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Sept. 16 S Freshman Orientation Sept. 15 S
sept. 18 M Registration, new students Sept. I/ M
ept. 19 T Reqlstra_tlon old students Sept. 18 T
Sept.20 W Ingtruction begins, 1 p.m. Sept. 19 W
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Jan.23 T Examinations begm Jan.2 T
Jan.3dl W Examinations en Jan. 30 W
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Feb. 9 M Second-term instruction begins Feb. 4 M
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Apr.2 M Instruction resimed, 8 a.m. Apr. 1 M
May 26 S Instruction ends May 25 S
May28 M Examinations begm May 27 M
June 5 T Examinations en Jurie 4 T
Junell M Commencement Day Junel0 M
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ENGINEERING AT CORNELL

THE OBJECTIVE of the College of Engineering is to provide students with
hlgih-qual_lt education, combining competence in e,n?me_erlng 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
en}g_meermg 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 mod&m engineering education, Cornell
granted the first doctorate in engineering in the country and established the
nation’s first separate program granting degrees in electrical eaneermg. The
introduction of the five-year undergraduate program in 1946 reflected the need
for engineers with a better foundation in Dbasic science and mathematics,
(l;reater competence in engineering science and technology, and broader exposure
0 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%meerm practice. Programs of
graduate stud){ provide opportunities for nearlx 00 graduate students to explore
new areas ol technology in a scholarly atmosphere. o
_ The more than 130 permanent members of the facu_ItY reflect varied interests
in the problems ol education, the challenges ol new fields of research, and the
advancement of the engineering profession. Each year this stall is supplemented
by several outstanding visiting professors. The engineering faculty last year
conducted hudgeted 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-
oFments at the frontiers of engineering, and provides an intellectually stimulating
a mosh)here for attracting oufstanding 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 Aeronautical Engineering
Franklin W. Olin '86: Chemical Engineering

SPencer T. Olin 21: Civil Engineering

Ellis L. Phillips '95: Electrical Engineering

Maxwell M. Upson 99: Mechanical Engineering S
Walter S. Carpenter, Jr. TO: Englneelrmg Library and Administration



Bard Hall for metallurgical engineering, the gift of Francis N. Bard ‘04, will add
50,000 square feet of space for classrooms and laboratories devoted to expanded
progirams in metallurgy, when it is ready for occupancy in the fall of 1962. A
nuclear reactor laboratory building will be opened in the fall of 1961. ,
With the newly completed nuclear reactor laboratory, the College of Engi-
nee[m? will begin operation of a reactor facility unigue amon? educational
institutions. One reactor will have a moderate Eower 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
will have a zero power critical assembly for studies of reactor design and associated
problems. The reactor building also will house a gamma irradiation cell, labo-
ratories, classrooms, and offices. Opportunities will exist for study and research
in such areas of nuclear technology as nuclear metallurgical problems, fuel proc-
essm(l;, radiation effects on chemical reactions, heat transfer, design of reactor
structures, and analysis of electric power plant s¥stems. The pulsing feature of
the reahctor will pefmit 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:

1 Radio investigations of the atmothere, moon, Venus, Mars, and properties
of space in the vicinity of the earth and near-b¥ lanets.

2. The development of ‘space vehicle instrumentation for the study of the
ases 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 inyesti-
gations is under construction. In addition, numerous laboratory studies will be
carried on. The Center provides opportunities for faculty and graduate students
in astronomy, engineering physics, electrical en(tuneermg, physics, and aero-
nautical engineering to collaborate in advancing the understandm& of space.

A newly established interdisci _I|nar¥ Materials Science Center offers graduate
study and research in the broad field ot materials science, mteqratmg the perspec-
tives, of the basic and engm_eerln? 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 teachmg
and research efforts will benefit both undergraduate and graduate instruction, ang
will enable Cornell to maintain its prominent reputation in the materials sci-
ence field. o .

fn recognition of the growing impact of electronic computers on every area
of engineéring analysis, the Cornell Computing Center has added a large-scale,
magnetic-core, magnetic-type Burroughs 220 digital computer for use by Students
an facult%/. Courses are offered in the operation and principles of the computer,
enabfing both undergraduate and (t;ra_duate enlgllneermg students to obtain the
advantages of this powerfuf 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
En_gmeerm_?_. This grant will make possible the establishment of new professor-
ships, additional research facilities, expanded financial assistance for graduate



students, and other special projects within the College. Resultlng strengthened
programs of teachln? and research will enable the College of Engineering to
meet more effectively the educational and research requirements of rapidly
expanding modern technology. The Ford Foundation grant will have a signiticant
and pervasive influence upon the future development of engineering at Cornell.
The accelerating expansion of modern science and technology poses a com-
Plex challenge forengineering education 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 Frovlde Cornell
engineering graduates with sound preparation for rewarding protessional careers.

UNDERGRADUATE CURRICULA.
REQUIREMENTS. AND DEGREES

Prospective freshmen interested in englneerln? should write for a special illus-
trated booklet entitled Engineering 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 Engin_eerinE? (hB.Agr.E.)
Bachelor of Chemical Engineering (B.Ch.E.)
Bachelor of Civil E_nqlneer!ng (B.C. 3
Bachelor of Electrical Engmeerm %.E.E.)
Bachelor of Englnee_rm? EB n%Phys.
Bachelor of Mechanical Engineering (B.ME.
Bachelor of Metallurgical Engineering (B.MetE.)

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

1 The candidate must have been in residence and registered in the Colle_gze
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 C_olleﬁe
of Engineering all the subjects and the elective hours prescribed in the
course of study as outlined bﬁ/ that facult¥. o ,

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

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 substanti.aIIY the same for
students expecting to study chemical, civil, electrical, mechanical, or metallurgi-
cal engineering, or enginéering physics. The freshman and sophomore courses

hysics



of stud%/ therefore are administered by the Division of Basic Studies described on
pages 23-24. Choice of a specific degree program in most cases does not have
to be made until the secon year. _ .

Atter 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_pﬁly to the director of that school
durm% the term Precedln% the one in which he wishes to make the change.
Transters made after the Deginning of the third year, while still possible, may
require one or more additional terms of study in ‘order to meet degree require-
ments. In Peneral, transfers early in the collegé program result in fewer complica-
tions and less time lost.

SPECIAL UNDERGRADUATE
PROGRAMS OF STUDY
P

UNDERGRADUATE PROGRAM IN
AERONAUTICAL ENGINEERING

DURING the fourth and fifth years, students with good scholastic records in
electrical enﬁlneerm , engineering physics, or mechanical engineering may elect
courses in the Graduate School of Aeronautical Engineering. They mag carry
out senior projects in the aero-space field under the direction of ‘the Schools
staff. Students who elect this program graduate with an unusually sound aeronau-
tical education in addition to their broad, undergraduate engmeerlng education.
These specialized aeronautical studies are of a type usually reserved for gradu-
ate students.

The student_plannin? to follow this course of studies should consult with
W. R. Sears, Director of the Graduate School of Aeronautical Engineering, by
the beginning of his third year in engineering so as to plan his program to best
adyantage.

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 engineering course work, for the student planning study in this field
beyond the Master’s degree. (See page 6.)

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!ogY. The courses, introductory,
advanced, and supplementary, comprise a relatively complete coverage of the
field of nuclear engineering.

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



Advanced:'8312, 8313, 8321, 8352 _ _ .
_Supﬂlementary:_\/_a,rlous courses in chemistry, mathematics, and physics, and
in 'the several divisions of the College of Engineering.

These courses cover such topics as atomic and nuclear physics, laboratory ex-
periments in nuclear measurements and engineering, principles and design of
nuclear reactors, advanced heat transfer and diffusion, reactor materials, radia-
tion damage, fuel processing, and waste disposal. _

This program, together with the student’s work in his particular branch of
engineering, provides him with an espema_llh/ good hackground for work in the
nuclear power field, ft also provides him with an excellent foundation for gradu-
ate_ work in nuclear englneermg._ _ T

The student interested in electing this program should consult with his adviser
before his fourth year of study. It is possible™to take only a part of the program
provided the student has the necessary prerequisite courses.

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 Cooperdtive” Program. _
_The Cooperative Program provides three term-length work periods (about
sixteen weeks each) in one of the following industries operating the plan with
the Unlversm{: American Electric Power Service Corparation,” Air Reduction
Company, Baldwin Piano Company, Cornell Aeronautical Laboratory, General
Electric Company, The Gleason Works, International Business Machines Corpo-
ration, Philco Corf)oranon,. Procter and Gamble, Raytheon Manufacturing Com-
pany, and General Dynamics/Electronics. _ .

The program incorporates the summer vacation periods after Term 4 into the
student’s work-studﬁ_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 withhis regular class. He remains on campus
with his regular classmates except during the fifthand 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-
though the student receives a substantial salary from industry during his three
work periods.



_ The work program of each student is arran_?ed to advance his individual
interests and aptitudes within the regular activity of the company with which
he is affiliated. He has no industry assignment the first summer,“and he_does
his industrial work in one company throughout the entire program. These
two requirements enable him to pursue his engineering 0b116ct|v,es in_work areas
seldom available through ordinary summer placement. The individual coun-
seling and appraisal of progress that characterize the Program enahle the student
tospursue his studies and graduate into industry with realistic_objectives.
tudents are admitted to the Cooperative Program in the fourth term only.
Applicants are subject to approval hboth bP/ the College and by one of the
cooperatm 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 ,recogn_ued,standmﬁ ma J)ursue advanced work lead-
m&m a graduate degree in engineering. Such a sfudent may enter as a candidate
either for the Eeneral degreeS (M.S. or Ph.D.) or for theé professional degrees
(M.ChE, MCE., MEE., MILE, MM.E., 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 in obtalnmgi an M.S. or
Ph.D. de?ree should consult the Announcement of the Graduate School for
additional information concernmq_ these dePrees and_should correspond with
the professor sueerwsmg 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 provisiondl candidates or without candidacy
according to previous preparation, but they must in all cases hold a baccalaureate
or_equivalent degree. _ . ,

The degree of Master of Aeronautical Engineering (M.Aero.E.) is granted on
the recommendation of the faculty of the Graduate School of Aeronautical
Engmeermrg. Prospective candidates for this degree should apply directly to the
Director of the Graduate School of Aeronautical Engineering.

PROFESSIONAL MASTERS’" DEGREES

Professional_degrees at the Master’s level are offered in chemical, civil, elec-
trical, industrial, ‘mechanical, and metallurgmal engineering and are adminis-
tered by the En%meerln% Division of the Graduate” School.” These deFre_es are
intended ?rlma_rly for those persons who wish to enhance their abilify in the
practice of enginéering, 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 ﬁroposed ield of
study may hecome 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 P_rofessmnal degrees, is either prescribed or agreed upon in advance. The
{)rospec, ive student should consult the detailed descriptions of requirements of
he various schools elsewhere in this Announcement, _

The required number of credit hours in each curriculum may lie reduced by
allowing credit for graduate-level work completed before entry into the program,
or for professional experience approved by the faculty as substantially covering
the same area as any part of the curriculim, provided that the total “allowance
does not exceed fifteen credit hours. Such aflowance 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 undergraduate engineering studies at Cornell may enroll in the
program during his fitth undergraduate year and begin the accumulation of
;%ro essional degree credits for cértain advanced courseS taken during this year,

he minimum time required for a Cornell student to obtain the professional
de%ree will be one term beyond the baccalaureate deﬁree: _

he professional degreesare 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-yéar baccalaureate program.

COMBINED PROGRAMS_IN_LAW, BUSINESS
AND PUBLIC ADMINISTRATION,
AND CITY AND REGIONAL PLANNING

Qualified students ma& aﬁply 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? their third year, in order to plan appropriate
elective courses during the Tourth and fifth years.

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

Arrangements for one or more such combined programs of study are EJOSS_ING
for selected students in chemical, civil, electrical, mechanical, and” metallurgical
engineering. Api)llqatlpns will be accepted at any time prior to the fifth year, but
for maximum fEXIbI|_ItY 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
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 Aeronautical

ngineering.

STUDENT PERSONNEL SERVICES

STUDENT PERSONNEL OFFICE

THE ADMISSION of new students, the administration of scholarships in the
College of Engineering, and the placement ol graduates are activities of the
College whichare 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 ﬂrlmarlly 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(i)_e_rtlnent to their education and future plans
but also o1z 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

INFORMATION about scholarships open to _enteringbstudents in any under-
?raduate division of the University and application blanks may be obtained
rom the Scholarship Secretary, Office of Admissions, DaY Hall. The scholarships
described below are available only to students entering the College of Engineer-
ing.
AMERICAN SOCIETY FOR METALS SCHOLARSHIP . . . Established
Rly the National Society for Metals Foundation for education and research.
ormally awarded to an entering freshman or upperclassman in metallurgical

engineering. Tenure, one year. Award, $500.



CHARLES R. ARMINGTON 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. Open to men students in ang branch of engineering. One scholarship
annually with annual stipend UP to $2000. Tenure, not limited, Selection based
oH baltan_c%,of academic and extracurricular interests with outstanding personal
characteristics.

JOHN HENRY BARR SCHOLARSHIP . .. Gift of Mrs. Mabel R. Barr, for
a deservmﬂ student to be chosen by the University from recommendations of
the Cornell Club of the Lehigh Valley. Annual award, up to $2000. Tenure,
not limited. (Not available in 1961-1962)

LAWRENCE D. BELL MEMORIAL SCHOLARSHIP .. . Established by the
Bell Foundation, Inc. Open to men or women enterlnP any branch of engineer-
mgi. One or more awards with annual stipend up to $1250, Tenure, not limited.
Selection based on scholarship, leadership qualities, and financial need.

EDWARD P. BURRELL SCHOLARSHIPS ... Gift under the will of Katherine
W. Burrell, in memory of her husband. Open to men and women entering any
division of the College of Engineering. Award, up to $800 for freshman” year
only. Need is an important factor in selecting the winners.

GENERAL MOTORS COLLEGE SCHOLARSHIP . .. Established in 1957
b}/ the General Motors Corporation, Available to men or women who are citizens
of the United States and are entering the College of Engineering. One scholar-
ship annually with stlgend of from $200 to $2000"depending upon need. Tenure,
unlimited. Selection based upon outstanding academic promise, general char-
acter, and financial need.

INLAND STEEL FOUNDATION SCHOLARSHIPS . . . Established by the
Inland Steel Foundation. Annual award, $1500. Tenure, not limited. Selection
Is based on scholastic attainment, personal characteristics, and financial need.
Summer employment may be offered to recipient by the Inland Steel Company.

MARTIN J. INSULL SCHOLARSHIP . . . Gift of his wife, Mrs. Vwi;mla
Insull. Open to men entering the College of En%meerln . Annual award, $I500.
Tenure, not limited. Further provisions as for the McMullen Regional Scholar-
ships (see below), except that financial need is an essential criterion.

LOCKHEED NATIONAL ENGINEERING SCHQLARSHIP . . . Established
b}/ the Lockheed Leadership Fund. Open to entering students in the College
of Engineering. Annual award, tuition and fees plus $500. Tenure, unlimited.,
One award each year to a student who is in a field of engmeerm% applicable
to the aircraft mdustrY and whose total personal qualities can De expected
u,ﬁon graduation to offer a significant contribution to the aircraft industry.
(Not available in 1961-1962.)

JOHN McMULLEN REGIONAL SCHOLARSHIPS . .. Gift under the will
of John McMullen. Open to men entering any division of the College of En-
gineering. Annual award, up to $1500, Tenure, not limited. Fifty or more scholar-
ships awarded annually. Applicants will be selected on the basis of high scholastic
achievement and othér indications of qualities likely to produce leadership in
enﬁmeerm . Although financial need is not a factor in selecting the winners,
full consideration will be given to need in fixing stipends.



OWENS-ILLINOIS SCHOLARSHIP . . . Established by Owens-Illinois. Open
to men. Annual award, tuition and feesplus S125 for hooks and supplies in the
freshman year and $100 annually thereafter. Tenure, not limited. Selection will
be based on scholastic achievement, personality, and financial need. Summer
employment may be offered by Owens-Illinois.

PROCTER AND GAMBLE SCHOLARSHIPS . .. Established by the Procter
and Gamble Company. Open to men or women entering the College of En-
grmeermg. Annual award, tuition and fees plus $125 for books and” supplies,
f.enur_e,l unlldmlted. Selection based on academic achievement, character, and
inancial need.

ALFRED P. SLOAN NATIONAL SCHOLARSHIPS . . . Established by the
Alfred P. Sloan Foundation. Open to men entering any division of the College
of Engineering. Annual award varigs from a prize_scholarship of $200 to as
much “as $2000, depending upon financial need. Tenure, not limited. Nine
scholarships awarded ann_ualh{. 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 in chemical, mechanical, or metallurgical engineering. Award
equal to the amount of tuition and fees plus $100 for books and supplies. Tenure,
not limited. Same requirements as for the McMullen Regional Scholarships.

JESSEL STUART WHYTE SCHOLARSHIP . . . Gift of Mrs. Anna Jessel
Wh%te in memory of her son. Open to entenng students in the_ Sibley School
of ec_hanlcaI_Englneerln(?. Annual award, $1000. Tenure, not limited. Prefer-
ence will be given~to residents of Illinois, lowa, Michigan, Minnesota, and Wis-
consin. Further provisions as for McMullen Regional Scholarships.

SCHOLARSHIPS AND GRANTS-IN-AID
FOR UPPERCLASSMEN

Students in their sophomore year and beyond may apply for financial assist-
ance through the Office of Financial Aids, Day Hall. . o »
_Awards are of two general types: (1? those_ for which the principal qualifica-
tion is financial need, and (2) those for which outstanding scholastic achieve-
ment is the chief criterion, fn the first categori/ are scholarships which are essen-
t|aII?1/ grants-in-aid. Eligibility extends to any student not on scholastic probation.
The second category of awards, based on hIPh scholastic and other attain-
ments, consists of (1) a limited number of scholarships sponsored by industrial
companies, mostly for students in their last two years of study, and (2) such
vacancies as ma% occur in scholarships of this type”usually awarded to entering
students and su éect to renewal. , _ , _

Below are the scholarships sponsored by industrial companies and foundations.

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



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

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 Enqmeermg at the time of his_death
m 1956. One scholdrship annually to a student entering his fourth year in any
branch_of engineering with annual stipend of $500 or more depending upon
need. Tenure, two years. Recipients will be students who in their first three
Xears of co”e e I?ave demonatrated outstanding qualities of personality, notably
portsmans |[§] of a high order.

ASARCO SCHOLARSHIP . .. Established by the American Smelting and Re-
fining Company. Open to a fourth or fifth year student in chemical, mechanical,
or metallurg%lcal engineering. Annual award, $500. Selection based on scholastic
achievement and leadership” potential.

BENDIX AVIATION HONORS SCHOLARSHIP IN SCIENCE AND EN-
GINEERING . . . Established in 1957 by the Bendix Aviation Corporation,
Open to a senior who is outstanding in" scholarship, ability, character, and
promise, who is studeg in a field of interest to the Corporation, and who is
a U.S. citizen. Annual award, $1600.

CHEMSTRAND SCHOLARSHIP ... Established in 1958 by the Chemstrand
CorPorauon. Qpen 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 meerm?. One “other
scholarsh|P, 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 Tyear students in civil, electrical, of mechanical
englneerln%. One new award of $1000 annually; may be renewed for fifth year.
Sefections based on scholastic ability, need, and personal characteristics.

FOUNDRY EDUCATIONAL FOUNDATION SCHOLARSHIPS ... Open to
all students ((jexcept 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 of more years,
Awarded 0{1 the basis of leadership, financial need, scholastic standing,” and
Interest in foundry work.

MONSANTO SCHOLARSHIP . . . Established by the Monsanto Chemical
Company. Open to seniors in the Sibley School of Mechanical Engineering and
fifth 'yedr students in the School of Chemical and Metallurgical” Engingering.
Award based upon academic sta_ndm%, interest in chemlstra/, and probability of
success. Financial need not considered. Annual award, $700.

THE SCOTT AWARD AT CORNELL ... Established by the Scott Paper Com-
pany. One scholarship awarded annually to an outstanding fourth year student



in mechanical engmeerm? who intends to follow an industrial career, Tenure,
two years. Award, $500 fo $1000, depending u?on need. The recipient must
have” demonstrated those high qualities of inte

vigor associated with the Rhodes Scholars.

THE TRANE COMPANY SCHOLARSHIP . . . Established br the Trane
Company of La Crosse, Wisconsin. Open to seniors in mechanica engmeermq
with special interest in air conditioning, refrigeration, or heat transfer. Annua
award, $1000. Selection to he based on scholastic attainment, need, and leader-
ship potential.

WESTERN ELECTRIC SCHOLARSHIPS . . . Established by the Western
Electric Company. Open to students in any division of the CoIIePe 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
based upon need and ability in fields of study related fo the Company s opera-
tions.

WESTINGHOUSE AIR ARM DIVISION SCHOLARSHIP . .. Established in
1956 b?/ the Westinghouse Electric Corporation. Award, $500. One scholarship
annually to a third year student in electrical or mechanical engineering or en-
gineering physics standing in the top third of his class. Tenure, three years.

WYMAN-GORDON SCHOLARSHIP . . . Established by the Wyman-Gordon
ComiJany._ One award of $500 annually to a fourth year student in mechanical or
metallurgical engineering. Tenure, two years.

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, maY_ be obtained at
the Visitor Information Center, Day Hall. Prizes open to competition particularly
by students of the College of Engineering are:

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

THE CHARLES LEE CRANDALL PRIZES, founded in 1916 by alumni of the
School of Civil Engineering. The prizes of $75 8§50, $35, and $20 are awarded
each year by a committee’ appointed by the Director of the School of Civil

En_?ineering_ for the best papers written by seniors oréuniors in that School on
suitable subjects, provided that both the Substance and the written form of the

lect, personality, and physical

papers submitted show real merit. The prizes were established to encoura%e
original research, to stimulate interest in matters of public concern, and o
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 March 15 of each year.



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

THE FUERTES MEMORIAL PRIZE IN PUBLIC SPEAKING, founded by
the late Charles H. Baker, a graduate of the School of Civil Engineering of the
class of 1886. Three prizes, one of $100, one of $40, and one of $20, are offered
annuall%/ to all students of the Colleges. of Engineering and Architecture who
are in the fifth term or beyond, for proticiency in public ‘speaking.

THE HAMILTON AWARD ... A sunabl¥ engraved Hamilton watch and
letter of commendation is awarded annually to the senior in engineering who
has most successfully combined ProﬁuencY in his major field of study with
achjevements, eitheracademic, extracurricular, or a combination of both,"in the
social sciences and humanities.

THE INSTITUTE OF AERONAUTICAL SCIENCES PRIZE ... The “Stu-
dent Branch Scholastic Award” of the Institute of Aeronautical 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
$100 is awarded annually in several prizes to fifth E/ear students in mechanical
engln_eerln? and electrical englne_erln?, equally distributed, who have received
the highest average in the preceding four years.

THE SILENT HOIST AND CRANE COMPANY MATERIALS HANDLING
PRIZES of $125 and $75, established in 1950 by the Wunsch Foundation, are
awarded each year for the best original papers on the subject of materials
handling. This contest is open to undergraduate and graduate students of the
College of Engineering.

THE J. G. WHITE PRIZES IN SPANISH ... ThrouPh the generosity of James
Gilbert White (Ph.D., Cornell, '85), three prizes, established in 1914, eéach of the
value of $100, are offered annually. One of the three, which is awarded to an
English-speaking student for ﬁrofmlency 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 CoIIe?e of Engineering whose weighted average in their
studies is 85 per cent or better are included annually in an Honar List complled
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 membershig_in local and_national honor
societies, including Tau Beta Pi, Phi Kappa Phi, Sigma Xi, Pi Tau Sigma, Chi
Epsilon, Rod and Bob, Pyramid, Atmos, Kappa Tau Chi, and Eta Kappa Nu.

PUBLICATIONS

The Cornell En?ineer, a magazine pontaininq_ articles of professional interest
for engmeerm% students and “alumni, is Fublshed monthly throughout the
academic year by undergraduates of the College of Engineering.

ENGINEERING SOCIETIES

Many meetings of the American SouetY of Civil Engineers, American Society
of Mechanical Engineers, American Institute of Electrical Engineers, Society of
Automotive Engmeers, and Institute of Radio E_n?meers areé 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 Souetaf of Agricultural Engineers, and the Institute of Aeronautical
Sciences. The Cornell Metall_urgilcal 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 engineéring student viewpoints
in"campus affairs, and conducts studies of the acfivities of the College. Upper-
classmen on the council have participated in an informal tutoring program for
freshmen desiring such assistance.



SOURCES OF ADDITIONAL
INFORMATION

PROSPECT IVE freshmen interested in engineering should write for a special
illustrated booklet entitled En |neer|nﬁ at Cornell, Requests should be addressed
to the Announcements Office, a¥ 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
Annomicement of Military Training. Both Anpouncements may be obtained
by writing the Announcerhents 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
AERONAUTICAL ENGINEERING

GRUMMAN HALL

THE PRIMARY objective of this School is the training of selected engineering
and science graduates in the scientific aspects of aeronautics. This tramln? IS
intended especially to prepare the students to carry out research and develop-
ment engineeringin the aeronautical and aero-space industries and in related
scientific Institutions. , . _

In the School's new quarters, superior facilities are provided for laboratory
studies in fluid mechanics, aerodynamics, and gasdynamics. Members of the
teaching staff and graduate students 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 Aeronautical 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(l;lneerln
physics, electrical engineering, and mechanical engineering are ese_eualy recom-
mended to students who expect to enter this School after graduation.

_All students who expect to enter the Graduate School of Aeronautical En-
gineering should try to arrange their undergraduate programs to include as
much work as possible in at)plled mechanics, thermodynamics, mathematical
anaIst, 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 physics, kingtic theory of gases, and electricity and magnetism.

It will be possible for Cornell students in the five-year undeigraduate programs
to complete the requirements for the degrree M.Aero.E. in one year of graduate
study instead of the normal two years, it they complete a sufficient number of
the tequired graduate courses as électives in their undergraduate programs.

MASTER OF AERONAUTICAL ENGINEERING

Students who in their undergraduate careers have demonstrated more than
average ability in analytical subjects and who_have shown adequate promise
of cafrying on graduate study successf_ull){ are eligible to apply for this program
in the”Graduate School of Aeronautical Engineering.

Abpplication for admission to thlslgrogram_should be made to W. R. Sears,
Director of the Graduate School of Aeronautical Engineering, Grumman Hall,
Cornell University. A special application blank for this purpose can be ob-
tained from the Director’s office. It should be returned directly to him.
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The program of aeronautical en%meerlng studies is applicable to much of
the standard englneerln%work in the aero-space 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 adapted to future development. _

The successful completion of the work for this degree requires that the stu-
dent 51) pass a series of courses or examinations in the subjects listed below;
and. (2 submit an acceptable Master’s thesis based upon original research. The
subject list constitutes a standard of accomplishment for the M.Aero.E. candidate
but the faculty will modify the list to suif the needs, interests, and background
of each individual candidate. Courses are available to permit candidates to
study in any of three areas of aeronautical _en?meermg: (1) aerodynamics, (2)
?asd,namlcs (aerophysics), and (3) aeronautical structures. "Active “research in
he first two of these” areas is being carried out in the School. Research in aero-
nautical structures is an |m€0rtant activity of the Department of Engineering
Mechanics and Materials. The student eleptln? to concentrate his work in this
field will take a considerable portion of his electives in engineering mechanics
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 prepdration, 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 b%/ examination rather than b?{
assmgﬂa course, he should request the faculty of the School to schedule suc
n examination. _ _ .

It is su?gested that each candidate supplement his required program of courses,
e.0., the standard list below, by additional courses either in aeronautical en%lneer-
ing or in other fields of study in order to achieve a balanced program of twelve
to”sixteen credit hours per” term. S

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

STANDARD LIST OF RE%UIRED SUBJECTS
FOR THE M.AERO.E. DEGREE

CREDIT
Engineering 1180, 1181, Advanced Engineering MathematicS. s HOYRS

Engineering 7101, Mechanics of Airplanes and Missiles
Enogrmeermg 7102, Mechanics of Airplanes and Missiles

Engineering 4991, Electronic Engineering
Engineering 7203 and 7204, Gasdynamics
Engineering 7301, Theoretical Aerodynamics | ..
Engmeermﬁ 1170, Advanced MECRANICS .ovvvovmscsssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 3
EIECtives CROSEN fOM LiSt A DRIOW ..o o




ELECTIVES: LIST A
CREDIT
o . . HOURS
Engineering 7206, Introduction to Magnetohydrodynamics ...
Engineering 7207, Dynamics of Rarefied Gases ...........
Engineering 7208, H%/perso_nlc-Flow LD
Engineering 7302, Theoretical ~Aerodynamics 11 (Wing Thequ) ......
Engineering 7303, Theoretical ~Aerodynamics 111 (Compressible Fluids)
Engineering 7304, Theoretical ~Aerodynamics IV (Viscous Fluids) ...
Engineering 7306, Theory of Propellers and ROtOTS.ewwrsennne
Engineering 1162, Mechanics of Vibration ...
Engineering 1163, 1164, Applied Elasticity ...
Engineering 1165, Mathematical Elasticity ..
Engineering 1167, Plates and Shells ...
Engineering 1168, Plasticity and Stability ...
Engineering 1171, Introductory Space Mechanics ...
Engineering 1172, Selected Topics in Engineering Me
Engineering 1175, Introduction to Nonlinear Mechanics..
Engineering 1263, Electrical and Magnetic Properties of M
Engineering 3652, Combustion TheorK ............................
En% neering 4565, Electromagnetic Theory ., ’
hematics 621-2, Mathematical Methods in_ Physics
Mathematics 641-2, Partial Differential Equations
Physics 318, Analytical Mechanics . ... "
Physics 431, Intraductory TREOTEtical PRYSICS v
Physics 443, Atomic Physics and Introduction toQuantum Mechanics..
Physics 444, Nuclear and ngh,Enerfgy Particle PRYSICS wovrrmvinin
Physics 454, Electronic Properties of Solids and Liquids
Physics 510, Advanced Experimental PhYSICS ..ovvvrees
Physics 571, Classical M echanics....mmmm.
Physics 573, Electrodynamics

(ST ICHENJCYICYICY Y ICYINY

w

3

=

=]
Awhwwwwgwwww

FNPICTICY

STUDY LEADING TO THE
DEGREE OF PH.D.

The current Announcement of the Graduate School sets forth the require-
ments for candidacy for the deg_ree 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 pro%ram administered by the Colleges of Agriculture and Engineer-
ing leads to the d_e%ree, of Bachelor of Agricultural nglneerlng}_. Students in
this curriculum register in the College of Aqgriculture during the Tirst four years
but take courses in the Colleges of Engineering, Arts and Sciences, and Agricul-
ture. Registration for the fifth and final yearis 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
s0il_and water engineering, eléctrification, and the processing and handling of
agricultural products.

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

PRACTICE REQUIREMENT

Since agricultural engineering students are registered in the College of Agricul-
ture for the first four years, they must meet the farm gracnce requirement of the
College. The basic requirement is 25 units of acceptable farm experience gained
at the apdprommate rate of one unit per week. Twelve of these units must be
completed before registration for the so&homore year. The entire 25 units must
be completed prior to registration in the fourth year. Unless the student has
fulfilled these requirements as a prefreshman, he will usually do so durln(f the
summers between the freshman and junior years. The Announcement of the
College of Agriculture should be consulted for details of the requirement.

AS.AE. STUDENT BRANCH

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

ELECTIVES

There are twenty-four hours of electives:
L Six hours in social studies with a gwo-course sequence.
1



2. Six hours in humanities with a two-course sequence.
3. Twelve hours of electives in nontechnical courses.

SCHOLASTIC REQUIREMENTS

To remain in good standing, a student must have a weighted average for the
term of 70 or above. If the weighted _averzi\ge 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 tllird 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.Agr.E)

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

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

TERM 1 Mathematics 161, Analytic Geometry and Calculus 3 3 0

Physics 121, Introductorf Analytical’ PhysicS L 3 3 2/&
ChermstrY 105, General Inorganic Chemistry .. 3 2 3
English 111, Introductory COUISE .ovvrsyrn 3 3 0
Agr. Engineering 105, Engineering Drawin 4 2 6
Agriculture 1, Orientation ........ 1 1 0
TOLAl s i
TERM 2 Mathematics 162, Analytic Geom,etrr and_ Calculus ... 3 3 0
Physics 122, Introductory Analytical Physics 11 s 3 3 VE
Chemistry 106, General "Inorganic Chemistry ... 3 2 3
English 112, Introductory COULSE  smnmmsmmnsnsne 3 3 0
Geology 115 s v 3 2 VE
Agr. Engineering 2, Introduction to A
LT LT T 2 1 3
L L 7

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

. The courses of study for Terms 3 through 10 will apply only to students who matriculated
in 1960 or before. For students matriculating in September, 1961, new courses of study are in
the process of development and will appear in subsequent Announcements.

TERM 3 Mathematics 163, Analytic Geometry and Calculus ..o 3 3 0
thsllcs 123 or 125 or"121, Introductory Analytical Physics

S 3 3w
Food Science | .. 2 2 0
En%meerm 1151, Me 3 30
Biology 1, General Biology........ .3 2 VE
Geology 115, Elementary” GeOIOgY vvemsmsmmmmmmmmsmsmmssssssrns 3 2 Mp

TOIAL s ———— 17



CONTACT HOURS
CREDIT LECT. LAB.
. , . HOURS REC. COMP.
TERM 4 Physics 124 or 126 or 128, Introductory Analytical Physics

| s e 3 3
Chemistry 402, Physical Chemistry .. . 2 021/2
Engineering 1155, Applied Mathematics . 3 3 0
Engineering 1153, Strength of Materials . 3 3 0
Engllneerlng 2132, SUIVEYING oo .3 3
Biology 1, General Biology “woeemmmmmcmsmmmsmnensmsmssnsennes 3 2 VA

TOMAl s 17

In,a?dition fo these courses, all sophomores must satisfy the University’s requirements in
physical education.

/

‘ Ak
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TERM 5 Engineering 3341, Machine Design
Animal Husbandry 10, Livestoc

Feedinq

Engineering 2731," Elements of Structural Engineering 3 271

Agronomy 1, Nature and Properties of Soils v D M

Engineering 1152, Mechanics—DYNAMICS .mwmmmrmmmrmmmssssnsnns 3 6
TOMA] s 18

TERM &  Engineering 3341, Machine Design .
Engineering 1242, Materials of Cons
Eng_meerm% 2301, Fluid Mechanics...
Agricultural Bacteriology 3 ...
Agricultural Bacteriology Lab. o .
Engineering 2732, Elements of Structural Engineering I1. ...

LW W oM
gb va >§

TERM 7 Engineering 2715, Reinforced Concrete DeSign ...vvermmsmminns 4
or
Advanced Strength of Materials 1134 s 3
>

Engineering 3601, The[mod¥na_m|cs ...........
Algronomy 11, Production of Field Crops.mmmmmmmmmmmmmmmmmmmmnn: 4

EIBCHIVE o

En?meermg 2302, HYdrology ....ooeseservnies r——— 2 10
Ext. Teaching 101, Oral and Written EXPression . 2 6

TERM s Engineering 3602, Engineering Thermodynamics. ... 3
Agr. Engineering 221, Soils and Water Engineering ... 3
Agr. Economics 102, Farm Management ... 5 )
P

Agr. Engineering 203, Agricultural Machinery Design ...
Elective (preferably ECOMOMICS) oovvrsvsmsmmmmmmsrsesmsssmssnses

TOMAD s —————————————. 17

TERM 9 Engineering 3605, Heat Transfer ... 2 0
Engineering 4931, Electrical Engineering 5 N
Agr. Engineering 202, Farm Power ... 2

A[qr. Engineering 253, Special Topics ... At AT

T At A



CONTACT HOURS
CREDIT LECT. LAB.

o o . o HOURS RFC. COMP.
TERM 10 Engineering 3609, Refrigeration and Air Conditioning 3 3 0
Engineering 4932, Electrical ENGINEering . 3 2 VE

Agr. Engineering 231, Farm StructuresDesign 3 2 VE
APr. Engineering 253,Special Topics ... 1 Am Am
EIBCHIVE ™ ot 9 Am. Am
TOMAl s e 19
Total for teN MM s 181 or 182

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,electrlc Bower and
Processmg. 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 Agncultu_ral Experiment Station, %l_ves the student an opportunity to
select a challenging research project for Ris 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-Rabb Hall, Cornell’ University.



