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Introduction

Carnegie Institute of Technology has three main objectives— undergraduate education,
graduate education, and research and creative attainment.

The university consists of five major divisions.

The College of Engineering and Science offers four-year courses leading to the
degree of Bachelor of Science in chemistry, mathematics, and physics; chemical, civil,
electrical, mechanical, and metallurgical engineering. The College accepts candidates for
the degrees of Master of Science and Doctor of Philosophy in these fields and in nuclear
engineering and nuclear science. Interdisciplinary doctoral programs are offered by the
College in applied materials sciences and systems and communication sciences. A four-
year curriculum leading to the B.S. degree is offered in industrial management under the
direction of the Graduate School of Industrial Administration in cooperation with the
College of Engineering and Science.

The coeducational College of Fine Arts grants the degree of Bachelor of Fine Arts
to students who complete the four-year curriculum in drama, music, painting, design,
sculpture, or the graphic arts design option. Students who complete the graphic arts man-
agement option, offered in cooperation with the Graduate School of Industrial Administra-
tion, receive the Bachelor of Science degree. A five-year course in architecture leads to
the degree of Bachelor of Architecture. Graduate students in the College of Fine Arts may
work toward the Master of Fine Arts degree in architecture, art education, drama, music,
music education, painting, design, or sculpture.

Margaret Morrison Carnegie College for women grants the Bachelor of Science
degree to students completing the four-year curricula in business studies, biological
sciences, home economics, and technical writing and editing. The degree of Bachelor of
Arts is granted in economics, English, history, modern languages, natural sciences, psy-
chology and social studies. Graduate work is offered in biological sciences and in home
economics education.

The Division of Humanities and Social Sciences offers courses in economics, English,
history, modern languages and psychology which complement the technical undergraduate
work in each college. The degrees of Master of Science and Doctor of Philosophy are
granted candidates in the fields of economics and psychology.

The Graduate School of Industrial Administration, WilliamLarimer Mellon,
Founder, is the first school of its kind in the nation. It offers a two-year graduate pro-
gram to candidates for the master’s degree in industrial administration. The School also
grants the degree of Doctor of Philosophy.

Research and creative activity is carried on in each of Carnegie’s divisions.

In the College of Engineering and Science, there are several special research labora-
tories which have received international recognition for the excellence of their work.
The Chemistry Department’s Coal Research Laboratory conducts investigations on coal
and its products, while its Petroleum Research Laboratory investigates thecomposition
and properties of petroleum and its products.
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The Metals Research Laboratory of the Department of Metallurgical Engineering
pursues basic research on the science of metals, directed toward solving problems of
scientific and engineering importance.

The Physics Department’s two-million dollar Nuclear Research Center, located on
63 acres in Saxonburg, Pennsylvania, includes a 450-million-electron volt synchrocyclotron
which contributes to research in fundamental particle physics and high-temperature
nuclear physics.

The Computation Center aids the staff and students of all colleges, as well as in-
dustry and government in the community, in the solution of complex problems in research
and development. An educational and research program in numerical techniques and
digital computer use is also conducted.

Privately controlled, Carnegie Institute of Technology’s physical plant and buildings
are valued at $37,000,000. The current value of its income-bearing endowment is
$58,000,000.

The Carnegie campus in Pittsburgh, Pennsylvania, consists of 82 acres and is located
four miles from the business center of the city. It adjoins Schenley Park’s wooded acres
and one of the city’s most attractive residential sections. At Carnegie students enjoy a
seclusion seldom found in a metropolitan area. However, Pittsburgh, itself, the center of
heavy industry in the United States, provides unusual advantages and opportunities for
students studying engineering, science, and management. There are frequent field trips to
mills, plants, and research laboratories enabling students to study equipment and proc-
esses in operation through first-hand observation. Pittsburgh is, in this sense, a laboratory.
Within walking distance of the campus is the city’s civic center offering the student great
libraries, a museum of natural history, art galleries, a concert and symphony hall, lecture
programs, and nearby, a community theater.

The Hunt Library, an air-conditioned four story building centralizes the campus
collection of more than 160,000 books, 1,800 regularly-received periodicals and extensive
bound files. Special graduate study and research facilities in the handsome new structure
are available during the day, in the evening and on weekends.

Carnegie Institute of Technology has made great strides since its founding in 1900
by Andrew Carnegie, the pioneer steel-maker and philanthropist. Ground was broken for
the Schenley Park campus in the spring of 1905 and that fall students were accepted for
both day and evening courses in engineering and architecture. Graduate work in engineer-
ing and science was initiated in 1922 and master’s, doctor’s and professional degrees were
conferred.

The student body which numbered 125 local residents in 1905 has increased until
the enrollment at Carnegie today averages 3,500 students from every part of the United
States and from many foreign countries. Approximately 50% of these students live on
the Carnegie campus. Included in the enrollment are 670 graduate students who are
candidates for advanced degrees. In addition there is a combined enrollment of about
2,500 students in the evening classes and summer sessions. More than 400 full-time and
part-time faculty members who are outstanding in their fields are responsible for the
education of these students.

Thus, Carnegie has progressed steadily from technical and scientific training serving
the local community, to professional education with a national and international repu-
tation.



General Information

Degree Program s

The College of Engineering and Science offers programs of advanced study and research
leading to the degrees of Master of Science and Doctor of Philosophy in the following
fields:

Chemistry Civil Engineering
Mathematics Electrical Engineering
Physics Mechanical Engineering
Chemical Engineering Metallurgical Engineering

Nuclear Engineering and Science

This catalog also includes programs of graduate study leading to the degree of
Master of Science in Bacteriology in the Department of Biological Sciences in Margaret
Morrison Carnegie College. Interdisciplinary doctoral programs in applied materials
sciences and systems and communication sciences are also included.

MASTER’S DEGREE

A candidate for the master’'s degree must complete satisfactorily an approved pro-
gram conforming to the requirements of the department in which he is registered. At
least three-fifths of the program must be of graduate level. These requirements include
96 units of satisfactory work at Carnegie and a comprehensive final examination. To be
"satisfactory” no grade shall be lower than C, and of the first 120 units taken for
graduate credit, the average grade of 96 units shall be at least B.

If a thesis is submitted in partial fulfillment of degree requirements, it must meet
the approval of the instructor in charge of the work, the department head, and the Asso-
ciate Dean— Graduate Studies. Three typewritten copies of the completed thesis must
be presented to the department head two weeks before commencement. If the thesis is
to be published, the manuscript must be approved before publication by the department.
Each published copy must state "Submitted in partial fulfillment of the requirements for
the degree of Master of Science at Carnegie Institute of Technology.”



DOCTOR’'S DEGREE

The degree of Doctor of Philosophy is granted by Carnegie Institute of Technology
to candidates who give evidence of proficiency, high attainment, and research ability in
the field of their major work, and who have satisfied the specific requirements of the
department in which they are enrolled.

Candidates for the doctor’s degree should expect to spend at least three years or the
equivalent in full-time graduate study, including a minimum of one year’s full-time work
at Carnegie. The first year of work is usually devoted to concentrated study in fundamental
courses. During the second year the course work is continued and research started. The
remainder of the work is devoted chiefly to research.

A qualifying examination is given to determine the student’s general knowledge of
the fields of science or engineering appropriate to his program and his ability to use this
knowledge in the solution of problems. Before a candidate can take the qualifying exami-
nation, he must demonstrate a reading knowledge in the required foreign languages,
usually French and German. In engineering departments, proficiency in only one foreign
language, usually German, may be required. A candidate may take the qualifying ex-
amination only after an application to do so has been approved by his department. In
most departments this examination may be taken in either May or October and must be
taken prior to November 1 of the academic year in which the doctor’s degree is to be
awarded. Upon satisfactorily passing the examination, the student will be accepted as a
candidate for the degree of Doctor of Philosophy, and if he has not already received a
master’s degree, upon application and provided that the other requirements have been
met, he may be granted the degree of Master of Science at the next commencement.

The doctoral dissertation must embody the results of extended research, be an
original contribution to knowledge, and include material worthy of publication. It should
demonstrate the candidate’s ability to conduct an independent investigation and to in-
terpret in a logical manner facts and phenomena revealed by the research. Two type-
written copies of the dissertation must be presented to the Office of Graduate Studies
through the department in which the research was undertaken; regulations governing
the preparation of doctoral theses may be obtained in the Office of Graduate Studies. If
the dissertation is accepted, the candidate is eligible for the final public examination upon
his thesis subject. Upon satisfactorily passing this examination, he will be recommended
for the doctor’s degree.

In addition, if the substance of the candidate’s dissertation has not already been
published or accepted for publication, he must present to the department in which he
majored a typewritten manuscript suitable for publication, and this must be done at
least one week before the degree is conferred. A sum of $25.00 must be deposited with
Carnegie Institute of Technology as a guarantee of delivery of 50 copies of the disserta-
tion printed in full or in part. The deposit will be returned when the 50 copies have been
received and need not be made if they are available before the candidate’s commencement.
Whether publication takes place before or after the granting of the degree, the manu-
script must have the approval of the department prior to publication. Each published
copy must bear the statement: "Submitted in partial fulfillment of the requirements for
the degree of Doctor of Philosophy at Carnegie Institute of Technology.”



A dmission and Twuition
ADMISSION PROCEDURE

Candidates for advanced degrees must have been graduated from a recognized col-
lege, university, or institute of technology.

Applicants for admission to graduate study in the College of Engineering and Sci-
ence should write to the Office of Graduate Studies requesting an application blank. It is
recommended that the initial inquiry be made approximately a year before the applicant
plans to begin graduate study. However, before admission can be approved, he must
arrange to have a transcript of all but his final year of undergraduate work and three
letters of recommendation sent to the Office of Graduate Studies, College of Engineering
and Science.

Applicants are required to take the Aptitude and Advanced Tests of the Graduate
Record Examination administered by the Educational Testing Service. Instructions for
making application will be supplied by the Office of Graduate Studies, College of Engi-
neering and Science. Applicants who find it impossible to take the examination prior to
admission may be given a postponement.

One of the admission requirements for all new students is a physical examination,
the sole purpose of which is to appraise the student of his physical condition. A Medical
Form for Admission will be supplied by the Office of Graduate Studies, College of Engi-
neering and Science.

Graduate students who spend substantially their full time at Carnegie in any combina-
tion of study, research, or teaching will be required to sign an agreement indicating their
acceptance of the patent policy of the institution. This policy is set forth in a statement
adopted by the Trustees. Copies of the patent policy may be obtained in the Office of
Graduate Studies, College of Engineering and Science. The rights of Carnegie, if any,
in inventions made by any student under the sponsorship of the institution, or employing
its facilities, will be subject to determination, unless otherwise expressly agreed, by the
applicable law relating to ownership of inventions, implied licenses, and shoprights.

TUITION

The tuition fee, payable at registration, is $725.00 per semester for graduate students
carrying a schedule of more than 24 units. Graduate students carrying schedules of 24
units or less in either day or evening classes will pay tuition at the rate of $14.00 per unit.

At the time of graduation, candidates for the master’s and doctor’s degrees pay a
graduation fee of $10.00. Candidates for the doctor’s degree make a deposit of $25.00
which is refunded when the college is supplied with 50 printed copies of the dissertation.

Fees are due and payable at the time of semester registration. Carnegie reserves the
right to change its fees from year to year without notice.

Regulations governing withdrawal from college, refund of fees, and late registration
are the same as those for undergraduate students.

COST OF A YEAR AT CARNEGIE
The principal expenses for graduate students during the calendar year are estimated
as follows:

TUILION evvvviiiiinniinisnneinnsnesicssnesisssssesesssssssssssssssssssssssssssssssssasssssns $1450.00
Books and Supplies - . . 100.00
Room and Board, approximately* 1000.00

$2550.00

*This is an estimate for men students living in graduate houses and buying lunches at the college cafeterias.
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The figures given above do not include miscellaneous personal expenses, travel, and
expenses during college holidays for students who remain at Carnegie. These extra costs
may run as high as several hundred dollars.

Students should be prepared to meet all financial obligations during the academic
year; if an appointment is held, the student must be prepared to meet all financial obli-
gations until the first salary or stipend payment is made.

Financial A id

Carnegie Institute of Technology offers assistantships, fellowships, and graduate
scholarships to students who are engaged in graduate work. The Office of Graduate
Studies, College of Engineering and Science, will send candidates the proper application
blank on request.

Teaching Assistantships. A number of third-time and half-time teaching assistantships are
available to able graduwate students in all departments of the College of Engineering and Science.
Nine houwrs per week of laboratory instruction plus three howrs of other duties are assigned to third-
time teaching assistants, who may carry 2 normal load of graduate study. An assignment of twelve
hours per week of laboratory instruction plus four hours of other duties is made to half-time teaching
assistants, who may carry three-fourths of @ normal Toad of graduate study,

Teaching Fellowships. Teaching fellowships are available in all of the engineering depart-
ments. The stipend for these fellowships is the same as & third-time or a half-time teaching assist-
antship, However, the teaching duties are one-half of those required for the corresponding teaching
assistantship, & full gradwate load may be taken with either type of teaching fellow ship,

Fellow ships. Pre-doctoral fellow ships are offered by most departments in the College. These
are awarded to outstanding graduate students to permit them to devote full time to advanced study
and research. A number of these fellowships are supported by special Carnegie Institute of Tech-
nology funds, and some are supported by industrial concerns and other outside agencies,

Research Assistantships, Third-time and half-time research assistantships are available in 2
number of departments, Third-time research assistants may carry 2 normal load of graduate study
and are assigned fifteen hours per week of professional work as assistant to a professoror a member
of 2 laboratery staff. Half-time research assistants may carry three-fourths of 2 normal load of
graduwate study and are assigned twenty hours per week of professional work as assistant to a
professor ora member of a laboratory staff,

Forgivable Loans, Future engineering teachers who hold 2 master's degree or its equivalent
and are well qualified by intellect and aptitude, but who could not other wise afford to pursue
studies toward the engineering doctorate, are eligible to obtain loans, over any period up to three
years, up to 2 maximum of §10,000.00. If, at the termination of graduate study, the student is
employed as a full-time faculty member in the U5, or Canada, the loan is forgiven at the rate of
§1000.00 per year or 20 per cent per year whichever is greater. If he is not so employed, the loan
is to be repaid to the institution at the minimum rate of §1000.00 per year,

Summer Assistantships. Any graduate student may apply for a part-time or full-time research
assistantship during the summer in the research laboratories on work for which no academic credit
is allowed,

Tuition Assistantships. These assistantships are available in several departments of the Col-
lege. The appointee is assigned to three hours per week of laboratory instruction, or its equivalent,
plus three hours of other duties, and receives remission of tuition as compensation,

Graduwate Scholarships. & limited number of scholarships covering full tuition or part tuition
are available to qualified graduate students,
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Guest Fellowships. Subject to the limitations of space and facilities, Carnegie Institute of
Technology will grant holders of doctor's degrees the privilege of carrying on fundamental research
in the physical sciences and engineering in the Carnegie laboratories. Such persons may attend lecture
courses at the graduate level in their field of specialization, and they have the privilege of attending
seminars, There will be no charge except for laboratory expenses. Applications for privileges as a
guest fellow should be addressed to the Office of Graduate Studies, College of Engineering and
§cience,

Loans. Carnegie maintains long-term loan funds from which students may borrow. Loans are
available to any deserving students, There is no interest charged for the loan watil after the student
has graduated, and the money can be borrowed on the security of the student's personal note with
the signature of his parent or guardian. Attention is given to the applicant's scholastic record, evi-
dence of his need for financial assistance, his good character, and his professional promise. & pplica-
tions should be made to the Chairman, Com mittee on Financial Aid.

H ealth

Two physicians and two registered nurses, aided by consulting physicians, staff the
Department of Health. The physicians are available during their office hours to all full-
time students, and upon call to dormitory residents in case of confining illness.

Emergency and minor treatment by the Department staff is given without charge.
Should hospitalization become necessary, arrangements have been made with a neighbor-
ing hospital to admit the student on recommendation of the Department to semi-private
room service, the cost of which, up to a maximum of $15.00 per day, will be borne by
Carnegie for a maximum of seven days. Other hospital costs, such as laboratory fees,
special medicine, nursing, or medical attention beyond the service of the Carnegie staff
are borne by the student.

A voluntary health insurance program is available for a nominal premium to cover
medical expenses beyond those assumed by the university.

Living A ccom m odations

The Mudge Graduate House, which was a privately owned mansion recently be-
queathed to Carnegie Tech, has been adapted to accommodate 50 graduate men. A new
wing accommodates an additional 90. It is a splendid residence for graduate men, provid-
ing attractive rooms, spacious lounges, and dining facilities.

Robert E. Doherty Graduate House is a modern 52 unit apartment dwelling on
campus for married graduate students and their families. It provides 16 efficiency and
36 one-bedroom apartments.

Inquiries concerning accommodations in the Mudge Graduate House and Robert E.
Doherty Graduate House should be addressed to the Head of Men’s Housing. His office
will also help students who wish to find rooms or apartments off campus.

G raduate School of Industrial A dministration
W illiam Larimer M ellon, Founder

The Graduate School of Industrial Administration offers a two-year program in
Industrial Administration, primarily for men holding bachelor’s degrees in engineering
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or science who wish to point toward future management responsibilities rather than to-
ward technical engineering careers. The graduate program is planned to combine an
undergraduate engineering, science, or mathematics background with graduate work con-
centrated primarily on administration and economics. Special emphasis is placed on pre-
paring men for eventual management positions in industries where knowledge of
technology and engineering plays a vital role. This program leads to the degree of
Master of Science.

GSIA also offers doctoral programs leading to the degree of Doctor of Philosophy
in Industrial Administration and in Industrial and Mathematical Economics. These pro-
grams, designed especially for men looking toward teaching and research, combine ad-
vanced work in mathematics, economics, the behavioral sciences, and quantitative methods
with training on business problems, including modern developments in the use of com-
puters in industry, operations research, and similar approaches.

Complete information on the School’s objectives and program is included in a
separate bulletin, which may be obtained by writing to the Graduate School of Industrial
Administration, Carnegie Institute of Technology.

Graduate Study in Psychology

The Department of Psychology offers doctoral programs leading to the degree of
Doctor of Philosophy in Psychology. The graduate work in psychology at Carnegie em-
phasizes quantitative approaches, particularly, but not exclusively, in the areas of (1)
social and organizational psychology, (2) cognitive processes, and (3) systems and com-
munication sciences. Applications are invited from students with undergraduate science,
engineering, and mathematics degrees as well as students having undergraduate majors in
psychology or other social sciences.

The graduate programs in psychology are administered by the Department of Psy-
chology under supervision of the Committee on Graduate Degrees in the Social Sciences
and Industrial Administration. Complete information on the programs is included in the
bulletin of the Graduate School of Industrial Administration, Carnegie Institute of Tech-
nology, and may be obtained from the Department of Psychology or from the Graduate
School of Industrial Administration.

Graduate Study in Evening and Part-Tim e Classes

Graduate subjects and programs leading to the degree of Master of Science are also
offered in several fields of engineering and science in evening classes and on a part-time
basis. Holders of the bachelor’s degree who show promise of profiting by graduate work
may apply for admission to a program of study leading to the master’s degree, or may
take an elective program of courses for which they possess degree prerequisites. All in-
quiries and requests for the proper blanks for making application should be addressed to
the Office of Graduate Studies, College of Engineering and Science, Carnegie Institute of
Technology.
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DEPARTMENT PROGRAMS

Biological Sciences

DUANE THAYER MAUNDER, HEAD

The Department of Biological Sciences offers the student an opportunity to earn the
degree of Master of Science in Bacteriology.

To be permitted to enroll with a full-time graduate schedule, a student must have
completed a regular four-year course in a college or university of recognized standing,
usually with a major in bacteriology or other biological science, or chemistry. The
student’s undergraduate scholastic record must have been well above average.

Students whose undergraduate records show definite ability to undertake graduate
work but who are deficient in certain necessary undergraduate courses, such as general
bacteriology, may be admitted to graduate study in the Department. However, such
students will be required to pass suitable courses which will not contribute toward the
requirements for the master’s degree.

In planning the program of study for a graduate student, the Department will
consider his previous training, his major interests, and the research facilities of the
Department.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candi-
dates for the degree of Master of Science in Bacteriology are required to complete at
least 96 units of work, distributed as follows:

1. Graduate courses in the Department of Biological Sciences— at least 48
units.
2. Graduate or advanced undergraduate courses in related fields which are

pertinent to the objectives of the student’s program— at least 18 units.

3. Research leading to preparation of a thesis—not less than 21 units nor
more than 31 units.

4. Advanced undergraduate courses in the Department of Biological Sciences—
not more than 24 units.

GRADUATE AND ADVANCED UNDERGRADUATE COURSES

Please see pages 30-31 for a description of the graduate and advanced undergraduate
courses offered by the Department of Biological Sciences.
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Chemical Engineering

CARL CORYDON MONRAD, HEAD

The primary purpose of graduate work in the Department of Chemical Engineering is to
train superior students to do original work in chemical engineering development and
process analysis.

To be permitted to enroll with a full-time graduate schedule, a student must have
completed a regular four-year course in chemical engineering in a college or university of
recognized standing. Furthermore, the undergraduate scholastic record of the student must
have been superior.

Entering students whose undergraduate preparation has been satisfactory may be
able to complete the requirements for the degree of Master of Science in one academic
year. Able students from other fields, or chemical engineering students whose records
show definite ability to undertake graduate work but who are deficient in certain under-
graduate requirements, may be admitted to graduate study in the department. However,
such students will be required to pass suitable undergraduate courses which will not
contribute toward the requirements for an advanced degree. Such students will be unable
to complete the requirements for the master’s degree in one academic year.

In planning the program of study for a graduate student, the Department will con-
sider his previous training, his major interests, and the research facilities of the Depart-
ment.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candidates
for the degree of Master of Science in Chemical Engineering are required to complete
at least 96 units of work, distributed as follows:

1. Graduate courses in the Department of Chemical Engineering— at least 48
units, including GE751, GE752, GE753, GE754, and GE755.

2. Research and thesis— not more than 40 units.

3. Graduate or advanced undergraduate courses in related minor fields— at
least 18 units.

4. Advanced undergraduate courses in the Department of Chemical Engineer-
ing— not more than 18 units.

DOCTOR’S DEGREE

In addition to the general requirements for the doctor’s degree (page 9), candidates
for the degree of Doctor of Philosophy in Chemical Engineering must complete a total of
at least 150 units of work exclusive of thesis, distributed as follows:

1. Graduate courses in the Department of Chemical Engineering— at least 75
units.
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2. Graduate or advanced undergraduate courses in at least two related fields—
at least 50 units.

