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a grade of C or better or by special examination Ay 131 abc, Ay 132 abc, and
a choice of 63 units of the following:

Ph 129 abe Methods of Mathematical Physics

Ph 201 ab Analytical Mechanics

Ph 203 abc Nuclear Physics

Ph 205 ab Principles of Quantum Mechanics

Ph 209 abc Optics and Electron Theory

Ph 217 Spectroscopy

Ph 227 abe Thermodynamics, Statistical Mechanics
and Kinetic Theory

Special permission will be required for further registration if the candidacy
course requirement is not satisfactorily completed by the end of the second
year of graduate study. For admission to candidacy an oral examination will
be given covering the major and minor fields of study.

A final draft of the thesis must be submitted at least six weeks before the
commencement at which the degree is to be conferred. At least two weeks after
submission of the thesis the student will be examined orally on the scope of his
thesis and its relation to current research in astronomy.

F. OPPORTUNITIES FOR GRADUATE AND
SCIENTIFIC WORK AT THE INSTITUTE

I. GRADUATE FELLOWSHIPS, SCHOLARSHIPS, AND ASSISTANTSHIPS

The Institute offers in each of its divisions a number of fellowships, scholar-
ships, and graduate assistantships. In general, scholarships carry tuition
grants; assistantships, cash stipends; and fellowships often provide both tui-
tion and cash grants. Graduate assistants are eligible to be considered for
scholarship grants.

Provision is made so that appointees may secure for themselves board in
the Athenaeum (see page 92), and when space is available lodging as well.
This affords the possibility of contact not only with fellow graduate students
but also with others using the Athenaeum, including the Associates of the
Institute, distinguished visitors, and members of the professional staffs of the
Mount Wilson Observatory, the Huntington Library, and the California
Institute.

Forms for making application for fellowships, scholarships, or assistant-
ships may be obtained on request from the Dean of Graduate Studies. In
using these forms it is not necessary to make separate application for ad-
mission to graduate standing. When possible, these applications should reach
the Institute by February 15. Appointments to fellowships, scholarships, and
assistantships are for one year only; and a new application must be filed each
year by all who desire appointments for the following year, whether or not
they are already holders of such appointments.

(A). Graduate Assistantships

Graduate Assistants devote during the school year not more than fifteen
hours a week to teaching, laboratory assistance, or research of a character
that affords them useful experience. This time includes that required in prep-
aration and in marking note-books and papers, as well as that spent in class-



186 CALIFORNIA INSTITUTE OF TECHNOLOGY

room and laboratory. The usual assistantship assignment calls for twelve hours
per week and ordinarily permits the holder to carry a full graduate residence
schedule as well.

(B). Graduate Scholarships and Fellowships®

1. Institute Scholarships: The Institute offers a number of tuition scholar-
ships to graduate students of exceptional ability who wish to pursue advanced
study and research.

2. Cole Fellowships: The income from the Cole Trust, established by
the will of the late Mary V. Cole in memory of her husband, Francis J. Cole,
is used to provide three fellowships annually, one in each of the following
fields: electrical engineering, mechanical engineering, and physics. The recip-
ients are designated as Cole Fellows.

3. Drake Scholarships: The income from the Drake Fund, provided by the
late Mr. and Mrs, Alexander M. Drake, is used to maintain scholarships in
such numbers and amounts as the Board of Trustees determines. Graduate
students who are recipients from this fund are designated as Drake Scholars.

4. Blacker Scholarships: The Robert Roe Blacker and Nellie Canfield
Blacker Scholarship Endowment Fund, established by the late Mr. R.-R.
Blacker and Mrs. Blacker, provides in part for the support of graduate men
engaged in research work, The recipients are designated as Blacker Scholars.

5. Henry Laws Scholarships: The income from a fund given by the late
Mr. Henry Laws is used to provide scholarships for research in pure science,
preferably in physics, chemistry, and mathematics. The recipients are desig-
nated as Henry Laws Scholars.

6. Caroline W. Dobbins Scholarships: The income from the Caroline W.
Dobbins Scholarship Fund, provided by the late Mrs. Caroline W. Dobbins,
is used to maintain scholarships at the Institute. Graduate student recipients
are designated as Caroline W. Dobbins Scholars.

7. Meridan Hunt Benmett Scholarships. The scholarships for graduate
students are granted from the Meridan Hunt Bennett Fund as stated on page
150.

8. Bridge Fellowship: The late Dr. Norman Bridge provided a fund, the
income of which is used to support a research fellowship in physics. The re-
cipient is designated as the Bridge Fellow.

9. Frederick Roeser Scholarship: This scholarship is granted from the
Frederick Roeser Loan, Scholarship and Research Fund. The recipient is
designated as the Roeser Scholar.

10. David Lindley Murray Scholarships: The income from the David
Lindley Murray Educational Fund is used in part to provide scholarships for
graduate students. The recipients are designated as Murray Scholars,

11. Clarence J. Hicks Memorial Fellowship in Industrial Relations: This
fellowship is supported by a fund made available by Industrial Relations

*Fellows receiving grants equivalent to tuition and $600 or more per academic year are permitted
to accept employment or other appointment from the Institute during the academic year only with
special approval of the Dean of Graduate Studies.
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Counselors, Inc., and other coniributors. The fellowship is granted to a grad-
uate student who undertakes some studies in industrial relations, as approved
by the Director of the Industrial Relations Section.

12. Lucy Mason Clark Fellowship: This fellowship, in the field of plant
physiology, is supported by a fund coniributed by Miss Lucy Mason Clark.

13. Van Maanen Fellowship: One or more predoctoral or post doctoral
fellowships are provided in the department of astronomy from the Van Maa-
nen Fund . The recipients are known as Van Maanen Fellows.

(C). Special Fellowship and Research Funds

1. The following agencies contribute funds for the support of Graduate
Fellowships which are administered by the Institute: Abbott Laboratories,
AiResearch Manufacturing Company, Allied Chemical and Dye Corporation,
California Research Corporation, Consolidated Engineering Corporation, Con-
sumers Union, Corning Glass Works Foundation, Doherty Foundation, Doug-
las Aircraft Company, Dow Chemical Company, E. I. du Pont de Nemours
and Company, Ethyl Corporation, Firestone Tire and Rubber Company,
Fluor Foundation, General Electric Company, General Motors Corporation,
General Petroleum Corporation-Socony-Vacuum Qil Company, D. Foster
Hewett, Hoover Electric Company, Howard Hughes-Hughes Aircraft Com-
pany, International Business Machines Corporation, Kelman Electric and Man-
ufacturing Company, Kennecott Copper Corporation, Lane-Wells Company,
Paul E. Lloyd, Lockheed Leadership Fund, Arthur McCallum Fund, Newmont
Exploration, Lid., Nuirition Foundation, Inc., Olin Industries, Inc., Radio
Corporation of America, The Rand Corporation, Richfield Oil Corporation,
Schlumberger Foundation, Shell Fellowship Committee, Standard Oil Com-
pany of California, Stanolind Foundation, Union Carbide and Carbon
Corporation, United States Rubber Company, Westinghouse Educational
Foundation.

2. A number of governmental units, industrial organizations, educational
foundations, and private individuals have contributed funds for the support
of fundamental researches related to their interests and activities. These funds
offer financial assistance to selected graduate students in the form of graduate
research assistantships.

3. The Rockelfeller Foundation Fund for Research on Basic Problems of
Biology and Chemistry: This fund is contributed by the Rockefeller Founda-
tion for the support of research in immunology, serological genetics and em-
bryology, chemical genetics, and the structure of proteins, which are being
carried out in the Division of Chemistry and Chemical Engineering and in the
Division of Biology.

4. Daniel and Florence Guggenheim Fellowships in Jet Propulsion: These
are fellowships established with the Guggenheim Jet Propulsion Center by the
Daniel and Florence Guggenheim Foundation for graduate study in jet pro-
pulsion. Each year there will be a total of six Guggenheim Fellows. The
value of each Fellowship is normally $2,000 annually. In addition a tuition
scholarship is granted.
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II. POST-DOCTORAL FELLOWSHIPS

1. A number of government agencies, foundations, societies, and com-
panies support fellowships for the encouragement of further research by men
who hold the doctor’s degree. These grants usually permit choice of the insti-
tution at which the work will be done, and include, among others, those ad-
ministered by the National Research Council, Rockefeller Foundation, John
Simon Guggenheim Memorial Foundation, Commonwealth Fund, American
Chemical Society, Bell Telephone Laboratories, E. I. du Pont de Nemours
and Company, Merck and Company, Inc., American Cancer Society, the
Atomic Energy Commission, the U. S. Public Health Service, the National
Science Foundation, the National Foundation for Infantile Paralysis and
other government agencies, as well as various foreign governments. Applica-
tions for such fellowships should in general be directed to the agency con-
cerned.

2. Institute Research Fellowships: The Institute each year appoints as
Research Fellows a number of men holding the degree of Doctor of Philosophy
who desire to pursue further research work. Applications for these appoint-
ments, as well as for the other special fellowships listed below, should be made
on forms provided by the Institute. These forms, which should be filed with
the Dean of the Faculty, may be obtained either from his office or from the
Chairman of the Division in which the applicant wishes to work.