DIVISION OF BASIC STUDIES

BEGINNING with the freshman class enterlnﬁ in_ the fall of 19(31, students in
the College of Engineering are enrolled for the first two years of the five-year
undergraduate program in the Division of Basic Studies. The Division is respon-
sible for admissions to the College at the underclass level, administers a common
géogsrearrsn of courses for freshmen”and sophomores, and assigns students to faculty

VISers.

The primary objectives of the Division of Basic Studies are to provide each
student with a thorough fundamental background for the study of engineering
and to assist him in making a sound choice of a specific field of engingering t0
be pursued in depth during the upperclass %ears. Many entering freshmen cannot
reasonably be expected to have sufficient knowledge of the various engineering
disciplines or adequate bases for appraising their individual interests in par-
ticular fields. Therefore, the Division of Basic Studies offers each student the
maximum opportunity to gain a general understanding of the nature of engi-
neenn(i_ through specially selected basic courses, faculty contacts, and individual
counse |n%. The resulting college-wide perspective of hasic englneerln%educatlon
enables the student to develop a valid vocational goal and educational plan
early in his academic career, based on a hroad awareness of the scope of the
modern engineering profession. o _ _

Utilizing their experience in the Division of Basic Studies, students are ex-
Pected to ‘Iindicate their choice of a field of,eaneermg by the end of the third
erm. However, students interested in chemical or metallurgical engineering are
expected to so specify by the end of the second term, in order to enroll in the
necessary special chemistry courses during the sophomore year. Students who
are still undecided at the end of the third term may take an appropriate technical
elective in each of two fields of engineering by deferring a liberal elective, in
order to facilitate the selection of a professional program of study. All students
make their decision as to branch of engineering by the end of Term 4.

If a student expresses his interest in a particular branch of engineering at the
outset, he will be assigned to a faculty adviser in that field. Other students will
be assigned by the Division of Basic Studies to selected advisers from the faculty
of the College of Engmeermq._After he determines his field of study, a student
We% change nis adviser to obtain the counsel of a faculty member in the chosen

FRESHMAN YEAR

Freshman students entering the College of Engineering in the fall of 1961 will
take the following program of courses:



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

FIRST TERM
Mathematics 161 ........\nalytic Geometr){ and Calculus 3 3 0
Physics 121 s« - JIntroductory Analvtical Physics.. 3 3 2\E
Chemistry 105 . ... .GeNeral CRBMISIY oot 3 2 3
Chemistry 113....... . .General Chemistry and Introductory Qualitative

] Analysis i, e e 4 3 3
English 111 o _Introductory Reading and Wrmé; 3 3 0
Engineering 101 ...Engineering Problems and Methods | 3 2
SECOND TERM
Mathematics 162 ... ....Analytic Geometry and Calculus 3 3 0
Mathematics 182 ... ... .Analytic Geometr}/ and Calculus 3 3 0
Physics 122 ....Introductory Analytical Physics.. 3 3 21/2
Chemistry 106 ... ...General Chemistry 3 2 3
Chemistry 114.......... .+, General Chemistry and Introductory Qualitative

ANalysis i s R S 4 2 6

English 112.....co... ....Introductory Course in Readmﬂ]and Writing. ... 3 3 0
Engineering 102 ........Engineering Problems and Mefhods I1......cuunn 3 2 21*

dIn e%,ddition to these courses, all freshmen must satisfy the University’s requirements in physical
education.

SOPHOMORE YEAR

The second year of the common two-year program, intended for students who
begin their first year studies in the fall of 1961 and thereafter, is now under
development by the faculty of the College of Engineering. Terms 3 and 4 will
include further work in mathematics, physics, and chemistry in addition to
courses in mechanics and materials science, liberal electives, and a third term
of engineering problems and methods. University requirements in physical
education, also must he satisfied. Students indicating a choice of chemical or
metallurgical engineering at the end of their first year will take a?prommate_ly
one half of the Common~second year program in slightly modified form. Details
of the second year program for all students will "be” presented in the 1962
Announcement.” Students beginning their sophomore year in the fall of 1961
should refer to the appropriate school sections in thi$ present Announcement
for descriptions of course programs.

SCHOLASTIC REQUIREMENTS

To be in good standing a student in the Division of Basic Studies must—

1. Receive a passinggrade in all courses for which he is registered; and
2. Obtain grades of 70 or higher in at least four courses per term, other than
military "~ science.

Requests for additional information about the basic studies program should
?§8aﬂdrﬁssted }_(l):”Dlrector, Division of Basic Studies, College of Engineering,
ollister Hall.



CHEMICAL ENGINEERING

OLIN HALL

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

_Pr_oE;rams in chemical engineering and in metallurgical engineering are ad-
ministered by the School of Chemical and Metallurgical ngl_neerlng, with
facilities in Olin Hall, and in the laboratories for foundry Practlce and metal
working. Chemistry courses are given in the Baker Laboratory of Chemistry.
Information on metallurgical engineering begins on page 52. ,

Instruction in the basic principles of Chemical engingering starts in the sec-
ond year and extends through tire fifth year. The p.ro.{ect_ courses in the_fifth
year are designed to encou,ra%e individual’ work and initiative under conditions
equivalent to those found in the process industries. _ .

The chemical engineering curriculum_ contains 29 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, 6 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 14
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 he used to take
advanced courses in specialized fields of engmeerm% to" prepare for careers in
such fields. Students planning to enter graduate schools may use the free electives
to prepare for %raduate_ 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 he achieved.

OPTIONS

Specialized work is offered in hiochemical engineering, petroleum, plastics
and rubbers, business administration, nuclear engineering, instrumentation and
automation, industrial and engl_neerlnP administration, "and reaction kinetics.
The two-year sequence of electives af an advanced level allows students to
arrange programs that are the equivalent of options in these fields. The exact
sequence of courses to be selected for advanced training is not specified, 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 reszeSarch 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 bé 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 durm%
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 selectm% an makmgfolans for a research
project extending through both the fourth and fifth years of the undergraduate
chemical en?meerm?_ curriculum. _

There will be no fixed standards for entry into the program. Students’ requests
for admission durmg thejr third year will be considered by the entire chemical
engineering staff and reviewed a?am 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 required of doctoral candidates in the Graduate School
students approved for this program must have demonstrated high levels of
scholarsh|F 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
tr|1e 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 prohation, , _

If, in the aopinion 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 minimumrequirements ofcredithours passed  and of grades for
thosehours. Studentswho,  fallbehind in their work maybe warned, put on
probation, or dropped, either from an individual course or from the University,
at any time during the term.

CURRICULUM (B.Ch.E.)

Course programs for Terms 1 and 2, administered by the Division of Basic
Studies, are described on page 24.

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

TERM 3 Chemistry 405, Analytical and Physical Chemistry .......... 5 3 6
Engineering 5101, Mass and Energy Balances.... 3 22
Mdthematics 163, Analytical Geometry and Calculus 3 30

Physics 123, 125, or 127, Introductory” AnalyticalPhysics I11 3 3 20*
EIBCHIVE vttt 3 - -



TERM 4

TERM 5

TERM 6

TERM 7

TERM &

TERM 9

TERM 10

CONTACT HOURS

CREDIT  LECT.

HOURS
Chemistry 406, Physical Chemistry ... S

Engineering 5102, Equilibria and "Staged Operations
Engineering 1156, Applied Mathemafics.....
Eng|_neer|nf 1151, MEChanics .vummmmmmesirsriinns e S
Physics 124, 126, or 128, Introductory Analytical Physics IV 3

TOMAl s ——— 17

Chemistry 307, Introductory Qr?anic Chemistry .o
Chemistry 311, Organic Ctiemistry Laboratory ...
Engineering 5203, Chemical Processes ...
Engineering 5303, Introduction to Rate Proc
Engineering 5851, Chemical Microscopy
Engineering 3241,  Statistics ...........
Er]gmeermg 1153, Strength of Materials ,
History 165, Science in Western Civilization

[ICYIRTICNS, |

Chemistry 308, Introductory O_r?anic Chemistry ..o
Chemistry 312, Organic Chiemisiry Laboratory ...
Engineering 5204, Chemical Processes ... S
Engineering 5304, Analysis of Unit Operations
Engineering 5851, Chemical Microscopy .
Engineering 3241, Statistics......
Englneerlng 1152, Dynamics ...
History 166, Science in Western

Engineering 5103, ChemicalEngineeringThermodynamics 3
Engineering 5353, Unit Operations Laboratory ...

Engineering 5255, Materials of Construction ...
Engineering 4931, Electrical Engineering ...
EIETHVES ot 6

TOTAl o ——— 18

Engineering 5104, ChemicalEngineeringThermodynamics 3
Engineering 5354, Project Laboratory s

Engineering 5256, Materials of Construction
Engineering 4932, Electrical Engineering ...
EIBTHIVES ooovvsvsensmssnsssssssmssmssssssssssmsssssessmsssssesesssssssess 6

TOMA] s ———— 18

Engineering 5503, Chemical Engineering Calculations
Engineering 5106, Reaction KiNELCS .uumrmmmmmmmmergrssnns
Engineering 5746, Chemical Engineering ECONOMiCS.uumunn.
Englneer|n% 5621, Process and Plant Design M ethods
I(E:Ihe?'”my 55, Advanced InorganicChemistry .
T 6

TOTA oo —————— 19

Engineering 5504, Chemical Engineering Calculations

Engineering 5622, Plant DeSign PTOjeCt s

Elngllneermg 5206, Advanced Chemical Processes .
BOLIVES v

REC.
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GRADUATE STUDY

REQUIREMENTS FOR THE
DEGREE OF M.Ch.E.

A candidate must complete a minimum of 54 credits of which 45 must be in
technical subjects from the following list isee page 6 for additional information):
Chemistry:”Courses in analytical chemistry numbered 245 or higher; in organic
chemistry, 320 or higher; in_ physical chemistry, 431 or higher; in inorganic
chemistry, 555 or higher; in blochemls_tm(), 201 of higher.

Physics: Courses numbered 214 or hIP er.

Mathematics: Courses numbered 341 or hl%her (except Course 608).

Biology: Zoology 452 or 454: Botany 230-31; Bacteriology 103 or higher.

Chemical Engineering: The foIIowmg7courses are approved: 5105, 5107. 5108,
5205-6, 5503-4,"5505-6, 5508-9, 5605-6-7-8, 5609, 5621-2, 5741, 5746, 5747, 5748,
5752, 5760, 5891, 5833, 5859, 5000, 5955-6, 6255-6, o

Other branches of enlglneerlng: Any course offered in the College which is
considered by the School or Department to be an advanced course. ~
~ Of these courses, a minimum of 18 credit hours must be in the basic sciences,
including at least 6 credit hours in mathematics, 3 in chemistry, and 3 in either
physics or blologty. _ , o ,

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

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

All courses to be Counted toward the degree must be passed with a minimum
grade of 75 or a signed statement by the professor in charge attesting that the
student’s work was of graduate caliber.



CIVIL ENGINEERING

HOLLISTER HALL

THE CIVIL engineer designs the major structures of modern industrial society:
brld?es, buildings, dams, alrports, thruwa}/s_,_plpelmes. He devises new methods
of structural design, incorporating more efficient ways to use structural materials,
and is active in the development and administration of systems of transporta-
tion, Werand regional p,Iannl,n%, soil and water conservation, waste disposal,

and p and energy utilizatio _ . _
Modern, weII-equped classrooms and laboratories for instruction and research
are provided for each of the following departments and fields:
Descriptive Geometry and D raW iNQ s s Mr. Hewitt
Surveying and PhotOgrammetry ... s Mr. McNair
HYATAUNCS  pvvvvveprvsvsnvssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns Bogema
SANIEArY ENGINCEIING ovvvvvvssvrssisssmsssmsssmsssmsssssssssssssssssssssssssnen Mr. Gates
LI LU L0 L Mr. Lewis
Structural Engineering ... e ——————————— Mr. Winter
Construction Engineering and Administration ... Mr. Gebhard
SOI M BCNANICS vt Mr. Broms
Airphoto INterpretation . Mr. Belcher

The courses of study available in the School of Civil Engineering provide a
foundation for the practice of civil engineering. Of 180 credit hours required
for the Bachelor’s degree, 24 hours are_electives: six in civil engineering, nine
in humanities, and nine free electives. Technical substitutions for the siX hours
of civil engineering electives m,aK be permitted if the substitutions are part of a
planned program consistent with professional objectives.

SCHOLASTIC REQUIREMENTS

In order to remain in good standing a student must maintain an average of
at least 70 per cent.



CURRICULUM (B.C.E.)

Courseprograms _for Terms 1and 2.administered Dby the Division of Basic
Studies, aredescribed onpage 24. Terms 3 and 4,described below, apply to
students matriculating before September, 1961.

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

3 3 0

2Vi
5

TERM 3 Mathematics 168, Analytic Geometry and Calculus........
Physics 123 or 125 or "127, Introduttory Analytical Physics

[l

Economics 103 .o, R
Engineering 1151, Mechanics-Statics .
Engineering 3231, Accounting (or Spe {
Engineering 2101, Engineering Measurements

TOLAl v —————————————..
TERM 4 Physics 124 or 126 or 128, IntroductoryAnalytical Physics

S
Chemistry 402, Physical Chem stry..
Geology 113 Eor 2501) e,
Engingering 1145, Applied Mathematics..
Englneermg 1153, Strength of M aterials..
Public Speaking 201 (or 3231)

TOTAl s ———

In addition to these courses, all sophomores must satisfy the University's requirements in
physical education.

[ICYICTILTIYINY
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TERM 5 Engineering 1134, Strength of Materials 3
Engineering 1152, Mechamcs-Dgnamlcs 3 3 0
Engineering 2701, Elementary Structural Analy 3 2 218

Engineering 2501, Microbiology in Engineering (or

Engineering 2301, Fluid Mechanics
History 165,

Science in Western Civilization

TERM 6 Engineering 2102, Advanced Surveying
Engineering 2302, Hydrolog¥, ................................

Engineering 2702, Steel and”Timber Structures..

Engineering 2725, Soil Mechanics (or 2502) o

Englmeermg 2901, Construction Methods” (or Humanities

EIBCHIVE) s

History 1256, Science In Western Civilization ..

TOMAL st s ———
Engineering 2105, Summer Survey Camp

TERM 7 Engineering 1241, Materials (or 2503& ............................................
Engineering 2502, Water Supply and Sewerage Systems (or
2125) o s e e
Engganger]ng 26072, TransFortanon (or Humanities Elective)
Engineering 2704, Statically Indeterminate Structures

Engineering 4931, Electrical Engineering
Humanities Elective (or 2901)




CONTACT HOURS
CREDIT LECT. LAB.
A HOURS RE% CoMPp.
TERM s Engineering 2503, Water and Wastes Treatm ent....wen 3 21*
Engineering 2610, Highway  Engineering(or C.E.elective) 32 2V*
Engineering 2715, Reinforced Concrete Design (0r2902) ~ 4 2 4
Engineering 2312, HYdra_ullc Engineering ... 3 3 0
Engineering 4932, Electrical ~ Engineering . 3 2 21*

Humanities Elective (or 2602) 3 3 0
0L N 19
TERM 9 Engineering 1212, Materials_Laboratory (70r VA1) R 3 1 s
Engineering 2902, Engineering  Law(0r2715) ....occsersnsrsnen 3 3 0
Engineering 2720, Foundations(or Humanities El 3 2 21*
En@meermg 3630, Thermodynamics 3 3 0
C.E. Elective (0r 2610) ...ocvrvrenn 3 _ _
Free Elective 3 B C
LIC L S 18
TERM 10 Engineering 2903, Engineering Economy (or 1212) v 3 30
Engmeermg 3642, HEAt POWEL ooovemsseesssssssssssssssssssssssnsns 2 2 0
C.E. Elective .. 3 _ _
Humanities Elective (0F 2720) .oermmmrermsmsmmesensnsmsnsnn 3 C
Free Elective 6 _ _
0L N 17
Total for ten terms, including Summer Survey Camp
but not includingphysical eqUCAION...wvwwcvirirrrce 180

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 engineering
and administration, sanitary engineering, structural engineering, soils engineer-
mgL t_ransFortatlon engineering, and aerial photographic studies. Descriptions of
individual courses are given elsewhere in this Announcement. For professional
Masters” degrees, see p.”6.

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



ELECTRICAL ENGINEERING

PHILLIPS HALL

THE CURRICULUM leading 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_{Jractlce of electrical
engineering and, at the same time, to provide the opportunity for as much non-
technical course work as is consistent with the primary objective of training an
electrical engineer. Except for the special pro%ram In mathematics described
below, all students follow the same program of technical studies thro_ugi_h the
first eight terms; in the last two terms the student may choose to specialize in
one or more subdivisions of electrical engineering.

SPECIAL PROGRAMS IN MATHEMATICS

For those students who have a special interest and ability in mathematics an
advanced program in mathematics is offered. It is recommended particularly to
students who intend to do graduate wark. _

Third-term students having cumulative averages above 80 may register for
the special program, which theh/ enter in their fourth term. The program con-
sists of these five courses: Mathematics 612, 613, 614, 615, and 616. lo allow
time for the additional mathematics courses, some normal reauwements of the
curriculum—Machine Design 3341, Fluid Mechanics 2331, ana E. E. 4114—are

waived. . . . :
i Stltllgents interested in this program should ask their class advisers for more
etails.

INDUSTRIAL COOPERATIVE PROGRAM

; Thle School participates in the Industrial Cooperative Program. See p. 5 for
etails.

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,senous nonacademic problems the students ma)( have. o

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 stu }/ the student may seek apgroyal of the program by peti-
tion to the faculty of the School of 3I2ectr|cal ngineering.



ELECTIVE COURSES

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

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

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

he 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 engi-
neering. Students may specialize in radio science, microwave or semiconductor
electronics, electric network theory, feedback control systems and computers,
nuclear technology, power systems, or applied mathematics and physics. Alter-
nately, some studénts 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 p[ereclumtes are satisfied, including those In the foregoing
list. By carefully planning the use of electives, students may carry out extensive
Program_s (if study in other divisions of the University during the fifth year of
he curriculum. . . . _

The progra_m 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 superv_mqn of a faculty member
and prepares a project proposal for submission to his intended project super-
visor. In choosing a topic and Jlreparlng,a.proposal, the student Is expected to
demonstrate the “initiative and responsibility he will need to complete the
project successfully. It is expected that each student will choose a problem closely
related to his major interest in electrical engineering. If his proposal is not
approved or if he does not elect to do a project, the student must elect six
other technical elective hours. _ _

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



ELECTRIC NETWORK THEORY

4115—Principles of Nonlinear Circuits
4563—Signals and Noise in Communication Systems
4564—Transmission of Information

4571—Modern Network Analysis

4572—Modern Network Synthesis

4575—Advanced Topics of System Theory

ELECTRIC POWER SYSTEMS

4351—Unified Theory of Electro-Mechanical Systems
4352—Elements of Powe_r-S)(stem Analysis
4353—Transient Analysis of Power Systems

ELECTRONS AND WAVES

4526—E lectron Dynamics
4527—Microwave Electronics |
4528—Microwave Electronics I
4521—Microwave Laboratory _
4561—Microwave Theory arid Techniques
4565—E lectromagnetic Theory.
4529—Semiconductor Electronics |
4530—Semiconductor Electronics Il

FEEDBACK CONTROL SYSTEMS AND COMPUTERS

4711—Feedback Control Systems |
4712—Feedback Control Systems Il
4713—Feedback Control Systems Seminar
4810—Analog Computation
4820—Switching Theory and Digital Computers
1175—Nonlinear Mechanics

ILLUMINATION

4611—Introductory lllumination
4612—I1lumination Engineering
4615—Illumination Seminar
Phys. 216—Physical Optics
Psych. 207—Perception

NUCLEAR TECHNOLOGY

(The following courses constitute the core curriculum for the Engineering Col-
lege Nuclear Technology Program.)

8301—Introduction to Atomic Nuclear Physics

8311—Nuclear and Reactor Physics

8351—Nuclear Measurements Laboratory



3605—Heat Transfer
6872—Nuclear Materials Technology .
5760—Nuclear and Reactor Engingéring

COMMUNICATION SYSTEMS

4511—Radio Communication Theory |
4512—Radio Communication Theory 1
4541—Applied Accoustics o
4563—Signals and Noise in Communication Systems
4551—Radio Aids to Navigation

RADIO SCIENCE

4565—E lectromagnetic Theory

4568—Antennas

4566—Radio Waves |

4567—Radio Waves Il _ .
4581—Magnetohydrodynamical Processes in the Solar System

Nine credit hours in advanced military science or air or naval science may
be counted toward the requirements of ‘the baccalaureate degree. These ning
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; or, if one course is failed or is canceled,
have a weighted average for the remaining courses of not less than 75 per cent.
A student failing to meet this requirement or failing to make satisfactory progress
toward his degree, evidenced either by course failures or b¥ low %rades in_major
courses, may be warned, placed on probation, or dropped from the School.

CURRICULUM (B.E.E)

Course programs for Terms 1 and 2, administered by the Division of Basic
Studies, are described on page 24. Terms 3 and 4 described below apply to
students matriculating before “September, 1961.

CONTACT HOURS

CREDIT LECT. LAB.

, _ HOURS REC. COMP.
TERM 3 Mathematics 163, Analytic Geometry and Calculus......... 3 0
Physics 123 or 125 or "127, Introduttory Analytical Physics

] —— o 3 3 Vi
Engineering 1151, Mechanic 3 3 0
Engineering 2131, Surveying.. .o 2\t
NONLEChNICAl EIBCHVE oo vnrsrsennsmsmsnssssmsssmsssesssssns 3
Engineering 4101, Electrical SCIENCE | woovvvormsvmmsssmsrssnsnns 3 4 0



CREDIT LECT.
REC.

HOURS
TERM 4* Ensgineering 4103, Mathematical Analysis of Linear
] — 3
Physics 124 or 126 or 128, Introductory Analytical Physics 3
Engineering 1153, Mechanics of Materials .................... 3
Engineering 3630, Engineering Thermodynamics . 3
Engineering 4102, Electrical SCience 1l .mvvmmmmssmsmmsnnns 3
K0 LN 15
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In addition to these courses, all sophomores must satisfy the University’s requirements in

physical education.

TERM 5 Chemistry 401, PhysicalChemistry ..mmmmmmsmmmsrsmssmmsnne 3
Engineefing 1152, "MeChanics .o 3

Engineering 4112, Alternating Current Circults 3

Engineering 4116, Electric Circuit Laboratory . 3

Nontechnical EIBCHIVES oo 6

TOMAl s 18

TERM 6 Engineering 1241 EngineeringMaterials .......mmmmmmmmsmmsmssnnn 3
Erigineering 4114, Transients in Linear Systems .. 3

Engineering 4121, Introduction to Electronics .. 4

Engineering 4216, Electrical Machinery Laboratory 4

Nontechnical EIRCHIVE v 3

Total u

TERM 7 o o 3
Engineering 4122, Electronic CirCUitS ....wmwsmmmnsn 4
Engineering 4221, Alternating Current Machinery... 4
Engineering 4113, Transmission Lines and Filters .... 3
Nontechnical Elective 3

TOA] sttt i

TERM { Physics 214, Atomic, Nuclear, and Electron Physics ... 3
Engineering 3341, Machine Design (or 2331) + 4

Engineering 4123, Electronics of Signal Transmission .. 4

Engineering 4226, Electrical Machinery Laboratory ... 4

Nontechnical Elective 3

Total 18

TERM 9 Engineering 4021, Technical Writing and Presentation
FIEE EIBCHIVES ovvrvmsrmsmsmmsmssmssmsnsssssssssnssssssssssssssssssssses
Nontechnical EIECHIVE .o
Senior Project 4091 (or Technical Elective)...
Technical EIBCHIVE v
Nonresident Lectures 4041 ..o

w
—_Rooo

[AYICY )

TN o

TN o

Fi%pecllgéil%gﬁama !Srbegr}glth%%arggs EﬁamseelrrllnéhIiZB%rm(EI(eSceteri aa ealr%')Magnetic Properties of

Materials), may be substituted for 3341,



CONTACT HOURS
CREDIT LECT. LAB.
. HOURS REC. COMP.
TERM 10 FIEE EIBCHIVE ovvvscssississssnsssssssssssssssssssssssssssssssssssssssssssssnnns 6

NONeChNiCal EIBCHIVES oovvrmrsimsrmssssmssnrsnsnssmssssnssmesssssssn 6
Senior Project 4092 (or Technical EIGCIVE) vvvrmsrsmrsisnns 3
TEChNICAL EIBCHIVES ovoreseesesrssssessesssssssssssssssssssssisssssssnns 3
TOLA] s ———— 18
Total fOr teN TBIMS oo 170

GRADUATE STUDY

The requlations and requirements for the degrees of Doctor of Philosophy
and Master of Science are described in the Announcement of the Graduate
School. These are research degrees that involve residence on the campus and
submission of a thesis. In the School of Electrical Engineering, research work
leading to these degrees m%y be undertaken in communications, microwaves,
vacuum tubes, transistors, radio transmission in the atmosphere, electromagnetic
methods for investigating space, radio_astronomy, electric network theory, feed-
back control systems, electrical machines, power transmission, computers, etc.
Fellowships, reSearch assistantships, and teaching assistantships are available in
limited numbers to candidates for the degrees of Doctor of Philosophy and
g/lnas_tr%e?fngmence who are doing their thesis research in the School of Electrical

ineering.

he degree of Master of Electrical Engineering is available as a curriculum
type of professional degree at the Master’s level,” the general requirements for
which are stated on page 6. Of the 45 credit hours stated in the general require-
ments, the M.E.E. degree requires 6 hours of project 4091 and 4092, 12 hours
in electrical engineering taken from the courses listed below, 6 hours of advanced
physics, 6 hours of advanced mathematics, and 15 hours from any of the afore-
?oerpstégned groups of electrical engineering, physics, or advanced mathematics

urses.

4090 4352 4511 4528 4565 4611
4115 4353 4512 4529 4566 4612
4123 4371 4516 4530 4567 4615
4226 4411 4517 4541 4568 4711
4321 4415 451 4551 4571 4712
4326 4421 4526 4561 4572 4713
4351 4501 4527 4563 4575 4810

4564 4581 4820

_ By choosing elective courses to meet the above requirements, a specially quali-
fied student may earn the M.E.E. in one semester after receiving the five-year
B.E.E. degree. If this is done, all but ten of the re?uwed hours can be compléted
within the normal ten terms, leaving these ten for the eleventh term. In the
eleventh term, five completely free elective hours must also be taken. These
elective hours fulfill the Graduate School’s requirement that a full semester’s
work of fifteen credit hours be taken beyond the baccalaureate. All course work
to_be counted toward the M.E.E. degrée requirements must be passed with a
minimum grade of 80.



ENGINEERING MECHANICS
AND MATERIALS

THURSTON HALT,

THE DEPARTMENT of En%ineering Mechanics and Materials is responsible
for undergraduate and graduate instruction and research in applied mechanics,
applied mathematics, and materials science. Subject matter in the three fields
is of a fundamental nature, and the.englneerln%mech.amcs and materials under-
graduate courses provide a substantial part of the basic engineering science edu-
cation in the curricula prescribed for engineering students in each of the
schools. In addition to the required courses in applied mechanics, applied
mathematics, and materials science, the undergraduate can elect several advanced
courses. These courses are e_spemally suited to students who have demonstrated
superior analytical or experimental “ability and who wish to extend and develop
this ability in one or mare of the three areas, _ .

The graduate FErogram in applied mechanics and applied mathematics leads
to the M.S. and Ph.D. degPrees in engineering mechanics; in materials science it
leads to the M.S. and Ph.D. degrees in englneer|n? materials (see p. 62.
Advanced theoretical and experimental work is basic in the newest developments
in engineering and in_applied science and will provide a foundation for future
needs in these fields. The analytical and scientific nature of the studlestperm_lts
graduates to participate in solving problems that cut across many fields of design
and development. Most of the future advances in technology will depend uHon
both a scientific understanding of materials and an understanding of their
proper engineering applications. ,

The f|EXIbI|ItY of the graduate study programs at Cornell permits students to
draw on several divisions of the Unllversm[/ for supporting work in pure and
applied science. Graduate students interested primarily in applied mechanics
and applied mathematics find these supporting fields of interest: mathematics,
structures, engineering physics, servomechanisms, machine design, aero-space
engineering, 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, engi-
neering physics.



ENGINEERING PHYSICS

ROCKEFELLER HALL

THE UNDERGRADUATE program in Engineering Physics is designed to
combine the basic scientific and analytical training of the ph?]/sicist and the
mathematician with knowledge and experience in applying this training to
problems in engineering research and engineering develoh)m_ent. Accordingly, the
curriculum puts major emphasis on mathematics and physics. In addition, the
program is planned to develop an appreciation and understanding of the prop-
erties of materials from constituent atoms and molecules to bulk physical, elec-
trical, and chemical properties.

For training in engineering research, the fifth year student carries out a semi-
research project in his chosen special field under the direction of a faculty mem-
ber who Is an authority in that field. Students may undertake projects in atomic
and nuclear physics, nuclear reactor technology, nuclear instrumentation, elec-
tron optics and electron microscopy, engineering electronics 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 on the basic sciences and the freedom to select
advanced courses to satisfy electives, the curriculum provides an excellent founda-
tion for graduate study in the sciences or in engineering research.

The Department has fully equipped laboratories for study and research in
electron microscopy, solid state and surface physics, and nuclear technoloPy.. The
Nuclear Reactor Laboratqr}/, a separate building (see page 4), includes facilities
for work in nuclear chemistry.

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.

Including the course work taken in the Division of Basic Studies, the engineer-

in([] ph¥sics undergzraduate curriculum requires the student to distribute his
total of 165 semester hours of course work as follows:
Mathematics, ph¥§ics, CREMIStTY,  ENGINEEIING v [l hours
ENglish COMPOSITION oo 6 hours
$Students who in the first term show sufficient proficiency to be exemﬁted
rom the second half of the course must substitute other courses in English or
literature.)
Modern fOreign TaNGUAGE .ooovemrmmmmmsmrmsmmsessssssmsmssssssssmssssesssssssssssssesessn 6 hours

(Students who pass the proficiencg examination of the Department of Modern
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 requnement.g



EIBCHIVES  ooveecscssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssossssssssssssssssssssss 42 hours

Liberal (18). 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 laboratory work. These 15 hours include six credit hours
for the research project.

Unspecified (9). . ) o
May be taken in any course in the University open to the student. Not
moreI than six hours” credit is allowed in advanced military science or in
naval science.

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

AERONAUTICAL ENGINEERING (see p. 16) . . . The undergraduate pro-
gram in engineering physics is particularly suited for work in aeronautical en-
gineering, 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
“DeslcrlptlonI %fl Courses.” Additional closely related courses such as Physics 244
are also available.

MATERIALS SCIENCE ... The core program of the engineering physics cur-
riculum combined with electives in engineering physics (e.g., 8262, 8512),
eni;lneermg.materla_ls_(e.(?., 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
progress. 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.

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

The School participates in the Industrial Cooperative Program (see p. 5).

h
t



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?lstered to
maintain each term a weighted average of about 75 per cent or betfer, and to
d_emlonstrate aptitude and competence in the basic subject matter of the cur-
riculum.

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

CURRICULUM (B.Eng.Pliys.)

Course programs for Terms 1 and 2, administered by the Division of Basic
Studies, ‘are described on page 24. Terms 5 and 4 described below apply to
students matriculating before September, 1961.

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

TERM 3 0
L : 3 3 2\8
Engmeerm? 1151, Statics ... 3 3 0
A modern foreign Iangi,uage 6 2 6
Engineering 6110, Casting, Wo 2 1 2
TOLAl v ———————————— 17
TERM 4 Mathematics 612, Methods of Applied Mathematics .......... 3 3 0
Physics 124 or 126 or 128, Introductory Analytical Physics IV 3 3 S
Chemistry 402, Introduction to Physical Chemistry " 3 3 0
Engineering 1152, Dynamics ... g 3 3 0
Engineering 4983, Basic Electrical Engineering 4 3 2\S
TOLAl o ———————————————. 16
TERM 5 Mathematics 613, Methods of Applied Mathematics 3 3 0
Physics 323, Electricity and Magnetism ............ 3 3 0
Engineering 8121, Thermodynamics and Kinetic Theory ... 3 3 0
Engineering 4116, Electric-Circuit Laboratory 3 1 3
Engineering 1153, Mechanics of Materials 3 2 NS
EIBCHIVE s 3 . ;
TOAl s 18
TERM 6 Mathematics 614, Methods of Applied M athematics 3 3 0
Physics 318, Analytical Mechanics ... g 4 4 0
Engineering 8122, Thermodynamics and Kinetic Theory. ... 3 3 0
Engineering 4121, Electron "Tubes and CirCuits ... 4 2 5
BIECHIVE oovosivvcscssssssssssisssssssssssssssssssssssisssissssssssssssssssssssssnes 3 _ .
TOMAl oo ———— 17
TERM 7 Mathematics 615, Methods of Applied Mathematics ... 3 3 0
Physics 443, Atomic and Molecular PRYSICS .vovvuvumrmmernn 4 4 0
Engineering 1201, Engmee(ln%.Mat_erlaIs 4 3 2\8
E|ng|tr_1eer|ng 4122, Electronic Tircuit Elemen g 2 5
getive .. . -

TOMAl s 18



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

3 0

TERM s Mathematics 616, Methods of Applied Mathematics ........... 3
Physics 454, Electronic Properties of Solids andLiquids. ... 4 4 0
Physics 410, Advanced Laboratory ... s ——— 4 0 6
Chemistry 416, Chemical Bonding and Physical Properties of
O1ganic MOIBCUIRS v 3 0
EIBCHIVE oo 3 - -
TOMA] o ———— 17
TERM 9 En’aineering 8252, Selected Topics in Physics of Engineering
EACTE{ S — S 3 3 0
Engineering 8051,Project . 3 - -
EIBCHIVES ovvvsvscvsensssnsissssssssssssssssssssssssssssssssssssssssssssssssssssssssses 9
TOA] s ————— 15
TERM 10 Engineering 8131, Mechanics of Continuum . 3 3 0
Engineering 8052, PTOJECE ...orvvrvvevmsvmsmmsrmsmmssssssssesssssssssssssssssen 3 -
EIECHIVES ovvvvvsevessssssssssssssnn 9
TOLA] o ss————————————. 15
Total fOr N TETM S 170

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
ph¥3|cs or with another engineering background may enroll for (ira_duate work.
~ The Graduate School imposes few requirements, permits ?reat atitude to the
individual in choice of studies, and expects each candidate to utilize all the
resources of the University relevant to his work. It encourages him to associate
freely with scholars who will (‘uve 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 curficula 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 knowled(i;_e of a special field and with adequate peripheral
competence. General information and regulations are given in the Announce-
ment of the Graduate School. A descriptive brochure can be obtained bY wrmnP
directly to the Office of the Department of Engineering Physics, Rockefeller Hall.



MECHANICAL ENGINEERING

UPSON HALL

MECHANICAL engineers design and develop diverse systems for 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, 424 Upson Hall.

Industrial and Engineering 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. 0. 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 eln?meerlng,Iaboratorles_and classrooms “are located in- Upson Hall. All
materials processing laboratories are in Kimball Hall.

B.M.E. PROGRAMS

The material appearin%ﬂon this and the fqllowingcpages under the headings
“Requirements for the B.M.E. Degree by Subjects,” *Curriculum (B.M.E.),” and
“Elective Requirements” applies fo those classes who entered the Sibley School
of Mechanical Engineering as freshmen prior to_September, 1961.

All new students entering the College of Engineering at the freshman level
starting in September, 1961, will be enrolled in the Division of Basic Studies
(see g 23) for their freshman and sophomore years. Those who elect to enter
the School of Mechanical Engineering to pursue the B.M.E. degree program
during their remaining three -academic %ears will follow a curriculum similar
to the one shown on the following pages but revised to some extent. Full details
of the revised curriculum will appear in later editions of the Announcement
of the College of Engineering.