3. Advanced undergraduate courses in the Department of Chemical Engineer-
ing— not more than 18 units.

GRADUATE AND ADVANCED UNDERGRADUATE COURSES

Please see pages 31-32 for a description of the graduate and advanced undergraduate
courses offered by the Department of Chemical Engineering.

ROBERT BURNELL CARLIN, HEAD

The purpose of graduate study in the Department of Chemistry is to educate and train
students to carry out independent research in the field of chemistry.

To be permitted to enroll with a full-time graduate schedule, a student must have
completed a regular four-year course in a college or university of recognized standing.
Furthermore, the undergraduate scholastic record of the student must have been well

above average.
Undergraduate work should include the following:
A. Differential and integral calculus— 6 semester hours
(Differential equations also desirable)
College physics— 9 semester hours
General and analytical chemistry— 15 semester hours
Physical chemistry— 8 semester hours

HS oW

Organic chemistry— 8 semester hours

Students whose records show definite ability to undertake graduate work but who
are deficient in certain undergraduate requirements may be admitted to graduate work,
but such students will be required to pass without credit suitable undergraduate courses
which will not contribute toward the requirements for an advanced degree.

In planning the program of study for a graduate student, the Department will con-
sider his previous training, his major interests, and the research facilities of the De-

partment.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candidates
for the degree of Master of Science in Chemistry are required to complete at least 96
units of work, distributed as follows:
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Graduate courses in the Department of Chemistry— at least 40 units.

2. Graduate or advanced undergraduate courses in related minor fields— at
least 18 units.

Thesis or advanced laboratory work— not more than 40 units.
4. Undergraduate work in the Department of Chemistry— not more than 18
units.
DOCTOR’S DEGREE
In addition to the general requirements for the doctor’s degree (page 9), candidates
for the degree of Doctor of Philosophy in Chemistry must qualify with the following
program:

1. Specialization in one of the major fields: physical chemistry, organic chemis-
try, inorganic chemistry, or nuclear chemistry.

2. A coordinated group of courses in chemistry, including the three basic one-
year graduate courses (GS161,162; GS165,166; GS167,168) and advanced
courses in the student’s major field. In special cases, permission may be
granted to substitute for one of the three basic courses a group of courses
outside the Department of Chemistry.

3. At least 18 units in one or more minor subjects outside the Department of
Chemistry. With the approval of the Department, these courses may be
chosen from the following fields: physics, mathematics, chemical engineer-
ing or metallurgical engineering. Students majoring in physical chemistry
are required to satisfy this requirement with the following courses: S437
Electricity and Magnetism, 9 units; and S436 Physical Mechanics, 10 units;
or acceptable substitutes.

4. After satisfactorily passing the basic course in his major field and one
foreign language examination, the student begins taking a series of one-
hour cumulative examinations, again in his major field. The cumulative
examinations are given one each month from October to May, inclusive.
Once having started these examinations, the student must continue until he
has passed six. The cumulative examinations are taken in place of the quali-
fying examination described on page 9.

GRADUATE AND ADVANCED UNDERGRADUATE COURSES
Please see pages 32-35 for a description of the graduate and advanced undergraduate
courses offered by the Department of Chemistry.

Coal Research Laboratory

JAMES PAUL FUGASS]I, Director

The Coal Research Laboratory does fundamental research on coal and products
derived from it. The staff conducts investigations seeking to contribute to a better
understanding of the mechanisms involved in carbonization, combustion, and hydro-
genation of coal as well as to knowledge of the fundamental chemistry and constitution
of coal. The Coal Research Laboratory provides assistantships and fellowships for gradu-
ate work in chemistry.
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Petroleum Research Laboratory
BEVERIDGE JAMES MAIR, Director

The Petroleum Research Laboratory carries on fundamental research through re-
search projects supported by the American Petroleum Institute (API). The research
investigations carried on include the following: the fractionation and analysis of petroleum
and petroleum products in terms of individual components; the development of fraction-
ating processes; the purification and purity of API Standard and API Research hydrocar-
bons. The Petroleum Research Laboratory provides a number of assistantships and fellow-
ships for graduate work in chemistry.

Civil Engineering

THOMAS EUGENE STELSON, HEAD

Graduate study in the Department of Civil Engineering provides opportunities for the
development of professional engineering competence and scholarly achievement. The
program is designed to present the best in fundamental scientific knowledge and engi-
neering methodology for application in the broad field of civil engineering. Students are
encouraged to develop creative abilities through course work and research so that they
may solve new and old engineering problems with skill and imagination.

The study program is planned with consideration of the student’s preparation and
his special interests and abilities. Special emphasis in one or more of the following
areas may be selected with faculty approval:

A. Fluid Mechanics and Hydraulic Engineering
B. Mechanics and Materials
C. Soil Mechanics and Foundation Engineering
D. Solid Mechanics and Structural Engineering
Admission to full-time graduate study is normally granted to students of superior
ability who have completed an undergraduate engineering curriculum substantially
equivalent to that prescribed in civil engineering by Carnegie Institute of Technology.
Students with inadequate preparation or with undergraduate training in other fields may

be admitted to graduate study but will be required to pass suitable undergraduate courses
which will not contribute toward requirements for an advanced degree.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candidates
for the degree of Master of Science in Civil Engineering are required to complete at
least 96 units of work, distributed as follows:
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1. Graduate courses in the Department of Civil Engineering— at least 45 units.

2. Thesis or graduate projects— not more than 40 units to be credited to the
master’s program.

3. Auxiliary courses in another department— at least 18 units.

4. Advanced undergraduate courses in the Department of Civil Engineering—
not more than 18 units.

DOCTOR’S DEGREE

In addition to the general requirements for the doctor’s degree (page 9), candidates
for the degree of Doctor of Philosophy in Civil Engineering must complete the follow-
inS:

m 1. Qualification in two of the subject-matter areas as listed above.
2. Graduate courses in the Department of Civil Engineering— not less than
75 units.

3. Auxiliary courses in a minor field— not less than 45 units.

GRADUATE AND ADVANCED UNDERGRADUATE COURSES
Please see pages 35-37 for a description of the graduate and advanced undergraduate
courses offered by the Department of Civil Engineering.

Electrical Engineering

EVERARD MOTT WILLIAMS, HEAD

The purpose of graduate work in the Department of Electrical Engineering is to prepare
students for careers leading to positions of leadership in research, design and develop-
ment in the electric power, electronics, radio industries or in other industries in which
electrical sciences play a significant part.

Objectives are, in general, characterized by breadth rather than specialization; in
particular the Department recognizes the value and need of programs which lay the
foundations for such careers as those in nuclear engineering, materials engineering,
systems engineering, computer applications and data processing, new developments in
automatic control, and similar fields which embrace disciplines in science and engineering
both within and without the strict confines of ordinary electrical engineering curricula.

To be permitted to enroll with a full-time graduate schedule, a student must have
completed a regular four-year course in electrical engineering in a college or university
of recognized standing. Furthermore, the undergraduate scholastic record of the student
must have been well above average.
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PROGRAMS OF STUDY

In planning the program of study for a graduate student, the graduate faculty pri-
marily considers his long-term professional goals. In selecting courses, emphasis is given
to appropriate studies in mathematics and physical sciences and such "background”
courses as electromagnetic field theory and network theory, with specialization in electri-
cal technology at a minimum.

Two general classes of programs of study are available. The first class is concerned
with training for activities which are generally classed as "electrical engineering;” these
include work in such areas as electromagnetic fields, active and passive circuits, magnetic
amplifiers and related devices, nonlinear circuits and circuit elements, corona and break-
down phenomena, rotating electrical energy converters, servomechanisms, microwaves,
etc. The second class of programs comprises activities more commonly described as "in-
terdisciplinary” and includes materials sciences, semiconductor materials and devices,
plasma dynamics and magnetohydrodynamics, systems engineering and communication
sciences, data processing and computers, etc.

The course requirements in typical first and later graduate year programs are listed
below for a few of the options offered by the Department.

GENERALLY REQUIRED COURSES (All options)

Units
GE475-6 Electromagnetic Field Theory I and II 24
GE471 Advanced Engineering Analysis 12
§255-6  Advanced Calculus 24
S271 Functions of a Complex Variable 9
GE451-4 Seminar 0-12
Additional courses for particular options:
MATERIALS SCIENCES OPTION (Interdisciplinary)
GS453-4 Quantum Theory of Matter I and II 24
GE461-2 Advanced Topics in the Science of Materials 24
5441 Thermodynamics, 9
5442 Chemical Physics and Solids 9

PLASMA DYNAMICS AND MAGNETOHYDRODYNAMIC OPTION (Interdisciplinary)

GS453-4 Quantum Theory of Matter I and I1 24
GS463-4 Plasma Dynamics and Magnetohydrodynamics 24

CONTROL THEORY (Department)

GE491 Information Theory and Noise 12
GE473 Linear Network Theory 12
GE494 Feedback Control Systems 12
GE496 Advanced Topics in Control Theory 12

SYSTEMS AND COMMUNICATION SCIENCES (Interdisciplinary)

GE491 Information Theory and Noise 12

GE494 Feedback Control Systems 12
GS317-8 Advanced Programming I and IT 24
GI506 Complex Information Processes 9
GI343 Optimization Techniques 9
S$265-6 Probability and Statistics I and II 18
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ELECTROMAGNETIC FIELD THEORY AND MICROWAVES (Departmental)

GE478 Advanced Electromagnetic FieldTheory 12
GE492 High Frequency Engineering 12
GE473 Linear Network Theory 12
CIRCUITS AND NETWORKS (Departmental)
GE491 Information Theory and Noise 12
GE492 High Frequency Engineering 12
GE482 Analysis of Nonlinear Magnetic andDielectric Systems ..........cccocuveuecee 12
GE473 Linear Network Theory 12

Elective additional courses are chosen from other offerings of the Department of Electrical
Engineering and those of other departments.

GRADUATE AND ADVANCED UNDERGRADUATE COURSES

Please see pages 37-39 for a description of the graduate and advanced undergraduate
courses offered by the Department of Electrical Engineering.

M athematics

ALAN JAY PERL1S, HEAD

The Department of Mathematics offers the student an unusual opportunity for graduate
work. Courses in pure mathematics enrich his study of applied mathematics and the
latter, in turn, provides substance and motivation for the former. The student may
eventually specialize in either area or in a combination of both.

To be permitted to enroll with a full-time graduate schedule, a student must have
received a bachelor’s degree from a college or university of recognized standing. Further-
more, the undergraduate scholastic standing of the student must have been well above
average.

Entering students whose undergraduate preparation has been satisfactory may be
able to complete the requirements for the degree of Master of Science in one academic
year. Students whose records show the capacity to undertake graduate work but who are
deficient in certain undergraduate requirements may be admitted to graduate work at
Carnegie. Such students may be required to register for appropriate undergraduate
courses which do not contribute toward the requirements for an advanced degree.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candi-
dates for the degree of Master of Science in Mathematics are required to complete at
least 96 units of work, distributed as follows:
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1. Graduate courses in the Department of Mathematics— at least 60 units.

2. Advanced undergraduate courses in the Department of Mathematics— not
more than 18 units.

3. Graduate or advanced undergraduate courses in allied fields— not more
than 36 units.

4. A departmental examination covering Modern Algebra, Advanced Calcu-
lus, and Function Theory.

DOCTOR’S DEGREE

In addition to the general requirements for the doctor’s degree (page 9), candidates
for the degree of Doctor of Philosophy in Mathematics must complete the requirements
for the degree of Master of Science in Mathematics, or present evidence of satisfactory
completion of equivalent work at a recognized institution. A student must also complete
such additional courses as may be required by the Department in preparation for the
qualifying examination.

GRADUATE AND ADVANCED UNDERGRADUATE COURSES

Please see pages (39-43) for a description of the graduate and advanced under-
graduate courses offered by the Department of Mathematics.

Mechanical Engineering

MILTON CLAYTON SHAW, HEAD

The primary purpose of graduate work in the Department of Mechanical Engineering
is advanced training for careers in design, development, research, or teaching in mechani-
cal engineering and closely related fields. The emphasis is on depth of understanding
of fundamental principles rather than on knowledge of special methods and technology.

To be permitted to enroll with a full-time graduate schedule, a student must have
completed a regular four-year course in mechanical engineering in a college or university
of recognized standing. Furthermore, the undergraduate scholastic record of the student
must have been well above average.

In planning the program of study for a graduate student, the Department will con-
sider his previous training, his major interests, and the research facilities of the Depart-
ment.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candi-
dates for the degree of Master of Science in Mechanical Engineering are required to
complete at least 96 units of work, distributed as follows:

22



1. Graduate courses in the Department of Mechanical Engineering— at least
45 units, including GE582.

2. Graduate or advanced undergraduate courses in related minor fields— at
least 18 units, including advanced courses in mathematics or physics.

3. Project work— at least 6 units, but not more than 36 units. (Not required
of Evening students.)

Advanced undergraduate courses in the Department of Mechanical Engineering, to
a maximum of 18 units, may be included in the master’s program in special cases where
equivalent courses have not been part of the candidate’s undergraduate program.

DOCTOR’S DEGREE

In addition to the general requirements for the doctor’s degree (page 9), candi-
dates for the degree of Doctor of Philosophy in Mechanical Engineering must complete
a program approved by the Department, and which in general must include courses in

mathematics, physics, and possibly other related fields. Usually the program will be as
follows:

1. Graduate courses in the Department of Mechanical Engineering— 72 to 120
units.

2. Graduate courses in related minor fields— 72 to 120 units.

3. Projects and research— 120 units.

GRADUATE AND ADVANCED UNDERGRADUATE COURSES

Please see pages (43-45) for a description of the graduate and advanced under-
graduate courses offered by the Department of Mechanical Engineering.

Metallurgical Engineering

CHARLES LAW McCABE, HEAD

The objective of the graduate program in the Department of Metallurgical Engineering
is to prepare students for positions of leadership in both the scientific and engineering
aspects of metallurgy. Emphasis thus is placed on breadth rather than on specialization.
The Department’s graduate program covers chemical and physical metallurgy as well as
the extension of the principles used herein to the general understanding of materials.
The graduate curriculum is designed to develop and correlate the fundamental disciplines
of thermodynamics, statistical mechanics, and classical mechanics in the study of metals,
alloys, ceramics, and solid, as well as liquid, materials in general.
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In planning the student’s particular course of study, the faculty considers both the
academic background and the long-term professional goals of the student. Students of
high scholastic standing who have a bachelor’s degree in related fields of science and
engineering, as well as metallurgy or metallurgical engineering, are admitted for graduate
study in the Department.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candi-
dates for the degree of Master of Science in Metallurgical Engineering are required to
complete at least 96 units of work, distributed as follows:

1. Graduate courses in the Department of Metallurgical Engineering— at least
40 units. Total graduate courses— at least 58 units.

2. Thesis or equivalent— not more than 38 units. (Not required of Evening
students.)

3. Graduate or advanced undergraduate courses in related minor fields— at
least 18 units.

4. Advanced undergraduate courses in the Department of Metallurgical En-
gineering— not more than 18 units.

DOCTOR’S DEGREE

In addition to the general requirements for the doctor’s degree (page 9), candi-
dates for the degree of Doctor of Philosophy in Metallurgical Engineering are required
to take designated graduate courses in mathematics, chemistry, and physics.

The qualifying examination for each student is normally determined by his particular
areas of interest in the fields of physical, chemical, and mechanical metallurgy. However,
persons having a bachelor’s degree in chemistry, chemical engineering, mechanics, me-
chanical engineering, or physics may qualify for the degree of Doctor of Philosophy by
completion of a program designed for their specific requirements and approved jointly
by the Department of Metallurgical Engineering and the department of their bachelor’s
degree.

GRADUATE AND ADVANCED UNDERGRADUATE COURSES

Please see pages 45-47 for a description of the graduate and advanced undergraduate
courses offered by the Department of Metallurgical Engineering.

M etals Research Laboratory
CHARLES LAW McCABE, Director
RICHARD HOLLAND LAMBERT, Associate Director

The Metals Research Laboratory pursues basic research on the science of metals,
directed toward a solution of problems which are of scientific and engineering importance.
Support for this research work is obtained from government agencies and industry.

The work of the Laboratory is closely correlated with the work of the Department of
Metallurgical Engineering. Candidates for the degree of Master of Science or for the
degree of Doctor of Philosophy in the Department of Metallurgical Engineering may
pursue their research in the Laboratory under the guidance of the faculty of the Depart-

ment.
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Physics

JULIUS ASHKIN, HEAD

Through its research facilities and graduate courses the Department of Physics provides
unusual opportunity for training of students in broad areas of nuclear and elementary
particle physics and physics of the solid state. The thesis research for the degree of Doctor
of Philosophy is directed toward enlarging our understanding of basic physical phe-
nomena.

To be permitted to enroll with a full-time graduate schedule, a student must have
completed a regular four-year course in physics in a college or university of recognized

standing. Furthermore, the undergraduate scholastic record of the student must have been
well above average.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candi-
dates for the degree of Master of Science in Physics are required to complete at least 96
units of work, distributed as follows:

1. Graduate courses in the Department of Physics— at least 48 units.

2. Graduate or advanced undergraduate courses in closely allied fields or in
physics— at least 24 units (in addition to item 1).

3. Thesis or advanced physics laboratory— not more than 24 units.

DOCTOR’S DEGREE

In addition to the general requirements for the doctor’s degree (page 9), candi-
dates for the degree of Doctor of Philosophy in Physics must complete the following:

1. Research experience equivalent to at least 6 units of GS497 or GS476 before
taking the qualifying examination.

2. Certain course examinations, e.g., in nuclear physics, physics of solids,
higher mathematics, etc., to be determined by the Departmental Committee
on Graduate Studies at the time of the qualifying examination on the basis
of the student’s chosen field of work.

The qualifying examination will cover all of undergraduate physics and the physics
taken by a student in the first two years of graduate work: Quantum Mechanics (three
semesters), Classical Mechanics, Electricity and Magnetism, and Statistical Mechanics.
The mathematics required will include Advanced Calculus and the contents of the
Theoretical Physics course. The preparation for the qualifying examination will usually
require two years of graduate work and will normally be taken at the end of the fourth
or the beginning of the fifth semester. However, if a student is prepared, he may take
the examination at an earlier time.

A student is required to submit a first draft of his thesis before terminating residence
at Girnegie and not later than one month before the date of his final oral examination.



GRADUATE AND ADVANCED UNDERGRADUATE COURSES

Please see pages 47-51 for a description of the graduate and advanced undergradu-
ate courses offered by the Department of Physics.

N uclear Research Center

ROGER BEATTY SUTTON, Director
MARTYN FOSS, Associate Director
ROBERT EDWARD WELSH, Assistant Director

The Nuclear Research Center located near Saxonburg, Pa., has as its major functions
research in fundamental particle physics and high energy nuclear physics. Major equip-
ment includes a synchrocyclotron which accelerates protons to 450 MEV, beam deflecting
magnets, bubble chamber, and other auxiliary detecting devices. There is also a hot
laboratory for work in radio-chemical research.
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INTERDISCIPLINARY PROGRAMS

Applied Materials Sciences

Course and research programs are available which emphasize the application of materials
sciences— atomic, molecular, and solid state physics, physical chemistry and physical
thermodynamics— in advanced areas of civil, electrical, mechanical, and metallurgical
engineering. These programs relate to current efforts to apply materials sciences in studies
directed toward the understanding of the behavior of gross materials and the applications
of the results of these studies for product and component improvement and in new de-
velopments in which material properties impose significant limitations. The programs
have been established because of the present appreciable gap between the physical
scientists’ findings at the molecular level and the use of these findings in the solution of
the problem of advancing technology.

Typical areas of research are:

Civil Engineering— crack propagation and rapid-fracture phenomena; dynamic
behavior of materials and structures; dislocation movement, delayed yield, plastic
flow, and creep in metal, soil, and concrete.

Electrical Engineering— magnetic materials and magnetic devices, semiconduc-
tor devices including transistors, cryogenic electronics, masers, lasers, and para-
metric amplifiers, dielectrics and insulators.

Mechanical Engineering— theory of metal forming, e.g., hot and cold rolling,
dry friction and the effects of surface treatment on friction.

Metallurgical Engineering— energetics and kinetics of atomic transport proces-
ses on solid metal surfaces; the kinetics of phase transformations; dislocation
dynamics and interactions; lower yield points and fatigue.

The courses included in typical programs comprise studies in the physical sciences
undertaken by students from all departments, such as quantum theory of matter, theory
of solids, physical thermodynamics or physical chemistry, etc., and courses with depart-
mental concentration (from among those described under listings for the respective
departments).

Degree requirements for students in Applied Materials Sciences conform to those
for the department in which the student is enrolled. The degree received is the Doctor of
Philosophy in the same department.
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Nuclear Engineering and Science

GEORGE WHEELER HINMAN, COORDINATOR

An interdepartmental program of study is offered in Nuclear Engineering and Science
leading to the degrees of Master of Science and Doctor of Philosophy in Nuclear Engi-
neering or Nuclear Science. The program is open to qualified students of all engineering
and science departments, but is administered through the Department of Mechanical
Engineering.

Facilities avaliable for study and research include a water-moderated natural uranium
subcritical assembly, a Bendix digital computer, a 450 MEV synchrocyclotron, a nuclear
engineering and science laboratory, and extensive radio-chemical laboratory facilities.

MASTER’S DEGREE

In addition to the general requirements for the master’s degree (page 8), candi-
dates for the degree of Master of Science in Nuclear Engineering or Nuclear Science are
required to complete at least 96 units of work, distributed as follows:

First Semester Units

GE585 Fluid Mechanics 12
GE587 Heat Transfer 12
GE599 Nuclear Reactor Analysis 9
S$260 Higher Mathematics for Engineering &Science Students II or electives............. 15

Second Semester

GE582  Engineering Analysis II 12
GE586 Thermodynamics 12
GS156 Radiochemical Techniquesor Elective 9
GS468 Experiments in Nuclear and NeutronPhysics or elective 9
S444 Nuclear Physics 9

The choice of electives must be approved by the Coordinator. Depending on the
background of the student, substitutions in the above program may be permitted with
the approval of the Coordinator.