3. Gosney Fellowships: In 1929, Mr. E. S. Gosney established and endowed
the Human Betterment Foundation. Following the death of Mr. Gosney in
1942, the Trustees of this Foundation transmitted the fund to the California
Institute for the study of biological bases of human characteristics. The Trus-
tees of the Institute have, for the present, set the income aside for the estab-
lishment of Gosney Fellowships. These are post-doctoral research fellowships,
the conditions being similar to those of Guggenheim Fellowships. The stipend
varies with the experience of the Fellow,

4. Harry Bateman Research Fellowship: In honor of the late Professor
Harry Bateman, the Institute offers a research fellowship in pure mathematics
to a candidate holding the doctorate. The recipient will devote the major part
of his time to research, but will be expected to teach one course in mathe-
matics. The stipend is $4000 for the academic year, and appointment is
normally made for one year, but may be renewed for a second year.

5. George Ellery Hale Research Fellowships in Radiation Chemistry: Dr.
Arthur Amos Noyes, for many years Professor of Chemistry and Director of
the Gates and Crellin Laboratories of Chemistry, by his will, gave the Insti-
tute a fund to provide for certain research fellowships to be known as the
“George Ellery Hale Research Fellowships in Radiation Chemisiry,” these
fellowships to be available to competent young investigators who have re-
ceived the degree of Doctor of Philosophy or have had a corresponding
research training, and who will pursue, at the Institute, investigations in radi-
ation chemistry (broadly interpreted to include the study of molecule structure
by the methods of modern physics). These fellowships carry stipends, obli-
gations and privileges similar to those of the National Research Fellowships.

6. Noyes Fellowships: Dr. Noyes further left his entire estate, after pro-
viding for certain specific bequests and annuities, to the Institute to constitute
a fund to be known as the “Noyes Chemical Research Fund.” The purpose of
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this fund, as stated in his will, is to provide for the payment of salaries or
grants to competent persons to enable them to carry on scientific investigations
in the field of chemistry at the Institute. Such persons shall have the status of
members of the staff of the Institute, and shall devote their time and attention
mainly to the execution at the Institute of experimental and theoretical re-
searches upon the problems of pure science (as distinct from those of applied
science) in the field of chemistry. Dr. Noyes further provided that “no por-
tion of the income of the said fund shall be used for the payment of tuition
fees, nor for scholarships or fellowship grants to persons still registered as
students, or in general for the education of persons as to existing knowledge;
but on the contrary the whole thereof shall be used for promoting, in the
manner aforesaid in the field aforesaid, the search for new or more exact
knowledge by persons who have completed their period of formal study and
are devoting at least one-half of their working time to scientific investigations.”

7. Millikan Fellowship: Established by the late Dr. Robert A. and Greta
B. Millikan. Post-doctoral fellowship in the field of physical sciences, the
recipients to be known as Millikan Fellows.

III. INSTITUTE GUESTS

Members of the faculties of other educational institutions and Research
Fellows already holding the doctor’s degree, who desire to carry on special
investigations, may be invited to make use of the facilities of the Institute
provided the work they wish to do can be integrated with the overall research
program of the Institute and does not overcrowd its facilities. Arrangement
should be made in advance with the chairman of the division of the Institute
concerned. Such guests are given official appointment as Research Fellows,
Senior Research Fellows, Research Associates, or Visiting Professors and thus
have faculty status during their stay at the Institute.






PART THREE
COURSE SCHEDULES AND SUBJECTS OF INSTRUCTION

SCHEDULES OF THE UNDERGRADUATE COURSES

First Year, All Options (page 194)
Aeronautics (page 205)

Astronomy Option (page 195)

Biology Option (page 196)

Chemistry or Applied Chemistry Option (page 197)
Civil Engineering Option (page 199)
Electrical Engineering Option (page 200)
Geological Sciences Option (page 201)
Mathematics Option (page 203)
Mechanical Engineering Option (page 204)
Physics or Astronomy Option (page 206)

SCHEDULES OF FIFTH- AND SIXTH-YEAR COURSES

Aeronautics and Jet Propulsion (page 208)
Astronomy (page 210)

Biology (page 210)

Chemistry (page 210)

Chemical Engineering (page 211)
Civil Engineering (page 212)
Electrical Engineering (page 213)
Geological Science (page 214)
Mathematics (page 216)
Mechanical Engineering (page 216)
Physics (page 218)

SUBJECTS OF INSTRUCTION
Aeronautics (page 219)
Air Science (page 222)
Applied Mechanics (page 223)
Astronomy {page 227)
Biology (page 229)
Chemistry and Chemical Engineering (page 235)
Civil Engineering (page 245)
Economics (page 250)
Flectrical Engineering (page 252)
Engineering Graphics (page 258)
English (page 259)
Geological Science (page 261)
History and Government (page 271)
Hydraulics (page 274)
Jet Propulsion (page 277)
Languages-—French, German, Russian (page 279)
Mathematics (page 280)
Mechanical Engineering (page 285)
Philosophy and Psychology (page 290)
Physics (page 292)
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SCHEDULES OF THE UNDERGRADUATE
COURSES

The school year is divided into three terms. The number of units assigned
in any term to any subject represents the number of hours spent in class,
laboratory, and preparation. In the following schedules, figures in parenthesis
denote hours in class (first figure), hours in laboratory (second figure), and
hours of outside preparation (third figure).?

Besides the subjects shown in the course schedules, students are required to
take either military or physical education® in each term of the four school
years. Students who continue their undergraduate work beyond four years
continue to take physical education throughout their undergraduate course.
Freshmen attend six orientation assemblies. in addition to the general
assemblies.

KEY TO ABBREVIATIONS

Aeronautics English ... . En
Air Science Geology ... Ge
Applied Chemistry History and Government ... ... H
Applied Mechanics ..o AM Hydraulics ... .. Hy
Astronomy ... Ay Jet Propulsion JP
Biology oo e Bi Languages ...
Chemistry ... Ch Mathematics ‘
Civil Engineering ... CE Mechanical Engineering ...

Graphics Gr Philosophy ...

Economics Ee Physical Education .

Electrical Engineering ... EE Physics

Engineering Seience ES

*The units used at the California Institute may be reduced to semester hours by multiplying the
Institute units by the fraction 2/9. Thus a twelve-unit course taken throughout the three terms of
an academic year would total thirty-six Institute units or eight semester hours. If the course were
taken for only one term, it would be the equivalent of 2.6 semester hours.

NoTE TOo VETERAN STUDENTS: Inasmuch as subsistence allowances for Veterans are based on
total “standard semester hours of credit for a semester, or their equivalent,” it must be borne in mind
that 11% Institute terms are equivalent to one semester, Therefore, for purposes of determining your
subsistence entitlement each term, multiply total Institute units by 2/9 (to reduce to semester hours
per term) and then by 1% (to evaluate your course in terms of semester hours per semester). This
ilssrlnore simply accomplished by multiplying total units for the term by 1/3. See footnote 5 on page

“See page 1486 for rule regarding excuses from physical education.
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FIRST YEAR, ALL OPTIONS

The subjects listed below are taken by all students during their first year. Differentia-
tion into the various options begins in the second year.

Ma 1 abe

Ph 1 abe
Ch 1 abe
En 1 abe
H 1 abe

Gr 1 abe
PE 1 abe?

Pl1
P12
P13
Pl4
Pl6
En 8

En9
En 10
En 11
En 17
En 18
En 19
L5

L 40
Ec 48

Units per Term
1st 2nd  3rd

Introduction to Industrial Relations

Plane Analytical Geometry, Differential and some
Principles of Integral Calculus (4-0-8) ..o 12 12 12
Mechanics, Molecular Physics, Heat, Sound (3-3-6)........__. 12 12 12
Inorganic Chemistry, Qualitative Analysis (4-4-4) ... 12 12 12
English: Reading, Writing and Speaking (3-0-3) ............... 6 6 6
History of European Civilization (2-0-3) oo 5 5 5
Basic and Applied Graphics (0-3-0) 3 3 3
Physical Education (0-3-0) ... 3 3 3
53 53 53
SENIOR HUMANITIES ELECTIVES
Philosophy H 4 The British Empire
Logic H7 Modern and Contemporary Germany
Current European Philosophies HS The History of Russia
Ethics H 15 The World Since 1914
Psychology H 16 American Foreign Relations Since
Contemporary English and 1889
European Literature H17 The Far West and the Great Plains
American Literature H 18 The South: A Study in Persistence
Modern Drama H 19 Modern America
Literature of the Bible H21 British-American History
Technical Report Writing H 22 Modern England
Modern Poetry H 23 Modern War
Seminar in Literature H 25 Political Parties and Pressure
French Literature Groups
German Literature H 124 Foreign Area Problems

IAFROTC students substitute 4 units of Air Science (AS 1 abc, 2-1-1) for Physical Education
(PE 1 abc, 0-3-0).
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AERONAUTICS OPTION

(For Aeronautics Option see page 205)

ASTRONOMY OPTION

(For First Year see page 194)
(For Second Year see Physics Option, page 206)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulation will
be found on page 143.