REQUIREMENTS FOR THE B.M.E. DEGREE
BY "SUBJECTS

(FOR CLASSES ENTERING PRIOR TO SEPTEMBER, 1961)

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 En,?meerlng Mechanics and Materials. This work™ accounts for
99 of the 180 credit hours required for the degree and constitutes a basic group
of courses offered in the College of Engineering throughout five years,

43



All mechanical engineering students must take specified courses in mathe-
matics, physics, chemistry, English, and speech. These courses total 41 of the 180
credit hours required for graduation. _ _

The remaining 40 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; NONTESIABNLIECIUTES oo ssssssssssines 4
Engineering Drawing ... S . 6
Industrial and EngineeringAdministration ..., i
Maching DESIGN ovvvrmmsmmssmsmmsssssssssssssnnss e 12
Materials Pracessing ... w9
Thermal Engineering ... 21
Electrical En |neer|n|g [ et 9
Chemical and Metallurgical Engineering w4
Engineering Mechanics and MatErials .o s i
99
SCIENCES, ENGLISH, SPEECH:
Mathematics 12
TR [~ . 1
Chemistry 8
Engllsh . 6
Public Speaking 3
|
electives:
Liberal Arts * . , w12
Engineering, (including P U
Unrestricted X 14
40
LI L N 180

SCHOLASTIC REQUIREMENTS

A student in the School of Mechanical Engineering who fails in any term to
earn a passing grade in 15 hours, with a grade of 70 or better in 11 hours, may
be placed on” probatjon. If he fails in any term to pass 12 hours, he may be
dropped from the School.

CURRICULUM (B.M.E.)

Course programs for Terms 1 and 2, administered by the Division of Basic
Studies, are described on page 24. Terms 3 and 4 described below apply to stu-
dents matriculating before Séptember, 1961,

*May be chosen from the fields of American studies, the classics, economics, English, fine
arts, government, history, literature, modern languages, music, philosophy, psgcho!ogy, socwlog?/
and anthropalogy, and ‘speech and drama. Courses in_these fields are available in several col-
Ie%es of the University and are not limited to the offerings of any single division. .

Includes all courses offered by the CoIIeEge of Engineering” which are not the equivalent
of a’r\lﬂy course specifically required”in the M.E. curriculum. .

X May be_chosen from both of the groups mentioned above or from any division of the
University, including e hours of advanced ROTC or 9 hours of Naval ROTC. These electives
may be Used to take more course work in mathematics, physics, and chemistry.



TERM 3

TERM 4

~In addi

CONTACT HOURS

CREDIT LECT. LAB.

. . HOURS  REC. COBAP‘

Mathematics 163, AnaI%/tlc Geometry and Calculus ........... 3 3

Physics 123 or 125 or 127, Introductgry Analytical Physics 111~ 3 3 A8
Engineering 1151, Mechanics—Statics 0

Engineering 3241, Statistics ...

En(gmeermg 6110, Casting, W

0

r Engineering 3406) w2 1 2

EIBCIVES ™ oo w 3 A, Am
TOMAD oo 17

Physics 124 or 126 or 128, Introductory Analytical Physics IV 3 3 VS
Chemistry 402, Physical Chemistry ... e ————— 2 0
Engineering 1153, Strength of Materials w3 2 M
Engineering 1155, Applied Mathematics ........... w3 3 0
Engineering 3262, Methods Engineering 3 I 5
Engineering 3406, Materials  Processing (or Engineering 6110)2 1 S

Total i [ s 16

ion to taking these courses, all sophomores must satisfy the University’s requirements

in physical education.

TERM 5

TERM 6

TERM 7

TERM s

Engineering 1241, Engineering Materials ...vmmmmersrsns 3 2 A8
Engineering 3351, Mechanism ... . 3 2 VS
Engineering 3601, Thermodynamics .. w3 3 0
Engineering 1152, Mechanics—Dynamics .. w3 3 0
Engineering 3246, Industrial Accounting_ .. w2 1 M
Engineering 3404, Production Machine To r-
ing 3405? o201 VS
Elecfives 3 A Am
TOMA] s 19
Engineering 1242, Engineering Materials ... 3 3 0
Engineering 3352, D}qnamws of Machinery . 3 2 28
Engineering 3602, TNermodynamics ... 3 3 0
Engineering 3603, Fluid Properties and Mass Flow .. .3 3 0
Engineering 3247, Principles of Cost CONtrol ..wevsivssiies 3 2 S
Engineering 3405, Gage Laboratory (or Engineering 3404).. 1 0 A
EIBCHIVES oottt s Am. Am
0L N 19
Engineering 3604, Flow Processes and Energy Transfer 3 2 M&
Engineering 3605, Heat Transfer ... 3 2 2\8
Engineering 3353, Design of Machine Members.... .3 2 AN
Engineering 1243, Engineering Materials Laboratory 3 2 AN
Engineering 3263, Production” Engineering ... . 3 2 VS
EIBCHIVES oo s A, Am
TOMA s ———— 18
Engineering 3354, Design of Machines ... 3 1 5
Engineering 4931, ElectricalEngineering 3 2 2
Engineering 3264, ProductionEngineering......... .3 2 2\8
Engineering 3606, ThermalEngineeringLaboratory ... 3 1 2\d
En\%ml%e_rmg 6112, Metallurgy of Casting, Working, and ) ) 0
BIAING ™ s
Electives %including Engineering 3607 or 3608 or 3609) &  Am.  Arm.



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

TERM 9 PIOJBCE oot 3 Am Am

Engineering 4932, Electrical Engineering 3 2 22
Engineering 1154, Strength of Materials ... 3 3 0
Electives 0 Am Am
TOMA] s 19
TERM 10  Project .., . — 3 Am Arm
En(bu_neermg 4933, Electrical Engineering ... 3 2 2Vi
Public Speakm% 201 ... s .3 3 0
Engineering 3041, Nonresident LeCtUreS i 1 1 0
EIBTHIVES oo 9  Amr. Am
L 19
Total fOr 1N 1BIMS oo 180

ELECTIVE REQUIREMENTS
(FOR CLASSES ENTERING PRIOR TO SEPTEMBER, 1961)

The five-year curriculum allows time for 40 hours of elective work, including
6 hours of project. If the student is to use this extra time and opportunity to
best advantage, he must begin as early as his sophomore year to plan so ‘that
these electivé hours will form an integrated prolgram. 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 under?raduate_ ,P_rogram of study. _

The elective requirements suggest possibilities” that will safisfy a variety of
personal desires and interests. It IS possible to obtain:

L Twelve to twenty-six credit hours in liberal arts—all in one area or
divided among séveral areas. This, together with the 9 required hours of
English and speech, makes possible a total of 35 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 cdnsideration to the courses they elect. Some courses
are acceptable as credit toward both the B.M.E. and the professional
Masters’ degrees. _ _ o _

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-
tives 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 *
Engineering 3116, Introduction to Industrial Design 3
Engineering 3198, 3199, PrOJECt ..oovrermrmsmsrmsessnens . 6
Electives from the fOlOWING LISt oo 15
Architecture 330, 331, Sculpture )
) 400, 401, History of Architecture.
Fine Arts 101, 102, Introduction to Art: Painting and Sculpture
or
104 Introduction to Art
111, 112 Introduction to Art. Architecture
554 Twentieth-Century Painting
Home Economics H.D. 100, Color and Design
Total 2%
INDUSTRIAL AND ENGINEERING ADMINISTRATION
MANUFACTURING ENGINEERING
Engineering 3266, Advanced Methods En%)ineering ................................................ 3
Engineering 3240, Analytical Methods in Operations ReSEarch ... 3
Engineering 3242, Statistical Control and Sampling Inspection..... 3
Engineering 3281, ComputmgPEqmpment and Industrial Applications... .3
Engineering 3267, Advanced Production ENGINEEriNG . mmmmmmmemmmmsmmmsmsnsnn 3
Engineering 3283, Digital Systems SIMUIAtION ovovevrvrmmmsmmsmsmmsmssssmssssssssmsssssinns 3
Engineering 3265, Production PIanning ... 3
Engineering 3298, 3299, PTOJECT wovvrvvvrsmsrmsmsmsmmsmsmmsmsmmssssnssssssssssssssnsssssssssssssssssnes 6
LI 1L 21
PRODUCTION MANAGEMENT
Engineering 3232, Personnel M anagemen ... 3
Engineering 3280, Introduction to Operations Research .., 3
Engineering 3242, Statistical Control and Sampling Inspection 3
Engineering 3265, Production PIANNING .ocouvmerersnmsmsmsmssmmmsmsssmsssmmsmsssssssessns 3
Engineering 3254, Analytics of Decision and Control .. s ——— 3
Engineering 3281, Computing Equipment and Industrial ApplicationsS... 3
Engineering 3270, Industrial Marketing .. 3
Engineering 3298, 3299, PTOJECT s 6
L L 2
SYSTEMS ENGINEERING
Engineering 3240, Analytical Methods in Operations R eSEarch ... 3
Engineering 3280, Introduction to Operations RESLATCH .vvvrersmsmsmsmssennmnns 3
Engineering 3243, Intermediate Industrial StatisticS.. e ——— 3
Engineering 3281, Computing Eqmgment and Industrial ApplicationS......mmuee 3
Engineering 3283, Digital Systems Simulation ... 3
Engineering 3265, Production Planning.... 3
Engineering 3254, Analytics of Decision and 3
Engineering 3298, 3299, Project... 6

OO0 ©mw N~
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APPLIED INDUSTRIAL STATISTICS

Engineering 3240, Analytical Methods in Qperations Research ...
Engineering 3242, Statistical Control and Sampling Inspection ...
Engineering 3243, Intermediate Industrial StatistiCS...mmmmmmmmmmmmmmmmmmmnns
Engineering 3244, Advanced Industrial StatiSticS . i
Engineering 3248, Statistical Aspects of Reliability Analysis.............
Engineering 3281, Computing Equipment and Industrial Applications
Engineering 3284, Mathematical Programming and Decision Theory .

or
Engineering 3285, Queuing Theory...
Engineering 3298, 3299, Project

TOA] o

MACHINE DESIGN
MECHANICAL DESIGN (SYNTHESIS)

Engineering 3366, Advanced KiNEMALCS .

Engineering 3367, Dem%n Problems in Vibrations and Dynamics...
Engineering 3374, Creative DeSIgN ...
Engineering 3375, Automatic Machinery ..

Engineering 3398, 3399, DeSIGN PTOJECES wovvvvverrermsrmsvnsersemsnmsmmssessmsssssssssssssne
L1

DESIGN DEVELOPMENT (ANALYSIS AND EXPERIMENTATION)

Engineering 3367, Design Problems in VibrationsandDynamics...
Engineering 3361, Advanced Machine Analzsls .......... "
Engineering 3372, Experimental Methods in Machine Desig
Engineering 3362, Mechanical Designof Turbomachinery .
Engineering 3376, Automatic CONtrOl.....pmmmmmsmcssmsgonsnne

Engineering 3398, 3399, Analysis or Experimental ProjeCtS i
L L

VEHICLES AND PROPULSION

Engineering 3367, Design Problems in Vibrations and Dynamics ...

Engineering 3607, COMDUSHION ENGINES vvvvcrsvrsmsvmsmsmmmsrssrssnn
Engineering 3377, Automotive Engineering.......... o
Engineering 7101, Mechanics of Airplanes and M issiles

Engineering 3398, 3399, Vehicle DeSIGN PTOJECT. s
LI 1L

THERMAL ENGINEERING

FLUID DYNAMICS AND HEAT TRANSFER

Engineering 3661, Advanced Thermodynamics ...
Engineering 3664, Advanced Fluid Mechanics ..
Engineering 3663, Advanced Turbomachinery ..
Engineering 3665, Advanced Heat Transfer ..

Engineering 3698, 3699, PIOJECT woovvvevvrrsersmmmmmmssmssmmsmmsmmsssssssssssmsssssssssessesseses
LI LR

CREDIT

HOURS TERM
3 7
3 8
3 8
3 9
3 9
3 10
3 10
6 9,10
21
3 8
3 8
3 9
3 9
6 9,10
18
3 8
3 9
3 9
3 10
3 10
6 9,10
21
3 8
3 8
3 9
3 9
6 9,10
18
3 7
3 8
3 9
3 9
6 9,10



NUCLEAR ENGINEERING 0250 | .

Engineering 3608, Thermal POWEr PIANES .ovovvvvsrmssmmmmsmsmssssssssssssssssnmssssmsssennns
Engineering 8301, Atomic and NUCIEAr PRYSICS wvovvmrmrmsmmmmmmmsssssmmssssmsmssssssssssssosenes
Engineering 3665, Advanced Heat TranSer ...
Engineering 8311, Nuclear and ReaCtor PhYSICS .
Engineering 8351, Nuclear Measurements LabOratory ...
Engineering 3698, 3699, PTOJECT ..ovuvvrrcmsmmmmmsismssmsessssesssssmsssmsssssssessssssssssssees

TOMAl o ————— 2i

PROPULSION ENGINES

Engineering 3661, Advanced Thermodynamics
Engineering 3607, Combustion Engines ...
Engineering 3663, Advanced Turbomachine
Engineering 3665, Advanced Heat Transfer s
Engineering 3671, Aero-Space PropulSion SYSLEM S.mmmmmmmmmmmmmmsmmmmsmmmmsmmsmssrsins
Engineering 3698, 3699, PTOJECE ovvmvvsrrrmmmmsmssemsnsmsmsmsesessmssssssssssssssn

W oW W w

o w

THERMAL ENVIRONMENT

Engineering 3609, Refrigeration and Air Conditioning

Engineering 3667, Temperature Measuring Instruments
Engineering 3665, Advanced Heat Transfer ...
Engineering 3666, Advanced Air Conditioning ...........
Engineering 4934, Principles of Automatic Control __
Engineering 3698, 3699, PTOjECt. mmmmmmmmmmmmmmmmmmsrmirmnnns

THERMAL POWER

Engineering 3361, Advanced Thermodynamics
Engineering 3607, Combustion Engines ...
Engineering 3608, Thermal Power Plants___
Engineering 3672, Energy CONVersion .........
Engineering 3670, Advanced Combustion Engi
Engineering 3698, 3699, Project ...

[S IR ICR IR ICRITY

AERONAUTICAL ENGINEERING

Mathematics 609, Higher CalCUIUS .o 3
Mathematics 610, Higher Calculus .....mmmmmmimnne '
Engineering 7101, Mechanics of Airplanes and MiSSileS. s 3
Engineering 7102, Mechanics of Airplanes and MiSSileS ... 3
Engineering 7203, Gasdynamics | .....emmmemmmsenersnsns 3
Engineering 7204, Gasaynamics 11 ... ! 3
Engineering 7801, PIOJECE s ]

O oo
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ENGINEERING MECHANICS AND MATERIALS

MECHANICS hours term

Engineering 1154, Advanced Strength of MAterials ...
Engineering 1162, Mechanics of VIbration ..., .
Engineering 3367, Desui_n Problems in Vibrations and Dynamics
Engineering 1163, Applied EIAStCItY .vmrmomumnsnns e
Engineering 1180, Advanced Engmeerm? Mathematics ..
Engineering 4711, Feedback Control Systems | ...,
Engineering 1159, Advanced Mechanics Laboratory .
Engineering 1198, 1199, PTOJEC v

[ RN ICYICYINTICYILIIVYIEY

MATERIALS

Physics 314, Atomic and MoIeCUIar PRYSICS ..o
Physics 454, Electronic Properties of Solids and Liquids .
Engineering 1216, Structure and Properties of M atter....
Engineering 6452, Experimental Physical Metal[ur%y..............._..
Engineering 1244, Theoretical Materials-Mechanical Properties .
Engineering 1298, 1299, PTOJECT ovmrmmmmmmmsmmmsmsmmsmssssmssmsssssssssssssssssssmsssssssssssnsnes 6

[SEYICN Y ILYITY

, 10

MATERIALS TECHNOLOGY

Engineering 6353, Introductory Metallography .
Engineering 6415, Principles of Materials Processing ..
Engineering 3372, Experimental Methods in MachineDesign
Engineering 6661, Metals at High Temperatures...
Engineering 6872, Nuclear Materials TechnoloFy
Project in machine design or metallurgicaleng

[N NCY C R IR ICRIN)
oW W

© =

10

NUCLEAR TECHNOLOGY

Engineering 8301, Introduction to Atomic and NUCIEArPRYSICS.mmmmmmmmmmmmmmmmmmmmsmiminns
Engineering 8311, Nuclear and Reactor PAYSICS ...umvrrne
Engineering 8351, Nuclear Measurements Laboratory ..
Engineering 5760, Nuclear and Reactor Engineering ...
Engineering 3665, Advanced Heat Transfer ...
Engineering 6872, Nuclear Material Laboratory
Engineering 8051, 8052, PTOJECE ovuvvrvmmmmemsmmmmsmmssssssmssmsmssssssssssssmmsssssssssnsssssssssssonsns 6

[SCYICY NI FICRIN)

—
OCOoOWwWwmw 0 —~

TOTAL o1 2

Some of the elective courses a?pearl_nfg in these suggested options may,
under certain conditions, be used to satisfy requirements for both the under-
graduate and the graduate degrees. Othér 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, , _

The School participates in” the Industrial Cooperative Program (see p. 5).



GRADUATE STUDY

Speuallzed_programs for a Master of Mechanical Engineering degree in the
area of machine design are available in the fields of anal¥5|s and development,
automatic machinery, and power machinery; in the area of thermal engineering
in the fields of combustion engines, heat transfer and fluid dynamics, nuclear and
thermal power, and refrlgera lon and air condltlonmgi. o

Specialized programs for the Master of Industrial Engineering degree are
avallable in the areas of manufacturing engineering, methods engineering, cost
control, industrial statistics, and operafions”research. .

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 and the Ph.D. degrees, see p. 6. For each of these graduate
%rograms see also the Announcement of the Graduate School and the brochures

raduate Programs in Industrial Engineering and Graduate Programs in
Nl]echanlcgl Engm_eermg, which nwy be obtained by writing the School of Me-
chanical Engingering, Upson Hall.

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 ana/ term or Summer session to maintain an average grade of 75, may be
droPp.ed r placed on probation.

It, 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
grobatlon, or dro# ed, either from an individual course of from the University,
tany time duri 8 the term.



METALLURGICAL ENGINEERING

OLIN HALL

THE PROGRAM in metallurgical engineering seeks to develop an under-
standing 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
i built on a foundation of chemistry and physics and ¢ e_en%meerlng 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; shaping by casting, mechanical deformation, or other means:
fabrication into finished or semifinished articles; and joining materials as finished
structures. Successful completion of the undergraduate program qualifies 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. _

A large number of elective choices are provided.” Of the total of 41 elective
credit hours, 15 must be in the humanities and social sciences (for a_total of
30 required and elective hours in these fields), and 12 must be technical; the
remaining 14 hours may be either technical or'nontechnical as the student, with
the guidance of his adviser, elects. , , _

The. student who plans a joint P_rogram in law or business and public
administration may use these frée electives to fulfill a part of the requirements in
these programs (See 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 program during hjs fifth undergraduate year and begin accumulating
credits toward the professional degree. The student with still another goal may
use the elective hours for a sequence of courses in business administration, law,
|hndustr_|ql 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
fields such as nuclear and reactor pthms, in nuclear materials, in nuclear
measurements, in heat transfer (see p. . 1 _

I his choice is to_gain a more specialized knowledge of particular branches
of metallurgical engineering, or if he plans for a broader tralnln(]; in materials
technology, he may take elective courses in materials science, nuclear materials,
high temperature materials, polymeric materials, concrete, foundry engineering,
materials processing, and engineering physics. , _ _
_To assure the most effective use of electives, the student is required during
?]s }hltl’d year to prepare with his adviser a coordinated plan of study for the
inal two years,

The staf¥ and facilities of metallurgical englneer_mgI are currently located in
Olin Hall, but a new building to house metallurgica engmeermg, Bard Hall,
is now under construction, and is expected to be ready for occupancy in
about a year. Extensive facilities are available, including apparatus for micro-
scopical 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 unif operations of extractive metallurgy, and for ph?/smal and me-
chariical testing. Other more specialized apparatus, such as for electron micros-
copyl, tElone refining, levitation melting, and preparation of single crystals, is also
available.

The research program by the staff and graduate students in metallurgical
engineering is an integral part of Cornell’s interdisciplinary Materials Science
Center. Undergraduate students are required to do original research in their
fifth year, and”in this way, project students have an opportunity to work in
areas of advanced research with- members of the facultz/_. Areas in which such
work is carried out include liquid-solid interfacial reactions; crystalline imper-
fections, semiconductors, ceramic materials, solidification and “crystal growth
phenomena, recovery and recrystallization, solid solution strengthéning; “order-
ing; transformation” kinetics; nuclear materials; X-ray diffraction microscopy
optical and electron microscopy, structure of thin films, and physical and
mechanical behavior.

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
dropp,ed or placed on probation. _ .

It, 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,

CURRICULUM (B.Met.E.)

Course Programs for Terms 1 and 2, administered by the Division of Basic
Studies, are described on page 24.

CONTACT HOURS

CREDIT LECT. LAB.
) ) HOURS REC. COMP.

TERM 3 Mathematics 163, Analytic Geometry and Calculus.... 3 3 0
thsllcs 123, 125 or 127, Intfoductory Analytical Physics

................................................................... 3 24
Engineering 1151, Mechanics-Statics.... 3 3 0
Engineering 6201, Production of Metal 3 3 0
Engineering 6251, Metallurgy Laboratory .2 0 2\
BIBCHIVE ovrvvrermmmsmsnsssssmssnsssesessssmssssssessssssssssssssssssses 3 - ~

L L 17
TERM 4 Physics 124, 126 or 128, Introductory Analytical Physics IV 3 3 Al
Engineering 1156, Applied Mathemalics ........mmmemmmmnn 3 3 0
Engineering 1153, Strength of Materials ... 3 2 Vi
Engineering 6202, Nature and Utilization of M etals.. 3 3 0
Engineering 6252, Metallurgy Laboratory 2 1 2\8

BIECHVE oo 3



CONTACT HOURS
CREDIT LECT. LAB.
. . . . HOURS REC. COMP.
TERM! Chemistry 405, Analytical and Physical Chemistry .......... 5 3 6

Chemistry 301, Introduction to Organic Chemistry ... 2 2 0
Engineering 5851, Chemical Mmoscopy s I 3 1 5
Engineering 6301, Principles of Metallurgical Enginee 3 3 0
Engineering 1152, Mechanics-Dynamics 3 3 0
Elective 3 -
Total 19
TERM & Chemistry 406, Ph&/sical CREMISITY oo 5 3 6
Public Speakmg 200 e ———— 3 3 0
Engineering 6353, Introductory Metallography .o 3 1 5
Engineering 3241, SHALISHCS ..vvovvvmerssmmssmessissssesisssssins 3 2
EIECHIVE oo 3 -
TOMAl oo —————— 17
TERM 7 Engineering 6403, Metallurgical Thermodynamics ... 3 3 0
Engineering 6415, Principles of Materials’ Processing 3 2 2Vi
Engineering 6411, Physical M etallurgy i 3 3 0
Engineering 4931, Electrical Engineering 3 2 VA
BIBCHIVES oo 6 - ~
18
TERM f Engineering 6405, Metallurgical Thermodynamics ... 3 3 0
Engineering 6412, Physical M etallurgy v 3 3 0
Engineering 6452, Experimental Physical Metallurgy.. 3 2 VAl |
Eng|nper|n% 4933, Electrical Engineering ... 3 2 2\VE
Chemistry 555, Advanced Inorganic Cheémistry.. 3 3 0
BIBCLIVE oo 3 - -
18
TERM 9 Engineering 6503, Service Behavior of M etals.......wmmmemmmnn 3 3 0
Engineering 6553, Metallurgical Engineering Project 2 - 6
Engineering 6504, Unit Processes 3 1 V1
EIBCHIVES oo 9 -
17
TERM 10 Engineering 6506, Metallurgical Design ... S 2 2 0
Engineering 6554, Metallurgical Engineering Project 2 - 6
EIBCHIVES oovvvvsvessssssssssisssssssssssssssssssssssssssssssssssssssssssssissssssnns 13 -
TOMA] o ——— 17

GRADUATE STUDY

REQUIREMENTS FOR THE
DEGREE OF M.Met.E.

f I'IA‘ candidate must complete a minimum of 45 credit hours distributed as
ollows:

L A minimum of 18 credit hours in the basic physical sciences of physics,
chemistry, and mathematics. Normally, 6 credit hours of ‘mathematics, and 3 to
9 credits in both physics and chemistry should be selected. The courses that
may be taken will ordinarily fall within the following list (see the Announcement



%Otgg College of Arts and Sciences for descriptions of those numbered below

Chemlstrgz 245, 431, 455, 461, 472, 480, 485, 491, 492, 555, 575, 576, 585, 586.
Physics: 214, 225, 226, 243-244, 254, 350, 380, 454, 571, 572, 574, 578, 635,
ggflié 6é155178121-8122, 8131, 8252, 8262, 8301, 8311, 8312, 8313, 8321, 8351, 8352,

Mathematics: 501-502, 609-610, 612, 613, 614, 615, 616, 621-622, 641-642, 661,
662, 721, 5508, 5509, o _ o

2. A minimum of 18 credits in metallurgical en meerm% selected from the
foIIowm% list of courses: 6404, 6503, 6506, 6553-6556, 6601, 6620, 6624, 6625,
6651, 6661, 6671, 6710, 6731, 6732, 6872, 6962, 6963, 6980. _ ,

A student transferring from another school ma¥, after consultation with the
faculty, find it advisablé to include in his plan of study certain undergraduate
courses in metallurgical engineering or portions thereof, for which he will not
receive advanced crédit. _ . _

3. A minimum of 9 credit hours of elected courses; courses in the basic
physical sciences or in metallurgz_lcal engineering in excess of the minimum
requirements are considered electives for the gurpose of meetlné; this regune-
ment. All elective courses must be approved Dy the student’s adviser and the
Graduate Committee of the School.

SPECIALIZED TRAINING

A student may select his program within the above framewaork of required
and elective courses to provide for specialized training in business or public
administration or in the application of metals to specific industries, such as
the chemical or nuclear power industries, as well as in other fields.



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 Sciénces.

Courses offered by the Division of Basic Studies in"the College of Engineering
have three digit numbers, All other courses offered within the Tollege have four
digit numbers, the first digit represe,ntmgr the school or department. Descriptions
of courses will be found in the section of this Announcement as follows:

1. Engineering Mechanicsand Materials
2. Civil Engineering

3. Mechanical Enginegring

4. Electrical Engineering

5. Chemical Engineering .
6. Metallur?_lcal Engineering
7. Aeronaufical Engineering
8. Engineering Physics

General courses of instruction required by some or all of the schools within
the College of En%l(gleerlng but given in other colleges of the University are

describedon page

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

DIVISION OF
BASIC STUDIES

101, ENGINEERING. ~ PROBLEMS  AND
METHODS L Credit 3 hrs. Fall. 1 Lect. 1
Rec. 1 Lab. Consideration of major examples
of modern engineering to emphasize the nature
of engineering and the interrelationships of
the several professional fields. Introduction to
professional method in solution of engmeer_mq
problems suggested by examples; graphica
representation “including sketch|n?, descriptive
geometry, and drafting applied fo examples.

102. ENGINEERING . PROBLEMS  AND
METHODS II. Credit 3 hrs. Spring. 1 Lect.
1 Rec. 1 Lab. Continuation of problems re-
lated to examples considered in 101; continua-
tion of graphical representation.

ENGINEERING

MECHANICS

AND MATERIALS

1134, ADVANCED STRENGTH OF MATE-
RIALS. Credit 3 hrs. Fall. 1 Lect. 2 Rec. Pre-

req., 1153. Strain energy methods, Castigliano’s
theorem. Reciprocal *" theorem. Beam de-
flections, ConjuPale beam method. Influence
lines. Shear deflection. Curved beams. Arches.
Buckling under various end conditions. Ec-
centric "buckling. Strength theories. Fatigue.
Impact. High temperatures. Thick tubes. Re-
dundant beams. Limit design. Shear center.
Eealms don elastic foundation. Plates. Mr.
ijlaard.

1145. APPLIED DIFFERENTIAL EQUA-
TIONS. Credit 3 hrs. Spring. 1 Lect. 2 Rec.
Prereq., 1151 and Math. 163, Formulation and
solution of engineering problems which in-
volve the use of ordinary differential equations,
Fourier Series, partial” differential equations
and matrices. In addition to classical analytical
methods, numerical methods are introduced.
Applications to problems arising in civil
engineering. Mr. Cranch.

1151, ENGINEERING ~ MECHANICS-STAT-
[CS. Credit 3 hrs. FaII-SJ)rmg. 1 Lect. 2 Rec.
Prereqs., Physics 121 and parallel re(flst,rauon
in Math. 163. Composition and resolution of
forces; equilibrium of force systems; principle
of virtual work, potential energy, stability;
distributed forces, centroids, moments of in-



ertia, hydrostatics; friction effects in statics;
elementary theory of structures, method of
joints, sections; ~shear force and bending
moment; flexible cables; vector methods ap-
plied in three dimensional problems. Mr.
M itchell.

1152. ENGINEERING MECHANICS-DYNAM-
ICS. Credit 3 hrs. Fall-spring. 1 Lect. 2 Rec.
Preregs., 1151, 1153, 1155 1145, 1156 or regis-
tration_in Engineering 4103. The principles of
dynamics of a_particle, systems of particles,
systems of variable mass,” and rigid bodies.
‘ector kinematics movm?. and rofating coor-
dinate systems, plane motion of rigid bodies,
gyroscopic motion. Mr. Cranch.

1153. MECHANICS OF MATERIALS. Credit
3 hrs. Fall-spring. 1 Lect. 2 Rec, 1 Lab. Pre-
req., 1151. Stress and strain, tension, compres-
sion 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
failure. Columns. Energy methods and Castigli-
ano’s theorem. Mr. Pao.

1154. ADVANCED MECHANICS OF MATE-
RIALS. Credit 3 hrs. Fall. 3 Lee. Preregs.,
1153 and 1155. Beam theory including sym-
metric and unsymmetric. bénding, beam-col-
umns, shear stresses, continuous beams, plastic
bendln?,, curved bars and beams on elastic
foundafions. Torsion theory of circular and
noncircular shafts, plastic design of circular
shafts, combined bend[ng and “torsion, finite
difference methods applied to torsion problems.
Bending theory of circular and Iong_rectangu-
lar plates, membrane and local bending theory
for “thin wall pressure vessels. Symmetrical
deformation problems including the pressurized
thick walled cylinder, shrink fit stresses, rotat-
mq, discs and ‘thermal stresses in long hollow
cylinders. Mr. Greenberg.

1155. APPLIED DIFFERENTIAL EQUA-
TIONS. Credit 3 hrs, Fall-spring. 1 Lect, 2
Rec. Preregs., 1151 and Math 163. Formulation
and solution of engingering problems which
involve_the use of ordinary differential equa-
tions, Fourier Series, Famal differential equa-
tions and matrices. In addition to classical
analytical methods, numerical methods are in-
troduced. Applications to problems arising in
mechanical engineering. Mr. Block.

1156. APPLIED DIFFERENTIAL EQUA-
TIONS. Credit 3 hrs. Sprln([;_. 1 Lee. 2 Rec.
Prereq., Math. 163. Formulafion and solution
of engineering problems which involve the
use, of ord|nar5{ differential equations, Fourier
Series, partial differential ~equations and
matrices. In addition to classical analytical
methods, numerical methods are introduced.

Applications to problems arising in chemical
engineering. Mr. w arren.

1159, EXPERIMENTAL MECHANICS. Credit
3 hrs. Spring. FgNot offered in 1961-r962.) 2
Rec. 2 'Lab. Prereq., 1154 or consent of
instructor. Primarily” for graduate students
and qualified undergraduates. Brittle coatin
method of experimental stress an.aIst includ-
ing the law of failure of brittle coating,
formulation of resin and ceramic coating, be-
havior of stresscoat isoeutatics and isostatic
determinations and realistic laboratory exam-
ples on the usage of brittle cpatlng: lectrical
resistance type strain gages including factors
influencing alloy sensitivity, gage construction,
ga%e factors, stress gages. InStrumentation for
static strain gage determinations, Wheatstone
bridge design |n,c|ud|n% parallel, series, and
reference type bridges, temperature compensa-
tion. Instrumentation for d%namlc strain gage
work which ‘includes a brief coverage of
amplifiers, galvanometers, recorders, and" oscil-
I|scopes. Atceleration velocity, and displace-
ment transducers are analyzed and the various
electrical methods employed in making these
measurements are compared.

1162. MECHANICS OF VIBRATION. Credit
3 hrs. Fall. 3 Lee. PrereqF., 1180 or equivalent
or consent of instructor. For graduate students
and qualified undergraduates. Vibration of
lumped and continuous systems; damping; free
and forced motion; resonance, vibration isola-
tion; matrix method; Rayleigh’s principle. Mr.
W arren.

1163, 1164. APPLIED ELASTICITY. Credit 3
hrs. Spring and fall terms respectively. 3 Lee.
For graduates and qualified undergraduates.
Plane stress and plane strain in the circular
c%/hnder, effects of pressure, rotation, and
thermal stress. Elements of small and large
deflection theory of plates, classical and ap-
proximate methods. General analysis of thin
curved bars. General analysis of stress and
strain, simple three-dimensional  solutions.
Plane stress and strain, Airey’s stress function
solutions using Fourier series, Fourier in-
tegral, and a[[)prqmmate methods. St. Venant
and_Michell torsion theory. Bending of pris-
matical bars. Axially loaded circular cylinder
and half space. Mr."Bijlaard, Mr. Pao.

1165. MATHEMATICAL THEORY OF ELAS-
TICITY. Credits 3 hrs. Spring. 3 Lect. Gradu-
ate students. Development in tensor form of
the basic equations of large deformation elas-
ticity; solution of certain large deformation
?_rqblems. Linearization to infinitesimal elas-
icity. Boussinesq-Papkovich  potentials and
their application to three-dimensional prob-
lems; contact problems; Flane stress by method
of Muskhelishvili; application of conformal



ma?ping; Cauchy integral techniques in elas-
ticity; forsion problems. Mr. M itchell.

1166. STRESS WAVES IN SOLIDS. Credit 3
hrs.. S[Drlng. 3 Lee. Prereq., 1162, 1163 or
equivalent.” Graduate students. Equations of
elasticity; vibrations and waves; the propaga-
tion of ‘waves in elastic media; waves_in elastic
half-space; waves and vibrations in elastic
plates and rods; waves in visco-elastic solids;
plastic waves. Mr. Pao.

1167. PLATES AND SHELLS. Credit 3 hrs.
Fall. 3 Lee. Graduate students and qualified
undergraduates. Plates with various loading
and boundary conditions, including flat slabs.
Numerical methods. Membrane theory of shells
for arbitrary loading. Bending theory. Applica-
tion to engineering practice.” Mr. Bijlaard.

1168. PLASTICITY AND STABILITY. Credit
3 hrs. Sprln?. (Not offered in 196_1-1962.& 3
Lee. Graduate students and qualified under-
Fraduates. Plastic behavior as based on crystal-
ine structure. Mechanism of plastic deforma-
tion and plasticity condition. Local plastic
deformation. Applications to structures and
gethysms., Plastic buckling of plates and
shells; Various cases of plain” strain. Slip lines.
Buckling of columns, plates, shells. Haarman
method.” Method of split rigidities. Postbuck-
ling behavior.

1170. ADVANCED ENGINEERING DYNAM-
ICS. Credit 3 hrs, Fall. 3 Lee. Graduate stu-
dents and qualified undert{;raduates: The
existence and uniqueness of the solutions of
Newton’s equations of motion; motion of a
system of masses; systems with variable mass,
rocket equations; Newton's laws in nonin-
ertial ~ frames;  variational principles  of
mechanics, D’Alemebert’s principle, Lagrange’s
equations, Hamilton’s equations; stability™ of
motion, method of Liapunov; rigid body mo-
tion, Euler’s equations; tops, gyroscopes, and
roscopic compass. Special theory of relativity.
I. Mitchell.