DOCTOR’S DEGREE

In addition to the general requirements for the master’s degree (page 9), candi-
dates for the degree of Doctor of Philosophy in Nuclear Engineering or Nuclear Science
must complete the following:

1. Research experience equivalent to at least 6 units of work in one of the
engineering or science departments before taking the qualifying examina-
tion.

2. Courses to be determined by the Interdepartmental Committee on Nuclear
Engineering and Science on the basis of the student’s chosen field of work.
The courses shall total at least 150 units of work beyond the bachelor’s
degree plus at least one year of research. The course program must not be
restricted to one department but shall include selections from at least one
other department. No more than 120 units of the 150 units required may
be from a single department.
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3. Satisfactory performance on the language requirement. For the Nuclear
Science degree, the student must pass an examination in one foreign lan-
guage and show competence in another. For the Nuclear Engineering degree,
the student must pass an examination in one foreign language only.

4. Satisfactory performance on a qualifying examination. The examination will
cover the subjects taken by the student during his first two years of graduate
work and will cover:

Atomic and Nuclear Physics
Radiation Transport
Fluid Mechanics

Heat Transfer I— Nuclear Engineering
Radiochemistry
Wave Mechanics i — Nuclear Science

Advanced Nuclear Physics

5. Completion of a doctoral thesis acceptable to the Interdepartmental Com-
mittee on Nuclear Engineering and Science.

Systems and Communication Sciences

ALLEN NEWELL AND ALAN JAY PERLIS, COORDINATORS

An interdepartmental program of study is offered in Systems and Communication Sciences
leading to the degree of Doctor of Philosophy in Electrical Engineering, Industrial
Administration, Mathematics, or Psychology depending on the candidate’s department
of enrollment. A student so enrolled will have the Systems and Communication Sciences
as a major area of specialization. This major will be common to all participating depart-
ments and will be administered by the Committee on the Systems and Communication
Sciences.

All candidates will take a common written qualifying examination administered by
the committee, which will constitute the prime evidence of general competence in the
field. The examination will focus on the candidate’s integrated ability to analyze and
synthesize systems involving information processing, communication, and control.

In addition to the general requirements for the doctor’'s degree (page 9), the
candidate is, of course, required to satisfy the requirements of his department which are
listed elsewhere in this catalog and in the catalog of the Graduate School of Industrial
Administration.

Detailed information concerning the program along with applications for admission
and for financial assistance may be obtained from the Office of Graduate Studies, College
of Engineering and Science.
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Course Descriptions

Each department in engineering and science lists on the following pages a description of
the graduate and advanced undergraduate courses offered.

The courses listed in each curriculum are numbered to refer to the course descriptions
given by the department offering the course, according to the following plan:

UNDERGRADUATE GRADUATE

COURSE NUMBERS DEPARTMENT COURSE NUMBERS
MI19— M50 ...eeeeeeneeenne Biological Sciences GM51— GM99
E700—E749 .. Chemical Engineering........c.ccceeeeeesevecnns GE750—GE799
S100— S149...ccccvvvuvenees Chemistry. GS150— GS199
E200—E249 ........ceueee Civil Engineering. GE250— GE299
E400—E449 ................. Electrical Engineering.........cccceeeeccueeecnne GE450— GE499
S200— S299 ....ccceevvurennnn Mathematics. ...GS300— GS399
E500—E549 .........uceeee Mechanical Engineering.........ccceeeeeraeenne GE550— GE599
E600— E649 ................. Metallurgical Engineering ................... GE650— GE699
S400— S449 ......cceeueeeeee Physics ....... GS450— GS499

The amount of credit given for each course is measured in "units.” A "unit”
represents one hour a week, either of class attendance or of outside preparation, through-
out a semester of 16 weeks. A "unit” is equivalent to one-third of a "semester credit” or
"semester hour,” as credit is evaluated at some other institutions.

Carnegie Institute of Technology reserves the right to withdraw any announced
course if the enrollment is too small to warrant its continuance. Carnegie Institute of
Technology also reserves the right to make changes in the schedules of hours, units, or
in instructional staff when such changes seem necessary or advisable.

DEPARTMENT OF BIOLOGICAL SCIENCES

Duane Thayer Maunder, Head
Associate Professor Maunder; Assistant Professors Chmura and Efthymiou.

GRADUATE COURSES

GM51  Microbial Physiology First semester, 12 units

Study of the influence of chemical and physical agents in the environment; the biochemistry
of bacterial metabolism. Prereq., M21, Si18. 3 hrs. lec., 4 hrs. lab.

GMb52  Bacterial Genetics Second semester, 9 units

The principles and methodology of genetics as applied to micro-organisms. Application of
these principles to the study of bacterial physiology, pathogenesis, and taxonomy. Prereq.,
M21, M27. 1 hr. lec., 6 hrs. lab.

GMS53  Special Topics in Microbiology First semester, 6 units

GM54  Special Topics in Microbiology Second semester, 6 units
Lectures and discussions concerning fundamental and specialized problems in the field of
microbiology not ordinarily emphasized in other courses. Content of course differs each
semester depending upon student interests and specialized areas of staff or visiting
lecturer. 2 hrs.

GM56  Graduate Seminar First and second semester
Recent advances in microbiology are discussed by students and staff. 1 hr.
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GM60

Research First andsecond semester, units to be assigned

Research work on a selectedtopic in the field ofnﬁcrobioltzfy,culminating in a thesis.
The credit received depends upon the amount of work electe

ADVANCED UNDERGRADUATE COURSES

The following are advanced undergraduate courses in the Department of Biological
Sciences that may be taken for credit by graduate students, if approved by their depart-

ments.

M22
M23
M46
M50

Food and Sanitary Microbiology 12 units
Pathogenic Microbiology 12 units
Immunology and Serology 12 units
Industrial Microbiology 12 units

DEPARTMENT OF CHEMICAL ENGINEERING

Carl Corydon Monrad, Head
Professors Canjar, Monrad, Rothfus and Toor; Associate Professor Li; Assistant Professors
Converse, Kermode, Kostecki and Manning,.

GRADUATE COURSES

GE751

GE752

GE753

GE754

GE755

GE756

GE760

GE762

Equilibrium Stage Processes First semester, 6 units
Advanced treatment of the theory and application of equilibrium stages. Binary and

multicomponent distillation; multicomponent absorption; extraction. Prereq., E704. 2 hrs.
rec.

Advanced Applied Reaction Kinetics Second semester, 9 units
Advanced application of engineering and scientific principles to the study of complex
chemical reaction systems. Catalytic and non-catalytic reactions in homogeneous and hetero-
geneous systems, with and without simultaneous heat and mass transfer, are treated. Prereq.,
E711. 3 hrs. rec.

Advanced Fluid Dynamics First semester, 9 units
Motion of ideal, Newtonian and non-Newtonian fluids; continuity and Navier-Stokes
equations; boundary layer theory; mechanics of turbulence; flow through conduits and
equipment. Prereq., E707. 3 hrs. rec.

Advanced Heat and Mass Transfer Second semester, 12 units

Treatment of heat and mass transfer theory and applications from the viewpoint of the
basic transport equations; transfer in non-turbulent and turbulent binary and multicom-
ponent systems; transfer coefficients, stage efficiencies, models, analogies, interfacial phe-
nomena, multiphase systems; transfer with chemical reactions; coupled transport processes.
Prereq., E709. 4 hrs. rec.

Applied Chemical Engineering Thermodynamics First semester, 12 units
Advanced application of the general thermodynamic method to chemical engineering
problems. Second law consequences; estimation and correlation of thermodynamic proper-
ties ; chemical and phase equilibria. Prereq., E706. 4 hrs. rec.

Advanced Process Engineering and Design Second semester, 9 units
A coordinating course consisting of chemical engineering problems of considerable com-
plexity which require for their solutions the application of thermodynamics, unit operations
and applied kinetics, the selection of materials of construction, and the consideration of
economic factors. Prereq., GE751, GE753, GE755; GE754, GE752 concurrently. 3 hrs rec.

Graduate Seminar First or second semester, 1 unit

Discussion of current advances and research in chemical engineering. Presented by graduate
students and staff. 1 hr.

Advanced Process Dynamics and Control Second semester, 9 units

Analysis of open and closed control loops and their elements; dynamic response of proc-
esses; choice of variables and linkages; dynamic testing and synthesis; noise and drift;
strategies for optimum operation. Prereq., E721 orequivalent, 3 hrs.  rec. Offered in
alternate years; offered in 1963-64.
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GE763
GE764

GE770

GE781

GE783

GE784

GE785
GE790

GE795

Elements of Process Analysis First semester, 9 units
Elements of Process Analysis Second semester, 9 units
A course designed primarily for graduate students majoring in fields other than Chemical
Engineering. Application of scientific principles to the analysis of industrial chemical
processes and the solution of chemical engineering problems. Topics include industrial
stoichiometry; energy relationships; chemical, phase and mechanical equilibria; fluid and
fluid-solid dynamics; transfer of heat and mass; reaction kinetics; control of dynamic
processes; chemical engineering economics; technical judgment in process design and
development. Prereq., S102, S224, S421, S422 or their equivalent. 3 hrs. rec. Offered when
there is sufficient demand.

Research First or second semester, units to be assigned
Research work on a selected topic in the field of Chemical Engineering. The credit received
depends on the amount of work elected. Prereq., graduate standing in Chemical Engineering.
Advanced Topics in Reaction Kinetics and Catalysis First semester, 9 units
Prereq., GE755. 3 hrs. rec. Offered in alternate years; offered in 1963-64.

Advanced Topics in Fluid Mechanics First semester, 9 units
Prereq., GE753. 3 hrs. rec. Offered in alternate years; offered in 1964-65.

Advanced Topics in Mathematical Applications Second semester, 9 units
Prereq., GE754. 3 hrs rec. Offered in alternate years; offered in 1964-65.

Qualifying Examination for the Degree of Doctor of Philosophy

Doctoral Dissertation First or second semester, units to be assigned

Research on a topic in Chemical Engineering leading to the dissertation for the Ph.D.
degree. May be elected only with the permission of the staff.

Final Public Oral Examination for the Degree of Doctor of Philosophy

ADVANCED UNDERGRADUATE COURSES

The following are advanced undergraduate courses in the Department of Chemical
Engineering that may be taken for graduate credit by graduate students, if approved by
their departments.

E707
E708
E709
E711
E712
E721
E722
E723
E724
E726

Transport Process I 9 units
Transport Process II 9 units
Transport Process 111 9 units
Applied Reaction Kinetics 6 units
Process Engineering and Design 9 units
Process Dynamics and Control 6 units
Mathematical Techniques in Chemical Engineering 6 units
Statistics 6 units
Chemical Engineering Economics 6 units
Process Thermodynamics 6 units

DEPARTMENT OF CHEMISTRY

Robert Burnell Carlin, Head

David Scro McKinney, Associate Head

Professors gé:rlin, Fugassi, Kohman, McKinney and Southwick; Associate Professors
Douglas, Hepler, Holmes, Mains, and Miller; Assistant Professors Bishop, Caretto,
Colter, Ellison, Kurland, Manch, Rubin, Shedlovsky, and Wenaas; Lecturer Mair.

GRADUATE COURSES

GS151
GS152

Graduate Physical Chemistry First semester, 9 units
Graduate Physical Chemistry Second semester, 9 units
Fundamental laws and relations of chemical thermodynamics applied to systems involving
homogeneous and heterogeneous equilibria. Thermodynamic properties of solutions.
Modern theories of non-electrolytes and of electrolytes. Chemical kinetics; homogeneous
gas reactions, surface and other heterogeneous reactions, introduction to photochemistry.
The course is designed for graduate students in the departments of Physics, Metallurgical
Engineering, and Chemical Engineering. Prereq., A-D*; S126. 3 hrs. lec.

*See prerequisites for admission to graduate work, page 16.
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GS153  Solutions First semester, 9 units
Non-electrolytic solutions; departure from ideal behavior; modern theories; dielectric
properties of gases, liquids and solutions; polarity and molecular structure; orientation and
interaction in solutions; intermolecular forces. Electrolytic solutions; applications of
thermodynamics; modern theories of acids and bases; activity coefficients and electrolytic
conductance. Prereq., A-D*; knowledge of electrochemistry, organic chemistry and elemen-
tary chemical thermod ics desirable. 3 hrs. lec. Offered every three years and in
evening school only; offered in 1964-65.

GS155 Colloids First semester, 6 units

GS156  Colloids * Second semester, 6 units
Physical and chemical properties of interfaces. Capillary electric phenomena. Chemical
properties of suspensoid sols. The colloidal particle as a kinetic molecular unit. Properties
of emulsoid sols. Gels. Prereq., A-D.* 1i22 hrs. lec. Offered every three years and in
evening school only; offered in 1963-64.

GS157  Fractionating Processes First semester, 6 units
Discussion of theoretical principles and applications in distillation (regular, azeotropic,
extractive, and "molecular”), adsorption (regular, with added components, with "molecular
sieves”), ion exchange, solvent extraction, crystallization, clathrate compounds, thermal
diffusion. 2 hrs. lec. Offered every three years and in evening school only; offered in
1964-65.

GS158 Radiochemical Techniques Second semester, 9 units
Introduction to the techniques and applications of radiochemistry. Properties of nuclear
radiations, safe handling of radioactive substances, instruments and techniques for measure-
ment of radioactivity, radiochemical separations, applications of isotopic tracers, microscale
techniques in radiochemistry. This course, emphasizing practical applications of radio-
activity, complements the nuclear part of GS167 and GS168 which are concerned mainly
with nuclear phenomena themselves. Prereq., A-D.* 1 hr. lec., 6 hrs. lab. Offered every
year in day school. Offered in alternate years in evening school; offered in 1963-64.

GS161  Advanced Physical Chemistry First semester, 12 units
GS162  Advanced Physical Chemistry Second semester, 12 units

Thermodynamics, molecular structure, chemical kinetics. Introduction to statistical me-
chanics. Prereq., A-E.* 4 hrs. lec.

GSI161At Advanced Physical Chemistry First semester, 6 units
GS162A] Advanced Physical Chemistry Second semester, 6 units

Chemical thermodynamics (GS161A) and molecular structure (GS162A). Prereq. A-E.*
2 hrs. lec. Offered in evening school in alternate years; offered in 1964-65.

GS161B+Advanced Physical Chemistry First semester, 6 units
GS162Bi Advanced Physical Chemistry Second semester, 6 units

Chemical kinetics (GS161B) and elementary statistical mechanics (GS162B). Prereq.,
A-E.* 2 hrs. lec. Offered in evening school in alternate years; offered in 1963-64.

GS165  Advanced Organic Chemistry First semester, 9 units

GS166  Advanced Organic Chemistry Second semester, 9 units
An intensive study of the methods of synthesis, properties, and structures of organic
compounds designed to give the student a comprehensive working knowledge of organic
chemistry. Prereq., C, E*; four semester hours of physical chemistry. 3 hrs. lec. Offered in
evening school in alternate years; offered in 1963-64.

GS167  Advanced Inorganic and Nuclear Chemistry First semester, 9 units

GS168  Advanced Inorganic and Nuclear Chemistry Second semester, 9 units
Nuclear, atomic, molecular, and crystal structure, properties, and reactions. The emphasis
is on the quantum mechanical interpretation and other modern concepts and theories.
Topics include various types of chemical bonding, acids and bases, reactions in aqueous
and non-aqueous media, mechanisms of inorganic reactions, various classes of inorganic
compounds of current interest, isotopes, radioactivity, nuclear reactions, radiochemistry,
and chemical applications of nuclear phenomena. Prereq., A-E.* 3 hrs. lec. Offered in
evening school in alternate years; offered in 1964-65.

*See prerequisites for admission to graduate work, page 16.

+Evening school courses GS161A, GS162A, GS161B, and GS162B in sum are the equivalent of the regular day
school courses GS161 plus GS162.
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GS171

GS172

GS173
GS174

GS175

GS176

GS177

GS178

GS179

GS181

GS182

GS192

GS194

GS196
GS198

Quantum Mechanics First semester, 9 units

Quantum mechanics and its chemical applications. Prereq., GS161, GS162, S251, S436.
3 hrs. lec.

Statistical Mechanics Second semester, 9 units

Classical and quantum statistical mechanics and their chemical applications. Non-equilibrium
processes. Prereq., GS171. 3 hrs. lec.

Special Topics in Physical Chemistry First semester, 6 units
Special Topics in Physical Chemistry Second semester, 6 units

Discussion of problems of current interest and importance. Prereq., consent of instructor.
2 hrs. lec.

Chemistry of Natural Products First semester, 9 units
A discussion of recent advances in the knowledge of natural products of physiological
interest. Methods used in the determination of structure and the synthesis of vitamins
and hormones will be emphasized. Prereq., GS165, GS166; or permission of instructor.
3 hrs. lec. Offered in alternate years; offered in 1964-65.

Physical Organic Chemistry Second semester, 9 units
This course deals with the bond structure of organic compounds as revealed by the
physical methods of electron diffraction, absorption spectra, molecular refraction, dielectric
constant, and thermodynamic properties. It is principally concerned with a description of
the mechanisms of various organic reactions as shown by bond structure, reaction kinetics,
and tracer techniques. Prereq., A-E,* GS165, GS166. 3 hrs. lec. Offered in alternate years;
offered in 1963-64.

Special Topics in Organic Chemistry First semester, 9 units
An extension of the study of organic chemistry to certain important special topics not
fully discussed in the advanced survey course. Among the subjects to be treated are
special synthetic methods, stereochemistry, and photochemically induced transformations of
organic compounds. Prereq., GS165, GS166; or permission of instructor. 3 hrs. lec.
Offered in alternate years; offered in 1963-64.

Chemistry of High Polymers Second semester, 9 units

Focus is on polymerization reactions. Condensation polymerization is considered first,
then methods of molecular weight determination are surveyed, and finally addition poly-
merization is reviewed. Reaction mechanisms for additional polymerization and copoly-
merization are discussed. Consideration is given to effects on polymer properties of
monomer structure, gross polymer structure and molecular weight. Prereq., G5165, GS166;
$142, or equivalent. Offered in alternate years; offered in 1964-65.

Geochemistry First semester, 9 units

Survey of the chemical composition and processes of the earth, its environment, and its
constituent parts, with emphasis on the underlying physico-chemical principles. Prereq.,
GS167, GS168. 3 hrs. lec. Offered in alternate years; offered in 1964-65.

Special Topics in Nuclear Chemistry First semester, 6 units
Discussions of selected areas of currentinterest innuclear  chemistry. Typical topics:
nuclear structure, nuclear spectroscopy, theory of nuclear reactions, nuclear and isotope
geology, nuclear aspects of astronomy and cosmology, radiochemical separations, isotopic
tracer studies. Prereq., GS167, GS168. 2 hrs. lec.

Recent Advances in Inorganic Chemistry Second semester, 6 units

Discussions of selected areas of current interest in inorganic chemistry. Typical topics:
phosphonitrilic compounds, lattice energies, ligand field theory and applications, mechan-
isms of inorganic reactions, boron hydrides. Prereq., GS167, GS168. 2 hrs lec. Offered
every three years and in evening school only; offered in 1964-65.

Graduate Seminar First and second semester
Recent advances in chemistry are discussed by advanced graduate students.

Chemical Research First and second semester, units to be assigned
Opportunities for research are offered to graduate students in the major fields of chemistry.

Cumulative Examinations for the Degree of Doctor ofPhilosophy
Final Public Oral Examination for the Degree ofDoctor of Philosophy

*See prerequisites for admission to graduate work, page 16.
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ADVANCED UNDERGRADUATE COURSES
The following are advanced undergraduate courses in the Department of Chemistry
that may be taken for graduate credit by graduate students, if approved by their depart-

ments.

S117 Organic Chemistry I 12 units
S118 Organic Chemistry II 12 or 15 units
S123 Physical Chemistry I 9 or 12 units
S124 Physical Chemistry II 9 or 15 units
S135 Organic Qualitative Analysis 6,9, or 12 units
S136 Instrumental Analysis 6,9, or 12 units
S137 Inorganic and Nuclear Chemistry 9 units

DEPARTMENT OF CIVIL ENGINEERING

Thomas Eugene Stelson, Head
Professor Stelson; Associate Professors Au, Romualdi and Stewart; Assistant Professors
Anderson, Bugliarello, Hribar, Wenzel and Yoshimi; Lecturers D’Appolonia, DiGioia and

Richmond.
GRADUATE COURSES
GE253 Civil Engineering Analysis First semester, 9 units

Application of mathematical and numerical methods to the systematic analysis and develop-
ment of problems in the field of civil engineering, including equilibrium, eigenvalue and
propagation problems in lumped-parameter and continuous systems. 3 hrs. rec.

GE254 Stability Problems Second semester, 9 units
Buckling of prismatic and non-prismatic bars subjected to axial and lateral loads. Buckling
of compressed rings and curved bars. Bending and buckling of thin plates and shells.
Prereq., GE253, GE255. 3hrs. rec.Offered in alternate years; offered in 1964-65.

GE255 Applied Elasticity First semester, 9 units

General stress and strain-relationships; basic equations of elasticity. Plane stress and
plane strain. Three dimensional stress analysis. Photoelasticc mechanical, and electrical
measurement of stress-strainconditions. Prereq., GE253, or concurrently. 3 hrs. rec.

GE258 Vibration Problems Second semester, 9 units

Analysis of vibrating systems having one or more degrees of freedom; torsional and
lateral vibrations; vibration of elastic bodies. Prereq., GE253. 3 hrs. rec. Offered in
alternate years; offered in 1963-64.

GE259 Plates and Shells First semester, 9 units
Analysis of circular and rectangular plates under various conditions of loading and
boundary; large deflections of plates; membrane theory and general theory of shells of
revolution. Prereq., GE255. 3 hrs. rec. Offered in alternate years; offered in 1964-65.

GE262 Hydraulic Engineering Second semester, 9 units

The control and utilization of natural waters. Analysis of rainfall data. Effect of evapora-
tion, transpiration, retention, and infiltration on runoff. Flood prediction and routing.
Groundwater flow. Hydraulic systems and multipurpose projects. 3 hrs. rec.

GE263 Hydraulic Design Problems First semester, 9 units

Application of hydrology and hydraulics to problems of design and operation of hydraulic
engineering works. Technical and economic aspects of single and multiple purpose projects.
3 hrs. rec. Offered in alternate years; offered in 1964-65.

