOZ,OIntroducnon to Art: Painting and Sculpture
r
104 [ntroduction to Art .
111, 112 Introduction to Art. Architecture
554 Twentieth-Century Painting
Home Economics H.D. 100, Color and"Design
TOMAL oo ——— 24
INDUSTRIAL AND ENGINEERING ADMINISTRATION
MANUFACTURING ENGINEERING fours corn
Engineering 3266, Advanced Methods Engineering 3 7
Engineering 3240, Analytical Methods in Operafions Research..... 3 7
Engineering 3242, Statistical Control and Sampling Inspection ..., 3 8
Engineering 3281, ComputmgPEqmpment and Industrial Applications.. 3 8
Engineering 3267, Ad,vanﬁed roduction Englneerlng .......................................... 3 9
Engineering 3283, Digital SyStems SIMUIALION .vv.vvrmsvvsvmsssmsssssmsssssssssssssssssssnn 3 9
Engineering 3265, Praduction PlANNING .ommmmmmmsmmsmmsmsmmssmsssssssssssssssssssssssnnn 3 10
Engineering 3298, 3299, Project 6 9,10

LI 21
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CREDIT

PRODUCTION MANAGEMENT hours term

Engineering 3232, Personnel Management
Engineering 3280, Introduction to Dperations Research .
Engineering 3242, Statistical Cantrol and Sampling Inspe
Engineering 3265, Production PLanning ...
Engineering 3254, Analytics of Decision”and Control ..., ) .
Engineering 3281, Comput,mrq Equipment and Industrial ApplicationsS. ...
Engineering 3270, INAUSLHIAl MArKELNG .oooovovvsvmsvsmssmssmssssmsssssssssssssssssssssssssssnns
Engineering 3298, 3299, PTOJECT. mmmmmmmrmmmrmmmmssmmsmmsessmmsssssmssssssssssssssssssssssssssessnes 6 9,10

0L 21

SYSTEMS ENGINEERING

Engineering 3240, Analytical Methods in Operations ReSEarch ...
Engineering 3280, Introduction to Operations Research ... .
Engineering 3243, Intermediate_Industrial Statistics............
En !neer!ng 3281, Computing Eqmgment and Industrial A

Engineering 3283, Digital Systems SimUIation .......oweweemommesenne

Engmeer!ng 3265, Proguction PIanning .. .
Engineering 3254, Analytics of Decision and CONIOl .vvvewevesmmsmsnsersmsrsrnsmssrsnnn
Engineering 3298, 3299, PrOJECT. mmrmmmmmrmmsssssssssssssssssssesssssssssssssssesssssssesns 6 9,10

LI 2

APPLIED INDUSTRIAL STATISTICS

Engineering 3240, Analytical Methods in Operations ReSEArCh ........vmmsmmssssnns
Engineering 3242, Statistical Control and Sampling INSPECLION vvvvsvmsvsrssssrsrssns
Engineering 3243, Intermedjate Industrial S{atistics.........
Engineering 3244, Advanced Industrial StatiSticS.. ...
Engineering 3248, Statistical Aspects of Re|labl|lgl Analysis...,
Engineering 3281, Comﬁut|n?,Equbpment and Industrial’Appl
Engwreermg 3284, Mathematical Programing and Decision Theory

Engineering 3285, QUEUING THEOTY v s J
Engineering 3298, 3299, PTOJECE ..t 6 9,10

TOMA s 2

MACHINE DESIGN

MECHANICAL DESIGN (SYNTHESIS)

Engineering 3366, Advanced Kinematics, ,
Engmeer!ng 3367, Design Problems in Vibrations and Dynamics
Engineering 3374, Credtive Design ...
Engineering 3375, Automatic Machinery
Engineering 3398, 3399, Design Projects

LWL OO

[ICTICTINIIT)
Oowm ©

=
o

DESIGN DEVELOPMENT (ANALYSIS AND EXPERIMENTATION)

Engineering 3367, Design Problems in Vibrations and DYNAMiCS.....mmmmmmmmmmrsrmsnne 3
Engineering 3361, Advanced Machine AnalySiS.....ummserne s —————— 3
Engineering 3372, Experimental Methods_In Maching D eSIgN .w.m.memmmrmmmmsnsmmsssssnins 3
Engineering 3362, Mechanical Design of Turbomachinery.. .3
Engineering 3376, Automatic COontrol. ... B . 3
Engineering 3398, 3399, Analysis or EXperimental ProjeCtS. e 6

Total il

H
oBBwwvn
—
o
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CREDIT

VEHICLES AND PROPULSION hours term

Engineering 3367, Design Problems inVibrations and DYNAmMICS ....vmwmmrmormsrsrssnns 3 8

Engineering 3607, COMDUSLION_ENGINES oovvvvrsvmensrmssssvmsnssmssssssssssmssssssssssssssssssssssens 3 s

Engineering 3377 AUtOMOtIVE ENGINELIING .vvvvisrvrpimsemsmmmsessmmssmsssssssssessmsssssssssnsne 3 9

Engineering 7101, Mechanics of Airplanes and MISSIES.......wmersmmsmmmsrsersssnsnn 39

Engineering 3398, 3399, Vehicle DESIGN PrOJECE . mmmmmmmrmmmmmrmsmmmmmmsmsssssmsssssssssensnn 6 910
TOMAL s s s 18

THERMAL ENGINEERING

FLUID DYNAMICS AND HEAT TRANSFER

Engineering 3661, Advanced Thermodynamics...
Engineering 3664, Advanced Fluid Méchanics
Engineering 3663, Advanced Turbomachinery
Engineering 3665, Advanced Heat Transfer.
Engineering 3698, 3699, Project

L0 7 18

NUCLEAR ENGINEERING

Engineering 3608, Thermal POWEr PIANES ...
Engineering 8301, Atomic and Nuclear Physics . .
Engineering 3665, Advanced Heat Transfer ...
Engineering 8311, Nuclear and Reactor Physics
Engineering 8351, Nuclear Measurements Laborato
Engineering 3698, 3699, Project

TOMA s —————— 2

PROPULSION ENGINES

Engineering 3661, Advanced ThermodYNAMICS ...ovurmmmmmmmssmmmmssmsssmmsssssmsssssssnns
Engineering 3607, Combustion Engings ... .
Engineering 3663, Advanced Turbomachinery
Engineering 3665, Advanced Heat Transfer .
Engineering 3071, Aeros%ace, Propulsion System
Engineering 3698, 3699, Project

TOMA st il

THERMAL ENVIRONMENT

Engineering 3609, Refrigeration and Air CONGitioning...mmmwmmmmmmsmmsmmmemmsmsssssrsnns
Engineering 3607, Temperature Measuring Instruments .
Engineering 3665, Advanced Heat Transfer. ...
Enggneer!ng 3666, Advanced Air Conditioning ...
Engineering 4934, Principles of Automatic Control
Engineering 3698, 3699, Project

TOMAl v 2

THERMAL POWER

Engineering 3361, Advanced Thermodynamics...
Engineering 3607, Combustion Engines ...
Engineering 3608, Thermal Power Plants
Engineering 3672, Energy Conversion........ . .
Engineering 3670, Advanced Combustion Engines .

Engineering 3698, 3699, PrOJECT..mmmmmmmmimmmmmmmmsmmssmmsmmssssmmmssmssssssssssssssssssssssssessnn 6 910

LI T il
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AEROSPACE ENGINEERING ™

Mathematics 609, Higher CalCUlUS ..vmvrmsmmrmmmssmsmmssmmsssssmsssssssssssssmsssssssssssesens
Mathematics 610, Higher Calculus .......ummrmmrrins
Engineering 7101, Méchanics of Ajrplanes and Missiles...
Engineering 7102, Mechanics of Airplanes and Missiles...
Engineering 7203, GASAYNAMICS | ovvvvvvvsrssvmsrmmssmmssmsssmsmsssssssmsmssssssssssssssssssssssnnns

Engineering 7204, GASGYNAMICS | | ovvvovvvsmssmsnssmmsmssmsssssssssssssssssssssssssssssssssssssnses

EnQineering 7801, PIOJACE oovvvrnrsermmnssessmsssssssssssssssssssssssssssssssssssssssesssess 6

0L 24

ORI LR

ENGINEERING MECHANICS AND MATERIALS

MECHANICS

Engineering 1154, Advanced Strength 0f MaterialS..mmmmmmmmmmmmmmmmmmmmmmmmsmsssminnnn
Engineering 1162, Mechanics of VIDration ......evumovesinnsns e —————
Engineering 3367, Desqn Problems in Vibrations and Dynamics ..

Engineering 1163, Applied EIASHICIYY .oovvsvvvssvssnsgsmsmirmsmssssssessnsssns
Engineering 1180, Advanced En meerm? Mathematics

Engineering 4711, Feedback Control Systems | ...
Engineering 1159, Advanced Mechanics Laboratory
Engineering 1198, 1199, Project

L 2

MATERIALS

Physics 314, Atomic and Molecular Ph)‘sics .......... g ———
Physics 454, Electronic Properties of Solids and LiqUILS.....mmmemmmmmsssmmmismsssrssnn
Engineering 1216, Structure and Properties of M atter.
Engineering 6452, Experimental Physical Metall,urgiy...
Engineering 1244, Theoretical Matérials-Mechanical Pr
Engineering 1298, 1299, Project

L0 20

D LWL

D LWL

MATERIALS TECHNOLOGY

Engineering 6353, Introductory Metall_ogra hy
Engineering 6415, Principles of Materials_Processing..
Engineering 3372, ExperimentalMethods in Machine™D
Engineering 6661, Metals at High Tem peratures.........
Engmee,rm? 6872, Nuclear Materials TEChNOIOQY ...uvcsrvmsmsrmssmssmsssssssssssssssssssnn

Project in machine design or metallurglca?engineering ........................................... 6
1] SO 19

PO LWL

NUCLEAR TECHNOLOGY

Engineering 8301, Introduction to Atomic and NUCIEArPRYSICS..vmmmmmmmmmmsrsrmsrmsrnnn
Engineering 8311, Nuclear andReactor PRYSICS .....omummmmmmssmmmmmmmmsmmssssssssssssssinn
Engineering 8351, Nuclear Measurements Laboratory .
Engineering 5760, Nuclear and Reactor Epgineerin
Enggneer!n 3665, Advanced Heat Transfer..

Engineering 6872, Nuclear Material Laborator
Engineering 8051, 8052, Project

TOMA oo
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Some of the elective courses appeari_ng in these suggested options may,
under certain conditions, be used to satisty requirements for both the under-
graduate and the graduate degrees. Other electives, including, particularly,
advanced mathematics courses, are also essential for graduate work. Prospective
graduate students should seek guidance from members of the graduate staff in
arranging their elective programs.

B.M.E. PROGRAM FOR CANDIDATES
IN 1966 AND THEREAFTER

Students who entered the Collegie of Engineering at the freshman level in
September, 1961, or later, are enrolled in the Division of Basic Studies for their
freshman and sophomore years (see p. 23). Those who elect to enter the Sibley
School of Mechanical Engineering as candidates for the B.M.E. degree may do
s0 at the start of their junior year and will follow a six-term sequence of courses
described in the two following sections.

REQUIREMENTS FOR THE B.M.E. DEGREE
BY SUBJECTS FOR CANDIDATES
IN 1966 AND THEREAFTER

All candidates for the B.M.E. degree after June, 1965, must satisfy certain
course requirements in the Departments of Thermal Engineering, Machine De-
sign, Materials Processing, and Industrial and En(?me_ermg Administration, in
the Sibley School of Mechanical Engineering. In addition, they must take speci-
fied courses in the Division of Basic Studies, in the School of Electrical Engi-
neering, and in the Department of Engineering Mechanics and Materials. This
work accounts for eighty-five of the 175 hours required for the degree and con-
stitutes a core of courses offered in the College of Engineering throughout five
years,

All candidates must also take s?ecified courses in mathematics, physics, and
chemistry. These total thirty-six of the 175 hours required for the degree and
apﬁgear In the Basic Studies program during the freshman and sophomore years.

he remaining flft}/-four hours required for the B.M.E. degree includes six
hours of English and torty-eight hours of electives distributed over all ten terms.

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

ENGINEERING COURSES CREDITS
Problems and MethodS ... 6
Engm_eermg Mechanics . 8
Electrical Science 6
Materials Science — 6
Thermal Science and Thermal Engineering 21
Machine Design ... X 16
Materials Processing ... g 6
Industrial and Engineering Administration 10
Electrical ENQINEETING vovvvsvsrsrmsrssrssssnnn 6

&
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SCIENCE COURSES

Mathematics
PhYSICS. v
Chemistry
ENGLISH AND ELECTIVES
ENGISN o s
Liberal EIRCHIVES ..o s ——————
Englneerm% Electives INCIUdING PrOJECt ..vvermmenmsmsensmsssesnsssennes
UNTESETICIE  EIBCHIVES  oovevservessossssssssssssssssssssssssssssssssssssssssssssssssssssssns
TOMAl oo —————
CURRICULUM—B.M.E. FOR CANDIDATES
IN 1966 AND THEREAFTER
TERM 1 See DivisionofBasicStudiesCurriculum,p. 24.
TERM 2 See DivisionofBasicStudiesCurriculum,p. 24,
TERM 3 See DivisionofBasicStudiesCurriculum,p. 24.
TERM 4 See DivisionofBasicStudiesCurriculum,p. 25.
CREDIT
TERM 5 NOT OFFERED ~ UNTIL FALL, 1963 hours
Engineering, MAterials SCIENCE L. 3
Engineering 3621, Thermal SCIENCE L.......ocorecmoussonconns prrsss s ——— 3
Enggneer,m 3321, Kinematics and Dynamics OfMechaniSms......vumeemerns 4
Engineering, Electrical Engineering L. — .3
E,ngmeennP 3241, Industrial and “EngineeringStatistics. 3
Liberal elective 3
TOMA oo ——————— 19
TERM 6 NOT OFFERED ~ UNTIL SPRING, 1964
Engineering: Materials Science 11 3
Engineering 3622, Thermal Science || 3
Engineering 3623, Thermal Science 11 3
Engineering: Electrical Engmeennq Ll 3
EngmeennP 3421 Processing of Materials 1. .3
LIDEIAl  BIBCLIVE  oovvssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssons 3
TOMAl o ———— 18
TERM 7 NOT OFFERED  UNTIL FALL, 1964
Engineering 3624, Thermal SCIENCE [V .vvvvvmmimssessesssssssssssssssssssssssssns 3
Enggneergng 3625, TREIMAl SCIBNCE Voo 4
Engineering 3422, Processing 0f Materials 11, ...ovwmmmmmmmmmmmmsmmssssssnnnn 3
EngmeennP 3322, Mechanical Analysis and DeSIgN.....eeeweemmmmsesnsns 5
LIDEIAl  BIECIIVE oo s 3
TOMA oo ——————— 18
TERM 8 NOT OFFERED  UNTIL SPRING, 1965
Engineering 3323, Design. 0f MaCRINES.....c.uvvcvvrcvsrgirmssmersmssssssssssmsrsnns 3
Engineering 3324, Vibration and Control ofMechanical Systems 4
Engineering 3626, Thermal Systems Engineering 5

Engineering _elective
Liberal elective

Total 18

LECT.

rec.

%

LAB.
comp.

Arr.
Arr.
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CREDIT LECT. LAB.

TERM 9 NOT OFFERED UNTIL FALL, 1965 hours rec. comp.
Engineering 3234, Engineering ECONOMICANAIYSIS..o.vovvvvsvssmsrmsssssssssssssne 3 2 Al
Mechanical engineering pro%ect ....... w3 Arr.Am
Mechanical engineering elective 3 Arr. Arm
Unrestricted elective .. 3 A Arm
Unrestricted elective 3 A, Am
Liberal elective 3 A Arm

TOTAl o —————— 18

TERM 10 NOT OFFERED UNTIL SPRING, 1966
Engineering 3237, Introduction to IndustrlaIEngmeermg ................................. 4 3 A
Mechanical” engineering PrOJECt...mmmmmmmmmmmmmmmmmmmsmmsmmmemmssmsssssmsssssssssssssnns s Am Am
Englneerm% BIBCEIVE  oorvsevsssesssssmsscsssssssssssssssssssssssssssssssssssssssesssssssss st ssseen 3 Arr. Am
Unrestricted elective . w3 A Am
Liberal elective ... we 3 A, Am
Liberal elective w3 A, Am

TOMAl oo —————— 19
IO I (0T 1 175

INDUSTRIAL COOPERATIVE PROGRAM

See page 5.

GRADUATE STUDY

_ Specialized Prograr_ns for a Master of Mechanical Engineering (M.M.E.) degree
in the area of machine de3|?n are available in the fields of machine dynamics
and control, mechanical analysis and development, mechanical design, and ve-
hicles and propu_lsmn; in thearea of thermal engmeermq—_m the fields of 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 p. 6 of this Announcement; for additional information on the
Master of Science (M.S.? and the Ph.D. degrees, seeé). 6. For each of these
graduate programs see also the Announcement of the Graduate School and the
brochures Graduate Programs in Mechanical Engineering and Graduate Work
in Industrial Engineering, which may be obtained by writing to the School of
Mechanical Engineering, Upson Hall.



METALLURGICAL ENGINEERING

OLIN HALL

THE PROGRAM in metallurgical engineering seeks to develolp an understand-
ing of the nature and behavior of materials, particularly metallic materials, and
their economical processing into useful articles, ranging from transistors and
missile nose cones to railroad rails and automobile engines. This understanding
is built on a foundation of chemistry, physics, and the engineering sciences.
Metallurgical (or materials) engineers are concerned with the conversion from
some raw State (e.g.. an ore); refining; alloying and heat treating to develop
desired properties; ,shaplng by casting, mechanical deformation, or other means;
fabrication into finished or semifinished articles; and Aomlng materials as
finished structures. Successful comﬁletlon of the undergraduate program quali-
fies the student for work in any phase of the broad subject, in either primary
producing industries or in industries which use metals, or for graduate study.
The staff and facilities of metallurgical englneer_mq are currently located in
Olin Hall, but a new building to house metallurgica en?meermg, Bard Hall,
is now under construction, and is expected to be ready for occupancy during
1962-1963. Extensive facilities are available, including apparatus for microscopi-
cal and X-ray diffraction examinations; a variety of furnaces for melting and
heat treating; equipment for casting, working and welding, and for the “study
of the unit operations of extractive metallurgy, and for Iphyswal and mechanical
testing. Other more specialized apparatus, such as for electron microscopy, zone
refining, levitation melting, and preparation of single crystals, is also available.

ELECTIVE COURSES

The curriculum provides for sixteen elective courses (mcludm? the elective
of Term 4 in the Division of Basic Studlesh for a total of fort}/-elﬂh credit hours.
Of this total, a minimum of twenty-four hours beyond the freshman year must
be selected from the humanities and social sciences, within restrictions common
to all schools of the College, and described on page 59. Of the remaining
elective courses, five must be technical; the remaining courses may be either
technical or nontechnical as the student, with the guidance of his adviser, elects.
_ The student who plans a joint program in law or business and public admin-
istration may use the free electives to fulfill a part of the requirements in these
programs (sée page 7). With careful selection of the elective courses, the student
who proposes to work for a professional Master’s degree may enroll in the
[[)rogram during his fifth undergraduate dyear and be?m accumulating credits
oward the ﬁro essional degree. The student with still another goal may use
the elective hours for a sequence of courses in business administration, law, in-
ﬂustrla_lt.and labor relations, nuclear technology, materials technology, or the
umanities.

For example, if the student wishes to take the nuclear technology option as
part of his metallurgical engineering curriculum, he can take his electives in

57
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fields such as nuclear and reactor physics, in nuclear materials, in nuclear
measurements, in heat transfer (see below).

If his choice is to gain a more specialized knowledge of particular branches
of metallurgical engineering, or if he plans for a broader training in materials
science or technology, he may take elective courses in materials science, nuclear
materials, high temperature materials, polymeric materials, cast metals engineer-
ing, materials processing and engineering physics.

To assure the most effective use of electives, the student is required during
his third year to prepare with his adviser a coordinated plan of study for the
final two years.

SUGGESTED TECHNICAL ELECTIVE GROUPINGS
CREDIT
MATERIALS SCIENCE hours ~term

Mathematics 215, HIGNEr CalCUlUS...omumsrmmmmssmsmssmssssmisssmsssssmssssssssssssssssssenes 3 1
Mathematics 216, H,llgher [OF:1 (1] [TEy— w3 8
Physics 325, Electricity, Magnetism and Light. 4 7
Physics 326, Electricity, Ma%nensm and Light. 4 8
Chemistry 481, “Advariced P ysical . Chemistry... 4 1
Chemistry 505, Advanced Inorganic Chemistry... w4 1
Chemistry 506, Advanced Inorganic Chem|str¥ ..................................... s, 4 8
Physics 443, Atomic Physics and Introduction to QuanfumMechanics.........mmmmme. 4 9
Physics 454, Electronic Properties of Solids and LIQUIAS......wuvmmmssmssmssmssssssnnn 4 10
Engineering 6224, Kinetics 0f REACtIONS.....vmuvrvsvrsrsninn B} 3 9
Engineering 6681, AdVanced LabOTAIONy ... 3 9
Engineering 6710, TranSport PrOCESSES......ermmmmsmmmersmmsmsmmsessesssssssessesssssssessens 3 10
MATERIALS TECHNOLOGY.

Engineering 3341, Machine Design............ R N e ——— 3 1,8
En%;neer!ng 3372, Experimental Methods In Machine De,5||gn ..... .3 7.9
Engineering 6651, Physical Metallur%y 0f Ferrous MaterialS. ... 20
Engineering 6661, Metals at Elevated” Temperatures.......m. .2 9
Engineering 6872, Nuclear Materials TeChNOlOGY ...vuuvmrmrmorssmsmssmsssssmssssssissnns 2 10
Engineering 6620, Advanced FouNdry ENGINEETING...ewemwemmmsmsmmmsmsesmsssesns 3 9
Engineering 6662, Refractory MAtErialS.....mmmmmmmmmmmmsrmmmmsmmssmssmssssmsssssssssssssssrns 2 10
POLYMERIC MATERIALS , )

Chemistry 357, Introductory  Qrganic CREMISIY..uummmmmmmmmsmmssmmsmmmssmssssmmssnssnns 5 7
Chemistry 358, Introductory Organic Chemistry.. w5 8
Engineering 5742, Polymeri¢ Matgrials.............. - w3 9
Enggneer!ng 5743, Advanced PoI}/m,enc MALETIALS....vovvvvesscsssssessssssssssssssssiinns 3 10
Engineering 5752, Polymeric Materials LabOTatOry.u.mmemsmmmmmrmsmsrmsssssmsssrssssnn 110
NUCLEAR TECHNOLOGY , ,

Engineering 8301, Introduction to Atomic and Nuclear PhySiCS........mmmmmmmmmnn 3 1
Engineering 8311, Nuclear and Reactor Physics 3 8
Engineering 8351, Nuclear Measurements Laboratory 3 8
Engineering 5760, Nuclear and Reactor Engineering 2 9
Engineering 3665, Advanced Heat Transfer..... w3 9
Engineering 6872, Nuclear Materials TeCANOIOGY ..oumummermsmmmmsrmssssmssssssssmesssssnns 2 10
Engineering 8051, 8052, PTOJECT oovvvvsrrsmsmmssmemmsssmsnmsssssssssssssssssssssssssssssssssssnses 6 9,10
PRODUCTION OPERATIONS AND PROCESS CONTROL

Engineering 3241, Industrial and Engineering Statistics 3 7.8
Engineering 3242, Statistical Control and Sampling. Inspection . 3 8, 10
Engineering 3243, Intermediate Industrial and En%meermg Statistics 3 10
Engineering 3253, Industrial Accounting and Cost Control 3 7.9
Engineering 3254, Operations Planning “and Control 3 7,9

or
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CREDIT

Engineering 3281, Computing Equijent and Industrial Applications HogRs TE7R,AEA3
Engmeer!ng 5304, Analysis of Unit Operations 8
Engineering 5747, Process Control 33, %

Engineering 4934, Principles of Automatic Control

SCHOLASTIC REQUIREMENTS

A student in the School of Chemical and Metallurgical Engineering who does
not receive a passing grade in every course for which he is registered, or who
fails in any term or Summer session to maintain an average grade of 75, may be
placed on ‘probation or dropFed. . _

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 reqfunements 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 (B.MetE.)

Course programs for Terms 1, 2, 3 and 4, administered by the Division of Basic
Studies, are described on pages 24-25.

10

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

TERM 5 Engineering 211 MEChANICS..ovmumsvrsvsmmsrsssssmsmmsssssmsssrmssssssens 4 4 0
Engineering 6331, MaterialsScience L. pss . 3 3 0
Engineering 6323, Metallur?mal Thermodynamics 1. .3 3 0
Engmeermg 242, Electrical ~ Science.... 3 3 0
Liberal Elective ... 3-4
TOMA s ———— 16-17
TERM 6 Engineering 212, Mechanics.,......... e —— 4 4 0
Engineering 6332, Materjals Science 11....... 3 3 0
Engineering 6324Meta||u[]g|cal Thermodynamlcs [ 3 3 0
Englneenng 6353, Introductory Metallography.. 3 15
LIBEIAL EIECHIVE oovvovesvcsssssssnssessssssssssssssssmsssssssssssssssssssssns 34
TOMAl oo
TERM 7 Engineering 6401, Chemical Metallurgy 1 2 2Vt
Engmeer!ng 6411, Physical Metallurgy” 1 2 0
Engineering 6451, Experimental PhySical Metallurgy 3 2 02
BIBCHIVES * 7 oo sssesssssssssssssssssssssssssssssssssssssssssssssmsesssssssssnin 9-10
T 01 ] —————
TERM 8 Engineering 6402, Chemical Metallurgy |1 2 NS
Engineering 6412, Physical Metallurgy” 11 ........... e 2 0
Engineering 6416, Principles of Materials Processing 3 2 2
Engineering 6432, Mechanical Metallurgy....mmsmmmsmirsns 3 3 0
EleCtives * 6-7

*A liberal elective must be included in five of the last six terms.
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CONTACT HOURS
CREDIT LECT. LAB.
. . . . HOURS REC. COMP.
TERM 9 Engineering 6505, Metallurgical DeSign........smmimmssssnns 2 2 0
Engineering 6553, Metallurgical Engingering Project 3

EIBTHVES * ™ oo ssssssssmmssssssssssmsssssssssssssssssmssssssssssssssnns 12-13
LI P 17-18
TERM 10 Engineering 6554, Metallurgical Engineering Project 3 - 9
Engineering, Electrical Engineering 3 2 2/t
EIBCHVES 7 ooosvssssssssssmssssssssssssssssssssssssssssssssssssssssssones 2
TOMAL ot 18

RESEARCH AND GRADUATE STUDY

_ The research program by the staff and students in metallurgical engineering
is an integral part of Cornell’s interdisciplinary Materials Science Center. Un-
dergraduate students are required to do original research in their fifth year,
and in this way pr_oLect students have an opportunity to work in areas of ad-
vanced 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; transfor-
mation kinetics; nuclear materials; .X-ray diffraction microscopy, optical and
re]lec.tron microscopy, structure of thin films, and physical and mechanical be-
avior.

Graduate studypr.ogrlams in metallurgical engineering at Cornell are designed
to fit the needs of individual students, in the light of their previous tramlné;,
aptitudes, and interests. Candidates are expected to Bursue a program of study
that will give them a deeper understanding of the basic and applied sciences,
and that will develop initiative and originality. 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 student will
ordinarily find it desirable to take advanced courses offered in tlie Department
and to participate in graduate seminars. He will also be urged to pursue ad-
vanced courses in mathematics, chemistry, and physics offered in the College of
Arts and Sciences. The specific requirements for the degrees M.S. and Ph.D.
will be found in the Announcement of the Graduate School.

REQUIREMENTS FOR THE DEGREE
OF MASTER OF METALLURGICAL
ENGINEERING (M.Met.E)
In addition to “general degree” programs (M.S. and Ph.D.), the College of
Engineering also offers professional degree programs, as described on page 00

of this Announcement.
The specific requirements for the degree of M.Met.E. are as follows:

*A liberal elective must be included in five of the last six terms.



METALLURGICAL ENGINEERING—CURRICULUM 61

The successful candidate must complete a minimum of forty-five credit hours
oflgradua_te. level course work, or its equivalent, as follows; _
~ L A minimum of eighteen credit hours in the basic physical sciences of chem-
istry and physics and in mathematics. Normally, six credit hours of mathematics,
and three to nine credits in both physics and chemistry should be selected. The
|c_oturses that may be taken for credit will ordinarily Tall within the following
ist:

Chemistry: courses in inorganic chemistry numbered 421 or higher; in organic
chemistry, 465 or higher; n physical cliemistry, 380 or higher. .
Physics: ‘courses numbered 314 or higher; also courses in engineering physics
numbered 8131 or higher. .

Mathematics: courses numbered 215 or higher.

2. A minimum of ei?hteen credit hours in metallurgical engineerin% (or
closely allied subjects) selected from metallurgical engmeermg courses numbered
6553 ‘or higher Hexcept 6601); also courses 1245, 1260, and 1261. _

3. A minimum of nine credit hours of elective courses; courses in the basic
physical sciences or in metaIIur?JcaI engineering in excess of the minimum
requirements are considered electives for the purpose of meeting this require-
ment. All elective courses must be aﬁproved by the student’s adviser.

All courses to be credited toward the degree must be passed with a minimum
or a written statement received from the instructor, attesting that

?rade of 75 _
s work was of graduate caliber.

he student’



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, English, mathematics, physics, and
certain courses in economics are offered by the College 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 College 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:

1. Engineering Mechanics and Materials 6. Metallurgical Engineering
2. Civil Engineering 1. Aerospace En%meerlng
3. Mechanical Engineering 8. En meerlné; Physics

4. Electrical Engineering 9. Industrial Engineering

5. Chemical Engineering

For courses in other coIIe%es 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 ézz'd%ASL%ULlFJ’S' Replaces él82)f. Edther bte{tm

real [S. Prereg., a grade 0 or petter
i ECIEERAG. o Lo i &
101 ENGINEERING PROBLEMS AND | U i0 . Fall:
METHODS 1. Credit 3 lirs, Fall 1 Lect. 1 MW F 1L T Th S 9. Spring.: M W F 10,

Rec. 1 Lab. Consideration of functions of en- 11, T Th §9, 10. Differentiation and integra-
gineering and major _examples of modern  tion of elementary functions; the technique of
enr?me,ermg to emphasize the nature of en- integration, plané analytic geometry; applica-
gi eerlmg fand, thle f,lr}(tjerrlele%nodnshtlps ?f the  tions, vector algebra.

Several professional fields. Introduction to pro- .
fessional method in solution of enginee?ing 293 APPLIED MATHEMATICS. Ejther
Emblems’ gragmcm regresentatlon inclyding ~ term. Credit 4 hrs. Prereq., 192 Infinite Series
i Bt iy a0 Gating 5 G L, LG SO
102 ENGINEERING ~PROBLEMS AND  constant coefficients—computer. Not given in
METHODS |I. Credit 3 frs. Spring. 1 Lect.  1969-1963]

1 Rec, 1 Lab. Solution of ,englneerlng prob- ,
lems; introduction to probability and statistics, ~ [294. APPLIED MATHEMATICS. Either
introduction to engineering ‘economy, con- term. Credit 3 hrs. Prereq., 293. Matrices.

tinuation of graphical représentation. Complex numbers and linear equations with
constant coefficients. Vector calculus. Not given

MATHEMATICS in 1362-1363]

113, CALCULUS. Replaces (163). Either term. 1L CALCULUS ‘FOR ENGINEERS. Either

Credit 3 rs. Prereqo,p 112 ({62).) Fall: lect M~ term. Credit 4 frs, M T W Th %1 MW F S

W8, 10: T Th 8 10 pius one’hour to be ar- 8 M &MWFS&M W Th 1L

ranged. Spring: M W 'F 8, 10. Solid analytic M W F S 1L M T W Th 12 Plane analytic

dg: M .. 10, S y i . Yy
?eometr. and vectors, partial_ differentiation: ~ geometry, differential and integral calcllus
inear differential equations; infinite series. applications.