Units per Term

THIRD YEAR 1st  2nd  8rd
En 7 abe Introduction to Literature (3-0-5) 8 8 8
Ph 106 abc  Introduction to Mathematical Physics (4-0-8).......ccco.... 12 12 12
Ph 107 abc  Electricity and Magnetism (2-0-4) 6 6 6
EE 4 abe Basic Electrical Engineering (2-0-4) cooooooiiiiiioc 6 6 6
Ay 2 abe General Astronomy (3-3-3) 9 9 9
PE 3 abc®  Physical Education (0-3-0) 3 3 3

Electives (see below) to make’ 6-10 6-10 6-10

50-54 50-54 50-54
FOURTH YEAR

Humanities Electives (3-0-6)" 9 9 9
Ec 4 ab Economic Principles and Problems (3-0-3) . ..cccocoo e - 6 6
H 5 abe Public Affairs (1-0-1) ... 2 2 2
Ph 112 abe  Introduction to Atomic and Nuclear Physics (4-0-8)........ 12 12 12
PE 4 ab¢®  Physical Education (0-3-0) 3 3 3

Electives (see below) to make’ 20-27 18-20 18-20

46-53 50-52 50-52
ELECTIVES
With Approval of Adviser

L 32 abe Elementary German (4-0-6)* 10 10 10
Ma 108 abc Advanced Calculus (4-0-5)* 9 9 9
Ma 112 Elementary Statistics (3-0-6) 9 or 9
Ph 27 abc  Thermodynamics (2-0-4)* 6 6 6
Ph115ab  Optics (2-3-4)* - 9 9
Ph 217 Spectroscopy (3-0-6) - - 9
Ge 2 Geophysics (3-0-6) . . 9
EE 160 abc Electronics (2-3-4), (2-3-4), (2-3-4) 9 9 9
Ay 131 abe

or Astrophysics (3-0-6)* 9 9 9
Ay 132 abe
Ay 141 abe  Astronomy Research Conference (1-0-1) ... 2 2 2

Fourth year Humanities electives (the courses to be offered in any one term will be announced
before the close of the previous term):

2AFROTC students substitute AS 3 abc for PE 8 abe and take electives to make 2-6 units per
term,

SAFROTC students substitute AS 4 abe for PE 4 abc and take electives to make 15-22 units, first
term; 13-15 units in second and third terms.

*Students who plan to do graduate work in astronomy should elect some of these courses during
their 3rd and 4th years.
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BIOLOGY OPTION .

(For First Year see page 194)
Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulation will

be found on page 143. :

SECOND YEAR 1 300 T
Ma 2 abc Solid Analytic Geometry, Vector Analysis, Differential

and Integral Calculus (4-0-8) 12 12 12
Ph 2 abe Optics, Electrostatics and Electrodynamics (3-3-6)............ 12 12 12
H 2 abe " History of the United States (2-0-4) ... -6 6 6
Ch 12 ab Analytical Chemistry (2-6-2) .. .10 10 -

Gel Physical Geology (4-2-3)............ R 9 -

Bil Elementary Biology (3-3-3) ... . ~ . 9
Bi2 Genetics (3-3-3) ... . 9
Bi3 Plant Biology (2-6-2) oo . 10
PE 2 abe®  Physical Education (0-3-0) oo 3 3 3
52 52 52

SUMMER FOLLOWING SECOND YEAR
Bi4 Invertebrate and Vertebrate Zoology (5-10-5) ... ... — 20 units
THIRD YEAR

En 7 abe Introductory to Literature (3-0-5) . ... . ... 8 8 8
L 32 abce Elementary German (4-0-6) .10 10 10
Ch 21 abc  Physical Chemistry (4-0-6) ... ... 10 10 10
Ch 41 abec  Organic Chemistry (3-0-5) oo 8 8 8
Ch46a Organic Chemistry Laboratory (0-6-0)......... ... .. 6 . .
Bi5 Advanced Plant Biology (3-6-3) . - 12

Bi 20 Mamalian Anatomy and Histology (2-6-4) ... = 12

Biology Electives ° s 6 "
PE 3 abc®*  Physical Education (0-3-0) ... ... ... 3 3 3
51 51 51

FOURTH YEAR

Humanities Electives (3-0-6)"_._._ ... 9 9
H 5 abe Public Affairs (1-0-1) . - 2 2

Ec 4 ab Economic Principles and Problems (3-0-3) 6
Bi 106 Embryology (2-6-4) . .
Bi 107 ab Biochemistry (3-3-5; 3-4-8) .. ... e . 11 15
Bi 115 Plant Physiology (3-6-3) oo . 12 .
Bi 116 ab  Animal Physmlogy (2-3- 3) 8 8 .
Bi 117 Psychobiology (3-2-3) .. - - 9
Biology Electives® ........ 9 = 12
PE 4 abc®  Physical Education (0-3-0) 3 3 3
49 51 50

(PEigFIéOT&‘sstu;ients substitute 4 units of Air Science (AS 2 abe, 2-1-1), for Physical Education
abc, -0

FROTC students substitute 8 units of Air Science (AS 3 abc, 4-8-1), for Physical Education
(PE 3 abc, 0-3-0).

SAFROTC students will substitute 8 units of Air Science (AS 4 abc, 4-1-8) for Physical Educa-
tion (PE 4 abe, 0-3-0). AFROTC must take H 23 (Modern War) as their Humanities elertive m
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
Humanities elective requirement for this term.

“For list of Humanities electives, see page 194.

5The following subjects are offered as fourth year Biology electives:

First Term

Bi 22 Special Prablems (0-0-9) . ... ... units by arrangement
Bi 108 Advanced Genetics (2-0-4) ... ... o .. 6 units
Bi 109 Advanced Genetics Laboratory ... T units by arrangement
Bill4 Immunology (2-4-3) ... i s 9 units
Bi 125 Advanced Plant Biology (3-3-6) L e 12 units
Bi 129 Problems in Biophysics (2-0-4) ... . cee e 6 units
Ma 112 Elementary Statistics (3-0-6)..... . . 9 units
Second Term
Bi 22 Special problems (0-0-0) units by arrangement

units by arrangement
units

Bi 22 Special Problems (O 0-9) .
Bi1ll0 Microbiology (83-8-3)

Bi 126 Genetics of Microorganisms (3-0- 6) . units
Bi 127 Chemical Genetics Laboratory (0-6-0) units
Bi 128 Advanced Microtechnique (1-4-1) . units
Ma 112  Elementary Statistics (3-0-6 units
Ch 46 b Organic Chemistry Laboratory (0-6-0 or units
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CHEMISTRY OR APPLIED CHEMISTRY OPTIONS

(For First Year see page 194)

Any student of the Chemistry or Applied Chemistry Option whose grade point average
in the required chemistry subjects of any year is less than 1.9 will be admitted to the re-
quired chemistry subjects of the following year only with the special permission of the
Division of Chemistry and Chemical Engineering.

SECOND YEAR
Units per Term
1st 2n 3rd

Ma 2 abe Solid Analytic Geometry, Vector Analysis, Differential

and Integral Calculus (4-0-8) 12 12 12
Ph 2 abe Optics, Electrostatics and Electrodynamics (3-3-6) ............. 12 12 12
Ch 12 abc  Analytical Chemisiry (2-6-2) 10 10 10
H 2 abe History of the United States (2-0-4) . oo 6 6 6
Gel Physical Geology (4-2-3) 9 . .

Bil Elementary Biology (3-3-3) . 9
Bi2 Genetics (3-3-3) - - 9
or . or
Ayl - Introduction to Astronomy (3-1-5 . . 9
PE 2 abe®  Physical Education (0-3-0) oo e 3 3 3
52 52 52

THIRD YEAR

En 7 abe Introduction to Literature (3-0-5) 8 8 8
Ec4 ab Economic Principles and Problems (3-0-3) .ooooooeciec 6 6 -
Ch 21 abec  Physical Chemistry (4-0-6) 10 10 10
Ch 41 abc  Organic Chemistry (3-0-5) .. 8 8 8
Ch 46 abc  Organic Chemistry Lab. 0-6-0; 1-9-0) ... 6 6 10
L 32 abe Elementary German (4-0-6).._.... 10 10 10
Ch 90 Oral Presentation (1-0-1)...... . . . 2
PE 3 ab¢® = Physical Education (0-3-0)._..._ e 3 3 3
51 51 51

CHEMISTRY OPTION
FOURTH YEAR

Humanities Electives (3-0-6)*... 9 9 9
H 5 abe Public Affairs (1-0-1) 2 2 2
Ch 13 ab Inorganic Chemistry (2-0-4) e 6 6
Ch 16 Instrumental Analysis (0-6-2) ... ... 8 . -
Ch 26 ab Physical Chemistry Laboratory (0-6-2). 8 8
Ch 123 Thermodynamic Chemistry (2-0-4)......... — 6 .
Ch 129 Surface and Coloid Chemistry (3-0-5) ..o .. . 8
L35 Scientific German (4-0-6) ... 10 - -
Elective Subjects’ 13 17 21
PE 4 abc®  Physical Education (0-3-0) ... 3 3 3
51 51 51

IAFROTC students substitute 4 units of Air Science (AS 2 abc, 2-1-1) for Physical Education
(PE 2 abe, 0-3-0).

2AFROTC students substitute 8 units of Air Science (AS 8 abe, 4-8-1) for Physical Education
(PE 8 abc, 0-3-0).

SAFROTC students will substitute 8 units of Air Science (AS 4 abe, 4-1-8) for Physical Educa-
tion (PE 4 abe, 0-3-0). AFROTC must take H 23 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
humanities elective requirement for this term. .

“For list of Humanities electives, see page 194.

SProfessional elective subjects include the following: Chemical Research Ch 80-86, Inorganic
Chemistry Ch 13 ¢, Radioactivity and Isotopes Ch 27 ab, Photochemistry Ch 130, Advanced Organic
Chemistry Ch 148 abc, Advanced Organic Chemistry Laboratory Ch 149 abe, Industrial Chemistry
Ch 61, Introduction to Mathematical Physics Ph 108 abe, Biochemistry Bi 107 ab.
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APPLIED CHEMISTRY OPTION
FOURTH YEAR

Units per Term
1st 2nd 8rd

Humanities Elective (3-0-6)° . 9 9 9

H 5 abe Public Affairs (1-0-1) o 2 2 2
Ch 16 Instrumental Analysis (0-6-2) e 8 . .
Ch 26 ab Physical Chemistry Lab. (0-6-2; 0-3-1) ... .. . 8 4
Ch 61 Industrial Chemistry (4-0-8) .12 . .
Ch 63 ab Chemical Engineering Thermodynamics (4-0-8) .. I 12 12
Ch 129 Surface and Colloid Chemistry (3-0-5) ... . 8
AM 2 abc  Applied Mechanics (3-0-5) . 8 8 8
EE1la Basic Electrical Engineering (3-0-6) ..o 9 . -
EE 4 cb Basic Electrical Engineering (2-0-4) ... oo . 6 6
EE2b Basic Electrical Engineering Laboratory (0-3-0)_. L 3 .
PE 4 abc’  Physical Education (0-3-0) .. ..., 3 3 3
51 51 52

IAFROTC students will substitute 8 units of Air Science (AS 4 abc, 4-1-3) for Physical Educa-
tion (PE 4 abc, 0-3-0). AFROTC must take H 23 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
humanities elective requirement for this term.