1171 INTRODUCTORY SPACE MECHAN-
ICS. Credit 3 hrs. Spr!n?. 3 Lee. Prereq., 1170
or equivalent. Potential of earth; two body
problem: Hamilton Jacobi theory; orbit about
spherical and nonspherical earth; vector theory
of perturbations; drag and solar radiation
effect on orbit; restricted three body problem;
libration points; reflectability and reversibility
of trajectories; inertial guidance, Schuler tun-
m?; ‘error propagation’ attitude control  of
satellites; satellite libration. mr. M itchell.

1172. SELECTED TOPICS IN ENGINEER-
ING MECHANICS. Credit as arranged, anx
term. Qualified students wishing to do wor
in any field of engineering mechanics should

register for this course after consultation with
the department. Students work with appro-
riate members of the staff in the chosen field,
ypical areas of work include theory of
elastic stability, theory of plates and shells,
rocket theory "and deSign, wave .propaqatmn,
elasticity, vibrations, and experimental me-
chanics.” Staff.

1173. RESEARCH IN APPLIED MECHAN-
ICS. Credit as arranged. Thesis or independent
research in a field of applied mechanics. Such
research must be under the guidance of a staff
member. Staff.

1175. INTRODUCTION TO NONLINEAR
MECHANICS. Credit 3 hrs. Spring. 3 Lee. A
study_of the methods of analysis of nonlinear
electrical and meghanical systems. Theorly of
differential equations, phase Blane analysis
stability criteria, comparison between linear
and nonlinear methods. Equations_of Van der
Pol, Duffing, Mathieu, Floquet, Hill. Poincarf
Bendixson theorem, orbital stability. Methods
of Van der Pol, Poincarf, Kryloff and Bogoli-
oboff, Galerkin, Ritz, harmonic balance,
equivalent linearization, graphics, perturba-
tions. Hysteresis. Application of Banach space
techniques. Mr. Block.

1180. ADVANCED ENGINEERING MATHE-
MATICS. Credit 3 hrs. Fall. 3 Lee. Prereg.,
1155 or equivalent. Application to engineering
Eroblems of elementary differential equations,
aplace and Fourier Transforms, series, or-
thogonal functions, functions of several real
variables, vector analysis, partial differential
equations. Mr. Block.

1181, ADVANCED ENGINEERING MATHE-
MATICS. Credit 3 hrs. 3 Lee. Spring. Prereq.
1180. Applications to englneerm? problems of
calculus of variations, tensor analysis, complex
variable, matrices, difference equations, and
integral equations. Mr. Ludford.

1182. ADVANCED ENGINEERING MATHE-
MATICS. Credit 3 hrs. Fall. 3 Lee. Prereq.,
1181 or equivalent. Applications to engineering
Eroblems of topics_such as transform theory,

reen’s functions, integral equations, Wiener-
Hpr method, asymptotic expansions. Examples
will be drawn from a variety of disciplines.
Mr. Ludford.

1183. NUMERICAL METHODS IN ENGI-
NEERING. Credit 3 hrs. Spring. (Not offered
in 1961-1962.) Prereq., 1181 ‘or equivalent.
Methods for obtaining numerical solutions to
problems arising in Science and engineering,
such as boyndary value problems, eigenvalue
?.roblems, diffusion, conduction, wave propaga-
ion, vibrations. Variational and integral equa-
tion techniques are developed.



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

1201. ENGINEERING MATERIALS. Credit
4 hrs. Fall. 3 Lee. 1 Lab. Prereqs., 1153 and
Chem. 402. A course emphasizing the applica-
tion of ph%/sws and chemistry to the produc-
tion of metals and alloys and” their subsequent
shaping and treatment. The effects of various
mechanical and thermal treatments on the
microstructures are correlated with the physi-
cal and mechanical properties of the mate-
rials to provide a basis for their selection,
design, treatment, and use in service applica-
tions. Laboratory work includes static, dynamic
and nondestructive testing of a variety of
ferrous and nonferrous alloys, heat treatment,
hardenability. Mr. Jeffrey.

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

1212. ENGINEERING MATERIALS. Credit
3 hrs. Fall and spring. 1 Lee. 2 Lab. Prereq.,
1241, Should be preceded by or taken concur-
rently with 2715. Timber, cement, concrete
aggregates, concrete, elemental concrete struc-
tural ‘members, lime, glypsum. Design of con-
crete mixes, acceptability of materials, and
?hys_lco-chemmal properties of materials. Ex-
'&nswe laboratory testing and report writing.
I Slate.

1216. STRUCTURE AND PROPERTIES OF
MATTER. Credit 2 hrs. Fall. 2 Lee. Open to
graduate students in engineering or the physi-
cal sciences or br consent of “instructor. ‘In-
ternal structure of materials ranging from the
amorphous to the crystalline state. Torrelation
of the internal structures of materials with
their physical and mechanical Rropemes, pri-
marily on a %ualnatwe, basis. Applications to
metals and other engineering materials. Mr.
Slate.

1217. ADVANCED  PLAIN  CONCRETE.
Credit 2 hrs. S;ang. 2 Lee. Prereq,, 1212 or
the equivalent. Topics in the field of concrete,
such as history of cementing materials, air-
entrainment, light weight anregates, petrog-
raphy, _durability, chemical ™ réactions, and
Fropem_es of aggre%ates. Relationships be-
ween internal structure, physical proPemes,
chemical properties, and the mechanical prop-
erties of interest to the design and construc-
tion engineer. Mr. Slate.

1241, ENGINEERING MATERIALS. Credit 3
hrs. Fall and spring. 2 Lee. 1 Lab. Preregs.,

1153 and Chem. 401 or 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
Flolycrystallme, aggregates. Phase transforma-
ions and equilibrium diagrams. Mr. Abowitz.

1242. ENGINEERING MATERIALS. Credit
3 hrs. Spring. 2 Lee. 1 Rec. Prereq., 1241, A
lecture course making a detailed study of the
fundamental structure and mechanical prop-
erties of metals and alloys and the effects of
hot and cold working. Carbon and low alloy
steels in the annealed and heat-treated condi-
tion. High alloy steels. Mr. Moynihan.

1243 ENGINEERING MATERIALS. Credit
3 hrs. Fall. 2 Lee. 1 Lab. Prereq., 1242. A
lecture-laboratory  course relatlnF material
structure to the electrical, thermal, and mag-
netic properties of materials. Corrosion. Non-
metallic materials such as plastics, glass, re-
fractories and rubber. Lubricants. Nonferrous
and special purpose metals and alloys. Mr.
Moynihan.

1245. ELECTRICAL ~ AND  MAGNETIC
PROPERTIES OF MATERIALS. Credit 4
hrs. Spring. 3 Lee. 1 Lab. The macroscopic
electrical and magnetic properties of materials
related to their™ electronic structures. Free
electron theorg, of metals, band theory of
solids and the distinction between metals, Semi-
conductors, and insulators. Such electrical
properties as resistivity, Hall effect, thermo-
electric_power are considered. The magnetic
properties of materials are treated with em-
phasis on both theory and modern applications
In devices such as computers, micro-wave com-
ponents, and transformer cores. Mr. Abowitz.

1260. THEORETICAL MATERIALS—CRYS-
TAL MECHANICS. Credit 3 hrs. Fall. Pre-
req., 1243 or equivalent. Prmanlx for
graduate students. Mechanical and physical
characteristics of crystals from a classical
viewpoint, including crystallograph)(, symmetry
elements, mechanical and physical ﬁroperues
of crystals of differing si/mr.netry, influence of
crystal structure upon elastic constants, theo-
riés of elastic constants for metals and ionic
crystals; crystallography of simple glide and
twinning for different Crystal structures double
slip, cross slip, deformation bands. Mr. John-
son.

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
crystals. This includes the role of dislocations,



impurities, vacancies, and interstitial atoms
and their effect on such properties as plastic
flow, fatigue, creep, and fracture. Mr. Johnson.

1255, 1256. MATERIALS OF CONSTRUC-

TION. (See Chemical Engineering 6255, 6256.)

1273. RESEARCH IN ENGINEERING MA-

TERIALS. Credit as arranged. Fall and spring.

Thesis or independent research in a field of

materials science. Such research must be under
the guidance of a staff member. Staff.

1298, 1299. PROJECT. Total credit e hrs.
Work ‘of the ninth and/or tenth terms in the
form of projects designed to integrate the
student’s tralnlnl% in several engineefing areas
when such work is done ?rmupally. In the
field of engineering materials or physical and
meclianlcal ™ testing.” Staff.

CIVIL ENGINEERING
GRAPHICS

Mr. Hewitt and others.
2004. ADVANCED GRAPHICS. Credit 3 hrs.

On demand. Projections and graphical reFre-

sentations are treated in scope beyond 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 cartographi/, with par-

ticular’ attention to the prlncT es of map
projections, the conventions, sca |
struction of planimetric, topographic, and
chorographic maps from survey 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. The Tpreparatlon of map manuscripts
and models fo (

?raphlc and mechanical metho

tion of cartographic material from ground and
aerial surveys into map editions will assure
the proper “procedure to adopt for local cir-
cumstances.

SURVEYING

Messrs. Anderson, Lyon, McNair, Moore, and
others.

2101, ENGINEERING MEASUREMENTS.
Credit 3 hrs. Fall. 1 Rec. 2 Labs. Study of

es, and con-

r reproduction b(¥ both photo-
| _ ethods of duplica-
ion. The selection, evaluation, and organiza-

basic survea/mg instruments and of linear,
angular, and area measuring procedures; data
processing and presentation of results of meas-
urement ~operations; topographic surveys by
terrestrial methods; and geometry of cifcular,
transition, and parabolic curves.

2102. ADVANCED SURVEYING. Credit 3

hrs.. Sprm([J. 2 Rec. 1 Lab. Prereq., 2101
Project planning from topo?raphlc maps;
phatogrammetry;” 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?raphlc, Route, -and Geodetic ™ Survey

Camp.) Credit 5 hrs. Field and office work six
days a week for five weeks. Date to be an-
nounced in sprin 2101 and

term. ,Prerec*s., (
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 Cayuta
Lake; “and” complete route survey including
reconnaissance from aerial ?,hotographs, pre-
liminary survey, paper location, ‘and stak_ln%
of the final line. All horizontal and vertica
control surveys are executed according to
present standards for base-line taping,” tri-
an?_ulatmn with repeating and direction t%/pe
oplical-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.,
Iaboratom work involving physical measure-
ments, Math 163, and pérmisSion of the in-

structor. Measurement systems; analysis of
errors and of error propa%,atlon; aﬁpllcatlon of
the principles of probability to the results. of
measurements for the purpose of determmmg
the best estimates of measured and deduce
quantities, and the best estimate of 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 land descriptions;
land records and land courts. Study of U.S.
public land system, metes and bounds, sub-
divisions, resurveys, cadastral surveys, riparian
rights, mineral fand 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 leveling; deflection™ of the
plumb line; figure of the earth; determination
of ?ravny; isostasy; magnetic properties of the
earth. Subaect to arrangement to meet the
special needs of students.

2119. MAP PROJECTIONS. Credit 3 hrs. On
demand. The theory of map projections. Con-

struction of projections. Plane coordinate sys-

tems.

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, trigonometric, spirit, and

electronic leveling; stud?/ of pr,ecmoln[. al-
economic relation-

timetry; determination o
sh|i)s of vertical control methods to mapping
scale, especially for photogrammetric mapping.

2121, ELEMENTS OF PHOTOGRAMMETRY,
Credit 3 hrs. Fall. Lectures, recitation, and
Iaboratqrr work. Prmuﬂles and practice of
terrestrial and aerial p

veys, uncontrofled mosaics, radial-line control,
simple stereoplotting instruments, paralle| dis-
tortions, graphical tilt determination, trimet-
rogen charting, 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. Spring. Prereq.. 2121, Lectures
reading, and laboratory work. An advance
study of[Photogrammet_n_c principles includin
controlled mosaics, rectification, graphical, me-
chanical, and analytical space orientation.
Readings and reporfs from current technical
literature. The pr|nC|FIes of man%/ photpﬂram-
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-s
Elegtric §oord|nate Printer are available for
study and use.

2123. SURVEYING AND MAPPING INSTRU-

MENTATION. Credit 3 hrs. On demand.
Prereq., 2121, Lectures and assigned reading.
Independent study of developments jn survey-
ing. mapping, and photogrammetric instri-
ments including a brief historical sketch of
instrumentation; _optical-reading levels and
transits; electronic  hase line ~measurement;
precision altimeters; sonar equipment; cqui-
angulator, odograph, and stereoscopic plotters.
Correlation of the principles of physics and
mahem%ncds in new measuring instruments
and methods.

| otogrammetric map-
ping, |nclud|nﬁ (?Ianmn.g flights, control sur-
e.

2131 ELEMENTS OF SURVEYING. Credit
1 hr. Fall-spring. + 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 repord|n3
data. Use of steel tape, level, transit, an
plane table. Aerial mapping. Emphasis on
problems common in agricultural engineering.

2142. GEODETIC OR PHOTOGRAMMET
RIC ENGINEERING, RESEARCH. On de-
mand. Prerequisites will depend upon the area
of studies to be pursued. dpeual problems in
error analysis, geodesy, and photogrammetry
as may be arranaed.

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
cr photogrammetric field.

HYDRAULICS AND
HYDRAULIC ENGINEERING

Messrs. Bogema, Liggett, and staff,

2301. FLUID MECHANICS. Credit 4 hrs,
Fall-s[l]rmg. 3 Rec. 1 Lab. Prereq., concurrent
with 1152, Fluid properties. Pressure and pres-
sure intensity. Hydrostatics. Fluid flow con-
cepts and basic equations. Dimensional anal-
ysis. Laminar and turbulent flow. Flow in
B{Prﬁ?)s Flow in open channels, centrifugal

2302. HYDROLOGY. Credit 2 hrs. Fall-spring.
2 Rec. Precipitation, stream flow, unit hydro-
Hrag)h groundwater, wells, application of
ydrologic techniques.

2303. ADVANCED HYDRAULICS. Credit 3
hrs. Fall. 3 Rec. Prereﬂ., 2301 or 2331, More
detailed and extended theory and apdpllcatmn
than the first course. Problems consiaered in-
clude stability of flotation, barometric Iev_ellr]P,
flujds subject to acceleration, hydraulics simifl
tude, water hammer, and pipe flow.

2304. HYDRAULIC. MEASUREMENTS, Credit
3 hrs. Fall. 2 Rec. 1 Lab. Prereq., 2301. The
general flow equation. Volumetric and weight
measurements. Pressure and pressure intensity.
Measurements of fluid velocity. Rate of flow



measurements in pipelines and open channels.
Measurements under special conditions, Graph
ical and anal?/ucal methods of analyzing data.
Error and tolerances.

2305. HYDRODYNAMICS.  Credit 3 hrs.
Spring. 3 Lect. _Preregs., 2301 or 2331 and
differential equations. Equations of motion for
nonviscous fluids, force potentials, velocity po-
tentials, conformal mappln%, circulation,” vor-
tices, equations of motion Tor viscous liquids,
boundary layer, separation, drag, turbulence,
and wave motion.

2306. PUMPS AND TURBINES. Credit 3 hrs.
Spring. 2 Rec. 1 Lab. Prereq,, 2301 or 2331
Theofy and characteristics of the hydraulic
ram; feciprocating and centrifugal pumps; im-
pulse, reaction, and propeller "type turbines;
selection and testing of hydraulic machinery.

2307. now_ OF LIQUIDS IN OPEN CHAN
NELS. Credit 3 hrs. Fall. 3 Lect. Prereq., 2301.
Uniform flow, gradually varied_ flow, rapidly
varied flow, subcritical transitions, waves,
supercritical  transitions, bends, ~precipitous
slopes, energy dissipation, and spillways.

2308. HYDRAULIC MODELS. Credit 3 hrs,
S_prl_n%. 2 Rec. 1 Lab. Prereg., 2301. Theory of
similitu }
mensional analysis, development of prediction
equations, observations and measurements
theor){ of models, design and construction of
models, distorted models, models of rivers,
spillways, and outlet works.

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

2312. HYDRAULIC ENGINEERING. Credit
3 hrs. Fall-spring. 3 Rec. Prereq,, 2302. Intro-
duction to hydraulic engineering problems.
Purpose, planning, and Component parts of
hP/draullc projects. Flow measurement, un-
steady flow, Compressible fluid flow. Flood
routing, sedimentation. Reservoirs. Dams, spill-
ways, and river protection works. Flumes and
channels. Conduits, tunnels, penstocks. Locks.
Hydraulic model studies.

2313, HYDRAULIC STRUCTURES. Credit 3
hrs. Spring. 3 Rec. Prereq., 2312. Discussion
of advanced problems related to hydraulic
structures. Stress analysis in dams. Désign  of
arch dams. Splllways_and river Frotectlon
works. Channel transitions and controls. Hy-
draulics of locks.

de and its application to models.” Di-

2314, WATER POWER. Credit 3 hrs, Fall.
2 Lect. 1 Comp. Prereq., 2312. Hydrologic and
hydraulic investigation of water” power sites;
selection of turbines, power plant layout, and
equipment; economic considerations. Problems
cover determination of available power, selec-
tion of turbines, use of pondage and storage,
and determination of annual power output.

2331, FLUID MECHANICS. (For_ electrical
enalneermg students.) Credit 3 hrs. Fall-spring.
3 Rec. Prereq., 1152, Statics, dynamics of fluid
flow, law of continuity, ener?y eqluanon,_ 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 by conference at the begin-
ning of the term if not prevmuslg arranged.
It is permissible and often desirable for ‘two
students to work together on the same investi-
gation.

2343. HYDRAULICS SEMINAR. Credit 1 hr.
Fall-spring. Abstraction and discussion of tech-
nical papers and publications in the field of
hydraulics and hydraulic engineering.

SANITARY ENGINEERING

Messrs. Behn, Gates, and Lynn.

2501. MICROBIOLOGY IN ENGINEERING.
Credit 3 hrs. Fall-spring. 2 Lect-Rec. 1 Lab.
Prereq., Chem. 106, Introduction 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|olo?|ca|
oxidation of organic substances, the nafural
Rﬂunflcatlon of waters receiving organic wastes.
easurement and control of water quality.

2502, WATER SUPPLY AND WASTEWATER
SYSTEMS. Credit 3 hrs. Fall-spring. 2 Lect.-
Rec. 1 Comp. Prereq., 2302. Introduction to
the concept of maximum beneficial utilization
of water resources; analysis and design_ of
structures and systems for (1) the colléction,
transportation, and distribution of water sup-
plies; (2) the collection and transportation of
municipal and industrial waste-water and of
storm water. Disposal of waste-water.

2503, WATER AND WASTE - WATER
TREATMENT. Credit 3 hrs. FaII-spnan. 2
Lect-Rec. 1 Comp, or Lab, Prere[i., 501
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-
F_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, F}rereg.,.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. Measurement of pollu-
tants. Criteria and methods of disposal. Capac-
\Il%stgsf air and water resources to assimilate

2509. ENVIRONMENTAL HEALTH ENGI
NEERING. Credit 3 hrs. Spring. Concepts,
Flanmr?,_ and control of environmental sys-
ems. Epidemiology of current health prob-
lems, particularly “those associated with metro-
politan fringe areas and "with the use of radio-
active and “other toxic materials. Legal and
ggwglstratlve aspects of air and water quality

2510. SANITARY CHEMISTRY. Credit 3 hrs.
Fall. 2 Lect. 1 Lah, Prereq., 1 year of colle?e
chemistry. Primarily intended " for graduate
students” and upperclassmen especially inter-
ested in sanitary engineering. Fundaméntals of
analytical, physical, and “organic chemistry
specifically applicable to design and control
of water and waste treatment processes.

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

2532. MUNICIPAL SANITATION. For non
civil engineering students. Credits 3 hrs. Fall.
Lecture-discussions, reports, and field trips.
Water supply, municipal, industrial, and indi-
vidual sewage and solid waste disposal and air
sanjtation as they relate to municipal and
regional planning, development, and man-
agement. Water “and air pollution control
programs.

2541, PROJECT
ING. On demand. Prereq., 2502 and 2503, or

SANITARY ENGINEER-

equiv. Students will elect or be assigned indi-
vidual or group problems or topics dealing
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 beJ)ur-
sued, but in general they should include a
laboratory course and those courses in h¥-
draulics and sanitary engineering pertinent o
the field in which the Study is"to be under-
taken. Hours and credit variable.

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

TRANSPORTATION
ENGINEERING

Messrs. Belcher, Lewis, and Liang.

2602. TRANSPORTATION. _Credit s 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. Mr. Lewis.

2610. HIGHWAY ENGINEERING. Credit 3
hrs. Fall.-spring. 2 Lect. 1 Lab. Preregs.,
2113, and preceded by or taken concurrently
with 2725. Highway administration, planning,
economics, and finance; reconnajssance and, lo-
cation; geometric design; traffic engineering:
drainage; subgrade; hbase courses; design an
mrnstLrucnon of flexible and rigid pavements.
. Llang.

2612. HIGHWAY LABORATORY — BITU-
MINOUS. Credit 3 hrs. Fall. 2 Lab. 1 Semi-
nar. Prereq., 2610, or may be taken concur-
rently with 2610. Bituminous materials are
tested and aggregates studied for their com-
pat|b|l|t¥ with bitumens. Mixes are designed
and tested. Condition surveys are made on
various classes of bituminous pavements. Lab-
oratory fully equipped for all phases of applied
and résearch studies. Mr. Lewis.

2613. HIGHWAY LABORATORY — SUB-
GRADE SOILS. Credit 3 hrs. Spring. 2 Lab.
1 Seminar. Prereqs., 2725 and 2610, or may be
taken concurrently with 2610. Evaluation of
current soil en?_meerlng practices. Soil survey-
mg and sampling. Correlation of field and
laboratory compaction procedures. Tests on
soil samples stabilized with bituminous ma-



terials. Portland cement and chemicals. Condi-
tion surve){s are made on stabilized roads. Lab-
oratory fully equipped for all phases of applied
and research studies. Mr. Liang.

2614 HIGHWAY DESIGN—STRUCTURAL.
Credit 3 hrs. Fall. 3 Rec. Prereq.. 2610 or per-
mission_ of the instructor. Part I: Soil index
?ropemes and hlghwzéy soil classification sys-
ems; surveying ~ and sampling; subgrade
strength evaluation; compaction; drainage and
frost “action; stabilization; aggregates. Part II;
Design and construction of base and surface
courses for flexible pavements. Part I1l: 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 controls and criteria, includ-
ing vehicle characteristics and hl?hway 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. Preregs., 2610
2125. "Airport administration, planning, and
design. Site selection and evaluation; master
plan; grading; drainage; flexible and rigid
pavements; terminal facilities; heliports. Mr.
Liang.

LOW-COST ROADS. Primarily for foreign
students. Credit 3 hrs. On demand. (See Agri-
cultural Engineering 241, p. 90)

2619. TRAFFIC ENGINEERING — OPER-
ATIONS. Credit 3 hrs. On demand. 2 Lab.
1 Seminar. Prereq., preceded by or taken con-
currently with 2620. Definition” of traffic prob-
lems; collection of field data; analysis of field
data; findings, conclusions, and recommenda-
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 planning. Driver
reactions and habit pattern. Traffic engineer-
ing organization. Mr. Lewis.

2621. ANALYSES AND INT

ERPRETATION
OF AERIAL PHOTOGRAPHS

. Preregistra-

tion required. Credit 3 hrs. Fall-spring. 2 Lect.
1 Lab, f(The student is expected to pay the
cost of field trips and aerial p,hoto?raphs for
use in a term prO{ect, amounting {0 approx-
imately $15.) A study of the soil and rock
areas of 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
AERJAL PHOTOGRAPHS. Preregistration
required. Credit 3 hrs. On demand. Organ-
ization of course depends upon fields of in-
terest. Special problems; four each on ground
water, engineering pro&ects, agricultural soils
mapping, Irrigation, and geology. Mr. Belcher.

2641. PROJECT, TRANSPORTATION EN-
GINEERING. Credit 3 hrs. On demand. Proj-
ects in the various fields of transportation,
advanced aerial photographic studies, traffic
enFmeerlng, and earth en?meermg may be de-
veloped bg conference between professors and
students. Projects may involve integrated plan-
ning or design drawing upon several fields of
interest, or they may concentrate upo_n special
subjects. Adequate " facilities, material, and
sources of data are necessary to a satisfactory
project.

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 he In the nature
of an investigation of existing methods or
systems, theorétical work with a view to sim-
plifying present methods of design or pro-
posing new methods, or experimental investi-
gat[oglof suitable problems. Hours and credit
variable.

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

STRUCTURAL ENGINEERING

Messrs. Britvec, Fisher, Mason,
Nilson, Sturman, and W inter.

2101, ELEMENTARY STRUCTURAL ANAL-
YSIS. Credit 3 hrs. Fall. 2 Lect. 1 Lab. Prereg.,

McGuire,



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-

tlpnar?/ and moving ‘loads. Simple uses of

\(,jvlgna computers in structural analysis. Mr.
inter.

2702. STEEL AND TIMBER STRUCTURES.
Credit 4 hrs. Sﬁ)nng. 2 Lect, 2 Lab. 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 ‘trusses, crane girders,
crane and bulldmgi columns, bracing system.
Design of thin-walled (light-gage) steel ‘struc-
tures. Discussion of fatigue and " brittle frac-
ture. Elements of timber design.

2704, STATICALLY INDETERMINATE
STRUCTURES. Credit 4 hrs. Fall. 3 Lect. 1
Lab, Prereti., 2102, Deflections. Classical and
modern methods of analysis of statically inde-
terminate beams, frames, trusses. Influence
lines. Plastic design and analysis of steel
structures.

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 plastlc,desqns. of a_rigid
frame building. Partial design o tier building
frame including wind and earthquake effects.
Other d){nammall loaded structyres. Design
of a steel plate sfructure. Suspension roof sys-
tems. Caontinuous composite bridges. Design ‘of
I|ght-we|g%ht alloy structural elements. Critical
review of recent research, current specifica-
tions, design, and fabrication procedures
throughout.” Mr. M cGuire.

2708, 2709. ADVANCED STRUCTURAL
ANALYSIS. Credit 3 hrs. a term. Fall-spring.
3 Lect. a week throu%hout 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 stfuctures, use
%leglltﬁll computers in analysis and design.
. Flsner.

2710, STRENGTH OF STRUCTURES. Credit
3 hrs. Fall. 3 Rec. Prereq., 2704; can be taken
concurr.entl}/. Analysis of two- and three-
dimensional stress " and strain. Theories of
failure of ductile and brittle materials. Strain
energy methods applied to bending, shear, and
impact. Structural materials under load, strain
hardening, residual stresses, hysteresis, stress
concentration, brittle fracturg, alternating

stress. Desl%n 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. w inter.

2711, BUCKLING, ELASTIC AND INELAS-
TIC. Credit 3 hrs, SPrlng. Preregs., 2710 and
1145 or the equivalent.” Analysis of elastic
and plastic stability. Determination of buckh,nﬁ
loads and maximum_ stresses of columns wit
and without eccentricity. Solid and open web
columns with variable cross-section. Beam
columns. Frame buckllnF. Lateral strength of
unbraced beams. Buckling loads and post-
buckling stren?th of plates, shear webs, and
cylindrical shells.. Critical discussion of cur-
rent design specification. Mr. w inter.

2715 REINFORCED CONCRETE DESIGN.
Credit 4 hrs. Fall-spring, 2 Lect. 2 Lab. Pre-
reg., 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 compression, concentric and eccentric
columns. Shear and bond. Design project com-
?nsmg partial design of concrete “building
rame. Introduction to prestressed concrete.

2716, 2717. CONCRETE STRUCTURES, RE-
INFORCED AND PRESTRESSED. Credit 3
hrs. ann%—fall. Prereqs., 2704, 2715 2108
(for 2717). Review of member design. Ultimate
_stren%t_h theory. Flat-slab and flat-iJ_Iate design,
including bent analysis. Yield line theory.
Framing™ systems in “current use. Prestressed
concrete. Folded plate construction. Membrane
analysis of domes and hyperholic_paraboloids.
Critical discussion of current design specifica-
tions and recent research. Mr. Nilson.

2720. FOUNDATIONS. Credit 3 hrs. Fall-
spring. 2 Lect. 1 Lab. Prereq., 2715, 2725.
Study of the structural problems encountered
in foundation work. Retaining walls, sheet
piling, spread footings, piles, piers, abutments,
cofferdams, caissons, underpinnings. Design
problems.

2725, ELEMENTS OF SOILS ENGINEER-
ING. Credit 3 hrs. FaII-sprm%. 2 Lect. 1 Lab.
Prereqs., Geology 113, Eng. I153, 2301. Prop-
erties of soil and its behavior as an engineer-
ing material. Principles of soil identification
and classification, terminology and soil char-
acteristics such as gradation, permeability,
compressibility, consolidation, and shearing
strength with aPphcatlon to_simple problems
of seepage, settlement, bearing caﬂauty, sta-
bility of earth slopes. Lateral "earth pressure.
Soil "exploration. Laboratory tests for experi-
mental determination of above-mentioned soil



characteristics and evaluation and use of data.
Mr. Broms.

2726. SOILS ENGINEERING  THEORY.
Credit 3 hrs. Fall. 3 Lect. Prereq., 2725. Soil
structure. Flow of water through soil, flow
nets, piping, filters. Frost action. Theory of
uniaxial and triaxial consolidation. Shear
strength tests, direct shear, triaxial, penefra-
tion and vane tests. Stress-strain relatlonsmps.
Shear strength of saturated and nonsaturated
soils, isotropically and anisotropically consoli-
dated clays, true cohesion an .an%Ie of in-
ternal friction, sensitivity and thixotropy. Mr.
Broms.

2727, APPLIED  SOILS ENGINEERING.
Credit 3 hrs. Spring. 3 Lect. Prereq., 2726.
Lateral earth pressures, Rankine, Coulomb,
logarithmic spiral, friction circle methods, ef-
fect of seepage, Foml and line loads, Design
of retaining _walls, bulkheads, bracm? and
cofferdams. "Bearing capacity and settlement
of footings, rafts, piers and piles. Stability of
slopes. Soil exploration. Mr. Broms.

27131, ELEMENTS OF STRUCTURAL EN-

GINEERING 1. For noncivil engineering stu-
dents. Credit 3 firs. Fall. 2 Lect. 1 Lab.
Prereq., 1151, 1153. Analysis of statically deter-
minate and simple statically indeterminate
structures. Determination by” means of ana-
lytical and graphical methods, of reactions
and_internal forces and moments caused by
stationary loads. [Influence lines for heams.
Mr. Mason.

27132, ELEMENTS OF STRUCTURAL EN-
GINEERING II. For noncivil engi_meermg stu-
dents. Credit 3 hrs, Spring. 2 Lect. 1 lab.
Prereq., 2731, Design of “simple steel and
timber structures. Discussion of design in light

gage steel and aluminum. Analysis and de-

sign of members and connections, roof trusses,
floor systems, and other structures. Mr. Mason.

2141, PROJECT. On demand. Prereq., 2702,
2703, and 2715. The student may select a de-
sign problem such as an arch bridge, cantilever
or rigid frame bridge, a special problem in
steel or concrete bundln% 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 WIShIn? to
pursue one particular branch of structura

?meerlng further than can be done in any of
he re%ular courses may elect work in “this

field. The prerequisite ‘courses depend upon

en-

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 deS|Fn
or proposing new  methods, or experimenfal
investigation” of suitable problems. Hours and
credit variable.

2743 STRUCTURAL ENGINEERING SEM-
INAR. Credit 1-6 hrs. SJ)rmg. Open to spe-
cially selected seniors and graduate students.
PreFa_ratlon 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. Individually
supervised study in one or more_ of the spé-
cialized topics " of C|V|I.engb|nleer|ng such “as
tanks and hins, suspension ‘bridges, towers or
movable bridges, which are not covered in
the regular courses. Independent de5|gn or re-
search™ projects may also be selected. Hours
and credit variable.

SPECIAL AND GRADUATE
COURSES

2801, THESIS. The thesis gives the student
an opportunity to work out a special problem
or to make an engineering investigation, to
record the results of his work, and to obtain
academic credit for such work. Registration
for thesis must be approved by the professor
in charge at the beginning of the semester
during which the work is to be done.

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

constructi

on_engineering
AND ADMINISTRAT?ON

Messrs. G ebhard and Richards.

2901. CONSTRUCTION METHODS. Credit
3 hrs. Fall-spring. 3 Rec. Introduction to
methods, equipment, and management prin-
ciples and procedures invoived in construction
activities; nature of the construction industr

and sources of information concernln% it;
problems and. oral reports by students based
on current literature; correfation of mone){

men, materials, machines, and design detai
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 business or-
ganizations, sales, "insurance, utilities, labor,
government regulation of business, sales, ne-
([mtlable instruments, workmen’s cpm?ensatlon,
lens, bankruptcy, patents, copyrights, trade-
marks; work of the expert witness; ethical
resPonsmlIm_es; professional registration; spe-
cial emphasis on contract documents used in
construction work.

2903. ENGINEERING ECONOMY. Credit 3
hrs. Fall-spring. 3 Rec, Prereq., 2901, 3231,
or special permission. Pr|nC|PIes and techniques
for making decisions about the economic as-
Fects of engineering _projects: choosing be-
ween alterntives; 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

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 rapidly
growing population and urbanization; regional
public works projects; city and re_(t;mn_al plan-
ning; codes; zoning; planning capital improve-
ments; the city manager; managln? and oper-
ating the engineering and othér functions of
municipalities. Mr. Gebhard.

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, particularly those which apply to con-
struction contracts, and employer-employee re-
lationships. Mr. Richards.

2907, CONSTRUCTION MANAGEMENT.
Credit 3 hrs, On demand. Preregs., 2901, 2902,
2903, 3231, Planning and,qi)erau.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. Gebhard.

2941. PROJECT. CONSTRUCTION )
NEERING AND ADMINISTRATION. Credit
3 hrs. On_ demand. Prereq., 2901, 2902, 2903,
or permission. Development of a public or pri-
vate engineering project selected by the stu-

ENGI-

dent, involving economic analysis, planning,
design, and construction procedures, with spe-
cial ‘emphasis on the legal, financial, and man-
agement aspects.

2942, CONSTRUCTION ENGINEERIN
AND ADMINISTRATION RESEARCH.
Credit 3 hrs. On demand. Prereg., 2901, 2902
903, or permission. Investigation of special
problems relating to the economic, legal, finan-
cial, and management aspects of public and
?nvate _engineering operations of ‘interest to
he engineer-administrator, consulting engineer
and constructor.

2943, CONSTRUCTION ENGINEERING
AND ADMINISTRATION SEMINAR. Credit
1-6 hrs. On demand, Prereq., 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
E)nvat,e work, including” discussions of current
echnical papers and publications.

MECHANICAL
ENGINEERING

_The courses in_mechanical engineering are
listed under, the followin headm%s: Drafting
and Industrial Design, Thermal Engineering,
Industrial and Englne_ermgp Administration,
Machine Design, Materials Processing.

GENERAL

3001, INTRODUCTORY  ENGINEERING.
Credit L hr, Fall. 2 Lect. An orientation to the
School and to the field of mechanical engineer-
ing. A study of the slide rule, problems in
engineering, plotting of data, and report writ-
ing. Messrs, Loberg and Hanselman.

3002. INTRODUCTORY  ENGINEERING.
Credit 2 hrs. Spring. 2 Lect. A continuation of
Course 3001 with Special emphasis on the re-
sponsibilities and opportunities that exist for
mechanical engineers in industry. An introduc-
tion to modern industrial organization. Messrs.
Loberg and Hanselman.

3041. NONRESIDENT LECTURES. Terms
9and 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
Furpose of assisting students_in their approach
0 employment and in their transition from
college to industrial life. Under the direction
of Messrs. Loberg and Allen.

3051, ASMM.E. STUDENT BRANCH. Credit
1 hr. Students who have completed at least



two terms in the School of Mechanical En%r
neerm% are urged to become members of the
Cornell Student Branch of the American So-
uet\{ of Mechanical Engineers. The meetings
of the Society, however, are open to all. At-
tendance at ang fourteen Student Branch meet-
ings entitles the member to one hour elective
credit; _however, only one elective may be
earned in this mannér. Application for mem-
bership should be made in October of each
year at the A.S.M.E. office, or to the Honorary
Chairman of the Student Branch, Mr. Erdman.