GE264 Ad-ntnced Hydrology Second semester, 9 units

Hydrometerology, surface-water and groundwater hydrology; survey of data, theories and
experimental techniques; application of computers to selected problems. 3 hrs. rec.
Offered in alternate years; offered in 1964-65.

GE266 Flow of Liquid-Solid-GasMixtures Second semester, 9 units

Basic relationships in hydraulic and pneumatic transport of solids and the flow of liquid-
gas mixtures including air binding in pipe lines and sediment transport in streams. Con-
siderations of concentrations, velocities, pressure losses, and characteristics of flow. Prereq.,
GE241. 3 hrs. rec. Offered in alternate years; offered in 1963-64.
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GE267

GE268

GE273

GE274

GE276

GE278

GE279

GE281

GE282

GE283

GE288

GE289

GE296
GE297
GE298

Advanced Fluid Mechanics First semester, 9 units

Analysis of potential flow by exact, numerical, and graphical methods. Characteristics of
real fluids. Fluid flow around bodies and past obstacles. Flow in conduits and channels.
3 hrs. rec. Offered in alternate years; offered in 1963-64.

Modern Flow Theories Second semester, 9 units

Molecular structure of gases, solids, and liquids; fluid properties; nature of fluidity; New-
tonian and non-Newtonian flows; kinetic theories of gases and liquids; flow in gravitational,
magnetic, and electrical fields; flow and sound; flow and heat; experimental techniques.
3 hrs rec. Offered in alternate years; offered in 1964-65.

Advanced Structural Design (Concrete) First semester, 9 units

Principles in the advanced design of reinforced concrete members or structures such as
prestressed concrete beams and box girders, lift slabs and folded plates. 3 hrs. rec. Offered
in alternate years; offered in 1963-64.

Advanced Structural Design (Metal) Second semester, 9 units
Principles in the advanced design of metal structures. Orthotropic plate bridges. Brittle
fracture and crack propagation in sheet metals and welds. Design problems in aircraft
structures. 3 hrs. rec. Offered in alternate years; offered in 1963-64.

Advanced Structural Analysis Second semester, 9 units
The formulation and solution of complex problems in the analysis of statically inde-
terminate structures. Matrix structural analysis. 3 hrs. rec.

Plastic Analysis of Structures Second semester, 9 units

Basic concepts of yield conditions and plastic flow in solids. Applications of the theory of
perfectly plastic solids to structures. Structures under combined stresses. Prereq. GE255.
3 hrs. rec. Offered in alternate years; offered in 1964-65.

Structural Dynamics First semester, 9 units

Study of the response of structures under dynamic loads including shock, impact, blast,
and earthquake. Analysis of force-displacement-time components and impulse-momentum
changes. 3 hrs. rec. Offered in alternate years; offered in 1964-65.

Foundation Design Problems First semester, 9 units

The application of basic concepts in soil mechanics, geologic investigations and hydraulic
conditions to the solution of selected problems in foundation and earth structure design
and construction. 3 hrs. rec. Offered in alternate years; offered in 1963-64.

Advanced Soil Mechanics Second semester, 9 units
Stress-strain-failure relationships for soils with applications to bearing pressures, move-
ments and stability. Hydraulic properties, permeability, seepage, and consolidation. 3 hrs.
rec.

Dynamics of Soils First semester, 9 units

The influence of time dependent loads on the significant physical properties of cohesive
and granular soils. Methods of analysis and design for foundations and soil structures
subjected to vibratory and blast loads. 3 hrs. rec. Offered in alternate years; offered in

1964-65.

Advanced Topics in Materials I Second semester, 9 units
Dislocations and slip in crystalline solids. Theories of yield strength, work hardening, an-
nealing, creep, and fatigue. 3 hrs. rec. 1963-64.

Advanced Topics in Materials IT First semester, 9 units

An extensive examination of the nature of the flow process in liquids, gases and solids;
phenomenological, molecular, and rheological theories; the problem of a general rheologi-
cal equation. Prereq., GE288. 3 hrs. rec. 1964-65.

Qualifying Examination for the Degree of Doctor of Philosophy
Final Public Oral Examination for the Degree of Doctor of Philosophy

Graduate Projects First and second semester, units to be assigned
Analysis, design, research, or other independent investigation and comprehensive report
on projects selected, with the advice and approval of the head of the department, in the
fields of fluid mechanics and hydraulic engineering, mechanics and materials, soil mechanics
and foundation engineering, solid mechanics and structural engineering. Required of
candidates for the degrees of Master of Science and Doctor of Philosophy in Civil Engi-
neering.



GE299 Thesis First and second semester, units to be assigned
Required of candidates for the degree of Doctor of Philosophy in Civil Engineering.

ADVANCED UNDERGRADUATE COURSES

The following are advanced undergraduate courses in the Department of Civil
Engineering that may be taken for graduate credit by graduate students, if approved by
their departments.

E221 Structural Mechanics II 12 units
E225 Soil Mechanics

9 units
E231 Fluid Mechanics II 9 units
E243 Systems Engineering 12 units
E244 Structural Engineering 12 units

DEPARTMENT OF ELECTRICAL ENGINEERING
Everard Mott Williams, Head

Professors Finzi, Longini, Milnes, Newell, Penney, Schatz, Teare and Williams; Associate
Professors Hughes, Jordan, and Young; Assistant Professors Fehrle, Feldman, Gupta,
Konnerth, Lavi, Mott, Pierce, Smith, Voshall, and Wallach; Instructors Acker, Snelsire,
and Williams.

GRADUATE COURSES

GE451-2 Seminar First and second semester, 0-3 units
GE453-4 Seminar First and second semester, 0-3 units
GE455-6 Seminar First and second semester, 0-3 units

A series of seminars in which students discuss progress in research and invited distinguished
scientists present papers on topics of interest. The seminar program is divided into gen-
eral meetings and meetings of particular interest to students in specialized options such
as materials sciences, magnetohydrodynamics, etc. Attendance is expected of each electrical
engineering graduate student in all general meetings and in the meetings appropriate to
his option. 1 hr. rec.

GE461 Advanced Topics in the Science of Materials First semester, 12 units
GE462 Advanced Topics in the Science of Materials Second semester, 12 units

Macroscopic properties of solids in terms of modern atomic theory of metals, semicon-
ductors and insulators. Discussion of special topics in semiconductor theory such as surface
phenomena, diffusion, traps and impurity phenomena, crystal growth, zone refining, opti-
cal and thermoelectric effects. 3 hrs. rec., 3 hrs. lab. Professors Jordan and Milnes.

GE463 Plasma Dynamics and Magnetohydrodynamics First semester, 12 units

GE464 Plasma Dynamics and Magnetohydrodynamics Second semester, 12 units

Fundamental equations of magnetohydrodynamics; flow of gases and viscous liquids and
applications; magnetohydrodynamic waves; plasma physics; application to fusion reactors,
confinement and stability. 4 hrs. rec. Professors Hughes and Young.

GE471 Advanced Engineering Analysis First semester, 12 units

An integration of the fundamental methods and principles of mathematics, physics, me-
chanics, and thermodynamics, and their utilization in a rigorous training in methods of
analysis. 4 hrs. rec.

GE473 Linear Network Theory Second semester, 12 units

Generalized linear-networkanalysis; driving-point and transfer network functions, matrix

methods, topology, signal-flow graphs. Introduction to the synthesis of passive one-port
and two-port networks. Positive real functions, physical realizability criteria, the potential
analog, LC, RC, RL and RLC networks. 4 hrs. rec. Professor Konnerth.

GE474 Theory of Systems Second semester, 12 units

Concepts of state, state representation of systems, impulse function, transform theory,
kernels, time-varying systems, probability distributions, stability, nonlinear system concepts.
Prereq., 5266, S256. 4 hrs. rec. Professor Gupta.

37



GE475

GE476

GE478

GE480
GE481

GE482

GE483

GE484

GE488

GE489

GE490
GE491

GE492
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Electromagnetic Field Theory I First semester, 12 units
Introduction to the advanced mathematical treatment of vector fields; vector calculus;
solutions of Laplace’s equation for static electric and magnetic fields; the physical basis of
the properties of simple dielectric and magnetic materials. 4 hrs. rec.  Professor Feldman.

Electromagnetic Field Theory II Second semester, 12 units

Development of Maxwell’s equations for time varying fields; solutions of D’Alembert’s
equation; propagation of electromagnetic fields in various structures; induced voltages and
skin effects; variation of the electromagnetic constants of simple materials as a function of
frequency. 4 hrs. rec. Professor Feldman.

Advanced Electromagnetic Field Theory Second semester, 12 units
Functions of a complex variable in solutions of electromagnetic field problems; Schwarz-
Christoffel transformation; Green’s function; Maxwell’s stress tensor; resonant cavities;
interaction between electron beam and fields; relativistic effects. Prereq., GE476, S271.
4 hrs. rec. Usually offered in alternate years.

Qualifying Examination for the Degree of Doctor of Philosophy

Power System Stability First semester, 12 units
A study of electric power systems in the transient state. Symmetrical components and ap-
plications to faults. Selected problems and tests in the Power System Stability Laboratory.
Prereq., GE482, 4 hrs. rec., or 3 hrs. lab. Offered when there is sufficient demand.

Analysis of Nonlinear Magnetic and Dielectric Systems Second semester, 12 units

Magnetic and dielectric nonlinearities; first-order problems; analog, operational, memory
and logic devices; high order systems, ferroresonance, regulators, subharmonic generators,
parametric amplifiers and oscillators. General energy relations; small and large signal
analysis; system performances and stability. 4 hrs. rec. Professors Finzi and Lavi.

Advanced Problems in Machine Analysis First semester, 12 units

Advanced general study of electric machines in the transient state. Various approaches and
methods of analysis as applied to synchronous, asychronous, and commutator machines.
Prereq., GE482, GE484. 4 hrs. rec. Offered when there is sufficient demand.

Advanced Synchronous Machines Second semester, 12 units

A study of synchronous machines in transient and steady-state operation. Machine react-
ances, their physical origin, analytical evaluation, determination by tests, and use in
selected problems and tests in the Power System Stability Laboratory. 4 hrs. rec., 6 hrs.
lab. Offered when there is sufficient demand.

Graduate Projects First and second semester, units to be assigned

Training in research; a series of investigations under the student’s initiative culminating
in comprehensive reports, with special emphasis on orderly presentation. Professors Finzi,
Longini, Milnes, Newell, Penney, Williams, Hughes, Jordan, Young, Fehrle, Pierce,
Smith, Voshall, Wallach.

Research First and second semester, units to be assigned
A limited number of properly qualified students may elect to do research work culminating
in a thesis. The particular topic of investigation must be selected with the advice and ap-
proval of the Head of the Department. Professors Finzi, Longini, Milnes, Newell, Penney,
Williams, Hughes, Jordan, Young, Fehrle, Feldman, Feucht, Gupta, Konnerth, Lavi, Mott,
Pierce, Smith, Voshall, Wallach.

Final Public Oral Examination for the Degree of Doctor of Philosophy

Information Theory and Noise First semester, 12 units

Generalized harmonic analysis; random variables, ensembles, distributions, and averages.
Correlation and power density spectra; noise in devices and networks. Sampling theory,
error reducing codes, information measure, rates and channel capacity. Analysis of systems
with random inputs. 4 hrs. rec. Professor Pierce.

High-Frequency Engineering Second semester, 12 units

High-frequency measurements, modulation theory, travelling wave and beam tubes, mag-
netrons and klystrons. Modern amplifier-analysis and synthesis including parametric am-
plification, masers and solid state devices. Principles of communication systems and radar.
Prereq., GE491. 3 hrs. rec. 3 hrs. lab. Professor Jordan.



GE494

GE495

GE496

GE493
GE498

Feedback Control Systems Second semester, 12 units

Analysis and synthesis of linear and nonlinear feedback control systems based upon classi-
cal methods of servomechanisms (continuous and discrete), signal flow graphs, transfer
function, stability criteria, performance of systems and corrective network synthesis.
Prereq., S271. Professor Lavi.

Advanced Topics in Control Systems First semester, 12 units
Multivariable systems; methods of analysis of nonlinear control systems; discrete systems;
self-optimizing control systems; optimization of continuous and discrete systems with
deterministic and statistical inputs.

Information Processing Systems Second semester, 12 units
Boolean algebra and logic, applications;memory and logic circuits;  automata theory,
Turing machines; pattern recognition; reliability; redundancy; stability of self-organizing
systems. Prereq., S256, 5266. 4 hrs. rec’. Professor Pierce.

Selected Problems in Electrical Engineering First semester, 12 units
Selected Problems in Electrical Engineering Second semester, units to be assigned

Problems of current interest in electrical engineering in the fields of servomechanisms and
communication systems. The emphasis is on the intelligent use of analytical and laboratory
work in the solution or realistic problems. 4 hrs. rec. Staff.

ADVANCED UNDERGRADUATE COURSES

The following are advanced undergraduate courses in the Department of Electrical
Engineering that may be taken for graduate credit by graduate students, if approved by
their departments.

E407
E408
E409
E410
E411
E412
E413
E414

Electrical Engineering III 12 units
Electrical Engineering IV 12 units
Electrical Engineering V 12 units
Electrical Engineering VI 9 units
Systems I 12 units
Systems II 12 units
Physical Electronics 12 units
Circuit Electronics 18 units

DEPARTMENT OF MATHEMATICS

Alan Jay Perlis, Head
David Moskovitz, Associate Head

Professors Duffin, Moskovitz, Nehari, Noll, and Perlis; Associate Professors Hoover,
MacCamy, Martin, Moore, and Strehler; Assistant Professors DeGroot, Leonard, Mizel,
Pederson, and Rao; Instructors Karlovitz and Winter.

GRADUATE COURSES

GS301
GS302

GS303

Theory of Functions of a Complex Variable I First semester, 12 units
Theory of Functions of a Complex Variable II Second semester, 12 units
The techniques and classical theorems of analysis are developed and studied with emphasis
on general theory. Point-set and real variable introduction, complex numbers, differentia-
tion and analytic functions, integration and Cauchy’s theorem, Taylor’s series, singularities,
multiple-valued functions and Riemann surfaces, uniform convergence, calculus of residues,
analytic continuations, gamma function, Riemann zeta function, maximum modulus theorem,
conformal mapping, integral functions, power series, Dirchlet series, elliptic functions.
3 hrs. rec.

Theory of Measure and Integration First semester, 12 units

Special emphasis on Lebesgue measure and integration as prototypes; set functions; general
measure; applications in probability theory, potential theory, trigonometric series. 3 hrs.
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GS304

GS305
GS306

GS307

GS308

GS309
GS310

GS311

GS312

GS313
GS314

GS315
GS316

40

Fourier Series and Integrals Second semester, 12 units
Convergence in mean, summability, Parseval’s formula, Poisson’s summation formula,
probability, and characteristic functions; selected topics from recent developments such as
the work of Wiener. Prereq., GS303. 3 hrs. rec.

Theory of Differential Equations I First semester, 12 units
Theory of Differential Equations II Second semester, 12 units

First order equations, types solvable by quadratures, Clairaut’s equation, envelopes, inte-
grating factors, existence proofs; systems of first order equations; linear second order
equations, constant coefficient, Euler’s equation; Riccati’s equation. Equations of the Sturm-
Liouville type, eigen-value problems and oscillation theory, the expansion theorem, con-
nections with the calculus of variations; linear second order equations in the complex
domain, singularities, Fuch’s theory of non-essential singular points; equations of
Legendre and Bessel, the hyper-geometric equation, Whittaker’s equation; integration by
means of definite integrals; the Laplace transform. 3 hrs. rec.

Theory of Relativity Second semester, 12 units
Pseudo-Euclidean spaces; kinematics, dynamics, and electromagnetism in Minkowski space;
differentiable manifolds, Riemannian geometry; the field equations of Einstein’s theory of
gravitation, special solutions; selected topics from recent developments. Prereq., 5267, or
equivalent. 3 hrs. rec.

Selected Topics in Analysis 12 units

Additional topics of analysis not covered in other courses. 3 hrs. rec. Offered when there
is sufficient demand.

Continuum Mechanics First semester, 12 units
Continuum Mechanics Second semester, 12units

Elasticity and hydrodynamics. Kinematics, strain, rate of strain, vorticity; forces and
stresses. The fundamental principles of classical mechanics, Cauchy’s equations of motion.
Thermostatics of continuous media, perfect fluids, perfectly elastic materials. Linear
elasticity; Newtonian fluids. The general theory of materials, rheology. The partial dif-
ferential equations of elasticity and hydrodynamics; irrotational flow of perfect fluids;
problems in linear elasticity; applications. 3 hrs. rec.

Mathematical Logic First semester, 12 units

Propositional calculus, intuitive treatment; Boolean logics; prepositional calculus, formal
treatment; logics with quantifiers; predicate calculus; mathematical models; consistency
and completeness; classes and types. 3 hrs. rec.

Probability Second semester, 12 units

Properties of Lebesgue-Stieltjes measures; axiomatic theory of probability; characteristic
functions, sequences of distributions, and general convergence theorems; weak and strong
laws of large numbers; problems of moments; central limit theorem; Markov chains;
Gram-Charlier and Edgeworth series; combinatorial problems. Prereq., S295, 5296, GS303.
3 hrs. rec.

Differential and Integral Equations  of MathematicalPhysicsI ~ First semester, 12 units
Differential and Integral Equations of MathematicalPhysicsII Second semester, 12 units
Mathematical theory of the linear partial differential and integral equations of mathematical
physics with examples and applications; classification of second order partial differential
equations; hyperbolic equations, characteristic curves and the Cauchy problem, the wave
equation; eigen-values; eigen-functions, and general Fourier expansions; Fourier and
Laplace transforms, the heat equation; elliptic equations and boundary value problems,
potential theory and harmonic functions, variational principles and methods; integral
equations of the first and second kind. 3 hrs. rec.

Partial Differential Equations I First semester, 12 units
Partial Differential Equations II Second semester, 12 units
Existence and uniqueness theorems for hyperbolic systems. Classical theory of linear equa-
tions including Riemann’s method, potential theory and fundamental solutions. A dis-
cussion of the Dirichlet problem and other boundary-value problems for elliptic equations.
An introduction to recent developments in the application of functional analysis to
partial differential equations. 3 hrs. rec.



GS317
GS318

GS319

GS321
GS322

GS325
GS326

GS327
GS328

GS331

GS332

GS345

GS355

GS356

GS361

GS371

GS374

Advanced Programming I First semester, 12 units
Advanced Programming IT Second semester, 12 units
Examples and analysis of the properties of representative programming languages; sym-

bolic methods for defining programming languages; techniques for constructing language

processors; systems and collections of programming languages; mathematical models of

programming languages. 3 hrs. rec.

The Calculus of Variations First semester, 12 units

First variation, Euler-Lagrange equations; free endpoint problems, isoperimetric problems;

geodesics; second variation, Legendre’s and Jacobi’s conditions; conjugate points, sufficient

conditions, Weirstrass” E-function; higher-dimensional problems; the Rayleigh-Ritz method;
Hamilton-Jacobi theory. 3 hrs. rec.

Elements of Topology I First semester, 12 units
Elements of Topology II Second semester, 12 units
Standard notions in point set topology; equivalence of the axiom of choice, the well-
ordering theorem, and Zorn’s lemma; Tychonoff theorem; Tietze extension theorem;
compactification and metrization by imbedding in a cube; topological groups and coset
spaces; characterization of finitely generated abelian groups by torsion and Betti numbers;
simplicial complexes; simplicial approximation theorem; chain complexes; universal
coefficient theorem; Brower fixed-point theorem; invariance of domain; degree of maps
of spheres and the fundamental theorem of algebra. 3 hrs. rec.

Algebraic Theories I First semester, 12 units
Algebraic Theories II Second semester, 12 units
Vectors and linear systems; determinants; linear transformations and matrices: the
characteristic equation, invariant factors and elementary divisors, similarity, canonical

forms, geometric applications. Group theory through the Sylow theorems; field theory,
polynomials, algebraic extension fields, Galois theory. 3 hrs. rec.

Algebraic Theories III First semester, 12 units

Algebraic Theories IV Second semester, 12 units
Euclidean rings, polynomial rings, ideals in commutative rings, principal ideal rings, the
decomposition of ideals. Theory of algebraic numbers: quadratic domains, the Gaussian
domain, the field of all algebraic numbers, integral algebraic numbers, discriminant, basis,
unique factorization of ideals. 3 hrs. rec.

Selected Topics in Geometry 12 units
3 hrs. rec. Offered when there is sufficient demand.

Selected Topics in Algebra 12 units
3 hrs. rec. Offered when there is sufficient demand.

Numerical Analysis and Methods First semester, 12 units

Numerical solutions of partial differential equations and integral equations, matrix
methods with application to systems of linear equations and linear inequalities, high
speed computing devices, punch-card computers, digital computers, analog computers.
3 hrs. rec.

Linear Vibrations First semester, 12 units
Free and forced vibrations of continuous systems: strings, beams, membranes, and plates.
Exact and various approximate solutions suchasRayleigh-Ritz, Weinstein, Method of
Finite Differences, Collocation, Galerkin, etc. 3 hrs. rec.

Nonlinear Vibrations Second semester, 12 units
Free and forced vibrations of systems withnonlinearrestoring  forces, with and without
damping. Graphical and geometrical methods, various analytical methods. Self-sustained
vibrations, subharmonic resonance. Stability of nonlinear vibrations. 3 hrs. rec.

Selected Topics in Hydrodynamics 12 units
3 hrs. rec. Offered when there is sufficient demand.

Selected Topics in Elasticity 12 units
3 hrs. rec. Offered when there is sufficient demand.

Theory of Linear Operators Second semester, 12 units
Topics from Hilbert spaces, Banachspaces, spectraltheory,operator algebra; with  applica-
tions. 3 hrs. rec.

1



GS375 Function Spaces 1 First semester, 12 units

GS376 Function Spaces II Second semester, 12 units
Review of Lebesgue integration and topology. Linear spaces; functionals; Hilbert space;
Banach space; bounded linear operators; spectral theory. Unbounded operators; integral
equations and other applications. 3 hrs. rec.

GS387 Qualifying Examination for the Degree of Doctor of Philosophy

GS388  Final Public Oral Examination for the Degree of Doctor of Philosophy

GS389  Graduate Seminar in Mathematics I First semester, units to be assigned
GS390 Graduate Seminar in Mathematics II Second semester, units to be assigned
GS391 Advanced Mathematical Statistics I First semester, 12 units
GS392 Advanced Mathematical Statistics II Second semester, 12 units

Sampling distributions; tests of goodness of fit; theory of estimation; general theory of
testing statistical hypotheses; topics in regression and analysis of variance, combinatorial
statistical theory. Prereq., S295, S296. 3 hrs. rec.