2For the list of Humanities electives, see page 194,
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CIVIL ENGINEERING OPTION

(For First Year see page 194)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulation will
Le found on page 143.

Units per Term

SECOND YEAR st Bed 8
Ma 2 abc Solid Analytic Geometry, Vector Analysis, Differential
and Integral Calculus (4-0-8) 12 12 12
Ph 2 abe Optics, Electrostatics and Electrodynamics (3-3-6) ... 12 12 12
H 2 abe History of the United States (2-0-4) 6 6 6
Ec 2 ab General Economics and Economic Problems (3-0-6)............ 9 9 -
Ec 18 Industrial Organization (3-0-4) . - 7
or or
Ec25 Engineering Law (3-0-4) - - 7
ME 1 Empirical Design (0-9-0) 9 or 9 or 9
ME 3 Materials and Processes (3-3-3) 9 or 9 or 9
Science Elective (Ge 1, 4-2-3; Bi 1, 3-3-3; Ay 1, 3-1.5) ... 9 or 9 or 9
PE 2 ab¢®  Physical Education (0-3-0) 3 3 3
51 51 49
THIRD YEAR
En 7 abec  Introduction to Literature (3-0-5) 8 8 8
AM 1 Statics (3-0-6) 9 i .
AM 4 ab Strength of Materials (3-0-6) . 9 9
AM 5 ab  Dynamics (3-0-6)) 9 9 .
CE 1 Surveying (2-6-4) - . 12
CE 5 Hydrology (2-0-4) - 6
EE1a Basic Electrical Engineering (3-0-6) 9 . .
EE 4 be Basic Electrical Engineering (2-0-4) . 6 6
EE 2 ab Basic Electrical Engineering Lab. (0-3-0) ... . 3 3
Hy 2 ab Hydraulics (4-0-8) (2-0-4) 12 6 .
ME 20 Heat Engineering (3-0-6) - - 9
PE 3 abec  Physical Education (0-3-0) 3 3 3
50 50 50
FOURTH YEAR
Humanities Elective (3-0-6)* 9 9 9
Ec 2 ab General Economics and Economic Problems (3-0-6) ... . 9 9
Ec 25 Engineering Law (3-0-4) . 7 .
H 5 abe Public Affairs (1-0-1) 2 2 2
Hy 11 Fluid Mechanics Laboratory (0-6-0) . 6
ME 20 Heat Engineering (3-0-6) 9
CE 4 Highways and Airports (2-4-4) . 10 . .
CE 10 abc  Theory of Structures (3-3-6; 3-0-6) .. .. . 12 12 9
CE 12 Reinforced Concrete (3-3-6) - .. 12
CE 14 abc  Engineering Conference (1-0-1; 1-0-0) ..o 2 2 1
CE 15 Soil Mechanics (2-0-4) 6 - .
CE 20 Introduction to Sanitary Engineering® (2-0-4) ... . . 6
PE 4 abc®  Physical Education (0-3-0) 3 3 3
53 50 51

!AFROTC students substitute 4 units of Air Science (AS 2 abe, 2-1-1) for Physical Education
(PE 2 abe, 0-3-0).

2AFROTC students substitute 8 units of Air Science (AS 8 abc, 4-3-1) for Physical Education
(PE 3 abc, 0-3-0).
. *AFROTC students will substitute 8 units of Air Science (AS 4 abc, 4-1-8) for Physical Educa-
tion (PE 4 abc, 0-3-0). AFROTC must take H 23 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
humanities elective requirement for this term.

*For list of Humanities electives, see page 194.

"Students may substitute AM 15 ¢ or Ge 110 for CE 20 in the third term of the fourth vear,
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ELECTRICAL ENGINEERING OPTION

(For First Year see page 194)

Attention is called 1o the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue-the work of that option. A fuller statement of this regulation will
be found on page 143.

SECOND YEAR

Units per Term
1st 2nd 3rd

Ma 2 abe Solid Analytic Geometry, Vector Analysis, Differential

and Integral Calculus (4-0-8) 12 12 12
Ph 2 abe Optics, Electrostatics and Electrodynamics (3- 36) oo 12 12 12
H 2 abe History of the United States (2-0-4) ..oooeoeceeei . .6 6 6
Ec 2 ab General Economics and Economic Problems (3-0-6).. .9 9 .
Ec 18 Industrial Organization (3-0-4) . . U - - 7
or or
Ec 25 Engineering Law (3-0-4) ..o - - 7
ME 1 Empirical Design (0-9-0) _._... . 9 or 9 or 9
ME 3 Materials and Processes (3-3-3)..... 9 or 9 or 9
Science Elective (Ge 1, 4-2-3; Bi 1, ; 9 or 9 or 9
PE 2 abc®  Physical Education (0-3-0) ... ... 3 3 3
51 51 49
THIRD YEAR

En 7 abe  Introduction to Literature (3-0-5) . ... 8 8 8
AM 1 Statics (3-0-6) oo 9 - .
AM 4 a Strength of Materials (3-0-6) .. S 9 .
AM 5 a Dynamics (3-0-6) ... . .. A . 9
EE 1 abc  Basic Electrical Engineering (3-0-6) ... ... 9 9 9
EE 2 ab Basic Electrical Engineering Lab. (0-3-0) ... . 3 3
AM 15 abc FEngineering Mathematics (3-0-6) ... 9 9 9
ME 15 abe Thermodynamics and Fluid Mechanics (3-2-5) . . .. 10 10 10
PE 3 abc  Physical Education (0-3-0) ... . ... 3 3 3
48 51 51

FOURTH YEAR
Humanities Elective (3-0-6)* oo 9 9 9
H 5 abe Public Affairs (1-0-1) 2 2 2
Ec 1 abc General Economics and Economic Problems (3-0-3) .. ... 6 6 6
Ec 25 Engineering Law (3-0-4) .o 7 - -
EE 6 ab Electrical Machinery (2-0-4; 3-0-6) .. R 6 9
EE 7 Electrical Machinery Laboratory (0-3-3) e 6
EE 12 Electrical Circuits (4-0-8) ... 12 - .
EE 15 Electromagnetism (2-0-4) ... .. b6 6 6
EE 16 Electrical Measurements (2-3-1) .. 6 .
EE 70 ab Engineering Conference (1-0-1) ... 2 2
EE 160 abc Electron Tubes (2-3-4).... .. 9 9 9
PE 4 ab¢® Physical Education (0-3-0) ..o 3 3 3
54 49 52

(PEl“;Fl})OT(;: stg;‘lents substitute 4 units of Air Science (AS 2 abe, 2-1-1) for Physical Education
abe, 0-8-

FAFROTC students substitute 8 units of Air Science (AS 8 abe, 4-8-1) for Physical Education
(PE 8 abe, 0-3-0).

SAFROTC students will substitute 8 units of Air Science (AS 4 abc, 4-1-3) for Physical Educa-
tion (PE 4 abc, 0-3-0). AFROTC must take H 28 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
humanities elective requirement for this term,

“For list of Humanities electives, see page 194,
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GEOLOGICAL SCIENCES OPTION

(For First Year see page 194)

Attention is called to the fact that any student whose grade-point average in freshman
physics, chemistry and mathematics is less than 1.9, may, at the discretion of the Division
of the Geological Sciences, be refused permission to register in the Geological Sciences
Option. Furthermore, any student whose grade-point average is less than 1.9 in the sub-
jects in the Division of Geological Sciences may, at the discretion of the Division, be
refused permission to continue in the Geological Sciences Option.

SECOND YEAR?

Units per Term
1st 2nd 3rd

Ma 2 abe  Solid Analytic Geometry, Vector Analysis,
Differential and Integral Calculus (4-0-8)... .12 12 12

Ph 2 abc  Optics, Electrostatics and Electrodynamics (3-3- 12 12 12
Ch 12 a Analytical Chemistry (2-6-2) 10 - .
H 2 abe History of the United States (2-0-4) 6 6 6
Ge 1 Physical Geology (4-2-3) 9
Bil Elementary Biology (3-3-3) e - 9 -
Ge 2 Geophysics (3-0-6) 9
Ge 3 Materials of the Earth’s Crust (3-0-6) 9 -
Ge 5 Geobiology (3-0-6) . . 9
PE 2 abe' Physical Education (0-3-0)........ . .3 3 3
52 51 51
THIRD YEAR*
En 7 abe  Introduction to Literature (3-0-5) . 8 8 8
Ec 4 ab Economic Principles and Problems (3-0-3) ... ... 6 . 6
Ge 20 abc Field Geology (4-5-1; 0-8-2; 0-6-4) 10 10 10
Ge 102 Oral Presentation (1-0-0) - 1 .
Ge 176" Elementiary Seismology (3-0-3)... ... . . 6
PE 3 abc® Physical Education (0-3-0).... ... . 3 3 3
Geology and Geochemistry® Options®
Ge 4 a Petrology, Igneous (3-3-2) . 8 -
Ged b Petrology, Sedimenary (3-4-3) ... ... . 10 .
Ge 4 ' Petrology, Metamorphic (2-3-2) . . 7
Ge 9" Techniques of Structural Geology (1-3-2) . 6 .
Ge 1047 Introduction to Geochemistry (2-0-4) ... L . 6
Ch 24 ab  Physical Chemistry for Geologists (4-0-6) ... ... ... 10 10
Electives™ ..... . . 69
51 4851 46
Geophysics Option
Ph 106 abc Introduction to Mathematical Physics (4-0-8).._.. .. 12 12 12

39° 34 45°

*AFROTC students substitute 4 units of Air Science (AS 2 abe, 2-1-1) for Physical i
(PE S oo Erd ( ) fo ysical Education
ZAFROTC students substitute 8 units of Air Science (AS 3 abc, 4-8-1) for Physical ati
(PE STROTC stud ( ) fo ysical Education

*Bi 4 Invertebrate and Vertebrate Zoology (20 units), a six-week summer course, is strongly
recommended for those interested in paleontology.