192. CALCULUS FOR ENGINEERS. Spring
term. Credit 4 hrs. Prereq., 19 Hours to be
arranged. Analytic geometry in the ﬁlane ang
In space, partial ditferentiation, technique. of
integration and multiple integrals, applica-

tions.

221. CALCULUS. Replaces (183). Either term.
Credit 4 hrs, Prereq., 122 (182). Fall: M W F
10 T Th S8 10, pls one hour to be
arranged, Spring: MW F 1T Th S 9. In-
finite series, differential equations; vector and
matrix algebra.

222. CALCULUS. Either term. Credit 4 hrs,
Prereq., 221, or for fall 1962 only (183). Fall:
M W'F 10 plus one hour to be arranged.
Sprmq: MWF8 10T Th S 10, plus one
hour to be arranged. Differential and' integral
vector calculus and multiple integrals; appli-
cations to physical problems.

1155, APPLIED DIFFERENTIAL EgUA-
TIONS. For fourth-term engineering students.
Credit 3 hrs. Prereq., 113" Hours to be ar-
ranged. Theory of first order equations; . first
and higher order equations, properties of linear
differential equations; linear differential equa-
tions with constant coefficients; simultaneous
linear differential equations; Fourier series and
applications; partial differential equations and
boundary value problems.

PHYSICS

Physics 121-122 and 223-228 are designed
primarily for students in the College of 'En-
qmeermg. The first year's work consists  of
21 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 bagis of the student’s’ previous
performance in introductory phgsms and
mathematics courses. Students should see their
instructors for section assignments.

121-122, INTRODUCTORY  ANALYTICAL
PHYSICS. Throughout the year. Credit 3 hrs.
a term. Prereq., calculus “or co-rei;ls,tranon
in Mathematics 191, 192. Course 121 is pre-
requisite, to 122, r|marll¥ for students of
engineering., Lect. T 9, 11, or 2 Two dis-
cussion periods per week and one 24/$-hour
[ab. period every other week, as asmgned.
Preliminary examinations will be held at
7:30 p.m. on Oct. 23, Nov. 27, Jan. 8, Mar. 5,
Apr. 9, and May 7. The mechanics of parti-
cles: kinematics of translation, dynamics, con-
servation of energy. The propérties of the
fundamental  forces: gravitational, ~electro-
magnetic, and nuclear.

COURSES—BASIC STUDIES 63

Topics for study in the second term: conser-
vation of linear” momentum, Kinetic-molecular
theory of gases, properties of solids and lig-
uids,” mechanics of rigid bodies. Harmonic
motion and the fundamentals of wave Frqpa-
ation. At the level of Introductory Analytical
hysics by Newhall. Messrs. Newnatr, Lev-
inger, aN staff,

223-224, INTRODUCTORY  ANALYTICAL
PHYSICS. Throughout the year. Credit 3 hrs.
a term. Prereq., Physics 120 122 and co-reg-
istration in Mathematics 193-194, or equiva-
lent. Course 223 is prerequisite to 224, Lect.,
9 or 11, Two discussion periods per week,
and one 2/&-hour laboratory period every
other week. as assqned., An introductory_ suf-
vey of the laws of electric and magnetic ‘fields.
Electrostatic  field. Magn _t|? fields of steady
currents, Induced emfs, dielectrics, and mag-
netic properties of matter, The laboratory
work includes experiments in electrical meas-
urements.
Wave motion with emphasis on the pro&qertles
of electromagnetic waves, Interference, diffrac-
tion, dispersion, scattering, and polarization
of waves. Selected topics” from the fields of
atomic, solid state, and nuclear physics deal-

ing with wave-particle experiments, optical
and X-ray spectra, radioactivity, and nuclear
processes.” The laboratory work includes ex-

periments in electrical measurements and in
thsmal electronics and wave optics. At the
evel of University Physics, Vol. Il, by Sears
and Zemansky, and "of Wave Optics and
Atomics by Tomboulian. Messrs. T omboutian,
Peterson, and  staff.

225-226, INTRODUCTORY ~ ANALYTICAL
PHYSICS. Throughout the year. Credit 3 hrs.
a term. Prereq., same as for"Physics 223. Lect.,
T 9 or 11 Two discussion pefiods per week,
and one 21&-hour laboratory period  every
other week as assigned. The ‘main, toglcs are
the same as those Iisted under Physics 223-224
but their treatment is more analytical and
somewhat more intensive. Messts. T omboutian,
Delvaille, Walton, Wolga, al staff.

227-228. INTRODUCTORY  ANALYTICAL
PHYSICS. Throughout the year. Credit 3 hrs.
a term, Prereq., Same as_for Physics 223-224,
Lect, T 9 or 10 Two discussion periods per
week, and one 2/E-hour laboratory Perlod
every other week as assigned. The s_ubgec mat-
ter of electricity and magnetism listed under
Physics 223-224 15 covered at a level suffi-
ciently advanced to stimulate students of su-
Eenor, competence and [nterest, At the level of
lectricity ‘and Optics by Frank and of Cur-
rents, Fields and Particles by Bitter. Mr.
lrwin and staff.



64 COLLEGE OF ENGINEERING

CHEMISTRY

105-106. GENERAL CHEMISTRY. Through
out the year. Credit 3 hrs. a term. Chemistry
105 is prerequisite to Chemistry 106. For those
students who will take more chemistry, it
serves as a prerequisite to the more advanced
courses, Open to those who have had or have
not had high school chemistry. May be elected
b%/ studentS who do not inténd to take more
chemistry. Lectures; fall term T Th 9, 10, or
12 sFrmg term, T_Th 9, 10. Combined discus-
sion-laboratory period, M W F or S8-11, M T
_Th or F 1:40-4:30. The important chemical
principles and facts are covered, with consid-
erable attention given to the quantitative as-
pects and to thé techniques which are im-
portant for further work in chemistry. Messrs.
Fay, Plane, Reynolds, and assistants.

108. GENERAL CHEMISTRY AND INOR
GANIC QUALITATIVE ANALYSIS. Spring.
Credit 4 hrs. Prereq., superior performance in
Chemistry 105. Serves in place of Chemistry
106 plus 205 as prerequisite for advanced
courses. Lect. T Th' 12. One laboratory period,
S 8-11, or M T or Th 1:40-4:30. One discus-
sion hour, T or Th 9 or 10, or W or F 11 or
12. A general study of equilibria and chemical
behavior in_aqueods solutions as illustrated by
the separation and detection of ions of some
common elements. Lectures and reading ma-
teria extend the coverage to a N?eneral Intro-
duction to mor%amc,chemlstry. 8SSIS. Sienko,
Zuckerman, and assistants.

216 INTRODUCTION TO PHYSICAL
CHEMISTRY. Reﬁlac,es (401%. Spring. Credit
3 hrs. Preregs., Chemistry 106 or 108, Mathe-
matjcs 193, and Physics 223 or 225 or 227, For
engingering students. A brief survey of physical
chemistry. "Mr. W igom.

285-286. INTRODUCTORY PHYSICAL
CHEMISTRY. Replaces (405-406). Through-
out the year, Credit 5 hrs. a term. Prereds.,
Chemistry 108, Mathematics 192, Physics 122,
or consent of instructor. For students in en-
(T;meermg. Lectures, M W F 9. Laboratories:
all, M °1:40-4:30 and T 10-12:50 or W Th
1:40-4:30 or S 8-1; speng, M T 1:40-4:30 or
W Th 1:40-4:30 or F 1:40-4:30 and either
S 8-10:50 or S 10-12:50, The lectures will %w?
a systematic treatment of the funoamenta
principles of ph¥5|cal chemistry: the laboratory
will, deal with the experimental aspects of the
subject and also develop the needed skills in
quantitative chemical analysis. Messrs. Al-
brecht, W underlich, and assistants.

ENGLISH

111-112. INTRODUCTION TO ENGLISH.
Throughout the year. Credit 3 hrs. a term.

English 111 is prere%uisite to English 112, M

F89 10 11,122 3 T Th S8 9, 10,
11, 12" The aim is to increase the student’
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 by
the University to complete four terms of work,
three hours & week, in physical education. The
requirement must be “completed within the
first four terms {for further details, see the
Announcement of General Information). De-
scriptions _of ‘the physical education Courses
offered will be found in publications made
available to entering students by the Depart-
ment of Physical Education and Athletics.

ELECTRICAL SCIENCE

241 ELECTRICAL SCIENCE 1. Credit 3 hrs.
Fall. 2 Lect. 1 §2\/4> hour) Rec.-Comp. The
basic principles of electric_and maglnetlc fields
and  circuits for,st_eadY fields, voltages, and
currents. Emphasis Is placed on understanding
of the physical concepts.

242, ELECTRICAL SCIENCE II. Credit 3 hrs.
Spring. 2 Lect. 1 (2VE hour) Rec.- om?.
Rrere%., 241, Extends the treatment of 241 to
time-varying fields, voltages, and currents, The
reletlxanon and steady-state behavior of simple
systems.

243, ELECTRICAL SCIENCE_I. Credit 3 hrs.
Fall. 2 Lect. 1 (2Vi hour) Rec-Comp. The
main toglcs are the same as those in 241, but
thte|r Ireatment 1s more analytical and more
Intensive.

244, ELECTRICAL SCIENCE |I. Credit 3
rs. Sprmz%. 2_Lect. 1 (242 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¥st,ems and equilibrium. Distributed forces,
static friction, - statically determinate plane
structures. Concepts of sress and strain. Shear-
ing force, bending moment, bending and tor-
sion of beams. Analysis of plane Stress and
strain, combined stress, thermal stress. Theories
of failure. Instability of columns.

212. MECHANICS OF RIGID AND DE-
FORMABLE BODIES Il. Credit 4 hrs. Spring.
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1 Lect, 2 Rec, 1 Comp.-Lab. Prereq.,
211, Inelastic _behavior. Ener?y methods _in
mechanics. Principles of particle dynamics,
Theory of oscillations. Kinematics of rigid
body “motion. Dynamics of systems of par-
ticlés. Kinetics of rigid bodies.

CHEMICAL ENGINEERING

5101, MASS ANI) ENERGY BALANCES.
Credit 3 hrs. 2 Lect,, 1 Comp, period. Parallel,
Physical Chem|s,trY 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, 1C0m%,
Berlod. Parallel, Physical” Chemistry  406.
hase equilibria and ﬂhase,magrams.,the
e?umbnum stage,  mathematical ~ description
of single and multistage operations, analytical
and graphical solutions.” Messrs. W inding,
Thorpe, Scheele.

MATERIALS 65

METALLURGICAL
ENGINEERING

6211, INTRODUCTORY METALLURGICAL
ENGINEERING. Credit 3 hrs. Fall. 2 Lect,
1 Lab. An introductory course surveying vari-
ous fundamental principles and applications of
metals and allied . materials, "Centered in
the laboratory experiments, with the intention
of usm? t,he,mang instruments, furnaces, and
varied facilities nécessary for the stuay of the
aﬁghcatlon of the principles of phySics and
chemistry to metallurgy, and to control and to
examine“the behavior'and utilization of metals
and materials. A number of examples, such
as batteries, triodes, motors, transistors, en?lne
parts and other manufactured articles, will be
studied for their application of metallurgical
engineering. Mr. Scata.

6212 MATERIAL  AND ENERGY BAL-
ANCES. Credit 3 hrs. Simng. 3 Lee.-Rec.
Engineering problems involving material bal-
ances, thermal balances, thermochemistry, and
electrochemistry as, applied to metals and al-
lied materials “engineering. Mr. Gregg.

ENGINEERING MECHANICS AND MATERIALS

1134, ADVANCED STRENGTH OF MATE-
RIALS. Credit 3 hrs. Fall. 1 Lect. 2 Rec.
Prereq., 1153, Strain ener?y methods, Castig-
liang’s theorem. Reciprocal theorem. Beam de-
flections. Conjugate beam method. Influence
[ings. Shear deflection. Curved heams. Arches.
Buckling under various end conditions. Ec-
centric bu,cklln%. Strength theories. Fatigue.
Impact. High temperatures. Thick tubes. Re-
dundant béams. Limit design. Shear center.
Beams on elastic foundation. Plates. Mr.
Bijlaard.

1152 ENGINEERING MECHANICS-DYNAM-
[CS. Credit 3 hrs, FaII-SErm .1 Lect. 2 Rec.
Preregs., 1151, 1153, 1155 1145, 1156 or reg-
istration in Engmeen,ncT; 4103, The principlés
of dynamics of a particle, systems of particles,
systems of variable mass, “and rigid bodies.
ecfor kinematics, movm%_ and_ rotating  co-
ordinate systems, plane motion of rigid bodies,
g%/[josgt%gc motion. Maessrs. Cranch, Ludford,

1153. MECHANICS OF MATERIALS. Credit

hrs. Fall-spring. 1 Lect. 2 Rec, 1 Lab.
Prereq., 1151, Stréss and strain, tension, com-
pression and_shear, generalized plane stress,
and Mohr’s Circle. Riveted and welded joints.
Bending_and torsion in elastic and plastic
ranges, Deflections of beams. Theories of fail-
ure. Columns. Energy methods and Castigli-
ano’s theorem. Mr. Conway and staff.

1154, ADVANCED MECHANICS OF MATE-
RIALS. Credit 3 hrs, Fall. 3 Lee. Prereqs,,
1153 and 1155, Beam theory including symmet-
ric and unsymmetric bending, heam-columns,
shear stresses, continuous beams, plastic bend-
ing, curved_ bars and beams on elastic founda-
tions. Torsion theory of circular and noncir-
cular shafts, plastic dem%n of circular shafts,
combined bending and ‘torsion, finite differ-
ence. methods applied to torsjon problems.
Bending theory of circular and Iong,rectangu-
[ar plates, membrane and local bendin theorey
for thin wall Eressure vessels. Symmetrical dé-
formation problems mcIud,lng ne Pressurlzed
thick walled cylinder, shrink fit stresses, ro-
tating discs and thermal stresses In long
hollow cylinders. Mr. watt.

1155 g145, 1156% APPLIED DIFFEREN-
TIAL EQUATIONS. Credit 3 hrs, Fall-spring.
1 Lect, 2 Rec. Prereq., Math. 163 or equiv.
Formulation and solution of engingering prob-
lems which involve the use of Ordinary™ differ-
ential equations, Fourier Series, partid] differ-
ential equations and matrices. In addjtion to
classical “analytical methods, numerical meth-
ods are introduced. Applications to problems
arising in civil, chemical, electrical, and me-
ch%mcal engineering. Messrs. Ruoff, Cranch,
and staff.

1159 EXPERIMENTAL MECHANICS. Credit
3 hrs. Spring. 2 Rec. 2 Lah. Prereq., 1154 or
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equiv, Primarily for %raduate students and
qualified  undérgraduates.  Brittle coatin
method of experimental stress analysis, be-
havigr of stresscoat isoeutatics, and isostatic de-
terminations and realistic laboratory examples.
Electrical resistance type strain ga%_esl includ-
ing factors mfluencmF aIIoY sensitivity, gage
construction, ga(I]e factors, stress gages. . [nStru-
mentation for static_and dynamiC Strain_gage
work Including a brief coverage of amplifiers,
galvanometers, recorders, and oscilloscopes. Ac-
Celeration, velocity and displacement trans-
ducers are analyzed and the various electrical
methods employed in making these measure-
ments are comipared.

1162. THEQRY OF VIBRATION. Credit 3
hrs. Fall. 3 Lect. Prereq., 1180 or equiv, or
consent of instructor. Graduates and qualified
undergraduates. Vibration of lumped systems
including free and forced vibration, 0damp-
Ing, impedance methods, resonance, vibration
isofation. 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
maching elements. Mr. Cranch.

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 thefmal
stress. Small and large deflection theory of
glates, classical and ~approximate methods,
train energy methods. Symmetrically loaded
thin cylindrical shell. Torsion of thin-walled
mempers. A first course In the mechanics of
elastic deformable bodies with structural ap-
plications. Mr. pao.

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

1165. THEORY OF ELASTICITY 1l. Credit
3 s, Spring. 3 Lect. Graduate students. De-
velopment In tensor form of the basic equa-
tions of large deformation elasticity; solution
of certain Iar%e deformation problems. Linear-
Ization to intinitesimal elasticity. Boussinesq-
Papkovich potentials and their application fo
three-dimensional problems; contact ﬁrqb,lems;
plane stress by method of Muskhelishvili; ap-
plication of conformal mapping; Cauchy inte-
gral techniques In elasticity, torsion prablems.
Mr. Mitchell.

1166. STRESS WAVES IN SOLIDS. Credit 3
hrs.. Spring. 3 Lect. Prereqs, 1162, 1163 or
e?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, heams
and plates. Dispersion in méchanical 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 stydents and qualified undergradu-
ates. Analysis of deformation and stréss in
Q/Iat,es and” flat slabs under transverse loads.
arious houndary conditions. Numerical meth-
ods, Membrane ,stress?s and displacements n
shells under various loading. Bendm? theory
of shells. Applications to shell-type structures
such as submarines, aerospace structures, shell
roofs, pressure vessels. Mr. Bijiaara.

1168. THEORY OF PLASTICITY. Credit 3
hrs. Fall. 3 Lect. Graduate students and qual-
ified undergraduates. Theory of Inelastic be-
havior of materials. Plastic “stress-strain laws
leld criteria and_ flow laws. Flexure an
orsion of hars, thick-walled chlnde_rs, metal
formm% and cutting, stress analysis In metals
and soils. Yield hmtges. Limit analysis. Shake-
down of simple sta

bers. Mr. Lance.

1169. THEORY OF ELASTIC AND INELAS-
TIC STABILITY. Credit 3 hrs. Fall. 3 Lect.
Graduate students and qualified undergradu-
ates. Bucklln% of columns, frameworks, arches,
Flates and shells. Lateral buckling of beams.
nelastic buckling of columns and plates, Post-
burcklmg behavior. Method of split rigidities.
. Bijlaard.

1170. ADVANCED DYNAMICS. Credit 3 hrs,
Fall. 3 Lect. Graduate students and qualified
undergraduates. The existence and uniqueness
of the solutions of Newton's equations of
motion; _motion of a system of masses;. sys-
tems with variable mass, rocket equations;
Newton’s laws in noninertial frames; varia-
tional principles of mechanics, D°Alemebert’s
principle, Lagnr,anges equations, Hamilton’s
equations; stability of motion,  method of
Liapunov; rigid body motion, Euler’s equa-
tions; _tops, gyroscopes, and gyroscopic com-
pass. Special theory of relativity” Mr. Mitchern.

1171 INTRODUCTORY SPACE MECHAN-
ICS. Credit 3 hrs. Sprmgl. 3 Lect. Prereq., 1170
or equivalent. Potential of earth; two-body
problem: Hamilton Jacobj theory; orbit about
spherical and nons(PhencaI earth.” vector_theor
of perturbations; drag and solar radiation ef-

ically indeterminate mem-
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feet on orbit; charged satellite in earth’s
magnetic field: restricted three-body problem:
[ibration _points; reflectibility and” reversibil-
ity of trajectories; attitude control of satellites;
satellite libration. Mr. Mitcherr.

1172. SELECTED TOPICS IN ENGINEER-
ING MECHANICS. Credit, as arranged, anK
term. Qualified students, wishing to do wor
in ang field of engmeermg mechanics should
register for this course aftér consultation with
the department. Students work with appro-
;%rla,te members of the staff in the chosen field.
yggc,al areas of work include theory of elastic
stanility, theorsy of plates and shells, rocket
theory "and  design, wave p,ropaganon, elastic-

|t%/, vibrations, ‘and experimental mechanics.
Staff.

1173 RESEARCH IN APPLIED MECHAN-
ICS. Credit as arranqed. Thesis or independ-
ent research in a field 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-
b|||tP( criterla, comparison, between linear and
nonfinear methods. Equations of Van der Pol,
Duffing, Mathieu, Floquet, Hill. Poincarf Ben-
dixson” theorem, orbital stab|l|t%/. Methods of
Van der Pol, Poincar6, Kryloff and Bogolioboff
Galerkin, Ritz, harmonic™ balance, equwalenf
linearization, graphics, perturbations. Hystere-
SMISI" Application of Banach space  techniques.
. Block.

1180. ADVANCED ENGINEERING MATHE-
MATICS. Credit 3 hrs. Fall. 3 Lect. Prereq.,
1155 or equivalent. Application to engineering
roblems of elementary differential equations,
aplace and Fourier ~ transforms, series, of-
thogonal functions, functions of several real
variahles, vector analysis, partial differential
equations. Mr. Laira.

1181, ADVANCED ENGINEERING MATHE-
MATICS. Credit 3 hrs. 3 Lect. Spring. Prereq.
1180. Applications to engmeerm? problems of
calculus of varjations, tensor analysis, complex
variable, matrices, difference equations, and
integral equations. Mr. Laira.

1182. ADVANCED ENGINEERING MATHE-
MATICS. Credit 3 hrs. Fall. 3 Lect. Prereq.
1181 or equivalent, Application of advance
mathematical techniques to engineering prob-
lems. Conformal mapping; complex Integral
calculus; Green’s function;” integral transforms;
asymptotics mcIudmg steepest descent and sta-
tionary phase; Wiener-Hopf technique; gen-

eral theory. of characteristics; perturbation
methods; Singular perturbations; boundary-
Iafyer analysis.” Development will ‘be in terms
of problems drawn from vibrations and acous-
tics, fluid mechanics and elasticity, heat trans-
fer, electromagnetics. Mr. Ludfora.

1183 ADVANCED ENGINEERING MATHE-
MATICS. Credit 3 hrs. Spring. 3 Lect. Prereq.,
1182 or equivalent. More_extensive treatment
of 1182 in same spirit. ‘Topics include: ad-
vanced method& in’ partial differential equa-
tions, WKB and PLK"approximations, Hilbert-
Schmidt and Fredholm' theories. of mt,egral
equations, sinqular integral equations, Hilbert
problem, dual ‘integral eguations. Mr. Ludfora.

1184. NUMERICAL METHODS IN ENGI-
NEERING. Credit 3 hrs, Spnnp., Prereq., 1181
or equivalent. Methods for obfaining numeri-
cal solufions, to problems arising in science
and engineering, such as boundary value prob-
lems, eigenvalue problems, diffusion, conduc-
tion, wave propagation, vibrations. Variational
and mtergral equation techniques are devel-
oped. Mr.

Lance.

1198, 1199. PROJECT. Total credit 6 hrs.
Work of the ninth and/or tenth terms in the
form of pro%ects esigned to integrate the
student’s trai mE in several engineering areas
when such work is done prinCipally in  the
field of engineering mechanics. Staff.

1201 ENGINEERING MATERIALS. Credit
4 hrs. Fall. 3 Lect, 1 Lah. Preregs., 1153 and
Chem. 402, EmI%hasues the ~application of
physics and chemistry to the production of
meétals and alloys and their subsequent shap-
ing and treatment. The effects of various me-
chanical and thermal treatments on the micro-
structures are correlated with the physical and
mechanical, properties of the materials to pro-
vide a basis for their selection, design, treat-
ment, and use_in service apphcanons,. Lab-
oratory work includes static, dynamic and
nondestryctive testing of a variety of ferrous
and. nonferrous alloys, heat treatment, hard-
enability. Mr. Jerfrey.

1202. ADVANCED ENGINEERING MATE-
RIALS. Credit 3 hrs. Fall. (See Engineering
Physics, Course 8252.)

1212. ENGINEERING MATERIALS. Credit 3
hrs. Fall-spring. 1 Lee. 2 Lap. Prereq., 1241
Should _be" preceded by or taken concurrently
with 2715, "Timber, Cement, concrete a?gre-
gates, concrete, elemental concrete structural
members, lime,. ,?ypsum. Design of concrete
mixes, acceptabilify of materials, and_physico-
chemical properties of materials, Extensive
[aboratory “testing and report writing.



68 COLLEGE OF ENGINEERING

1217. ADVANCED.  PLAIN  CONCRETE.
Credit 2 hrs, SBrmg. (Not offered in 1962
1963) 2 Lect. Prereq, 1212 or the equiva-
lent.” Topics in the field of concrete, such
as history of cementing materials, air-entrain-
ment, light weight aggregates, petrography,
durability, chemical reactions, and properties
of aqgregates. Relationships between internal
structure, physical properties, chemjcal prop-
erties, and the mechanical properties of in-
F]eereerst tor the design and construction engi-
. . Slate.

1241, ENGINEERING MATERIALS. Credit 3
rs. FaII-sprmg. 3 Lect. Preregs., 1153 and
Chem. 401" and 402. An introductory course
in materials science._The crystallography and
structure of solids, The packing of atoms In
crystals and crystal imperfections. Elastic and
plastic deformation of single crystals and
P_olycrystallme, .aggregates. Phase transforma-
alr?(?s and equilibFium” diagrams. Messrs. R uots
Johnson.

1242. ENGINEERING MATERIALS. Credit
hrs. Spring. 2 Lect. 1 Rec. Prereq., 1241
A lecture course making a detailed study
ofI the furg_damefntal stlructu&e ﬁnd me(cjhatw-
cal properties of metals and. alloys an
e?fec?s gfe hot and, coa Workmgi. %arbon ang
low alloy steels in the annealed and heat-

treated ‘condition. High alloy steels. Mr.
Moynihan.

1243. ENGINEERING MATERIALS. Credit

hrs. Fall. 2 Lect. 1 Lab. Prereq., 1242. A
lecture-laboratory ~course relatmlg material
structure to the”electrical, thermal, and mag-
netic_properties of materials. Corrosion. Non-
metallic mat rlalf] such a% Flastlcs, glafss, re-
fractories_and rubber. Lubricants. Nonferrous
and special purpose metals and alloys. Mr.
Moynihan.

1260. 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 crystallogra,phr, symmetry elements,
mechaniCal and physical properties’ of crystals
of differing symnietry, influence of crystal
structure upon elastic constants, theories of
elastic constants for metals and lonic crystals;
crystallography of simple %Ilde and twinning
for different "crystal Structures, double slip,
cross slip, deformation bands. Mr. Jonnson.

1261, THEORETICAL MATERIALS — ME-
CHANICAL PROPERTIES, Credit 3 hrs.
Spring. Prereq., 1243 or equivalent, Primarily
for ([;raduate”students. A discussion of the
strucfure-sensitive mechanical ~properties of
materials attributable to imperfections in crys-
tals. Includes the role of dislocations, impuri-
ties, vacancies, and interstitial atoms and
their effect on such Fropernes as plastic flow,
fatigue, creep, and fracture. Mr. Ruots.

1255, 1256. MATERIALS. OF CONSTRUC-
TION. (See Chemical Engineering 6255, 6256.)

1273, RESEARCH IN ENGINEERING MA-
TERIALS.  Credit as arranged. Fall-spring.
Thesis or independent research in a field of
materials science. Such research must be un-
der the guidance of a staff member. Staff.

1298 1299. PROJECT. Total credit 6 hrs.
Work of the ninth and/or tenth terms in
the form of projects designed to integrate
the student’s ramm%( in several engineering
areas_when such work is done Frmupally, in
the field of engineering materials or physical
and mechanical” testing. Staff.

CIVIL ENGINEERING

GRAPHICS
Mr. Hewitt and others.

2004, ADVANCED GRAPHICS. Credit 3 hrs.
On demand. Projections and graphical rePre-
sentations are treated in_ scope heyond that
of basic_ drawing courses, including axonomet-
ric _projections,” perspective, vectors, nomog-
raphy, illustrations, and the professional draw-
ings.

2005. CARTOGRAPHY. Credit 3 hrs. Fall.
A study of the field of cartograph?/, with par-
ticular” attention to the prmmi)es of map
projections, the conventions, scales, and con-

struction of planimetric, topographic, and
choroPraphw _maps from surve¥, notes and
data from aerial photographs. A Tirst course to
combine photogrammetry and topographic
surveying Into "a practical course on map
making and interpretation.

2006. MAP REPRODUCTION. Credit 3 hrs.
Spring. Thefpreparatmn of map manuscripts
and models for reproduction by both photo-
([;,raphm and mechanical methods of duplica-
jon. The selection, evaluation, and organiza-
tion of cartographic material from ground and
aerial surveys into map editions will assure
the proper “procedure fo adopt for local cir-
cumstances.



SURVEYING

Messrs. Anderson, Lyon, Stanton, and others.

2101, ENGINEERING  MEASUREMENTS.
Credit 3 hrs, Fall. 1 Rec. 2 Labs. 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 b
terrestrial methods; and” geometry of cifcular,
transition, and parabolic curves.

2102. ADVANCED SURVEYING. Credit 3
hrs.. Sprm?. 2 Rec, 1 Lab. Prereq., 2101
Project planning from topo?raphm maps;
photogrammetry,” measurement errors  an
statistics; conditioned measurements; formula-
tion of survey specifications; subsurface surveys;
hydrographiC surveys; geodesy; field astronomy;
and boundary surveys.

2105, SUMMER  SURVEY. (Topographic,
Hydro r%pmc,, Route, and Geogdetic ™ Survey
Ccamp.) Credit 5 hrs. Field and office work six
days a week for five weeks. Date to be an-
nounced in sprin term.,Prere?s., 2101 and
2102. Design “and” execution of _topographic
survey and corresponding map with emphasis
on transit-stadia_and plane table-stadia meth-
ods; hydrographic survey and map of Cag,uta
Lake; “and” complete route survey including
reconnaissance from aerial E),hotographs, pre-
liminary survey, paper location, and stak,mq
of the “final line.” All horizontal and vertica
control surveys are executed according to
present . standards for _base-line taping,” tri-
an(t;,ulauon with repeating and direction type
opfical-reading thedolites, subtense and frig
traverse, precise leveling, and altimetry. Astro-
nomic observation for”azimuth and”position
are made and results computed.

2115, ADVANCED ENGINEERING MEAS-
UREMENTS. Credit 3 hrs. Fall. Preregs.,
laboratory work involving physical measure-
ments, Math 163 and pérmisSion of the in-
structor.  Measurement ~systems; analysis of
errors and of error propaq,atlon; aﬁphcatlon of
the principles Pf probabi |tg to the results, of
measurements for the purpdse of determmln%
the hest estimates of measured and deduce
quantities, and_ the best estimate of uncertainty
in these quantities; adjustment of conditioned
measurements by the method of least squares
and other methods; curve fitting; and" data
processing methods.

2116. LAND SURVEYING. Credit 3 hrs. On
demand 3 Rec.. Prereq., permission of the In-
structor. Functions and "responsibilities of a
land surveyor; deeds and fand descriptions;
land, records and land courts. Study of U.S.
public land system, metes and bounds, sub-
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divisions, resurveys, cadastral surveys, riparian
rights, mineral land_ surveys, and other land
survey systems. Specifications and registration.

2117. 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” léveling; deflection” of the
plumb line;. figure of the earth; determnation
of (‘;rawéy; Isodtasy; magnetic properties of the
earth. ubéect t0 arrangement to meet the
special needs of students.

2119. MAP PROJECTIONS. Credit 3 hrs. On
demand. The theory of map projections, Con-
%é%lscnon of projections. Plane coordinate sys-

2120, VERTICAL CONTROL. Credit 3 hrs.
On demand. Lectures, reading, and field work.
Principles of establishing a geodetic sea-
level datum; isostasy, the geoid, and reference
ellipsoid; barometric, trigohometric, spirit, and
electronic ~leveling; . study of precision al-
timetry; determination of economic relation-
ShIEJS of vertical control methods fo mapping
scale, especially for photogrammetric mapping.

2121, ELEMENTS OF PHOTOGRAMMETRY,
Credit 3 hrs. Fall. Lectures, recitation, and
IaborathY work. Prmmﬂles and practice of
terrestrial and aerial rE ofogrammetric map-
ping, mcIude planning f||8h15 control sur-
veys, uncontrofled mosaiCs, radial-line control,
simple stereoplpttm%,mstrumen,ts, parallel dis-
tortions, graphical tilt determination, trimet-
rogen chartlng, and economics. A Balplex pro-
Jection stereoplotter with three projectors and
a Wild A-7 plotter are available for use.