GS393 Normal Sampling Theory I First semester, 12 units

GS394 Normal Sampling Theory II Second semester, 12 units
Density functions and their properties; tests of hypotheses; properties of the normal and
allied distributions; the canonical test of linear hypotheses with applications to regression,
analysis of variance and covariance, systematic and randomized models; the relation be-
tween regression and correlation in normal distributions; correlation models and an in-
troduction to multivariate analysis. Prereq., S241, S295, S296. 3 hrs. rec.

GS395  Statistical Analysis I First semester, 12 units
GS396  Statistical Analysis II Second semester, 12 units

Sequential analysis; order statistics; rank correlation; non-parametric tests; study of
selected papers from current statistical literature; critical analysis of contributed problems.
Prereq., S295, S296. 3 hrs. rec.

GS397  Selected Topics in Statistics 12 units
3 hrs. rec. Offered when there is sufficient demand.

GS398 Reading and Research I Units to be assigned

GS399 Reading and Research II Units to be assigned

ADVANCED UNDERGRADUATE COURSES

The following are advanced undergraduate courses in the Department of Mathematics
that may be taken for graduate credit by graduate students, if approved by their depart-
ments.

S249 Combinatorial Analysis 9 units
S251 Differential Equations 9 units
S255 Advanced Calculus I 12 units
5256 Advanced Calculus II 12 units
S$259 Higher Mathematics for Engineering and Science Students I 9 units
$260 Higher Mathematics for Engineering and Science Students II 9 units
5265 Probability and Statistics I 9 units
5266 Probability and Statistics 1I 9 units
5267 Vector and Tensor Analysis 9 units
5268 Partial Differential Equations 9 units
S271 Functions of a Complex Variable 9 units
S272 Operational Calculus 9 units
S273 Modern Algebra I 12 units
5274 Modern Algebra II 12 units
S275 Fourier Series and Orthogonal Functions 9 units
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5281
5282
5287a
S287b
5289
5290
5291
5292

Hydrodynamics 9 units
Elasticity 9 units
Experimental Design I 9 units
Experimental Design II 9 units
Numerical and Graphical Analysis I 9 units
Numerical and Graphical Analysis II 9 units
Statistical Quality Control I 9 units
Statistical Quality Control II 9 units

DEPARTMENT OF MECHANICAL ENGINEERING

Milton Clayton Shaw, Head
John Fletcher Osterie, Associate Head

Professors Forstall, Osterie, and Shaw; Associate Professors Gaylord, Hinman, Hughes,
Rouleau, Stokey, and Weinstein; Visiting Associate Professor Peklenik; Assistant Profes-
sors Hawk, Hornbeck, and Johnson; Instructors McLennan, Murphy, and Walker.

GRADUATE COURSES

GE565
GE566

GE567
GE568

GE570

GE572

GE580

Advanced Strength of Materials I First semester, 8 units
Advanced Strength of Materials II Second semester, 8 units

Brief review of elementary strength of materials. Statically indeterminate problems in
bending; general case of bending; energy of strain; general expression for strain energy;
theorem of Castigliano and its application to statically indeterminate problems; the re-
ciprocal theorem and influence lines; theory of curved bars; bending of a curved bar out
of its plane of initial curvature; semi-infinite and finite beam on elastic foundations;
combined direct compression and lateral loaded beams; continuous struts; representation
of deflection curve by a trigonometrical series; elementary theory of thin plates; bending
of rectangular plates; local bending stresses in these vessels. Prereq., E517 or equivalent.
2 hrs. rec.

Advanced Strength of Materials III First semester, 8 units
Advanced Strength of Materials IV Second semester, 8 units
Lateral buckling of bars; energy method of calculating critical compressive loads; buckling
of latticed struts; buckling of circular rings and tubes under external pressure; buckling
of a circular arch; buckling of beams without lateral supports; thick wall cylinders;
torsion of shafts of non-circular cross section; membrane analogy; torsion of rolled
profile sections; torsional buckling of thin-walled compression members; combined bend-
ing and torsion of thin-walled members of open cross section; structures of perfectly
plastic materials ultimate strength of structures; pure bending of beams of material which
does not follow Hooke’s law; torsion beyond the elastic limit; mechanical properties of
materials; various strength theories. Prereq., E517, or equivalent. 2 hrs. rec. These subjects
may be taken before GE565 and GE566.

Nuclear Design of Power Reactor Cores Second semester, 9 units
A study of the engineering aspects of the nuclear design of power reactors, emphasizing
the use of digital computers. Those areas of nuclear design leading to quantities used in
other design fields (hot channel factors, lattice optimization, control requirements, etc.)
are stressed. Among the specific topics will be the solution of the neutron distribution
equation by various computer approximations, studies of reactivity and core loading, life-
time and fuel burnup, power distributions and control programming, and transients and
spatial oscillations. Prereq., S445, S446, or equivalent. 3 hrs. rec.

Thermal and Hydraulic Design of Power Reactor Cores Second semester, 9 units
This course is to introduce and analyze the thermal and hydraulic problems in design of
a nuclear reactor core. The problems related with two phase flow and boiling heat transfer
will be emphasized. Thermal and hydraulic design of a core atsteady state will be dis-
cussed. Transient analysis will be introduced. 3 hrs. rec.

Graduate Projects First and second semester, units to be assigned
Training in research: a series of investigations under the student’s initiative culminating
in comprehensive reports, with special emphasis on orderly presentation and effective
English composition. Participation in graduate seminar.



GE581

GE582

GE583

GE584

GE585

GE586

GE587

GE588
GE589
GE590

GE591
GE592

GE59%4

GE595
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Advanced Engineering Analysis I First semester, 12 units

An integration of the fundamental facts and principles of mathematics, physics, mechanics,
electric circuits, and thermodynamics, and their utilization in a rigorous training in methods
of analysis of engineering problems. The mathematical level attained includes ordinary
differential equations. 4 hrs. rec.

Advanced Engineering Analysis II Second semester, 12 units

Extension of GE581 to engineering problems involving distributed systems, especially in
the fields of thermal conduction and mechanical vibration. Formulation of partial differen-
tial equations and solution by analytical and numerical methods. Prereq., GE581; or E515,
or equivalent. 4 hrs. rec.

Engineering Elasticity First semester, 12 units

General analysis of stress and strain; equations of equilibrium and compatability; stress-
strain relations; two-dimensional stress problems; theory of unsymmetrical beams; torsion
of non-circular sections; elastic energy principles with application to indeterminate struc-
tures; thermoelastic problems; instability of columns and beam columns; introduction to
plate theory. 4 hrs. rec.

Dynamics of Machinery I Second semester, 12 units

A study of the principles of dynamics and kinematics in terms of their application to the
design and operation of machinery. Rigid body motion in systems with several degrees of
freedom; rotating and accelerating frames of reference; use of energy methods, and
Lagrange’s equations, as well as Newton’s laws in setting up equations of motion. Free and
forced vibrations; Fourier analysis of vibrations; vibration absorption and isolation; dynam-
ic forces and stresses; balancing, critical speeds, governors, and feedback systems. 4 hrs. rec.

Fluid Mechanics First semester, 12 units
Equations of continuity, momentum, and energy; kinematics of fluids; dynamics of non-
viscous fluids; viscous flow; Navier-Stokes equations; turbulence; boundary layer theory;
convention heat transfer; flow about immersed bodies and in closed conduits. 4 hrs. rec.

Thermodynamics Second semester, 12 units
Review of the first and second laws of thermodynamics. Introduction of the concepts of
entropy generation and dissipation with applications. Kinetic theory and an introduction to
statistical mechanics. The thermodynamics of coupled irreversibilities and applications to
direct energy conversion devices. The thermodynamics of reactive systems. 4 hrs. rec.

Heat Transfer First semester, 12 units

Primary consideration is given to topics in steady-state and transient conduction heat trans-
fer emphasizing techniques used in the solution of practical engineering problems. The
solutions of Bessel and Legendre equations together with the Laplace transforms are
utilized. Convection and radiation heat transfer are considered primarily from the view-
point of boundary conditions. 4 hrs. rec.

Qualifying Examination for the Degree of Doctor of Philosophy
Final Public Oral Examination for the Degree of Doctor of Philosophy

Research First and second semester, units to be assigned
Plasma Dynamics and Magnetohydrodynamics First semester, 12 units
Plasma Dynamics and Magnetohydrodynamics Second semester, 12 units

Study of the basic equations of magnetohydrodynamics with emphasis on the rigorous
development of electrodynamics. Flow of gases and viscous liquids and applications.
Magnetohydrodynamic waves, shocks, and acoustics. The Boltzmann equation and plasma
physics. Applications to fusion reactors. Study of confinement and stability. Prereq., per-
mission of the instructor. 4 hrs. rec.

Fluid Mechanics II Second semester, 12 units
Analysis of compressible flow in ducts with area change, friction, and heat transfer. Two-
dimensional compressible flow. Method of small perturbations. Compression shocks and
expansion waves. Method of characteristics. Prereq., GE585. 4 hrs. rec.

Dynamics of Machinery II First semester, 9 units
A study of selected topics in dynamics of machinery such as: three-dimensional motion,
gyroscopes, and gyroscopic effect in rotating disks; nonlinear systems; methods of analyzing
free and forced vibration of systems having many degrees of freedom such as beams, turbine
blades, and plates; mechanical servomechanisms. Prereq., GE584. 3 hrs. rec. and lab.



GE598 Engineering Plasticity Second semester, 9 units
A mathematical study of the theory andapplications ofideally plastic solids. Critical
examination of the limitations ofpresent theory indescribing materials. Applications to

mechanical testing methods, metal forming processes, structural collapse, and soil mechanics.
Prereq., GE583, or equivalent. 3 hrs. rec.

GE599 Nuclear Reactor Analysis First semester, 9 units

The equations of neutron transport and neutron slowing down are developed. These
equations are applied to problems of determining the spatial and energy distributions of
neutrons in non-multiplying and multiplying media. Also treated is the multiplication
constant for a homogeneous and/or a heterogeneous system, including the evaluation of
the thermal utilization, resonance escape probability, fast effects, and leakages. Other
special topics include reactor dynamics, control rod calculations, burnup and conversion,
and temperature coefficients of reactivity. Prereq., GS467, or S445, S446; S260. 3 hrs. rec.

ADVANCED UNDERGRADUATE COURSES

The following are advanced undergraduate courses in the Department of Mechanical
Engineering that may be taken for graduate credit by graduate students, if approved by
their departments.

E515 Engineering Analysis 12 units
E516 Viscous Fluids and Transfer Processes 9 units
E517 Stress Analysis 9 units
E519 Thermodynamics I 9 units
E520 Thermodynamics II 12 units
E531 Thermal Systems Analysis 12 units
E532 Servomechanisms and Control 9 units
E535 Dynamics of Machinery 9 units
E536 Mechanical Design 12 units
E538 Numerical and Energy Methods 9 units
E542 Potential Flow and Gas Dynamics 9 units
E544 Nuclear Reactor Analysis 9 units

DEPARTMENT OF METALLURGICAL ENGINEERING

Charles Law McCabe, Head
Richard Holland Lambert, Assistant Head

Professors Derge, McCabe, Paxton, Philbrook, and Pound; Associate Professors Horne,
Lambert, Mullins, and Shewmon; Assistant Professors Bauer, Camp, Mills, and Robinson.

GRADUATE COURSES

GE655  Metallurgical Problems First and second semester, units to be assigned

Individual problems, including laboratory, library, or design work with comprehensive
report on some specific phase of work in modern metallurgy.

GE658 Advanced Metallurgical Operations First semester, 8 units

Analysis of smelting and refining processes for evaluation of limiting factors; e.g., equili-
brium limitations, reagent supply, energy supply, kinetics or transport steps. Applications
to representative processes involving shaft, pneumatic, reverberatory and electric furnaces,
including recent industrial innovations and problems of devising mathematical models for
process simulation and control by computers. Prereq., undergraduate physical chemistry;
E622, E625 and E626, or equivalent in chemical or mechanical engineering courses and
industrial experience; S205 or computer experience desirable. 2 hrs. lec. Offered in
alternate years; offered in 1964-65. Professor Philbrook.

GE659 Heat Flow in Metallurgical Processes Second semester, 8 units

An engineering treatment emphasizing understanding and application rather than mathe-
matical derivation of solutions. Steady and unsteady conduction by analytical, numerical and
graphical methods; radiation, including complex geometry; and convection heat transfer.
Problems and applications in heating and quenching of metals, pyrometry and metallurgi-
cal furnaces and heat exchangers.Prereq., E622, orequivalent. 2 hrs. lec. Offered in
alternate years; offered in 1963-64. Professor Philbrook.
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GE661

GE663

GE674

GE675
GE681

GE682

GE683
GE684

GE687

GE688

46

Physical Chemistry of Metallurgical Reactions Second semester, 8 units

The application of physical chemistry and thermodynamics to a theoretical study of the
kinetics and equilibria involved in metal refining processes. Special attention is paid to
slag constitution and to the gas-liquid slag, and liquid metal-liquid slag reactions. Prereq.,
GS151, GS152; or equivalent. 2 hrs. lec. Offered in alternate years; offered in 1963-64.

Professor Derge.

Introduction to the Science of Process Metallurgy First semester, 8 units
This course deals principally with the use of thermodynamics and kinetic theory in under-
standing the behavior of systems of interest in process metallurgy. Topics not covered in
the basic courses in chemical thermodynamics but needed for this field, will be developed.
Emphasis is placed on building a sound scientific background for further study in process
metallurgy. Prereq., undergraduatephysical chemistry.  2hrs. lec. Offered in alternate
years; offered in 1964-65. Professor McCabe.

Crystallography First semester, 8 units
The essential aspects of space lattice theory including symmetry operators, point groups,
and Bravais lattices will be developed. The concept of the reciprocal lattice will be in-
troduced and used extensively throughout the course in dealing with various diffraction
phenomena and techniques. The physical theory of the diffraction of x-rays will be pre-
sented at a level sufficient for the understanding of the interference conditions, the mean-
ing of the atomic scattering factor, and various geometrical factors which determine the
intensities of diffracted beams. A discussion of those x-ray techniques most important to
metallurgists will be given. The theory of electron diffraction and electron diffraction
microscopy (i.e. transmission electronmicroscopy) will begiven. Prereq., B.S. in engi-

neering or science. 2 hrs. lec. Professor Robinson

Seminar First and second semester

Review by graduate students of recent articles in the metallurgical field Open to all
students registered in graduate studies. 1 hr.

Thesis First and second semester, units to be assigned

Diffusion in Solids First semester, 8 units

Solutions to diffusion equations for various problems. Atomistic approach to diffusion.
Detailed discussion of diffusion in alloys. Special topics: surface diffusion, diffusion in
ionic materials and oxidation, liquid diffusion. Prereq. B.S. in metallurgy, chemistry, or
physics; one mathematics course past integral calculus recommended. 2 hrs. lec.

Professor Shewmon.

Introduction to the Kinetics of Phase Transformations Second semester, 8 units
Introduction to rate theory; kinetics of nucleation and growth reactions in vapor-liquid,
vapor-solid, liquid-solid, and solid-solid phase changes; applications of rate theory to
other metallurgical phenomena such as diffusion and dislocation motion. Prereq., GS151,

or equivalent; GS152, or concurrently. 2 hrs. lec. Professor Pound.
Reactions in the Solid State I First semester, 8 units
Reactions in the Solid State II Second semester, 8 units

Factors influencing stability of phases as a function of composition, temperature, pressure,
nucleation in solids. Rate of growth of one phase into another. Typical morphologies and
their origin. Selected examples of different types of solid-solid reaction as typified by the
formation of austenite and its decomposition.Precipitation from solid solution and its
effect on properties. Recovery, recrystallizationand graingrowth. The approach is pri-

marily theoretical rather than descriptive; a substantial amount of reading will be assigned
to familiarize the student with the observations to be discussed. Prereq., undergraduate
course in metallography and/or physical metallurgy recommended; GE682; GS151; GS152.
2 hrs. lec. Professor Paxton.

Mechanics of Deformable Solids Second semester, 8 units

Analysis of stress, strain; Hooke’s law for homogeneous isotropic solids and crystalline
solids; equations of equilibrium and compatibility; vibrations; introduction to mathemati-
cal plasticity; anelasticity; creep. Prereq., S259. 2 hrs. lec. Professor Horne.

Dislocations in Crystals First semester, 8 units

The fine structure of plastic deformation of crystals; treatment of full and imperfect static
dislocations, geometry, stresses, strains; treatment of moving dislocations; origin of dis-
locations; applications to yielding, work hardening, fracture, creep, internal friction.
Prereq., GE687. 2 hrs. lec. Professor Mullins.



GE689
GE690

GE691
GE692
GE693

GE695

Theory of the Properties of Solids I First semester, 8 units
Theory of the Properties of Solids II Second semester, 8 units

An introduction to the principles andapplications ofquantummechanics. Exact and ap-

proximate solutions to the Schrodinger equation arediscussed for various physical systems.
The results are then used to understand the theory of the properties of solids. Among
the topics discussed are: the free electron approximation, Brillouin zones, cohesion, wave
propagation in lattices, specific heat, elastic constants, compressibility, thermal expansion,
thermoelectricity, electrical and thermal conductivity, optical properties, semi-conduction,
magnetism, and superconductivity. Prereq., $259, $260. 2 hrs. lec. Professor Bauer.

Qualifying Examination for the Degree of Doctor of Philosophy
Final Public Oral Examination for the Degree of Doctor of Philosophy

Mathematical Analysis in Materials Research Second semester, 8 units

A course dealing with the advanced methods of applied mathematical analysis that are
particularly important in metallurgical reasearch. Emphasis will be on practical problems.
Topics include solutions of the heat flow or diffusionequation by means of Fourier

transforms, Laplace transforms, and Green’s functions; the calculus of variations with
applications to capillary theory and nucleation theory; the theory of probability with ap-
plications to random walk (biased and unbiased), statistical mechanical fluctuations,
quantitative metallography and atomistic relaxation processes; matrix theory with applica-
tions to crystalline anisotropy, crystalline geometry, stress analysis. Other topics such as
topological aspects of metal ogragﬁ , dimensional analysis, etc. may be included depending
on class interest. Prereq., 5259, 5260, GS451, GE681. 2 hrs. lec. Professor Mullins.

Selected Topics in the Thermodynamics of Solids Second semester, 8 units

An advanced course on the thermodynamics of solids with particular emphasis on alloys,

(a) Statistical thermodynamics of solids; (b) effects of a general state of stress on

thermodynamic quantities; and (c) capillarity of solids. Prereq., GS151. 2 hrs. lec.
Professor Pound.

ADVANCED UNDERGRADUATE COURSES
The following are advanced undergraduate courses in the Department of Metallurgi-
cal Engineering that may be taken for graduate credit by graduate students, if approved

by their department.

E622
E625
E626
E633
E634
E642
E643
E644

Engineering Principles of Process Metallurgy 12 units
Process Design I 9 units
Process Design II 9 units
Mechanical Metallurgy I 9 units
Mechanical Metallurgy II 9 units
Advanced Physical Metallurgy 6 units
Metallography I 9 units
Metallography II 9 units

DEPARTMENT OF PHYSICS

Julius Ashkin, Head

Emerson Martindale Pugh, Associate Head

Professors Ashkin, Cutkosky, DeBenedetti, Fox, Friedberg, Pugh, Sutton and Wolfenstein;
Associate Professors Baranger, Engler, Hinman, Schumacher, and Siegel; Visiting Associate
Professor Oguchi; Assistant Professors Dreesen, Edelstein, Fetkovich, Jha, Kabir, Lang,
Langer, Nadelhaft, Sorensen, Wiegand, and Young; Visiting Assistant Professor Jones;
Lecturers Prine and Williamson; Instructors Berger, Hetherington, Ingalls, Schriempf,
VanderVen, and Zettler-Seidel.

GRADUATE COURSES

GS450
GS451

Qualifying Examination for the Degree of Doctor of Philosophy

Classical Physics I First semester, 12 units

Mechanics and electromagnetism. Vectors; Newton’s laws of motion; mechanics of mass
points and of systems; conservation laws; Lagrange’s equations; small vibrations; me-
chanics of rigid bodies; gyroscopes. Fundamental experiments of electromagnetism and
their description by Maxwell’s equations in integral form; Maxwell’s equations; electro-
magnetic waves, reflection, and refraction; scalar and vector potentials. Radiation. Prereq.,
differential equations; also desirable: S255, S256; S259, S260; or S269, S270. 4 hrs. lec.
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Classical Physics II Second semester, 12 units

Thermodynamics and mechanics of continuous media. First and second law of thermody-
namics; equations of state; phase transitions; chemical potentials; elements of statistical
mechanics. Fundamental concepts of elasticity and hydrodynamics. Prereq., differential
equations; also desirable: S255, S266; S259, S260; or S270. 4 hrs. lec.

Quantum Theory of Matter I First semester, 12 units
Quantum Theory of Matter II Second semester, 12 units

A course primarily for non-physics students in the quantum theory of matter emphasizing
applications to solid state physics and providing the background necessary for advanced
study in this field (see for example GS483). The basic experiments of atomic physics are
reviewed and the inadequacies of classical and old quantum theories discussed. The princi-
ples of wave mechanics are introduced. Schrodingers equation is solved for such simple
systems as the particle in a box, the harmonic oscillator, and the hydrogen atom including
electron spin. Perturbation theory and other approximate methods are developed and
employed in the treatment of complex atoms, emission and absorption of radiation, mole-
cular binding, etc. The elements of quantum statistical mechanics are introduced as a basis
for the treatment of large aggregates of electrons, quanta, and atoms. The above tech-
niques are then applied to various problems in the physics of solids. Among the topics
discussed are: the classification of solid types; specific heats; free electron model of metals;
elementary band description of insulators, semi-conductors, and metals; semi-conductor
behavior; and magnetic properties of solids. When possible, recent practical developments
in solid state physics will be described. Prereq., bachelor’s degree in science or engineering;
differential equations. 4 hrs. lec.