DRAFTING AND INDUSTRIAL
DESIGN

Messrs. Abrahams, Baird, and Siegfried.

3111. DESCRIPTIVE ~ GEOMETRY  AND
FREEHAND DRAWING. Credit 3 hrs. Fall.
1 Lect. 2 Lab. Introduction to prerequisite
arts and sciences of mechanical drafting and
creative sketching; lettering; delineation; pic-
torial drawm?; descriptive geometric anatomy;
freehand pictorial and orthometric drawing;
esthetics; Introductory creative sketching. M.
Siegfried.

3112. BASIC_ MECHANICAL DRAFTING
AND CREATIVE SKETCHING. Credit 3 hrs.
Spring. 1 Lect. 2 Lab. Prereq., 3111, Basic
mechanical drafting principles and standards;
creation, ~expression, and interpretation of
specifications for the s?anal properties of
mechanical ana_tom}/, by layouts and working
drawings; continuation” of “creative sketching.
Mr. Siegfried.

3114. FREEHAND DRAWING. Credit 1 hr.
Fall. 1 Lect. For students who desire only the
freehand content of 3111, Mr. Baird.

3115, CREATIVE SKETCHING. Credit 1
hr. Spring. 1 Lect. Prereq., 3111 or 3114, For
students who desire only the creative sketching
content of 3112. Mr. Baird.

3116. INTRODUCTION TO INDUSTRIAL
DESIGN. Credit 3 hrs. Spring. 2 Lab. Preregs.
3111 and 3112. Read!nﬁs;, abstract and applied
design problems which investigate and apply
the “interrelationships existing “between form,
function, and materials. Mr. Baird.

3117. DESCRIPTIVE GEOMETRY. Credit
2 hrs. Fall. 2 Lab, Same as 3111 except that
freehand content is omitted. Mr. Siegfried.

3118. BASIC MECHANICAL DRAFTING.
Credit 2 hrs. Sprmg. 2 Lab. Same as 3112 ex-
cept that creative sketching content is omitted.
MT. Siegfried.

3119. INTRODUCTORY MECHANICAL
DRAFTING AND SKETCHING. For chemi-

cal and metallur?lcal engineering students.
Credit 2 hrs. Fall. 2 Lab. Basic mechanical
drafting and sk,etchmg; lettering; delineation;
projective and pictorial drawing; selected topics
of " descriptive geo_metr¥; flow charts and
graphs; basic drafting techniques. Mr. Sieg-
fried or Mr. Abrahams.

3120. MECHANICAL  DRAFTING  AND
SKETCHING. For chemical and metallurgical
en%meermg students. Credit 1 hr. Sprln%: 1
Lab. Prereq., 3119 or permission. Continuation
of basic principles and standards of drafting;
making and interpreting machine layouts an

working drawings; piping diagrams. "Mr. Sieg-
fried Or Mr. Abrahams.

3131. SPECIAL PROBLEMS IN DRAFT-
ING OR INDUSTRIAL DESIGN. Credit based
upon actual hours of work. Fall or spring.
Lab. as required. Also ma)[/ be elected by stu-
dents who desire the first term only of the
Industrial Design Project. Mr. Baird.

3198, 3199. INDUSTRIAL DESIGN PRO

ECT. Total credit e hrs. Ninth and tent

terms. 2 Lab. Prere%., 3116. Project work_ in-
cludes readings and design problems. Readings
integrate design with the, contemforary social
and “economic scene. Design problems “are di-
rected toward creation of & comprehensive atti-
tude in product development and toward at-
tamTent of a measure of design ability. Mr.
Baird.

industrial and engineer-
ing ADMINISTRATION

Messrs. Allderige, Allen, Bechhofer, Bern-
hard, Conway (on leave, fall, 1961), Gavett,
Goode, Kao (on leave, 1961-1962), Loberg,
Maxwell, Ney, Sampson, Saunders, Schultz,
and weiss.

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

3232. PERSONNEL MANAGEMENT. Credit
3 hrs. Fall. 3 Rec. Intended for graduate stu-
dents but Ofen to qualified undergraduates,
Prereq., 3241 or permission. Techniques of
employee. selection and evaluation, job evalua-
tion, training, motivation; personnel depart-
ment organization and interdepartmental rela-
tions. M. Sampson.

3235. INDUSTRIAL ORGANIZATION AND
MANAGEMENT. Credit 3 hrs. Fall. 3 Lect.
Management of an industrial enterprise; in-



ternal organization: effect of type of product,
methods "of manufacture, size of enterprise,
and personnel involved; types of enterprises;
plant’ location; centralization and decentral-
Ization trends; diversification and specializa-
tion; growth of industry. Mr. Sampson.

3236. ORGANIZATION AND |
MENT OF PRODUCTION. Credit 3 hrs.
.Sprln%._Z Lect. 1 Rec. Introductory course in
industrial management covering organizational
structure; principles of mass production; plant
location and layout; methods analysis and
time study; production planning and control;
related functions of engineering, research,
sales, purchasing, and cost control;” technology,
technical organization, and background of sCi-
entific management. Mr. Sampson.

3240. ANALYTICAL METHODS IN OPER-
ATIONS RESEARCH. Credit 3 hrs, Fall. 3
Rec. Intended for graduate students but open
to qualified undergraduates. Prereq., Math.

162" Selected topics of special interest in opera-

tions research and industrial engineering in-
cluding matrix algebra, set theory, convex
bodies, linear |ne(%ual|t|_es, probability  theory
(including Markoft chains), and applications
fo selected problems. Mr. weiss.

3241, INDUSTRIAL AND ENGINEERING
STATISTICS. Credit 3 hrs. Either term. 2 Rec,
1 Comp. Prereq., Math. 162..ApPI|c.at|ons.of
probability theory and statistics to industrial
and engineering " problems; point and confi-
dence interval estimation; statistical testing of
hypotheses; properties of binomial, Poisson,
and h){pergeomletrlq distributions, and athca-
tions 10 sampling |n5ﬂect|on problems; " large-
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.
Messrs. Bechhofer, Kao, 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
inspection for attributes and variables; orlganl-
zation, administration, and economic problems,
and application of concepts to areas other than
quality maintenance. Mr. Goode or Mr. Kao.

3243. INTERMEDIATE INDUSTRIAL AND
ENGINEERING STATISTICS. Credit 3 hrs.
Spring. 2 Rec. 1 Comp. Intended for graduate
students but open to qualified undergraduates.
Prereq., 3241 or permission. Application_ of
statistical methods to the efficient design,

MANAGE-

analysis, and interpretation of industrial and
engineering experiments; rational choice of
sample sizé 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. Mr. Bechhofer or MT. Weiss.

3244, ADVANCED INDUSTRIAL AND EN-
GINEERING STATISTICS. Credit 3 hrs. Fall.
2 Rec. 1 Comp. Intended for graduate students.
Prereq., 3243 or permission. Use and analysis
of experimental designs such as randomized
blocks and Latin squares; analysis of variance
and covariance; factorial experiments; sta-
tistical problems associated with finding best
0 e.ratllngi conditions; response-surface analysis;
statistical multiple-decision selection proce-
dures. Mr. Bechhofer.

3245. SELECTED = STATISTICAL TOPICS.
Credit 3 hrs, Spring of odd years. 2 Rec. 1
Comp. Intended for graduate students. Prereq.,
3243 or permission. Selected topics chosen from
such fields as nonparametric statistical methods,
sequential analxﬂsw, multivariate analysis. Mr.
Bechhofer Or Mr. Weiss.

3246, PRINCIPLES OF INDUSTRIAL AC-
COUNTING, Credit 2 hrs. Fall. 1 Lect. 1
Comp. Basic accounting theory; special
journals; controlling accounts and” subsidiary
records; voucher system; basic manufacturing
cost accounting. Messrs. Allen, Gavett,

3247. PRINCIPLES OF COST CONTROL.
Credit 3 hrs. Spring. 2 Lect. 1.Co.rn‘3. Prereg.,
3246 or 3231, or equivalent. Principles of cost
accounting for production order and con-
tinuous process operations; cost factors related
to decision making, control and profit; budgets
.'ém(ril Istandards; cost analyses. Messrs. Allen,
chultz.

3248. STATISTICAL ASPECTS OF RELI-
ABILITY ANALYSIS. Credit 3 hrs. Fall. 2
Rec. 1 Comp. Intended for graduate students
but open to qualified undergraduates. Prereq.,
3243 or Ber_mlssmn of the instructor. The role
of probability and statistics in reliahility analy-
sis; statistical models for failure and” fatigue
data, with special emphasis on the exponental,
Weibull, Gamma, and extreme-value distribu-
tions; design, analysis, and interpretation of
multifactor reliabiflity experiments; increased-
severity testing; improving reliability through
redundance and maintenance; applications to
component and systems refiability. Messrs.
Bechhofer, Goode,” and 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 accounting



theory; manufacturing cost accounting and cost
analysis; cost factors related to decision mak-
ing, control and profit; budgets and standards.
Mr. Allen or Mr. Gavett.

3254. ANALYTICS OF DECISION AND CON-

TROL. Credit 3 hrs. Fall. 2 Rec. 1 Comp.
Elective for graduate students and qualified
undergraduates. Prereq,, 3241, 3247, and 3263.
Advanced topics in engineering economics. Eco-
nomic theory of the firm including theories of
capital _investment and ,prlcmg. Economic
forecasting. Treatment of risk and uncertainty.
Application to engineering problems, e?
equipment replacement policy. Cost concepfs;
maaglnal analysis and linear programming in-
cluding simplex method, Application to prob-
lems in production and sales planning, e.g.,
“make or buy” decision. Statistical sampling
and other techniques for cost prediction, analy-
sis, and control. Messrs. Bernhard and Schultz.

3261. SYSTEMS ENGINEERING. Credit 3 hrs.
Spring. 2 Rec. 1 Lab. Elective for %raduate
students and qualified undergraduales not
majoring in the Department. Prereq., 3241
Methods of descnb_ln?, analyzing, and manipu-
lating  complex, inferrelafed “open = systems.
Graphical and_ mathematical analysis. "Tech-
niques. of design of transportation, service,
and information systems and appropriate
evaluation methods. The staff.

3262. METHODS ENGINEERING. Credit 3
hrs. Either term. 1 Lect. 2 Lab. Prereq., 3241
or equivalent. Analysis and design of opera-
tions and gpbs; factors influencing creation
and evaluation of alternative designs; work
measurement and other techniques including
stop-watch ~ time study, work sampling,
queuing, and predetermined motion times as
used for evaluation of design, control of opera-
tions, wage standards, efc.; introduction to
model design concepts. Messrs. Allderige,
Gavett, 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,
Various cost concepts, certain types of cost
analysis, and the economics of capital invest-
ment decisions. The fundamentals of produc-
tion and inventory control. Simple linear Pro-
gramming and assignment problems involved
in plant design. Messrs. Goode, Saunders.

3264. PRODUCTION ENGINEERING. Credit
3 hrs. Spring. 2 Rec. 1 Comp. Prereq., 3263.
The analysis and design of production systems.
Emphasis will be ﬁlaced on ana[Yt[caI methods
and procedures. The material will include such
topics as the statistical analysis of product
designs and specifications, process capability

studies, process planning including process au-
tomation, plant layout and design, and mate-
rials handling. Messrs. Goode, Saunders.

3265. PRODUCTION PLANNING. Credit 3
hrs. Sprm?. 2 Rec. 1 Comp. Intended for
graduate students but open to qualified under-
graduates. Prereq., 3241, or 3263, or
permission. Scheduling of manufacturing oper-
atlons—forec,astlng}, leveling, explosion, load-
ing, sequencing. The planiing and control of
inventories. Emphasis on mathematical and
statistical methods of performing these func-
tions, including development of decision rules
and reactive control systems. Mr. Conway.

3266. ADVANCED METHODS ENGINEER-
ING. Credit 3 hrs. Fall. 2 Rec. 1 Lah. Intended
for graduate students but ogen to qualified
undergraduates. Prereq., 3262 or permission.
Analysis and design of man-micro systems and
man-machine micro systems. Advanced sta-
tistical treatment of work measurement design,
variables measurement, and work sampling;
mathematical and statistical treatment of
model design, standard data, control, and
standards maintenance; study of the micro
systems design Froblem, including _ emphasis
on the behavioral aspects and wage incentives.
Mr. Allderige.

3267. ADVANCED PRODUCTION ENGI-
NEERING. Credit 3 hrs. Fall. 2 Rec. 1 Lab.
Intended for graduate students but open to
gualmed undergraduates. Prereq., 3264 or
261, A continuation of 3264 but with empha-
sis on the isolation and analysis. oprroductmn
problems concerned with material flow, mate-
rial handling methods, and plant design. Mr.
Saunders.

3270. INDUSTRIAL MARKETING. Credit 3
hrs. Spring. (Not offered in 1961-1962.) 3 Lect.
Elective for qualified undergraduate and grad-
uate students. Prereq., 3241, 3247 or 3253,
Industrial marketing as related to product
planning, policy, and research, sales and
market analysis; distribution channels; pricing
and terms of sale; sales promotion; mana%e-
ment and organization of sales force; sales
control. Aspects of related purchasing prob-
lems; methods of forecasting sales. Mr. Loberg.

3271, INDUSTRIAL ~ MARKETING  RE-
SEARCH, Credit 3 hrs. Fall. (Not offered in
1961-1962.) Intended for graduate students but
ogen to ‘qualified undergraduates. Prereg.
3270. Techniques of market research applie
to specific problems related to industrial goods.
Mr. Loberg.

3280. INTRODUCTION TO OPERATIONS
RESEARCH. Credit 3 hrs. Fall. 2 Rec. 1
Comp. Intended for graduate students and



qualified fifth year students. Prereq., 3241 or
Ferm|§5|on. Madel design, methodology, and
echniques of operations research mcludmg
waiting line models, linear proHrammmg an
assignment, simulation, and other specialized
techniques; applications to production, cost,
inventory, and sales problem. Mr. Allderige
or Mr. Schultz.

3281, COMPUTING EQUIPMENT AND IN-
DUSTRIAL APPLICATIONS. Credit 3 hrs.
Either term. 2 Rec. 1 Comp. Intended for
graduate students but open to qualified under-
graduates. Principles and characteristics of
modern high-speed digital and analog co
puting equ!i)ment. Programming and operation
of the digital computor at the Cornell Com-
puting Cénter. Engineering and scientific com-
puting applications, introduction to numerical
analysis, simulation and Monte Carlo_ tech-
niques. Data processing applications in ac-
counting, communications and control; prob-
lems of Integrated systems design. Mr. Conway.

3282. DIGITAL COMPUTER PROGRAM-

ING. Credit 1 or 3 hrs. Either term. 2 Rec.
1Com§). Intended for graduate students but
open to qualified un errqraduates. Prereq.,
consent of the instructor. Intended to prepare
students to use the large-scale digital computer
of the Cornell Computing Center. Considers
compiling, assembly, and “basic machine lan-
guages; machine operation and pro%.ra_m test
procedures; and input-output capabilities, in-
cludmlg use of magnetic tape sxstem. (A student
can efect to register for + hour credit and
;%ar,tlmpate_ in the first 6 weeks of the course.
his consists of programm%_ in a compiling
language and should "be sufficient for routine
mathematical and statistical problems.) Mr.
Conway.

3283. DIGITAL SYSTEMS SIMULATION.
Credit 3 hrs. Fall. 2 Rec. 1 Comp. Intended
for graduate students and qualified under-
graduates. Prereq., 3281 and permission. The
use_of a symbol manipulation program for a
digital computer to simulate the” operating
characteristics of a complex system in time.
Discugsion of problems ‘encountered in con-
struction of a simulation program in the
design of effective investigations ‘using simula-
tion, and in the execution of the simulation.
Applications of simulation to such areas as
Froducnqn and inventory scheduling and con-
rol, design of manufacturm?,faC|I|t|es, man-
a?.ement control systems, traffic analysis. Ap-
plications will incfude use in design of facil-
ities, design of op,eratln;i disciplines or decision
rules, and use in real time control of an
operating system. Mr. Maxwell.

3284. MATHETICAL PROGRAMING AND
DECISION THEORY. Credit 3 hrs. Spring.

com-

2 Rec. 1 Comp. Intended for graduate stu-
dents. Prereqs., 3240 and 3243, or equivalent.
Linear and dynamic programing applied to
?r_oble.ms of allocation, assignment, and dis-
ribution. Statistical decision theory, relatjon
to game theory, structure of games, strategies:
the etha5|s will be on the basic concepts and
applications. Mr. weiss.

3285. QUEUING THEORY. Credit 3 hrs.
Spring. 2 Rec. 1 Comp. Intended primarily
for graduate students, Prereq., 3240 or Mathe-
matics -711 or permjssion of the instructor.
Definition of a queum% process. Explicit solu-
tions of ,queulnP,prqb ems when the arrival
and service disfributions are exponential or
Erlang. A detailed stu,dY_of_the one-server
Woblem for general distributions: the basic

iener-Hopf equation; existence and unique-
ness of stable solutions; ap{;roaches to solving
the ~basic equation. Multi-server problems;
bulk service; queues in series. Applications to
specific _engineering problems such as shop
scheduling,” equipment maintenance, and in-
ventory control. Mr. Ney.

3290. SPECIAL INVESTIGATIONS IN IN-
DUSTRIAL AND ENGINEERING ADMIN-
ISTRATION. Credit and sessions as arranged.
Either term. Elective for qualified undergrad-
uate and graduate students. Offered to quali-
fied students individually or in small groups.
Stud¥, under directjon, of special problems in
the field of industrial and engineering admin-
istration. The staff.

3291, INDUSTRIAL AND ENGINEERING
ADMINISTRATION GRADUATE SEMINAR.
Credit 1 hr. A weekly IVk hr. meeting. In-
tended for graduate students. Discussion and
study of assigned topics of importance in the
field” The staff.

3298, 3299. PROJECT. Max. credit e hrs.
.Prere,(%,., 3264, Project work requires  the
identification and analysis of both_ professional
and research problems in industrial engineer-
ing. The projects emphasize analytic ability
and the synthesis of feasible solutions. Projects
can be_done individually or in grouHs up to
eight. The problem definition and the subse-
quent analysis and synthesis are the concern
of the student with_ minimal faculty guidance
and participation. The staff.

machine design

Messrs.  Aronson, Booker,
Ocvirk, Phelan, and W ehe.

3341, MACHINE DESIGN. Credit 4 hrs. Fall
and sgrmg. 3 Rec. 1 Comp. Prereq., 1153,
1241, 3118, 3402, and 6110, or equivalent. Re-

Burr, DuBois,



quired of students in electrical engineering
and agricultural en !neerln% and "may be
elected by other qualitied students not in me-
chanical engineering. The design of machines
and machine members based upon considera-
tions of motion, size, material, strength, dura-
bility, and manufacturing processes; selection
of cams, linkages, couplings, clutches, brakes,
holts, chains, %Aears, bearings, shafts, springs,
and fasteners. Mr. Phelan.

3351, MECHANISM. Credit 3 hrs. Fall. 2
Rec. 1 Comp. Prereqs., 3112, 1151, An analysis
of displacements, linkages, cams, gears, trains
of mechanism, and computing linkages; and
introduction to synthesis of mechanisms. Mr.
Aronson Or Mr. Booker.

3352. DYNAMICS OF MACHINERY. Credit
3 hrs, Spring. 2 Rec. 1 Comi). 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
loads; shaft whirl; vibration isolation. Mr.
Ocvirk.

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

3354. DESIGN OF MACHINES. Credit 3 hrs,
Spring. 1 Lect. 2 Lab. Prereg., 3353, 3404, 1242
(prereg. or parallelg: The ESIPn of complete
machines and modification of existing ma-
chines; computations and layout drawings as
required; the demgn of _castings, forgm?_s,
stampings, weldmenfs, housings, and hydraulic
systems “for machines. Mr. DuBois.

3361, ADVANCED MACHINE ~ANALYSIS.
Credit 3 hrs. Fall. 3 Rec. Intended for gradu-
ate students but open to qualified fifth year
students. Prereqs.,, 3353, 1155 (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 lubrication. Mr. Burr.

3362, MECHANICAL DESIGN OF TURBO-
MACHINERY. Credit 3 hrs. Spring. 3 Rec.
Intended for graduate students buf open to
%ualmed fifth ‘year students. Prereqs., 1154 or
361, 3352 of 3367 (prereq. or parallel).

Mechanical design of ma{or components of high
speed compressors and furhines for structural
adequacy and vibration-free operation. Selected
topics from among the foIIowmgi: 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, Investlganon of
natural frequencies and critical speeds. Selec-
tion of materials. Mr. 0 cvirk.

3366. ADVANCED KINEMATICS. Credit 3
hrs. Spring of even years. 2 Rec. 1 Comp. Pre-
req., 3352. Advanced analgncal 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. Mr. Aronson.

3367. DESIGN PROBLEMS IN VIBRATIONS
AND DYNAMICS. Credit 3 hrs. Spring. 2 Lect,
1 Lab, Preregs., 1155, 3352. Applications of
d}/namlcs and vipration theory to the design
of machinery; vibration and ‘shock mountmgf
of machines” with single_ and multi degrees o
f mach th single and multi deg

freedom, properties of isolators, damping de-
vices, critical speeds of shafts and crankshaft
systems; vibration instruments and experi-
gwental investigations.  Mr. Phelan or Mr.
urr.

3370. 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 a complete machine, in"the analysis of ex-
perimental investigation of a machine or com-
P,onent of a machine, or_studies in a special
ield of machine design. The staff.

3372. EXPERIMENTAL METHODS IN MA-
CHINE DESIGN. Credit 3 hrs. Fall. 1 Rec.
2 Lab. Prereq., 3353 or 3341. Investigation
and evaluation of methods used to 0Obtain
dem?n and performance data. Techniques of
photoelasticity, strain  measurement, photog-
raphy, vibration and sound measurements,
balancing methods, and development tech-
niques are studied as aPplled to machine de-
sign problems. Mr. Phelan.

3374, CREATIVE DESIGN, Credit 3 hrs.
Fall. 2 Lab. Prereq., 3354. Short problems to
stimulate |ngenU|tK 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 automatic 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, Prere(és., 1152, 1155
4933 (prereq. or parallel). Introduction to feed
back ‘control theory with emphasis on the

applications of hydraulic and Pneumatic sys-

tems to the autoniatic control of machines and
processes. The Laplace transform; open and
closed-loop systems, transfer functions; stability
criteria; frequency _ response;. utilization of
analog computors” in thedesign of control
systems; components of industrial controllers.
Mr. wehe or Mr. Phelan.

3377. AUTOMOTIVE ENGINEERING. Credit
3 hrs. Fall of odd years. 3
Analysis of various designsfor the parts of an
automotive vehicle, other than the engine, in
relation to its performance; stability,” weight

distribution, traction, steering, driving, brak-
avail-

ingi, riding comfort, power required an
able, transmission types, acceleration, and
climbing ability. Recommended together with

Course 3670 for a study of automotive engi-

neering. Mr. DuBois.

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&orm(}; 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 ¢ hrs.
Work of the ninth and tenth terms in the
form of projects to integrate the trammg in
mechanl_cal_enlgln_eenng when such work is
done 1pr|n0| ally in the field of machine de-
sign. The staff.

materials processing

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

3402. MACHINE TOOLS. Credit 2 hrs. Either
term. 1 Lect. 1 Lab. Lectures, demonstrations,
and laboratory practice on basic machine tools
and their accessories; project layout and_oper-
ation sequence exercises for unit making  of
goods; demonstration of production tooling
and gaging. Mr. Pentland.

3403. FUNDAMENTALS _OF MACHINE
TOOLS. Credit 1 hr. Either term. 1 Lect.
1 Lab. Demonstrations and practice on basic
machine tools and their accessories; use of
unit measuring instruments. Mr. Pentland.

Rec. Prereq.,3353

3404. PRODUCTION MACHINE TOOLS.
Credit 2 hrs. Either term. 1 Lect. 1 Lab.
Prereqs., 3406, 3262. Lectures, demonstration
studies, and analyses of machine tools for
quantnﬁl production of goods; jigs, fixtures,
and other tooling accessories are  investigated;
operation analysis and 1ual|t
discussed and demonstrated. Mr. Geer.

3405. GAGE LABORATORY. Credit 1 hr,
Either term. 1 Lab. Demonstration studies of
meas_urm% devices and_techniques for control
of size, Torm, and alignment of commercial
goods to A.S.A. and othér standards; laboratory
practice in inspection methods; quality control
?wata studies; calibration and gage Checking.
I. Geer.

3406. MACHINE  TOOL TECHNOLOGY.
Credit 2 hrs. Either term. 1 Lect. 1 Lab.
Study of chip formation, cutting tools and
fluids, speeds and feeds, and their relations to
machinability; analyses of general purpose
machines. and  their accessories; machinin
practice including layouts, set-ups, and use 0
measuring instruments. Mr. Pentland.

3407. ADVANCED MATERIALS PROCESS-
ING. Credit and hours as arranged. Discussion
and study of selected topics on eorY of metal
cutting and working processes, the echnologY
of manufacture with machine tools, and metrol-
ogy and production gaging; topics and assigned
study to suit individual “needs. Messrs. Geer
and "pentland.

3498, 3499. PROJECT. Total credit e hrs.
Work of the 9th and ‘10th terms in the form
of FFOJSQtS to_integrate the training in mechan-
ical engineering when such work is done prin-
cipally “in the™ field of materials processing.
Messrs. Geer and Pentland.

limitations are

THERMAL ENGINEERING

Messrs. Andrae, Conta, Dropkin, Erdman,
Fairchild, Gebhart, Mackey, McManus,
Pierce, and Shepherd (on leave, fall, 1961).

3601 ENGINEERING THERMODYNAMICS.
Credit 3 hrs. Fall. 1 Lect. 2 Rec. Preregs.,
Mathematics 163, Physics 122, Chemistry  106.
Laws of thermodynamics; energy equations;
thermod*nam[c properties of state of idea
and real fluids; thermodynamic analysis of

processes of ideal and real fluids. Mr. Conta.

3602, ENGINEERING THERMODYNAMICS.
Credit 3 hrs, Spring. 1 Lect. 2 Rec. Preregs.,
3601, Chemistry 402. Combustion; thermo-
dynamics of ideal gas reactions; thermodynamic
analysis of basic cycles used for power, refrig-
eration, and air conditioning. Mr. Conta.



3603, FLUIDS ENGINEERING /. Credit 3
hrs. Spnn%. 3 Rec. Preregs., 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
tPr_ansfer; normal shock. Messrs. Shepherd and
ierce.

3604. FLUIDS ENGINEERING II. Credit 3
hrs. Fall. 2 Rec. 1 Lah. Prereq., 3603. Dimen-
sional analysis; flow over immersed bodies;
boundary ldyer solutions; lift and drag; oblique
shocks; “waves in compressible flow; energy
transfer between a fluid and a rotor; char-
acteristics of turbomachines for |ncomFr_e_SS|bIe
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. 1 Lah. Preregs., 3603, 1155. Introduction
to heat transfer by conduction, convection, and
radiation; steady “state, transient state; steady
periodic state; “heat transfer in engmeermg
aPparatus; numerical methods; electrical an
fluid analogues. Laboratory ~instruction in
temperature” measurement, “determination of
surface coefficients, radiant energy exchange,
and experimental use of analogues. Mr.
Dropkin.

3606. THERMAL ENGINEERING LABORA-
TORY. Credit 3 hrs. Sgnr'w. 1 Lect, 1 Lab.
Preregs., 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 spring. 3 Rec. Prereg,, accompanied
or preceded by 3606. Introduction to combus-
tion engines with emphasis on_application of
thermodynamics, fluid dynamics, and heat
transfer;” reciprocating combustion engines; gas
tMurblnes; compound engines; reaction engines.
I. Fairchild.

3608. THERMAL POWER PLANTS. Credit

3 hrs. Fall and spring. 3 Rec. Prereg., ac-
%omi)anled or preceded by 3606. Introduction
0°S

eam and binary vapor Power plants with
emphasis on_applications of thermodynamics,
fluid dynamics, and heat transfer; " nuclear
power. ‘Mr. 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 refrigeration: control of the physical
environment. Mr. Mackey.

3630. ENGINEERING THERMODYNAMICS.
Credit 3 hrs, 3 Rec. Reqluwed_of students
in the Schools of Electrica En[qnmeen_ng and
Civil En%meerlng. Preregs.,, Mathematics 163,
Physics 122, Chemistry 106. Laws of thermo-
dynamics; energy et}uanons; thermodynamic
properties of sfate of gases and vapors, non-
flow and flow processes; gas and vapor cycles;
refrigeration; steam turbines. Mr. Fairchild.

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
plant; compressors; internal ‘combustion en-
gines; air conditioning. Mr. Fairchild.

3650. SPECIAL TOPICS IN THERMAL
ENGINEERING. Spring. Credit to depend
upon hours of actual work. Informal instruc-
tion will be given to a limited number of
students interested in work to supplement that
given in courses in comhustion en%mes, power
?e_neran,on, fluid dynamics, heat Transfer, re-
rigeration, air conditioning, and instruments.
Permission of the Department necessary for
registration. Mr. Mackey.

3651, GRAPHICAL AND NUMERICAL
METHODS. Credit 3 hrs. Spring. 3 Rec. In-
tended for undergraduates but open to
graduate students. “Prereq., 1155. Design of
Slide rules, network charts, and alignment
charts; graphical and numerical methods of
solution “of problems in thermal engineering;
fitting empirical equations to experimenta
data;” analysis of errors. Mr. Mackey.

3652. COMBUSTION THEORY. Credit 3 hrs.
Spring. 3 Lect. Prereq., 3605. Intended for
8raduate students and qualified fifth year stu-
ents. Application of the basic et%uanons of
fluid flow and heat and mass ftransfer to
homogeneous and diffusion flames. Ignition,
quenching, rate processes, and dissociation
effects will be examined. Consideration will
be given to flame stabilization and practical
systems. Mr. M cManus.

3661, ADVANCED THERMODYNAMICS.
Credit 3 hrs. Fall. 3 Rec. Intended for graduate
students but open to %ualmed fifth year stu-
dents. Prereq., 3601, 3602, or equivalent. A
rigorous and general treatment of the laws of
thermodynamics with emphasis on  mathe-
matical “development and  philosophical in-



ter&aretations; the pure substance: homogeneous
and heterogeneous systems; Gibbs and” Helr

holtz functions; Maxwell relations; availability
and irreversibility; equilibrium. Mr. Conta.

3662. GAS TURBINE PLANTS. Credit 3 hrs.
Spring. (Not offered in 1961-1962.) 3 Lect.

Prereq,, 3601, 3602, or equivalent (3663 de-

sirable). Study of the cycles and apparatus of
the modern "gas turbjne plant; performance
and suitability” for various applications.

3663, ADVANCED TURBOMACHINERY,
Credit 3 hrs. Fall. (Not offered in 1961-1962.)
3 Rec. Intended for graduate students but
ogen to qsalmed fifth 'year students. Prereq.,
3602, 3603, 3604, or equivalent. Transfer of
energy between a fluid and a rotor; application
of t ermod\énamlcs and fluid dynamics to ro-
tating machinery; centrifugal and axial flow
pumps, compressors, and turbines.

3664, ADVANCED FLUID MECHANICS.
Credit 3 hrs. Spring. 3 Rec. Intended for
graduate students buf open to qualified under-
graduates. Prereq., 3602, 3604. More advanced
freatment of some of the topics in 3603 and
3604, with Famcular reference to two-dimen-
sional ideal flow; laminar and turbulent
boundary layer; turbulence 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-
ﬁerlmental correlations.  Solutions of selected
eat conduction problems, a ?,eneral method of
analysis for diffuse radiation, differential
similarity, boundary layer convection solutions,
heat and momentum Similarity theory, phase
change Frocesses and an introduction to
numerical methods. Mr. Gebhart.

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

3667. TEMPERATURE MEASURING IN-

STRUMENTS. Credit 3 hrs. Spring. 2 Lect.
1 Lab. Intended for graduate students but open
to qualified undergraduates. Prereq., 3605.

Theory, construction, calibration, and appli-

cation” of quuid-m-qlass thermometers, solid
expansion thermometers, pressure-sprin

electric  thermomefc*"/, optical

ot pyrometers,
radiation pyrometers. Mr. Dropkin.

Helm-

ther-
mometers, resistance thermometers, thermo-

3670. ADVANCED COMBUSTION ENGINES.
Credit 3 hrs. Spring. 3 Rec. Intended for
graduate students but open to qualified under-
raduates. Prereq., 3604, 3607 or equivalent.
dvanced study of topics in field of recipro-
cating engines, both spark-ignition and diesel.
Methods of thermodynamic analysis and per-
formance prediction” for free-piston power
plants and supercharged engines. Relation of
engine performance characteristics and per-
formance characteristics of automotive vehicles.
Recommended to?.ether with Course 3377 for
sthu_(? in automofive engineering. Mr. Fair-
cnila.

3671. AERO SPACE PROPULSION SYSTEMS.
Credit 3 hrs. Spring. 3 Rec. Prereq., 3603,
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 design of ther-
mal-jet and rocket engines. Consideration of
ﬁdvdanced methods of “propulsion. Mr. Shep-
erda.

3672. ENERGY CONVERSION. Credit 3 hrs.
Spring. 3 Lect. Intended for graduate students
but open to qualified fifth Bear students. Pre-
req., 3601, 3602, 3603, 3604, or equivalent.
Primarily a classification and thermodynamic
analysis ~ of energy conversion devices, but
energy sources and the storage of ener%y are
also “considered. A study of conventional heat
engines and combustion engines; thermoelec-
tric, thermionic, photovoltaic, and magwlelo-
hydrodynamic 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.

3680. ADVANCED CONVECTION HEAT
TRANSFER. Credit 3 hrs. Fall. 3 Rec. Prereg.
3605 or consent of instructor. Processes pf
transfer of heat, momentum, and mass in
fluids are considered in detail. Theories of
transfer processes and analytic_ solutions are
presented. Analyrtlcal and experimental results
are compared. Transfer differential equations
for a fluid, delineation of kinds of processes
and differential similarity, natural convection,
forced convection at low and high velocities,
some techniques of boundary layer solution,



similarity theories, effects of turbulence, and
exluenmental results for cases not readily
solved by analytical methods. Mr. Gebhart.

3681. ADVANCED CONDUCTION AND
RADIATION HEAT TRANSFER. Credit 3
hrs. Spring. 3 Rec. Prereq., 3605 or consent
of instructor. Theories of conduction mechan-
isms are reviewed. The conduction of heat
in solids is considered for various cases of
steady, unsteady, and periodic heat flow with
and ‘without internal “sources. Mathematical,
numerical, and analogue methods of Problem
solution are presented. The various types of
thermal radiation groce_sses insolids and
?ases are discussed, Spatial and specular dis-
ributions are considered. Methods of calcula-
tion are presented 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. Prereq., permission
of professor in charge. Discussion of fields of
active inquiry and “current interest in heat
transfer. Considerations of major recent work
and several summaries of associated contribu-
tions. Mr. Gebhart.

3691, THERMAL ENGINEERING SEMINAR.
No credit. A one-and-a-half-hour meetlng ap-
proximately every other week. Attendance
exgected. of all graduate students with major
subject in_the Department of Thermal Engi-
neering. Talks b{ graduate students, staff
members, and invifed “guests.

3698, 3699. PROJECT. Total credit. 6 hrs.
Work of the ninth and tenth terms to integrate
the training in mechanical engineering, prin-
cipally_in the fields of thermodynamics, fluid
dynamics, heat transfer, combustion engines,
energy conversion, power plants, refrigeration,
and air conditioning. The staff.

ELECTRICAL
ENGINEERING

See pages 90-97 for listings of required non-
engineering courses.

REQUIRED COURSES

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

4041, NONRESIDENT LECTURES. Credit
1 hr. Fall. 1 Lect. Given by lecturers invited
from industry and from Tertain other de-
partments of ‘the University to assist students
in their ap#)roach to employment and in their
transition from college fo industrial life.