2122, ADVANCED PHOTOGRAMMETRY.
Credit 3 hrs, Spnng. Prereq., 2121, Lectures
reading, and laboratory work. An" advanced
study of photogrammetfic principles including
controlled mosaics, rectification, graphical, me-
chanical, and analytical spacé orientation,
Readings and reports from ‘current technical
literature. The prmmPIes, of manP/ photo%ram-
metric plotters are studied together with the
economic _relation of these Instruments to
density of field control, office methods, and
personnel. The BaIPIex plotter and the Wild
A-7 Autograph_plotter with the attached EK-3
Eleétrlc oordinate Printer are available for
study and use.

2123. SURVEYING AND MAPPING INSTRU-
MENTATION. Credit 3 hrs. On demand.
Prereq., 2121. Lectures and asmgned_ reading.
Independent study of developments In survey-
ing, mapping, and photogrammetric instru-
ments including a brief istorical sketch of
instrumentation; optical-reading levels and
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transits; electronic base line measurement;
precision altimeters; sonar equipment; equi-
angulator, odograph, and_stereoscopic plotters,
Correlation of the principles of physics and
mathematics In new measuring Instruments
and methods.

2131, ELEMENTS OF SURVEYING. Credit
1 hr. Fall-spring. 1 Lab. Fundamentals of
engineering “measurements.. Appreciation of
observations and errors. Principles of record-
ing data. Use of steel tape, level, and transit.
Optical tooling. Problems of particular In-
terest to studénts in fields other than civil
engineering.

2132, SURVEYING. Credit 3 hrs. Spring. 2
Rec. 1 Lab. Fundamentals of engmeermg
measurements, Appreciation of methods of ob-
servations and errors. Principles of repordlng
data. Use of steel tape, level, transit, an
plane table. Aerial mapping. Emphasis_ on
problems common n agricultural engineering.

2141, PROJECT. GEODETIC OR PHOTO-
GRAMMETRIC ENGINEERING. On de
mand. Open to specially selected seniors or
?raduate students. Projects in the various
ields of geodesy and photo?rammetry may
be developed by conference hefween Brofessors
and students. Hours and credit variable.

2142. GEQDETIC OR PHOTOGRAMMET-
RIC ENGINEERING, RESEARCH. On de
mand. Prerequisites will degend, upon the area
of studies to be pursued. Special problems in
error analysis, geodesy, and photogrammetry
as may be arranged.

2143. SEMINAR IN GEODESY OR PHOTO-
GRAMMETRY. Credit 1-6 hrs. On demand.
Open to specially selected seniors or graduate
students. Abstraction and_discussion of tech-
nical papers and publications In the geodetic
or photogrammetric field.

HYDRAULICS AND
HYDRAULIC ENGINEERING

Mr. Liggett, and staff.

2301, FLUID. MECHANICS. Credit 4 hrs,
FaII-sErmg. 3 Rec. 1 Lah. Prereq., concurrent
with 1152, Fluid pro;)ertle,s. Pressure and pres-
sure Intensity. Hydrostatics. Fluid . flow “con-
cepts and _hasic eguatlons. Dimensional anal-
ysis. Laminar and turbulent flow. Flow in
pipes. Flow in open channels, centrifugal
pumps.

2302. HYDROLOGY. Credit 2 hrs. Fall- ﬁrm%.
2 Rec. Precipitation, stream flow, unit_ hydro-
%rzy)h groundwater, wells, application ~ of
ydrologic techniques.

2303. ADVANCED HYDRAULICS. Credit 3
hrs, Fall. 3 Rec. Prereq., 2301 More detailed
and extended theory and application than
in the first course. “Problems considered in-
clude stabﬂnX of flotation, fluids subject to
acceleration, hydraulic similitude, open chan-
nel flow, pipe” flow, water hammer, and hy-
draulic models.

2304, HYDRAULIC MEASUREMENTS, Credit
3 hrs. Fall. 2 Rec. 1 Lab. Prere.%., 2301. Th
general flow equation. Volumetric and Wel%ht
measurements. Measurement of fluid  velocity.
Rate of flow measurement in pipelings and
open channels, Graphical and analytical meth-
ods of analyzing data. Error and folerances.

2306. PUMPS AND TURBINES. Credit 3 hrs,
Spring. 2 Rec. 1 Lab. Prerea. 2301, Theory
and Characteristics of the hydraulic ram; re-
ciprocating and centrifugal “pumps; impulse,
reaction, and Propgller,type twblnes; selection
and testing of hydraulic” machinery.

2307. FREE SURFACE FLOW. Credit 3 hrs.
Spring. 3 Lect, Prereq., 2315 or permission
of instructor. The formulation of the free
surface equations and boundary conditions.
Shallow water theon{ and the theory of char-
acteristics. The andlogy of gas dynamics to
unsteady and two-gimensional flow in open
channels. Theory of small amplitude waves.

2311, RIVERS AND HARBORS. Credit 3 hrs.
Fall. 3 Lect. Prereﬂ., 2312, Rivers: regimen
of flow in natural streams, flood, waves, flood
control, sedimentation, channel improvement,
canaization, tidal effects, and ports. Harbors:
gravity waves, shore improvement, harbor im-
provement, ports, and canals.

2312. HYDRAULIC ENGINEERING. Credit
3 hrs. Sprln%. 3 Rec. Prereq., 2302. Intro-
duction to Rydraulic englneerlng problems,
Purpose, planfing, and component parts of
hydraulic " projects. Flow measurement, un-
steady flow, Compressible fluid flow. FIo,cﬁj
routing, sedimentation. Reservoirs. Dams, spill-
ways, and river protection works. Flumes and
channels, Conduits, tunnels, penstocks. Locks.
Hydraulic model studies.

2314, WATER POWER. Credit 3 hrs. Fall.
2 Lect, 1 Comp. Prereq., 2301 and 2302. H
drologlc, and hzdr,aullc |nv%st|gat|on of Wiater
Fowe sites; selection of turbings, power plant
ayout, and equipment; economic considera-
tions. Problems cover det?rmmgnon of avail-
able power, selection of turbines, use of
pondage and storage: and determination of an-
nual power outplt.

2315. ADVANCED FLUID MECHANICS L
Credit 3 hrs. Fall. 3 Lect. Prereq., 2301 or



2331. Introduction to vector and tensor nota-
tion. The equations of conservation of mass,
momentum, ?nd energ?{._PotennaI flow in-
cludln% circulation, vorticity, conformal map-
ping, Nodograph methads.

2316, ADVANCED FLUID MECHANICS II.
Credit 3 hrs._Spring. 3 Lect. Prereq., 2315 or
equivalent. Exact_solutions of the Navier-
Stokes equations. The laminar and turbulent
boundary layers. Turbulence. Introduction to
Non-Newtonian flow. Other topics.

2331, FLUID MECHANICS. (For_ electrical
enﬂlneerlng students.) Credit 3 hrs. Fall-spring.
3 Rec. Prereq., 1152 Statics, dynamics of fluid
flow, law of continuity, ener(]]y e<1u_at|on,, turbu-
lence, flow of compressible fluids, impulse
momentum relations, resistance of submerged
bodies, lubrication, and hydraulic machinéry.

2342. HYDRAULICS RESEARCH. Credit 1-6
hrs. On demand. Prereq., 2312 or the equiv-
alent. The subject and scope of the investiga-
tions in experimental or theoretical hydraulics
should be selected ,bfy conference at thie begin-
ning of the term If not prevmuslg arranged.
It is permissible and often desirable for two
atautdoer?ts to work together on the same investi-
ion.

2343, HYDRAULICS SEMINAR. Credit 1 hr.
Fall-spring. Abstraction and discussion of tech-
nlcgl paéJers and dpubll,catlons in the field of
hydraulics and hydraulic engineering.

SANITARY ENGINEERING

Messrs. Behn, Gates, and Lynn.

2501, MICROBIOLOGY IN ENGINEERING.
Credit 3 Ars. FaII-sprmg. 2 Lect-Rec, 1 Lah.
Prereq.,, Chem, 106, Intfoduction to the char-
acteristics and activities of micro-grganisms
and their effect on man and his environment
with emphasis on their role in the b|0|0(r1|ca|
oxidation of organic substances, the nafural
Burlflcatmn, of waters receiving organic wastes.
acteriological measurement of water quality.

2502. WATER SUPPLY AND WASTE WATER
SYSTEMS. Credit 3 hrs, FaII-sprm?. 2 Lect-
Rec. 1 Comp. Prereq., 2302. Cane?,s of water
resoyrce development and utilization;  water
quality control; anap/5|s and design, of struc-
tures and systems for (1) the collection, trans-
ortation, and_distribution of water supplies:
2) .the collection and transportation of mu-
nicipal and Industrial wastewater and of

storm water. Disposal of waste-water.

2503, WATER AND WASTE - WATER
TREATMENT, Credit 3 hrs. FaII-sprmgS. 2
Lect-Rec. 1 Comp, or Lab. Preregs., 2501,
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2502. StudY, of processes for the treatment of
water supplies and of municipal and indus-
trial waste water, in terms of the underlying
biological, chemical, and physical principles;
the application of these principles to the anal-
¥5|s and design of unit treatment processes and
0 the syntheSis of treatment plants.

2506. TREATMENT PROCESSES AND SYS-
TEMS. Credit 4 hrs. Fall. Prereq., 2503 or
equiv. Analysis and design of processes and
systems for” the removal “of impurities from
water supplies and_from municipal and indus-
trial waste water. Theoretical and applied as-
P,ects of treatment process design such as reac-
ion kinetics, transfer phenomena, and the
mechanics of fine particles.

2507. AIR AND WATER RESOURCES. Credit
3 hrs. Spring, Prereq., 2502 or equiv. Sources
and characteristics of air and water pollutants,
including radioactive substances; their reactions
in air and in water; their dispersion and fate
in the environment. Criteria and methods of
disposal. Capacity of air and water resources
to ‘assimilate’ wastes. Air and water control.

2509. ENVIRONMENTAL HEALTH ENGI-
NEERING. Credit 3 hrs. Spring. Concepts,
Plannlng,, and control of environmental Sys-
ems. Epidemiological and engineering aspects
of current health problems.

2510. SANITARY CHEMISTRY. Credit 3 hrs,
Fall. 2 Lect. 1 Lab, Prereq., 1 year of colleqe
chemistry. Primarily intended * for graduate
students” and upperclassmen especially inter-
gsted in sanitary en%meermg. Analytical, phys-
ical. and organic chemistry” specifically appli-
cable to design and control of water and
waste treafment processes. Measurement of
water quality.

2511, SANITARY ENGINEERING LABORA-
TORY. Credit 3 hrs. On demand. 1 Lect.-
Discuss. 2 Labs. Preregs., 2510 or parallel reg-
istration; 2503, Laboratory studies of water
and waste treatment processes, including the
application of physical, chemical, and b|0|0%|-
cal Pnnmples methods, and procedures to the
treatment of water, sewage, and industrial
wastes.

2515 ENVIRONMENTAL SYSTEMS ENGI-
NEERING. Credit 3 hrs, Fall. Prereq, 3240 or
permission of Instructor. Intended. for grad-
uate students but open to qualified under-
graduates. Development of general linear pro-
%rammg problem” and special cases such as
etworks, * dyadics, transportation  problem.
Emphasis pldced on application of techniques
of ‘operations research, queuing theor?/, y-
namic_programing, simulation, “game theory,
and linear” programing to civil and sanitary
engineering problems.” Mr. Lyna.



72 COLLEGE OF ENGINEERING

2532, ENVIRONMENTAL SANITATION.
For students not in civil engineering. Credit
3 hrs. Fall. Lecture-discussions, reports, and
field trips. Concepts of environmental sanita-
tion with emphasis on water resource develop-
ment, utilization_and .management; municipal
industrial and individual “sewage and soli
waste disposal; metropolitan fringe area sani-
tation; air and water (iuahty control methods
and. program?; Fartl,cu arly “as they relate to
environmental planning and control.

2541, PROJECT, SANITARY ENGINEER
ING. On demand. Prere(ls., 2502 and 2503, or
equiv. Students will elect or be assigned Indi-
vidual or group problems or topics dealjng
with water resource utilization, water quality
control, water and waste-water treatment proc-
esses, systems and plants, or other problems
of special interest.

2542, SANITARY ENGINEERING . RE-
SEARCH. On demand. Prerequisites will de-
pend upon the particular problem to be pur-
sued, but in general they should Include a
laboratory course and those courses . in hY-
draulics and sanitary engineering pertinent o
the field in which the_Study 157t0 be under-
taken. Hours and credit variable.

2543, SANITARY ENGINEERING SEMINAR.
Credit 1-2 hrs. On demand. Open to interested
upperclassmen and. graduate students. Presen-
tation and discussion of technical papers an
publications in the sanitary engineering field.

TRANSPORTATION
ENGINEERING

Messrs. Bercher, Lewis, and Liang.

2602. TRANSPORTATION. _ Credit 3 hrs.
Fall-spring. 3 Rec. Prereq., Economics 103 or
permission of the instructor, The historical,
economic, regulatory, construction, and opera-
tional aspects of transportation. Designed par-
ticularly “for engineering students.

2610. HIGHWAY ENGINEERING. Credit 3
hrs. Fall-spring. 2 Lect. 1 Lab. Prereqﬁ.,
2113, and preceded by or taken concurrently
with 2725. Highway administration, planning,
economics, and finance; reconngissance and, [o-
cation; geometric design; traffic engineering;
drainage; subgrade; base courses; désign an
copstrucflon of flexible and rigid pavements.
. Liang.

[. Lewis.

2612, HIGHWAY LABORATORY — BITU-

MINOUS. Credit 3 hrs. Fall. 2 Lab. 1 SemI-
nar. Prereq., 2610, or may be taken concur-
rently wﬁh 2610. Bituminous materials are
tested and aggregates studied for their com-

pat|b|I|t¥ with bitumens. Mixes are designed
and tested. Condition surveys are made on
various classes of hituminous” pavements. Lab-
oratory fully equipped for all phases of applied
and research studies. Mr. Lewis.

2613, HIGHWAY LABORATORY — SUB
GRADE SOILS. Credit 3 hrs. S{)rlng. 2 Lah.
1 Seminar, Prereqs., 2125 and 2610, or may be
taken concurrently with 2610, Evaluation of
current soil enc};_meermg practices. Soil survey-
mg and sampling. - Correlation of field arid
laboratory compaction procedures. Tests on
soil samples stabilized with bituminous ma-
terials. Portland cement and chemicals. Condi-
tion surveYs are made on stabilized roads. Lab-
oratory full e%uhp,ped for all phases of applied
and résearch studies. Mr. Liang.

2614, HIGHWAY DESIGN—STRUCTURAL.
Credit 3 hrs. Fall. 3 Rec. Prereq., 2610 or per-
mission. of the instructor. Part 1; Soil index
Propertles and hlghw%y soil classification sys-
ems; surveying ~ and sampling;  subgrade
strength evaluation; compaction; drainage and
frost action; stabilization; aggregates. Part I1:
Design and construction of Dhase and surface
courses for flexible pavements. Part Ill: De-
sign and construction of rigid pavements. Mr.
Liang.

2615, HIGHWAY DESIGN — GEOMETRIC.
Credit 3 hrs. Spring. 1 Lect, 2 Lab. Prereq.,
2610 or permission” of the Instructor. Route
selection; "design contrals and criteria, includ-
ing vehicle characteristics and hllqhway capac-
ity; Sl?ht distance, and horizontal and’ vertical
control; cross section elements; right-of-way
problems and access control; at-grade intef-
section design, including rotary and channel-
ized intersection; grade “separafions and inter-
changes; regional “systems of highways, free-
ways, and parkways. Mr. Lewis.

2617. AIRPORT ENGINEERING. Credit 3
hrs. Spring. 2 Rec. and 1 Lab. Prereqs., 2610
2125, Alrport administration, planning, and
design. Site selection and evaluation; ‘master
plan; grading; drajnage; flexible and rllgllld
pavements; terminal facilities; heliports. Mr.
Liang.

LOW-COST ROADS. Primarily for foreign
students. Credit 3 hrs. On demand. (See Agri-
cultural Engineering 241, p. 104

2619. TRAFFIC ENGINEERING — OPER-
ATIONS. Credit 3 hrs. On demand. 2 Lab.
1 Seminar. ,Prereqz. preceded by or taken con-
currently with 2620, Definition” of traffic_prob-
lems; collection of field data; analysis of field
data; findings, conclusions, and récommenda-
tions. Traffic surveys. Design of traffic control
systems. Mr. Lewis.



2620. TRAFFIC ENGINEERING. Credit 3
hrs. Fall-spring. 2 Rec. 1 Lab. Prereq,, 2610
or permission of the instructor. City and high-
way traffic surveys and designs. Accidents, con-
gestion, delay, speed, volume, density, parking
channelization, lighting, traffic control and
routing. Signs, signals, and markings. Urban
traffic “consideration in city planping. Driver
reactions and habit pattern. Traffic engineer-
ing organization. Mr. Lewis.

2621, ANALYSES AND INTERPRETATION
OF AERJAL PHOTOGRAPHS. Preregistra-
tion required. Credit 3 hrs. Fall-spring. 2" Lect.
1 Lah, #The student is expected to” pay the
cost of field trips and aerial p,hotographs for
use in a termA[Jm{ect, amounting_ 0 approx-
imately $15.) A study of the soil and rock
areas 0f the' United ‘States and the patterns
present in aerial 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. Emphasis is placed
on Interpretation for engineering, regional
planning, and agricultural purposes.” Mr.
Belcher.

2622. ADVANCED INTERPRETATION OF
AERJIAL PHQTOQGRAPHS. = Preregistration
required. Credit 3 hrs. On demand. Organ-
ization of course depends upon fields of in-
terest. Special problems; four each on qround
water, engingering proaects, agricultural soils
mapping, Trrigation, and geology. Mr. Beicner.

2623, PHYSICAL ENVIRONMENT EVALU-
ATION. Credit 3 hrs. On demand. 2 Lect. 1
Lab. Intended for graduate students or upBer-
classmen In engingering and planning, * Per-
mission of the instructor. A study of physical
envirgnment factors affecting en?me,ermg and
pIannm% decisions and the “evafuation meth-
ods of ‘these factors. Physical factors include
the climate, soil and fock conditions, and
water sources In different parts of the world.
Evaluation methods include air and ground
reconnaissance, . nterpretation of meteorologi-

cal, topographic, geological, and soil maps,
aerjal pho o?ra hg, englnegrln data, and sub-
surface” exploration récords. Mr. Liang.

2641, PROJECT, TRANSPORTATION EN-

GINEERING. Credit 3 hrs. On demand. Proj-
ects in the various fields of transportation,
advanced aerial photographic studies, traffic
enFmeermg, angd earth en?meermg may be de-
veloped by conference between professors and
students. Projects may involve integrated plan-
ning or dem%n drawing upon several fields of
interest, or they may concentrate upon special
subjects. Adequate ” facilities, material,” and
sou,rcei of daa are necessary to a satisfactory
project.
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2642, TRANSPORTATION ENGINEERING
RESEARCH. On demand. Students who wish
to pursue one particular branch of transporta-
tion engineering further than can be done In
any of the re%ular courses may elect work
in"this field. The work may be in the nature
of an investigation of existing methods _or
s;r_stems, theorétical work with @ view to sim-
plifying present methods of design or pro-
posing new methods, or experimental investi-
gg;lggleof suitable problems. Hours and credit
Variable.

2643. TRANSPORTATION ENGINEERING
SEMINAR. Credit 1-2 hrs. On demand. Num-
ber of meetings, a week to be arranqed. Ab-
straction and “discussion of selected technical
papers and publications in the transportation
engineering field.

STRUCTURAL ENGINEERING

MessS. Britvec, Mason, McGuire, Nilson,
Stearns, Sturman, W hite, and Winter.

2101, ELEMENTARY STRUCTURAL ANAL-
YSIS. Credit 3 hrs. Fall. 2 Lect. 1 Lab. Prereq.,
1153, . A first course in structural theory. Deter-
mination of reactions and internal forces and
moments in beams, girders, trusses, simple
frames, and three-hinged arches due to sta-

t|,or1ar?/ and moving “loads. Simple uses of
digital computers in structural analysis. Mr.
Winter.

2102. STEEL AND TIMBER STRUCTURES.
Credit 4 hrs, SFrmg. 2 Lect, 2 Lah. Preregs.,
2701, 1134, Analysis  and design of steel mem-
bers and connections, Design of welded roof
truss. Design of mill-type Steel building, in-
cluding riveted roof ‘frusses, crane girders,
crane and bu|ld|nﬂ columns, bracing System.
Design of thin-walled ghght-gage) steel struc-
tures. Discussion of fatigue ‘and " brittle frac-
ture. Elements of timber design.

2104, STATICALLY INDETERMINATE
STRUCTURES. Credit 4 hrs. Fall. 3 Lect. 1
Lab. Prereq., 2702, Deflections. Classical and
modern methods of analysis of statlcall¥ inde-
terminate . beams,  frames, trusses, Influence
lines. Plastic design and analysis of steel
structures. Mr. Britvec.

2706, 2707. ADVANCED  STEEL  DESIGN.
Credit 3 hrs, per term. Spring-fall. 3 Rec.
Prereqs., 2710; 2708 prereq. for 2707. Bridge
types and economy. Design of a highway truss
bridge. Elastic and plastic designs; of & rigid
frame building. Partial design of tier building
frame Including wind and earthquake effects.
Other d){namlcally loaded structyres. Design
of a steel plate structure. Suspension roof sys-
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tems. Continuous composite bridges. Design of
I|ght-welqht aIIO){ structural elements. Critical
review OT recent research, current specifica-
tions, design, and fabrication procedures
thrOUghOUt. Mr. McGuire.

2708, 2709. ADVANCED STRUCTURAL
ANALYSIS. Credit 3 hrs. a term. Fall-spring.
3 Lect. a week throughout the year. Prereq.
2104 or equivalent. Review of * fundamenta
methods of analyzing indeterminate Structures
and extension to complex structural systems.
Arches, curved beams, out-of-plane loading,
suspension structures, trussed and rigid space
frames, etc, Mechanical model analysis, numer-
ical methods, matrix solution of structures, use
R/If digital computers in analysis and design.
[. Fisher.

2710. STRENGTH OF STRUCTURES. Credit
3 hrs. Fall, 3 Rec. Prereq., 2704; can be taken
concurr,entIY. Analysis of two- and three-
dimensional stress” and _strain. Theories of
failure of ductile and brittle materials. Strain
energy methods aloplled to bending, shear, and
impact, Structural materials under load, strain
hardening, residual stresses, hysteresis, stress
concentration,  brittle fracture, alternating
stress. Design for fatigue. Stresses beyond the
elastic limit. Inelastic’ behavior of Steel and
reinforced concrete structures. Critical discus-
sion. of recent research and current design
specifications. Mr. Winter.

27111, BUCKLING, ELASTIC AND INELAS-
TIC. Credit 3 hrs, SPrlng. Preregs., 2710 an
1145 or the equivalent.” Analysis of elastic
and plastic stability. Determination of buckh,nﬁ
loads and maximdm stresses of columns wit
and without eccentricity. Solid and, open_web
columns with variable cross-section. Beam
columns. Frame buckImP. Lateral strength of
unbraced beams, Buckfing loads and " post-
bugkling stren?th of plates, shear webs, and
cylindrical shefls, Critical discussion of cur-
rent design specification. Mr. W inter.

2715, REINFORCED CONCRETE DESIGN.
Credit 4 hrs. Fall-spring, 2 Lect. 2 Lab. Pre-
req., 2704, A first course”In reinforced concrete.
Linear and ultimate_strength theorY of rein-
forced concrete applied to rectangular beams,
one- and two-way slabs, T-beams, beams rein-
forced for compréssion, concentric and_eccentric
columns. Shear and bond. Design project com-
Fnsmg partial design of concrete " building
rame. Introduction to prestressed concrete.

2716, 2717 CONCRETE STRUCTURES, RE-
INFORCED AND PRESTRESSED. Credit 3
rs. S?rm%fall. Prereqs., 2704, 2715 2708
(for 2717). Review of member design. Ultimate
strength theory. Flat-slab and flat-plate design,

including bent analysis. Yield ling theory,
Framing™ systems in “current use. Prestressed
concreté. Folded plate constryction. Membrane
analysis of domes and hyperbolic_paraboloids.
Critical discussion of cufrent design specifica-
tions and recent research. Mr. Nirson.

2720. FOUNDATIONS. Credit 3 hrs. Fall-
ssormg. 2 Lect. 1 Lab. Preregs., 2715, 2725,
,tudfy of the structural_problems encountered
in . foundation waork. Retaining walls, sheet
piling, spread footings, piles, piérs, abutments,
cofferdams, caissons, underpinnings. Design
problems.

2725. ELEMENTS OF SOILS ENGINEER
ING. Credit 3 hrs. Fall-spring. 2 Lect. 1 Lah
Prereqs., 1153, 2301 'Properties of soil
and 1ts behavior as an, ,en?,meerm material.
P,nnmPIes,of soll identification and. classifica-
tion, terminology and soil characteristics such
as gradatlon, permeability, comﬁress_mlhty,
consolidation, and shearing” strength with ap-
plication to simple problems of seepage, settle-
ment, bearm? capacity, stab|l|gy, of earth
slopes. Lateral earth pressure. Soil explora-
tion.. Laboratory tests for_ experimental de-
termination of “above-mentjoned soil charac-
teristics, and evaluation and use of data.

2126. ENGINEERING PROPERTIES OF
SOILS. Credit 3 hrs. Fall. 3 Lect. Prereq.,
2125. Soil structure, adsorbed and free water.
Flow of water through soil, flow nets, ,inezo-
meters, filters, piping, capilfary flow, soil suc-
tion, and _frost action. Uniaxial and triaxial
consolidation, volume compressibility and F_ore
Eressure coefficients, shrinkage and swelling.
hear strength of saturated and partly satur-
ated, isotropically and anisotropically ~consoli-
dated soils, trug and apparent cohesion and
friction resistance, sensitivity and thixotrophy,
%gs%;ua'blrdnect shear, penetration and vane
. . Broms.

2121. PRINCIPLES OF SOILS ENGINEER
ING. Credit 3 hrs, Fall. 3 Lect. Prereq., 2725
Failure theories for soils, general and local
shear failures, Kotter's equafion and boundary
conditions. Lateral earth pressures, . Ranking,
Couloml%, [ogarithmic sgnal,,and friction cir-
cle methods.” Bearing capacity of deep and
shallow foundations,” eccentric and inclined
I?adlng, size and shape effects. Stability of
slopes,” methods of slices, seepage pressures,
Soil pressures, concentrated ang distributed
loads, influence charts, sojl modulus, contact
pressures, and pressure cells. Mr. Broms.

2728, APPLIED _ SOILS ENGINEERING.
Credit_3 hrs. Spring. 3 Lect, Prereqs., 2725
and 2727. Long and short-time strength of
soils, numerical” methods. Footings and” rafts,



design criteria, elastic foundations, construc-
tionproblems, plate load tests. Piles and cais-
sons, E|I,e tests, pile driving formulas, dynamic
and static penetration _tests, ultimate strength
and settlements of pile ?roups, stress wave
equation, buckling and lateral resistance. Re-
taining walls, shallow and deep-seated fail-
ures, Seepage ,?ressures. Bulkheads and brac-
ing, dem?n criteria, behavior of ultimate and
working Toads. Earth and rock-fill dams, design
criteria” for core, up-and-down stream_slopes,
filters, and foundation requirements. Soil ex-
gloratlon geophysical methods, soundings and
orings. M. B roms.

2131 ELEMENTS OF STRUCTURAL EN-
GINEERING I, For students not in civil en-
gmeermg. Credit 3 hrs. Fall. 2 Lect. 1 Lab.
rere,%s. 1151, 1153, Analysis of statically de-
terminate “and simple statically indeterminate
structures. Determination, by means of ana-
Iytical and graphical methods, of reactions
and_ internal “forces and moments caused b
stationary loads. Influence lines for beams.
Mr. Mason.

2132, ELEMENTS OF STRUCTURAL EN-
GINEERING 1l. For students not in civil en-
gmeermg. Credit 3 hrs. Spring. 2 Lect. 1 Lab,
rereq., 2731, Design of simple. steel and
timber structures. Discussion of design in light
g,age steel and aluminum. Analysis and de-
Ign of members and connections, roof trusses,
floor systems, and other structures. Mr. M ason.

2135. DYNAMICS OF STRUCTURES. Credit
3 hrs. Fall or spring. Prereg., Math. 609 or
equivalent. For graduate students or qualified
undergraduates. “Dynamic behavior of struc-
tures 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 free-
dom. Resonance and stability. Analytical and
numerical methods of solution. Energy meth-
ods. Hamilton’s principle. Lagrange,s equa-
tions of motion. Nafural fréquencies and
normal modes of vibration of multidegree of
freedom systems. Matrix iteration method. The
Rayleigh-Ritz method for the approximate de-
termination of natural frequencies of elastic
systems. Dynamic response of framed struc-
tures. in _the inelastic range. Free and forced,
longitudinal and transverse vibrations of sim-
ple”and continuous elastic beams. Effect of
axial forces on lateral vibrations of beams.
Torsional-flexural vibrations of simple beams
of open thin-walled sections. Mr. Britvec.

2141, PROJECT. On demand. Preregs., 2702
2103, and 2715, The student may select a de-
sign problem such as an arch bridge, cantilever
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or rigid frame bridge, a special problem in
steel Or concrete bmldln% design, or the design
of an}/ other structure of particular interest to
the student provided he_has the proper prep-
aration for such design. The work is submitted
in the form of reports. Drawings of typical
details must accompany reports. Hours and
credit variable.

2142. STRUCTURAL ENGINEERING, RE-
SEARCH. On demand. Students WIShInF to
pursue. one particular branch of structural en-
%:neermg further than can be done In any of
he 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 dempn
or proposing new. methods, or experimenfal
investigation” of suitable problems. Hours and
credit Variable.

2743, STRUCTURAL ENGINEERING SEM-
INAR. Credit 1-6 hrs. Sdprmg. OEen to spe-
cially selected seniors and graduate students.
Preparatlon and presentation of topics of cur-
rent interest in the field of structures for in-
formal discussion.

2144, SPECIAL TOPICS IN STRUCTURAL
ENGINEERING. On demand. Individuall
supervised study in one or more_ of the spé-
cialized topics ~of cwﬂ,engnmeermg such  as
tanks and 'hins, suspension ‘bridges, towers or
movable bridges, which are not covered in
the regular courses. Independent demgn or re-
search ™ projects may also be selected. Hours
and credit variable.

SPECIAL AND GRADUATE
COURSES

2801, THESIS. The thesis gives the student
an o portumtg to work out @ special problem
or t0 make an engineering investigation, fo
record the results of his work, and to obtain
academic credit for such work. Registration
for thesis must be approved b¥ the “professor
in charge at the beginning of the semester
during which the work is t0 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 ,thefprofessor in char?e, the
student usually being free from_the resfriction
of the classroom and working either independ-
ently or in conjunction withothers taking the
same course.
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CONSTRUCTION ENGINEERING
AND ADMINISTRATION

Messrs. Blessis, Gebhard, Richards and staff.

2901, CONSTRUCTION METHODS. Credit
3 hrs. Fall-spring. 3 Rec. Introduction to
methods, equipmeént, and management prin-
ciples and procedures involved in construction
activities; nature of the construction industr
and sources of information concernm% it
problems and, oral reports by students Dased
on current_literature; correlation of mone_Y,
men, materials, machines, and design details
to produce economic results. Mr. Richards.