Quantum Mechanics 1 First semester, 12 units
Quantum Mechanics II Second semester, 12 units
Dual nature of matter and of light; Schrodinger’s equation and its application to simple
systems such as the harmonic oscillator and the hydrogen atom; uncertainty principle;
Hermitian operators; physical interpretation of the wave function and the operators. Time-
independent and time-dependent perturbation theory. General theory of spin and angular
momentum. Systems of identical particles. Variational method, helium atom, complex
atoms, simple molecules. Interaction of atoms and radiation. Prereq., S446; S260 or S256.
3 hrs. lec.

Classical Mechanics First semester, 12 units

Detailed treatment of classical mechanics with emphasis on aspects of modern interest,
especially as an introduction to quantum mechanics. Applications of Lagrange’s equations,
small oscillations, scattering, rigid body motion, and Hamilton’s equations. Introduction
to relativistic mechanics. Prereq., S436; S260 or S256. 3 hrs. lec.

Special Topics in Classical Mechanics Second semester, 12 units

More advanced topics in classical mechanics will be covered including canonical transforma-
tions, Hamilton-Jacobi theory, approximation methods. Special topics such as hydrodynam-
ics, relativity, etc. may be emphasized in different years. Prereq., GS457. 3 hrs. lec.

Introduction to Theoretical Physics I First semester, 12 units
Introduction to Theoretical Physics IT Second semester, 12 units

An introduction to the methods of mathematical analysis in use in present day physics,
with particular emphasis on differential equations. Throughout the course numerous prob-
lems involving vibrations and wave propagation, transport phenomena, and potenital
theory serve as the starting points for extensive applications of these methods of analysis.
Topics which are studied and applied to the solution of differential equations are as
follows: complex variables and analytic functions; Fourier series and integrals; matrices;
separation of variables; series solutions; orthogonal systems of functions; Green’s func-
tions; and approximation methods. The mathematical formulation of physical problems,
involving boundary conditions and approximations appropriate to the physical situations,
are stressed. Prereq., S438; advanced calculus: S255, S256, or S259, S260; or consent of
instructor. 3 hrs. lec. and rec

Advanced Electricity and Magnetism I First semester, 12 units
Advanced Electricity and Magnetism II Second semester, 12 units
Emphasis is placed upon the solution of problems. The topics discussed include potential
theory and the solution of Laplace’s equation; the calculation of forces and torques in the
electromagnetic field; the rigorous development of Maxwell’s equations; the propagation
of free and guided electromagnetic waves; retarded potentials; radiation theory; field
of a moving charge; electron theory of the dielectric constant. Prereq., S438, GS459 (may
be taken simultaneously). 3 hrs. lec.



GS5465

GS466

GS467

GS468

GS469

GS470

GS476

GS479

GS480

Statistical Mechanics First semester, 12 units

Develops methods for calculating from microscopic models the observable properties of
macroscopic systems in thermodynamic equilibrium. Systems of weakly interacting elements,
distinguishable and indistinguishable, are treated in detail by the methods of the most
probable distribution and mean values. Illustrative systems discussed include ideal gases
in the classical and quantum degenerate limits, ideal paramagnets, simple crystals, photons,
etc. The general theory of ensembles is then developed classically and quantum mechani-
cally to permit treatment of systems of interacting elements. Topics receiving emphasis
include the density matrix, the grand canonical ensemble, and fluctuations. The methods
are applied to real gases, ferromagnets, and other cooperative systems. Prereq. S441,
GS456, GS457. 3 hrs. lec.

Special Topics in Statistical Mechanics Second semester, 12 units

A course devoted to further applications of the methods developed in GS465, more
detailed consideration of the foundations of these methods, and attempts at the treatment
of systems not in equilibrium. Topics discussed may be drawn from the areas of real
gas theory, cooperative behavior and magnetism, fluctuations and noise, irreversible
thermodynamics, transport theory, etc. Prereq., GS465. 3 hrs. lec. Offered when there is
sufficient demand.

Atomic and Nuclear Physics First or second semester, 9 units

A course directed towards non-physics students as a background for courses on nuclear
reactors. Topics covered include: properties of atoms and nuclei; collision problems in
center of mass and laboratory coordinate systems; elementary statistical mechanics and
kinetic theory including Maxwell’s distribution law; quantum effects on an atomic scale
including the Bohr theory of the atom; general properties of the nucleus, such as size,
binding energy, stability, and nuclear energy levels; interaction of charged particles and
radiation with matter; nuclear reactions; radioactivity. Prereq., consent of instructor. 3 hrs.
lec.

Experiments in Nuclear and Neutron Physics First or second semester, 6 units

The course emphasizes basic laboratory techniques for making measurements on nuclear
radiations. Measurements are carried out on the characteristics of alpha, beta, and gamma
rays. Several experiments deal with the properties of neutrons and neutron multiplying
media. Principles of radiation protection are also stressed. Prereq. S444 or equivalent,
GS467. 1 hr lec., 3 hrs. lab.

Quantum Mechanics III First semester, 12 units

A further development of non-relativistic quantum mechanics with emphasis on scattering
theory. Introduction to relativistic quantum mechanics, Dirac equation. Prereq., GS456,
GS457. 3 hrs. lec.

Quantum Mechanics IV Second semester, 12 units

Introduction to quantum field theory with applications to the many-body problem, radi-
ation theory, electron scattering, Lamb shift. Further work on transformation theory, in-
variance principles, formal scattering theory, and the Dirac equation may also be included.
Prereq., GS469. 3 hrs lec.

Modern Experimental Techniques Second semester, 6 to 12 units

Survey of the experimental methods used in modern physical laboratories. The student
will gain experience in the techniques used in nuclear, low-temperature, and solid state
physics research. 3 hrs. lab.

Nuclear Physics I First semester, 12 units

A course on low energy nuclear physics with particular stress on nuclear interactions. The
topics include the following: nuclear forces; the deuteron; review of nuclear models; the
scattering of nucleons; emission and absorption of gamma rays; and nuclear reactors.
Prereq., GS469, or concurrently. 3 hrs. lec.

Nuclear Physics IT Second semester, 12 units

A course in high energy and relativistic nuclear physics covering: review of theoretical
methods; pi mesons; beta decay; weak interactions of pi and mu mesons; and strange
particles. Prereq., GS470, or concurrently; GS479. 3 hrs. lec.

49



GS481
GS482

GS483
GS484

GS485
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GS494

GS495
GS496

Advanced Nuclear Theory I First semester, 12 units
Advanced Nuclear Theory II Second semester, 12 units

The topics covered will vary from time to time depending on current interest. The course
is primarily intended for those who have had quantum mechanics and nuclear physics.
The topics may include the following: nuclear forces; shell model, nuclear many-body
problem; scattering; beta theory; nuclear reactions; high energy processes; cosmic rays;
and elementary particles. 3 hrs. lec. Offered when there is sufficient demand.

Theory of Solids I First semester, 12 units
Theory of Solids II Second semester, 12 units

This course is designed to give advanced graduate students a fundamental knowledge of
the macroscopic properties of solids in terms of molecular and atomic theory. Modern
electronic theory of metals, semi-conductors and insulators. Free electron model, energy
bands, electrical conduction, magnetism. Different special topics may be covered in the
second semester. Prereq., GS456. 3 hrs. lec.

Special Topics in Solid State Physics First or second semester, 12 units

Various topics of current interest in solid state physics will be included. Among these
may be the theory of magnetic properties of solids, superconductivity, magnetic resonance,
or defects in solids. 3 hrs. lec. Offered when there is sufficient demand.

Introduction to Solid State Physics I First semester, 6 units
Introduction to Solid State Physics II Second semester, 6 units

A course intended to give a short account of representative aspects of the physics of solids
and, whenever possible, to give a discussion of recent practical applications. The ele-
mentary theory of well developed models of solids will be stressed. Quantum mechanical
and statistical mechanical concepts and techniques will be introduced as required in the
treatment of the subject matter. Topics dealt with include: crystal structures; elastic,
thermal, and dielectric properties; free electron model of metals; band theory and
Brillouin zones; semi-conductors; interaction of radiation with solids; special topics.
Prereq., bachelor’s degree in science or engineering. 2 hrs. lec. Offered when there is
sufficient demand.

Quantum Field Theory I First semester, 12 units
Quantum Field Theory II Second semester, 12 units

The subject of quantum field theory is developed in detail beyond the introduction pro-
vided by GS470. 3 hrs. lec. Offered when there is sufficient demand.

Special Topics in Quantum Mechanicsl First semester, 12 units
Special Topics in Quantum MechanicsII Second semester, 12 units

This course deals with different topics of current interest relating to the foundations or
applications of quantum theory. Different topics will be covered in different years. Among
the subjects might be the many-body problems, dispersion relations, or elementary particles.
3 hrs. lec. Offered when there is sufficient demand.

Supervised Reading First and second semester, units to be assigned

Designed to give the graduate student in physics an opportunity to do investigation in
fields not covered in regular courses. Each student admitted will have a weekly con-
ference with the faculty member supervising his reading. Usually offered every year.

Colloquium First and second semester

Weekly meeting for the discussion of current problems of physics. Open to graduate
students and others interested. 1 hr. lec. alternate weeks.

Graduate Seminar First semester
Graduate Seminar Second semester

Primarily for advanced graduate students. The subject to be chosen from the fields of
thermodynamics, kinetic theory, or quantum physics. 2 hrs.



GS497

GS498

GS499

ADVANCED UNDERGRADUATE COURSES

Graduate Laboratory

First and second semester, units to be assigned

This course offers qualified graduate students opportunity to gain first-hand research ex-
perience by assisting in research conducted by staff members. 6 units minimum each
semester except with special permission. Approximately one unit for each hour per week

spent in the laboratories.

Thesis Research

Final Public Oral Examination for the Degree of Doctor of Philosophy

First and second semester, units to be assigned
Only graduate students accepted as candidates for the doctorate may enroll.

The following are advanced undergraduate courses in the Department of Physics
that may be taken for graduate credit by graduate students, if approved by their depart-

ment.

5436
5437
5438
5441
5442
5443
S444
5445
5446
5449

Physical Mechanics

Electricity and Magnetism
Electricity and Magnetism
Thermodynamics

Chemical Physics and Solids
Optics

Introduction to Nuclear Physics
Atomic Physics

Atomic Physics

Physical Electronics

10 units
12 units
9 units
9 units
9 units
12 units
9 units
9 units
9 units
12 units
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TR USTETES A N D O FFICERS

BOARD OF TRUSTEES

JAMES M. BOVARD, Chairman

ROY A. HUNT, Vice Chairman
FREDERICK G. BLACKBURN, Treasurer
RAYMOND E. PARSHALL, Secretary

LIFE TRUSTEES

FRANK E. AGNEW, JR., President, Pittsburgh National Bank

JAMES H. BEAL, Attorney, Reed, Smith, Shaw & McClay

FREDERICK G. BLACKBURN, President, Tremarco Corporation; formerly Vice President,
Mellon National Bank and Trust Company

WALTER J. BLENKO, Attorney, Blenko, Hoopes, Leonard & Buell

FREDERICK S. BLOOM, President, Bloom Engineering Company, Inc.

ARTHUR E. BRAUN, formerly Chairman of the Board, Farmers Deposit National Bank of Pittsburgh

SAMUEL B. CASEY, Chairman of the Board, John F. Casey Company

FRED C. FOY, Chairman of the Board, Koppers Company, Inc.

H.J. HEINZ, I, Chairman of the Board, H. J. Heinz Company

ROY A. HUNT, Chairman, Executive Committee, Aluminum Company of America

JOHN F. LABOON, formerly Executive Director and Chief Engineer, Allegheny County Sanitary Authority

LOUIS C. LUSTENBERGER, President, W. T. Grant Company

PARK H. M ARTIN, Secretary of Highways, Commonwealth of Pennsylvania

JOHN A. MAYER, President, Mellon National Bank and Trust Company

RICHARD K. MELLON, Chairman of the Board, Mellon National Bank and Trust Company; Governor and
President, T. Mellon and Sons

LEONARD S. MUDGE, Director, Pittsburgh National Bank

WILLIAM R. OLIVER, Assistant Treasurer, Jones & Laughlin Steel Corporation

CHARLES J. ROSENBLOOM, President, Rosenbloom Finance Corporation

SIDNEY A. SWENSRUD

JOHN F.WALTON, JR., Governor, T. Mellon and Sons

RAYMOND J. WEAN, President, Wean Engineering Company, Inc.

FREDERIC G. WEIR, Judge, Court of Common Pleas

LLOYD E.YODER, Vice President and General Manager, National Broadcasting Company, Inc.

EMERITUS LIFE TRUSTEES

JAMES F. HILLM AN, President, Harmon Creek Coal Corporation
DAVID L. LAWRENCE, Governor, Commonwealth of Pennsylvania
A. L. WOLK, Judge, Orphans’ Court

Ex 0 rricio TRUSTEES

JOSEPH M. BARR, The Mayor of the City of Pittsburgh

JAMES M. BOVARD, President, Carnegie Institute

PATRICK T. FAGAN, President of the Council of the City of Pittsburgh
J. C. WARNER, President, Carnegie Institute of Technology



SPECIAL TERM TRUSTEES

Terms Expire in 1963

CHAMP CARRY, President, Pullman Incorporated
STEPHEN M. JENKS, Executive Vice President, United States Steel Corporation
GEORGE A. ROBERTS, President, Vanadium-Alloys Steel Company

Terms Expire in 1964

MARK W CRESAP, Jr., President, Westinghouse Electric Corporation
MORRIS NIELSEN, President, The Babcock-Wilcox Company
JOHN C.VIRDEN, Chairman of the Board and President, Eaton Manufacturing Company

Terms Expire in 1965

CHARLES M. BEEGHLY, President, Jones & Laughlin Steel Corporation
ERNEST D. BROCKETT, President, Gulf Oil Corporation
LAWRENCE LITCHFIELD, Jr., President, Aluminum Company of America

ALUMNITRUSTEES

Terms Expire in 1963

FRANKLIN H. ALLISON, Jr., Vice President, Blaw-Knox Company
DONALD L. PUTT, President, Institute of Aeronautical Services and United Technology Corporation
JOHN E. SWEARINGEN, President, Standard Oil Company of Indiana

Terms Expire in 1964

ALFRED S.ANDREWS, President, Andrews, Bartlett and Associates, Inc.
LOGAN T.JOHNSTON, President, Armco Steel Corporation

Terms Expire in 1965

EDWIN R. BRODEN, President and Chairman of the Board, SKF Industries, Incorporated
ROBERT A. CHARPIE, Manager of Advanced Development, Union Carbide Corporation
W WARD POWELL, Vice President, Mesta Machine Company

ADMINISTRATIVE OFFICERS

JOHN CHRISTIAN WARNER, President

HARRY RUSSELL BINTZER, Vice President for Development
RICHARD DEHNE STRATHM EYER, Vice President for Business Affairs
GEORGE KENNETH BROWN, Dean, Division of Student Affairs

GLEN URIEL CLEETON, Dean, Division of Humanities and Social Sciences;
Dean, School of Printing Management

RICHARD MICHAEL CYERT, Dean, Graduate School of Industrial Administration, William Larimer Mellon,
Pounder

KENNETH HAROLD FAGERHAUGH, Librarian, The Hunt Library
GEORGE HILL MATHEWSON LAWRENCE, Director, Rachel McMasters Miller Hunt Botanical Library
NORMAN LEWIS RICE, Dean, College of Fine Arts
EDWARD RALPH SCHATZ, Dean of Research
ERWIN RAY STEINBERG, Dean, Margaret Morrison Carnegie College
BENJAMIN RICHARD TEARE, JR., Dean, College of Engineering and Science
JOHN ROYSTON COLEMAN, Dean Elect, Division of Humanities and Social Sciences
ROBERTJOSEPH KIBBEE, Assistant to the President for Planning
RAYMOND EDWARD PARSHALL, Assistant to the President; Secretary, Executive Board



JOHN CHRISTIAN WARNER, President
A.B.,, AM,, Ph.D,, Indiana University; D.Sc. (Hon.), Northeastern University; D.Sc.(Hon.),
Indiana University; D.Sc. (Hon.), University of Maryland; D.Sc. (Hon.), Bucknell University;
LL.D. (Hon.), University of Pittsburgh; D.Sc. (Hon.), Worcester Polytechnic Institute;
L.H.D. (Hon.), Youngstown University; D.Eng. (Hon.), University of Toledo. Carnegie,
1926—.

HARRY RUSSELL BINTZER, Vice President for Development
B.S., M.S., Drexel Institute of Technology. Carnegie, 1957 — .

EDWARD RALPH SCHATZ, Dean of Research; Professor of Electrical Engineering
B.S., M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1946 — .

RICHARD DEHNE STRATHMEYER, Vice President for Business Affairs
B.S., Drexel Institute of Technology. Carnegie, 1961 — .

COLLEGE OF ENGINEERING AND SCIENCE
General Officers

BENJAMIN RICHARD TEARE, Jr., Dean of the College of Engineering and Science
B.S., M.S., University of Wisconsin; D.Eng., Yale University. Carnegie, 1939 —.

CHARLES LAW MCcCABE, Associate Dean— Graduate Studies of the College of Engineering and
Science
B.S., Dickinson College; M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1951—.

LAWRENCE NICHOLAS CANJAR, Associate Dean of the College of Engineering and Science
B.S., M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1950 — .

RICHARD ALBERT WELLS, Assistant Dean for Freshinan, College of Engineering and Science
A.B., M.A,, Oberlin College. Carnegie, 1945 — .

Heads of Departments

JULIUS ASHKIN, Professor of Physics; Head of Department of Physics
A.B., A\M., Ph.D., Columbia University. Carnegie, 1950 — .

ROBERT BURNELL CARLIN, Becker Professor of Organic Chemistry; Head of Departtnent of
Chemistry
B.Chem., Ph.D., University of Minnesota. Carnegie, 1946 — .

CHARLES LAW MCcCABE, Professor of Metallurgical Engineering; Head of Department of Metal-
lurgical Engineering; Director of Metals Research Laboratory
B.S., Dickinson College; M.S., D.Sc., Carnegie Insitute of Technology. Carnegie, 1951—.

CARL CORYDON MONRAD, PPG Chemical Division Research Professor of Chemical Engineering;
Head of Department of Chemical Engineering
B.S., M.S., Ph.D., University of Michigan. Carnegie, 1937 — .

ALAN JAY PERLIS, Professor of Mathematics; Head of Department of Mathematics; Director of
the Computation Center
B.S., Carnegie Institute of Technology; M.S., Ph.D., Massachusetts Institute of Technology.

Carnegie, 1956 — .

MILTON CLAYTON SHAW, Professor of Mechanical Engineering; Head of Departtnent of Me-
chanical Engineering
B.S. in M.E., Drexel Institute of Technology; M.Eng.Sc., Sc.D., University of Cincinnati.
Carnegie, 1961— .

THOMAS EUGENE STELSON, ALCOA Professor of Civil Engineering; Head of Department of

Civil Engineering
B.S., M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1952 — .
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EVERARD MOTT WILLIAMS, Professor of Electrical Engineering; Head of Departmment of Electri-
cal Engineering
B.E., Ph.D., Yale University. Carnegie, 1945— .

Committee on Graduate Degrees

PROFESSOR C. L. McCABE, Chairman

PROFESSOR D. T. MAUNDER, Biological Sciences; PROFESSOR C. C. MONRAD, Chemical
Engineering; PROFESSOR R. B. CARLIN, Chemistry; PROFESSOR T. E. STELSON, Civil Engi-
neering; PROFESSOR E. M. WILLIAMS, Electrical Engineering; PROFESSOR A. J. PERLIS,
Mathematics; PROFESSOR M. C. SHAW, Mechanical Engineering; PROFESSOR C. L. McCABE,
Metallurgical Engineering; PROFESSOR J. ASHKIN, Physics.

EX OFFICIIS: PRESIDENT J. C. WARNER; DEANS E. R. SCHATZ, AND B. R. TEARE;
PROFESSOR P. L. SOUTHWICK, Chairman, Engineering and Science Faculty; PROFESSOR T. AU,
Chairman-Elect, Engineering and Science Faculty.

FULL TIME FACULTY 1962-1963
College of Engineering and Science

FRANK EARL ACKER, Instructor in Electrical Engineering
B.S., M.S., Carnegie Institute of Technology. Carnegie, 1962— .

ROBERT BROWN ANDERSON, Assistant Professor of Civil Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1960 — .

STANLEY WOLFF ANGRIST, Assistant Professor of Mechanical Engineering
B.S., Texas Agricultural and Mechanical College; M.Sc.,, Ph.D., Ohio State University.
Carnegie, 1962 — .

JULIUS ASHKIN, Professor of Physics; Head of Department of Physics
A.B., AM,, Ph.D., Columbia University. Carnegie, 1950 — .

TUNG AU, Associate Professor of Civil Engineering
B.S. in C.E.,, St. Johns University, China; M.S., Ph.D., University of Illinois; M.S.E.,
University of Michigan. Carnegie, 1957 —.

MICHEL BARANGER, Associate Professor of Physics

Agrégation Sciences Physiques, Ecole Normale Supérieure, France; Ph.D., Cornell University.
Carnegie, 1956 — .

CHARLES LLOYD BAUER, Assistant Professor of Metallurgical Engineering
B.Met.E., Rensselaer Polytechnic Institute; ML.E., Dr.E., Yale University. Carnegie, 1961 — .

LUC BERGER, Instructor in Physics
B.S., Ph.D., University of Lausanne, Switzerland. Carnegie, 1960 — .

DAVID MICHAEL BISHOP, Assistant Professor of Chemistry
B.Sc., Ph.D., University College of London, England. Carnegie, 1960 — .

GEORGE BUGLIARELLO, Assistant Professor of Civil Engineering
Dr. Ing.,, University of Padua, Italy; M.S., University of Minnesota; Sc.D., Massachusetts
Institute of Technology. Carnegie, 1959 — .

DAVID THOMAS CAMP, Instructor in Metallurgical Engineering
B.S., M.S., Carnegie Institute of Technology. Carnegie, 1962 — .

LAWRENCE NICHOLAS CANJAR, Professor of Chemical Engineering; Associate Dean of the
College of Engineering and Science
B.S., M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1950— .

ALBERT ALEXANDER CARETTO, Jr., Assistant Professor of Chemistry
B.S., Rensselaer Polytechnic Institute; Ph.D., University of Rochester. Carnegie, 1959— .

ROBERT BURNELL CARLIN, Becker Professor of Organic Chemistry; Head of Department of
Chemistry
B.Chem., Ph.D., University of Minnesota. Carnegie, 1946 — .