4101, ELECTRICAL SCIENCE /. Credit 3
hrs. Fall. 2 Lect. 2 Rec. Prereqs,, Math. 162,
Phys. 122. Electric field, potential, and  flux
density; capacitance; networks of capacitors;
introduction to matrices and determinants;
energy in electric field; forces on charged con-
ductors; conductance and resistance; networks
otfhgemstors; vacuum tubes. Mr. Nichols and
staff.

4102. ELECTRICAL SCIENCE 11 Credit 3
hrs. Spring. 2 Lect. 2 Rec. Preregs., Math.
163, 4101, Magnetic flux density and field
strength; inductance; forces of magnetic origin;
magnetic circuits; transformers; energy flow in
electromagnetic field; displacement currents;
induced voltage and simple generator; networks
of ‘inductors;” force and energy in magnetic
fields. Mr. Nichols and staff.

4103. MATHEMATICAL ANALYSIS OF
LINEAR SYSTEMS 1. Credit 3 hrs. Spring.
2 Lect, 1C0mP. Prereq., Math 163. The con-
cept of elements in a linear system. The tech-
nique of handling exponential rises and decays.
Linear differential equations with constant
coefficients. Nonoscillatory relaxation modes of
linear systems. Apf)_llcanon of simple sources
to nonoscillatory ~linear systems. The vector
technique of handling oscillations. Algebraic
and exponential functions of a complex vari-
able. The complex exponential time function.
Transient and steady state behavior of simple
resonant and nonreésonant systems. Mr. Mc-
Gaughan and staff.

4112, ALTERNATING CURRENT CIR-
CUITS. Credit 3 hrs. Fall. 1 Lect. 1 Rec. 1
Comp. Preregs., 4102, 4103. Elementary a-c
circuit analysis; application of vector algebra
and vector " diagrams; power and energy re-
lationships; e?uwalent circuits of air” and
iron-core transtormers; polyphase circuits and
power measurement; four-terminal networks;
Image E)arameters. and relation to A, B, C, D
constants; analysis in the complex frequency
plane. Mr. Smith.

4113. TRANSMISSION LINES AND FILTER
NETWORKS. Credit 3 hrs. Fall. 1 Lect. 1 Rec.
1 Comp. Prereq., 4112 and 4114, Steady state
solution, characteristic impedence and propaga-
tion constant; reflection coefficient; vapor dia-
9rams;. impedance charts as graphical aids;
ransmission line networks; impedance trans-
formations: network imaeTand iterative opera-



tion, transfer constants; constant K, m derived,

and lattice types; Foster’s theorem; Bart|ett’s

theorem; composite filter design: wave guides;

transmission line analogue in Solution of guide
roblems; modes; impedance transformations.
r. Cohen and staf.

4114, MATHEMATICAL ANALYSIS OF
LINEAR SYSTEMS 1. Credit 3 hrs. Spring.
2 Lect. 1+ Comp. Prereq., 4103. The concept, of
a transfer function. Synthesis of time-varying
vectors by addition o rotatln? vectors. Con-
tour integration in the complex plane. The
Fourier transform. The single and double-
ended Laplace transforms. "Applications to
transient ‘hehayior of linear "systems. Mr.
Booker and staff,

4116. ELECTRIC CIRCUIT LABORATORY.
Credit 3 hrs. Fall. 1 Lect. 1 Lab. Prereg.,
4102 or 4983. D-c circuits and parameters; d-c
bridges; temperature measurements; heat flow;
instruments; calibration and standards; tran*
sients. Mr. Bryant and staff,

4121, INTRODUCTION TO ELECTRONICS
AND NONLINEAR ANALYSIS. Credit 4 hrs,
Spring. 2 Lect. 1 Rec. 1 Lab. Preregs., 4116
and 4112 or 4983. Study of electrical conduc-
tion in vacuum, jonized gases, and semicon-
ductors, and of the characteristics of devices
employing these phenomena; the large-signal
behavior ‘of these devices in such circuits as
rectifiers, clipping and champln% circuits
amplitude modulators and demodulators, and
ctlafsfs A, 8, and C amplifiers. Mr. Bryant and
staff.

4122, LINEAR ANALYSIS OF ELECTRONIC
CIRCUITS. Credit 4 hrs. Fall, 2 Lect. 1 Rec.
1 Lab. Prereg., 4121. Small-signal equivalent
circuits are developed for 3eneral n-terminal
devices and applied to triodes, multi element
tubes and transistors; small-a?nal analysis of
such circuits as volta_%e regulators, vacuum-
tube and transistor bridges, and r-c coupled,
transformer-coupled, tuned, multistage and
feedback amplifiers. Mr. DeClaris and” staff.

4123, ELECTRONICS OF SIGNAL TRANS-
MISSION. Credit 4 hrs. Spring. 2 Lect. 1 Rec.
1 Lab. Prereq., 4122. Oscillators and multi-
vibrators; information content of messages
and the role of band width and noise “in
signal transmission; signal transmission throu%h
electrical networks; ‘modulation theory; the
relat|0nsh|Ps hetween frequency conversion,
switching Tunctions, sampling theory and pulse
carrier signal transmission; properties of ran-
dom nois¢; noise calculations in networks and
amplifiers. Mr. vrana and staff.

4216. ELECTRICAL MACHINERY LABORA-
TORY. Credit 4 hrs. Spring. 1 Lect. 1 Rec.

1 Lah. Prereq., 4116. D-c magnetization; d-c
motors; d-c controllers; d-c generators; am-
gléd rrlie'geéoss separation; a-c magnetization;

4221, ALTERNATING CURRENT MACHIN-
ERY. Credit 4 hrs._Fall. 1 Conf. 1 Comp.
Prereq,, 4112, 4216. Theory, construction, and
operating characteristics of transformers, in-
duction “motors, synchronous machines, and
single-phase motors.

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

elective and graduate
courses

GENERAL

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

4091 and 4092. PROJECT. Credit 3 hrs. Fall
and spring. Individual study, analysis, and
usually experimental tests in”connection with
a special englneermg| problem_chosen by the
student after consultation with the faculty
member directing his project; an engineering
report on the project is réquired.

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; symmetri-
cal component |mEedances; single-phase motor
analysis; commutator-type a-c machines.

4326. ELECTRICAL MACHINERY LABORA-
TORY. Credit 3 hrs. Spring. (Offered only
if demand is sufficient.) 1 Lect. 1Lab. Prereq.,
4321, Salient-pole synchronous machines; in-
duction motor loss Separation; energy meter-
Ing; special topics.

4351, UNIFIED THEORY OF ELECTRO-
MECHANICAL SYSTEMS. Credit 3 hrs. Fall.
2 Lect-Rec. 1+ Lab.-Comp. Prereq., 4114, 4221



or equivalent. Electric machines studied as net-
works of coupled circuits with p_enodlcall%/
varying parameters; matrix analysis of nef-
works;” forces and torques in electro-mechani-
cal systems; electromagnetic and electrostatic
trans ucers;,smgle;ﬁhase a-C generators; Kron’s
basic machine ‘with its practical derivatives;
the synchronous, induction, and commutator
machines, in the transjent and steady state;
frequency-response methods applied to ma-
chines; Taboratory exercises using the gen-
eralized machine.”Mr. Sudan.

4352, ELEMENTS OF POWER-SYSTEM
ANALYSIS. Credit 3 hrs. Fall. 2 Lect-Rec. 1
Lab.-Comp. Prereq., 4113, 4226 or equivalent.
Studies of power systems through the applica-
tion of equivalent circuits of synchronous
machines, transmission lines, transformers and
static loads; power-system network theory;
?ower angle equations and circle diagrams;
he two-machine system; load flow and voltage
requlation of complex systems; symmetrical
components; fault “analysis of complex sys-
tems; introduction to system stability; use "of
a-c and d-c network analyzers as computing
aids. Mr. M alti.

4353, TRANSIENT ANALYS|S OF POWER
SYSTEMS. Credit 3 hrs. S rlng. 2 Lect.-Rec.
1 Lab.-Comp. Prereq., 4351, 4352 or equiva-

lent. Study of synchronizing and damping
torques for salient-pole and” solid-rotor ma-
chines; application

of constant-flux-linka?e
theorem to balanced and unbalanced faulfs;
basic assumptions for transient stability
studies; voltage regulators and Fove,rnors; con-
trol of system frequency:. aPp ication of a-c
network analyzers and digital computers to
transient problems; theory of the electric arc;
a-C arc interruption; properties of interrupt-
|'\r}|g media; simulated testing of circuit breakers.
I. Sudan.

4371, HIGH-VOLTAGE PHENOMENA. Credit
3 hrs. Spring. The study of problems of the
normal operation of Bower systems at very
high volta?es, of the abnormal conditions im-
Fosed by Tightning, of the methods employed
0 assure proper operation of power systems
and apparatus under high-voltage conditions,
and of the devices available for laboratory
testing of equipment under actual or simulated
conditions. Mr. Zimmerman.

RADIO AND COMMUNICATION

4501. RADIO AND COMMUNICATION
SEMINAR. Credit 1 to 3 hrs. Fall and_spring.
Primarily for graduate students. Reading and
discussion of technical papers and publications
in the field of radio and communication.

4511, RADIO  AND COMMUNICATION
THEORY I. Credit 3 hrs. Fall. 3 Lect. Pre-
reqs.,, 4113, 4114, and 4123, Stud¥ of the
transient and steady-state response of circuits;
consideration of ndise in communication_ sys-
tems; elements of information theory; illus-
trative examples from fields of television, radar,
and computers. Mr. Eastman.

4512. RADIO AND COMMUNICATION
THEORY II. Credit 3 hrs. Spring. 2 Lect. 1
Comp. Prereqs., 4113, 4123. A study of com-
munication circuits with distributed” constants
and the production and propagation of electro-
magnetic_radiation; transmission line theory
and applications; impedance matching; ultra-
high-frequency ?eneratlon and tranSmission;
eléctromagnetic theory; .propaganon_ phenom-
ena; antenna characteristics and radiation. Mr.
McLean.

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

4541, APPLIED ACOUSTICS. Credit 3 hrs.
Fall. 2 Lect-Rec. 1 Lab. Laboratory asmgn-
ments to meet individual needs. Prere%., 4123.
The laws of ideal gases, the thermodynamic
F,ropernes of air, and the laws of the pfopaga-
ion of compressional waves; the transmission
of sound through tubes, horns, and unbounded
media; the design of sound sources, micro-
phones, loudspeakers, and wax, lacquer, mag-
netic, and photographic recorders; reflection,
absorption, and reverberation.

4551, 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-
guency pulsed transit-time systems and high-
requency return-signal systems, with applica-
tion to “long-range navigation and precision
mapping; airport™approach systems and traffic
control. Mr. McLean.

4521. MICROWAVE LABORATORY. Either
term. Credit 1-3 hrs. At least two laboratory
periods per week for 3 hrs. credit. Prereq.,
either 4527 or 4561 must ?recede or be taken
concurrently. A wide variety of experiments is
available in the area of measurement of active
and passive microwave devices, including Klys-
trons, traveling wave tubes, magnetrons, cav-
ities, microwave components, and periodic



structures. The experiments are designed to
encourage the exploration of the device char-
acteristics while  simultaneously developing
measurement technlgues which range in char-
acter from standard techniques to those of
considerable sophistication. _In addition to
performing several of the available experiments
the student will design and execute some labo-
ratory project of interest to him. Stress is laid
on independent work by the student. Messrs.
Dalman, Eastman, Mclsaac, Mackenzie.

ELECTRONICS AND MICROWAVES

4526, ELECTRON DYNAMICS. Credit 3 hrs.
Fall. 2 Lect. 1 Lah. Preregs., Phys. 214 and
4122, Fundamental theory of low-frequency
electron devices; emission; ctonformal mapping;
Fartlcle dynamics; electronstatic and_magnetic
enses; space charge phenomena; limitations at
high frequencies; noise; thermoelectric conver-
sion; motion of electrons and holes in metals
apd semiconductors; junction diodes and tran-
sistors. Mr. Dalman.

4527. MICROWAVE ELECTRONICS I. Credit
3 hrs. Spring. 3 Lect. Coreqgs., 4526 and 4565
or consent of the instructor. Study of the
theory of the interaction of electron streams
and ‘electromagnetic waves in localized and
distributed regions; the electron-ballistic and
the space-charge-wave approaches; application
to pIanIar vacuum tubes and microwave tubes.
Mr. Dalman.

4528. MICROWAVE ELECTRONICS II.
Credit 3 hrs. Fall. 3 Lect, Prereqs., 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. Mackenzie.

4529. SEMICONDUCTOR ELECTRONICS 1.
Credit 3 hrs. Fall. 2 Lect. 1 Lab. Preregs.
Phrsms 214 and 4123. Motion of electrons an
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 &dmdes, con-
trolled rectifiers, and switches), etc.; transistor
equivalent circuits; bias-stabilized transistor
amplifiers. Mr. Ankrum.

4530. SEMICONDUCTOR ELECTRONICS II.
Credit 3 hrs. Spring. 2 Lect. 1 Lab. Prereq.,
4529. A continuation of Semiconductor Elec-
tronics | with emphasis on the application of
semiconductor devices as active or passive
elements in circuits for use as power supplies,

power converters, amplifiers, oscillators and
multivibrators, pulse circuits, gates and
schhes, modulators, and other circuits. Mr.
Ankrum.

4561. MICROWAVE THEORY AND TECH-
NIQUES. Credit 3 hrs. Spring. 3 Lect. Pre-
req., 4565. Normal modes in Wave%wdes and
cavities; power, energy, perturbation, and
transformation _relations in confined micro-
wave fields in isotropic media; theory of and
experiments with microwave circuits; introduc-
H?ens to fields and waves in plasmas and fer-

ELECTROMAGNETIC WAVES AND
PROPAGATION

4565, ELECTROMAGNETIC THEORY. Credit

hrs. Fall. 3 Lect. Prereqs., Phys. 123 and
4113, The = foundations of electromagnetic
theory required for study of radio wave prop-
agation; reflection and” refraction of plane
waves; guided waves; simple obstacles in wave
gmdes;.angular spectra of plane waves; edge
iffraction “theory. Mr. M clsaac.

4566. RADIO WAVES I. Credit 3 hrs. Sprinﬁ.
3 Lect. Prereq., 4565. Influence of the earth,
lower atmosphere, and |on05ﬁhere on proi)-
agation of radio waves; the Sommerfeld
theory; propagation in an ionized medium;
reflection from the ionosphere at normal an
oblique incidence; influence of the earth’s
magnetic field upon ionospheric propagation.

4567. RADIO WAVES Il. Credit 3 hrs. Fall.
3 Lect. Prereq,, 4566. Influence of the tropo-
sphere on radio wave propagation; dielectric
properties of air and distributions of refractive
Index; propagation in standard and nonstand-
ard atmospheres; diffraction around a spheri-
cal earth; inhomogeneities of refractive index;
scattering. Mr. Booker.

4568, ANTENNAS. Credit 3 hrs. Spring. 3
Lect. Prereq., 4565. Theory of radiation “and
reception; directional characteristics; imped-
ance; elementary theory of cylindrical antennas;
Huygens’ principle; aperturé antennas; antenna
thermodynamics.

4581. MAGNETOHYDRODYNAMICAL
PROCESSES IN THE SOLAR SYSTEM. Credit

hrs. Fall, 2 Lect. Prereq., 4565 or Phys.
225. Theories of solar phenomena—solar flares,
?rommences, coronal features; the interplane-
ary plasma—density, velocity, ionization, mag-
nefic fields; cosmic raz{ effects associated wi
solar  events—production and modulation;
theories of magnetic disturbances, magnetic
storms, aurorae, Van Allen radiation, and” asso-
ciated ionospheric effects. Mr. Gold.



NETWORK AND INFORMATION
THEORY

4115, PRINCIPLES OF NONLINEAR CIR-

CUITS. Credit 3 hrs. Fall. 3 Lect. Prereq,

4114, Foundations of electrical nonlinear cir-

cuits; methods of nonlinear analysis such as
graphical, piecewise linear approximations
nonlinear mechanics and topological aspects o
phase spaces; fundamental concepts of pulse
and control circuits with reference to radar,
pulse communication, computers, and auto-
matic control. Mr. Kleckner.

4563, SIGNALS AND NOISE IN COMMU-
NICATION SYSTEMS. Credit 3 hrs. Fall. 3
Lect. Prereq., 4123. Analysis of signals in the
time and frequency domains; properties of
generalized linear systems; the time and fre-
quency response of idealized systems; sampling
theory for band-limited sui.nalsl; probability
and noise statistics, with applications to signal
transmission and sq.nal detection; Power spec-
trum analysis applied to special nonlinear
problems of detection; the fundamentals of
noise suppression in broad band systems with
particular emphasis on time mulfiplex com-
munication and data transmission systems. Mr.
Wagner.

4564. TRANSMISSION OF INFORMATION.
Credit 3 hrs. Spring. 3 Lect. Prereq., 4563.
Mathematical description of the transmission
of information based on statistical models;
quantitative measure of information in discrete
noise-free systems; discrete transmission in the
presence of noise; maximum rate of transmis-
sion in a noisy channel; information gain_in
continuous transmission systems; information
capacity of the noisy continuous channel; op-
timum “receivers for the extraction of informa-
tion from a noisy transmission; applications
of information theor){, to the analysis of trans-
mission rate in practical systems.

4571, MODERN ~ NETWORK  ANALYSIS.
Credit 3 hrs. Fall, 3 Lect, Prere(1., 4113, Mesh
and nodal analysis; fundamentals of network
topology; network functions in the complex
fre_qu_enc¥ plane;_energy functions; realizability
criteria for passive one-ports; introduction fo
the synthesis of passive one-ports and two-
ports; introduction to Hilbert Transforms. Mr.
Kleckner.

4572. MODERN NETWORK SYNTHESIS.
Credit 3 hrs. Spring. 3 Lect. Prereq,, 4571,
Real-part sufficiency” and related topics; the
realization problem of driving-point and trans-
fer functions, Darlington’s theory; the Miyata
method; Guillemin’s zero-shifting technique;
iterative and other “classical” procedures; the

approximation  problem—Ieast square and
Tschebyscheff sense—in the frequency do-
main; ‘time-domain synthesis; correlation be-
tween frequency and time domains. Mr.
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-
optimizing systems.

ILLUMINATION

4611, INTRODUCTORY ILLUMINATION.
Credit 3 hrs. Fall. 2 Rec. 1 Lah.-Comp. Pre-
req., Phys. 124. Problems commonly encoun-
tered in illumination engineering” and the
methods of solution; sources of light; visual
perception; light control, both spectral and
directional; measurement of light Sources and
illumination; general illumination _design:
production and ‘mixing of colors; architectura
objectives. Mr. Strong.

4612, ILLUMINATING ENGINEERING.
Credit 3 hrs. Spring. (Offered only if demand
is sufficient) 2 Rec. 1 Lab.-Comp, Prereg.,
4611. Computation of .I|ﬂh,t-flux istribution
and study of difficult lighting problems; em-
phasis on” specialized rather than general light-
ing problems.

4615. ILLUMINATION SEMINAR. Credit 2
hrs. Fall. (Offered only if demand is sufficient.)
1 two-hour period each week. Must be accom-
Pamed or preceded by 4611, Reports on se-
ected topics of current interest in illuminating
engineering.

CONTROL SYSTEMS AND
COMPUTERS

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
plots; Laplace transformations: error detecting
devices; “hydraulic devices; factors affecting
errors, damping, and speed of response; cri-
teria for stability. Mr. Torng and staff.

4712, FEEDBACK CONTROL SYSTEMS II.
Credit 3 hrs. Spring. 2 Lect. 1 Lab, Prereq.,
4711, Synthesis of feedback control,s,\t/stems;
Pre,dwnon of performance from stability cri-
eria and comparison with laboratory pefform-



ance; relagl control systems; consideration of
nonlinearify. Mr. Torng and staff.

4713. FEEDBACK CONTROL  SYSTEMS
SEMINAR. Credit 2 or 3 hrs. 1 two-hour
period and 1 optional Lah-Comp. Prereq.,

4712, Reports on selected topics in servomech-

anisms; signal flow diagrams; nonlinear effects
on analysis and performance; sampled data sys-
tems; Statistical considerations; analog com-
puter studies of limiting, backlash, dead zone,
and sampled data systems.

4411, ELECTRONIC CONTROL EQUIP-
MENT. Credit 3 hrs. Fall. 2 Lect, [*Lab.
Prereq., 4123. Principles of electronic instru-
mentation and electronic control systems;
methods of utilizing a stimulus in the form
of heat, light, sound, or mechanjcal motion;
industrial circuits including timing circuits,
photoelectric controls, motor contrals, welder
controls, voltage requlators, frequency-varying
and frequency-disciiminating circuits; theory
of magnetic amplifiers and “their use as con-
trol circuit components. Mr. Cotner.

4415. ADVANCED  ELECTRONIC ~ CON-
TROLS. Credit 3 hrs. Spring. 2 Lect. 1 Lab.-
Com?. Prereq., 4411, An advanced.stud}{ of
the theory, design, and characteristics of se-
lected electronic ‘units. Mr. Cotner.

4421, ELECTRONIC POWER CONVERT-
ERS. Credit 3 hrs. Spring. (Offered only if
demand is sufficient) 2 Lect. 1 Lab.-Comp.
Prereq., 4411, Study” of oscillators, mercury-
pool rectifiers, and” inverters in power sizes
coverngJracncaI circuits, complete _Iaborator?/
testsi ana comprehensive mathematical treat-
ments.

4810. ANALOG COMPUTATION. Credit 3
hrs, Fall. 2 Lect. 1 Lab. Prereq., 4114 or
differential equations. Does not require back-
ground in electronics. Basic concepts and prin-
Ciples of analog computation; use of the elec-
tronic analog “computer to solve the basic
mathematical” models; simulation of complex
thsmal systems; scaling and programing;
aboratory work Involves solution of problems
on general-purpose computers. Mr. Vrana.

4820. SWITCHING THEOQORY AND DIGI-
TAL COMPUTERS. Credit 3 hrs. Spring. 2
Lect. 1 Lab. An_introduction to the theory
and design of switching circuits; detailed con-
sideration of swnchmg,allgebra and its appli-
cation to design of digital computers; com-
binatorial systems; sequential systems: Boolean
Matrix theory; number representation and
codes; basic Propemes of digital computers;
programing of general-purpose computers. Mr.
Torng.

COURSES FOR OTHER
ENGINEERING CURRICULA

4931, ELECTRICAL ENGINEERING. Credit
3 hrs. Fall and spring. 1 Lect. 1 Rec. 1 Comp.
Preregs., Math. 163, Eng. 1132 or 1152. An
elementary study of direCt-current electric cir-
cuits; the concepts of resistance, inductance,
and caﬁacnance; ma[qnetlc_cwcuns; single-phase
and three-phase alternating-current “circuits;
instruments and techniqueS appropriate for
making measurements in all such circuits. Mr.
McLean.

4932, ELECTRICAL ENGINEERING. Credit

hrs. Fall and spring. 1 Lect. 1 Rec. 1 Lah.-
Comp. Prereq., 4931, D-c generators and mo-
tors; motor starters and controllers; transform-
ers; induction motors; synchronous machines;
a-c_single-phase motors;” d-c and a-c selsyn
units. Mr. Zimmerman and staff.

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

4934. PRINCIPLES OF AUTOMATIC CON-
TROL. Credit 3 hrs. Spring. 1 Lect. 1 Rec. 1
Lab. Prereq., 4933. The mathematics of auto-
matic control as exempljﬂed in servo devices
with analysis of electrical, mechanical, an
hydraulic aF_phcat_mns; problems of electrical
instrumentation in automatically controlled
operations and processes.

4983. BASIC ELECTRICAL ENGINEERING.
Credit 4 hrs. Spring. 1 Lect. 2 Rec. 1 Comp.
Preregs., Math, 163, Phys. 123, Capacitors;
simple electrical transients; direct-current and
alternating-current circuits; magnetic circuits
including "permanent magnetic material.

4991, ELECTRONIC CIRCUITS. Credit 3
hrs. Fall. (Offered only if demand is sufficient.)
3 Lect. For ?_raduate students mago,rmg in an
em{;,meermg ield other than electrical. Alter-
nafing-current circuits; characteristics of high-
vacuum tubes and transistors; small-signal and
Iarge-aq_nal amplifiers; feedback and oscillators;
modulation and demodulation; simple wave-
shaping circuits.

CHEMICAL ENGINEERING

5101. MASS AND ENERGY BALANCES.
Credit 3 hrs. Fall. 2 Lect, 1 Comp, period.
Parallel, Physical Chemls_tre/ 405, Engnlneermg
problems involving material and heat balances.



Flow sheet systems and balances. Total energy
balances for flow systems. Messrs. Winding,
Thorpe, Scheele.

5102. EQUILIBRIA AND STAGED OPERA-

TIONS. Credit 3 hrs..Sprinﬁ. 2 Lect., 1 Comp,
period. Parallel, Physical Chemistry 406. Phase
equilibria and ﬁhase_dlagrams: The equilib-
rium stage; mathematical ‘description of single
and .multlsta%,e operations; analytical and
grahpmlcal solutions. Messrs. W inding, Thorpe,
cheele.

5103, 5104, CHEMICAL ENGINEERING
THERMODYNAMICS. Credit 3 hrs. Fall and
spring. 3 Lect. Preregs., Chemistry 403, 404.
A study of the first and second laws with ap-
plication to batch and flow {J_rocesses. Physical
and thermodynamic properties. Availability;
free energy; chemical equilibrium. Application
to gas. ‘compression; process steam; power
generation; adiabatic reactors; and chemical
process development. Messrs. von Berg and
Rodriguez.

5105. ADVANCED CHEMICAL ENGINEER-
ING THERMODYNAMICS. Credit 3 hrs.
Spring.. 3 Lect. Prereq., 5104 or equivalent,
Primarily for ?raduate students. Aﬂpllcatmn of
the general thermodynamic method to ad-
vanced problems in" chemical engineering.
Evaluation, estimation, and correlation of prop-
erties. Chemical and phase equilibria.” Mr.
York.

5106. REACTION KINETICS AND REAC-
TOR DESIGN. Credit 3 hrs. Fall. 3 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. Spr|n%. 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. (Not offered in
1961-1962.) Prereq., physical chemistry. Lec-
tures, demonstrations, and problems “in the
physics and chemistry of small particles and
surface films, Topics include sorption, floccula-
tion, colligative properties, electrokinetics, and
structural rheology. Applications to detergency,
gels, catalysis, béhavior of natural products,
etc.

5203, 5204. CHEMICAL PROCESSES. Credit
2 hrs, 2 class periods. An analysis of |mFortant
chemical processes and industries. Fall term,
organic chemjcal processes; spring term, in-
organic chemical processes. Mr. Hedrick.

5205. CHEMICAL _ PROCESS
Credit 2 hrs. Fall. For graduate students. A

SEMINAR.

discussion of recent advances in chemical

processes. Mr. Hedrick.

5206. ADVANCED CHEMICAL PROCESSES.
Credit 2 hrs. Spring. 2 Lect. A continuation
of 5204. Mr. Hedrick.

5255, 5256. MATERIALS OF CONSTRUC-
TION. Credit 3 hrs. each term. 3 Lect. Pre-
re%s., or parallel courses. Physical Chemistry
403, 404. An introductory présentation of the
nature, properties, treatment, and applications
of the more important metals_and alloys, in-
cluding extractive and physical metallurgy
and behavior under service conditions. Non-
metallic materials, |_nc|ud|n% refractories, ce-
ment, protective coatings, and plastics, are also
discussed. Messrs. Mason and Rodriguez.

5303. INTRODUCTION TO RATE PROC-
ESSES. Credit 3 hrs. Fall. 2 Lect. 1 Rec. Pre-
regs., En%meermg 5101 and 5102. An intro-
duction To transport phenomena involving
fluid mechanics, heat, and mass transfer. Mr.
Smith.

5304. ANALYSIS OF UNIT OPERATIONS.
Credit 3 hrs. S rlng. 2 Lect. 1 Rec, Prereg.,
Engineering 5303. Analysis of chemical engi-
neering systems m,volvm% several components
and coupled techniques. Extension of previous
studies to transient and feedback aspects of
the unit operations. Mr. Smith.

5353. UNIT OPERATIONS LABORATORY.
Credit 3 hrs. Fall. Lect., Rec., and Lab. Pre-
reg., .Engme.erm? /5304, Typical , laboratory
experiments involving unit ‘operations equip-
ment. Messrs. Harriott and Weber.

5354. PROJECT  LABORATORY, Credit 3
hrs. Spring. Special laboratory pr?\hects involv-
ing unit operations equipment. Messrs. Har-
riott and Weber.

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

5505. FLUID DYNAMICS AND HEAT
TRANSFER. Credit 3 hrs. Fall. 3 Lect, Pre-
req., 5303-4 or equivalent. Advanced topics in
heat transfer, Heat transfer under unsteady-
state conditions; numerical approximation
methods; analogies among heat, mass, and
momentum transfer; heat transfer to liquid
metals; simultaneous heat and mass transfer,
etc. Primarily for graduate students. Mr. Smith.



5506. DIFFUSIONAL OPERATIONS. Credit
3 hrs. Spring., 3 Class periods. Prereq., 5503,
5504, or eguwalent. Primarily for graduate
students. Advanced topics in distillation; gas
absorption; liquid-liquid extraction; and dry-
Ing. Mr. Scheele.

5508, 5509. APPLIED MATHEMATICS IN
CHEMICAL ENGINEERING. Credit 3 hrs.
Fall and sprlng. (Not offered in 1961-1962.) 3
Lect. Prereq., 5304, Treatment and interpreta-
tion of data. Ordinary differential equations.
Series and numerical” solutions. Partial dif-
ferential e[iuanons. Fourier series; Bessel func-
tions; Laplace transforms. Calculus of finite
differences. Numerical solutions to partial dif-
ferential equations. Applications to heat trans-
fer, mass transfer, distillation, %s absorption,
reaction kinetics, and catalysis. Mr. York.

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.
Credit 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 I1s placed on
evaluation of alternative methods of ‘achieving
a desired obgectw,e and on selection and ar-
rangement of equipment for most economical
operation. Mr. Smith.

5621. PROCESS AND PLANT DESIGN.
Credit 2 hrs. Fall. Preregs., 5304, 5104. Taken
simultaneously with 5746, Techniques and case
studies in chiemical process design including
reactors and Separating systems; optimization
of piping and equipment; economic balance
within process. Cost estimating for process units
and plants. Commodity survey and chemical
r'&arket research. Oral and writfen presentation.
I. York.

5622. PROCESS AND PLANT DESIGN.
Credit 5 hrs. Spring. Continuation of 5621 and
5746. Plant location, process selection, process
design, equipment design and specifications;
?Iant layout. Cost estimates and profitability
or a chemical, petroleum, or_ petrochemical
product, Pilot ‘plant operations, research
gconomics, Froduc development, technical serv-
ice, and related commercial aspects. Oral and
written presentation. Mr. York.

5741, PETROLEUM REFINING. Credit 3 hrs.
Spring. gNot offered in 1961-1962.) 3 Lect.
Prereq., 5304. A critical analysis of ‘the proc-

esses employed in petroleum refining. Mr.
Wiegandt.

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

5743. ADVANCED POLYMERIC MATERI-
ALS. Credit 3 hrs. Spring. Prereq., 5742. Spe-
cial topics involving rubbers, fibers, and plas-
tics. Mr. Rodriguez.

5746. CHEMICAL ENGINEERING ECO-
NOMICS. Credit 3 hrs. Fall. 3 Lect. Prereq.,
5304 or_special permission. Taken simultane-
ously with 5621. The economic aspects of re-
search, development, manufacturing, and sales
in the chemical industries. Mr. York.

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

5748. FERMENTATION  ENGINEERING.
Credit 2 hrs. SBrmg. (Not offered in 1961-
1962.) 2 Lect. rere%s., or parallel courses.
Chemls,tre/ 404 or 408, and any course in
microbiology. An advanced discussion of fer-
mentation "as a unit process. Topics include
sterilization, aeration, agitation, and continu-
ous fermentation. Mr. Finn.

5749, INDUSTRIAL ~ MICROORGANISMS.
Credit 1 hr. Fall. (Not offered in 1961-1962.)
1 Lect. Prereqs., organic chemistry and physi-
cal chemistry. A brief introductory course in
microbiology for students with a good back-
ground in“Chemistry. Mr. Finn.

5752, POLYMERIC MATERIALS LABORA-
TORY. Credit 1 hr. Spring. 1 Lab. Prereq.,
5742. Experiments in the formation, character-
ization, fabrication, and testing of polymers.
Mr. Rodriguez.

5760. NUCLEAR AND REACTOR ENGI-
NEERING. Credit 2 hrs. Spring. 2 Lect. Fuel
processing and isotope Separation, radioactive
waste disposal, fuel cycles, radiation damage,
biological effects and hazards, shielding, power
reactors. Mr. von Berg.

5851. CHEMICAL MICROSCOPY. Credit 3
hrs. Either term. 1 Lect. 2 Lab. Prereqs., or
parallel courses, Chemistry 403, 404 or 407,
408 and Physics 123, 124 or special permission,
Microscopical examination of chemical and
technical’ materials, processes, and produgcts.
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-
uired of all graduate students majoring in
the field of chémical engineering. M. Rodri-
guez.

5901. RESEARCH SEMINAR. Credit 1 hr.
Spring. 1 Lect. Required of all students en-
rolled in_the Fredoctoral honors program. An
introduction to the research methods and
techniques of chemical engineering. Mr. w ind-
ing.

5952, 5953, 5054, RESEARCH  PROJECT.
Credit 2 hrs. additional credit by special per-
mission. Fall and spring. Prered., 5304. Re-
search on an ariginal 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

6110. CASTING, WORKING, AND WELDm
ING OF METALS. Credit 2 hrs. Either term.
1 Lect. 1 Lab. An elementary course covering
the important |ndustr|al(frocess.es used in the
casting, hot working, cold forming, and weld-
ing of metals. The utilization of metallurgical
processes in other branches of engineering is
stressed. Messrs. W eart and Spencer.

6112. METALS TECHNOLOGY. Credit 2 hrs.
Spring. 2 Lect. Preregs., 6110, 1243, An
advanced course for students in mechanical
engineering =~ covering the mechanical and
metallurFmaI factors affecting service behavior
of metals under static and “dynamic, Ioadjnlq.
Subjects covered include failuré criteria, brittle
fracture, creep, embrittlement, fatigue, and
corrosion. Mr. Smith.

6201. PRODUCTION OF METALS. Credit 3
hrs. Fall, 3 Lect. Crushm%J grinding, and
beneficiation of ores. Reduction” and refining
of metals. Production of commercial metals
and alloys, including a detailed study of steel
production. Mr. Gregg.

6202, THE NATURE AND UTILIZATION
OF METALS. Credit 3 hrs. Spring. 2 Lect. 1
Rec. An introduction to the natufe of metals
and alloys, their properties and engineering
behavior, to provide a basis for further in-
tensive study of materials science and applica-
tion. In addition to a fundamental treatment
and s¥ste,mallc correlation of the properties
of metallic materials, the physics, chemistry,
and technology of melting, solidification, plasic
deformation, " heat treatment and powder
metallurgy are considered. Relatlonsh|ﬁs be-
tween the internal structure, the mechanical
and physical properties, and the engineering
Spphcatmns of materials are stressed. M.
urton.

6251, METALLURGICAL ENGINEERING
LABORATORY. Credit 2 hrs. Fall. 1 Lah.
period. Experiments designed to illustrate unit
processes used in winning of metals, and in
production of useful alloys. Mr. Gregg.

6252. METALLURGICAL ~ ENGINEERING
LABORATORY. Credit 2 hrs, Spring. 1 Lect.
1 Lab. Concurrently with 6202, Laboratorr ex-
periments .exe,rnpllfy.mq methods of metallurgi-
cal examination, ‘including several of the
methods for determining “mechanical prop-
erties of materials. ProceSses for melting and
casting metals, hot Workmtg and cold formlng
metals, welding and heat {reating ferrous an
nonferrous alloys are considered.” The labora-
tory procedures and exPenmentS will' be re-
lated to the concurrent material in Course
6202, Instruction and practice in report writ-
ing is included. Mr. Burton.