2902. ENGINEERING _LAW. Credit 3 hrs.
Fall-spring. 3 Rec. Basic features of laws and
practices Telating  to contracts, torts, agency,
property, water rights, forms of husiness or-
ganizations, sales, insurance, utilities, labor,
gov_ernme_nf regufatmn of business, sales, ne-
Fotlable instruments, workmen’s com?ensatlon,
lens, bankruptcy, patents, copyrights, trade-
marks; .work of the expert witness; ethical
reSPOHSIbllltl_es; professional registration; spe-
cial emphasis on contract documents used in
construction work.

2903. ENGINEERING ECONOMY, Credit 3
hrs. Fall-spring. 3 Rec, Prereqs., 2901, 3231,
or special permission. PrlnuPIes and techniques
for makmg decisions aboyt the economic as-
[Jects of engineering _projects: choosing be-
ween alternatives; Criteria for making ~ deci-
sions; time value of money; economic selection
and operation; effect of Income taxes; retire-
ment and replacement; economy _studies for
governmental " activities; introduction to esti-
mating 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; pat-
terns “of government; the engineer’s role, In
government; Prqblems posed by our rapldl)i
growing population and urbanizatiop; regiona
public ‘works projects; city. and re,?mn,al plan-
ning; codes; zoning; planning capifal improve-
ments; the city manager; managing and" oper-

ating the engineering and other functions of
municipalities. Mr. Gebhara.

2906, ADVANCED ENGINEERING LAW.
Credit 3 hrs. On demand. 3 Rec. Prereq., 2902,
An extension by the use of case material of
the legal principles and practices covered in
2902,_part|cularY those which apply to con-
struction contracts, and employer-employee re-
[ationships. Mr. Richaras.

2907.. CONSTRUCTION MANAGEMENT.
Credit 3 hrs. On demand. Prereqs., 2901, 2902,
2903, 3231, Planning and,o_[)eran,on of con-
struction projects. by the civil engineer. coor-
dinated organization and control of men, ma-
terials, and machines; scheduling; estimating;
purchasing; selection and training of em-
ployees; oPeratlon and maintenance” of equip-
ment; cost control and pay systems; accident
prevention: and other topics.” Special reports
required. Mr. Gebhara.

2941. PROJECT. CONSTRUCTION ENG|
NEERING AND ADMINISTRATION. Credit
3 hrs. Qn demand. Preregs., 2901, 2902, 2903,
or permission. Development of a public or pri-
vate engineering project selected, by the stu-
dent, volving™ economic analysis,” planning,
design, and _construction procedures, with spe-
clal ‘emphasis on the legal, financial, and man-
agement aspects.

2942, CONSTRUCTION  ENGINEERIN

AND. ADMINISTRATION RESEARCH.
Credit 3 hrs. On demand. Preregs., 2901, 2902
2903, or permission. Investigation of P,eual
problems relating to the economic, legal, Tinan-
cial, and management aspects of public and
anate_engmeermg operations of ‘interest to
he engineér-administrator, 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_ legal, financial, and manage-
ment aspects of civil engineering in public and
Emvat_e work, including” discussions of current
echnical papers and publications.

INDUSTRIAL ENGINEERING

of 'the Sibley Schoo
the 9000 series in the next edition o

SERVICE COURSES

9110. INTRODUCTION TO INDUSTRIAL
ENGINEERING. Credit 4 hrs. Spring term.

(Additional courses ?ffered in industrial engineering topics are shown under the 32?0 Series
io Mechanical n?meen . These courses will be appropriately
he Announcement.

2\ Rec- 1

Isted n

ab‘-Comg.

g Bt 0 g 5

n Intro ustrial .

€ngl-
neering with emphasis on the design acnvm%s
of indUstrial engineers in specifying workplace
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methods, the integration of many workplaces
into integrated man-machine activity in such
systems. Queuing theory, line balanting, and
infroductory concepts ‘of linear programing
will he ?resented as analytical methods to he
used in the analysis of plant design problems,
Laboratory work and computing problems will
be drawn” from situations of interest to me-
chanical and/or electrical engineers.

9153. ENGINEERING ECONOMIC ANALY-
SIS. Credit 3 hrs, Fall term. 2 Rec. 1 Comp.
An introduction to underlying econamic prin-
ciples and_ phenomena associated with engin-
eering projects. Basic accounting and cost con-
trol principles and Frocedures will be pre-
sented ,|n|t|all¥ as a frame of reference for a
discussion of the more profound problems re-
lating to the engineer’s role as consultant on
matters of investment and operations. In addj-
tion to the necessary accounting, topics will
include cost concepts, profit-volume Trelation-
ships and analysis, make-buy problems, min-
imum cost madels, replacement and renewal
models, simple linear programing models, etc.

9170. INDUSTRIAL AND ENGINEERING
STATISTICS, Credit 3 hrs, Fall term. 2 Rec,
1 Comp, Prereq., Math. 11,2.,ApPI|c,at|0ns 0f
probability theory and statistics to industrial
and engineering " problems; point and _confi-
dence Interval éstimation; statistical testing of
hypotheses; properties. of binomial, Poisson,
and hypergeometric distributions, and aPpll-
cations to samphn% inspection grobl,em,s; arge
samFIe theory and the normal distribution,
small-sample ‘theory and Student’s t and Chi-
square distributions; introduction to correla-
tion theory and curve fitting by least squares.

9180. DIGITAL COMPUTER PROGRAM-
ING. Credit 1 or 3 hrs. Either term. 2 Rec. 1
Comp. Intended for graduate students but
open” to (iuajmed undergraduates. Prereq.,
consent of the instructor. Intended to prepare
students to use the large-scale digital computer
of the. Comell ?mputlng Ceriter, C,onswiers
compiling, assembly, “and “basic machine lan-
quages; machine operation and proq,ram test
procedures; and inpuf-output capabilities, In-
cIudmg use of ma%neglc tape system.,EA student
can eléct to register for 1 hour credit and par-
ticipate in_thefirst 6 weeks of the course. This
consists of programing In_a compiling lan-
guage and should be sufficient for routine
mathematical and statistical problems.)

9181. INTRODUCTION TO MODERN D|G-
ITAL COMPUTATION. Credit 3 hrs, Either
term, 2 Rec. 1 Comp. Required of B.LE.
candidates and elective for upperclass under-
%adu,ates and graduate students. Survey of
¢ field of the computer sciences. Develop-

ment of the modern_ digital computer, prin-
ciples and  characteristics of current equip-
ment, machine and higher-level information
processing languages. Laboratory work in-
volves use of equipment of the Cornell Com-
puting Center, ‘but this is not essentially a
Course in programmq (see 9180). Emphasis is
placed on the” digital computer as a general-
purpose, device for. storing, retrieving, process-
ing, and transmntl,ng information in addition
to”its role as an arithmetic calculator, Breadth
of present and potential application is stressed
by consldermq areas such as artificial intelli-
ence, mte(];ra ed decision and control systems,
onte Carlo analyses, simulated experimenta-
tion, Information Tetrieval, and manufacturing
automation.

9310, INDUSTRIAL ENGINEERING  AN-
ALYSIS AND DESIGN I, Credit 4 hrs, 2 Lee.
and 2 Comp. Preregs., 9350, 9370, 9181, _An
introduction” to industrial engmeerm%. The
history and role played by modern industrial
engmeen_n? activities in “manufacturing and
commercial organizations. Emphasis will b on
those analytical technigues and design. situa-
tions that are “micro™ in character, ie., of
the sm?le station or workplace rather than
those of the “macro” or total industrial sys-
tem. Specific topics covered will include queu-
ing theory applied to machine interference
Froblems, workplace design, sampling _ prob-
lems In the measurement and. evaluation of
industrial activities, line balancing and its ap-
plications in workplace design, problems and
methods of measuring human ‘and machine
activity and output.

9311, INDUSTRIAL ENGINEERING = AN-
ALYSIS AND DESIGN 1. Credit 4 hrs. 2
Lee. and 2 Comp. Preregs., 9310, 9351 The
“macro” problem in industrial s¥stems as op-
posed to the “micro” problem in the preceding
course. Analytical techniques that are espe-
clally usefu]” in these larger-scale problems.
SFecmc topics include flow analysis, facility
allocation ‘and asmgnment methods, maching
grouping models, network analysis with mathe-
matical “programing, information  systems and
feedback, and applications of sinulation in
the design and analysis of complex systems.

9320. OPERATIONS PLANNING AND AN-
ALYSIS, Credit 4 hrs. 1 Lee., 2 Rec., an
Comp. Prereq., 9311 The operational problems
of complex systems, Models that are character-
istic of the oPeratmnaI problems in contrast
with_the problems of de5|9n and specification.
Specific topics Include production planning,
[oading and scheduling, . inventory pIann_mq
and control, and %ppllcat,lons of mathematica
programing Including linear, dynamic, and
quadratic models.
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9350. PRINCIPLES OF COSTING AND CON-
TROL. Credit 3 hrs, 2 Rec. and 1 Comp. An
introduction to problems of cost determina-
tion and allocation. Dijfferences between ac-
counting and engineering objectives in- cost
fmqu and cost procedurés. Cost concepts and
characteristics, and the inexactitude of cost
figures relative. to engineering problems and
decisions. Costing techniques ‘and procedures.

9351, COST ANALYSIS AND APPLICATION
Credit 3 hrs, 2 Rec. and 1 Comp. Prereq.,
9350. A continuation of the preceding course
with emphasis on the analysis, interpretation
and uses of such data in establishing contro
over operations heing judged against cost
criteria. Also, the uses of such data. for evalu-
ation and prediction of future design and/or
gperations. The choice of proper cost data
for use in economic models of interest to
engineers, 1., replacement and renewal
models, linear programing models, make-buy
models, efc.

9352, ADVANCED ECONOMIC ANALYSIS.
Credit 3 hrs, 2 Rec. and_1 Comp. Preregs.,

20 or equivalent and fifth year (or gradu-
ate) standing. Study of advanced "topics in
engineering, “economic analysis including eco-
nomic theory of the firm,” problems of fore-
casting, prediction, and stochastic processes
Ineconomic analysis. Use of such processes
in developing economic models for decision-
making purposes.

9360. INTRODUCTION TO PROBABILITY
THEORY WITH ENGINEERING APPLI-
CATIONS. Credit 3 hrs. 3 Lee-Rec. Prereq.,
Math. 112. Definition of probability and. basic
rules of probability theory. Random variables,
Frobablllt distribuitions, "and expected values.
mportant special distributions and relations
among _them, elementary limit theorems. In-
troduction to stochastic “processes and Markov
chains, and their applications in the construc-
tion of mathematical models for physical
PrOCESSeS.

9370. INTRODUCTION TO STATISTICAL
THEORY WITH ENGINEERING APPLICA-
TIONS. Credit_4 hrs. 3 Lec.-Rec, 1 Comp.
Prereq., 9360, The applications_ of statistical
theory to problems associated with the analy-
sis. of data and inferences drawn therefrom.
Principles of statistical inference: estimating
the valug of unknown parameters of proba-
bility distributions, tes mq hypotheses  con-
cerning these parameters; elements of statisti-
cal decision theory. ,In,trod%cn?n to correlation
theory and curve’ fitting by least squares.

9398, 9399. PROJECT. Max. credit 6 hrs.
Prereqs., 9311 and concurrent registration in
9320. Project work requires the identification

and analysis of both professional and research
problems in_industrial engineering. The proj-
ects emphasize analytic_ a |I|t¥ and the syn-
thesis _of feasible solutions. Projects can “be
done individually or in groups up to eight.
The problem definition and " the subse(iuent
analysis and synthesis are the concern of the
student with minimal faculty guidance and
participation,

ELECTIVE AND GRADUATE
COURSES

9510. SYSTEMS ENGINEERING. Credit 3
hrs. Spring. 2 Rec. 1 Lab. Elective for gradu-
ate_students and qualified undergraduates not
maliormg in the Department. Prereq., 9170.
Methods of describing, analyzing, and manipu-
lating . complex, inferrelated, “open. systems.
Graphical and mathematical analysis. " Tech-
niques of design of transportation, sendee
and information  systems, ‘and appropriate
evaluation methods.

9520. MATHEMATICAL PROGRAMING.
Credit 3 hrs, SPrmg. 2 Rec. 1 Comp. Prereq.,
9360 or equivalent.” Theory, methods, compu-
tational techniques, and applications of math-
ematical _programing. Classical _ constraingd
maximization ‘and _Laqrange multipliers. Lin-
gar programing: st ex ‘method "and varia-
tions; the dual and the dual simplex method;
transportation programing. Interger program-
ing. 8uadratjc and conveX programing. Linear
and quadratic assignment programing.

9521. PRODUCTION PLANNING. Credit 3
hrs. SPrlng[. 2 Rec. 1 Comp. Intended for
graduae students but ogen to_qualified un-
e,rg,raduates. Prereqs. ., H10, or per-
mission, Scheduling "of .manufactun.n% oi)era
tions—forecasting, ~leveling,. explosion, load-
Ing, sequencing. The planning and control of
inventories. Emphasis™ on mathematical and
statistical methods of performing these func-
tions, incjuding development of decision rules
and reactive control systems.

9560. APPLIED STQCHASTIC PROCESSES.
Credit 3 hrs. Spring. 2 Rec. 1 Comp. Intended
for graduate students but ogen 0 qualified
undergraduates. Prereqs., 9360 and 9370 or
permission. An introduction to the theory of
stochastic processes, with emphasis on _appli-
cations to science and engmeermg. Topics
drawn from sequences of rtandom ~variables;
Markovchains; renewal theory; apghcanons to
wajting time problems, to Counter problems,
and 10 reI|ab|I,|tY, theory; birth and death
processes; multiplicative ~ processes; ~Gaussian
processes; stationary processes; correlation and
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spectral distribution; applications to communi-
cation theory.

9561. QUEUING THEORY. Credit 3 hrs.
Spring. 2 Rec. 1 Comp. Intended primarily
for graduate students. Prereq., 9360 or Math.
371 "(711) or permission of the instructor.
Definition of a queumq Process. Exphcn solu-
tions of _queum?,pro_b ems when the arrival
and service disributions are exponential or
Erlang. A detailed stu,d}/_of,the one-server
Woblem for general distributions: the basic

iener-Hopf equation; existence and unique-
ness of stable solutions; apFroaches to solving
the basic. equation. Multi-server problems;
bulk service; queues 1In s?rles. Agﬁ)llcatlons
to specific engineering problems such as sho
scheduling, equipment ‘maintenance, and in-
ventory control.

9570, INTERMEDIATE INDUSTRIAL AND
ENGINEERING STATISTICS. Credit 3 hrs.
Spring. 2 Rec. 1 Comp. Intended for graduate
students but open to qualified undergraduates,
Prereq., 9370 or permission. Application  of
statistical methods to the efficient  design
analysis, and Interpretation of industrial and
engineering experiments; rational choice of
sample siz€ for various_statistical decision pro-
cedures and the operating characteristic curves
of these procedures; curve fitting by least
squares; simple, partial, and multiple-Correla-
tion analysis.

9571, ADVANCED INDUSTRIAL AND EN-
GINEERING STATISTICS. Credit 3 hrs. Fall.
2 Rec. 1 Comp. Intended for graduate stu-
dents. Prereq., 9570 or permission. Use and
analysis of experimental. designs such as ran-
domiized blocks and Latin squares; analysis of
varjance and covariance; factorial experiments;
statistical problems associated with finding
hest ,operatm?, conditions; response-surface
analysis, statistical multiple-decision selection
procedures.

9572, STATISTICAL DECISION THEORY,
Credit 3 hrs. Fall. 2 Rec. 1 Comp. Intended
for graduate students, Preregs, 9360 and
9570,” or equivalent. The general problem of
statistical decision theory and its apgllcanons.
The _comparison of decision_ rules; Bayes, ad-
missible, and minimax decision” rules. Prob-
lems involving a sequence of decisions over
time, including sequential analysis. Use. of
the sample cumulative distribution function,
and other nonparametric methods. Applica-
tions to problems in the areas of mv_entorY
control, sampling inspection, capital invest-
ment, and procurement.

9580. DIGITAL SYSTEMS SIMULATION.
Credit 3 hrs. Fall. 2 Rec. 1 Comp. Intended

for graduate students and qualified under-
graduates. Prereq., 9181 and permission. The
use of a symbol manipulation” program for a
digital computer to smrlate the” operaing
characteristics of a complex system in time.
Discussion of problems "encountered In con-
struction of a simulation Frogram,m the de-
sign of effective Investigations using simula-
tion. Applications of simulation to such areas
as Fro uction and_inventory scheduling and
control, design of manufacturing faclities,
management “control systems, traffic analysis,
Applications will include use 1n design of
facilities, design of operating disciplines or
decision rules,” and use in réal time control
of an operating system.

9581 INTEGRATED INFORMATION
PROCESSING SYSTEMS. Credit 3 hrs. Fall.
2 Rec. 1 Comp. Intended for graduate stu-
dents but open to qualified undergraduates.
Prereq., 9181 and permission, Concerned with
the integration of systems, for acquiring, re-
cording, “coding, transmitting, filing, . storing,
retrieving, processing, and reporting, informa-
tion. Theoretical basis in such topics as in-
formation theory, data communications, In-
formation retrieval, queuing theory, character
recognition, and adaptlve control theory. Also,
implementation problems in equipment capa-
bility and compatibility, processing languages,
and “over-all information systems “design. Ap-
plications in manufacturing—both in account-
Ing and control of operations—merchandising
warghousing, banking, transportation, and
military operations.

9582, SELECTED TOPICS. IN INFORMA-
TION PROCESSING. Credit 3 hours. Spring.
3 Rec. Preregs., 9181 and permission, Intended
for graduate students. Selected topics chosen
from™ such fields as, artificial mtellu{;ence,
automata theory, heuristic proprammg, heory
and construction of compufing Ianqu,ages,
Farallel Processmg, information  retrieval,
anguage franslation.

9590, SPECIAL INVESTIGATIONS IN IN-
DUSTRIAL AND ENGINEERING ADMIN-
[STRATION. Credit and sessions_as arranged.
Either term. Elective for qualified under-
ra?,uate and, graduatg ,studeints. Offered t?
ualified students individually or jn smal
grou?s. Study, under dirgction, . of special
roblems in the field of industrial and en-
ineering administration.

9591, INDUSTRIAL AND ENGINEERIF(QB

N
ADMINISTRATION GRADUATE SEMINA
Credit 1 hr. A weekly 1A hr_ meeting. In-
tended for graduate students, Discussion and

?It]%d)fiel?jf assigned topics of Importance in
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MECHANICAL ENGINEERING

The courses in mechanical en?ineering are listed under the follozving headings: General,

Draftm? and Industrial Design, T
Materials Processing, Thermal Engineering.

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
coII’\e/Pe to industrial life. Under the direction
of Messrs. Loberg and Atren.

3051. ASME. STUDENT BRANCH. Credit
1 hr, Students who have completed at least
two terms in the School of Mechanical Engi-
neering are urged to become members of the
Cornell Student Branch of the American So-
ciety of Mechanical Engineers. The meetings
of the Society, however,” are open to all. At-
tendance at any fourteen Student Branch meet-
ings.entitles the member to one hour elective
credit; however, only one elective may he
earned in this mannér. Application for mem-
bersh|? should be made in October of each
ear at the A.S.M.E. office, or to the Honorary
hairman of the Student Branch, Mr. Pierce.

3052. INDUSTRIAL ACOUSTICS. Credit 3
hrs. Fall. 2 Lect. 1 Lab. For graduate and
ualified fifth year students. Treatment from
the entgnln,eermg 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 psychoacoystics; effect of noise_on Feople.
Application of ultrasonic waves for testing,
control, and processing. Mr. Fenr.

DRAFTING AND INDUSTRIAL
DESIGN

Messrs. Abrahams, Baird, and Siegfried.

3115, CREATIVE SKETCHING. Credit 2 hrs,
F]gll. 2 Lect. The sketch is_the graphic tool
of creative, thought. Exercises fo stimulate
Creative gbmty follow basic training of eye
and_hand for form awareness and Sketching
proficiency. Mr. Baira.

3116. INTRODUCTION TO INDUSTRIAL
DESIGN. Credit 3 hrs. Spring. 2 Lab. Prereq.
permission. Readings; abstract and applie
design éproble,ms which investigate and agpr;]y
the “Interrelationships existing “between form,
function, and materials. Mr. Baird.

ndustrial and Engineering Administration, Machine Design,

3190. SPECIAL INVESTIGATIONS IN
DRAFTING OR INDUSTRIAL DESIGN.
Credit based uPon actual hours of work. Lab,
as required. Fall or sprln([lh Also may be elected
by students. who desire the first térm only of
the Industrial Design Project. Mr. Baird.

3198, 3199. INDUSTRIAL DESIGN PROJ-
ECT. Total credit 6 hrs. Ninth and tenth
terms. 2 Lab. Prere%., 3116. Project work in-
cludes readings and design problems. Readings
integrate design with the contemi)orary social
and “economic™ sceng. Design problems “are di-
rected. toward creation of & comprehensive atti-
tude in product development and toward at-
tainment of a measure of design ability. Mr.
Baird.

industrial and

engineerin

ADMINISTRATION

Messrs. Ariderige, Allen, Beciihofer (On
|eave, 1962'1963), Bernhard, Conway, Goode,
Hiter (Visiting Assistant Professor, 1962
1 , lglehart, Kao, Maxwell, Ney, Saltz-

man, Sampson, Saunders, Schultz (On IeaVE,
fa”, 1962), W eiss.

3231. PRINCIPLES OF COST ACCOUNT-
ING. Credit 3 hrs. Fall and spring, 2 Lect
1 Comp. Basic accounting theory; " historical
and standard cost system;” cost analysis; uses
of costs for control” and decision “purposes.
Messrs. Atren, Bernhara, and staff.

3232. PERSONNEL MANAGEMENT. Credit
3 hrs. Fall. 3 Rec. Intended for %raduate stu-
dents but o?en to qualified undergraduates,
Prereq., 3241 or permission. Techpiques of
employee selection and evaluation, job evalu-
ation,” training, motivation; personnel deluart-
ment organization and interdepartmental re-
[ations. Mr. Sampson.

3235. INDUSTRIAL ORGANIZATION AND
MANAGEMENT. Credit 3 hrs. Fall. 3 Lect.
Management_ of an industrial enterprise; in-
ternal” orgapization; effect of type, of product,
methods “of manufacture, size of enterprise.
and personnel mvoIvF_d; ,tyrges gf enter{Jrls,es;
P,Iant location; . centralization and decentraliza-
ion trends; diversification and specialization;
growth of industry. Mr. Sampson.

3240. ANALYTICAL METHODS IN OPERA-
TIONS RESEARCH. Credit 3 hrs. Fall. 3 Rec.
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Intended for graduate students but ogen t0
gualmed undergraduates. Prereq., Math. 162,
elected topics. 0f special interest in operations
research and industrial engineering including
matrix_ algebra, set theory, convex hbodies,
linear inequalities, probability theory (includ-
ing Markoff chains), and applications to se-
lected problems. Messrs. 1gienart, Ney, W eiss.

3241, INDUSTRIAL. AND ENGINEERING
STATISTICS. Credit 3 hrs. Either term. 2
Rec. 1 Comp. Prereq., Math. 162, ApPhc_anons
of Probabnny theory and statistics to indus-
trial and engmeerm%, problems; point and
confidence intérval estimation; statistical test-
ing of hypotheses; proPemes of binomial
Poisson, and hypergeometric distributions and
applications to' sampling” inspection problems:
Iarge-samFIe theory and the normal” distribu-
tion, small-sample “theory and Student’s t and
Chi-square distributions; introduction to cor-
relation theory and curve fitting by least
squares. MessIS. Kao, Ney, W eiss.

3242, STATISTICAL CONTROL AND SAM
PLING INSPECTION, Credit 3 hrs. Spring.
2 Rec. 1 Comp. Elective for qualified under-
graduate and graduate, students. Prereq., 3241
or permission. Underlying theory, assumptions,
applications, and limitations of control charts
and sampling plans; concept of statistical con-
trol, Shewhart control charts, and sampling
!nsP_ectlon for attributes and variables; orgap-
zation, adminisfration, and economic prob-
lems, and application of _concepts to areas
other than ‘quality ~maintenance.  Messrs.
Goode, Kao.

3245, SELECTED STATISTICAL TOPICS.
Credit 3 hrs. Either term. 2 Rec. 1 Comp,
Intended for graduate students. Prereq., 3243
or permission. Selected topics ¢hosen from
such fields as nonparametric statistical meth-
ods, sequential analysis, multivariate analysis.
Messrs. Tgrenart, Ney, W eiss.

3246. PRINCIPLES. OF INDUSTRIAL AC-
COUNTING. Credit 2 hrs. Fall. 1 Lect 1
Comp. Basm,accountmr%; theory; special jour-
nals;" controlling accounts and sub5|d|ar¥ rec-
ords; voucher “system: hasic manufacturing

cost aCCOUﬂting. €SSIS. Atlen, Bernhard.

3247. PRINCIPLES OF COST CONTROL.
Credit 3 hrs. Spring. 2 Lect. 1 Comp. Prereq.
3246 or 3231, or equivalent, Principles of
cost . accounting for "production order and
continuous - pracess operations; cost  factors
related to decision making, control, and profit;
Eudgets Band standagds; cost analyses. Messrs.
Ilen, Bernhard, Schultz.

3248, STATISTICAL ASPECTS OF RELIA-
BILITY ANALYSIS. Credit 3 hrs. Fall. 2 Rec.

1 ComP. Intended for graduate students hut
ogen 0 qualified undergraduates. _Prereq.,
3243 or permission of the instructor. The role
of probability and statistics in_ reliability
analysis; statistical models for failure and
fatigue dafa, with special emphasis on the
exFonen,tlaI,, Weibull, Gamma, and extreme-
value distributions; design, analysis, and In-
terpretation of multifactor reliability experi-
ments; _ increased-severity testing; improving
reliability through redundance “and mainte-
nance; applications to component and systems
reliability. Messrs. Goode, Kao.

3253, INDUSTRIAL ACCOUNTING AND
COST CONTROL. Credit 3 hrs, Fall. 2 Lect.
1 Comp. An accelerated course for upperclass-
men and graduate students, Basic ac,countlng
theory; manufacturing cost accounting an
cost analysis; cost factors related to decision
making, ~control ~and profit; budgets and
standards. Messrs. Allen, Bernhard.

3254, ANALYTICS OF DECISION AND
CONTROL. Credit 3 hrs, Fall. 2 Reg. 1 Comp,
Elective for graduate students and qualified
undergraduates. Prereqs., 3241, 3247, and
3263, ~Advanced toRlcs In_engingering eco-
nomics. Economic theory of the firm includ-
ing theories of capital investment and pricing,
Economic forecasting. Treatment of risk and
uncertainty. Application fo engineering prob-
lems, €.g., equipment rePIacement policy.” Cost
concepts; _marginal anast and linedr Fro-
?,rammg including simplex method. Applica-
ion t0 problem$ in ‘production and sales
E_Iannmg, e.0., “make or buy” decision, sta-
istical “sampling and_ other” techniques for
cost prediction, “analysis, and control. Messrs,

Bernhard, Conway.

3262. METHODS ENGINEERING. Credit 3
hrs. Either term. 1 Lect. 2 Lab. Prereq., 3241
or equivalent. Analysis and_design of opera-
tions and jobs; factors influencing creation
and evaluation of alternative_ designs; work
measurement and other techniques including
stop-watch time study, work sampling, queu-
ing, and predetermined motion times as used
for evaluation of design, control of opera-
tions, wage standards, "etc.. Introduction to
model design concepts. Messrs. Ariderige,

Sampson.

3263. PRODUCTION ENGINEERING. Credit
3 hrs. Fall. 2 Rec. 1 Comp. Prereqs., 3247 or
3253 and 3262. Basic concepts involved in the
design and operation of production systems.
Varjous cost concepts, certain types of cost
anal¥5|s, and the economics of capital invest-
ment decisions. The fundamentals of produc-
tion and inventory control. Simple lingar Fro-
graming and assignment problems involved



82 COLLEGE OF ENGINEERING
in plant design. Messrs. Goode, Hiilier,

Saunders.

3264. PRODUCTION ENGINEERING. Credit
3 hrs. S;irlng. 2 Reg. 1 Comp. Prereg., 3263,
The analysiS and design of production sys-
tems. Emphasis will bé placed on analytical
methods and procedures, The material” will
include such topics as the statistical analysis
of product designs and specifications, progess

capability studies, process EJIanmng including
process automation, plant layout and design,
and materials handling. "Messrs. G oode,

Hillier, Saunders.

3266. ADVANCED METHODS ENGINEER-
ING. Credit 3 hrs. Fall. 2 Rec, 1 Lab. In-
tended for graduate students but ogen to
qualified undergraduates. Prereq., 3262 or
permission. Analysis and design or man-micro
systems and man-machine micro systems. Ad-
vanced stafistical treatment of work measure-
ment desui,n, variables measurement, . and
work sampling; mathematical and statistical
treatment of “model design, standard data
control, and standards. malntenfnce; study. of
the micro systems design Frob em, including
emphasis on” the behavioral aspects and wage
incentives. Mr. Arrderice.

3267. ADVANCED PRODUCTION ENGI-
NEERING, Credit 3 hrs. Fall. 2 Rec. 1 Lab.
Intended for graduate students hut open to
%uallfled underqraduates. Prereq., 3264 or
261. A continuation of 3264 hut with empha-
sis on the isolation and; analysis of production
Fro,blems concerned with material flow, ma-
erial handling methods, and plant design. Mr.

Saunders.

3280. INTRODUCTION TO OPERATIONS
RESEARCH. Credit 3 hrs. Fall. 2 Rec. 1
Comp, Intended for ?raduate students and
qualified fifth year. students. Prer% . 321
or permission. ‘Model design, met dol?gy,
and “techniques of operations research includ-
ing Wa|,t|ng1 line . models, linear programm?
and asmﬁn, ent, simulation and other “special-
ized techniques; apdphcatlons to production,
cost, inventory, and sales problem. Messrs.
Allderige, Hillier.

3281, COMPUTING EQUIPMENT AND IN-
DUSTRIAL APPLICATIONS. Credit 3 hrs.
Either term. 2 Rec. 1 ComP. Intended for
graduate students but open to qualified un-
ergraduat,es. Principles. and characteristics of
mogern high-speed digital and analog com-
puting equipment. Programing and operation
of the digital comFuter, at the Cornell Com-
puting Center. Enginegring and scientific com-
puting applications, introduction to numeri-
cal analysis, simulation, . and Monte Carlo
techniques. Data processing applications In

accounting, communications and control; prob-
lems of integrated systems design. Mr. Max-
well.

3282. DIGITAL COMPUTER PROGRAM-
ING. Credit 1 or 3 hrs. Either term. 2 Rec.
1 ComP. Intended for graduate students hut
open 10 Lluall_fled undergraduates. Prereq.,
consent of the instructor. Intended to prepare
students to use the large-scale digital com-
puter of the Cornell Computing Center. Con-
siders compiling, assembly, and~basic machine
languages;  machine operation and program
test procedures; and “input-output capabili-
ties, Including us? of magnetic’ tape system.
(A student can elect to register for 1" hour
credit and nparticjpate in the first 6 weeks
of the course. This consists of programing
in a compiling language and should be, suffi-
cient for routine mathematical and statistical
problems.) Mr. saitzman.

3290, SPECIAL INVESTIGATIONS IN IN-
DUSTRIAL AND ENGINEERING ADMIN-
[STRATION. Credit and sessions as arranged.
Either term. Elective for qualified under-
g_raduate and graduate students. Offered in-
ividually or in small groups. Study, under
direction, of special problems in the’ field of
industrial and  engineering administration.

The staff.

3291, INDUSTRIAL  AND ENGINEERING
ADMINISTRATION GRADUATE SEMI-
NAR. Credit 1 hr. A weekly DA hr._meeting.

Intended for graduate stidents. Discussion
and study of asmgfned topics of Importance in
the field: The staff.