CHARLES VERNON COFFMAN, Assistant Professor of Mathematics
B.E.S., Johns Hopkins University. Carnegie, 1962 — .
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ALLAN KENNEDY COLTER, Assistant Professor of Chemistry
B.Sc., University of Alberta, Canada; Ph.D., University of California at Los Angeles.
Carnegie, 1957 —.

ALVIN OMAR CONVERSE, Assistant Professor of Chemical Engineering
B.S., Lehigh Univerity; M.Ch.E.,, Ph.D., University of Delaware. Carnegie, 1960 — .

RICHARD EDWIN CUTKOSKY, Professor of Physics
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1954— .

ELIO D’APPOLONIA, Lecturer in Civil Engineering
B.S., M.S., University of Alberta, Canada; Ph.D., University of Illinois. Carnegie, 1948—.

SERGIO DeBENEDETTI, Professor of Physics
Ph.D., University of Florence, Italy. Carnegie, 1949 — .

MORRIS HERMAN DeGROOT, Assistant Professor of Mathematics
B.S., Roosevelt University; M.S., Ph.D., University of Chicago. Carnegie, 1957 — .

GERHARD JULIUS DERGE, Jones and Laughlin Professor of Metallurgical Engineering
A.B., Amherst College; M.A., Ph.D., Princeton University. Carnegie, 1934 — .

ANTHONY MICHAEL DiGIOIA, |t., Lecturer in Civil Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1960 — .

CLARA JANE DOUGLAS, Associate Professor of Chemistry
A.B., Randolph-Macon Women's College; M.S., University of Chicago. Carnegie, 1927 — .

JAMES ALEXANDER DREESEN, Assistant Professor of Physics
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1959 — .

RICHARD JAMES DUFFIN, Professor of Mathematics
B.S., Ph.D., University of Illinois. Carnegie, 1946 — .

RICHARD M. EDELSTEIN, Assistant Professor of Physics
B.A., Pomona College; Ph.D., Columbia University. Carnegie, 1960 — .

FRANK OSCAR ELLISON, Assistant Professor of Chemistry
B.S., Creighton University; Ph.D., Iowa State College. Carnegie, 1953 — .

ARNOLD ENGLER, Associate Professor of Physics
Ph.D., University of Berne, Switzerland. Carnegie, 1962— .

KURT FEHRLE, Assistant Professor of Electrical Engineering
Dipl. Ing., Dr. Ing., Technische Hochschule Stuttgart, Germany. Carnegie, 1962— .

JAMES MICHAEL FELDMAN, Assistant Professor of Electrical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1960 — .

JOHN GABRIEL FETKOVICH, Assistant Professor of Physics
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1959 — .

DONALD LEE FEUCHT, Assistant Professor of Electrical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1958 — .

LEO ALDO FINZI, Buhl Professor of Electrical Engineering
M.E.E.,, Naples University, Italy; Dr. Ing., Institute of Technology of Aachen, Germany.
Carnegie, 1946 — .

WALTON FORSTALL, Professor of Mechanical Engineering; George Tallman Ladd Professor of

Engineering
B.S., M.S., MLE., Lehigh University; Sc.D., Massachusetts Institute of Technology. Carnegie,

1949—.

*JOHN GASTON FOX, Professor of Physics
B.Sc.,, M.Sc., University of Saskatchewan, Canada; Ph.D., Princeton University. Carnegie,

1946 —.

SIMEON ADLOW FRIEDBERG, Professor of Physics
A.B., Harvard University; M.S.,, D.Sc., Carnegie Institute of Technology. Carnegie, 1953 — .

JAMES PAUL FUGASSI, Silliman Professor of Chemistry; Director of Coal Research Laboratory
B.S., M.S., Carnegie Institute of Technology; Ph.D., University of Wisconsin. Carnegie,

1935—.
*On leave of absence, 1962-1963.
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EBER WILLIAM GAYLORD, Associate Professor of Mechanical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1952 — .

SOMESHWAR C. GUPTA, Assistant Professor of Electrical Engineering
B.A., M.A., Punjab University, India; B.Sc., University of Glasgow, Scotland; M.S., Ph.D.,
University of California at Berkeley. Carnegie, 1962 — .

MINOR CLYDE HAWK, Assistant Professor of Mechanical Engineering
B.S., California State Teachers College; M.Ed., University of Pittsburgh. Carnegie, 1952— .

LOREN GEORGE HEPLER, Associate Professor of Chemistry
B.S., University of Kansas; Ph.D., University of California at Berkeley. Carnegie, 1961— .

JACK HARLEY HETHERINGTON, Instructor in Physics
B.A., University of Wichita; M.A., Ph.D., University of Illinois. Carnegie, 1961 — .

GEORGE WHEELER HINMAN, Associate Professor of Physics and Mechanical Engineering
B.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1954 — .

*ROBERT RICHARD HOLMES, Associate Professor of Chemistry
B.S., Illinois Institute of Technology; Ph.D., Purdue University. Carnegie, 1953 — .

BORDEN PARKER HOOVER, Associate Professor of Mathematics

A.B., Baker University; A.M., University of Colorado; Ph.D., University of Illinois. Carnegie,
1925—

ROBERT WASSER HORNBECK, Assistant Professor of Mechanical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1961 — .

GERALD TERENCE HORNE, Associate Professor of Metallurgical Engineering

B.Sc.,, Montana School of Mines; M.S., Ph.D., Carnegie Institute of Technology. Carnegie,
1952—.

JOHN ANTHONY HRIBAR, Assistant Professor of Civil Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1960 — .

WILLIAM FRANK HUGHES, Associate Professor of Electrical and Mechanical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1955— .

ROBERT LYNN INGALLS, Instructor in Physics
B.S., University of Washington; M.S., Ph.D., Carnegie Institute of Technology. Carnegie,
1961 —.

SACHEENATHA JHA, Assistant Professor of Physics

B.Sc., M.Sc., Patna University, India; Ph.D. Edinburgh University, Scotland. Carnegie,
1961 —

NEIL RAYMOND JOHNSON, Assistant Professor of Mechanical Engineering
B.S., M.S,, Ph.D., Carnegie Institute of Technology. Carnegie, 1957 —.

FLORENCE SHIRLEY JONES, Visiting Assistant Professor of Physics
B.A.,, M.A,, University of Toronto, Canada; Ph.D., Radcliffe College. Carnegie, 1962 — .

ANGEL GONI JORDAN, Associate Professor of Electrical Engineering

B.S., M.S., University of Zaragonza, Spain; M.S., Ph.D., Carnegie Institute of Technology.
Carnegie, 1959 — .

PRABAHAN KEMAL KABIR, Assistant Professor of Physics
B.S., M.S., Delhi University, India; Ph.D., Cornell University. Carnegie, 1960 — .

LES ANDREW KARLOVITZ. Instructor in Mathematics
B.S., Yale University. Carnegie, 1962— .

RICHARD IRA KERMODE, Assistant Professor of Chemical Engineering
B.S., Case Institute of Technology; M.S., Northwestern University. Carnegie, 1962— .

*TRUMAN PAUL KOHMAN, Professor of Chemistry
A.B., Harvard University; Ph.D., University of Wisconsin. Carnegie, 1948 — .

KARL LOUIS KONNERTH, Jr., Assistant Professor of Electrical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1961 — .

JOHN ALBERT KOSTECKI, Instructor in Chemical Engineering
B.S., M.S., Carnegie Institute of Technology. Carnegie, 1962 — .

*On leave of absence, 1962-1963.
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ROBERT JOHN KURLAND, Assistant Professor of Chemistry
B.S., California Institute of Technology; M.A., Ph.D., Harvard University. Carnegie, 1958 —.

RICHARD HOLLAND LAMBERT, Associate Professor of Metallurgical Engineering; Assistant
Head of Department of Metallurgical Engineering; Associate Director of Metals Research
Laboratory
B.S., United States Naval Academy. Carnegie, 1957 — .

L. GEORGE LANG, Assistant Professor of Physics
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1956-57; 1958 — .

JAMES STEPHEN LANGER, Assistant Professor of Physics
B.S., Carnegie Institute of Technology; Ph.D., University of Birmingham, England. Carnegie,
1958 —

ABRAHIM LAV, Assistant Professor of Electrical Engineering
B.S., Purdue University; M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1959— .

HENRY SIGGINS LEONARD, Jr., Assistant Professor of Mathematics
B.S., Michigan State University; A.M., Ph.D., Harvard University. Carnegie, 1958 — .

KUN LI, Associate Professor of Chemical Engineering
B.Eng., National Southwest Associated University, China; M.S., D.Sc., Carnegie Institute of
Technology. Carnegie, 1962— .

RICHARD L. LONGINI, Professor of Solid State Electronics
B.S., M.S., University of Chicago; Ph.D., University of Pittsburgh. Carnegie, 1962— .

RICHARD CARLTON MacCAMY, Associate Professor of Mathematics
A.B., Reed College; Ph.D., University of California at Berkeley. Carnegie, 1956 —.

GILBERT JOSEPH MAINS, Associate Professor of Chemistry
B.S., Duquesne University; Ph.D., University of California at Berkeley. Carnegie, 1955— .

BEVERIDGE JAMES MAIR, Lecturer in Chemistry; Director of Petroleutn Research Laboratory
B.S., University of Alberta, Canada; Ph.D., Harvard University. Carnegie, 1950 — .

WALTER ANTHONY MANCH, Assistant Professor of Chemistry
B.A., Ph.D., Syracuse University. Carnegie, 1961 — .

FRANCIS SCOTT MANNING, Assistant Professor of Chemical Engineering
B.Eng.,, McGill University, Canada; M.S.E., M.A., Ph.D., Princeton University. Carnegie,

1959—.

*ALLAN DEAN MARTIN, Associate Professor of Mathematics
A.B., University of Kansas; M.A., Ph.D., University of Washington. Carnegie, 1956 — .

CHARLES LAW MCcCABE, Professor of Metallurgical Engineering; Head of Department of Metal-
lurgical Engineering; Director of Metals Research Laboratory; Associate Dean— Graduate
Studies of the College of Engineering and Science
B.S., Dickinson College; M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1951 — .

DAVID SCROGGS McKINNEY, Professor of Chemistry; Associate Head of Department of

Chemistry
B.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1934— .

GEORGE ANTHONY MCLENNAN, Instructor in Mechanical Engineering
B.S., Carnegie Institute of Technology; M.S., University of Pittsburgh. Carnegie, 1962—.

AROBERT FRANKLIN MEHL, Professor of Metallurgical Engineering
B.S., Franklin and Marshall College; Ph.D., Princeton University; Sc.D.(Hon.), Franklin
and Marshall College; doutor honoris causi, University of Sao Paulo, Brazil; D.Eng.(Hon.),
Stevens Institute of Technology; D.Eng.(Hon.), Colorado School of Mines; D.Sc.(Hon.),
University of Pennsylvania; D.Eng.(Hon.), Case Institute of Technology. Carnegie, 1932 —.

GLYN MEYRICK, Assistant Professor of Metallurgical Engineering
B.Sc., Ph.D., University of Bristol, England. Carnegie, 1959 — .

CLARA EMILIE MILLER, Associate Professor of Chemistry
A.B., M.A.,, Goucher College; Ph.D., Johns Hopkins University. Carnegie, 1925— .

+On leave of absence, 1962-1963.
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KENNETH CLAUGHAN MILLS, Assistant Professor of Metallurgical Engineering
B.Sc., King's College of the University of Durham, England; Ph.D., University of Sheffield,
England. negie, 1960 —.

ARTHUR GEORGE MILNES, Professor of Electrical Engineering
B.Sc., M.Sc., University of Bristol, England. Carnegie, 1957 — .

VICTOR JULIUS MIZEL, Assistant Professor of Mathematics
S.B., Ph.D., Massachusetts Institute of Technology. Carnegie, 1959— .

CARL CORYDON MONRAD, PPG Chemical Division Research Professor of Chemical Engineer-
ing; Head of Department of Chemical Engineering
B.S., M.S., Ph.D., University of Michigan. Carnegie, 1937 —.

RICHARD ALLAN MOORE, Associate Professor of Mathematics
A.B., AM., Ph.D., Washington University. Carnegie, 1955— .

DAVID MOSKOVITZ, Professor of Mathematics; Associate Head of Department of Mathematics
B.S., M.S., Carnegie Institute of Technology; Ph.D., Brown University. Carnegie, 1925— .

GERALD MOTT, Assistant Professor of Electrical Engineering
B.Sc.(Gen.), B.Sc.(Spec.), Ph.D., University of London, England. Carnegie, 1962— .

WILLIAM WILSON MULLINS, Associate Professor of Metallurgical Engineering
Ph.B., M.S., Ph.D., University of Chicago. Carnegie, 1960 — .

ROBERT JOSEPH MURPHY, Instructor in Mechanical Engineering
B.S., M.S., Carnegie Institute of Technology. Carnegie, 1962— .

IRVING NADELHAFT, Assistant Professor of Physics
B.S., City College of New York; Ph.D., Syracuse University. Carnegie, 1957 —.

ZEEV NEHARI, Professor of Mathematics
M.Sc., Ph.D., The Hebrew University, Israel. Carnegie, 1954 — .

ALLEN NEWELL, Institute Professor of Systems and Communication Sciences
B.S., Stanford University; Ph.D., Carnegie Institute of Technology. Carnegie, 1961— .

*WALTER NOLL, Professor of Mathematics
Licencie es Science, Universite de Paris, France; Dipl.Ing.,, Technical University of Berlin,
Germany; Ph.D., Indiana University. Carnegie, 1956 — .

TAKEHIKO OGUCHI, Visiting Associate Professor of Physics
Grad., University of Tokyo, Japan. Carnegie, 1962— .

EGON OROWAN, Visiting Institute Professor
Dipl.,, Tech.D.Eng., University of Berlin, Germany; M.A., Cambridge University, England.
Carnegie, 1962— .

JOHN FLETCHER OSTERLE, Professor of Mechanical Engineering; Associate Head of Depart-
ment of Mechanical Engineering
B.S., M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1946 — .

*HAROLD WILLIAM PAXTON, Professor of Metallurgical Engineering; Firth Sterling Professor
of Metallurgical Research
B.S., M.S., University of Manchester, England; Ph.D., University of Birmingham, England.
Carnegie, 1953— .

ROGER NOEL PEDERSON, Assistant Professor of Mathematics
B.S., M.S., Ph.D., University of Minnesota. Carnegie, 1960 — .

JANEZ PEKLENIK, Visiting Associate Professor of Mechanical Engineering
Dipl. Ing., Technische Hochschule Ljubljana, Germany; Dr. Ing., Technische Hochschule
Aachen, Germany. Carnegie, 1962 —.

GAYLORD WALLIS PENNEY, George Westinghouse Professor of Engineering
B.S., Iowa State College; M.S., University of Pittsburgh. Carnegie, 1947 — .

ALAN JAY PERLIS, Professor of Mathematics; Head of Department of Mathematics; Director of
Computation Center
B.S., Carnegie Institute of Technology; M.S., Ph.D., Massachusetts Institute of Technology.
Carnegie, 1956 — .

*On leave of absence, 1962-1963.
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WILLIAM OREN PHILBROOK, Professor of Metallurgical Engineering
B.S., University of Chicago. Carnegie, 1945— .

WILLIAM HENRY PIERCE, Assistant Professor of Electrical Engineering
A.B., Harvard University; M.S., Ph.D., Stanford University. Carnegie, 1961 — .

GUY MARSHALL POUND, Professor of Metallurgical Engineering
B.A., Reed College; M.S., Massachusetts Institute of Technology; Ph.D., Columbia Uni-
versity. Carnegie, 1949— .

EMERSON MARTINDALE PUGH, Professorof Physics; Associate Head of Department of Physics
B.S., Carnegie Institute of Technology; M.S., University of Pittsburgh; Ph.D., California
Institute of Technology. Carnegie, 1920— .

MALEMPATI MADHUSUDANA RAOQO, Assistant Professor of Mathematics
B.A., Andhra University, India; M.A.,, M.Sc,Madras University, India; Ph.D., University
of Minnesota. Carnegie, 1959— .

OWEN RICHMOND, Lecturer in Civil Engineering
B.S., Bradley University; M.S., University of Illinois; Ph.D., Pennsylvania State University.
Carnegie, 1960— .

WILLIAM HAYMOND ROBINSON, Assistant Professor of Metallurgical Engineering
B.S., Oklahoma Baptist University; M.S., University of Illinois; Ph.D., Carnegie Institute of
Technology. Carnegie, 1957 —.

JAMES PHILIP ROMUALDI, Associate Professor of Civil Engineering
B.S., M.S,, Ph.D., Carnegie Institute of Technology. Carnegie, 1954 — .

ROBERT RANDLE ROTHEFUS, Professor of Chemical Engineering
B.S., University of Rochester; M.S.,, D.Sc., Carnegie Institute of Technology. Carnegie,
1947 —.

WILFRED THOMAS ROULEAU, Associate Professor of Mechanical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1954— .

MORDECAI BENJAMIN RUBIN, Assistant Professor of Chemistry
B.Sc., University of Pennsylvania; Ph.D., Columbia University. Carnegie, 1958 — .

EDWARD RALPH SCHATZ, Professor of Electrical Engineering; Dean of Research
B.S., M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1946 — .

JOHN THOMAS SCHRIEMPF, Instructor in Physics
B.S., M.S., Carnegie Institute of Technology. Carnegie, 1960 — .

ROBERT THORNTON SCHUMACHER, Associate Professor of Physics
B.S., University of Nevada; M.S., Ph.D., University of Illinois. Carnegie, 1957 — .

MILTON CLAYTON SHAW, Professor of Mechanical Engineering; Head of Department of
Mechanical Engineering
B.S. in M.E., Drexel Institute of Technology; M.Eng.Sc., Sc.D., University of Cincinnati.
Carnegie, 1961 —.

JULIAN PAUL SHEDLOVSKY, Assistant Professor of Chemistry
A.B., Columbia University; Ph.D., Princeton University. Carnegie, 1961 — .

PAUL GRIFFITH SHEWMON, Associate Professor of Metallurgical Engineering
B.S., University of Illinois; Ph.D., Carnegie Institute of Technology. Carnegie, 1958 — .

ROBERT THEODORE SIEGEL, Associate Professor of Physics
B.S., M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1955 —.

PAUL LETTON SMITH, Assistant Professor of Electrical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1956 — .

ROBERT WILLIAM SNELSIRE, Instructor in Electrical Engineering
B.A., Bethany College; B.S.,, M.S., Carnegie Institute of Technology. Carnegie, 1960— .

RAYMOND ANDREW SORENSEN, Assistant Professor of Physics
B.S.,, M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1961— .

PHILIP LEE SOUTHWICK, Professor of Chemistry
A.B., M.A,, University of Nebraska; Ph.D., University of Illinois. Carnegie, 1946— .

60



*THOMAS EUGENE STELSON, Alcoa Professor of Civil Engineering; Head of Department of
Civil Engineering
B.S., M.S., D.Sc., Carnegie Institute of Technology. Carnegie, 1952— .

JOHN JOSEPH STEWART, Associate Professor of Civil Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1957 — .

WILLIAM FARMER STOKEY, Associate Professor of Mechanical Engineering
B.S., Georgia Institute of Technology; M.S., Sc.D., Massachusetts Institute of Technology.
Carnegie, 1949— .

ALLEN FREDERICK STREHLER, Associate Professor of Mathematics
A.B., Oberlin College; M.A. Ohio State University; Ph.D., University of Wisconsin.
Carnegie, 1955— .

ROGER BEATTY SUTTON, Professor of Physics; Director of Nuclear Research Center
B.A., M.A., University of Saskatchewan, Canada; Ph.D., Princeton University. Carnegie,
1946— .

BENJAMIN RICHARD TEARE, Jr., Professor of Electrical Engineering; Dean of the College of
Engineering and Science

B.S., M.S., University of Wisconsin; D. Eng., Yale University. Carnegie, 1939— .

*HERBERT LAWRENCE TOOR, Associate Professor of Chemical Engineering
B.S., Drexel Institute of Technology; M.S., Ph.D., Northwestern University. Carnegie, 1953 — .

NED STUART VanderVEN, Instructor in Physics
A.B., Harvard University; Ph.D., Princeton University. Carnegie, 1961 — .

ROY EDWARD VOSHALL, Assistant Professor of Electrical Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1960 — .

M. LUCIUS WALKER, Jr., Instructor in Mechanical Engineering
B.S., M.S., Carnegie Institute of Technology. Carnegie, 1961 — .

YEHUDA WALLACH, Visiting Assistant Professor of Electrical Engineering
Dipl. Ing., Institute of Technology Graz, Austria; M.S., Ph.D., Israel Institute of Technology,
Israel. Carnegie, 1962 — .

ALVIN SEYMOUR WEINSTEIN, Associate Professor of Mechanical Engineering
B.S., University of Michigan; M.S., Ph.D., Carnegie Institute of Technology. Carnegie,
1955 - .

PAUL EMIL WENAAS, Assistant Professor of Chemistry
B.S., Montana State College; Ph.D., University of Chicago. Carnegie, 1962 — .

HARRY GEORGE WENZEL, Jr., Assistant Professor of Civil Engineering
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1962 — .

DONALD ARTHUR WIEGAND, Assistant Professor of Physics
B.E.E., M.E.E., Ph.D., Cornell University. Carnegie, 1959 — .

EVERARD MOTT WILLIAMS, Professor of Electrical Engineering; Head of Department of
Electrical Engineering
B.E., Ph.D., Yale University. Carnegie, 1945 — .

READE WILLIAMS, Instructor in Electrical Engineering
B.S., M.S., University of Michigan. Carnegie, 1962 — .

DAVID LAWRENCE WINTER, Instructor in Mathematics
A.B., Temple University; M.S., Carnegie Institute of Technology. Carnegie, 1962 — .

LINCOLN WOLFENSTEIN, Professor of Physics
B.S., M.S., Ph.D., University of Chicago. Carnegie, 1948 — .

YOSHIAKI YOSHIMI, Assistant Professor of Civil Engineering
B.S., Tokyo Institute of Technology, Japan; M.S., University of Washington; Ph.D., North-
western University. Carnegie, 1960 — .

FREDERICK JOHN YOUNG, Associate Professor of Electrical Engineering
B.S.,, M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1956 — .

#On leave of absence, 1962-1963.
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Margaret Morrison Carnegie College
B.S., M.S., Ph.D., Carnegie Institute of Technology. Carnegie, 1956 — .