6255, 6256. MATERIALS OF CONSTRUC-
TION. Credit 3 hrs. each term. 3 Lect. Pre-
re%s., or parallel courses. Physical Chemistry
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 behavior under service conditions. Non-
metallic materials, including refractories, ce-
ment, protective coatings, and plastics, are also
discussed. Messrs. Mason and Rodriguez.

6301. PRINCIPLES OF METALLURGICAL
ENGINEERING. Credit 3 hrs. Fall, 3 Lect.
Prereq. 6201. Discussion and calculations con-
cerning fuels, combustion, fluid flow, heat
flow, roasting and sintering, glas cleaning, and
application of thermochemical data to metal-
lurgical processes. Mr. Gregg.



6353. INTRODUCTORY ~ METALLOGRA-
PHY. Credit 3 hrs. Spring. | Lect. 2 Lab.
Prereq., 6202, 6255, or permission of the in-
structor. Microstructures of alloys, as related
to composition, thermal history,” and physical
properties. Preparation of specimens; principles
and use of metallographic microscopes. Mr.
Mason.

6403. METALLURGICAL THERMODYNAM-
ICS. Credit 3 hrs. Fall. 3 Lect. A discussion
of thermodynamic_ equilibria with emphasis
upon metalfic liquid and solid solutions. Top-
ics considered include binary, ternary, and
quaternary phase diagrams; ~ thermodynamic
probability and disorder in crystals; ‘partial
and integral molar properties of solutions and
their applications; experimental methods used
in determining thermodynamic parameters. Mr.
Spencer.

6404, METALLURGICAL THERMODYNAM-
ICS.. Credit 3 hrs. Spring, 3 Lect. Topics
considered include the equilibrium constant;
the partition function; phase field boundaries
in heterogeneous systems; chemical stability
of ceramic materials; metastable phases; zone
purification; vacuum metallurgy; reactive at-
mospheres; order-disorder phenomena in al-
loys; surface thermodynamics. Mr. Spencer.

6411, 6412. PHYSICAL METALLURGY.
Credit 3 hrs. Fall and spring. Prereq., 6353.
Detailed discussion of plastic deformation, re-
crystallization and grain growth, diffusion in
alloys, precipitation from solid solution, and
transformation mechanisms in heat treatment.
Mr. Weart.

6415. PRINCIPLES OF MATERIALS PROC-
ESSING. Credit 3 hrs. Fall. 2 Lect. 1 Rec.
Preregs., 6202, 6353. An advanced course relat-
ing basic and apﬁlled sciences to materials
processing and technology. Includes a_critical
study of “selected casting, metal formm? and
working, welding, and  powder metallurgy
processes. Emphasis is placed on scientific and
engineering principles rather than industrial
techniques: alloying, heat transfer, and solidi-
fication in foundri/ operations; criteria for
Flas.nc flow in metal working processes; dis-
ortion, residual _stress and “heat effects in
welding; compacting and sintering in powder
metallurgy; chip formation and tool forces in
machining. Mr. Burton.

6452. EXPERIMENTAL PHYSICAL METAL-
LURGY. Credit 3 hrs. SPrlng..Labs, with
conferences. Theprfy and metallurgical applica-
tion of X-ray diffraction, and experiments to
illustrate the important phenomena of physical
metallur?y and techniques for their investiga-
tion. Detérmination of crystal structure, lattice
parameters, preferred orientations, single crys-

tal orientation, order-disorder transformations
by X-ray diffraction techniques. Special prob-
[éms in X-ray metallography. Mr. Burton.

6503, SERVICE BEHAVIOR OF METALS.
Credit 3 hrs. Fall. 3 class periods. Prereq., 6412,
Metallurgical and mechanical factors govern-
ing the selection of metals for various services.
Analysis of service requirements, and the selec-
tion “and fabrication of metals to fulfill such
requirements; analysis of service failures of
metals and remedies for such failures; and
study of the merits and limitations of materials
applications in existing products and equip-
ment. Mr. Smith.

6504, UNIT PROCESSES IN METALLURGY.
Credit 3 hrs. Fall. 1 Lect. and 1 Lab. period
with reports. Prereqs., 6201, 6251, 6301. Ex-
perimental study of important processes in
metallurgy, including generation of furnace
atmospheres, furnace design and performance,
determination of rates of heating and cooling
and electrochemical operations. Reports base
on the experimental data, discussing principles
involved In the operations, are an important
part of the course. Mr. Gregg.

6506. METALLURGICAL DESIGN. Credit 2
hrs. Spring. Prereq., 6503, A seminar course
usm(i a modified  case-history approach to
Prob_ems and current developments in metal-
urgical engineering. Mr. Smith.

6553, 6554. SENIOR PROJECT. Credit 2 hrs.
Fall and spring. Research on an onFlnaI prob-
lem in metallurgical engineering. Sfaff.

6555, 6556. ADVANCED PROJECT. Credit as

arranged. Fall and spring. Staff.

6601. METALLURGICAL THEORY AND
PRACTICE. Credit 4 hrs. Fall. 3 Lect. 1 Lab.
Preregs., thermodynamics, and graduate or
senior standing. Prepares students ‘majoring in
fields other than metallurgy for ‘graduate
courses in metallurgy, and Tamiliarizes them
with  metallurgical " laboratory  technigues.
Topics included are phase equilibrium, ther-
modynamics of heterogeneous metallur%wal
systems, imperfections in metals, microstruc-
tire, mechanical  properties of alloys, and
phase transformations. A substantial "amount
ofrregdmg will be incorporated into the course.
. Spencer.

6620. ADVANCED FOUNDRY ENGINEER-
ING. Credit 3 hrs. Fall. Prereg., 6415. Offered
on demand. 3 class periods including special
laboratory studies, critical study of foundry
technolotgy, and the metallurgical features of
cast mefals. Laboratory inveStigation of spe-
cial foundry process and procedires. Mr. Bur-
ton.



6624. KINETICS OF METALLURGICAL RE-
ACTIONS. Credit 3 hrs. Spring. 3 Lect. Pre-
req., 6403 or equiv. Designed for advanced
undergraduate students in the metallurgy-
materials area and for begmmng graduate stu-
dents with limited background in the area.
Topics considered include kinetics of gases and
partial Pressur_e measurements; empirical treat-
ment of reaction rates and applications; Arr-
henius equation; transition _ state theory:
nucleation theory; diffusion; introduction to
irreversible processes. Applications include cor-
rosion, recrystallization  and grain_ growth,
solidification; and phase transformations. Mr.
Spencer.

6625. THEORY OF REACTION RATES IN
SOLIDS. Credit 3 hrs. Spnn%. 3 Lect. Prereq.,
454, 6403. The theory of absolute rate proc-

£sses is [[J.resented in “detail with reference to
the kinetics and thermodynamics of physical
and chemical

_changes an_anly in metals.
Rates of physical and chemical "processes are
considered from first principles, utilizing such
fundamental properties as atomic configura-
tions, dimensions, and _interatomic forces of
the reacting molecules. The analytical descrip-
tion is intfoduced in terms of Statistical me-
chanics, the Arrhenius equation, potential
energY surfaces, Eropemes of the activated
complex and the behavior of transition states.
Quantitative applications_ are developed in
terms of atomic mechanisms_with reference
to transport and transformation processes in
metals such as diffusion, nucleation and
growth, creep, precipitation and other physical
and chemical solid-state processes. The course
is directed toward graduate students and
advanced engineering” undergraduates con-
cerned with ~ the application of physical-
mathematical concepts to the interpretation of
rate processes in metals. Mr. Rhodin.

6651. ALLOY STEELS. Credit 2 hrs. Lect.
Fall. Prereq., permission of the instructor.
Study of the basic effects of alloymg on the
structure and properties of steels, and the ap-
plication of this knowledge to the design of
modern high-strength, stainless, or heat-re-
sistant steels and of steels for tools and dies.
Mr. Smith.

6661. METALS AT HIGH TEMPERATURES.
Credit 2 hrs. Lect. Fall. Offered on demand.
Prereq., permission of the instructor. Evalua-
tion. 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,
metallurgical instability, and various physical
properties. Mr. Smith.

6671. PRINCIPLES OF POWDER METAL-
LURGY, Credit 3 hrs. Fall. Offered on de-
mand. 2 Lect. and one 2V”-hour lah. each
week. Following brief consideration of in-
dustrial powder-metallurgy ~equipment, in-
cluding dies, presses, and " sintering furnaces,
and industrial applications such "as porous
{)roducts, permanent magnets, refractory me-
als, cemented carbides, cermets, etc., the
theory of powder metallurﬁy is treated criti-
cally.” Emphasis_is on the theories of compact-
ing”and sintering, diffusional processes, and
surface chemistry. The theories, applications
and limitations of hot pressing are examineg
critically. Laboratory experimentation is pri-
marily concerned with fundamental investiga-
tion of c,omFact!ng, bonding, sintering, hot
Eressm?, infiltration of porous networks, etc.
aboratory_ studies of surface chemistry and
surface activation are included. Mr. Burton.

6710. TRANSPORT PROCESSES. Credit 3
hrs. Spring. 3 Lect. Prereq., consent of in-
structor. A" survey of the transport of matter
and energy in condensed systems with em-
phasis on_metallic solids. The phenomenology
and theories of diffusion; boundary and surface
diffusion. Electrical and thermal conduction.
%Xemal cases involving more than one process.
[. Weart.

6731. X-RAY METALLOGRAPHY 1. Credit
3 hrs. Fall, Prereg:, principles of light metal-
Iograpry, X-ray diffraction, and crystallogra-
phy ~ X-ray theory, scattering, infensity " of
coherent reflection. Theory and experimental
techniques for film and counter methods in-
cluding powder, Laue, Weissenberg. Stereo-
raphic projection, pole figures, analysis of
idmannstatten structure, grain orientation
by surface traces, etch pits, X-ra}]y pattern.
Reciprocal lattice, oscillating and rotating
crystal methods. Diffractometer technology.
Lecture, group discussion, and laboratory
practice will be included. Mr. Newkirk.

6732, X-RAY METALLOGRAPHY II. Credit

hrs. Spring. Prereq., 6731 or equivalent.
Stress measurement by X-rays. Structures of
metals and alloys. Detérminafion of structures.
Diffuse scattering effects. Neutron and electron
diffraction, ObsServation of substructure in
crystals.  X-ray fluorescence and absorption
analysis. Crysfallography of phase transforma-
tions; allotropic, precipitation, order-disorder.
Mr. Newkirk.

6872. NUCLEAR MATERIALS TECHNOL-
0GY. Credit 2 hrs. SPrmq. 2 Lect. Production
of fissile, source materials, and other mate-
rials used in nuclear reactors. Behavior of ma-
terials in nuclear reactors, |_nc!ud|n% deteri-
oration by corrosion and radiation. Problems



involved with respect to fuel elements. Fabri-
cation of reactor and reactor components. Mr.
Gregg.

6962, 6963. GRADUATE SEMINAR. Credit 1
hr. Fall and spring. The obgectlves. of this
seminar are (1) to provide a forum in which
subjects at the forefront of metallurgical sci-
ence and engineering can be effectlve.lly dis-
cussed; (2) to develop the student's ahility to
communicate technical ideas effectively through
oral presentations; and (3) to give the student
practical experience in oOrganizing and con-
Eucktmg efficient technical meetings. Mr. New-
IrK.

6980. RESEARCH IN  METALLURGICAL
ENGINEERING. Fall and spring. Credit as
arranged. Thesis research under quidance of
a member of the staff. Staff.

AERONAUTICAL
ENGINEERING

7101, MECHANICS OF AIRPLANES AND
MISSILES I. Credit 3 hrs. Fall. Prereq., engi-
neerm?_ mechanics. Physics of the atmosphere,
Froper_ ies of gases and fluids; similarity” laws.
nviscid incompressible flow; momentum’ meth-
ods; vortices; introduction to airfoil and wing
theory. Basic properties of compressible flow
at subsonic, transonic, and supersonic speeds.
Introduction to the methods of viscous flow
theory; viscous drag; experimental methods.
Estimation of airplane and missile perform-
ance.

7102. MECHANICS OF AIRPLANES AND
MISSILES Il. Credit 3 hrs. Spring. Prereg.,
7101. Rocket propulsion, electric and photon
ﬁ_ropulsmn devices. Performance of space ve-
icles. MU|IIE_|6 staging and optimization cal-
culation. Orbits in~ central force fields, per-
turbations. Solar sailing. Relativistic effects.
Dynamics of longitudinal motion, stability
estimation of _stability derivatives. General
rigid-body motion and” accelerating coordinate
systems; “lateral stability, response problems,
automatic controls.

7203. GASDYNAMICS I. Credit 3 hrs. Fall.
Prereq., engineering thermodynamics. Thermo-
dynamics of gaseS and gas mixtures, one-
dimensional gasdynamics, acoustics and wave
motion, method ‘of characteristics, effects of
viscosity and conductivity, introduction to
magnefohydrodynamics. MT. Turcotte.

7204, GASDYNAMICS 11. Credit 3 hrs. Spring.
Prereq., 7203 or 8121. Concepts from kinetic
theory and statistical mechanics, derivation of
fundamental equations and transport prop-

erties. Turbulence. Free-molecular flows. Aero-
thermochemistry. Mr. Turcotte.

7206. INTRODUCTION TO MAGNETOHY-
DRODYNAMICS. Credit 3 hrs. Spring. Pre-
req., 7203, Review of electrodynamicS, con-
duction of electricity in gases,” equations of
motion of magnetohydrodynamics, solutions for
special cases “and Under various approxima-
tions, magnetohydrodynamic waves, phenomena
in rarefied gases. Mr. Resler.

7207. DYNAMICS OF RAREFIED GASES.
Fall. Credit 3 hrs. Studies of flow E}roblems
mvolvm%gases in the regime where the mean
free path ~becomes comparable to pertinent
body dimensions; transition between contin-
uum and free-molecule flow regimes. Mr. Shen.

7208. HYPERSONIC FLOW THEORY. Credit
hrs. Spring. Preregs,, 7301, 7303. General
features of hypersonic flow; the role ﬁ)llayed by
the ratio of specific heats; normal, obliqie and
curved shock relations; vorticity and shock
curvature; irrotational small-disturbance simil-
itude, the principle of equivalence; blast-wave
analogy; Newtonian theory with shock-layer
structures; optimum  hodies; boundarr-layer
hypersonic-flow interactions; real-gas effects.

7301. THEORETICAL AERODYNAMICS 1.
Credit 3 hrs. Six hours a week during the
first half of the fall term. Prereq., differential
equations, intermediate mechanics or introduc-
tion to theoretical physics. Introduction_ to
theoretical hydrodynamics. Ideal fluids. The
boundarr-value (Problems.of steady and non-
steady fwo- ana three-dimensional potential
flows” with special attention to flows produced
by the motion of solid bodies. Vector methods
and complex variable are used extensively.

7302, THEORETICAL AERODYNAMICS II.
Credit_3 hrs, Spring. On demand. Preregs.,
7301, 7303. Wing theory: thin-airfoil theory,
two-dimensional “airfoil “theory. Prandtl wing
theory, I|ft|n?_ surfaces, general multiple
theory, nonstationary wing theory. Correction
for compressibility “(lineafized theory). W!nE
theory for supersonic speeds; source “and sin
methods and extensions, conical-flow methods,
nonstationary cases.

7303. THEORETICAL AERODYNAMICS I1I.
Credit 3 hrs. six hours a week during_ the
second half of the fall term. Preregs., 7204,
7301, The aerod){.namlcs of compressible fluids;
equations of motion, small-perturbation theer
(subsonic and supersonic); Janzen-Reyleig
theory, the hodograPh methods, the limiting
line, "the method” of characteristics, Prandtl-
Meyer flow, hypersonic flow. Mr. Sears.

7304. THEORETICAL AERODYNAMICS IV.
Credit 3 hrs. Spring. Prereq., 7301. The aero-



dynamics of viscous fluids; the boundary layer,
heat transfer, fundamentals of boundary-layer
stability. Turbulence, the fundamentals " of
isotropic turbulence. Experimental methods.

7801. RESEARCH IN AERONAUTICAL EN-

GINEERING. (Credit to be arranged.) Prereq.,
admission to the Graduate School of Aero-
nautical Engineering and a%pr.oval of the
Director. Independent research in a field of
aeronautical science. Such research must be
under the guidance of a member of the staff
and must be of a scientific character.

7901. AERONAUTICAL ENGINEERING

COLLOQUIUM. Credit 1 hr. Prereq., admis-

sion to the Graduate School of Aeronautical
Engineering. Lectures by staff members, grad-
uate students, personnel of Cornell Aeronauti-
cal Laboratory, and VISItIngi scientists on topics
of interest in aeronautical science, especially
in connection with new research.

7902. ADVANCED SEMINAR IN AERONAU-

TICS. Credit 2 hrs. Prereq., approval of the
Director.

ENGINEERING PHYSICS

8051 and 8052, PROJECT, Terms 9 and 10.
Credit 3 hrs, Fall and spring. Informal study
under direction of a memberof the University
staff. The objective is to develop self-reliance
and initiative, as well as to gain_experience
with methods of attack and” with “over-all
planning, in the carr%/mg out of a_sremal
problem’ related to the student’s field of
interest. The choice of a problem is to be
made by the student in consultation with
members of the staff.

8090. INFORMAL STUDY IN ENGINEER-
ING PHYSICS. Fall or spring. Laboratory or
theoretical work in any hranch of engineérin
?hysms under the direction of a mémber o
hé staff. Hours to be arranged.

8121-8122. CLASSICAL THERMODYNAMICS.
Credit 3 hrs. Through the year. 3 Rec. Pri-
marily for candidates for the de?ree of Bach-
elor of Engineering Physics. Infroduction to
classical thermodynamics, kinetic theory of
gases, and statistical mechanics. Apkﬂllcatmn to
physical and engineering problems. Mr. Resler.

8131. MECHANICS OF CONTINUA. Credit
3 hrs. Spring. 3 Lect. Prereq., 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 eIastic_itY,
wave propagation, vibration, incompressible
and compressible fluids, viscous flow, etc. Mr.
Sears.

8252. SELECTED TOPICS | _
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; semij-
conductors; radiation damage, etc. Emphasis
is g||.ven to the interpretation of the phenomena
in |?_ht of modem theories in physics of solids
and Tiquids and their impact on ‘the engineer-
and Tiquids and th act on ‘the el

ing applications. Current literature is included
in"the assignments. Staff.

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 mechanisms involved
in_electron "emission, phase transformations,
friction and wear, oxidation and corrosion.
Mr. Rhodin.

8301, INTRODUCTION TO ATOMIC AND
NUCLEAR PHYSICS. Credit 3 hrs. Fall. 3
Lect. Preregs., Physics 124 or 126 or 128,
and calculus through differential equations.
Primarily for students in nuclear engineering.
ConceFts of atomic structure of matter: funda-
mentals of quantum theore/ and applications
to structure of atoms, molecules, and nuclei.
Concepts of nuclear reactions and their rela-
tion fo_ nuclear reactor problems, including
the chain reaction. Mr. Fisher.

8311. NUCLEAR AND REACTOR PHYSICS.
Credit 3 hrs. Sfmng. 3 Lect. Prereq., Physms
214 or 243. Nuclear particles, nuclear structure,
nuclear reactions; characteristics of particle
accelerators; properties of neutrons, Interac-
tions of neutrons with matter, nuclear fission;
elementary reactor theory, types of reactors,
reactor design problems; “instruments for par-
ticle detection and reactor control. Mr. Clark.

8312. REACTOR THEORY 1. 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. La-
marsh.

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

8321. PRINCIPLES OF THERMONUCLEAR
POWER. Credit 2 hrs. Fall, 2 Lect. Prereq.,
8311 or Physics 214 or Physics 244. An intro-
ductory course concerned pr|marllg with phe/sr
cal problems involved in current thermonuclear
research. Topics included are cross-sections of
fusion reactions; theory of binary reactions;
radiation processes; microscopic processes in
plasmas; magnetohydrodynamics; problems of
plasma confinement; present concepts of ther-
monuclear power reactors. Mr. Lamarsh.

8341. NUCLEAR AND COSMIC CHEM-

ISTRY/PHYSICS. Credit 3 hrs. Fall, alternate
years. Primarily for graduate students; open to
undergraduates by consent of instructor. A
discussion of the “properties of nuclei; radio-
active decaY. and measurements; nuclear reac-
tions; creation of the elements and nuclide
abundances; cosmic rays and their interactions
with meteorites; nuclear cosmochronology. Mr.
Fisher.

8342. READING COURSE IN RADIOCHEM-
[STRY. Credit 2 hrs. Spring. Primarily for
graduate students and seniors.” Reading assign-
ments will be made in the .?eneral field "of
radiochemistry. The group will meet for dis-
cussions at the convenience of the group, ?05-
sibly for_two hours every other week. The
course will be slanted towards the interests
of the students and _ma%/ include such topics
as nuclear fission, radiochemistry, nuclear con-
cepts in geochemistry, neutron activation anal-
KSIS’ beta decay studies, radiation chemistry,
ot-atom chemistry, biological effects of radia-
tion, . cosmic chemistry,” nuclear reactions,
neutrino searches, elemental abundances, tracer
,t\ichnlques, and applications in various fields.
I. Fisher.

8351. NUCLEAR MEASUREMENTS
ORATORY. Credit 3 hrs. Either term. Two

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 cjrcuits used in
counting and reactor control; in interactions
of neutrons with matter, especially modera-
tion, diffusion, absorption, and scattering; in
chemical separations and in casting and metal-
lurgical examination of uranium. Experiments
on a subcritical reactor and the TRIGA reactor
are included. The student is expected to per-
form eight to ten experiments, selected to meet

LAB-

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. Clark.

8352. ADVANCED NUCLEAR MEASURE-
MENTS LABORATORY. Credit 3 hrs. Either
term. Two 2 hour afternoon ?erlods. Prereg.,
8351. A continuation of 8351 for students de-
siring advanced laboratory 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 mlcrosc_oPe, apRAhcanons in physics, chem-
istry, and biology. Mr. Siegel.

8517. ELECTRON OPTICS AND ITS AP-
PLICATIONS. Credit 3 hrs. Fall. Prereq.,
Physics 225 (Physics 215 advised but not re-
gulred.). Electron beam formation, Gaussian
ioptrics and aberrations of electron lenses,
application |nclud|n([; cathode ray tube, elec-
tron microscope, befa ray spectrometer, mass
spectrometer. Mr. Siegel.

AGRICULTURAL
ENGINEERING

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

2. INTRODUCTION TO AGRICULTURAL
ENGINEERING. Credit 2 hrs. Spring. 2 Lect.
Limited to students in the five-year agricul-
tural engmeermg curriculum. The purpose is
to_introduce the application of engineering
Br[ntlﬁ]es to Problems in agriculture, with a
rief history of the development of agricultural
engmeerm? in the United States. Problems
that are of primary interest to the a(t;ncu,ltural
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
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. The laboratories will develop a
working knowledge of drawing conventions,
drafting techniques, and their “application_to
machine, architectural, and pictorial drawing
problems. Graphs and engineering graphics
(nomography and graphical calculus% will also



be included. Students will accomplish their
work with_drafting machines as well as the
standard T-square and board. Department
equipment will be utilized to reproduce selected
drawing exercises to illustrate the techniques
involved and verify line work quallty.” he
first half-hour of the laboratory will be utilized
as.an instruction-recitation period. Laboratories
will be conducted to promote learning through
informal student-teacher contact. MT. Furry.

202. FARM POWER. Credit 3 hrs. Fall. Lect.
Lab, Comp._Prereq., Engineering 3601 or the
equivalent, Thermodynamic principles applied
to internal combustion engines. Application of
kinematics and dynamics fo tractor design and
field use. Elements involved in proper con-
struction, selection, and operation of farm
tractors. Emphasis on writing of engineering
reports. Mr. Terry.

203. AGRICULTURAL MACHINERY DE-
SIGN. Credit 3 hrs. Spring. 2 Lect. 1 Lab.
Prereq., E.n?lneerm 3341 or the equivalent.
The pr|n0|F es of esu%n and development of
agricultural machines to meet functional re-
quirements. Emphasis is given to stress anal-
¥5|s‘ selection of materials of construction, and
esting procedures involved in machine and
development. Mr. Gunkel.

S206. FIELD PROBLEMS 1IN
TURAL ENGINEERING. Credit 6 hrs. Sum-
mer School. Lect, Lab. Field work. Limited to
students in the five-year agricultural engineer-
ing curriculum. Designed "to aPpIy, basic en-
(t;m.eermgf design and” analytical "principles to
ypical Tield problems encountered in pro-
fessional a%nculltur_al engineering practice. The
work will be distributed in the field of power
and machinery, structures, soil and water, and
elefcftrmcanon. Laboratory fee, $5. Selected
staff.

221. SOIL AND WATER ENGINEERING.
Credit 3 hrs. S rlng. 2 Lect. 1 Lab. Preregs.,
Engineering 2132, 2302, and Agronomy_ 1, or
thelr equivalents. An advanced course in the
application of ,engmeerm? principles to the
problems of soil and water control in agri-
culture. Includes demgn and construction of
drainage systems and_ farm ponds; and design
and operafion of sprinkler systems for irriga-
tion. Mr. Black.

231, FARM STRUCTURES DESIGN. Credit
3 hrs. Spring. 1 Lect. 2 Lab. Preregs., Engi-
neenng 2732 and 3605 or their equivalents.
An advanced course in the application of
structural design principles to farm buildings.
Includes functional requirements, character-
istics of materials, structural design, and the
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Bri,nciples of environmental control in farm
uildings. Mr. Boyd.

241. LOW-COST ROADS. Primarily for
foreign students. Credit 3 hrs. On demand.
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
soilS by wuse 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 s rln% Prereqs., adequate ability
and training for the work prolposed, and per-
mission to register. (Normally reserved for
seniors in upEer two-fifths of class.) Special
work in an% ranch of agricultural engmeer-
ing on problems under investigation Dby the
Department or of sFemaI interest to the 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 of the opportunities, qualifications, and
responsibilities for positions of service in the
various fields of agricultural engineering. Mr.
French.

REQUIRED COURSES
IN. OTHER DIVISIONS

The courses listed in this section are prescribed
for undergraduate engineering students. For
detajled information on elective course possi-
bilities, consult the Announcement of the di-
vision in which the courses are offered, such
as the Announcement of the College of Arts
and Sciences.

physical education

All undergraduate students are required by
the University to complete four terms of work,
three hours a 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.



ARCHITECTURE
REGIONAL AND CITY PLANNING

(In coaperation, with the School of Civil Engi-
neering)

700. HISTORY OF CITY PLANNING. Spring.
Credit 3 hrs. Open to

munities from anciént times to the present.
Lectures, assigned readings, and examinations.

710. PRINCIPLES OF CITY AND RE-

GIONAL PLANNING. Fall. Credit 3 hrs.

Open to graduates and upperclassmen. A re-

view of the basic influences in the development
of cities. A general view of the theory and
accepted pracfice of CItK and rerc]|onal planning
including a study of the social, economic, an
legal phases. Lectures, assigned readings, and
examinations.

711 CITY PLANNING PRACTICE. Spring.
Credit 3 hrs. Prerequisite, Course 710. The
procedures and techniques of gatherm? and
analyzing data for municipal planning studies.
The’ selection and .integration of data for use
in_planning. Practical application of the the-
ories of uty(ﬁlannlng. Office practice. Lectures,
assigned readings, reports.

717, LEGAL ASPECTS OF PLANNING.
Spring. Credit 2 hrs. Prerequisite, Course 710,
Technical and legal aspects of preparing and
admlnlsterlngI zoning ordinances. Examination
of other legal problems in planning, including
subdivision™ control, official map™ procedure,
regulation of roadside development, and build-
ing and housing codes.

718. PLANNING DESIGN. Fall. Credit s hrs.
Limited to graduate students and, bY permis-
sion, to seniors who may substitute it for
Architecture 108. Graduate students from other
colleges may arrange assigned credit with their
own “deparfments for participation in special
phases of the course. A _major stude/ in urban
and regional planning is selected fo acquaint
students with the broad range of studies and
techniques involved in contemporary planning
design. Em?hams is placed on collaborative
studies by student teams representing a variety
of fields.” Lectures, discussions, interviews, and
seminars with Un|ver5|tY and visiting specialists
in related fields, and studio criticism.

720, FIELD PROBLEM IN URBAN PLAN-
NING. Fall. Credit & hrs. Group study of an
emsth community and the preparation of a
general_plan for its future development. In-
vestigation of population trends, economic
base, and regional influences. Land use anal-
ysis, and studies of traffic flow, recreation

| graduates and upper-
classmen. The history of the planning of com-

facilities, housing conditions, school and public
building locations, automobile parking, public
transportation, and other elements of the
community. Preparation of recommendations
for carrying out the general plan. Lectures
discussions, field trips, preliminary and  final
reports.

CHEMISTRY

105-106. GENERAL CHEMISTRY. Througih-
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
bK students who do not inténd to take more
chemistry. Lectures, T Th 9, 10, or 12. Com-
bined discussion-laboratory period, M W F or
$ 8-11, M T W Th or 'F 1:40-4:30. Messrs.
Goldstein, Plane, Sienko, and Assistants,

The important chemical pr|nC|PIes_and facts
are covered, with considerable attention given
to the quantitative aspects and to the tech-
niques which are important for further work
in chemistry.

113-114. GENERAL CHEMISTRY AND
INORGANIC QUALITATIVE ANALYSIS.
Throughout the year. Credit 4 hrs. a term.
Chemistry 113 is prerequisite to Chemistry 114.
Open_to"those who have offered high School
chemistry for entrance. Recommended for
candidates for the degree of AB. with a
major in chemistry and required of candidates
for the degree of B.Ch.E. Fall term: lectures,
M F s; one three-hour combined discus-
sion-laboratory period, T or Th 8-11, W or F
10-1, or W or F 1:40-4:30. Spring term: lec-
tures, M W s; two three-hour_combined dis-
cussion-laboratory periods, T Th 8-11, W F
10-1 or W F 1:20-4:30.

A general study of the laws and concepts
of chemistry baséd upon the more common
elements, and application of the theory of
chemical equilibrium to the prolpemes and
reactions of ions of the common elements and
their separation and detection in solution.

301. INTRODUCTION TO ORGANIC
HEMISTRY. Fall. Credit 2 hrs. Prerequisite,
Chemistry 106. For students in engineering.
Lectures, W F 9. o
A brief survey of the principal classes of
organic compounds, their industrial sources,
manufacture, and utilization.]

307-308. INTRODUCTORY  ORGANIC
CHEMISTRY. Throughout the year. Credit
3 hrs. a term, Prere(1U|s|te., Chemistry 106 or
114, Qualitative, analysis is desirable but not
required. Chemistry "307 is prerequisite to



Chemistry 308. Chemistry 311-312 must be
taken ‘with Chemistry 307-308. Required of
candidates_for the degree of B.Ch.E. and AB.
with a major in chemistry. Lectures, M W F 9.

A systematic study of the more important
classes” of carbon compounds, reactions of their
functional groups, methods of synthesis, rela-
tions, and Uses.

311-312. INTRODUCTORY ORGANIC LAB-

ORATORY. Throughout the year. Credit 2
hrs, a term. ChemwtrY 311 or 305 is prere%-
uisite to Chemistry 312. Must be taken wit
Chemistry 307-308. Required of candidates for
the degrées of B.Ch.E. and A.B. with a major
in chemistry. Laboratory lecture for all sec-
tions, S s. Laboratory, T Th 1:40-4:30 or F
1:40-4:30 and S 9-12° (either term) or T Th
g-11 (fall term only). )

Laboratory experiments on the_preparation
of typical organic compounds, their properties,
reactions, and relations.

401 INTRODUCTION TO PHYSICAL
CHEMISTRY, Fall. Credit 3 hrs. Prerequisites,
Chemistry 106, Mathematics 163, 183, or 193
and Physics 117. For students in_electrical
ené;meerlng. Lectures, T Th 9. Recitation,
SGor 1L ' '

A brief survey of physical chemistry.

402. INTRODUCTION TO PHYSICAL
CHEMISTRY. Spring. Credit 2 hrs. Prereg-
uisite, Chemistry " 106. Prere(imsne or parallel
courses, Mathematics 163, 183, or 193, and
Ph)rsms 117. For students In civil and mechan-
ical engineering. Lectures, W F 9.,Enft;|neer|r]g
?hysms students and others who wish To obtain
hree hours credit for the course will also meet

M9
A brief survey of physical chemistry.

403-404. INTRODUCTORY  PHYSICAL
CHEMISTRY. Throughout the year. Credit
3 hrs. a term. Prerequisites, Chemistry 224
and 308, Mathematics 163, 183, or 193, and
Physics 118. Chemistry 403 is prerequisite to
Chem|str¥ 404. Required of candidates for the
degree of B.Ch.E. Lectures, M W F 9.

A systematic treatment of the fundamental
[[)rmuples of physical chemistry. The laws of
hermodynamics “and of the kinetic theory are
applied ‘in a study of the properties of gases,
liguids and solids, thermochemistry, properties
of solutions, and equilibrium in homogeneous
and heterogeneous srstems. Chemical kinetics
atndd,a(tjomlc and molecular structure are also
studied.

405-406. INTRODUCTORY  PHYSICAL
CHEMISTRY. Throughout the year. Credit
5 hrs. a term. Prereqs., Mathematics 162, 182
or 192, Physics 122, and Chemistry 114. For

students in engineering. Lect, M W F 9. Lab.

periods; (a) Monday and Tuesday, 1:40 to
ﬁ%g b) Wednesday and Thursday, 1:40 to

he lectures will gfwe_a systematic treat-
ment of the fundamental principles of physical
chemistry; the laboratory will deal with the
experimental aspects of “the subject and will
emphasize particularly their application to
chemical analysis.

411. INTRODUCTORY PHYSICAL LABO-
RATORY. Fall. Credit 2 hrs. Prere(z. or
Barajle], Chemistry 403 or 407, Enrollment may
e limited. Required of candidates for the de-
grees B.Ch.E. and A.B. with a major in_chem-
istry. M T W or Th 1:40-4:30; lecture, Th 12;
examinations, Th 7:30 p.m.
Aspects of physical chemical
technique (error~ analysis,
measurement and production, temperature and
heat measurement, electrical instruments and
their use) treated by selected quantitative
experiments covering gas laws, phase d_|agr_ams,
vapor pressure, calorimetry and equilibrium.

412, PHYSICAL CHEMISTRY LABORA-
TORY. Spring. Credit 2 hrs. Prereq., Chemistry
411, Enroliment will be limited. Required of
candidates_for the d_egirees B.Ch.E. and A.B.
with a major in chemistry. M T or W Th 1:40-
4:30 or F"1:40-4:30 and$S 9:00-12.

Quantitative experiments in classical and
modern physical chemistry.

416. CHEMICAL BONDING AND PHYS-
ICAL PROPERTIES OF ORGANIC MOLE-
CULES. Spnn?. Credit 3 hrs. Prereq., Chem-
istry 106. Lectures, T Th S 9.

rimarily for students who have had no
course in organic chemistry but a good back-
ground in - physics.

555. INORGANIC CHEMISTRY. Sprin%.
Credit 3 hrs, Prereq., Chemistry 404 or 408
or consent of instructor. Lectures, M W F 0.
) Assqned readings on the descriptive chem-
istry of the eleménts. Lectures on theoretical
aspects with emphasis on the application of
thermodynamic, kinetic, and structural con-
siderations to inorganic systems.

ECONOMICS

103. MODERN ECONOMIC SOCIETY.
Either term. Credit 3 hrs. Falll M W F 5 9
11, 122 T Th S 9, 10, 11 Spring, M W F
89 10,1, T Th Se 9, 11. ,

A survey of the existing economic order,
with particular emphasis on the salient char-
acteristics of the modern American economy.
Concentration is on explaining and evaluatirig
the operation of the price system as it reg-

laboratory
ressure-vacuurm



ulates production, distribution, and consump-
tion, and as it is in turn modified and infll-
enced by private organization and government

policy.

104, MODERN ECONOMIC SOCIETY.
Either term. Credit 3 hrs. Prereq., Economics
103. Fall term. MW F g, 9, 11 T Th S, 9,
10. SB“n term, MW F g 9 11, 122 T Th S
8, 9, 10, 11. Honors sections: fall term, M W
2-3:15; spring term, M'W 2-3:15, T Th 2-3:15.