“Spring Field Trip, GE 122, 1 unit, required in junior and senior years.

°In general, the Geochemistry and Geophysics Options are recommended only for those students
who anticipate continuing their training at the graduate level.

o SSummer Field Geology, Ge 123, 20 units, required after third year in Geology and Geochemistry
ptions.

“Electives may be substituted for the courses so marked with the advice and issi
student’s advisor. Attention is called to the following courses as possible and dgsgﬁleoﬁegfi\g}se
but others may be acceptable if consistent with the student’s interests and program of study.:
Ma 10, Ma 112, Ph 20, Ay 1, Bi 2, Ch 27, Ch 123, Ch 129, CE 5, CE 15, CE 134, CE 155
Hy 210 ab, Am 1, Am 4 ab, Am 5 ab, Am 110 a, L. 1 ab, Ge 174, Ge 175, Ge 151. ’

8Add electives to bring unit load up to a minimum of 45 units, but not to e d the allow-
able limit, selected from any of the following cowrses for which prerequisites have :g:::n coglpaie?e‘g:
Any Ge course, Ay 1, Ch 21 abe, Ch 24 ab, Gr 5, EE 4 abc, EE 2 ab, Ma 3, Ma 10, Ma 16
Ma 108 abe, L 32 abe, Ph 107 abe. Special attention is called to the opportunity to take 1. 32 abc.



202 CALIFORNIA INSTITUTE OF TECHNOLOGY

GEOLOGICAL SCIENCES OPTION

FOURTH YEAR®
Ist 2nd 3rd
Units per Term

Humanities Elective (3-0-6)° 9 9 9
H 5 abc Public Affairs (1-0-1) 2 2 2
L 32 abe Elementary German (4-0-6) 10 10 10
Ge 100 Geology Club (1-0-0) 1 1 1
PE 4 abe® Physical Education (0-3-0) 3 3 3
Geochemisiry Option
Ch 13 abc* Inorganic Chemistry (2-0-4}) .. 6 6 6
Ch 27 ab* Radioactivity and Isotopes (2-0-4) 6 6 .
Ch 129* Surface and Colloid Chemistry (3-0-5) oo - - 8
Ge 105* Optical Mineralogy (2-8-2) 12 . -
Ge 106 ab* Petrography (2-6-1; 2-4-3) — 9 9
Ge 151 b Laboratory Techniques in the Earth Sciences (0-5-0)...._... 5
9 51 48

Geology Option

Ge 121 abe Advanced Field Geology (4-8-2; 0-8-2; 0-34) . ... 14 10 7
Electives to be selected from any advanced courses in the
Division of Geological Sciences or courses in other Sci-
ence or Engineering Divisions. The elective courses

must he approved by the student’s advisor.... ... . 9-12 12-15 15-18

48-51 4750 4-73)
Geophysics Option

Ph 107 abe Electricity and Magnetism (2-0-4) .. oo 6 6 6
Geology Electives 7-10 710 7-10

38-41° 38-41° 3841°

1Spring Field Trip, Ge 122, 1 unit required in junior and senior years.
2For list of Humanities electives, see page 194.
3AFROTC students will substitute 8 units of Air Science (AS 4 abc, 4-1-3) for Physical Educa-
tion (PE 4 abc, 0-3-0). AFROTC must take H 23 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
humanities elective requirement for this term.

4Electives may be substituted for these courses with the advice and permission of the student’s
advisor.

5Add other electives in Physics, Mathematics, Chemistry, Astronomy, or Engineering to bring
unit load to a minimum of 45 units, but not to exceed the allowable limit.
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MATHEMATICS OPTION

(For First Year see page 194)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of his department, be refused
permission to continue the work of that option. A fuller statement of this regulation will
be found on page 143.

SECOND YEAR
Units per Term
Ist 2nd 3rd

Ma 2 abe Solid Analytic Geometry, Vector Analysis, Differential

and Integral Calculus (4-0-8) 12 12 12
Ph 2 abe Optics, Electrostatics and Electrodynamics (3-3-6) ............. 12 12 12
H 2 abe History of the United States (2-0-4) 6 6 6
Ma 3 Theory of Equations (4-0-6) 10 - .
Ma 16 Matrices and Quadratic Forms (4-0-6) I 10 -
Ma 10 Ordinary and Partial Differential Equations (4-0-6) . 10

Gel Physical Geology (4-2-3) ... 9 .
Bil Elementary Biology (3-3-3) - 9 .
Ay 1 Introduction to Astronomy (3-1-5) . . 9
PE 2 abe'  Physical Education (0-3-0) 3 3 3
52 52 52

THIRD YEAR
En 7 abe Introduction to Literature (3-0-5) 8 8 8
Ma 108 abc Advanced Calculus (4-0-5) 9 9 9
Ph 106 abe Introduction to Mathematical Physics (4-0-8) ... .o 12 12 12
Elective in Mathematics® 9 9 9
Elective in Languages™® 10 10 10
PE 3 abc®  Physical Education (0-3-0) 3 3 3
51 51 51
FOURTH YEAR

Humanities Elective (3-0-6)° 9 9 9
H 5 abe Public Affairs (1-0-1) 2 2 2
Ec¢ 4 ab® Economics 6 6 .
Elective in Languages (4-0-6)° 10 10 10
Electives in Mathematics® 18 18 27
PE 4 abc®  Physical Education (0-3-0) 3 3 3
8 48 51

IAFROTC students substitute 4 units of Air Science (AS 2 abe, 2-1-1) for Physical Education
(PE 2 abc, 0-3-0).

2Junior AFROTC students take Ec 4 ab in the first two terms. They drop the junior language
elective. They take AS 3 abc instead of PE 3 abec.

3Senior AFROTC students drop Ec 4 ab. They take AS 4 abc instead of PE. 4 abe.

“Elective courses in Mathematics are:—Ma 61, 62, 63, 64, 67, 68, 91, 112 and all graduate
courses in Mathematics with the exception of Ma 108. Courses in a cognate field may be chosen
with the approval of the department.

Seniors intending to proceed to graduate work in Mathematics are expected to choose at least one
full year’s graduate course in Mathematics among their electives.

SElective in Languages: German, Scientific German, French, Russian. A student who has taken
languages in high school can be relieved of some or of all language requirements upon approval of
the departments of languages and of mathematics. Any course can be elected to replace a language
course from which the student has been excused.

SFor list of Electives in the Humanities, see page 194.
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MECHANICAL ENGINEERING OPTION

(For First Year see page 194)

Attention is called to the fact that any student whose grade-point average is less than 1.9
in the subjects listed under his division may, at the discretion of the faculty in Mechan-
ical Engineering, be refused permission to continue the work of that option. A fuller
statement of this regulation will be found on page 143.

SECOND YEAR

Units per Term
1st 2nd 3rd

Ma 2 abe Solid Analytic Geometry, Vector Analysis, Differential

and Integral Calculus (4-0-8) 12 12 12
Ph 2 abe Optics, Electrostatics and Electrodynamics (3-3-6). . ... 12 12 12
H 2 abe History of the United States (2-0-4)..ooeeioioeei . 6 6 6
Ec2ab General Economies and Economic Problems (3-0-6) 9 9 .
Ec 18 Industrial Organization (3-0-4) . . 7
or or
Ec 25 Engineering Law (3-0-4) . . 7
ME 1 Empirical Design (0-90)... .. ... 9 or 9 or 9
ME 3 Materials and Processes (3-3-3) 9 0or 9 or 9
Science Elective (Ge 1, 4-2.3; Bi 1, 3-3-3; Ay 1,3-1-5).... 9 or 9 or 9
PE 2 abe¢'  Physical Education (0-3-0) 3 3 3
51 51 49
THIRD YEAR

En 7 abe  Introduction to Literature (3-0-5) i 8 8 8

AM 1 Statics (306) ... 9 .
AM 4 ab Strength of Materials (3-0-6) ... . 9 9
EE 1 abe  Basic Electrical Engineering (3-0-6) ..coooocoiooe oo 9 9 9
EE 2 ab Basic Electrical Engineering Lab. (0-3-0) - 3 3
AM 15 abe Engineering Mathematics (3-0-6) ... -9 9 9
ME 15 abe Thermodynamics and Fluid Mechanics (3-2-5) .o.oocoooooo. 10 10 10
PE 3 abe  Physical Education (0-3-0) ... 3 3 3
48 51 51

FOURTH YEAR

Humanities Elective (3-0-6)* .. ... ... - -9 9 9
H 5 abe Public Affairs (1-0-1) ..o 2 2 2
Ec 2 ab General Economics and Economic Problems (3-0-6)........ .. 9 9
Ec 18 Industrial Organization (3-0-4).....___._ ... e . 7
ME 5abc  Machine Design (2-6-1)....... .. ... 9 9 9

ME 10 Metallurgy  (B-3-6) oo 12 .