3298, 3299. PROJECT. Max. credit 3 hrs.
each course, Prereq., 3264. Project work re-
quires the identification and analysis of both
[Jr,ofessmnal and research problems in indus-
rial engineering. The projects emphasize an-
alytic anility and the sg/nthesw _of_f_edasnfle
solutions. Projects can bé done individually
0r In groups up to eight. The problem defi-
nitign “and" the' subsequent analysis and syn-
thesis are the concern of the “student with
minimal_faculty quidance and participation.
The staff.

MACHINE DESIGN

Messrs. Booker, Burr, DuBois, Feiir, Ocvirk
(on leave 1962-1963), Phetan, and wene.

3321, KINEMATICS AND DYNAMICS OF
ECHANISMS. Credit 4 hrs. Fall. 3 Rec.
1 Comp. Prereq., 212. An?lysw of displace-
ment, velocity, and ~acceleration in 'basic
mechanisms for control, transmission, and con-
version of motion and force. Cams, gears, and



COURSES—MECHANICAL ENGINEERING 83

four-bar linkages. Forces associated with ac-
celerated motion and gyroscopic, action. The
flywheel as a speed control device. Counter-
balancing. Synthesis of mechanisms. Not of-
fered in"1962-1963)]

E3322. MECHANICAL ANALYSIS AND DE-
IGN. Credit 5 hrs. Fall. 1 Lee. 2 Rec, 2
Des. Periods. Prereqs., 3321, Materials Sci-
ence 11, 3421, and parallel with 3422, A
study of some mahor components of mechani-
cal equipment such as clutches, brakes, gears,
shafts, and bearings, with particular attention
to performance Characteristics, strength and
durability, optimum proportions, choice of
materials and treatment, and design for proc-
essing and assembly. Theory of "lurication.
Stress-concentration,” fatigue, “residual stresses
and creep, Selected topics from advanced
strength 0f materials, such as curved heams
plates, pressure vessels, rotors, and thermal
stress. Layout de5|?n of one. small but com-
plete machine. Not offered in 1962-1963]

E3323. DESIGN OF MACHINES. Credit 3 hrs.
ring. 1 Lee. 2 Des. Periods. Prereq., 3322,
Methods for design and the stimulation. of
mgenum{. Contemporary design of machjnes
In” selected fields. “Enclosures,” assembly, lub-
rication, controls, and other. r_e,(imreme,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 system. Not offered in 1962-1963.]

3324. VIBRATION AND CONTROL OF
ECHANICAL SYSTEMS. Credit 4 hrs,
Spring. 3 Rec. 1 Lab. Preregs., 3321, Elec.
Ehgr.” 11, Free, ‘damped, and forced vibra-
tions. Vibration isolation mounts, absorbers,
anddampers. Control systems; the Laplace
transform, transient_ response to specific In-
puts, _transfer functions, frequency response,
stability. Analog computer solutions. Labora-
tory on the vibration  of machines and their
components, halancing, and hydraulic and
pneumatic control circuits. Modern Instru-
ments for measurm% force and motion. Not
offered In 1962-1963)]

3331, KINEMATICS AND COMPONENTS
F MACHINES. Credit 3 hrs. Spring. 2 Rec.
1 Comp. Prereqs., 212 and MaterialS Science
|, or ,e(iuwale,nts. _Required of students in
industria en?meerm and may _ be elected
by other qualified students not” in mechani-
cal englneenng. Theory and analysis of
mechanisms and componénts based upon con-
siderations of motion, velocity, acceleration,
material, strength, and durability. Cams,
linkages, couplings, clutches, brakes, helts,
chains, ‘gears,. bearings, shafts, and springs.
Not offéred in 1962-1963)]

L3332. MECHANICAL SYSTEMS. Credit 3
rs. Fall. 1 Lee. 1Rec. 1Lah.-Comp. Preregs.,
3331, 3431, and Materials Science 1, or equiva-
lents. Required of students in industrial en-
meermg and may  be elected bY other quali-
led students not”in mechanical engineering.
An introduction to p[oblem? assoclated wi

the design and experimental investigation of
machines _and systems of machines. De5|Fn
considerations for processing and assembY.
The synthesis and integration of componenis
into machine systems. ‘A brief treatment of
vipration and ‘control theorP/, followed by
laboratory experiments, Use of modern instru-

ments for measuring force and motion. Solu-
tion of problems b analog and digital com-
puters. Not offered In 1962-1963,

3341. MACHINE DESIGN. Credit 4 hrs,
Sfrlng. 3 Rec. 1 Comp. Prereqs., 1153, 1241
3118,°3402, and 6110, (ir equivalent. Required
of students In agricultura ,e,ngmeerm and
may be elected by other qualified students not
In “mechanical eéngineering. The design of
machines and machine meémbers based™ upon
considerations of motion, size, material,
strength, durability, and manufacturing proc-
esses; selection of cams, |inkages, couplings,
clutches, brakes, belts, chains, gears, bearings.
shafts, springs, and fasteners. Mr. Phetan.

3351, MECHANISM. Credit 3 hrs, Fall. 2
Rec. 1 Comp. Preregs., 3112, 1151, An analysis
of displacements, linkages, cams, gears, trains
of mechanism, and computing linkages; and
5ntr0duct|on to synthesis of mechanisms. Mr.

. Booker.

3352. DYNAMICS OF MACHINERY. Credit
3 hrs, Spring. 2 Rec. 1 ComF. Preregs., 3351
and 1152, Graphical and analytical studies of
velocities and ‘accelerations and of static and
inertia forces in mechanism;. engine force
analysis, flywheel, and_ balancing; ?yroscopm
ands; shaft whirl; vibration 1Solation. Mr.

. Booker.

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

3354, DESIGN OF MACHINES. Credit 3 hrs.
g &ng.lzlul_e%t. 2 Des. Perlods” ﬁ’rerei:qs.,_gsl%&
, rereq. or parallel), Feasibili
studies and pPe,hm(ﬂnary dESaI ns,gf meghamca)i
systems, mcludmg a_more detailed design_of
one or more machines In the system.” The
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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 gradu-
ate students but open to qualified fifth year
students.  Preregs., 3353, (prereq.. or
parallel). Advanced analyses of mechanisms
and machinery members Such as clutches and
brakes; the graphical determination of shaft
deflection;_ problems In impact, creep, thermal
stress, residual stress, surface stress, pressure
vessels, and rotating disks; and extended treat-
ment of bearing [Ubrication. Mr. Burr.

3362. MECHANICAL DESIGN OF TURBO
ACHINERY. Credit 3 hrs. Sprln[g. 3 Rec.
Intended for graduate students buf open to
guallfled fifth year students. Prereqs., 1154 or
361, 3352 of 3367 (prereq. or parallel%.
Mechanical design of ma{or compaonents of hig
speed compressrs and turbines for structural
adequacy and vibration-free operation, Selected
topics from among the foIIowmc];: design  of
rotor components; “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, Investlgatlon of
natural frequencies and critical speeds. Selec-
tion of materials. Mr. ocvirk. Not offered in
1962-1963 ]

3366. ADVANCED KINEMATICS. Credit 3
hrs. Spring of even years. 2 Rec. 1 Comp. Pre-
req., 3352. Advance analgtlcal and _graphical
treatment of velocities and accelerations. Fur-
ther treatment of Coriolis’ acceleration. Ad-
vanced analysis and_ design of cams, gears, and
computing ‘mechanisms.~ Synthesis of mecha-
nism.

3367. DESIGN PROBLEMS IN VIBRATIONS
AND DYNAMICS. Credit 3 hrs. Spring. 2 Lect,
1 Lab, Prereqs., 1155, 3352, Applications . of
dynamics and vipration theory 1o the design
of machinery; vibration and shock mountin
?f machines” with sm?Ie_ and multidegrees 0
reedom, properties of isolafors, damping de-
vices, critical speeds of shafts and crankshaft
systems; analog computer solutions; vibration
instruments and experimental Investigations.
Mr. Phetan OF MI. Burr.

3372. EXPERIMENTAL METHODS IN MA-
CHINE DESIGN. Credit 3 hrs. Fall. 1 Rec.
2 Lab. Prereq., 3353 or 3341 Invesngathn
and evaluation of methods used to obtain
de5|9n 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. Piieran.

3374. CREATIVE DESIGN. Credit 3 hrs.
Fall. 2 Lab. Prereq., 3354. Short problems to
stimulate ingenuity and originality, emphasiz-
ing. methods™for the development of improved
designs. Mr. DuBois.

3375 AUTOMATIC MACHINERY. Credit 3
hrs. Fall, 2 Rec. 1 Field trip. Prereq., 3351, A
study of automafic and semiautomatic ma-
chinery 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 (prereq. or parallel), Introduction to feed
back “control theory with emphasis on the
applications of hydraulic and Pneum,atlc 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 computors” in the design of control
systems; components of industrial controllers.
Mr. Wene OF MrI. Phetran.

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
distripution, traction, steering, .driving, brak-
mgf, riding comfort, power required and avail-
able, transmission types, acceleration, and
cllmblng3 ability. Recommended together with
Course 3670 for a study of automotive engi-
neering. Mr. DuBois.

3390. SPECIAL INVESTIGATIONS IN MA-
CHINE DESIGN. Permission of department
head required. Credit arranged. Either term,
Individual  work or work “in small groups
under guidance in the design and development
of @ 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. The 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(jjonn? 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
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n such work is

mechani_cal_enFineering whe !
y in the field of machine de-

done principal
sign. The staff.

MATERIALS PROCESSING

MessIs. Carpenter, Dispenza, Geer, Morgan,
and Pentland.

3404. PRODUCTION MACHINE TOOLS.
Credit 2 hrs, Either term. 1 Lect. 1 Lab.
Prereqs., 3406, 3262. Lectures, demonstration
studies, and analyses of machine togls for
quantity production of goods, Jigs, fixtures,
and other toolln?, accessories. Operation analy-
sis and quality Timitations. Mr. Geer.

3405. GAGE LABORATORY. Credit 1 hr,
Either term, 1 Lab. Demonstration studies of
meas,unn? devices and. techniques for control
of size, form, and allgnment of commercial
rt;oods to ASA. and other standards: labora-
ory practice in nspection methods; quality
control data studies; calibration and™ gage
checking. Mr. Dispenza.

3406, MACHINE  TOOL TECHNOLOGY.
Credit 2 hrs. Spring term. 1 Lect. 1 Lab,
Study of chip formation, cutting. tools and
fluids, speeds and feeds, and their relations
to machinabiljty; analyses of general purpose
machjnes  and ~ their “accessories; machining
practice mclud_m? layouts, set-ups, and use
of measuring instruments.” Mr. Pentiana.

3421, PROCESSING OF MATERIALS .
redit 3 hrs. Spring term. 2 Lect. 1 Lab. Ab-
stract conce?t of the manufacturing process.
Ene_rg}l, material, environmental, and topo-
logical cansiderations. 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
Gutting” processes. General purpose and pro-
duction “machine tools emgloyed. Transfer
machines, automation, numerical control of
machine tools. Economics, of cutting. Nonch|P
removal processes; electrical, electrochemical,
chemical, ultrasonic, electron beam methods.
Basic concepts of metrolo%y, and gang, prin-
ciples of mechanical, electrical, optical, pneu-

matic, and radiation measuring instruments.
Messrs. Geer and Pentiand. Not offered in
1962-1963))

3422, PROCESSING OF MATERIALS 1.
redit 3 hrs, Fall term. 1 Lect. 2 Lab. Prereq.,
3421 or 3406. Material displacement, addition
ang m?dlflcatlon, Jarocesses. asting of metal
and alloys; solidification, heat “extraction,
shrinkage; and foundry processes. Metal form-
ing theory. Capabilitiés of shearing, bending,

\slauee,zmg, drawing, and stretching processes,
elding” theory, ‘processes, and effects, and
surface coatmgs. Heat treatment of steel:
anneahn%, hardening, tempering, = surface
treatments.. Processing of nopmetallic mate-
rials; plastics molding methods. Ga?e labora-
tory and additional cutting process Taboratory
exereises, MessrS. Geer aN0 Pentiand. NOt
offered in 1962-1963]

3431, PROCESSES  OF MANUFACTURE.
redit 3 hrs. Fall term. 1 Lect. 1 Lab. and a
second lect. or lab. on alternate weeks. Physics
and mechanics of chip formation, force Tela-
tionships, tool wear, machinability of mater-
ials, Machine tool capabilities in Single point,
multipoint, and abrasive cutting “processes.
Econamics 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, drawing, and stretching
processes. Welding methods. Heat treatments
of steel. Plastics “molding. Messrs. Geer and
Pentrand. Not offered in 1962-1963.]

3490. SPECIAL INVESTIGATIONS IN MA-
TERIALS PROCESSING. Credit and hours as
arranged. Discussion and study of selected
topics on theory of metal cutting and work-
ing processes, the technplogy of ‘manufacture
with. machine tools, and metrojogy and pro-
dugtion _ga |n?; togws and assigned study to

suit individual needs. Messrs. G eer and Pent-
land.
3498, 3499. PROJECT. Total credit 6 hrs.

Work of the 9th and 10th terms in the form
of projects to integrate the training in me-
chanical  engineering when such “work . Is
done prmu&ally in" the field of materials
processing. esSrS. Geer and Pentiand.

THERMAL ENGINEERING

Messts. Barrows, Conta, Dropkin, Erdman,
Fairchitd (On leave spring, 1563), Gebhart,
Mackey, McManus, Pierce, and Shepherd.

3601, ENGINEERING THERMODYNAMICS.
Credit 3 hrs. Fall. 1 Lect. 2 Rec. Preregs.,
Mathematics 163, Physics 122, Chemistry 106.
Laws of thermodynamics; enerqy equations;
thermod){namgc properties of State of ideal
and redl fluids; thermodynamic analysis of
processes of ideal and real fluids. Mr. Conta.

3602, ENGINEERING THERMODYNAMICS.
Credit 3 hrs, Spring. 1 Lect. 2 Rec. Prereqs.,
3601, Chemistry 402. Combustion; thermo-
dynamics of idedl gas reactions; thermodynamic
analysis of pasic cycles used for power, ‘refrig-
eration, and air conditioning. Mr. Conta.
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3603. FLUIDS ENGINEERING . Credit 3
hrs. Sprm?. 3 Rec. Prereqs., 3601, 1152. Prop-
erties of Tluids; hydrostatics; kinematics and
dynamics of fluids; two-dimensional ideal
flow; viscous flow in ducts, boundary layer,
turbulence, velocity distribution; compressible
flow with varying area, friction and heat
transfer; normal shock. Messrs. Shepherda and

Pierce.

3604, FLUIDS ENGINEERING II. Credit 3
hrs. Fall. 2 Rec. 1 Lab. Prereq., 3603. Dimen-
sional analysis; flow over immersed hodies;
boundary layer solutions; lift and drag; oblique
shocks; “waves in compressible flow; energy
transfer between a fluid and a rotor; char-
acteristics of turbomachines for incompressible
and. compressible flow; reaction and efficiency;
cavitation and _surging; propulsion analysis;
turbojet, ram jet and" rocket; hydrodynamic
transmissions. MessrS. Shepherd and Pierce.

3605. HEAT TRANSFER. Credit 3 hrs. Fall.
2 Rec. 1Lah. Preregs., 3603, 1155. Introduction
to heat transfer by conduction, convection, and
radiation; steady “state, transient state; steady
periodic state; “heat transfer in engmeermg
aloparatus; numerical methods; electrical an
fluid analogues. Laboratory instruction in
temperature_ measurement, “determination of
surface coefficients, radiant enerqy exchange,
and experimental use of analogues. Mr.
D ropkin.

3606. THERMAL ENGINEERING LABORA-
TORY. Credit 3 hrs. Sgrlrﬁ. 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 and sgrmg. 3 Rec. Prereq., accompanied
or preceded by 3606. Introduction to combus-
tion enogmes with emphasis on_application of
thermodynamics, fluid dynamics, and heat
transfer;” reciprocating combustion engines; gas
wlrbmes; compound engines; reaction engines.
[. Fairchild.

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

3609. REFRIGERATION AND AIR CONDI-
TIONING. Credit 3 hrs. Fall and spring.

3 Rec. Prereq., accompanied or preceded by
3606, Introduction to refrigeration and air
conditioning with emphasis on applications of
thermodynamics, fluid dynamics, and heat
transfer;” compression, absorption, and other
systems of refr;\%eranon; control of the physical
gnvironment. Mr. Mackey.

3621, THERMAL_ SCIENCE I: THERMO-
YNAMICS. Credit 3 hrs. Fall. 1 Lee. 2 Rec.
Prere%s. Mathematics 294, Physics 224, Chem-
istry 276, Concept of te,mPerature. Properties
of @ pure substance. First law of thermody-
namics; quasistatic processes; control volume
analysis; stead)( flow. Second law of thermo-
dy,nam||cs; heta engmes;I Eelatt pumps; Cbalr_r{ot
rinciple; entropy: " availability, irreversibjlity;
P}mbspand Hel%oﬁz free e%,ergy fun,cnon}g;
entropy production and flow; infroduction tg
thermod?/naml_cs of irreversible Frocesses and
thermoelectricity. Combined first and second
laws; Maxwell "relations; applications to sys-
tems and . control volumes.” Not offered “in
1962-1963.]

3622, THERMAL SCIENCE Il: THERMO-
YNAMICS. Credit 3 hrs. Spring. 1 Lee. 2
Rec. Prereq., 3621. Nonreacting ([;aseous mix-
tures; Dalfon-Gibbs law; Amagat-Leduc law;
mixtures including psychrometfics; air-condi-
tioning processes.” Nonflow and  steady-flow
vapor cycles; binary vapor cycles. Heat pump
cycles; reaneratmn cycles, Air standard non-
flow and sfeady-flow "heat engine cycles. In-
ternal combustion engine and gas turbine
Processes. Thermodynamics of reacting SYS_
ems; chemical e?mllbrl,um; standard " state;
heats of reaction, formation, and combustion;
chemical potential; equilibrium  constants;
fugamtty and_ activity: combustion processes.
Not offered in 1962-1963]

3623, THERMAL SCIENCE llI: FLUID ME-
HANICS. Credit 3 hrs, Spring. 3 Rec.
Preregs., Mechanics 212, 3621. Hydrostatics;
kinematics and  dynamics of flow" includin
introduction to hydrodynamics; Laplace equa-
tion; \momentum “and energy relations; Euler
equations; thermodynamics “of flow; wave mo-
tion; Macli number; stagnation values. Real
flow phenomena; laminar apd  turhulept mo-
tion; pipe, tlow; universal velocity distribution.
Compressible flow with area change: normai
shock; nozzle flow. Not offered in 1962-1963.]

3624. THERMAL SCIENCE IV: FLUID ME-
HANICS. Credit 3 hrs. Fall. 2 Rec. 1 Lab.
Prereq., 3623 Continuation of compressible
flow, ‘with friction and ,heatmg. Hgdrauhc
analogy; flow meterm%; dimensional analysis.
Flow “over jmmersed bodies. Boyndary layer:
laminar and turbulent; exact and momentum
methods of solutiop. Lift and drag (sHbsonlc
and supersonic). Elements of turbomachinery:
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Euler *turbine equation; reaction; efficiency.
Types of turbomachinery and turbomachine
characteristics, . Propulsion: forces on ducfs;
propulsive efficiency; elementary _characteristics
of ‘thermal jets &nd rockets.” Turbomachine
components of co_uplm%s and forque convert-
ers. Not offered in' 1962-1963.]

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 Tperiodic heat flow. Analogue and

ation’ methods. Convection: boundary = layer

fundamentals; natural convection: forced con-

vection inside tubes and ducts; |
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 1962-1963.]

3626. THERMAL SYSTEMS ENGINEER-

NG. Credit 5 hrs. Sgrmsq. 3 Lee. 1 Lab,
Prereqs., 3622, 3624, 3625, Applications of
thermodynamics, fluid mechanics, and heat
transfer “to complete thermal systems rather
than to ﬁrocesses. Work-prodycing, heat-pro-
ducing, nheat-pumping, propulsion, and en-
vironmental ~ control ~ systems.  Classification,
criteria of performance, and economic con-
siderations. _Steam power plants, combustion
engines, refri eratm(]] systems, air condition-
ing systems, flel cells, thermo-electric coolin
%gﬂnower generation. Not offered in 1962-

3630, ENGINEERING THERMODYNAMICS.
Credit 3 hrs, 3 Rec. Realuwed,of student
in the_Schools, of Electrical Engineering an
Civil En&;meermg. Preregs., Mathematics 163,
Physics 122, Chémistry 106. Laws of thermo-
dynamics; energ){ e(%uatlons; thermodynamic
Propertles of sfate of gases and vapors, non-
low and flow éprocesses; gas and vapor cycles;
refrigeration; steam turbines. Mr. Fairchira.

3631, ENGINEERING FLUID MECHANICS.
redit 3 hrs. 3 Rec. Prereqs,, Mechanics 212,
3630. Brief, treatment of h[%/drostancs, kinetics
and dynamics of flow; momentum and energy
relations. Th,ermodgnam,ms of flow; wave mo-
tion; stagnation properties. Real flow_phenom-
ena, laminar and turbulent motjon. Pipe flow;
comﬁressmlf flow with area fhanqe,,normal
shock; nozzle flow. Dimensional analysis. Flow
metering. Flow over immersed bodies; boun-
ary layer; lift and drag. Elements, of turbo-
machinery; turbomachine characteristics; tur-
bomachirie components _in couplings and
torque converters. Not offered in " 1962-1963 ]

relax-

forced con-

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. “Nafural convection. Forced
convection inside tubes and ducts; over ex-
terior surfaces of cylinders and sgh,e[es. Heat
transfer with change of phase: Boiling, con-
densation. Radiation: fundamentals; heat ex-
changes. Heat transfer by combined modes,
Heaf exchangers: over all” cogfficients of heat
transfer; mean temperature difference; design.
Not offered In 1962-1963 ]

3642, HEAT POWER. Credit. 2 hrs. Spring,
2 Lect, Required of students in the School of
Civil Engineering. Prereq., 3630. Vapor cycles,
heat transfer; the elementary steam power
lant; compressors; . internal combustion en-
Bmes; alr conditioning. Mr. Faircnird.

3651, GRAPHICAL AND NUMERICAL
METHODS. Credit 3 hrs. Spring. 3 Rec. In-
tended for undergpraduates but open to
graduate students. ‘Prereq., 1155, Design of
Slide rules, network charts, and alighment
charts; graphical and numerica] methods of
solution “of " problems in_ thermal engingering:
fitting empirical equations to experimental
data; " analysis of errors. Mr. Mackey.

3652. COMBUSTION THEQRY. Credit 3 hrs.
Spring. 3 Lect. Prereq., 3605, Intended for
graduate students and qualified fifth year stu-
ents. Application of the hasic e(%uanons of
flud flow and heat and mass transfer, to
homogeneous and diffusion flames. lgnition,
quenching, rate processes, and dissociatin
effects will be examined. Consideration will
be given to flame stabilization and practical
SyStemS. Mr. McManus.

3661. ADVANCED THERMODYNAMICS.
Credit 3 hrs, Fall. 3 Rec. Intended for graduate
students but open to gualmed 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 ﬁhnosophlcal 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. Intended for grad-
uate students but ogen to_qualified fifth year
students. Prereqs,, 3602, 3603, 3604, or eguwa-
lent. Transfer of energy between a fluid and
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a rotor; application of thermodynamics and
fluid dynamics to rotating machinery; cen-
trifugal and axial flow pumps, compressors,
and turbines. Mr. Shepherd.

3664, ADVANCED FLUID MECHANICS.
Credit 3 hrs. Sprlnfq. 3 Rec. Intended for
graduate students but open to qualified under-
graduates. Prereq., 3602, 3604. Mare advanced
reatment of some of the topics in 3603 and
3604, with Fartlcular reference to two-gimen-
sional ideal flow; laminar and turbulent
boundary layer; turpulence and turbulent flow
in ducts; compressible flow; method of char-
acteristics. Mr. Shepherd.

3665. ADVANCED HEAT TRANSFER. Credit
3 hrs. Fall. 3 Rec. Prereq., 3605 or consent
of Instructor. Basic modes of heat transfer
are emphasized. Analytic methods are em-
ployed, "and results are compared with ex-
ﬁenmental correlations. Solutions of selected
eat conduction problems, a gi,eneral method of
analysis for diffuse radiation, differential
similarity, boundary layer convection solutions,
heat and momentim Similarity theory, phase
change Processes and an introduction to
numérical methods. Mr. Gebhart.

3666, ADVANCED AIR CONDITIONING,
Credit 3. hrs., Fall. 3 R?c. Selgcte_d studigs of
air conditioning Frmup es and air condition-
ing apparatus; solar loads and solar collectors;
heat pumps; air copditioning in transportation;
thermoelectric refrigeration.” Mr. M ackey.

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 Ilquld-ln-%lass thermometers, solid
expansion thermometers, pressure-spring ther-
mometers, resistance thermometers, thermo-
electric thermometers, optical  pyrometers,
radiation pyrometers. Mr. Dropkin.

3670. ADVANCED COMBUSTION EN-
INES. Credit 3 hrs, SBrlng. 3 Rec. Inten?,ed
or graduate students but open to qualified
undergraduates, Prereqs., 3604, 360
lent. Advanced study of topics in_field of
remprocatm% engines; hoth spark-ignition angd
dlegel. Methods™ of  thermodynamic analysis
and performance prediction " for free-piston
Power plants and ‘supercharged engines.. Re-
ation of engine performance characteristics
and, i)erformance characteristics of automotive
vehicles. Recommended together with Course
3377 for study In automotive engineering. Not
offered in 1962-1963.]

3671, AEROSPACE PROPULSION SYSTEMS.
Credit 3 hrs. Spring. 3 Rec. Preregs., 3603,

7 or equwa-

3604, 3607 or equivalent. Intended, for graduate
students but open to qualified fifth year stu-
dents. Application of thermodynamics and fluid
mechanics to the analysis and desl%n of ther-
mal-jet and rocket engines. Consideration of
advanced methods of “propulsion. Mr. snep-
herd.

3672. ENERGY CONVERSION. Credit 3 hrs.
Spring. 3 Lect. Intended for graduate students
but open to guallfled flfthe)éear students. Pre-
reqs., 3601, 3602, 3603, 3604, or equivalent.
Primarily a classification and thermodynamic
analysis “ of energy conversion devices, but
energy sources and the storage of e,nerqy are
also “Considered. A study of conventional” heat
en,glne and combustion engines; thermo-elec-
tric, thermionic, photovoltaic, and magwleto-
h,yiiro%ynamlc 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
ING 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 Tlow investigations; hot wire anemom-
eters; density-sensitive optical systems; tran-
sient temperatyre and pressure measurements;
measurements In reacting systems; error anal-
ysis and treatment of data.” Mr. mcManus.

3674. MICROSCOPIC THERMODYNAMICS,
Credit 3 hrs. Fall. 3 Rec. Prereq., consent of
instructor. Intended for graduate and quali-
fied fifth year students. "Fundamental equa-
tions of Kinetic theory, Maxwell-Boltzmann
statistics and quantum” statistics are derived
and used to interpret the phenomenological
transport and thermodynamic properties of
|d§al, inert, and reactlnrq gaseous systems. Con-
sideration given to real’ §ases. Mr. Pierce.

3680. ADVANCED CONVECTION HEAT
TRANSFER. Credit 3 hrs, Fall. 3 Rec. Prereq.
3605 or consent of instructor. Processes of
transfer of heat,. momentum, and mass in
fluids considered in detail. Theories of trans-
fer processes and analytic solutions. Analyti-
cal and experimental résults compared. Trans-
fer differential equations for a fluid, delinga-
tion. of kinds of processes and differential
similarity, natural convection, forced convec-
tion at fow and hlglh velocities, some . tech-
niques of boundary Tayer solution, similarity
theorlﬁs, effects of turbulence, _and exgerl-
mental results for cases not readily solved by
analytical methods. Mr. Gebhart.

368LADVANCED CQNDUCTION AND
RADIATION HEAT TRANSFER. Credit 3
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hrs, Spring. 3 Rec. Prereq., 3605 or consent
of Instructor. Theories of conduction mechan-
isms are reviewed. The conduction of heat
in solids for various cases of steady, unsteady,
and Fenodlc heat flow with and without 1f-
ternal sources. Mathematical, numerical, and
analogue methods . of Problem solution are
presented. The various types of thermal radi-
ation processes in solids and  gases, SFanaI
and specular distributions. Methods of calcula-
tion for radiation .in the absence and In the
presence of absorbing and emitting gases. Mr.
Gebhart.

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 majar recent work
and several summaries of associated contribu-
tions. Mr. Gebhart.

3690. SPECIAL INVESTIGATIONS IN
THERMAL ENGINEERING. Spring. Credit

to deFe_nd upon hours of actual work. _In-
formal instruction will_ be given to a limited
number of students interésted in work to
supplement that given In courses In combus-
tion en?mes, Fower generation, fluid dg,nam-
ics, heat transter, reffigeration, air condition-
ing, and Instruments. ‘Permission of the De-
partment necessary for registration.  Mr.
Mackey.

3691, THERMAL ENGINEERING SEMINAR.
No credit. A one-and-a-half-hour meetlng ap-
proximately every other week. Aftendance
exg,ected, of aIIDgraduate students with major
subject in_the Department of Thermal Engi-
neering. Talks bY graduate students, staff
members, and invited quests.

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 therm%dyn,amms, fluid
dynarhics, heat transfer, combustion engines,
efergy conversion, power plants, refrigeration,
and dir conditioning. The staff.

ELECTRICAL ENGINEERING

REQUIRED COURSES

4021, TECHNICAL WRITING AND PRES-
ENTATION. Credit 3 hrs. Fall. 3. Lect.-Rec.
The development of the hasic principles of
exposjtion, the. k_nowledcr;e of suitable form,
and the appreciation of function that will en-
able students to write and present reports and
g%rslmumcanons that meet professional stand-

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.

4112,
WORK ANALYSIS. Credit 3 hrs. Fall 2 Lect.
1 Comp. Prereqs., 4102, 4103. A study of the
interconnection of linear elements; elémentary
network topology and its relationship to the
formulation of Network equilibrium equations;
impedance and admittance concepts; duality;
properties of network functions in the com-
plex-frequency plane; natural and forced net-
work behavior; mutual inductance; introduc-
tion to Fourier series, with applications to
network anaIYSjs dproblems,; power and energ
relations; . defailed analysis of two-port néf-
works, with emphasis on the relationships be-

INTRODUCTION TO LINEAR NET-

tween driving-point and transfer functions
defined on a ‘port basis and thos¢ defined on
a branch hasis; other representations of two-
port networks. Mr. Kreckner and staff,

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

4114, MATHEMATICAL ANALYSIS OF LIN-
EAR SYSTEMS II. Credit 3 hrs. Spring. 2
Lect. 1 Comp. Prereq., 4103. The concept of
a_transfer function. - Synthesis of time-Vary-
ing vectors by addition %f rotatlng vectors.
contour Integration in _the complex plane.
The Fourier transform. The single. and” dou-
ble-ended Laplace transforms. Applications to
transient benhavior of linear systems.

4116. INTRODUCTORY ELECTRICAL LAB-
ORATORY. Credit 3 hrs. Fall. 1 Lect 1 Lab.
Prereq., 4102, Laboratory experiments on. a
variety of circuits, circuit_elements, and in-
struments. Some of the subjects considered are
the cathode-ray oscilloscope, diodes, rectifiers
transients, audio-transformer, resonance, and
the analog computer.
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4121, INTRODUCTION TO ELECTRONIC
ENGINEERING. Credit 4 hrs. Spring, 2 Lect.
1 Rec. 1 Lab. Preregs., 4116 and 4112, Basic
study of the conventional electron devices. and
theit immediate electrical
ments. Electron
tor, and lonized gases. The small and Iarge
signal characteristics of electron_ devices. The
use of these 0
ating and processing electrical signals. Mr.
Eastman and staff,

4122. ELEMENTS OF SYSTEM_ THEORY.
Credit 4 hrs. Fall. 2 Lect. 1 Rec. 1 Lab.
Preregs.,, 4121 and 4114 or their equivalent,
Elementar¥ signals for system analysis; model
making of system devices (tubes, " transistors,
transducers, sensors) with IumPed parameters;
matrix_analysis of interconnec

lation; stability;. physical realizability and
realization techniques; feedback control: sys-
tem parameter-sensitivity: design methods for
compensation: approximations I the frequency
and time_domains; signal generatjon; Syster
optimization for detérministic signals.” Mr,
DeCraris and staff.