Economics 104, a continuation of 103, centers
on the determinants of aggregate economic
activity. The main areas studied are the
monetary and banking systems, the composi-
tion and fluctuations of national income, and
the major conditions of economic growth, all
as|,|nf|uenced by monetary, fiscal, ‘and other
policies.

EDUCATION

Educ. 7. COLLEGE READING, AND STUDY
SKILLS PROGRAM. Either term, Noncredit.
Prerequisite, all students are required to take
the Cooperative Reading Test at times to be
announced. Fall term, M W 9, 10, 11 12; or
TTho 10 1L 12 §[ir|ngl term, MW 9, 10,
1, 12 or T Th 9, 10, 11 Laboratory, two
half-hour periods a week to be arranfged. Fall
grogram Is reserved for selected freshmen.
pring Erogram is open to all registered stu-
dents. Enrollment limited. Place to be an-
nounced. Principles and techniques for readlndg
and studying more effectively are explained,
demonstrated, and practiced in class, The
reading laboratory provides an opportunity for
increasing one’s rate of reading.

ENGLISH

111-112. INTRODUCTORY COURSES IN
READING AND WRITING. Throughout the
year. Credit 3 hrs. a term. Open to freshmen;
Students who have prepared |n.En%I|sh abroad
must take a proficiency test in the fall for
admittance. English 111" is prerequisite fo 112,
The aim_is to increase the student’s ability to
communicate his own thought and to under-
stand the thought of others" M W F s, 9, 10,
11, 12,2, T Th S8, 9, 10, 11, 12

ENGLISH FOR FOREIGNERS

The following two courses are offered by
the Division of Modern Languages. Students
will be placed in these courses only after
having taken the proficiency test given by the
Department of English.

102 ENGLISH FOR FOREIGNERS. Fall
term. Credit e hrs. Prereq., placement by the
instructor. Hours to be arranged.

211, ENGLISH FOR FOREIGNERS. Fall
term. Credit e hrs. Prereq., a satisfactory pro-
ficiency examination. Hours to be arranged.

GEOLOGY

113, GEOLOGY FOR ENGINEERS. Either
term, Credit 3 hrs. (if taken after Geology
101-102 or 115, one hour crednl). Lectures:
fall, MW 11- spring, T Th 9. Lab., M W or
T Th 2-4:30. .

Provides a geologic backFround, s0 that the
engineer will De aware of fimitations imposed
by geologic conditions.

115ELEMENTARY GEOLOGY. Either
term. Credit_ 3 hrs. For underclassmen in
agriculture. This course cannot be used to
satisfy the science group requirement of the
CoIIeEe of Arts and” Sciences. Lectures, T Th
11, Laboratory, M T W Th or F 2-4:30, or
$ 8-10:30, or S 10;30-1. ,

Fundamental prmmf)les of geology with em-
phasis on the physical aspects and” their influ-
ence on the agricultural sciences.

HISTORY

165-166. SCIENCE IN WESTERN CIVIL-
[ZATION. Throughout the year. Credit 3 hrs.
a term. Prereq., one year of coIIe?e science.
History 165 or consent of the instructor prereq.
to History 166. MW F 11 ] }
A survey of the development of science in
its relation to the main currents of European
and American civilization from classical antig-
uity to the present day.

INDUSTRIAL AND
LABOR RELATIONS
SURVEY OF INDUSTRIAL AND LABOR

ND
RELATIONS (ILR) 293. Credit 3 hrs. Either
term. A survey for students in divisions of the
University other than ILR. An anaIYsm of the
major Problems, in industrial and. fabor rela-
tions: labor union history, organization, and
operation; labor market analysis and employ-
ment practices; industrial and labor legisla-
tion and social security; personnel managiem_ent
and human relations in mdustr,){; collective
bargaining; mediation and arbitration; the
rights and responsibilities of employers and
employees; the major governmental aPe_nmes
concerned with industrial and labor refations.



MATHEMATICS

161, ANALYTIC GEOMETRY AND CAL-
CULUS. Either term. Credit 3 hrs. Prereq.,
three years of college preparatory mathematics,
including trigonometry. Hours fo be arranged.

Plane ” analytic geometry throuqh conics.
Differentiation and integration of polynominals
with applications to rates, maxima, volumes,
pressures, etc,

Courses 161-162-163 represent a standard
three-term calculus sequence, resentlnq the
main ideas  and techniques of the calculus
and analytic geometry; the material is so
arran,ged that “the first two terms (161-162)
provide a reasonably complete introduction to
the subject. ] ]

This sequence is not intended as prepara-
tory to more advanced courses in mathematics,
although admission to such courses can be
obtained following this_ sequence b{ special
permission. Students majoring in mathematics
or in those physical sciencés where mathe-
matics is extensively used or who have sPe-
cial mathematical competence should elect the
161-182-183 sequence instead.

162. ANALYTIC GEOMETRY AND CAL
CULUS. Either term. Credit 3 hrs. Prereq,,
Mathematics 161. Fall, M W F s, 10, 11, 12:
spring, lectures M W 9, 10, 12, T Th 9, 16, 12
ecitations to be arra_n%ed. ) )

Differentiation and_integration of algebrajc
trigonometric, logarithmic, and exponentia
functions, with applications. Related topics,
including polar coordinates, parametric equa-
tions, and vectors.

163. ANALYTIC GEOMETRY AND CAL-
CULUS. Either term. Credit 3 hrs. Prereq.,
Mathematics 162 or 182. Fall, lectures M W
10, 12, T Th 10, 12. Recitations to be arranged;
spring, M W F s, 9 11

“Infinite series, solid an_aIth_ ([;eometry, par-
tial derivatives, and multiple infegrals.

182. ANALYTIC GEOMETRY AND CAL-
CULUS. Either term. Credit 3 hrs. Prereg.,
a grade of 80 or more in an advanced section
of "Mathematics 161. Fall, M W F 9: spring,
MW Fe9 10 11 127 Th 9, 10, 11.
Topics similar to those of Mathematics 162.

183. ANALYTIC GEOMETRY AND CAL-
CULUS. Either term. Credit 3 hrs. Prereg
a ﬂrade of 80 or more in Mathematics 182,
Fall, MW F 10, 12, T Th S 10, 12; spring,

WFo9 | .
Topics similar to those of Mathematics 163.

609-610. HIGHER CALCULUS. Throughout
the year, Credit 3 hrs. a term. Pr_ereq., athe-
¥1a¥chs 5?05130 First term prerequisite to second.

Primarily for undergraduates who_have not
taken 183 or who do not have the time avail-
able to take the sequence 612-616. Partial
differentiation, multiple and line integrals,
Fourier series, partial differential equations
vector analysis, complex variables, calculus of
variations, " Laplace ~transforms. Emphasis is
placed on a wide range of formal applications
of the calculus rather than on the logical
development.

612. METHODS OF APPLIED MATHEMAT-
ICS. Spring. Credit 3 hrs. Prereq., Mathematics
183 or consent of the instructor. T Th S 10.

This constitutes the first semester of a five-
semester sequence. Roughly half of the course
will be devoted to ordinary differential equa-
tions with emi)ha5|s on setting up and dis-
cussing physical problems. The remainder will
cover "an ‘introduction to vector analysis, |in
preparation for Physics 225. Further topics
Invector analysis {m particular, curvilinear
coordinates) will be_ treated in 613, while
additional "material in differential equations
will be taken up in 614.

613-614, METHODS OF APPLIED MATH-
EMATICS. Throughout the year, Credit 3 hrs.
a term. Prereq., Mathematics 612. First term
prereg. to second. T Th S 10.

Functions of several variables. Line, surface
and volume integrals. Change of variable and
Jacobians. Integral vector calculus with em-
P.hQSIS on_curvilinear coordinate systems. In-
inite series with numerical terms. Infinite
series of functions. Uniform _convergence.
Power series. Fournier series and integrals. Ap-
;%hcatlons to ordinary differential équations.
heory of matrices.

615. METHODS OF APPLIED MATHEMAT-
ICS. Fall. Credit 3 hrs. Prereq., Mathematics
614 or consent of the instructor. M W F 12,

For graduate students and qualified under-
graduafes. A one-semester course in functions
of a complex variable, stressing technique
rather than r|%or, and serving also as prepara-
tion for Mathematics 532, The elements of
the theory and other topics, including con-
formal mapping and linear transformations,
5|n?ularmes, analytic continuation, Riemann
surfaces, asymptofic expansions.

616. METHODS OF APPLIED MATHEMAT-
ICS. Sgrlng. Credit 3 hrs. Preregs., Mathe-
matics 614 and 615. M W F 12, ]
_Partial differential equations, special func-
tions, calculus of variations.

621-622. MATHEMATICAL METHODS IN
PHYSICS. Throughout the year. Credit 4 hrs.
a term. Prereqs., a good knowledge of the
techniques of the calCulus, such as given by
609-610, and at least two years of general



[%hysics. First term prereq. to second. T W
hF 12

For mature students who wish to acquire
a wide background of mathematical techniques
in one
signed fo give a working knowledge of the

principal mathematical methods used in ad-

vanced physics. Topics include infinite series,

Fourier series and integrals, Laplace trans-
forms, complex variables, calculus of varia-
tions, matrices, integral equations, and eigen-

value problems.

[P41-642. PARTIAL DIFFERENTIAL EQUA-

IONS. Throughout the year. Credit 3" hrs.
a term. Prereq., Mathematics 610. Not given
in 1961-1962.]

MODERN
LANGUAG

FRENCH

101, ELEMENTARY COURSE. Either term.

Credit & hrs. Fall, drill at s, 9, 10, 11, or 12

lecture MW g or 10 W F 12 0r T Th s.

?\frlng drill_daily at s, 9, 10, 11, or 12; lecture
Wit orT Th 9.

FOREIGN
ES

102. ELEMENTARY COURSE. Either term.

Credit 6 hrs. Prereq., French 101 or its e(iuw-

alent. Drill daily at's, 9, 10, 11, or 12; lecture:
fall, MW g or'1l or T Th' s, 9, 0r 2; spring,
MW sgorl0,orWF120rT Th s.

201 INTERMEDIATE READING COURSE.
Either term. Credit 3 hrs, Prereq., qualification
in French. Fall: MW F 9, 120rT Th S9, 10.
Spring; MW F 12,3 0rT Th §9, 10. |
Re,adln% of texts of established literary
quality. The purpose is double: to increase
reading facility, knowledge of vocabulary and
idiom, and to develop methods and habits of
critical appreciation of a foreign literature.
Ehe ﬁlass discussion is conducted mainly in
rench.

203. INTERMEDIATE COMPOSITION AND
CONVERSATION. Either term. Credit 3 hrs.
Prereq., qualification in French. Fall. M W F
11,2,3,0r T Th Ss, 10. Spring: MW F 9, 12,
2,0rT ThSs, 9. | i

Guided conversation, grammar_ drill,  and
oral and written composition. Emphasis is
placed upon |ncrea5|nE the student’s oral and
written command of French.

204, INTERMEDIATE COMPOSITION AND
CONVERSATION. Either term. Credit 3 hrs.

Prereq., French 203 MW F 12 0r T Th S 12,
Continuation of the work of French 203,

gar. Lectures and problem work de-

with especial attention to accurate and idio-
(rjnaltlm expression in French. Oral and written
rill.

GERMAN

101. ELEMENTARY COURSE. Either term.
Credit 6 hrs. Fall, drill daily at s, 9, 10, 11, or
12; lecture, MW 9 or 1L °or T Th 1l or 2
Spring, drill daily at 8 or 9; lecture, T Th 12,

102. ELEMENTARY COURSE. Either term.
Credit e hrs. Prereq., German 101 or its
equivalent. Fall, drill dall,){ at s or 9; lecture,
T Th 12 SR/EIW' drill daily at s, 9, 10, 11, or
12; lecture, 9or 1L orT Th 9or2

203-204. INTERMEDIATE COMPOSITION
AND CONVERSATION. Throughout the year.
Credit 3 hrs. a term. Prereﬂ. for 203, qualifica-
tion in German; for 204, German 203 or
consent of the instructor. T Th S 11 or 12,

RUSSIAN

101. ELEMENTARY COURSE. Either term.
Credit 6 hrs, Fall, drill dallg, 8, 9, 10 or 12
lecture, MW 20r T Th 1L Spring, drill daily,
g or 11; lecture, T Th 2.

102. ELEMENTARY COURSE. Either term.
Credit 6 hrs. Prereq., Russian 101 or its equiva-
lent. Fall, drill .da|lg, g or 11; lecture, MW 10.
SprmgTL drill daily, 9, 10, or 12; lecture, M W 2
or T°Th 1L

SPANISH

101. ELEMENTARY COURSE. Either term.
Credit e hrs, Students who have previously
studied Spanish should consult the instructor
before registering for this course. Fall, drill
daily at s, 9, 10, 11, or 12 lecture M W 2 or
T Th 9 or_12. Spring, drill daily at s or 12
lecture, T Th 10.

102. ELEMENTARY COURSE. Either term.
Credit & hrs. Prereq., Spanish 101 or its equiva-
lent. Students who have previously studied
Spanish should consult the instructor before
registering for this course. Fall, drill daily, 9,
11, or 12; lecture, W F 12 or T Th 10. Spring,
drill daily, s, 9, 10, or 11; lecture, W F 12 or
TThi2

PHYSICS

121, INTRODUCTORY  ANALYTICAL
PHYSICS. Fall. Credit 3 hrs. Prereq., calculus



or co-registration in Mathematics 161. Pri-
marily for students of engineering. Lecture,
9" 11, or 2. Two discussion periods per
week and one 2VE hour laboratory period every
other week as assigned. Preliminary examina-
tions will be held at 7:30 p.m. Oct. 24, Nov.
28, and Jan. 9 . . )
_Introductory mechanics: kinematics, dynam-
ics, statics, energetics, conservation laws, and
special motions. The laboratory work consists
of measurements illustrative of these topics.

122.  INTRODUCTORY  ANALYTICAL
PHYSICS. Sprln%. Credit 3 hrs. Prereg., Phys-
ics 121 and calculus or co-registration in Math-
ematics 162, 182, or 192. Primarily for students
in engineering. Lecture, T 9, 11, or 2. Iwo
discussion periods per week and one 2'/£ hour
laboratory period every other week as assigned.
Preliminary examinations will be held at 7:30
p.m. Mar.’s, Apr. 10, and May s. .

~ Kinetic theor¥ of gases, mechanics of gases,
introductory  thermodynamics.  Electrostatic
phenomena” and introduction to electrical cir-
cuits. The laboratory work consists of meas-
urements in mechanics and in geometrical
optics.

220. INTERMEDIATE EXPERIMENTAL
PHYSICS. Either term. Credit 4 hrs. Preregs.,
Physics 102 or 208, and Mathematics 162, or
consent of instructor. Required of all physics
majors. M W F 1:40-4:30. )

Lectures on topics in experimental tech-
niques. Selected laboratory ~experiments to
suit the student’s need, e.g., mechanics, errors
and probability, electricity, magnetism, optics,
spectroscopy, and modern” physics.

223. INTRODUCTORY ANALYTICAL PHYS-
ICS. Fall. Credit 3 hrs. Prereq., Physics 121,
122, and co-registration in Mathematics 163,
183, or 193. Lecture, Th 9 or 11, two discus-
sion periods per week, and one 2/fc_hour
laboratory period every other week as assigned.
An introductory sufvey of the laws of “elec-
tric and magnetic fields. Review of the electro-
static field. ag_netlc fields of steady currents,
induced emfs, dielectrics, and magnetic prop-
erties of matter. The laboratory work includes
experiments in electrical measurements.

224. INTRODUCTORY ANALYTICAL PHYS-
ICS. Spring. Credit 3 hrs. Prere%., Physics 223
or equivalent. Lecture, Th 9 or 11, two discus-
sion periods per week, and one 2Ifc_hour
laboratory period every other week as assigned.

An introductory study of wave motion ‘with
emphasis on the ‘properties of electromagnetic
waves.  Interference, diffraction, dlsgerswn
scattering, and polarization of waves. Selected
topics from the fields of atomic, solid state,
and nuclear physics dealing with wave-particle

experiments, optical and X-ray spectra, radio-
activity, and nuclear processes. The laboratory
work ‘includes experiments in physical elec-
tronics and wave optics.

225. INTRODUCTORY ANALYTICAL PHYS-
ICS. Fall. Credit 3 hrs. Prereq., same as for
Physics 223. Lecture, T 9 or 11, two discus-
sion periods per week, and one 2'£ hour
laboratory period every other week as assigned.

The main_topics aré the same as those Tisted
under Physics 223, but their treatment is
more analytical and somewhat more intensive.

226. INTRODUCTORY ANALYTICAL PHYS-
ICS. Spring. Credit 3 hrs. Prereq., Physics 225
or consent of the instructor. Lecture, T 9 or
11, two discussion periods per week, and one
2t hour laboratory period every other week
as _assigned. o )

The range. of topics is similar to that listed
under. Physics 224, but coverage is more
intensive.

227. INTRODUCTORY ANALYTICAL PHYS-
[CS. Fall term. Credit 3 hrs. Prereq., same as
for Physics 223. Lecture, T 9 or 11, two dis-
cussion” periods per week, and one 21& hour
laboratory period every other week as assigned.
The subject matter” of electricity and mag-
netism listed under Physics 223 is covered at a
level sufficiently advanced to stimulate stu-
dents of superior competence and interest.

228. INTRODUCTORY ANALYTICAL PHYS-
ICS. Spring. Credit 3 hrs. Prereq., Physics 227
or consent of the instructor. Lecture, T 9 or
11, two discussion periods per week, and one
2\E hour laboratory period every other week
as assigned. i

Topics similar to those of Physics 224, The
treatment is designed to meet” the needs of
students, who intend to pursue more advanced
courses in physics.

307. PHYSICAL OPTICS. Fall. Credit 4 hrs.
Prereq., Physics 211 or 224, or consent of the
instructor. Lectures, T Th §9and T 12,

Huygens’ and Fermat’s principles with ap-
plications to geometrical optics, wave prop-
erties,_ velocity "of Ilght interference phenom-
ena, Fraunhofer and Fresnel diffraction with
a?ph_catlon to image formation, polarization
of light, double refraction, optical activity,
and other topics as time permits.

314, ATOMIC, NUCLEAR, AND SOLID
STATE PHYSICS. Sprmg. Credit 3 hrs. Pre-
req., Physics 224 and ngln_eerm,? 4103, or
consent of the instructor. Primarily for stu-
dents in electrical en%meerlng. Thrée lectures
Eer,wee_k as scheduled by the College of
ngineering.



Elements of nuclear and atomic structure;
fundamentals of quantum theory; electronic
{)r.ocesses with special reference ‘to the elec-
rical properties of metals, semiconductors,
and insulators; elements of nuclear processes.

318. ANALYTIC MECHANICS. Sprin%.
Credit 4 hrs. Prereq., Physics 208 or 22b,
and co-registration in  Mathematics 612, or
%ohnsgnt of the instructor. MW F 11 and W or

Analytical mechanics of material particles,

systems of particles and rigid bodies; oscillat-

|n%_ systems; planetary motion, stability of
orbits;” collisions; Euler’s equatlons,l_?yroscoplc
motion; Lagrange’s equations; Hamilton's
equation; relativistic mechanics.

325-326.  ELECTRICITY, MAGNETISM,
AND LIGHT. Throughout the year. Credit
4 hrs. each term. Prereq., Physics 208 or 226,

and Mathematics 612, or consent of the in-

structor. First term prerequisite to_the second.
Lectures, T Th S 11 and W or Th 3. Two
preliminary examinations will be held in
evenings. ~ o

Electrostatic  and electromagnetic ~ fields,
R/?Iarlzanon of dielectric and magnetic media,

axwell’s equations, plane electromagnetic
waves.

443, ATOMIC PHYSICS AND INTRODU
TION TO QUANTUM MECHANICS. Fall.
Credit 4 hrs. Prereq., .Ph}/su:s 213, 318, and
325, or consent of the instructor. M W F 10
and W or Th 2, o i
Difficulties with_ the classical interpretations
of atomic properties and atomic structure are
resolved in terms of quantum mechanics.

444, NUCLEAR AND HIGH-ENEIIGY PAR-
hrs. Pre-

TICLE PHYSICS. Spring. Credit 4
req., Physics 443 or consent of the instructor.
MWF10andT 2

Behavior of high-energe/ particles and radia-
cles

tion; elementary parti I
acteristics; basic properties of nuclei; nuclear
reactions; nuclear forces; cosmic ra¥s; ?eneral
symmetries and conservation laws of nature.

454, ELECTRONIC PROPERTIES OF SOL-
IDS AND LIQUIDS. Spring. Credit 4 hrs. Pre-

req., Physics 443 or consent of the instructor.
MWF9and T or W 2

A semiquantitative_introductjon_ to the con-

cepts of modern solid state physics, covering

lattice structure, lattice defects,” lattice vibra-

tions, cohesive enerHy, elastic and inelastic
properties, electron t

conductors, dielectric and magnetic properties.

490. INFORMAL STUDY IN  PHYSICS.
Either term. Credit 1-4 hrs. a term. Prereq.,

and their char-

gory of metals and semi-

Physics 410 and 443 and consent of the in-
strictor. Ordinarily limited to seniors. Hours
to be arranged. Taught by any member of
the staff who agrees to do so. °

Individual  project work. Reading or labo-
ratory work in any branch of physics.

571, CLASSICAL MECHANICS. Fall. Credit 3
hrs. Prereg., Physics 318 and co-registration in
Mathematics 615 or 621, or consent of the
instructor. T Th S 11, o

Lagrange’s equations and application to
particle “mofion and particle accelerators;
small vibrations and linear vector spaces;
continuum _ mechanics with_ application to
wave motjon and scattering;  Hamilton’s
equations; introduction to variational methods
for classical fields.

573. ELECTRODYNAMICS. Fall. Credit 4 hrs.
Prereq., Physics 326 and co-registration in
Mathematics 615 or 621, or consent of the

instructor, M W F 9 and S 12

Introductory potential theory; Maxwell’s
equations ard their meaning; ?uasrstatlc
problems; energy and momentum of the field:

waves in space and in guides; radiation and
scattering; special relativity.

PSYCHOLOGY

207, BASIC ~ PROCESSES:  PERCEPTION,
Fall. Credit 3 hrs. Prereq., Psychology 101 and
102. Lectures, MW 12. Laboratory, Th 2-4.

An account of the ways in which” the normal
human adult_registers and apprehends his
environment. The experimental study of psg-
chophysical correlation of s?aqe, motion, 0b-
jects, and events, and the relations of perceiv-
ing to everyday hehaving and thinking.

PUBLIC SPEAKING

201, PUBLIC SPEAKING. Either term. Credit
3 hrs. Not open_to freshmen. M W F s, 9,
10, 11, 0r 12T Th Ss, 9, 10, 1L _
Designed to help the student communicate
his idéas and convictions effectively in oral
discourse, Study of basic principles of expos-
itory and persuasive speaking, with emphasis
on finding, ev,aluat,mg, and ‘organizing mate-
rials, and “on simplicity and diréctness ‘in style
and delivery. Practice in preparing and deliv-
ering speeches of various types “on current
issugs and in chairmanship; study of examples;
conferences. . .
The services of the Speech Clinic are avail-
able to those students who need remedial
exercises. Students whose native language is
not English must obtain special Clearance
from the Department before registering.
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the Faculty of the School, and Admissions Officer. ) o

G. CONRAD DALMAN, BEE., MEE. D.EE. Professor of Electrical Engingering.

THOMAS GOLD, M.S., Professor of Astronomy and Professor of Electrical Engineering.

WILLIAM EDWIN GORDON, B.A, M.A, MS., Ph.D. Professor of Electrical Engineering
on leave, academic year 1961). o . o

CHARLES F. GREEN, AB., AM. Ph.D., Visiting Professor of Electrical Engineering.

TRUE McLEAN, E.E., Professor of Electrical Englneermg.

MICHEL GEORGE MALTI, AB., BS. in EE, MEE, P

ing.

H% RY SIOCKWELL McGAUGHAN, B.SE. (in Phys) M.E.E., Professor of Electrical
ngineering.

WILBUR ERNEST MESERVE, BS. (in EE), MS, MEE. Ph.D. Professor of Electrical

En?meermg ﬁon leave, academic year 1961?1. _ o

BENJAMIN 'NICHOLS, B.EEE., M.EE. Pnh.D. Professor of Electrical Engineering and Co-
ordinator of Instruction. . o

HOWARD GODWIN SM]|TH, EE., M.EE. PhD., Professor of Electrical Engineering and
Director, Division of Basic Studies of the College of Engineering. o

EVERETT MILTON STRONG, B.S. in E.E., Professor of Electrical Englneenntg. ) )

STANLEY WILLIAM ZIMMERMAN, B.S. in EE., MS. in EE. Professor of Electrical Engi-
neering.

ASSOCIATE PROFESSORS

PAUL DENZEL ANKRUM, B.SEEE., AB., MS. in Engineering, Associate Professor of Electrical
Engineering.

S, MS.

.D.. Professor of Electrical Engineer-
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E.E., Ph.D., Associate Professor of Electrical Engineering.
. M.EE., Associate Professor of Electrical Engineering.

c,( Ph.D., Associate Professor of Electrical Engineering.
n

EE), EE, M.EE. Associate Professor of Electrical
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Associate Professor of Electrical En inee[in?. o
E., MS., Ph.D., Associate Professor of Electrical Engineering.
ssociate Professor of Electrical Engineering.

M.E.E., Associate Professor of Electrical En%meenng_ )
S.E., Ph.D., Associate Professor of Electrical Engineering.
., Associate Professor of Electrical Engineering. )

n E.E., MS. in Engineering, Associate Professor of Electrical
n

l\ﬂ'. VRANA, BEE., M.EE. Associate Professor of Electrical Engineering.

ASSISTANT PROFESSORS

FRIEDHELM DEPPING, Dipl.-Ing., Dr. Eng., Visiting Assistant Professor of Electrical
Engijneering.

KEITH RO(%ER KLECKNER, B.E.E., Ph.D,, Assistant Professor of Electrical Engineering.

LEE AUBRY Mackenzie, BEE., M.S., Ph.D., Assistant Professor of Electrical Engineering.

RAVINDRA NATH SUDAN, BS. D.I.I' Sc., Ph.D., Assistant Professor of Electrical Enginegring.

HWA-CHUNG TORNG, B.S., M.S. Ph.D., Assistant Professor of Electrical EnglneermP. )

LEONARD SAMUEL WAGNER, B.EE. M.SEE. PhD. Assistant Professoi of Electrical
Engineering,

PAU FRA!\?KLIN WEAVER, BEE., MEE. PhD., Assistant Professor of Electrical Engineer-

ing.
GE(?RGE J. WOLGA, B.EP., 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.
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ENGINEERING MECHANICS AND MATERIALS

EDMUND T. CRANCH, BM.E., Ph.D., Head of the Department and Professor of Mechanics.

EMERITUS PROFESSOR
HAROLD C. PERKINS, M.E. Professor of Mechanics, Emeritus.

PROFESSORS

PAUL P. BfJLAARD, C.E., Professor of Mechanics. ) )
HENRY D. BLOCK, BS., B.CEE., MS. Ph.D.. Professor of Applied Mathematics.
Y D. CONWAY, B.Sc. {_Eng.g. M.A., Ph.D., Professor of Mechanics.

OR RH E L, Ph.D., Professor of Engineering Physics.
. MM.E., Professor of Materials. )

, MAA., Ph.D., Professor of Applied Mathematics.
P Professor of Chemical Microscopy and Metallography.
E., M.M.E., Professor of Materials,

Professor of Engineering Physics.
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ASSOCIATE PROFESSORS

HERBERT H. JOHNSON, B.S, M.S., Ph.D., Associate Professor of Materials.
THOMAS P. MITCHELL, BS., MS. B.C.E., Ph.D., Associate Professor of Mechanics.
THUR L. RUOFF, BS, Ph.D., Associate Professor of Materials,

*LOYD OWEN SLATE, S.B., M.S., Ph.D., Associate Professor of Materials.

ASSISTANT PROFESSORS

GERALD ABOWITZ, B.Met.E., M.S., Ph.D., Assistant Professor of Materials.
YIH-HSING PAO, BS., M.S. Ph.D., Assistant Professor of Mechanics.
WILLIAM E. WARREN, B.S,, M. S., Ph.D., Assistant Professor of Mechanics.

INSTRUCTORS

KARL GRAFF.
STANLEY OLSEFSKI.

ENGINEERING PHYSICS

TREVOR RHYS CUYKENDALL, Ph.D., Director of the Department of Engineering Physics
and Professor of Engineering Physics.

PROFESSORS

HENRY GEORGE BOOKER, Ph.D., Director of the School of Electrical Engineering and
Professor of Electrical Engineering. o )
DALE RAYMOND CORSON, Ph.D., Dean of the College of Engineering, Professor of Engineer-
in Ph{)SICS and Physics. T ] ]

EDMUND TITUS CRANCH, B.M.E., Ph.D., Engineering Mechanics and Materials, and Pro-
fessor of Mechanics. )

THOMAS GOLD, M,A., Chairman, Department of Astronomy, Professor of Astronomy, and
Director, Radiophysics and Space Research Center,

PAUL LEON HARTMAN, Ph.D., Professor of Physics.

HERBERT FRANK NEWHALL, Ph.D., Professor of Physics. ] o

EDWIN L. RESLER, sr., B.Aero.E., Ph.D., Professor of Aeronautical Engineering.

HENRI SAMUEL SACK, D.Sc., Professor of Engineering Physics. , o

WILId_I,%M REES SEARS, Ph.D., Director of the Graduate School of Aeronautical Engineering

an

ENJ

rofessor of Aeronautical Engineering. = ,

BENJAMIN M. SIEGEL, Ph.D., Professor of Engineering Physics. )

GIIEEOR,GE VERYL SMITH, B.MetE.,, Ph.D., Francis Norwood Bard Professor of Metallurgical
ngineering.

ASSOCIATE PROFESSORS

DAVID D. CLARK, Ph.D., Associate Professor of EngineerinB Physics.
THOR RHODIN, Ph.D., Associate Professor of Engineering Physics.
WATT W. WEBB, Ph.D., Associate Professor of Engineering Physics.

ASSISTANT PROFESSORS

DAVID E. FISHER, Ph.D., Assistant Professor of Engineering thsics,
JOHN R. LAMARSH, Ph.D., Assistant Professor of Engineering Physics.
JOHN SILCOX, Ph.D., Assistant Professor of Engineering Physics.

MECHANICAL ENGINEERING

HARRY JOHN LOBERG, ME. 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

ROY EDWARDS CLARK, M.E., Professor of Heat-Power En%ine_ering_, Emeritus. )
CLARENCE ELLSWORTH TOWNSEND, M.E., Professor of Engineefing Drawing, Emeritus.

PROFESSORS

WILLIAM COOK ANDRAE, M E, M.M.E., Professor of Mechanical Engineering.
.. Ph.D., Professor of Mechanical Engineering.

RR, BS. in ME, MS. in ME. Ph.D. Sibléy Professor of
of the Department of Machine Design. o
. BS., MS. in En?\/.l, Professor of Mechanical Engineering.
Ph.D.. Professor of Mechanical Engineering.
, M.E., Professor_of Mechanical Engineering. )
N,'B.S, BS. in M.E., M.M.E., Ph.D.. Professor of Mechanical

S

S., Professor of Mechanical Eng,ineerin(%.
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J M.M.E., Professor of Engineefing Materials.
N Mr{ACKEY, M.E., John E. Sweet Professor "of Engineering and Head of
a neerin

IHAN, M.E.. M.M.E., Professor of Eng'\|/|neer|ng Materials.
BS.CE. MS in CE. Professor of Mechanical Engineering.
NDERS, B.S.EE., MS. in Eng., Professor of Mechanical Engineering,
S.in AF., Ph.D., Professor and Head of the Department of
t
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In Eng., Professor of Mechanical Engineering.
Professor of Mechanical Engineering.
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N ALLDERIGE. B.S., M.S., Associate Professor of Mechanical Engineering.
LEN, BS. in AE., Associate Professor of Mechanical Engineering.
R.P., Associate Professor of Mechanical Engineéring. =
B.M.E., Ph.D., Assocjate Professor of Mechanical Engineering.
N R D, M.E, E.E., Associate Professor of Mechanical Engineering.
ART, BSF., MS. in  Eng., Ph.D.Associate Professor of Mechanical

N GEER, M.E. Associate Professor of Materials Processing. o
KAO, BSME., MS. in LE., Associate Professor of Mechanical Engineering,
Jr, BSME., MS., PhD.Associate Professor of Mechanical
Engineerin

RICHARD ﬁ/I'AGRUDER PHELAN, B.S. in M.E., M.M.E., Associate Professor of Mechanical
Engineering,
MARTIN WRIGHT SAMPSON, ir., BS. in AE., M.S. in Eng., Associate Professor of Mechanical

Engineering,
ROB%RT HERMANN SIEGFRIED, M.E., Associate Professor of Mechanical Engineering.
R(%BERT LOUIS WEHE, BS. in M.E, MS. in ME., Associate Professor” of Mechanical
ngineering.

ASSISTANT PROFESSORS

NOBLE WAYNE ABRAHAMS, B.S., Assistant Professor of Mechanical Engineering. i
RAPHAEL ARONSON, B.SM.E., MS. in M.E. PhD. Assistant Professor of Mechanical

Engineering.
RICI-?ARD I-[l] BERNHARD, B.M.E., M.S.,, Ph.D., Assistant Professor of Mechanical Engineering.
, M.AEE., Ph.D., Assistant Professor of Mechanical Engineering.
VETT, BSME, MME. PhD. Assistant Professor of Mechanical
. MAXWELL, B.M.E., Ph.D. Assistant Professor of Mechanical Engineering.
ST NEY, B.S., M.A. Assistant Professor of Mechanical Engineering.
NTLAND, Assoc., M.S., Assistant Professor of Mechanical Engineering.
SME., MS, Ph.D., Assistant Professor of Mechanical ‘Engineering.



INSTRUCTORS

GERALD PETER FRANCIS. BM.E, M.M.E.
RICHARD HAROLD PLETCHER, B.S.M.E,, MS.
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NGINEERING COLLEGE COUNCIL
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. MALOTT, AB. LL.D. D.CS, ex officio, President of the University.

D., ex officio, Provost of the University.

CORSON, Ph.D,, ex officio, Dean of “the Colleﬂe.

P. FISHER, D.Eng., ex officio, Associate Dean of the College. ]

HN_F. ANUS, C.E., ex officio, Assistant Dean of the College, Secretary of the Council.

WALTER M. BACON, E.E., Research Administrator, Bell Laboratories.

ALEXANDER M. BEEBEE, M.E., Chairman of the Executive Committee, Rochester Gas &
Electric Corporation. . . .

JACMES R. DONNALLEY, Jr., Manager, Insulating Materials Department, General Electric
ompany.

LECWIS R. GATY, M.EEE, Vice President for Research and Development, Philadelphia Electric
ompany.

J, HEIngRT HOLLOMON, B.S. Ph.D., General Manager, General Engineering Laboratory,
General Electric Company. )

KARL J. NELSON, B.ChiE., Sales Manager, Enjay Company, Inc.

IRA G. ROSS, M.S. Aero E., President, Cornell Aéronautical’ Laboratory, Inc. o

BEAUCHAMP E. SMITH, M.E, Vice President and General Manager, Hydraulic Division,
Allis-Chalmers Manufacturing Company. o

LLOYD P. SMITH, Ph.D., Aeroneutronic, A Division of Ford Motor Compan%.

PHILIP SPORN, E.E., D.Eng, LL.D. L.H.D., President, American Electric Power Company,

ST

E
Inc.
HOWARD H. STURDY, C.E
Ol\é: WA
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J. CARLT RD, Jr.,_ M.E., Chairman of the Board, Vitro Corporation of America.

FREDERIC C. WOOD, CE., Consulting Engineer, Wood and Sibbert.

LAWRENCE |. WOOLSON, M.E., Vice President and Division General Manager, MoPar,
T

S
Chrysler Corporation. ) ] o
THEODORE P. WRIGHT, D.Sc., former Vice President for Research, Cornell University.
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