AM 3 Testing ‘Materials Laboratory (0-3-5).. ... . 8
ME 16 ab  Thermodynamics (3-0-6; 2-0-4) i .9 6 .
ME 25 Mechanical Laboratory (0-6-3).. . ... ... L. . 9
Hy 1 Hydraulics (3-0-6) cueooooeeemeeeeeeeeeiee 9 - .
Hy 11 Fluid Mechanics Laboratory (0-6-0) . 6 .
ME 50 ab  Engineering Conference (1-0-1)................. S 2 2
PE 4 abe®  Physical Education (0-3-0) oo 3 3 3
53 54 50

(PElgF%OTgsstal;ients substitute 4 units of Air Science (AS 2 abc, 2-1-1) for Physical Education

abc, -

(PE%F bOTgsstblglents substitute 8 units of Air Science (AS 3 abe, 4-3-1) for Physical Education
abce -

SAFROTC students will substitute ‘8 units of Air Science (AS 4 abc, 4-1-3) for Physical Educa-
tion (PE 4 abe, 0-8-0). AFROTC must take H 23 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
humanities elective requirement for this term.

1For list of Humanities electives, see page 194.
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MECHANICAL ENGINEERING (AERONAUTICS)

Units per Term
1st 2nd 3rd

Humanities Electives (3-0-6) oo 9 9 9
H 5 abe Public Affairs (31-0-1) oo 2 2 2
Ec2ab General Economics and Economic Problems (3-0-6).......... - 9 9
Ec 18 Industrial Organization (3-0-4) oo . . 7
ME 10 Metallurgy (3-3-6) 12 . .
AM 3 Testing Materials Laboratory (0-3-5) ..o . 8 .
ME 50 abc Engineering Conference (1-0-1) 2 2
Ae 101 abc Introductory Mechanics and Thermodynamics of
Fluids (3-0-6) 9 9 9
Ae 102 abe  Aireraft Structural Analysis (3-0-6) : 9 9 9
Ae 105 Wind Tunnel Operation and Technique (1-3-2)..........._.. 6 . .
PE 4 abc®  Physical Education (0-3-0) ..o 3 3 3
50 51 50

iFor list of Humanities electives, see page 194.

2AFROTC students will substitute 8 units of Air Science (AS 4 abc, 4-1-3) for Physical Educa-
tion (PE 4 abc, 0-8-0). AFROTC must take H 23 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
humanities elective requirement for this term.
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PHYSICS OR ASTRONOMY OPTION

(For First Year see page 194)

Attention is called to the fact that any student whose grade-point average is less than
1.9 in the subjects listed under his division may, at the discretion of his department, be
refused permission to continue the work of that option. A more complete statement of
this regulation will be found on page 143.

Ma 2 abe

Ph 2 abe
H 2 abe
Gel
Bil
Ayl

PE 2 abc!

SECOND YEAR

Units per Term

. Ist 2nd 3rd
Solid Analytic Geometry, Vector Analysis, Differential
and Integral Calculus, and Differential Equations

(4-0-8) 12 12 12
Electrostatics, Electrodynamics and Optics (3-3-6) ............ 12 12 12
History of the United States (2-0-4) ..o 6 6 6
Physical Geology (4-2-3) .9 . .
Elementary Biology (3-3-3) ..o . 9
Introduction to Astronomy (3-1-5) ... .. . 9
Electives 6-11 6-11 6-11
Physical Education (0-3-0) oo 3 3 3

48-53 48-53 48-53

ELECTIVES

The student may elect any course that is offered in any division in a given term,
provided only that he has the necessary prerequisites for that course.

fin 7 abe
EE 4 abe
Ph 106 abc
Ph 107 abe

PE 3 abc’

L 32 abe
Ch 21 ahe
ME 15 abe
Ma 108 abc
Ay 2 abe
Ph 27 abc

Ch 27 abe
Ge 2

Bi2
EE2b

THIRD YEAR
Introduction to Literature (3-0-5) ... 8 8 8
Basic Electrical Engineering (2-0-4)............ 6 6 6
Introduction to Mathematical Physics (4-0-8). .12 12 12
Electricity and Magnetism (2-0-4).. ... 6 6 6
Electives® 15-19 15-19 15-19
Physical Education (0-3-0) .3 3 3

50-54 50-54 -50-54

SuGGESTED ELECTIVES
(subject to approval of advisor)

Elementary German (4-0-6) ... .. ... 10 10 10
Physical Chemistry (4-0-6) 10 10 10
Thermodynamics and Fluid Mechanics (3-2-5)........._..._. 10 10 10
Advanced Calculus (4-0-5)° ... ... 9 9 9
General Astronomy (3-3-3) oo 9 9 9
Thermodynamics, Statistical Mechanics,

and Kinetic Theory (2-0-4) . 6 6 6
Radioactivity and Isotopes (2-0-4) 6 6 6
Geophysics (3-0-6) ..o 9
Genetics (3-3-3) 9

Electronics Laboratory (0-3-0)
Or other subjects

*AFROTC students substitute 4 units of Air Science (AS 2 abe, 2-1-1) for Physical Education
(PE 2 abc, 0-3-0).

2Students should note that Ma 108 abc is prerequisite to most advanced mathematics courses.
*AFROTC students take AS 3 abc (4-3-1), and drop PE 8 abc (0-3-0), and 6 units of electives.
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FOURTH YEAR

Units per Term
Ist 2nd 3rd

Humanities elective 9 9’ 9
Ec4 ab Economiec Principles and Problems (3-0-3) ..oocoooeeoooo . . 6 6
H 5 abe Public Affairs (1-0-1) 2 2 2
Ph 112 abc Introduction to Atomic and Nuclear Physics (4-0-8)....... 12 12 12

Laboratory Course 6-9 - .

Electives 18-21 18-21 18-21
PE 4 abc® Physical Education (0-3-0) 3 3 3

50-56- 50-53 50-53

LABORATORY COURSES®

EE 16 Electrical Measurements (2-3-1) .. 6

Ph 77 Special Problems in Experimental Physics* ... 9-12
(units as arranged with instructor)

Ph 172 Research (units as arranged with instructor)®®..________ ..

SucGESTED ELECTIVES™®
(subject to approval of advisor)

Ph 115 ab  Geometrical and Physical Optics (2-3-4) 9 9
Ph 129 abe Methods of Mathematical Physics (3-0-6) 9 9 9
Ph 131 abc Electricity and Magnetism (3-0-6) 9 9 9
Ph 201 ab  Analytical Mechanics (3-0-6) 9 9 ..
Ph 202 Topics in Classical Physics (3-0-6) 9
Ph 217 Spectroscopy (3-0-6) - . 9
EE 160 abc  Electronics and Circuits (3-0-6) (2-3-4) (2-3-4) oo 9 9 9
Ch 21 abc  Physical Chemistry (4-0-6) 10 10 10
Ma 112 Elementary Statistics (3-0-6) (first or third term).._.......... 9 or 9
L 35 Scientific German (4-0-6) 10 . -
Llab Elementary French (4-0-6) . 10 10

IFor list of Humanities electives, see page 194.

*To qualify as a Physics Laboratory course, physics research must be of an experimental nature.

SStudents may register for Ph 77 or Ph 172 only after making arrangements with supervising
instructor.

4Students who expect employment at the B.S. level should elect EE 160 abc.

5Only those courses most commonly taken are listed. Other courses in Physics, Mathematics, and
Engineering may be substituted if approved by the Science Course Committee.

SAFROTC students will substitute 8 units of Air Science (As 4 abc, 4-1-3) for Physical Educa-
tion (PE 4 abec, 0-3-0). AFROTC must take H 28 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit 'and will also satisfy the
humanities elective requirement for this term.
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SCHEDULES OF FIFTH- AND SIXTH-YEAR
COURSES

AERONAUTICS
FIFTH YEAR

(Leading to the degree of Master of Science in Aeronautics)

Units per Term

Lst 2n 3rd
Humanities Electives (3-0-6; 4-0-6) ... 90r10 Qo0r10 9orld

Ae 101 abc® Introductory Mechanics and Thermodynamics of

Fluids (3-0-6) 9 9 9
Ae 102 abe® Aircraft Structural Analysis (3-0-6) ... ... 9 9 9
Ae 103 abc® Aerodynamics of the Airplane (3-0-6).... 9 9 9
Ae 104 abc Design of Aircraft Components (2-0-4) ... 6 6 6
AM 125 abc Engineering Mathematical Principles (3-0-6)°....... .. 9 9 9
Ae 150 abc Aeronautical Seminar (1-0-0) -1 1 1

52-53 5253 5253

1Graduate humanities electives to the extent of 9 or 10 units per term for a total of 27 or 30 units
are required of all candidates for the Master’s Degree in any option.

Humanities Electives: (The subjects to be offered in any one term will be announced before the
close of the previous term.)

ZFor those students who have previously had the equivalent of these courses at CIT or elsewhere,
courses in_Jet Propulsion, other courses in Aeronautics, or advanced courses in related fields may be
substituted with the approval of the departmental advisor.

3Students who have not previously had AM 15 (AM 115), or Advanced Caleulus and Differential
Equations should take AM 115 ab and AM 116 in place of AM 125 abc. AM 126 abc may be
substituted for AM 125 with the approval of the departmental advisor.