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;
auto-correlation and  cross-correlation  tech-
nigues in signal analysis and detection; modu-
lation theqry ~and " techniques; probability
theory apﬁhed to signals; noise calculations
in nétworks and amplifiers; laboratory work
on measurements, wave sha;fm,, modulation
circuits, feedback, and oscillation.

4165 INTRODUCTION TO ELECTRO-

MAGNETIC THEORY. Credit 4 hrs, Spnng.
3 Lect. 1 Comp. Preregs., 2331 and 4113,
The foundations of eIectromaPnetm_ theory
and its applications to electrical” engineering:
vector analysis, including vector calcylus; elec-
tric, magnetic, . and eleptro.magn_etm fields,
Maxwell’s equations; applications include cir-
cults, generators, simple magnetohydrody-
namic devices, wave gquides, elementary an-
tennas, simple  traveling-wave tubes.” Mr.

Bolgiano.

4216, ELECTRIC_ AND MAGNETIC CIR
CUITS LABORATORY. Credit 4 hrs. Spring.
2 Lect, 1 Lab, Prereq., 4116, Experiments on
a brldggs, single-phase and, three-phase a-c
circylts, d-c and a-c magnetization, and d-c-
machinery.

4221 ALTERNATING CURRENT MACHIN-
ERY. Credit 4 hrs. _Fall. 1 Conf. 1 Comp.
Prereqs., 4112, 4216. Theory, construction, and

circuit environ-
flow In vacuum, semiconduc-

device characteristics in gener-

ed linear mod-
els: flow-?raphs and analgsw bglianalo? simu-

operating characteristics of transformers, in-
duction “motors, synchronous machines, and
single-phase motors.

4226. ELECTRICAL MACHINERY LABO
RATORY. Credit 4 hrs, Spnn?. 1 Lect. 1 Rec.
1 Lab. Prereq., 4221, Magnetization and cir-
cuits with nonsinusoidal  Voltages. Harmonics
In polyphase systems; instrument, constant
current, "and constant potential transformers;
smgle-ghase and polyphase induction motors;
synchronous machines.

ELECTIVE AND GRADUATE
COURSES

GENERAL

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

4091 and 4092. PROJECT. Credit 3 hrs. Fall
and spring. Individual study, analy{sls, and
usually. experimental tests in”connection with
a_special engmeermq problem_ chosen by the
student after consultation with the faculty
member directing his project; an engineering
report on the project 'is “required.

POWER SYSTEMS AND MACHINERY

4321, 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, Prereg.,
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
4221 or equivalent. Electric machines studie

as networks of coupled circuits, with period-
ically varying parameters; matrix analysis of
networks; “forces and torques In electroniechan-
ical systems; ,electromagnetlc and electrostatic
transducers;,smgle,-ﬁhas a-C generators; Kron's
basic machine ‘Wwith its_practical derivatives;
the synchronous, Induction, and commutator
machines, In the transient and Steady state;
frequency-response  methods applied to ma-
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chines; laboratory exercises using the gen-
eralized machine.” Mr. Sudan.

4352. ELEMENTS OF POQWER-SYSTEM
ANALYSIS. Credit 3 hrs. Fall. 2 Lect.-Rec.
1 Lab.-Comp. Prereqgs., 4113, 4226 or equiva-
lent, Studies of power systems through the
application  of equivalent_circyits of synchro-
nous machines, fransmission lines, tradsform-
ers and static loads; power-system network
theory; Eower angle equations and circle dia-
grams; the two-machine system; load flow and
voltage regulation of complex systems; sym-
metrical components; fault anal¥5|s of com-
plex systems; ‘introduction to system stability;
use of"a-c and d-c network analyzers as com-
puting aids. Mr. Linke.

4353, TRANSIENT ANALYSIS OF POWER
SYSTEMS. Credit 3 hrs. Spring. 2 Lect.-Rec.
1 Lab.-Comp. Prereqs., 4351, 4352 or equiva-
lent. Study of synchronizing and damping
torques for salient-pole and” solid-rotor ma-
chines; application” of constant-flux-linkage
theorem to balanced and unbalanced faulfs;
basic assumptions for transient stability stud-
les; voltage regulators and_gavernors; “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 gnterruEtmg media; simulated testing
of circuit breakers. Mr. sudan.

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 condi-
tions |mJJosed by lightning, of the methods
emPone to assure proper operation of power
%ys,ems and apparatus under hqh-voltage con-
itions, and of the devices available for labo-
ratorY testing of eqm&ment under actual or
simulated conditions. Mr. zinmerman.

RADIO AND COMMUNICATION

4501, RADIO AND COMMUNICATION
SEMINAR. Credit 1 to 3 hrs. Fall and_ spring,
Primarjly for graduate students. Readlngnand
discussion of Technical papers and publica-
tions In the field of radio and communication.

4511, PHYSICAL 1IASIS OF ELECTRONIC
ENGINEERING. Credit 3. hrs, Fall, 3 Lect.
Prereqs., 4113, 4121, Physics 314. The con-
trol. and_ use of electrons in modern electronic
engineering. The underlying Ph(}/s_lcal phenom-
ena of electronic devices treated in depth, in-
cluding power exchanges, noise generatjon,
nonlinearity and frequéncy band width limi-
tations, conventional, mictowave, and quan-
tum electronic principles. Mr. Eastman.

4512. RADIO ENGINEERING. Credit 3 hrs.
Spring. 2 Lect. 1 Comp.. Preregs., 4113, 4123,
A study of communication circuits with  dis-
tributed . constants and the production and
Propag,an_on of electromagnetic  radiation;
transmission line theory and _applications;
impedance  matching; .~ ultra-high-frequency
eneration and transmission; electromaqnenc
gory; _propagation phenomena; antenna
characteristics and radiation. Mr. McLean.

4516, 4517. RADIO  AND COMMUNICA-
TION LABORATORY.. Credit 3 hrs. each.
Fall and sErlng respectively. Either or both
may be taken.” (Oftered only If demand Is
sufficient.) 1 Rec. 1 Lab. Preregs., 4113 and
4123, Choice of three to five different experi-
ments from the_ field of electronic  circuits
networks, transmjssion lines; wave guides, and
antennas. Experiments selected to' meet in-
dividual needs.

4541, APPLIED ACOUSTICS. 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 thé progagation
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-
hetic, and photographic recorders: reflection,
absorption, ‘and Teverberation. Mr. 1ngatts.

4551, RADIO AIDS TO NAVIGATION.
Credit 2 hrs. Sprmg. 2 Lect-Rec. Prereg.,
4123, Long-wave and medium-wave direction
finders_and radio beacons; atmospheric effects
and limitations on accuracy; medium-fre-
?uency pulsed transit-time systems, and high-
requency return-signal systems, with applica-
tion to Ion,(r;-range navigation and rErGCISIO,n
ma Plrg; alrport”approach systems and traffic
control.” Mr. McLean.

ELECTRONICS AND MICROWAVES

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 cancurrently. A wide
variety , of experiments is available in the
area of measurement of active and passive
microwave devices, including Klystrons, trav-
eling wave tubes, magnetrons, cavities, micro-
wave components, and perjodic structures. The
experiments are designed to encourage the
exploration of the device characteristics while
simultaneously develoﬁm measurement tech-
mgues which” range In character from stand-
ard fechniques, to those of considerable sophis-
tication. In addition to performm? several of
the available experiments the student will
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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
en%e,s; space charge phenomena; limitations
at high frequencies; noise: thermoelectric con-
version; motion _of electrons. and, holes in
mefals and semiconductors; junction diodes
and transistors. Mr. Mackenzie.

4521. MICROWAVE ELECTRONICS 1.
Credit 3 hrs. Spring. 3 Lect. Coregs., 4526
and 4565 or consent of the instructor. Study
of the theory of the interaction of electron
streams and " electromagnetic waves in local-
ized. and distributed Tegions; the electron-
balljstic_and the space-charge-wave approaches;
application to planar vacuum tubes and micro-
wave tubes. It is suggested that 4521 be taken
concurrently. Mr. Mackenzie.

4528. MICROWAVE ELECTRONICS I,
Credit 3 hrs. Fall. 3 Lect. Preregs., 4527 and
4561, Detailed theory of the fields of periodic
and slow wave structures; advanced theory of
the interaction of electron streams with” the
fields of microwave structures including both
linear and nonlinear interactions; microwave
noise in electron streams. Mr. Eastman.

4529. SEMICONDUCTOR ELECTRONICS .
Credit 3 hrs. Fall. 2 Lect. 1 Lab. Preregs.
Ph?/sws 314, and 4123. Motion of electrons and
holes In semiconductors: theory 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-layer devices (diodes, con-
trolled rectifiers, and switches), etc.; transistor
eﬂnuwfllent circlits;  bias-stabilized” transistor
amplifiers. Mr. Ankrunm.

4530. SEMICONDUCTOR ELECTRONICS 1.
Credit 3 hrs. Spring. 2 Lect. 1 Lab. PrerT Y
4529, A continuation of Semiconductor Elec-
tronics | with emphasis on the application of
semicondugctor 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. Mr.

Ankrum.

4531 QUANTUM ELECTRONICS. Credit 3
hrs. Fall. 3 Lect. Prereqs, Physics 325-326
or 4565 and Physics 314 or “443. A de-
tailed treatment of the phy5|caI(Pr|nC|pIes un-
derlying masers and lasers and an " analysis

of the_operation and design of practical de-
vices. . Topics will includethe interaction of
radiation and matter; the coherence proper-
II(FS of spontaneous ?nd stimulated emission
of radiation; thermal equilibrium and non-
e?mhbnum in. paramagnetic solids; properties
of paramagnetic lons i crystals: .the gas and
soliq state “masers (}nd lasers; %aln-bandw,ldth
Rﬂroduct and noise figure of ‘maser amplifiers.
[. Wolga.

4561, MICROWAVE THEORY AND TECH-
NIQUES. Credit 3 hrs. Fall. 3 Lect. Prereq.,
4563 or equivalent. Normal modes in wave
gmdes and- cavities; power, energy, perturba-
1on, and transformation relations” in’ confined
microwave fields n Isotopic media; theor
of microwave circuits; introduction to. fields
and waves in glasmas and ferrites. It is sug-
ested that 4521 be taken concurrently. M.

Ve
AND PROPAGATION AV

4565, ELECTROMAGNETIC THEORY.
Credit 3 hrs. Fall. 3 Lect. Prereq., 4113, The
foundations of electromagnetic” theory _ re-
quired for study of radio “wave Fropaganon;
reflection and _refraction of plane “Waves;
guided waves; S|mFIe obstacles in wave guldes;
a,n%ular sFecfra of plane waves; edge diffrac-
tion theory.

4566. INTRODUCTION TO PLASMA PHYS-
ICS. Credit 3 hrs, Fall. 3 Lect. Preregs., 2331
and 4565, or equivalent. Charged particle dy-
namics; continuum plasma theory; conduction
of electricity in gases; magnetohiydrodynamics
with applications; transverse and” longitudinal
\t/vaves; Mmagneto-lonlc theory with “applica-
10NS. MTI. Coiien.

4567, RADIO WAVE PROPAGATION. Credit
3 s, Sprmﬁ. 3 Lect. Prereq., 4565. Influence
of the frophosphere on radio wave grodp,a?a-
Eotn,; dlelz%ctrlcf prtopertje(sj of air an ; Istrl
utions of refractive [ndex; propagation in
standard and nonstandarae at#os%ﬁgr,es; dif-
fraction around a spherical earth; inhomo-
geneities of refractive’ Index; scattering.

4568, ANTENNAS. Credit 3 hrs. Spring. 3
Lect. _Prere%.,, 4565, Theory of radiation “and
reception; directional characteristics; imped-
ance, elementary theor?/ of cylindrical anten-
nas; Huy%ens’ dprmmpe; 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—
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solar flares, prominences, coronal features; the
interplanetary plasma—density, velomft?, 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-
tionl, and associated ionospheric effects. Mr.
Gold.

SYSTEM THEORY

4115. PRINCIPLES OF NONLINEAR SYS-

TEMS. Credit 3 hrs._Fall. 3 Lect. Prereq.,
4114 “or equivalent. First- and second-order
nonlinear systems: phase-plane analysis, Poin-
care-Bendixson Theory, stahility, self-~ and
forced-oscillations, théory of van der Pol.
H|gi,her order nonlingar problems of auto-
matic control: describing functions, Aizer-
man’s hypothesis, Liapounov’s first and. sec-
ond method, theory of Lurie-Letov. _H|(qher
order noplinear problems of commupicafion;
arametric  excitation and_ amplification,
athieu equatlon Manley-Rowe " relations,
nonlinear filters. Determination of optimum
nonlinear systems. Mr. DeCraris.

4563. SIGNALS AND NOISE IN COMMUNI-
CATION SYSTEMS. Credit 3 hrs. Fall. 3
Lect. Preret}., 4123, Analysis of signals in the
time and frequency domains; properties of
generalized linear systems; the time and fre-
quency response of  idealized systems; samp-
Im% heory for band-limited signals; proba-
bility and "noise statistics with applications to
signal ~ transmission and suina detection;
power spectrum anal¥5|s apF led to special
nonlinear fprob,lems 0T detection; the funda-
mentals of noise s_upFressmn in . broad-hand
systems with particular emphasis on time
multiplex communication and data trans-
mission SyStemS. Mr. W agner.

4564, TRANSMISSION OF INFORMATION.
Credit 3 hrs. Spring. 3 Lect. Prereq., 4563,
Mathematical descrl%non of the transmission
of information hased on. statistical models;
quantitative measure of information in dis-
grete noise-free systems; discrete transmission
in the, presence of noise; maxjmum rate  of
transmission In a noisy channel; information
?am In continuqus transmission systems; in-
rmation capacity of the nmsyA continugus
channel; optimum’ receivers for the extraction
of information from a noisy transmission; ap-
g,hcanons of information theory to the analy-
is of transmission rate in practical systems.

4571. MODERN NETWORK ANALYSIS.

Credit 3 hrs, Fall. 3 Lect. Prereq, 4192 or
equivalent. Network topology and its relation
to the analysis of complex systems; energy
functions; nétwork functions; general realiza-

bility criteria; interrelationship of network

functions; Hilbert transforms:; flow gra?hs;

%Perahzed coordinates; scattering parameters.
. Mitra.

4572. MODERN _NETWORK SYNTHESIS.
Credit 3 hrs, Spring. 3 Lect. Prereq,, 4571,
Real-part sufficiency” and related topics; the
realization problem _ of, drlvmg-ﬁomt and
transfer functions. Darlington's ~tneory;. the
M%at,a method; ~ Guillemin’s  zero-shifting
technique; iterative and other “classical” pro-
cedures; the aﬁprommatlon problem—Ieast
square and Tschebyscheff sense—in the fre-
quency domain; time-domain  synthesis; cor-
Rﬁlratlon between frequency and fime domains.
. DeClaris.

4575, ADVANCED TOPICS OF SYSTEM
THEORY. Credit 1 to 3 hrs. Fall and spring.
Enrollment b%/ consent of the instructor. Semi-
nar on selected topics which will vary from
year to year. Presentation and discusSion of
current research and recent literature in one
or more specific areas such as active networks,
signal. theory, variable networks, and self-
o;?tlmumg systems.

ILLUMINATION

4611, INTRODUCTORY ILLUMINATION.
Credit 3 hrs. Fall. 2 Rec. 1 Lab.-Comp. Prereq.
Physics 224.. Problems commonl %ncountered
in“illumination engineering and the methods
of solution; sources of light; visual perception;
light control, hoth spectral and directional;
measuremeni of Ilght,sourges, and illumina-
tion; general Illumination design; production
and mixing of colors; architectural ‘objectives.

4612 ILLUMINATING ENGINEERING.
Credit 3 hrs, Spring. (Offered only if de-
mand is sufficient) “2 'Rec. 1 Lab.-Comp.
Prereq., 4611 Compugation of light-flux dis-
tribution apd study of difficult lighting prob-
lems;  emphasis on specialized Tather “than
general lighting problems.

4615. ILLUMINATION SEMINAR. Credit 2
hrs. Fall, (Offered onIX if demand is suffi-
clent) One 2-hour pefiod each week. Must
be accompanied or preceded by 4611, Reports
on selected topics of current” interest in il-
[uminating engineering.

CONTRQESYSTEMS AND

4711, FEEDBACK CONTROL SYSTEMS 1.
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
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plots; Laplace transformations; error detecting
devices, hydraulic devices;, factors affecting
errors, damping, and speed of response; cri-
teria for stability. Mr. Meserve and staff.

4712. FEEDBACK CONTROL SYSTEMS II.
Credit 3 hrs. Spring, 2 Lect. 1 Lab. Prereq.,
4711, Synthesis of “feedback control  systems;
Pre,dlcnon of performance_ from stability cri-
eria and comparison with laborator P_er-
formance; relay control systems; consideration
of nonlinearity. Mr. Meserve and staff.

4713, FEEDBACK CONTROL _SYSTEMS
SEMINAR. Credit 2 or 3 hrs. One 2-hour
period and 1 optional Lab,-Comp. Prere%,
4712. Reports on selected topics in servomech-
anisms; signal flow diagrams; nonlinear ef-
fects on dnalysis. and performance; sampled
data sy{stems; statistical considerations; analog
computer studies of I|m|t|n?, backlash, dea
zone, and sampled data systems. Mr. Torng.

4810. ANALOG COMPUTATION. Credit 3
hrs. Fall. 2 Lect. 1 Lab. Prereq., 4121 or
4933, Concepts and principles of anal09 com-
Futatlon; scaling and_ programing lineaf, non-
inear, and_timé-varying Systems of equations;
partial differential "equations;. adjoint com-
puter systems; matrix programing. Laboratory
work involves solution "of ‘problems on a gen-
eral-purpose. computer and 'bPl permission “can
be devoted in part to special projects to suit
the student. Mr. vrana.

4820. SWITCHING SYSTEMS 1. Credit 3 hrs,
Spring. 2 Lect. 1 Lab. Prereq., 4123 or consent
Ot _instructor. Switching . algebra; switching
devices; ,Io%!cal formulation™ and realization
of .comhinational switching circuits; minimi-
zation aids; number representation and codes;
simple . memory  devices; swchronous sequen-
tial  circuits; ~ counters; _shift rerthqlsters and
arithmetic units n a digital computer. Mr.
Torng.

4821, SWITCHING SYSTEMS II. Credjt 3
hrs. Fall. 3 Lect. Prereq., 4820 or equivalent.

Synchronous and asynchronous sequential cir-
clits, formulation, “and optimization; large-
scale memory _units, selection and confrol;
further discussion of arithmetic units; inte-
grated study of switching systems mcIudmgi
genera,l-purpose dl%tal, computer, . contro
witching, and communication switching; In-
troduction to the general theory of learning
machings. Mr. Torng.

OURSES FOR OTHER
ENBH\?EERING 8URRICULA

4931, ELECTRICAL ENGINEERING. Credit
3 hrs. Fall and sgrmg. 2 Lect. 1 Comp.
Prereqs, Math, 163, 1132 or 1152, An
el,ementar% study of direct-current electric
circuits; the concepts of resistance, Inductance,
and capacitance; magnetic circuits; single-
phase and three-phase "alternating-current Cir-
Cuits; 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., 493L. D-c generators and
motors; motor starters and controllers; trans-
formers; indyction motors; synchronous ma-
chines; a- S||r\1/PIe-phase motors; d-c and a<
SE|5yn units. I. Zimmerman and staff.

4933 ELECTRICAL ENGINEERING. Credit
3 hrs. Fall and spring._1 Lect. 1 Rec. 1 Lab.-
Comp. Prereq., 4932 The characteristics and
aPphcanons of the various commonly used
electron tubes; rectifiers; amplifiers; “oscilla-
tors; electronic control and instrumentation.
Mr. McLean and staff.

4991, ELECTRONIC CIRCUITS. Credjt 3
hrs. Fall._ (Offered only If demand s sufficient.)
3 Lect. For ?,raduat students ma{o_rmg in an
en(‘;.lneermg ield other than electrical Alter-
nating-current circujts; characteristics ?f high-
vacuum tupes and transistors, - small-signal
a,n? large-signal amplifiers; feedback and” 0s-
cillators; modylation and demodulation; sim-
ple wave-shaping circuits.

CHEMICAL ENGINEERING

5101, MASS AND ENERGY_ BALANCES.
Credjt 3 hrs. Fall. 2 Lect, 1 Comp. Parallel,
Physical Chemistry 405, Engmeenng prob-
lems mvolvm? materia| and” heat Dbalances.
Fl?w-sheet 5yS ?ms and halances. Total energy
balances for" flow systems. Messrs. W inding,
Thorpe.

5102. EQUILIBRIA AND STAGED QPERA-
TIONS. “Credif 3 hrs. Spring. 2 Lect., 1 Comp.
Parallel, Physical Chemistry 406. Phase equil-

ibria and phase dmgrams. The equilibrium
staqe; mathematical escrli)non of single and
mvtls ac[1e operations; analytical and ‘graphi-
cal solutions. MessIS. Winding, T horpe.

5103, 5104, CHEMICAL ENGINEERING
THERMODYNAMICS. Cre%ﬂ 3 hrs. Fall and
spring. 3 Lect. Preregs., Chemistry 403, 404,

study of the first and second laws with ap-
plication to batch and flow E,rocesses. Physical
and thermodynamic properties. Availability;
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free energy; chemical equilibrium. Application
to gas. compression; process steam; —power
generation; adiabatic reactors; and chemical
process development. Mr. von Berg.

5105. ADVANCED CHEMICAL ENGINEER-
ING THERMODYNAMICS. Credit 3 hrs.
Spring. 3 Lect. Prereq., 5104 or equivalent,
Primdrily for graduate Students. Agpllcatlon of
the general thermodynamic method to ad-
vanced _ problems in” chemical engineering.
Evaluation, estimation, and correlation of prop-
erties.  Chemical and phase equilibria.” Mr.

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, Sprm%. 3 Lect. Primarily for
graduate students. Theory and applications of
Chemical reaction kineticS. Mr. Harriott.

5108. COLLOIDAL AND SURFACE PHE-
NOMENA. Credit 3 hrs. Fall. Prereg., physical
chemistry. . Lectures,  demonstrations, ~ and
problems in the physics and chemistry of
small particles and” syrface films. TopicS in-
clude sorption, flocculation, colligative prop-
erties, electrokinetics, and structural rhe_olo%y.
Applications to detergency, %els, catalysis, De-
havior of natural products, €tc. Mr. Finn.

5203, 5204. CHEMICAL PROCESSES. Credit
2 hrs, 2 class periods. An analysis of |mF0rtant
chemical Rroc,esses and industries. Fall term,
organic chemical processes; spring term, in-
organic chemical processes. Mr. W iegandt.

5205 CHEMICAL ~ PROCESS  SEMINAR,
Credit 2 hrs. Fall. For graduate students, A
discussion of recent advances in chemical
Processes. Messrs. Hedrick and W iegandt.

5255, 5256. MATERIALS OF CONSTRUC-
TION. Credit 3 frs. each term. 3 Lect. Pre-
re(is., or parallel courses. Phys. Chem. 403,
404, An “introductory presentation of _the
nature, properties, treatment, and applications
of the more important metals and alloys, in-
cluding extractive and physical metallurgy
and hehavior under service “conditions. Non-
metallic materials, mcludmg refractories, fe-
ment, protective coatings, and plastics, are also
discussed. Messrs. Mason and Rodriguez.

5303,
ESSES, Credit 3 hrs. Fall, 2 Lect.. 1 Rec. Pre-
regs., 5101 and 5102. An introduction to trans-
ﬁort ghenomena |nvoIV||r\1Ag fluid mechanics,
gat, and mass transfer. Mr. J. C. smitn.

INTRODUCTION TO RATE PROC-

5304, ANALYSIS OF UNIT OPERATIONS.
Credit 3 hrs. Spring. 2 Lect. 1 Rec. Prereq.,
5303, Analysis of themical enpmeermg 8ys-
tems involving several components and cqupled
techniques. Extension of ‘previous studies to
transient and feedback aspects of the unit
operations. Mr. J. C. smith.

5353, UNIT OPERATIONS LABORATORY.
Credit 3 hrs. Fall. Lect., Rec., and Lab. Pre-
re(i.,, 5304. Typical [aboratory experiments in-
volving unit’ “operations equipment. Messrs.
Harriott dNd Finn.

5354, PROJECT | LABORATORY, Credit 3
frs. Spring. Special laboratory pr?\}‘ects involv-
ing unit Operations equipment. Messrs. Har-
riott aNd Finn.

5503, 5504. CHEMICAL ~ ENGINEERING
COMPUTATIONS. Credit 2 hrs. Fall and
sgrmg. Two_class periods, Prereqs., or parallels
5303 "and 5304 or equivalent. Lectures and
advanced problems in fluid . o h
transfer; heterogeneous equilibrium; ~ distilla-
tion; gas absorpfion; and extraction. A selected
number of the less conventional operations are
also considered. Mr. Scheere.

5505. ADVANCED HEAT TRANSFER. Credit
3 hrs. Fall. 3 Lect. Prereq., 5303-4 or equiva-
lent. Advanced topics In heat transfer. Heat
transfer under unsteady-state conditions: nu-
merical approximation methods; analo?ws
among heat, mass, and momentum transfer;
heat Transfer to liquid metals; simultaneous
heat and mass transfer, etc. Primarily for
graduate students. Mr. J. C. smitn.

5506. DIFFUSIONAL QPERATIONS. Credit
3 hrs. Spring. 3 Lect. Primarily for graduate
students, Advanced topics In diffusional oper-
ations. Molecular and turbulent diffusion in
binary and multicomponent systems; film,
boundary layer, and penetration-theory models
of ‘mass” transfer; applications to distillation
gas absorption, liguid-liquid extraction, and
other industrial operations. Mr. scneere.

5507. ADVANCED FLUID DYNAMICS. Credit
hrs. Fall. 3 Lect. Primarily for graduate
students. Advanced topics In fluid dynamics.
Viscous _laminar flow of Newtonian and non-
Newtonian fluids; flow stability; turbulent
flow; perfect fluid theory; boundary layer
theory; analogies among” heat, mass, and
momentum transfer. Mr."scheete.

5508, 5509. APPLIED MATHEMATICS IN
HEMICAL ENGINEERING. Credit 3 hrs.
Fall and spring. 3 Lect. Prereq., 5304, Treat-
ment and interpretation of data. Ordinary
differential equations. Series and numerical

flow and heat
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solutions. Partial differential equations. Four-
ler serigs; Bessel functions; Laplace trans-
forms. Calculus of finite differences. Numeri-
cal solutions to ﬁartlal differential equations.
A,pP,hca,nons to heat transfer, mass transfer,
distillation, gas absorption, reaction kinetics,
%Bgsﬁatalysw. Mr. York. Not offered in 1962

5605, 5606, 5607, 5608. DESIGN PROJECT.
Credit 2 .hrs, Fall and spring. Individual
problems in_the design of chemical processes
and plants, Estimatjon of costs of construction
and ‘operation, variation of costs and profits
with production, etc. Staff.

5609, OPERATIONS DESIGN METHODS.
redit 2 hrs, Spring. 2 Lect. Description and
discussion of chemical process equipment for
physical operations, such as mixing diffusional
separations, mechanical separations, heat trans-
fer, size reduction, etc. Emphasis Is_placed on
evaluation of alternative methods of ‘achievin
a desired ob#ectlv,e and on selection and af-
rangement of equipment for most economical
O%eratlon. Mr. J."C. smitn. Not offered In
1962-1963 ]

5621. PROCESS AND PLANT DESIGN.
Credit 5 hrs. Fall. Prereqs., 5304, 5104. Tech-
niques and case studies in chemical process
design including reactors and separating sys-
tems; optimization of piping and e%mpment,;
economic_balance within process, Cost esti-
mating for process units and plants. Com-
modity survey and chemical market research.
Oral and written presentation. Mr. York.

5622, PROCESS  AND PLANT DESIGN.
Credit 5 hrs. Spring. Continuation of 5621,
Plant location, process selection, process. de-
Squn, equipment design and  Specifications;
Fant layout. Cost estimates and profjtabilit
or a chemical, petroleum, or. petrochemica
product, Pilot ‘plant operations, research
economics, pr?duct development, technical
seryice, and related commercial aspects. Oral
and written presentation. Mr. York.

5741, PETROLEUM REFINING. Credif 3 hrs.
Spring, 3 Lect. Prereq., 5304. A critical anal-
¥5|s 0f the processes employed in petroleum
efining. Mr. Wiegandt.

5742. POLYMERIC MATERIALS. Credit 3
hrs. Fall. 3 Lect. Polymerization reactions,
manufacture and proIper Ies of synthetic resins,
fibers, plastics, and rubbers. MT. Rodriguez.

5743. PROPERTIES OF POLYMERIC MA-
TERIALS. Credit 3 hrs. Spring. Prereq., 5742,
Mechanical, electrical, and optical properties
of pol){mers. Phenomenological aspects and
molecular 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, Plastlcs, and _elastomers, Including
analyses of raw _ materials, reactor Systems,
Pr,o uct preparation, and problems in dis-
ribution “and marketing. ‘Special emphasis
on new processes and means of reducing cap-
ital and operating costs. Mr. H edrick.

5746. CASE STUDIES IN THE COMMER-
CIAL DEVELOPMENT OF CHEMICAL
PRODUCTS. Credit 3 hrs. Spring, 3 Lect,
Prereq. or parallel, 5622. For graduate and
selected fifth year students. Detailed analysis
of specific cases mvoIvmq the developnient
of new_ chemical products. Particylar em-
phasis is given to planning activities, _re-
search justiication, .and market forecasting.
Profltabn% calculations and projections are
required. Mr. Hedrick.

5747. PROCESS CONTROL. Credit 3 hrs.
Fall. 2 Lect. 1 Lab. Prereq., 5304. Frequency
response and transient. response of process
equipment._Brief description of contrgl in-
struments. Design of processes. and selection of
controllers for desired dynamic behavior. Mr.

Harriott.

5748, FERMENTATION
Credit 2 hrs. Spring. 2 Lect 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, agita-
tion, and continuous fermentation. Mr. Finn.

5749, INDUSTRIAL MICROORGANISMS.
redit 1 hr. Fall. 1 Lect. Preregs., organic
_chemlstry and physical chemistry. A “brief
introductory cours¢ in- microbiology for stu-
dents with”a good background in “chemistry.
Mr. Finn. Not offered 1" 1962-1963.]

5752. POLYMERIC MATERIALS LABORA-

TORY. Credit 2 hrs. Spring. 1 Lab. Prereq.,

5742. Experiments in the formation, character-

||\z/|art|on, fabrication, and testing of polymers.
. Rodriguez.

5760. NUCLEAR AND REACTOR ENGI-
EERING. Credit 2 hrs. Spring. 2 Lect. Fuel
processing and isotope separation, radioactive
waste disposal, fuel ‘cycles, radiation damage,
biological effects and azards, shielding, power
rlegaﬁcﬁrs. Mr. Von Berg. Not offered in 1962-

ENGINEERING.

5851. CHEMICAL MICROSCOPY. Credit 3
hrs. Either term. 1 Lect. 2 Lab. Preregs., or
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parallel courses, Chemistry 403, 404 or 407,
408 and Physics 123, 124 ot special permission,
Microscopical examination of chemical and
technical” materials, _processes, and products.
Measurements, _particle size determination,
analyses of ‘mixtures, crystallization, phase
changes and_ colloidal phenomena, lens systems
and photomicrography. Mr. Mason.