PHILIPP WOLFGANG ZETTLER-SEIDEL, Instructor in Physics
Abitur, Nicolai Gymnasium Leipzig, Germany. Carnegie, 1960 — .

DEPARTMENT OF BIOLOGICAL SCIENCES

NORMAN WALTER CHMURA, Assistant Professor of Biological Sciences
B.S., Western Reserve University; M.S., University of New Hampshire; Ph.D., University of
Maryland. Carnegie, 1959 — .

CONSTANTINE EFTHYMIOU, Assistant Professor of Biological Sciences
B.S.,, The Athens Agricultural College, Greece; M.S.,, Ph.D. University of Maryland.
Carnegie, 1962— .

DUANE THAYER MAUNDER, Associate Professor of Biological Sciences; Head of Department
of Biological Sciences
B.S., M.S., Ph.D., University of Illinois. Carnegie, 1957 — .

Emeriti

THOMAS RUSH ALEXANDER, Associate Professor of Chemistry, Emeritus
A.B., AM., Washington and Jefferson College; Ph.D., University of Pennsylvania. Carnegie,
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FRANK CLAIR ASHE, Assistant Professor of Electrical Engineering, Emeritus
B.S., Carnegie Institute of Technology. Carnegie, 1921 — .

ALLEN HOLT BLAISDELL, Associate Professor of Mechanical Engineering, Emeritus
B.S., University of Maine. Carnegie, 1914 — .

ROBERT WELLS BOREMAN, Assistant Professor of Physics, Emeritus
M.E., M.Sc., Ohio State University. Carnegie, 1920— .

LLOYD LYNE DINES, Professor of Mathematics, Emeritus
A.B., A.M., Northwestern University; Ph.D., University of Chicago. Carnegie, 1933 — .

SUMMER BOYER ELY, Associate Professor of Power Engineering, Emeritus
S.B., Massachusetts Institute of Technology. Carnegie, 1920— .

FREDERICK JAMES EVANS, Assistant Professor of Civil Engineering, Emeritus
B.S., Massachusetts Institute of Technology. Carnegie, 1920— .

FRANCIS MICHAEL McCULLOUGH, Professor of Civil Engineering, Emeritus
B.S., University of Wisconsin. Carnegie, 1910 — .

HARRY LOVE McKEE, Assistant Professor of Mechanical Engineering, Emeritus
B.S., Carnegie Institute of Technology. Carnegie, 1911 — .

JOHN HAVEN NEELLEY, Professor of Mathematics, Emeritus
B.S., M.A., Vanderbilt University; Ph.D., Yale University. Carnegie, 1927 — .

ERNEST BROWN NETTLETON, Associate Professor of Drawing and Descriptive Geometry,
Emeritus
B.S., Bradley Polytechnic Institute. Carnegie, 1926— .

GEORGE McCANDLESS PORTER, Associate Professor of Electrical Engineering, Emeritus
B.S., Carnegie Institute of Technology. Carnegie, 1917 — .

CHARLES WILSON PRINE, Associate Professor of Physics, Emeritus
B.S., Denison University; M.S., University of Wisconsin. Carnegie, 1917 — .

DAVID COMLY SAYLOR, Theodore Ahrens Professor of Mechanical Engineering, Emeritus
B.S., Carnegie Institute of Technology; M.S., University of Pittsburgh. Carnegie, 1920— .

WALTER J. STALEY, Associate Professor of Physics, Emeritus
A.B., A.M., Roanoke College. Carnegie, 1920 — .
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CHARLES BEECHER STANTON, Professor of Civil Engineering, Emeritus
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EDGAR MELVILLE STARR, Associate Professor of Mathematics, Emeritus
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OTTO STERN, Research Professor of Physics, Emeritus
Ph.D., University of Breslau; LL.D., University of California. Carnegie, 1933 — .

HAROLD ALLEN THOMAS, Professor of Civil Engineering, Emeritus
A.B., C.E., Columbia University. Carnegie, 1923 — .

WILLIBALD CHARLES LEOPOLD TRINKS, Professor of Mechanical Engineering, Emeritus

M.S., Charlottenburg Technische Hochschule. Carnegie, 1905 — .

EDWIN WHITMAN, Associate Professor of Mathematics, Emeritus
B.A., Yale University; M.A., University of Pittsburgh. Carnegie, 1919 — .

CHARLES OLIVER WILLIAMSON, Associate Professor of Physics, Emeritus
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Publications January 1, 191 to June 30, 1962

DEPARTMENT OF BIOLOGICAL SCIENCES

"An Antigenic Analysis of Lactobacillus Acidophilus,” C. Efthymiou and P. A. Hansen, /. Infeci.
Diseases, 110, 258 (1962).

"Studies on the Fate of Staphylococci During the Processing of Hams,” N. W.Chmura, J. H.
Silliken, C. E. Jansen and M. M. Voegeli, /. Food Science, 27, 50 (1962).

DEPARTMENT OF CHEMICAL ENGINEERING

"Dispersed Phase Hold-Up in a Rotating Disk Extraction Column,” E. Y. Kung and R. B. Beck-
mann, A.I.Ch.E. |., 7, 319 (1961).

"Compressibility of Real Binary Gas Mixtures,” J. S. Busch and L. N. Canjar, A.LCh.E. /.,
7, 343 (1961).

"Joule-Thomson and Second Virial Coefficients for Hydrocarbons,” F. S. Manning and L. N.
Canjar, /. Chem. & Eng. Data, 6, 364 (1961).

"Vapor Pressures of Titanium Tetrachloride-Carbon Tetrachloride Mixtures,” G. A. Ryder, M. R.
Kamal and L. N. Canjar, /. Chem. & Eng. Data, 6, 594 (1961).

"Low Temperature Cloud Chamber Studies on Water Vapor,” L. A. Madonna, C.M. Sciulli, L. N.
Canjar and G. M. Pound, Proc. Phys. Soc., 78, 1218 (1961).

"Effect of Entrance Shape on Flow Between Parallel Plates,” R. R. Rothfus and D. E. Baldwin, Jr.,
AILChE. ], 7, 352 (1961).

"The Dynamics and Control of Distillation Units and Other Mass Transfer Equipment,” D. H.
Archer and R. R. Rothfus, Process Dynamics and Control, Chem. Eng. Prog. Symp. Ser., 36,
57 (1961).

"Multicomponent Mass Transfer: I. Theory,” H. L. Toor and R. T. Sebulsky, A.I.Ch.E. ],
7, 558 (1961).

"Multicomponent Mass Transfer: II. Experiment,” H. L. Toor and R. T. Sebulsky, A..Ch.E. ].,
7, 565 (1961).

"A Note on the Catalytic Hydrogenation of Benzene,” F. S. Manning and L. N. Canjar, /. Appl.
Chem., 12, 73 (1962).

"Skin Friction Patterns for Transitional Flow in Annuli,” E. J. Croop and R. R. Rothfus, A.I.Ch.E.
J., 8, 26 (1962).

"An Experimental Study of Three Component Gas Diffusion,” J. B. Duncan and H. L. Toor,
A.LCh.E. ], 8 38 (1962).

"Mass Transfer in Dilute Turbulent and Nonturbulent Systems with Rapid Irreversible Reactions
and Equal Diffusivities,” H. L. Toor, A.LCh.E. ]., 8, 70 (1962).

"Vapor Liquid Equilibrium Data for the Binary Mixture Carbon Tetrachloride— 1,1,2— Trichloroe-
thane and 1,2— Dichloroethane— 1,1,2— Trichloroethane,” F. N. Kissell and F. S. Manning,
/. Chem. & Eng. Data, 7, 205 (1962).

DEPARTMENT OF CHEMISTRY

"Chronology of Nucleosynthesis and Extinct Natural Radioactivity,” T. P. Kohman, /. Chem. Ed.,
8, 73 (1961).

"The Photosynthesis of Acetone in a Perfluorinated Solvent at Several Temperatures,” R. D. Doepker
and G. J. Mains, /. Amer. Chem. Soc., 83, 294 (1961).

"Heats of Combustion, Isomerization, and Formation of Selected C7, Cs, and C10 Moloolefin Hydro-
carbons,” J. D. Rockenfeller and F. D. Rossini, /. Phys. Chem., 65, 267 (1961).
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"Problems in Perturbation Theory Calculation of Diamagnetic Susceptibility and Nuclear Magnetic
Shielding in Molecules,” L. C. Snyder and R. G. Parr, /. Chem. Phys., 34, 837 (1961).

“Excitation Functions of (p,2 Nucleon) Reactions,” P. P. Strohal and A. A. Caretto, Jr., Phys. Rev.,
121, 1815 (1961).

"Direct Aromatic Carboxymethylation with Chloroacetylpolyglycolic Acids. Orientation in Dibenzo-
furan as Evidence of a Free Radical Mechanism,” P. L. Southwick, M. W. Munsell and E. A.
Bartkus, /. Amer. Chem. Soc., 83, 1358 (1961).

"The Mercury-Sensitized Radiolysis and Photolysis of Methane,” G. J. Mains and A. S. Newton,
/. Phys. Chem., 65, 212 (1961).

"Phosphorus Nitrogen Chemistry: III. The Preparation and Properties of Phosphorus Tri-N-Methy-
limide,” R. R. Holmes, |. Amer. Chem. Soc., 33, 1334 (1961).

"Natural Alpha Radioactivity in Medium Heavy Elements,” R. D. MacFarlane and T. P. Kohman,
Phys. Rev., 121, 1758 (1961).

“Extraordinary Basic Functions in Valence Theory,” L. C. Snyder and R. G. Parr, |. Chem. Phys.,
34, 1661 (1961).

"Heats of Combustion, Formation, and Hydrogenation of 14 Selected Cyclomonoolefin Hydro-
carbons,” A. Labbauf and F. D. Rossini, /. Phys. Chem., 65, 476 (1961).

“Role of Exchange Energy in Intermediate-Range Interactions,” F. O. Ellison, /. Chem. Phys.,
34, 2100 (1961).

“Dipole Moment of Hd. IL,” S. M. Blinder, /. Chem. Phys., 35, 974 (1961).

“Remark on the Mulliken Approximation for Two-Center Electron Distributions,” A. L. Companion
and R. G. Parr, /. Chem. Phys., 35, 2268 (1961).

"Measurement of Neutron Diffusion Parameters of Heavy Water at Different Temperatures by
Pulsed Source Method,” N. K. Ganguly and A. W. Waltner, Trans. Amer. Nucl. Soc.,
4, 283 (1961).

"Carbonyl and Thiocarbonyl Compounds: V. Synthesis of Newer Unsaturated Nitriles, Carboxylic
Acids, and Esters Derived from Xanthene and Thioxanthane,” M. M. Hafez, N. Latif and I. F.
Zeid, ]. Org. Chem., 26, 3988 (1961).

"Thermodynamic Theory of Acid Dissociation of Methyl Substituted Phenols in Aqueous Solution,”
L. G. Hepler and W. F. O’Hara, /. Phys. Chem., 65, 811 (1961).

“Pressure Measurements in the Arsenic Trichloride-Chlorine System and the Arsenic and Antimony
Tribromide-Bromine Systems,” R. R. Holmes, /. Inorg. & Nucl. Chem., 19, 363 (1961).

"The Radiolysis of Biacetyl Vapor,” G.J. Mains, A. S. Sciamana and A. S. Newton, |. Phys. Chem.,
65, 1286 (1961).

“Temperature and Power Measurements in Precision Solution Calorimetry,” W. F. O’Hara, C. H.
Wu and L. G. Hepler, /. Chem. Ed., 38, 512 (1961).

"Thermodynamics of Ionization of Aqueous wi'ta-Chlorophenol,” W. F. O’Hara and L. G. Hepler,
/. Phys. Chem., 65, 2107 (1961).

"Perturbation Theory Calculations,” R. G. Parr and L. C. Snyder, J. Chem. Phys.,, 35, 1898 (1961).

"Molecular-Orbital Theory and Crystals,” J. A. Pople, Symposium on Electrical Conductivity in
Organic Solids, page 147, Interscience Publishers, Inc., New York (1961).

"The Identity of Nottbohm’s 'CeHoO’ with Sorbanilide,” M. B. Rubin and M. F. Hoover, /. Org.
Chem., 26, 2568 (1961).

"Eine Neue Syntheses des Dimeren 10-Methylen-Phenanthron (-9),” A. Schonberg, G. Schiitz and
N. Latif, Chem. Ber., 94, 2540 (1961).

"Thermochemistry and Thermodynamic Properties of Substances,” B. J. Zwolinski and A. Danti,

Ann. Rev. Phys. Chem., 12, 325 (1961).
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"Some Recent Advances in Quantum Chemistry,” R. G. Parr, Sei. Repts. 1st Super. Sanita, 1, 551
(1961).

"On the Introduction of Orbitrary Angular Peakedness into Atomic Orbitals,” O. G. Ludwig and
R. G. Parr, /. Chem. Phys., 35, 774 (1961).

"Electron Spin Resonance of Tetraphenylpyrryl Radical,” S. M. Blinder, M. L. Peiler, N. W. Lord,
L. C. Aamodt and N. S. Ivanchukov, /. Chem. Phys., 36, 540 (1962).

"Synthesis of 2,4,7-Trinitrofluorenol and Some Related Compounds. Selective Reduction of Poly-
nitroaromatic Carbonyl Compounds,” A. K. Colter and S. S. Wang, /. Org. Chem., 21, 1517
(1962).

"Intensities of Vibrational and Rotational Spectra of Charged Diatomic Molecules,” F. O. Ellison,

J. Chem. Phys., 36, 478 (1962).

"Calculation of Atomic Valence State Energies of B-, C and N+ in BHn-, CHn and NHtt+, n=
1 to 4,” F. O. Ellison, /. Chem. Phys., 36 (1962).

"Semi-Empirical Valence Bond Calculations of Electronic Energies of CH, CH2, CH3 and CH4,”
F. O. Ellison, /. Chem. Phys., 36 (1962).

"A Determination of Diffusion Parameters of Heavy Water by Pulsed Source Methods,” N. K.
Ganguly and A. W. Waltner, Nucl. Sei. & Eng. (1962).

"Two-Center, Nonintegral, Slater-Orbital Calculations: Integral Formulation and Application to the
Hydrogen Molecule-Ion,” M. Geller, /. Chem. Phys., 36 (1962).

"On the Use of Nonintegral Exponents in Elliptical Coordinate Wave Functions, with Special
Reference to the Hydrogen Molecule-Ion,” M. Geller and O. G. Ludwig, |. Chem. Phys., 36,
1442 (1962).

"Carbon-14 in a Stone and an Iron (Cosmic-Ray-Induced Radioactivities in Meteorites. IV .),” P. S.
Goel and T. P. Kohman, Researches on Meteorites, page 100, C. B. Moore, Editor, John Wiley
& Sons, Inc.,, New York, (1962).

"Cosmogenic Carbon-14 in Meteorites and Terrestrial Ages of 'Finds” and Craters,” P. S. Goel and
T. P. Kohman, Science, 136 (1962).

"Phosphorus Nitrogen Chemistry. IV. The Reactions of Dimethylaminophosphines with Boron
Trihalides and Trialkyls,” R. R. Holmes and R. P. Wagner, /. Amer. Chem. Soc., 84, 357
(1962).

"Phosphorus Nitrogen Chemistry. V. New Snythetic Routes Leading to Oxidized Phosphorous Nitro-
gen Structures,” R. R. Holmes and J. A. Forstner, Inorg. Chem., 1, 89 (1962).

"Phosphorus Pentachloride-Boron Trichloride Complex,” R. R. Holmes, Inorganic Syntheses, Vol.
VII, J. Kleinberg, Editor, McGraw-Hill Book Co., Inc.,, New York, (1962).

"Phosphorus Pentachloride-Gallium Trichloride Complex,” R. R. Holmes, [norganic Syntheses, Vol.
VII, J. Kleinberg, Editor, McGraw-Hill Book Co., Inc., New York, (1962).

"Charge Distribution in Negative Ions and the Electron Affinities of Conjugated Hydrocarbons,”
J. R. Hoyland and L. Goodman, /. Chem. Phys., 36, 12 (1962).

"Charge Distributions in Postive Ions and Ionization Energies of Conjugated Hydrocarbons,” ]J.
R. Hoyland and L. Goodman, /. Chem. Phys., 36, 21 (1962).

"Thermochemistry of Potassium Peroxydisulfate and of Peroxydisulfate Aqueous Ion,” T. Hu and
L. G. Hepler, /. Chem. & Eng. Data, 1, 58 (1962).

"Carbonyl and Thiocarbonyl Compounds. VI. (a) Synthesis of Newer Fluorenylidine Cyclic Ethers
from Tetrahalo-o-Benzoquinones. (b) The Reductive Cleavage of Methylenedioxy Compounds
by Lithium Aluminum Hydride,” N. Latif and N. Mishriky, /. Org. Chem., 21, 846 (1962).

"Carbonyl and Thiocarbonyl Compounds. VII. A New Method for the Direct Synthesis of Ethylene
Sulphides,” N. Latif and L. Fathy, /. Org. Chem., 21, 1633 (1962).
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"The Photolysis of Diethylketone in Perfluorodimethylcyclobutane,” G. J. Mains and R. D. Doepker,
/. Phys. Chem., 66, 690 (1962).

"Recoil Behavior of the Cu65(p,pn)Cu64 Reactions,” E. R. Merz and A. A. Caretto, Jr., Phys.
Rev., 126, 1173 (1962).

“Bond Alternation Defects in Long Polyene Molecules,” J. A. Pople and S. H. Walmsley, Mol.
Phys., 5, 15 (1962).

"Huckel Molecular Orbital Computations to Describe the Benzidine Rearrangement,” L. C. Snyder,
/. Amer. Chem. Soc., 84, 340 (1962).

"4-Benzylidene-2,3-Dioxopyrrolidines and 4-Benzyl-2,3-Dioxopyrrolidines. Synthesis and Experi-
ments on Reduction and Alkylation,” P. L. Southwick and E. F. Barnas, J. Org. Chem., 21,
98 (1962).

"The Morpholine-Iodophenylacetylene Adduct or Charge-Transfer Complex. Formation and Con-
version to N-Styrylmorpholine,” P. L. Southwick and J. R. Kirchner, J. Org. Chem., 21 (1962).

DEPARTMENT OF CIVIL ENGINEERING

"On the Solution of Thin Elastic Shells of Revolution,” T. Au and J. A. Hribar, /. Aero/Space
Sci., 28 (1961).

"Design for Fatigue of Joints— Part I. Mechanical Joints,” R. G. Crum, Design News (March 30,
1961).

"Design for Fatigue of Joints— Part II. Welded Joints,” R. G. Crum, Design News (April 13,
1961).

"Fluid Mechanics— Its Scope and Challenge,” G. Bugliarello, Civil Eng., 31 (1961).

"Flow Equations for Sewage Sludges,” G. Bugliarello, Proc. Amer. Soc. Civil Engrs., Sanitary Eng.
Div., 81 (1961).

"Electronic Computer Use for Scoping Power Projects,” G. Bugliarello, Proc. Amer. Soc. Civil Engrs.,
Power Div., 81 (1961).

"The Distinction Between Engineering and Science,” J. W. Graham, Jr., and T. E. Stelson, Civil
Eng. Ed. (1961).

"Education for Oblivion?,” T. E. Stelson, Carnegie Alumnus, 46 (1961).

"Applications of Electronic Digital Computers to Structural Design in the U.S.A.” Y. Yoshimi,
/. Arch. Inst. Japan, 16 (1961).

"The Influence of Preloading on Economy of Foundations of the New Midwest Steel Mill,” E.
D’Appolonia and L. A. Fugassi, [ron & Steel Eng., 38 (1961).

"If All Transit Service Stopped,” L. E. Keefer, Traffic Eng. (1961).

"Basic Data for Dilute Fiber Suspensions in Uniform Flow with Shear,” G. Bugliarello and J. W.
Daily, TAPPI, 44 (1961).

"Toward a Computer Language for Hydraulic Engineering,” G. Bugliarello, Proc. IX General Mtg.
International Assoc. Hydraulic Research, Belgrade (1961).

"Rheological Models and Laminar Shear Flow of Fiber Suspensions,” G. Bugliarello and J. W.
Daily, TAPPI, 44 (1961).

"The Water Resources Problem of Haiti,” G. Bugliarello, Carnegie Quarterly (1961).

"Dynamic Response of Highway Bridges,” J. F. Fleming and J. P. Romualdi, Proc. Amer. Soc.
Civil Engrs., 81ST1 (1961).

"Comparison of Prestressed Concrete Beams and Conventionally Reinforced Concrete Beams under
Impulsive Loading,” G. K. Wadlin and J. J. Stewart, /. Amer. Concrete Inst., 58 (1961).
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"Non-Newtonian Flows in Hydraulic Engineering,” G. Bugliarello, Volume in Honor of Pro-
fessor F. Marzolo, University of Padua (1962).

"An Evaluation of the General Theory of Thin Elastic Shells of Revolution,” J. A. Hribar and T.
Au, Developments in Mechanics, Vol. 1, Plenum Press, New York (1962).

"Dynamic Considerations in Fracture Arrest by Riveted Stiffeners,” P. H. Sanders and J. P. Romualdi,
Developments in Mechanics, Vol. 1, Plenum Press, New York (1962).

“Yielding at Varying Load Rates,” A. M. DiGioia, Jr., and R. G. Crum, Proc. Amer. Soc. Civil
Engrs.,, 88EM3 (1962).

DEPARTMENT OF ELECTRICAL ENGINEERING
"Unformer-Metadyne fur Wechselstrom,” J. Ben Uri, Elektroteknische Zeitschrift, 82 (1961).

"Phenomena Accompanying Transient Low-Voltage Discharges in Liquid Dielectrics— Part III.
Anomalous Cathode Erosion for Arcs of Millisecond Duration,” J. M. Feldman and E. M.
Williams, Trans. Amer. Inst. Elec. Engrs., 80 (1961).

"An Analysis of the Magnetic Second Subharmonic Oscillator,” A. Lavi and L. A. Finzi, Proc.
Inst. Radio Engrs., 49 (1961).

Extremum Adaptation in the Presence of Noise and Drift, R. A. Mathias, Pergamon Press, London
(June, 1961).

"Extremum Adaptation in Transient Drift of Multivariable Situation,” R. A. Mathias and R. L
Van Nice, Trans. Amer. Inst. Elec. Engrs., 80 (1961).

"Design of Non-Interacting Control Systems Using Bode Diagrams,” R. A. Mathias, Trans. Amer.
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