GRADUATE HUMANITIES ELECTIVES

H 100 abe  Seminar in History and Government
En 100 abc Seminar in Literature

P1 100 abc  Seminar in Philosophy

P1101 abe  History of Thought

Ec 100 abc Business Economics

Ec 110 Industrial Relations
Ec 111 Business Cycles and Fiscal Policy
Ec 112 Modern Schools of Economic Thought

Ec 120 abc Money, Income, and Employment
Ec 126 abc Economics Analysis and Policy (Seminar)
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AERONAUTICS

SIXTH YEAR
(Leading to the degree of Aeronautical Engineer)

209

Units per Term

. 1st 2nd

Ae 106 abc Experimental Methods in Aeronautics (1-3-2) ... .. ...
Ae 150 abc  Aeronautical Seminar (1-0-0) 1 1
Ae 200 abc  Aeronautics Research . . 20 20
Electives (not less than) .. ... ... . . 18 18
45 45

3rd
1
20
18

45

Elective subjects are to be selected from Aeronautics courses (pages 219-222) or ad-

vanced courses in other fields, as approved by the Aeronautics department.

AERONAUTICS (JET PROPULSION OPTION)

SIXTH YEAR
(Leading to the degree of Aeronautical Engineer)
Ae 150 abe  Aeronautical Seminar (1-0-0) 1
Ae 201 abc Hydrodynamics of Compressible Fluids (3-0-6) ................... 9
JP 280 abc Jet Propulsion Research... ... .. 18
Electives (not less than)® . 17
45

1
9
18
17

45

1
9
19
16

45

1The electives are to be chosen from the list of Jet Propulsion subjects on pages 277-278 with the

approval of the Goddard Professor of Jet Propulsion.
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ASTRONOMY

FIFTH YEAR

(Leading to the degree of Master of Science in Astronomy)

Units Per Term
2nd

1st 8rd
Humanities Elective (3-0-6; 4-0-6)* 90r10 9o0r10 9orl0
Ay 131 abc or Ay 132 abe, Astrophysics (3-0-6) ... 9 9 9
Electives to total oo 48 to 50 48 to 50 48 to 50

Elective subjects program, to be approved by the department, from advanced subjects in
astronomy and physics. Placement examination will be required (See page 182, section
(a). Ay 112, Ma 108, Ph 106, Ph 107, Ph 113 may be required of those students whose
previous training proves to be insufficient.

BIOLOGY

As nearly all biology majors are working for the doctor’s degree and follow-
ing programs arranged by the students in consultation with members of the
Division, no specific graduate curricula can be outlined.

CHEMISTRY

FIFTH YEAR

(Leading to the degree of Master of Science in Chemistry)

On the Monday and Tuesday preceding General Registration for the first
term of graduate study, graduate students admitted to work for the M.S. degree
will be required to take written placement examinations in the fields of inor-
ganic chemistry, physical chemistry, and organic chemistry. These examina-
tions will cover their respective subjects to the extent that these subjects are
treated in the undergraduate chemistry option offered at this Institute and in
general will be designed to test whether the student possesses an understanding
of general principles and a power to apply these to concrete problems, rather
than a detailed informational knowledge. It is expected of graduate students
that they demonstrate a proficiency in the above subjects not less than that
acquired by abler undergraduates. Students who have demonstrated this
proficiency in earlier residence at this Institute may be excused from these
examinations.

In the event that a student fails to show satisfactory performance in any of
the placement examinations he will be required to register for a prescribed
course, or courses, in order to correct the deficiency at an early date. In gen-
eral no graduate credit will be allowed for prescribed undergraduate courses.
If the student’s performance in the required course or courses is not satisfac-
tory he will not be allowed to continue his graduate studies except by special
action of the Division of Chemistry and Chemical Engineering on receipt of
his petition to be allowed to continue.

For list of Humanities electives, see footnote page 208.
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The needs of Chemistry majors vary so widely in specialized fields of this
subject that no specific curricula can be outlined. Before registering for the
first time, a candidate for the master’s degree should consult a member of the
Committee on Undergraduate and Fifth-Year Study of the Division.

The Humanities requirement for a master’s degree will be found on page
208. Candidates who have not had a course substantially equivalent to surface
and Colloid Chemistry, Ch 129, must take this course. In addition not fewer
than 30 units of courses of science subjects chosen from advanced courses
and not fewer than 40 umits of Chemical Research must be offered for the
master’s degree. Two copies of a satisfactory thesis describing this research,
including a one-page digest or summary of the main results obtained, must
be submitted to the Chairman of the Division at least ten days before the
degree is to be conferred. The copies of the thesis should be prepared
according to the directions formulated by the Dean of Graduate Studies,
and should be accompanied by a statement approving the thesis, signed by the
staff member directing the research and by the Chairman of the Committee on
Undergraduate and Fifth-Year Study of the Division.

Candidates must satisfy the modern language department that they are able
to read scientific articles in at least one of the following languages: German,
French, or Russian.

CHEMICAL ENGINEERING

FIFTH YEAR
(Leading to the degree of Master of Science in Chemical Engineering)

Units per Term
1st 2nd 3rd

Humanities Electives (3-0-6; 4-0-6)" ... ... .. ... 90r10 90r10 9or 10
Chi 166 abc Chemical Engineering (3-0-9) 12 12 12
Ch 166 abc  Chemical Engineering Laboratory (0-15-0) _................... 15 15 15
Electives—at least . ..o e 14 14 14
50 50 50
or or or

51 51 51

Elective subjects approved by a member of the Division to be chosen from
advanced subjects in Chemistry, Chemical Engineering, Physics, Mathematics
and Mechanical Engineering, or Ma 10 Differential Equations.

Students admitted for work toward the M.S, in Chemical Engineering will
be required to take the placement examination in engineering thermodynamics
(see pages 166 and 175). Those students who do not propose to register for
Ch 166 abe will also be required to take the placement examination in the unit
operations of chemical engineering.

SIXTH YEAR
(Leading to the degree of Chemical Engineer)

Programs are selected from a comprehensive list of available subjects and
are arranged by the student in consultation with members of the Division. At
least half of the student’s time will be spent on research.

For list of Humanities electives, see footnote page 208.
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CIVIL ENGINEERING

FIFTH YEAR

(Leading to the degree of Master of Science in Civil Engineering)

Units per Term
1st 2nd 3rd

Humanities Electives (3-0-6; 4-0-6) ...l 90r10 90r10 9or 10
AM 115 ab Engineering Mathematics (3-0-6) .......... 9 9

CE 120 a Statically Indeterminate Structures (3-3-6)... 12 -
CE 125 Water Supply, Irrigation and Drainage (3-0-6)........... 9
CE 129 Spring Field Trip (0-1-0) . 1
CE 130 abc Civil Engineering Seminar (1-0-0; 0-4-0)....____... .. 1 1 4
Hy 103 a Advanced Hydraulics (3-0-6) . 9
Ma 112 a Elementary Statistics (3-0-6) ... 9 - .
Electives as below (minimum)? .. 15 18 18
Totals (Minimum)............_. e 46 46 50
ELECTIVES
AM 105 Advanced Strength of Materials (2-0-4) ... . 6 .
AM 106 Problems in Buckling (2-0-4) . - 6 -
AM 107 Properties of Materials (2-0-4) ... . . 6
AM 110 a  Introduction to Theory of Elasticity (2-0-4) .. 6 . .
AM 110 b Theory of Plates and Shells (2-04) ... ... . 6 .
AM 110 ¢ = Mechanics of Materials (2-0-4) ........ - 6
CE 106 Soil Mechanics Laboratory (0-3-3).. - 6
CE 115 ab  Soil Mechanics (2-3-4) oo -9 9
CE 120 b¢  Statically Indeterminate Structures (2 0-4Y oo, . 6 6
CE 121 ab  Structural Design (0-9-0) 9 9 .
CE 121 ¢ Civil Engineering Design (0-9-0)......... ... .. B B 9
CE 126 Masonry Structures (2-3-4) L 9
CE 127 Theory of Water and Waste Treatment (2 34) 9
CE 131 Design of Water and Waste
Treatment Plants (2-3-4) ... __ 9
CE 132 Water Power Engineering (2-3-4).. .. .. ... 9 ..
CE 134 Ground Water Hydrauhcs (3-06) oo 9
CE 150 Foundations (3-0-6) . L 9
CE 155 Hydrology (3-0-6) oo .9 .
CE 156 Industrial Wastes (3-0-6) . - 9
Hy 101 abc  Advanced Fluid Mechanics (3-0-6)............. .9 9 9
Hy 103 b Hydraulic Structures (3-0-6) .o . . 9

SIXTH YEAR
(Leading to the degree of Civil Engineer)

Programs are selected from a comprehensive list of available subjects and are arranged
by the student in consultation with members of the Civil Engineering faculty.

For list of Humanities electives, see footnote page 208.
2AM 116 may be taken as an alternate for Ma 112.
*Electives must be approved by the Civil Engineering faculty.
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ELECTRICAL ENGINEERING

FIFTH YEAR

(Leading to the degree of Master of Science in Electrical Engineering)

Units per term

1st 2nd 3rxd
Humanities Electives (3-0-6); (4-0-6)* ... 90r10 9orl0 9orl0
EE 132 abec  Circuit Analysis (30-6) ... ... 9 9 9
EE 220 abc  Research Seminar in Electrical Engineering........ 2 2 2
Two or more of the following electives:
EE 120 abc  Advanced Power System Analysis
EE 150 abec  Electromagnetic Fields
EE 164 abe  Physical Electronics and Circuits
EE 170 abe Feedback Control Systems
EE 180 abec  Methods of Machine Computation.................. 18 or 21 18t0 24 18to 24

Other electives as approved by
Electrical Engineering Faculty

SIXTH YEAR
(Leading to the degree of Electrical Engineer)

AM 126 abc Applied Engineering Mathematics (3-0-9)%. ... 12 12 12

The balance of the programs are selected from a comprehensive list of available subjects
and are arranged by the student in consultation with members of the Division.