5853. MICROSCOPICAL ~ QUALITATIVE
ANALYSIS (INORGANIC), Credit 2 hrs, or
more. Offered on demand either term. Prereq,,
5851, Laboratory periods to be arranged.
Laboratory practice In the analysis of inorganic
substances containing the more common” ele-
ments. Mr. Mason.

5859. ADVANCED CHEMICAL MICROS-
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.

5900. SEMINAR. Credit 1 hr, Fall and spring.
General chemical engineering seminar re-
qr%ured of all graduaté students majoring in
the field of chémical engineering. MT. Rodri-

guez.

5909. RESEARCH SEMINAR. Credit 1 hr.
Spring.. 1 Lect. Required of all students en-
rolled” in the predoctoral honors program. An
introduction to the research methods and
techniques of chemical engineering. Mr. W ind-
ing.

5952, 5953, 5954, RESEARCH  PRQJECT.
Credit 3 rs.: additional credit by special per-
mission. Fall and spring. Prereg., 304. Re-
search on an original problem "In chemical
engineering. Staff.

5955, 5956. SPECIAL PROJECTS IN CHEM-
ICAL ENGINEERING. Credit variable. Either
term, Research or studies on special problems
in chemical engineering. Staff.

METALLURGICAL ENGINEERING

6112. METALS TECHNOLOGY. Credit 2 hrs,
Spring. 2 Lect. Prereq., 1243 An advanced
coursé for students in mechanical engmeer,mgi
covering the ~mechanical and metallurgica
factors “affecting service behavior of metals
under static and dynamic_loading. Subjects
covered Include failure criteria, brittle frac-
turg, creep, embrittlement, fatigue, and cor-
rosion. Mr. G. V. smitn.

6211, INTRODUCTORY METALLURGICAL
ENGINEERING. Credit 3 hrs. Fall. 2 Lect.
TLlab. A surveY, of various fundamental prin-
ciples. and apP ications of metals and allied
materials, centered in the Iaborator% experi-
ments. The Intention 1S to use the many
instruments, furnaces, and varied facilities
necessary for the study of the apﬁllcatlon of
the Frmmples of physics and chemistry to
metallurgy. and éo c,(i,ntro,l and to examine
the hehavior and utilization of metals and
materials. A number of examples, such as
batteries, triodes, motors, transistors, engine
Barts, and other manufactured articles, will
e studjed for thejr application to metallurgi-
cal engineering. Mr. Scara.

6212 MATERIAL AND_ ENERGY BAL-
ANCES. Credit ? hrs, Spring. 3 Le,ct-Re(i.
Engineering problems involving material bal-
ances, thermal balances, thermochemistry, and
electrochemistry as applied to metals and
allied materials. Mr. 6 regq.

6301, PRINCIPLES OF METALLURGICAL
ENGINEERING. Credit 3 hrs. Fall. 3 Lect.

Prereq.. 620L. (Not offered after 1962-1 6%.)
Discussion and  calculations concerning fuels
combustion, fluid flow, heat flow, roasting and
sintering, gas cleanm%, and application of
thermochemical data to metallurgical proc-
£sses. Mr. Gregg.

6323 (Formerlx 6403). METALLURGICAL
THERMODYNAMICS.” Credit 3 hrs. Fall.
3 Lect. A discussion, of thermodynamic equi-
libria with emphasis upon m,etalhc,h?md
and solid solutions. Topics considered include
binary, ternary, and quaternar_}/_ phase dia-
grams; . thermodynamic_ probability and dis-
order in crystals; partial and integral molar
properties of solutions and their aJ)pllcatJons;
experimental methods used in determining
thermodynamic parameters. Mr. Spencer.

6324 (Formerlx 6404). METALLURGICAL
THERMQDYNAMICS. Credit 3 hrs. Spring.
3 Lect. Topics considered include the equi-
librium constant, the partition function, phase
field  boundaries In " heterogeneous  systems,
chemical stability of ceramiC materials, me-
tastable phases, zone purification, vacuum me-
tallurgy, reactive atmospheres, order-disorder
henomena in alloys, surface thermodynamics.

. Spencer.

6331, 6332. MATERIALS SCIENCE | AND_1I.
Credit 3 hrs. a term. 3 Lect. Fall .and spring.
Preregs., 6212, concurrent regwtranon in_6321.
(Ofrered  commencing _in 1963-1964,) Covers
those aspects of physics and chemistry that
govern the behavior of materials, and the



98 COLLEGE OF ENGINEERING

resultant proRertles of materials éghase equili-
bria Is tauq t concur[entlby in. 6321). Topics
covered Include atomic bonding, Structures,
structural discontinuities of 1 and 2 dimen-
sions, plastic deformation, radiation damage,
fracture, nucleation, crystal ﬁrowth, diffusion,
reaction with ?nvnonment, physical Er?f)ertl,es,
theory of alloys, recovery, ~ recrystallization
R/lnp %ram growth, solid-state transformations.

eart.

6353,
PHY. Credit 3 hrs. Spring. 1 Lect. 2 Lab.
Prereqs., 6202, 6331, or permission of the
instructor.  Microstructures of alloys, as re-
lated to composition, thermal history, and
physical properties. Preparation of specimens;
Ermmples and use of metallographic micro-

COpEs. Mr. Mason.
6401, 6402. CHEMICAL METALLURGY |
AND 1I. Credit 3 hrs. a term. Fall and
s%rm . 2 Lect. 1 Lah. (Offered commencing In
1964-1963). AthC&thﬂ_ of thermodynamic ‘and
kinetic pfinciples to mgortant metallurgical
processes, with emphasis on reduction “and
refining operations. Mr. G regq.

6411, 6412, PHYSICAL METALLURGY |
AND II. Credit 3 hrs. a term. Fall and
erlng. 3 Lect. Prereq,, 6353. Discyssion of
the Structural basis of behavior of metals.
Topics Include dislocations, two-dimensignal
structural disconfinuities, plastic deformation,
nucleation, solidification, corrosion, diffusion,
oxidation, radiation damage, theory of alloys,
electrical and magnetic_ properties, recovery,
recrystallization and grain. growth, solid state
transformations (ed|ffus|,onless and diffusion-
controlledg, hardenability. ((Commencmg n
1964-1965, the content “of this course ™ will
change to reflect the prerequisite offering In
Courses 6331, 6332.) Mr. weart.

6416. PRINCIPLES OF MATERIALS PROC-
ESSING. Credit 3 hrs. Spring. 2 Lect. 1 Rec.
Prereqs, 6332, 6353, An advanced course re-
lating’ basic and aﬁplled sclences to materjals
processing and technology. Includes a_critical
study. of “selected casting, metal formm% and
working, welding, and" powder metallurgy
progesses, Emphasis is placed on scientific and
en%m_eermg principles rather than industrial
techniques: alloying, heat transfer, and solidi-
fication in foundry operations; criteria for
plastic. flow in metal workjng pr?cesse_s;
distortion, residual stress and heat effects In
welding; compacting and_ sintering in powder
metallurgy; chip formation and” tool  forces
In machining. Mr. Burton.

6432, MECHANICAL METALLURGY. Credit
3 hrs. Spring. 3 Lect. Preregs., 6332, 6353.
Elastic, plastic, and fracture 'phenomena in

INTRODUCTORY METALLOGRA-

metallic solids, including yielding, strain hard-
ening, brittle fracture, "creep “and fatigue.
Plastic forming i3 freated concurrently” in
Course 6416. Mr. G. V. Smith.

6451 EXPERIMENTAL PHYSICAL METAL-
LURGY. Credit 3 hrs. Fall. 2 Lect. 1 Lab.
Prereqs., 6332, 6353, Theory and applications
of X-ray metallography m,cIudmg -ray dif
fraction; fluorescent “analysis, and micforadi-
ography. Lectures and laboratory experiments
deal with crystallography and crystal structure
determination, lattice dimensions of cubic and
nopcubic crystals, preferred orientation and
pole figures, single  crystal orientation, poly-
morphi¢ transformations, order-disorder trans-
formations, low-temperature and high-temper-
ature diffraction methods, chemical analysis
by X-ray_ fluorescence, mlcroradlogra&hlg tech-
niques. ‘Stereographic projection methods and
reciprocal lattice concepts are developed and
used in the experiments. Additional optical
metallographic _techniques are consjdered, In-
cluding™ quantitative 'methods and the _use
of phase contrast microscopy and. polarized
light mmroschy for opaque ‘materials. Tech-
niques of dildtometry, differential thermal
analysis, temperaﬁure control, and vacuum
technology are included. Mr. Burton.

6503. SERVICE BEHAVIOR OF METALS.
Credit 3 hrs. Fall. 3 Lect Prereq., 6412,
Metallurgical and mechanical factors govern-
ing the selection. of metals for various services.
Ana,Igsw of service requirements, and the se-
lection and fabrication of mefals to fulfill
such requirements; analysis of service fajlures
of ‘metals and remedigs for such failures;
and study of the merits and limitations of
materials “applications in existing products and
equipment. Mr. G. V. smith.

6504, UNIT PROCESSES IN METALLURGY.
Credit 3 hrs. Fall. 1 Lect. and 1 Lab. with
reForts. Preregs., 6201, 6251, 6301. Experimen-
tal study of important processes in metallurgy,
includinig generation of furnace atmospheres,
furnace “design and performance, determina-
tion of rateS of heating and cooling, and
electrochemical (iperatlons., Reports based on
the experimental data, discussin Prmuples
involved In the operations, are |mgo tant. Mr.
Gregg.

6506. METALLURGICAL DESIGN. Credit 2
hrs. Spring. Prereq., 6503, A seminar course
usmgi a modified cas(f-hlitor approach o
Frohems and current developments’ in metal-
urgical engineering. Mr. G. V. smitn.

6553, 6554, SENIOR PROJECT. Credit 2 hrs,
Fall and sprm[g. Research on an om{unal
problem in “mefallurgical engineering. Staff.
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6555, 6556. ADVANCED PROJECT. Credit as
arranged. Fall and spring. Staff,

L6601. METALLURGICAL THEORY AND
RACTICE. Credit 4 hrs. Fall. 3 Lect. 1 Lab.
Prereqs., thermodznamms, and ?raduate,or
senior standing. Prepares students majoring
in fields_ other” than ‘metallurgy  for graduate
courses in metallurgy and familiarizes _them
with — metallurgical Iaborato,rly _techniques.
Topics included are phase equifibrium, therm-
odynamics  of heterogeneous metallurqmal
systems, imperfections in metals, microstruc-
ture, mechanical _properties of alloys, and
phase fransformations. A substantial “amount
of reading will be mcorgorated. I. Spencer.
Not offered in 1962-1963]

6620. ADVANCED FOUNDRY ENGINEER-
ING, Credit 3 hrs. Fall. Prereq., 6416. Of-
fered on demand. Three class periods includ-
ing, special laboratory studies, critical study
of foundry technolog}/, and the metallurgicdl
features Of cast metals, Laboratory investi-
gation of special foundry process “and pro-
Cedures. Mr. Burton.

/[{6624. KINETICS OF METALLURGICAL
EACTIONS. Credit 3 hrs. Spring. 3 Lect,
Prereq., 6323 or equiv. Designed for advanced
undergraduate students in~ the, metallurg)(-
materials area and for beginning graduate
students with limited background i the area,
Topics considered include Kinetics of gases and
partial Pressur_e measurements, empirical treat-
ment of reaction rates and applications, Ar-
rhenius, equation, transition’ state ,theor}/,
nucleation ‘theory, diffusion, _introduction 1o
irreversible Procef_ses.,Appllcatlons include cor-
rosion, recrystallization ~ and  grain_ growth,
solidification, and phase transformations. Mr.
Spencer. NOt offered in 1962'1963]

6625, THEORY OF REACTION RATES IN
SOLIDS. Credit 3 hrs. Spring. 3 Lect. Prereqs.,
6323, Physics 454. Directed” toward graduate
students and advanced engineering undergrad-
uates concerned with the application of P ysi-
cal-mathematical concepts to_the interpretation
of rate processes in metals. The theory of ab-
solute rate processes is presented in detail
with reference to the kinetics and thermody-
namics. of physical and chemical = changés
pnmanl?/ in" metals. Rates of physical dnd
chemical processes are considered “from first
P_rmaples, u_t|I|zm%, such. fundamental proper-
ties aS atomic configurations, dimensions, and
Interatomic forces of the reacn_n? molecules.
The analytical _description 15 introduced in
terms, of ‘Statistical mechanics, the Arrhenius
e?uanon, potential energy 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 _transforma-
tion processes in metals such as diffusion, nu-
cleation and ?rowth, creep, precipitation, an
other I&hysma and chemical solid-state proc-
esses. MI. Rhodin.

6651, PHYSICAL METALLURGY OF FER-
ROUS MATERIALS. Credit 2 hrs. 2 Lect,
Prereq., permission of the instructor. Offered
on demand. Study of the basic effects of al-
loying on the structure and p,ro?(ertles of
stéels; and the application of this knowledge
to the design of ‘modern high-strength, stain-
less, or heat-resistant steels “and of “steels for
t00fs and dies. Mr. G. V. Smitn.

6661 METALS AT ELEVATED TEMPERA-
TURES. Credit 2 hrs. Fall, 2 Lect. Offered
on demand. Prereq., permission of the instryc-
tor. Evaluation and application of metals for
use at service temperatures. Emphasis is placed
on nature of creep flow and fracture at
elevated temperatures. Attention is also paid
to scaling, metallurqgcal instability, and vari-
ous physical properties. Mr. G. V. smith.

6662. REFRACTORY MATERIALS. Credit 2
hrs, Spring. 2 Lect, plus lab. demonstrations
and visits, The lectures will review the
crystallography, rheolo?y, and engineering
chiaracteristics™ of refractory metals un?sten,
molybdenum, columbiym, and tantalum);
graphites; refractory oxides (magnesia, alum-
ina, zirconia, yttria, and thoria); and the re-
fractory com(founds (carbides, nitrides, borides
and ber){lh es{. Laboratory demonstrations
will supplement the lectures, illustrating pyro-
litic techniques in pref_arlng _graphites and
compounds, and the melting, joifing, and zone
refining b¥ electron beam ™ methods necessary
for thé refractory materials. Research labora-
tories actively involved in studying these ma-
terials will be visited, and key“articles in the
current literature will be reviewed to augment
the lectures. Mr. scaia.

6671. PRINCIPLES OF POWDER METAL-
LURGY, Credit 3 hrs. Fall. Offered on de-
mand. 2 Lect. and one 21£-hour lab. each
week. FoIIowmg hrief consideration of jndus-
trial powder-metallurgy equipment, including
dies, presses, and sintering furnaces, and in-
dustrial apphcanons such “as porous Eroducts,
permanent  magnets, refractory metals, ce-
mented carbl?es, cermets, etc.,” the theory of
powder metallurgy is treated critically. ‘Em-
phasis is on_ the theories of compacting and
sintering, diffusional processes, and surface
chemistry, The theories, applications, and lim-
itations of hot pressing are examined critically.
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Laborator,){ experimentation is primarily con-
cerned with fundamental mveshpatlon of com-
F,actm,g, bonding, sintering, hof pressing, in-
iltration of porous networks, etc. Laboratory
studies of surface chemistry and surface acti-
vation are included. Mr. Burton.

6681. ADVANCED EXPERIMENTAL ME-
TALLURGY. Credit 3 hrs. Fall. Two 2R
hour labs, Experiments using advanced metal-
lurgical laboratory ~techniques, with discus-
sions of the principles invalved and the results
of the experiments, Experiments_are available
In the fields of physical, chemical, and me-
chanical metallurgy; metallography; materials
processing; and materials propertiés. The stu-
dent 15 “expected to perform a?prommat_ely
six experiments, selected to meet his Indivi-
vidual_ needs. Independent work by the stu-
dent is stressed, with emphasis both on the
experimental method and the metallurgical
phenomena. Messrs. Burton, Newkirk, Scala.

6710. TRANSPORT PROCESSES. Credit 3
hrs. Sprlnq. 3 Lect, Prereqs., 6404 and 6624,
or consent of instructor. A survey of the
transport of matter and enerF)i,ln tondensed
systems with emphasis on mefallic_solids. The
Benomenology and theories of djffusion;
oundary and”surface diffusion. Electrical and
thermal * conduction. Special cases involving
more than one process.

6731, X-RAY METALLOGRAPHY_ I. Credit
3 hrs. Fall. Preregs,, rnnn_mples of light metal-
lography, X-ray “diffraction, = and_ Crystallog-
raphy. X-raY theory scattermg, intensity of
coherent reflection. “Theory and’ experimental
techniques for film and Counter methods in-
cluding powder, Laue, Weissenberg. Stereo-
%&aphlc prO{ectlon, pole figures, analysis  of
idmannstatten structure, ‘grain orientation
ll:)(y surface traces, etch pits, X-ray pattern.
eciprocal lattice, oscillating and rotating
crystal methods, Diffractometer technology.
Lécture, gnrou_p discussion, and laboratory prac-
tice will e included. Mr. Newkirk.

6732. ADVANCED METALLOGRAPHY.
Credit 3 hrs. Spring. Prereq., 6731 or gquiva-
lent. Structures of metals, substructures in' crys-

tals, X-ray fluorescence and absorption analy-
sis, diffuse X-ray scattering effects, quantative
metallograth, Stress. measurement by X-rays.
Other “metallographic  technigues ,m_cludmg
electron microprobe, thermionic emission an
field emission microscopy, microradiography
X-ray diffraction mlc,roscop)ﬁ. Applications of
modern metallographic methods will be illu-
strated with mefal and cerami¢ systems under-
going allotropic phase _ transformations, pre-
ﬁlpltatlon, and order-disorder reactions. Mr.
ewkirk.

6872, NUCLEAR MATERIALS TECHNOQL-
0GY. Credit 2 hrs. Spring. 2 Lect. Production
of fissle, source materials, and other materials
used in nuclear reactors. Behavior of materials
in nuclear reactors, including deterioration by
corrosion and radiation. Problems. involved
with respect to fuel elements, Fabrication of
reactor and reactor components. Mr. G regg.

6911. SEMINAR IN NONCRYSTLLINE MA-
TERIALS. _ Credit 1 hr. Fall. Prereq.
consent of instructor. Discussions, guided an
supplemented by lectures, of those™ condensed
phases characterized by the absence of long-
range order, viz, liquids and glasses. The na-
turé of the liquid and glassy States of atomic,
molecular,, and _polymeéric “materials is ex-
amined via their structure and properties;
theories of the liquid state are reviewed to
provide a_ background for a discussion of
crystallization vs."glass formation. Mr. weart.

6961-6962. GRADUATE SEMINAR. Credit 1
hr. Fall and spring. Objectives are (1) to
Prowde a forum 0 which subjects at’ the
orefront of metallurgical science and en-
gmeermg can he effecnv_eli/ discussed: (2) to
evelop ‘the student's. ability to ommvnlcate
technical ideas effectively through oral pres-
entations; and (3) to_give the student Fracnca,l
experience In organizing and conducting effi-
cient technical meetings. Mr. Newkirk.

6980. RESEARCH IN  METALLURGICAL
ENGINEERING. Fall-spring. Credit as ar-
ranged. Thesis research under guidance of a
member of the staff. Staff.

AEROSPACE ENGINEERING

7101, FUNDAMENTALS OF AERODYNAM-

ICS. Credit 3 hrs. Fall. Prereq., engmeer_mg
mechanics. Properties of gases and fluids.
Kinematics of fluid flows, E_auatlons of motjon
for an incompressible fluid and Bernoulli’s

equation. Flow around, simple bodies, thin
airfolls and wm%s. Basic proFe,rnes of com-
Fressmle flow: the energy  relations, channel
lows. Prandtl-Meyer and” shock waves. Small
perturbations at “subsonic, transonic, super-
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sonic, and h){persomc speeds. Introduction to
viscous-flow theory, boundary-layer equations
and the integral method. Transition Detween
laminar and Turbulent flows. Mr. Shen.

7102. FUNDAMENTALS OF ASTRONAUT-

ICS. Credit 3 hrs, Spring. Prereq., en?meerlng
mechanics and thermodynamics. Performance
of chemical- and nucledr-rocket systems, P,er-
formance in central force fields, optimization
of powered trajectories, perturbations of tra-
Jectories, S?hd- and liquid-propellant rocket?,
ion and plasma propulsion, photon propu
sion,. and solar sailing, relativistic rocket me-
chanics. Mr. Turcotte.

7203. GASDYNAMICS 1. Credit 3 hrs. Prereg.,
engineering thermodynamics. Thermodynamics
of “gases and gas mixtures; _Kinetic " theory
transport proEer les; Introduction to_ statistical
mechanics, chemical equilibria, and reaction
rates; derivation of fundamental equations of
gasdynamics; acoustics. Mr. Turcotte.

7204, GASDYNAMICS 1l Credjt 3 hrs.
Prereq., 7203 or 8121. One-dimensional gasdx-
namics, weak and stron? shock limits, Shoc
tube theory, method of characteristics, blast
waves, effécts of viscosity and thermal con-
ductlvm{J one-dimensional gasdilnamms of a
dissociating gas, one-dimensional gasdynamics
of an lonized gas. Mr. Turcotte.

7206. INTRODUCTION TO MAGNETOHY-
DRODYNAMICS. Credit 3 hrs, Spring. Pre-
re., 7203, Review of electrodynamic$, con-
duction of electricity in gases,” equations of
motion of magnetohydrodyniamics, solutions for
special cases and Under various approxima-
tions, magnetohydrodynamic waves, phenomena
in rarefied gaseS. M. sears.

7207. DYNAMICS OF RAREFIED GASES.
Spring. Credit 3 hrs, Review of classical kinetic
theorel of gases. The Boltzmann equation,
the hapmann;EnskO? 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 hetween continuum and
free-molecule flow regimes. Mr. snen.

7208. HYPERSONIC-FLOW THEORY. Credit

Irsf. (t)n denflahnd. Prer,eq?l., 73t0hl’ 73|03. IGend-
eral features of hypersonic flow; the role playe
by the rat?o of s%%ci ic heats: norma?,_o%hgue
and curved shock . relations; vorticity and
shock _curvature; irrotational small-disturb-
ance similitude, the principle of equivalence;
blast-wave analogy: Newtonian theory with
shock-layer structlres; optimum bodies; ‘bound-

afr%/-layer hypersonic-flow interactions; real-gas
gffects.

7301, THEORETICAL AERODYNAMICS 1.
Gredit 3 hrs. Fall. Prereg., differgntial eri,ua-
tions, intermediate mechanics or_introduction
to theoretical physics. Introduction to theo-
retical hydrod%/namlcs. Ideal fluids. The bound-
ary-value problems of s,teadP/ and non-steady
two- and . three-dimensional potential flows
with special attention to_ flows produced hy
the motion of solid hodies. Vector methods
and complex variable are used extensively.

[. Sears.

7302. THEORETICAL AERODYNAMICS II.
Credit 3 hrs, On demand. Preregs., 7301,
7303, Wln? theory: thin-airfoil theory, two-
dimensional _ airfoil theory. Prandtl’" wing
theory, |t|n?, surfaces, ~general _multiple
theory, nonstationary wing theory. Correction
for compressibility (lineafized theory). Wlnﬁ
theory for supersonic speeds; source “and sin
methods and extensions, conical-flow methods,
nonstationary cases.

7303, THEORETICAL AERODYNAMICS III.
Credit 3 hrs. Spring. Prereqs., 7204, 730L
The ,aerod?/namgcs of comlpressm,le fluds;
equations of motion, small-perturbation theQrK
Esubsonlc and supersonic); Janzen-Reyleig
heory, the hodograPh methods, the [imitifg
ling, "the method™ of characteristics, Prandtl-
Meyer flow, hypersonic flow. Mr. seebass.

7304, THEORETICAL AERODYNAMICS V.
Credit_3 hrs. Fall. Prereq., registration in
7301, The aero-dynamics of viscods fluids; the
boundary layer, "heat transfer, fundamentals
of boundarY-Iayer stability. Turbulence, the
gundamentas of isotropic turbulence.  Mr.
hen.

7801 RESEARCH IN AEROSPACE ENGI-
NEERING. (Credit to be arranged.) Prereq.,
admission to the Graduate Schiool of Aero-
stace EnFmeermg and apﬂro,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 Graduat% Sch?ol of Aerospace
Engmeermg. Lectures by staff members, grad-
uafe students, personnef .of Corne|l Aeronauti-
cal Laboratory, and visiting scientists on topics
of interest In aerospace” science, especially
In connection with néw research.

7902. ADVANCED SEMINAR IN AERO-
SPACE ENGINEERING. Credit 2 hrs. Prereq.,
approval of the Director.
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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 “overall
planning, in the carrying out of a,slneual
problem™ related to the student’s field of
interest. The choice of . 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 enginegrin
Physms under the direction of a member o
hé staff. Hours to be arranged.

8121-8122. CLASSICAL THERMODYNAMICS.
Credit 3 hrs. Through the year. 3 Rec. Pri-
marily for candidates for the de([;ree of Bach-
elor of Engineering Physics.. Infroduction to
classical - thermodynamics, kinetic theory of
gases, and statistical mechanics. ApMmanon t0
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 eIastlc,nY,
Wave propagation, vibration, incompressible
and compressible fluids, viscous flow, etc. Mr.

Sears.

8252. SELECTED TQPICS |
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 in the field of engineering
materials, such as plastic and, rheological prop-
erties; dielectric_and magnetic behavior; semj-
conductors; radiation damage, etc. Emphasis
IS glven to the mterpretat,mn,of the phenomena
in |?,ht of modern theories in physics of solids
and Tiguids .and their impact on ‘the e_n%meer-
Ing applications. Current literature Is included
in"the assignments. Staff.

8255. CRYSTAL DISLOCATION THEORY.
Credit 3 hrs. Spring. 3 Lect. Preregs,,
consent of the instructor, e%ulvalen_ts of Math
616 or 1182, and Physics 454. Primarily for
raduate students in “solid state physics. The
neoretical basis for elementary cnceFts of
dislocations, elastic _continuumi  models in-
cIude continuum_ field theory, crystallogra-
phy of line and plane defects, "and the dislo-
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cation 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 ,gla,stlcny and fracture are” considered as
applications ‘of dislocation theory. Mr. w ebb.

8262. PHYSICS OF SOLID SURFACES. Credit
3 hrs. Spring. (Given in alternate years) 2
Lect. and 1 Seminar, Primarily for graduate
students and seniors in solid state physics and
engineering science. An introductory review of
recent advances in current theories of surfaces
associated with condensed systems, Applications
to the interpretation of niechanisms’ involved
in, electron “emission, phase transformations,
mcnon and wear, oxidation and corrosion.
[. Rhodin.

830L, INTRODUCTION TO ATOMIC AND
NUCLEAR PHYSICS. Credit 3 hrs. Fall, 3
Lect. Prereqs., Physics 124 or 126 or 128,
and  calculus thr(?u%h _dlffer?nnal equations.
Primarily for students in nuclear engineering.
ConceFts of atomic structure of matter: funda-
mentals of quantum theory and applications
to structure of atoms, molfecules, and nuclei.
Concepts of nuclear reactions and their rela-
tion 1o, nuclear reactor problems, including
the chain reaction. Mr. Fisher.

8311, NUCLEAR AND REACTOR PHYSICS.
Credit 3 hrs. SFrmg. 3. Lect. Prereq., Physws
214 or 243, Nyclear particles, nuclear structure,
nuclear reactions; characteristics of particle
accelerators; properties of neutrons, Inferac-
tions of neutrons with matter, nuclear fission;
elementary _reactor theory, types of reactors,
reactor des,lgn aproblems; instruments for par-
ticle detection and reactor control. Mr. Crark.

8312. REACTOR THEORY [. Credit 3 hrs.
Fall. 3 Lect. An enlargement of 8311, with
greater emphasis on théoretical aspects of re-
actor design. Review of neutron interactions,
reactor systems, diffusion and slowing down
of neutrons, bare reactor criticality.  Mr.
Nelkin.

8313. REACTOR THEORY I]. Credit 3 hrs.
Spring. 3 Lect. Continuation of 8312, Reflected
reactors and group theory, criticality of heter-
o?eneous systems, experimental determination
of reactor Criticality, time behavior of reactors,
reactor control. Mr. Netkin.

L8321. PRINCIPLES OF THERMONUCLEAR
OWER. Credit 2 hrs. Fall, 2 Lect. Prereq.,
8311 or Physics 214 or Physics 244. An intro-
ductory course concerned primarily with physi-
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cal problems involved in current thermonuclear
research. Tapics included are cross-sections of
fusion. reactions; theory of hinary reactions;
radiation processes; microscopic Processes In
plasmas; magnetohydrodynamics; problems of
plasma confinement; Present concepts of ther-
rlng%réu]clear power reactors. Not offered in 1962-

8331, NUCLEAR POWER ENGINEERING
SEMINAR. Credit 3 hrs. Fall. Prereq, back-
ground in engineering _sciences, and 8312,
313, or consent of the instructor. GrouP de-
sign project applying the fundamentals of
nuclear reactor enﬁmeenng to nuclear energy
srstems: power plant thermodynamics; flujd
flow, heat transfer, and thermal stresses; radi-
ation protection and shleldlrgjg; materials; eco-
nomics of nuclear power and fuel cycles; core
deﬂggé f|fnstrumentat|on and control.”Mr. Caay
and " Staff.

8341, NUCLEAR AND COSMIC CHEM-
ISTRY/PHYSICS. Credit 3 hrs. Fall, alternate
years. Primarily for graduate students; open to
undergraduates by “consent of instryctor. A
discusSion of the “properties of nuclei; radio-
active deca}{ and measurements; nuclear reac-
tions; creation of the elements and nuclide
ahundances; cosmic rays and their interactions
with meteorites; nuclear cosmochronology. Mr.

Fisher.

8342, READING COURSE IN RADIOCHEM-
ISTRY, Credit 2 hrs. Spring. Primarily for
graduate students and seniors.” Reading assign-
ments in the general field of radiochemistry,
Meetings for discussions at the convenience of
the group, possibly for two hours every other
week. Slanted toward the interests of the stu-
dents, the course may include such topics
as nuclear fission, radiochemistry, nuclear con-
cepts In geochemistry, neutron activation anal-
}/]sw, betd decay studies, radjatign chemistry,
0t-atom chemistry, biological effects of radia-
tion, . cosmic  chemistry,” nuclear reactions,
neutrino searches, elemental abundances, tracer

t’&chniques, and applications in various fields.
[. Fisher.

8351, NUCLEAR MEASUREMENTS LAB
ORATORY., Credit 3 hrs. Either term. Two
2Vi hr, afternoon periods, Pre- or co-req,
8311, Some twenty-five different experiments
are available in the fields of nuclear and reac-
tor physics and en?meerlng. ,Amon? these are
experiments In nuclear radiation defection and
absorption; in properties of radiation detec-
tors and specialized electronic circuits used in
counting and reactor control; In Interactions
of neutrons with matter, especially modera-
tion, diffusion, absorption, and scattering; in
fhemlc?l separations and in casting and metal-
urgical examination of uranium. Experiments
on a_subcritical reactor and the TRIGA reactor
are included. The student is expected to per-
form elght to ten experiments, selected to meet
his needs. Some stress is laid on independent
work by the student. May be elected more
than once by students desiring broader or more
advanced laboratory experience. Mr. cCrark.

8352. ADVANCED NUCLEAR MEASURE-
MENTS LABORATORY. Credit 3 hrs. Either
term. Two 2Vz hour afternoon Fenods. Prereg.,
8351. A continuation of 8351 for students de-
siring advanced lahoratory experience. Staff.

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-
gwred_). Electron beam formation, Gaussian
loptrics and aberrations of electron lenses,
application |ncIud|n([1 cathode ray tube, elec-
tron microscope, befa ray spectrometer, mass
spectrometer.

AGRICULTURAL ENGINEERING

Agriculture.)

. INTRODUCTION TO AGRICULTURAL
ENGINEERING. Credit 2 hrs, Spring. 2 Lect.
Limited to students in the five-yeaf agricul-
tural engmeermg curriculum. The purpose Is
to_ introduce the application  of engineering
Brl_nuﬁles to ?roblems In agriculture, with a
rief history of the development of agricultural
engineering in the United States. " Problems

(
0
2

lf:or a_complete description of the courses in agriculture, see the Announcement of the College

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. Theé laboratories will develop a
working knowledge of drawing copventions,
drafting techniques, and their “application to
maching, architectural, and pictorial drawing
problems. Graphs and _engineering graphics
Bnomoqraé)h and graphical “calculus) will' also
e Inclyded. 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
drawm% exercises to illustrate the techniques
involved and verify line work ,(iuallty.,,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. MT. Furry.

202. FARM POWER. Credit 3 hrs. Fall. Lect.
Lab, Comp._Prereq., Engineering 3601 or the
equivalent, Thermodynamic printiples applied
to internal combustion enFmes. Application of
kinematics and dynamics fo tractor design and
field use. Elements involved in_proper con-
struction, _ selection, and _qperation of farm
tractors. Emphasis on writing of engineering

reports.

203. AGRICULTURAL MACHINERY DE
SIGN. Credit 3 hrs. Spring. 2 Lect. 1 Lah.
Prereq., E,n(I]meerm 3341 0or the equivalent,
The prmmF es of esqn and development of
agricultural machines 1o meet functional re-
quirements. Emphasis is given to stress anal-
YSIS* selection of materials “of construction, an
esting procedures involved In machine and
development. Mr. 6 unker.

220. SURVEYING. Credit 2 hrs, Spring. 1
Lect. 1 Lap. A study of the principles and
practices of surveying measurements. Funda-
mentals of meastrement, 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 Lah. Preregs.,
Engineering 2132, 2302, and Agronomy 1, or

their. equivalents. An agvanced course in the
application of ,engmeerm(I; principles. to the
problems of soil and. water control in agri-
culture. Includes desuf;n and construction” of
drainage systems and farm ponds; and design
?,nd operation of sprinkler Systems for irriga-
10n. MrI. Brack.

231, FARM STRUCTURES DESIGN. Credit
3 hrs. Spring. 1 Lect. 2 Lab. Prereqs,, En(‘;|-
neermg 2132 and 3605 or their equivalents,
An advanced course in the application of
structural de5|?,n principles to farm buildings.
Includes functional requirements, character-
istics_of materials, structural design, and the
Brmcgples of environmental control in farm
uildings. Mr. Boya.

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
sqilS 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 IN AGRICUL-
TURAL ENGINEERING. Credit 1 or more
hrs, Fall or spring. Prereqs., adequate ability
and training for fne work prolposed, and pef-
mission to “register. (Normally reserved for
seniors in upBer two-fifths of class.) Special
work in an% ranch of agriculfural engmeer-
ing on problems. under investigation by the
Départment or of special intereSt to thé stu-
dent, provided, in the latter case, that ade-
quate facilities can be obtained. Staff.

253, SPECIAL TOPICS IN AGRICULTURAL
ENGINEERING. Credit 1 hr. Fall and spring.
Open only to seniors.. Presentation and dis-
cussion ofthe opportunities, qualifications, and
responsibilities for positions of service in the
various fields of agricultural engineering. Mr.

French.

REQUIRED COURSES IN OTHER DIVISIONS

For detailed information on required courses for undergraduate erhgineerin& students, consult
1 e-g-;

the Announcement of the div
of the College of Arts and Sciences.

division in which the courses™are offere

e Announcement
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GORDON P. FISHER, ng Associate Dean of the College and Professor of Civil Engineering.
S. C.E., Assistant Dean of the College.

bM A, Director of the Office’ of Student Personnel.

ibrarian,

VICTOR EMANUEL VISITING PROFESSORSHIP

E ERIK _HANS RYDBECK, M.Sc., DSc 1957-1958 (fall termg ,
THASAR van ger POL, D.Math. and Physics, Ph.D., 1957-1958 (spring term).
ODORE von KARMAN, M.E, Ph.D. 1958-1959 (spring term).

EN WANG, BS, MS, D.Sc. 1959-1960 (spring term).
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AEROSPACE ENGINEERING

WILLIAM R. SEARS, B.Aero.E., Ph.D., Director of the School and John LaPorte Given
Professor of Engrneerrng

PROFESSORS

EDWIN_ L. RESLER, sr., B.Aero.E., Ph.D., Professor of Aerospace Engineering.
SHAN FU SHEN, BS., Sc.D., Professor of Aerospace Engineering.

ASSISTANT PROFESSORS

A._RICHARD SEEBASS Ill, BS.E, M.SE. Ph.D.,
DONALD LAWSON TURCOTTE, BS. M.Aer
Engineering.

AGRICULTURAL ENGINEERING

ORVAL C. FRENCH, BSAE, MSAE, Head of Department, Professor of Agricultural
Engineering, and Chairman of the Joint Faculty Committee.

JOINT FACULTY COMMITTEE OF AGRICULTURE

AND ENGINEERING ADMINISTERING THE

AGRICULTURAL ENGINEERING CURRICULUM

NEPHI ALBERT CHRISTENSEN, B.S.CE., M.S.C.E., Ph.D., Director of the School of Civil

En ineering and Professor of Civil En ineerin
E I-? E % in_ E.E., Assistant Director of the School of

Assistant Professor of Aerospace Engineering.
0.E., Ph.D. Assistant Professor of Aerospace

RRY ERICKSON, B.S. in EE,,
Electrrca En%neerrng and_Professor of Iectrrcal Engineering.
GEORGE  RAYMOND HANSELMA M.E 2 M.S, Assistant Director of the Sibley School of
Mechanical E\An}]srneerrn and Profsor A mrnrstratrve Engineering.
BARBOUR LAWSON FIERRINGTON , Ph.D., Professor of Dairy Chemistry.
ROBERT MUMFORD SMOCK, B.S. MS, PhD " Professor_of Pomology.
STANLEY WHITSON WARREN, BS., Ph.D., Professor of Farm Management.
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PROFESSORS
EDWIN, STANLEY
LANDIS LEE B
WESLEY WINN
JAMES WENDE

ASSOCIATE PROFESSORS
\ S

S M.%. in Agfr., Profe?sor of Agricultural Engineering.
£ssar 0 APHCU tural EngmeerlngE. o

. M.S., Ph.D., Professor of Agricultural Engineering.
CE., M.CE. Professor of Agricultural Engineering.
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GILBERT LEVINE, BS. Ph.D. Associate Professor of Agricultural Engineerin(r]. o
WILLIAM FREDERICK MILLIER, BS, Ph.D., Associate Professor of Agrlcultura Engineering.
RONALD BAY FURRY, BS., M.S., Associate Professor of Agricultural Engineering.

ASSISTANT PR

0
RICHARD DEAN BLACK, BS. M.S. Ph.D., Assistant Professor of Agricultural Engine,ering.
R(%BERT THEODORE LORENZEN, BSAE., BS.CE, MS. Assistant Professor of Agricultural
ngineering.

CHEMICAL AND METALLURGICAL ENGINEERING

CHARLES CALVERT WINDING, B.Ch.E., Ph.D., Director of the School, Herbert Fisk Johnson
Pfr(g]esssorhofI Industrial Chemistry, Professor of Chemical Engineering, and Personnel Officer
of the School.

EMERITUS PROFESSOR
FRED HOFFMAN RHODES, A.B., Ph.D., Professor of Chemical Engineering, Emeritus.

PROFESSORS

SM. in M.E., Professor of Metallurgical Engineering.
.D., Professor of Chemical Engineering.

rofessor of Metallurgical Engineering.

ofessor of Chemical Engingering: , .

Ph.D., Emile M. Chamot Professor of Chemical Microscopy

raphy. . L
RK, B.R/IX.E., M.S. Sc.D., Professor of Metallurgical Engineering.
BS., MS., D.Sc, Professor of Metallurgical Engineering. ,
H. 'B.MetE. PhD. Francis Norwood Bard™ Professor of Metallurgical
nt Director for Metallurgical Engln_eermg. o
ITH, B.Chem., Chem.E., Professor of Chemical n%meerln . )
N BS. in Chem.E., MS. in Chem.E., Sc.D. Professor of Chemical

ineering.
ERT % WIEGANDT, BS. in Chem.E., MS. in Eng., Ph.D., Professor of Chemical

EngEmeerin . . . .
ROBERT YORK, BS. (ME.), MS. (M.E), Sc.D. in Chem.E., Socony Mobil Professor of Chemi-

cal Engineering.

ASSOCIATE PROFESSORS

PETER HARRIOTT, B.Chem.E., Ph.D., Associate Professor of Chemical Engineering. ,
THOR RHODIN, Ph.D., Associate Professor of Engineering Physics and Métallurgical Engi-

neering.
FERDINgAND RODRIGUEZ, BS. in Chem.E., MS. in Chem.E., Ph.D., Associate Professor of
Chemical Engineering. ) ,
CIEES_TER,W. SPENCER, B.S.MetE., M.S.MetE., Ph.D., Associate Professor of Metallurgical
ngineering.
RAYMOND % THORPE, B.Chem.E., M.Chem.E., Associate Professor of Chemical Engineering.

s,
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ASSISTANT PROFESSORS

CHE-YU LI, B.SE. Ph.D., Assistant Professor of Metallurgical Engineerin%

GEEOR.GE 'FREDERICK SCHEELE, BSE, MS. Ph.D., Assistant Professor of Chemical
neering.

ngi
HAR?{Y W."WEART, B.MetE., MS. in MetE. Ph.D., Assistant Professor of Metallurgical
Engineering.

CIVIL ENGINEERING

NEPHI ALBERT CHRISTENSEN, B.S.CE, MS.CE., Ph.D. Director of the School and
Professor of Civil Engineering. . o
OLIVE D. PASS, Administrative Aide, School of Civil Engineering.

EMERITUS PROFESSORS

SAMUEL LATIMER BOOTHRQYD, M.S., Professor of Astronomy, Emeritus.
ALTER L. CONWELL, C.E., Professor of Highway Engineering, Emeritus.

ALL, C. E.. Professor of Civil Engineering, Emeritus. . o
HOLLISTER, BS., C.E, °D.Eng.,'Sc.D., Professor of Civil Engineering,

W
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E., Professor of Railroad En?ineering, Emeritus,

S., BS. in Min., Ph.D., World War Memorial Professor of
eritus

D, ME. Professor of Testing Materials, Emeritus.

E.. Professor_of Civil Englneerlng,, Emeritus.

D, C.E. Professor of Civil Engineering, Emeritus.
KER, C.E., Professor of Sanitary Engineering, Emeritus.
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S.E., Professor of Civil Engineering.

r of Mechanics, .

M.A,, Ph.D., Professor of Mechanics. .

Professor of Civil Engineering and Associate Dean of the

REES DOI}IéLD GATES, B.A., M.S., Professor of Civil Engineering and Head of the
0 i

t of Sanitary Eng neerm%. . o

C. GEBHARD, ‘C.E.; Professor of Civil Engineering and Head of the Department of
nstruction En meenn% and_Administration. . o
LOR D. LEWIS, B.SEE.,, C.E., Professor of Civil Engineering and Head of the Department
tion En%neenn% . o

E, BS in CE, M.C.E., Professor of Civil Engineering.

McNAIR, BS., MS., CE., Professor of Civil Efgineering andHead of the

r
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urveying Department.
GEORGE "WINTER, C.E., Ph.D., Professor and Head of the Department of Structural
Enginegring.

ASSOCIATE PROFESSORS

<<

VAUGHN C. BEHN, B.S, M., D.Eng., Associate Professor of Civil Engineering.

BENGT BROMS, C.E._MS. Ph.D. ASsociate Professor of Civil Englnee[mP. o

WILLIAM L. HEWITT, AB. B.CE. M.CE. Associate Professor of Civil Engineering and
Head of the Department of Engmeerm% Drawmsg. . o

TA LIANG, B.E., M.CEE., Ph.D.,"Associate Professor of Civil En,?meer,mg._

WALTER R. LYAN, BS. M.S. Ph.D., Associate Professor of Civi ,Er]Pmeer_lng.,

GEORGE B. LYON. BS. in CE. MS. Associate Professor of Civil' Enginéering.

ARTHUR H. NILSON, B.S.C.E., M.S. Associate Professor of Civil Engm,ee_rmg. T

WILLIAM L. RICHARDS, BS. CE. M.C.E, Associate Professor of Civil ngineering.

FLOYD 0. SLATE, S.B., MS, Ph.D. Associate Professor of Materials.
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ASSISTANT PROFESSORS

GEORGE H. BLESSIS, B.E., M.E.. Assistant Professor of Civil Engineerjngi. o
WILFRIED BRUTSAERT, 'B.S. M.S. Ph.D., Assistant Professor of Civil Engingering.
STANKO J. BRITVEC, CE. BSc. ﬁEng.), Ph.D., Assistant Professor of Civil Engineering.
JAMES A. LIGGETT, BS., M., Ph.D: Assistant Professor of Civil ,En;uneer,mg. ,
RICHARD E. MASON, B.S.CE., MS.CE. Assistant Professor of Civil Enginéering.
RICHARD N. WHITE, BS. MS. Ph.D.,"Assistant Professor of Civil Engineering.
INSTRUCTORS

BURDETT K. STEARNS, B.S.. M.S.

GERALD M. STURMAN, AB. BS., MS.

ELECTRICAL ENGINEERING

HENRY GEORGE BOOKER, B.A., M.A., Ph.D., Director of the School and IBM Professor of

Engmeerml_? and AE%hed Mathematics (on_leave, academic year 1962).

WILLIAM HARRY ERICKSON, BS. in E.E., MS. in E.E. “Assistant’ Director of the School
and Professor of Electrical Engineering.

EMERITUS PROFESSORS
LAWRENCE ADAMS BURCKMYER, ir., BS. (in E.E.), E.E., Professor of Electrical Engineer-

mg Merius. . . Lo
ROBERT FRANKLIN CHAMBERLAIN, M.E. (in E.E.), Professor of Electrical Engineering,

Emeritus.
MICHEL GEORGE MALTI, AB., BS. in EEE., M.EE., Ph.D., Professor of Electrical Engineer-
ing, Emeritus.

PROFESSORS

CASPER LEHMAN COTTRELL, AB,, Ph.D., Professor of Electrical Engineering, Secretary of
the Faculty of the School, and’ Admissions Officer. ) o

G. CONRAD DALMAN, B.EE., MEE., D.EE. Professor of Electrical Engineering (on leave,
academic year 1962). )

THOMAS GOLD, M.A., Chairman, Department of Astronomy, Professor of Astronomy, Pro-

fessor of Electrical En%meermg irector, Radiopha/sics and” Space Research Center. ~
WILLIAM EDWIN GORDON, ‘B.A., MA. MS. Ph.D., Professor of Electrical Engineering
Aon [eave, academic year 1962). . o
CHARLES F. GREEN; AB, AM., PII.D.,,V|smn  Professor of Electrical Engineering.

TRUE MCLEAN, EE.. Professor of Electrical Endineering, , ,
HENRY STOCKWELL McGAUGHAN, BSE. [in Phys), M.EE., Professor of Electrical Engi-
neerin %m leave, academic year 1962). )
WllzLB'U ERNEST MESERVE, BS. (in EE), MS, MEE., PhD., Professor of Electrical

ngineering.
BENgAMINgNICHOLS B.EE., MEE. Ph.D. Professor of Electrical Engineering,
HOWARD GODWIN SMITH. E.E. MEE."PhD. Professor of Electrical Engineering and
Director, Division of Basic Studies of the College of Engmeerm%., o
EVERETT MILTON STRONG, BS. in E.E., Professor of Electrical Engineering (on leave,
academic year 1962'2/i . ) )
STANLEY WILLIAM ZIMMERMAN, BS. in EE., MS. in E.E., Professor of Electrical En-
gineering.

ASSOCIATE PROFESSORS

PAUILE DENZEL ANKRUM, BSEE. AB., M.S. in Engineering, Associate Professor of Electri-

cal Engineering,

RALPHgBOLGrqANO, BEE., MEE., Ph.D. Associate Professor of Electrical Engineering.

NELSON HOWARD BRYANT, EEE., M.EE., Associate Professor of Electrical Engineering (on
leave, academic year 196%2. ) ) o

MARSHALL H. COHEN, B.E.E., M.Sc., Ph.D., Associate Professor of Electrical Engineering.
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S EASTMAN, B.EE., M.S, Ph.D,, Associate Professor of Iec,trlcgl Engineering.

N INGALLS, E.E., Associate Professor of Electrical Engineering.

INKE, BS. In E.E. M.E.E., Associate Professor of Electrical Enql,neermg., )
B.EE., MSE., Ph.D.. Associate Professor of Electrical Engineering.

E.E., Associate Professor of Electrical Eng[meermg. )

. In EE., MS. in Engineering, Associate Professor of Electrical

En%I eermlgl. ) . L
NORMAN M. VRANA, B.EE., M.EE. Associate Professor of Electrical Engineering.
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RE EﬂICK JELINEK, SB., SM., Ph.D., Assistant Professor of Electrical Engineering.

YUNGHWAN KIM, BS. in EE, MS."in EE., Ph.D., Assistant Professor of Electrical En-
: L

E. Ph.D., Assistant Professor of Electrical EnI:gineering.
E., MS.. Ph.D., Assistant Professor of Electrical Engineering.
¢, MS. In EE., Ph.D., Assistant Professor of Electrical Engl-

E., MS. Ph.D., Assistant Professor of Electrical Engineering.
LER, Dr. ’(1/9 isiting Assistant Professor of Electrical Engineering.
GH, B.Sc., MSc., Ph.D., Visiting Assistant Professor of Electrical Engineer-

UDAN, BS., D.LI. Sc, Ph.D., Assistant Professor of Electrical Engineer-

RP, BEE., MS., Ph.D. Assistant Professor of Electrical Engineering.
G, BS., MS, Ph.D., Assistant Professor of Electrical EngmeermP. ]

NARD WAGNER, ‘BEEE., MSEE., PhD. Assistant Professor of Efectrical
En%meerm .

FRANKLIN WEAVER, B.E.E., M.EE., Ph.D., Assistant Professor of Electrical En-

Ineering.
HOWARD RUSSELL WITT, B.ASc, MSE. Ph.D., Assistant Professor of Electrical Engineer-

ing.
GE&RGE J. WOLGA, B.E.P., Ph.D., Assistant Professor of Electrical Engineering.

VISITING LECTURER
LELAND C. ROBERTS, AB, BSEE.

RESEARCH ASSOCIATES

GIAN-CARLO RUMI, Dott.ln%. M.S. Ph.D., Research Associate in_Electrical Engineering.
LAWRENCE BYRON' SPENCER, E.E., Chief Network Calculator Engineer.

wim
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ENGINEERING MECHANICS AND MATERIALS

EDMUND T. CRANCH, B.M.E,, Ph.D., Head of the Department and Professor of Mechanics.

EMERITUS PROFESSORS

ERIC V. HOWELL, C.E., Professor of Mechanics, Emeritus. .
HAROLD C. PERKINS' M.E. Professor of Mechanics, Emeritus.

PROFESSORS

PAUL P. BIJLAARD, C.E.. Professor of Mechanics. , ,
HENRY D. BLOCK, BS. B.CE. MS. Ph.D., Professor of Applied Mathematics.
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n )p M.A.. Ph.D., Professor of Mechanics.
L, Ph.D., Professor of Engineering Physics.

'M.E.,” Professor of Materials. ) ]
A, M.A. PhD., Professor of Applied Mathematics.
., M.M.E., Professor of Materials..
D., Professor of Engineering Physics.
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S., M.S., Ph.D., Associate Professor of Materials. ]

S, MS. B.CE., Ph.D., Associate Professor of Mechanics.
, Associate Professor of Mechanics.

Ph.%., Phssomate Professor of Materials.

M .D., Associate Professor of Materials.
ASSISTANT PROFESSORS

MICHAEL J. LAIRD, B.Sc., Ph.D., Assistant Professor of Applied Mathematics.
RICHARD H. LANCE, BS. M.S., Ph.D., Assistant Professor of Mechanics.

INSTRUCTOR
STANLEY OLSEFSKI.

ENGINEERING PHYSICS

JOHN P. HOWE, Ph.D., Professor of Engineering and Director of the Department of Engineer-
ing Physics and Materials Science, in charge of Nuclear Science and Engineering.

PROFESSORS

HENRY GEORGE BOOKER, Ph.D., Director of the School of Electrical Engineering, IBM
Professor of Eanlneerm% and A[gplled Mathematics, and Professor of Electrical EngElneerlng.
DALE RAYMOND CORSON, Ph.D., Dean of the College of Engineering, Professor of Engineer-

”;]\ﬂ Ph%sms and ngsms. o ,

EDMUND TJTUS CRANCH, B.M.E., Ph.D., Head of the Department of Engineering Mechanics

and Materials, and Professor of Mechanics. o ,

TREVOR RHYS CUYKENDALL, Ph.D., Professor of Engineering Physics,

HOMAS GOLD, M.A., Chajrman of the Department of Astronomy, "Professor of Astronomy,
ftsrs of Electrical Engineering, and Director of the Radiophysics and Space Research

. Ph.D., Professor of Physics,
EWHALL, Ph.D., Professor of Physics. o
Jir., B.Aero.E., Ph.D., Professor of Aerospace Engineering.
SACK, D.Sc.. Professor of Engmeerm? Physics. o
SEARS, Ph.D., Director of the Graduate School of Aerospace Engineering and
n Professor of En%meermg. o )
GEL, Ph.D., Protessor of Engineering Physics. (On leave, 1962-1963.)

mTo
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OCIATE PROFESSORS
D

D. CLARK, Ph.D., Asspciate Professor of Engineering_Physics.
Ph.D., Associate Professor of Engineering Physics.
IN, Ph.D., Associate Professor of Engineering” Physics.

TT W. WEBB, Ph.D., Associate Professor of Engineering Physics.

T PROFESSORS
S

R, Ph.D., Assistant Professor of Engineering Physics.
h.D., Assistant Professor of Engineefing Physics.

T
M
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MECHANICAL ENGINEERING

HARRY JOHN LOBERG, M.E, MS. in Eng., Director of the School and Professor of
Mechanical Engineering. ] )

GEORGE RAYMOND HANSELMAN, M.E., M.S., Assistant Director of the School, Professor of
Administrative Engineering, and Secretary of the Faculty of Mechanical Engineering.

EMERITUS PROFESSORS

WILLIAM COOK ANDRAE, M.E., MM.E., Professor of Mechanical Engineering, Emeritus.
ROY EDWARDS CLARK, M.E.. Professor of Heat-Power En ingering, Emeritus. ,
CLARENCE ELLSWORTH TOWNSEND, M.E., Professor of Engineefing Drawing, Emeritus.

PROFESSORS

ROBERT ERIC BECH

HOFER, AB.. Ph.D., Professor of Mechanical Engineering.
STANLEY EDWARD BON

, Dipl, in M:E., BE. (M.E), MS,, Ph.D., Visiting” Professor of

ARTHUR HOUGHTOQ in ME, MS. in ME., Ph.D., Sibley Professor of
Mechanical En\%lmeermEgP the Department of Machine Design. o
BARTHOLOMEW JOS S, MS. in Eng., Professor of Mechanical Engineering.

DAVID DROPKIN, M.E,, E., . Professor of Mechanical Engineering.
GEORGE BURTON DuBOIS, A.B., M.E.. Professor of Mechanical Engineering. .
FREDERICK SEWARD ERDMAN, BS., BS. in M.E., M.M.E., Ph.D., Professor of Mechanical
En%meen g, Associate Dean of the Graduate School. o
RT 0. R, Dipl. Ing. E.E. DrSc. EE. Professor of Engineering.
DE, BS., M.S., Professor of Mechanical ngmeermt};.,
EFFREY, M.E. "M.M.E., Professor of Engineering Materials.
ACKElY, M.E., John E. Sweet Professor of Engineering and Head of
ma n

Mechanical Engineering.

Engineering.
HAN, M.E., M.M.E., Professor of En%neermg Materials.
M.S. in C.E., Professor of Mechanical Engineering.

S.in M.E, MM.E., Professorof Mechanical Engineering.
SEE., MS. in Eng., Professorof Mechanical Engineering.
. TZ, ir. BS. in AE. Ph.D., Professor and Head of the Department of

dustrial a ineering Administration. , o
DENNIS GRANVILLE SHEPHERD, B.S. in Eng., Professor of Mechanical Engineering.
LIONEL WEISS, B.A,, M.A., Ph.D., Professor of Mechanical Engineering.

ASSOCIATE PROFESSORS

JOHN MORTON ALLDERIGE, B.S. M.S., Associate Professor of Mechanical Engineering.
ROBERT NELSON ALLEN, BS. in A.E., Associate Professor of Mechanical Engineering.
THOMAS J. BAIRD, B.Arch., M.R.P., Associate Professor of Mechanical Engineéring. =~
EICHQEB MVAL ER CONWAY, B.M.E. Ph.D., Associate Professorof Mechanical ngineering.
B
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EWTON FAIRCHILD, M., EE. Associate Professorof Mechanical Engineering:

AMIN BHART, BSE, MS. in Eng., Ph.D.. Associate Professor of Mechanical
n meermg.

E
E
OGER LOREN GEER, M.E., Associate Professor of Materials Processing. ,
JOHN HSU-KAN KAQ, BSM.E, MS. in LE., D.Eng.Sc., Associate Professor of Mechanical

Ewmeerm% ) ,
H% ARD N. McMANUS, Jr, BSME, MS, PhD., Associate Professor of Mechanical
ngineering.
MéF?TIN W%?IGHT SAMPSON, Jr,, BS. in AE., MS. in Eng., Associate Professor of Mechanical
ngineering.
ROB?ERT HERMANN SIEGFRIED, M.E., Associate Professor of Mechanical Engingering.

ROBERT LOUIS WEHE, BS. in ME., MS. in M.E. Associate Professor of Mechanical
Engineering.
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ASSISTANT PROFESSORS

NOBLE WAYNE ABRAHAMS, B.S., Assistant Professor of Mechanical Engineering. ,
JOEI-rI]NineFeFr{IEDERICK BARROWS, B.S.E., MSE., PhD., Assistant Professor™ of Mechanical
RICHARD. HAROLD BERNHARD, B.M.E., MS., PhD., Assistant Professor of Mechanical

Enﬁllneerm% ) .
Jo'?neerrnRA KLIN BOOKER, B.E., M.AE., Ph.D., Assistant Professor of Mechanical En-
FF?EDERI%K S, HILLIER, BS. in LE, MS. in LE. Ph.D. Visiting Assistant Professor of

Mechanical Engineering. ] , o
\l/)VCI)NALD LEE LELHART B.EP., M.S, Ph.D., Assistant Professor of Mechanical Engineering.

lfnLelew LAUGHLIN MAXWELL, BME. Ph.D., Assistant Professor of Mechanical En-
PI—?TER EgRNEST NEY, BS. M.A., Ph.D., Assistant Professor of Mechanjcal Engineering.
WILLIAM PENTLAND, A.R.C.S.T., MS. Assistant Professor of Mechanical Engmeerm% and
Head of the Department of Materials Processing. . ] o
FELIX JOHN PIERCE, B.SM.E, M.S., Ph.D., ASsistant Professor of Mechanical Engineering.
INSTRUCTORS
GERALD PETER FRANCIS, B.M.E., M.M.E.
RICHARD HAROLD PLETCHER, B.SME. MS.
SIDNEY SALTZMAN, B.SM.E., MS.LE.
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 Corporation. , ,

AMES R. DONNALLEY, 5., Ph.D., General Manager, Insulating Materials Department, Gen-
eral Electric Company. , , ,

PAUL O. GUNSALUS, A.B.. Assistant Vice President, New York Telephone Company.
HERBERT HOLLOMON, BS., Ph.D., Assistant Secretary of Commerce for Science and

Member of Rockefeller Institute and Professor of Mathematics.
SELRING, B.EE., General Manager, Knolls Atomic Power Laboratory,
meany.
Ch.E
ro.E
C H
0YD P. SMITH, Ph.D
EE, D
[

Vice President Engay Chemical Company.
resident, Cornell Agronautical Laboratory, Inc.

b
M.E., Consulting Engineer. ) .
., Director of Research, Aeronutronic, A Division of Ford Motor

E, DEng, LLD., LH.D., Chairman, Systems Development Committee,
lectric Power Company, Inc.

DY, C.E., Consulting Engineer. . . .
D, Jr, M.E., formef Chairman of the Board, Vitro Corporation of America.
. WOOD, CE. Consulting Engineer, Wood, Sibbert and Tower.
. WO% SON, ME. Vice President and Division' General Manager, MoPar, Chrysler

.I
Co(rjnoran ) . -
D P. WRIGHT, D.Sc., former Vice President for Research, Cornell University.
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INDEX

Basic Studies, Division of, 23
Business and Public Administration, 7
Calendar, inside front cover

Chemistry, 64 ,

City and Regional Planning, 7
Combined Programs, 7

Construction Engineering and Administra-

tion, 76
Control Systems and Computers, 2, 35, 93
Curricula’and Courses, 3
AerosBace Engme,ermrg, 4, 16,53, 100
Agricultural Engineering, 19, 103
Basic Studies, 24, 62
Chemical Engineering, 28, 65, 94
Civil Engineering, 31, 68
Courses in Other Divisions, 104
Electrical Englneer|n%, 36, 89
En |neer|nE hysics, 41, 102
Industrial Engineering, 44, 76, 80
Mechanical En meerm?, 48, 80
Mechanics and Materials, 33, 53, 64, 65
MetaIIur%lcaI Engineering, 59, 65, 97
Degrees, 3,6 .
Division of Basic Studies, 23
Drafting and Industrial Design, 50, 80
Electrical Science, 6

4
Electromagnetic Waves and Propagation,

Electronics and Microwaves, 91
Employment, 8, 15

Enginéering at Cornell, 1, 14
Engineering College Council, 112
Engineering Problems and Methods, 62
English, 64

Faculty and Staff, 105

Fees, IH

Financial Aid, 3, 8, 10, 15

Freshman Year, 24

Graduate Studies, 6
Aerospace Engineering, 16
A%rlcultural ngineering, 22
Chemical Engineering,
Civil En?meemng, RY)
Electrical Engmee_rm%, 37
Engineering Physics, 42
Industrial Engineering, 46
Materials Engineering, 38
Mechanical Engineering, 56
Mechanics, Engineering, 38
Metallurgical Engineering, 60

Graphics, 68
Health Services, 15
Honors and Activities, 14 o
H?/draullc.s and Hgydrauhc Engineering, 70
[llumination, 35,93 o
Industrial and En%meermg Administra-
tion, 43, 50, 76, 80
Industrial Cooperative Program, 5, 33, 56
Law, 7 .
Machine Design, 51, 82
Materials Processing, 85
Materials Science, 2, 38, 40, 57
Mathematics, 62
Mechanics, 38, 64, 65
Medical Care, 15
Military Training, 15
Network and Information Theory, 34, 93
Nuclear Technology, 5, 35, 40, 53, 58
Physical Education, 64
Physics, 63 _
Power Systems and Machinery, 34, 90
Prizes, 8, 12 o
Radio and Communication, 35, 91
Requirements, 3
Aerospace Engineering, 17
Agricultural Engineering, 20
Basic Studies, 24"
Chemical Engineering, 27
Civil Engineering, 30
College, o
Electrical Engineering, 35
En meermg hysics, 41
Industrial Engineering, 44
Mechanical Engineering, 48
Metallurgical Engineering, 59
Sanitary Engineering, 71 _
Schola,rsm?ps, Fellowships, and Grants-in-
Aid, 7,8, 10

Services to Students, 8, 15
Sophomare Year, 24
SFace Science and Technology, 2, 40
Structural Engineering, 73
Students" Services, 8, 1
Surveying, 69
System Theory, 34, 93

hermal Engineering, 52, 85
Transportation En%meermg, 72
Tuition and Fees,