For list of Humanities electives, see footnote page 208.
“Required unless comparable work done elsewhere,
#This course is also required for the doctor’s degree in electrical engineering
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Ge 100
Ge 102
Ge 121 abe
Ge 123
Ch 124 ab

Ge 100
Ge 102
Ge 123
Ge 150

Ge 175
Ge 176
Ge 282 abc
Ph 106 abe

CALIFORNIA INSTITUTE OF TECHNOLOGY

GEOLOGICAL SCIENCES

FIFTH YEAR
Option leading to degree of Master of Science in Geology

Units-per Term
2nd

Ist 3rd
Humanities Electives (3-0-6; 4-0-6) ' ... ... 90r10 90r10 9or 10
Geology Club 1 1 1
Oral Presentation 1 orl orl
Advanced Field Geology® ... 14 10 7
Summer Field Geology (20 unmits, in summer)® A . -
Physical Chemistry for Geologists. ... 6 6
Elective units from Group A or B below to total

140 units.

Option leading to degree of Master of Science in Geophysics

Humanities Electives (3-0-6; 4-0-6) .. oooormrmimeee. 9or10 90r10 9or10
Geology Club . 1 1 1
Oral Presentation ... 1 orl orl
Summer Field Geology (20 units, in summer)® ... . . .
The Nature and Evolution of the Earth..._.__.._ . 8 8 8
(any 24 units)
Introduction to Applied Geophysics . . 6
Elementary Seismology L 6 .
Geophysics—Geochemistry (Seminar) ... 1 1 1
Introduction to Mathematical Physics................._.._ 12 12 12

Elective units to be chosen from advanced courses in
the Geological Sciences, physics, mathematics, or
electrical engineering to total 140 units.

For list of Humanities electives, see footnote, page 208.
“Students with limited experience in geological field work may be required to take all or a portion

of Ge 20 abc as a prerequisite to Ge 121 abc or Ge 123. By approval of the Committee on Field
Geology the field geology requirements may be satisfied by evidence of equivalent training obtained

elsewhere.

Ge 100
Ge 102
Ge 103

Ge 104

Ge 105

Ge 106 ab
Ge 107

Ge 109

Ge 111 ab
Ge 121 abe
Ge 122

Ge 123

Ge 126

Ge 150 abc
Ge 150 def
Ge 151 abe

Ge 200
Ge 202
Ge 209
Ge 210
Ge 212

A. GEoLoGY -

FIFTH AND SIXTH YEARS

(Leading to the degree of Geological Engineer)*
Units per Term
Ist 2nd 8rd

Geology Club 1 1 1
Oral Presentation lorlorl
Paleontology .o 9 " .
Introduction to Geochemistry ... ... - - 6
Optical Mineralogy ... .. 12 . .
Petrography - 9 9
Stratigraphy® . . 10
Techniques in Structural Geology 14 . .
Invertebrare Paleontology e . 10 10
Advanced Field Geology ... 14 10 7
Spring Field Trip oo - . 1
Summer Field Geology (20 units, in summer)...... . -
Geomorphology 10 - ..
The Nature and Evolution of the Earth®. .. 8 8 8
The Nature and Evolution of the Earth*....._.._.._.... ... 8 8 8
Laboratory Techniques in the Earth Sciences

(5 unit minimum, additional units by arrangement ... . 5 5 5
Mineragraphy 15 .
Ore Deposits 15
Sedimentary Petrology® 10

Metamorphic Petrology® ... ... ... ... . 10
Nonmetalliferous Deposits L. . 10




Ge 213
Ge 214
Ge 215
Ge 228
Ge 229
Ge 230
Ge 237
Ge 238
Ge 244 abce
Ge 245
Ge 250
Ge 295
Ge 297
Ge 299

SCHEDULES OF FIFTH- AND SIXTH-YEAR CLASSES

Mineralogy (Seminar) 5
Petrology (Seminar)
Ore Deposits (Seminar)
Geomorphology of Arid Regions®
Glacial Geology*
Geomorphology (Seminar)

Tectonics .
Structural Geology (Seminar) 5
Paleozoology (Seminar) 5
Vertebrate Paleontology (Seminar)® -
Invertebrate Paleontology and Paleoecology (Seminar)... 5

Master’s Thesis Research (units by arrangement).............
Advanced Study (units and subject by arrangement).
Research (units and subject by arrangement)....

215

5 .

- 5
10
10

5 .

8

5 S
5

!Courses required for the degree of Master of Science in Geology are also required for the degree
of Geological Engineer.

21955-5

3Not oﬂ-'ered in 1955-56.

+1956-57.

Ge 150 abe
Ge 150 def
Ge 151 abe

Ge 167
Ge 174
Ce 175
Ge 176
Ge 261
Ge 262
Ge 264
Ge 268 ab
Ge 272
Ge 273 ab
Ge 274 ab
Ge 282 abe
Ge 297
Ge 299
CE 122

EE 160 abc
Ma 112

Ph 106 abe
Ph 107 abe
Ph 129 abe
Ph 131 abe
Ph 201 ab
Ph 202

B. Geopruvysics
FIFTH AND SIXTH YEARS
(Leading to the degree of Geophysical Engineer)

1st

The Nature and Evolution of the Earth®*... . .. ... 8
The Nature and Evolution of the Earth™* ... . 8
Laboratory Techniques in the Earth Sciences

(5 units minimum, additional units by arrangement)*...... 5
Propagation of Elastic Waves in the Atmosphere’...__.___.
Well Logging*
Introduction to Applied Geophysics
Elementary Seismology .
Theoretical Seismology” 6
Interpretations of Seismograms of Teleseisms® ... .
Propagation of Elastic Waves in Layered Media............
Selected Topics in Theoretical Geophysics.......ooooooooooooooo.
Applied Geophysics I’
Applied Geophysics II*
Applied Geophysics III? ... .
Geophysics-Geochemisiry (Seminar) ..o 1
Advanced Study (units and subject by arrangement)
Research (units and subject by arrangement)..................
Earthquake Effects Upon Structures (units by

arrangement)
Electronics and Circuits........
Elementary Statistics
Introduction to Mathematical Physics
Electricity and Magnetism :
Methods of Mathematical Physics
Electricity and Magnetism
Analytical Mechanics
Topices in Classical Physics

[y
OOOANOY:!

Units per Term
2

nd 3rd

8 8
8 8
5 5
3
5

[= Y=
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Graduate students who have not had the equivalent of the following undergraduate sub-

jects may have to take one or more of these subjects without graduate credit.

EE 2 ab
EE 4 abe
FE 16

11956-57.
21955-56.

Basic Electrical Engineering Laboratory ... ... .
Basic Electrical Engineering. .. 6
Electrical Measurements ettt e

3Not offered in 1955-56.
4Ge 150 and Ge 151 are not acceptable toward a minor in Geophysics if the major is within the
d1v151on Ma]ors outside the division will be credited with 5 units toward a minor in Geophysics for

Ge 150
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MATHEMATICS
As nearly all mathematics majors are working for the doctor’s degree and
following programs arranged by the student in consultation with members of
the Division, no specific graduate curricula can be outlined.

MECHANICAL ENGINEERING
FIFTH YEAR

(Leading to the degree of Master of Science in Mechanical Engineering)

Units per Term
1st 2nd 3rd

Humanities Electives (3-0-6; 4-0-6)*. .o oooooee . 9o0r10 90r10 9or10
ME 125 ab  Engineering Laboratory (1-6-2) .9 - 9
Ma 112 Elementary Statistics (3-0-6) . 9 .
ME 150 abc Mechanical Engineering Seminar (1-0-1).............. 2 2 2
Electives as below (minimum) 27 27 27
47 0148 47 0r48 470148
ELECTIVES
AM 110 abe Elasticity (2-0-4) ... . 6 6 6
AM 150 ab¢c Mechanical Vibrations (2-0-4) ... ... ... 6 6 6
ME 101 abc Advanced Machine Design (1-6-2) ... ... 9 9 9
ME 110 Physical Metallurgy I (3-0-6) 9 - .
ME11l1la Metallography Laboratory (0-9-0) ..o . 9 .
ME111b Industrial Physical Metallurgy (0-9-0) ......... . . g
ME 115 abc Thermodynamics and Heat Transfer (3-0-6) .9 9 9
Hy 101 abc Advanced Fluid Mechanics (3-0-6) ... .. ... 9 9 9
JET PROPULSION, MECHANICAL ENGINEERING OPTION
FIFTH YEAR
(Leading to the degree of Master of Science in Mechanical Engineering)
Humanities Electivies (3-0-65 4-0-6)*.... ... 90r10 90r10 9or 10
JP 121 abe  Rocket (2-0-4) oo .. 6 6 6
JP 130 abe  Thermal Jets (3-0-6) oo .9 9 9
JP 200 abc  Chemistry Problems in Jet Propulsion (3-0-6).._......_. 9 9 9
ME 152 ab  Engineering Laboratory (1-6-2) ..., 9 - 9
Ma 112 Elementary Statistics (3-0-6) - 9 .
Electives 6 6 6
ME 150 abe Mechanical Engineering Seminar (1-0-1).. ... 2 2 2
50 or 51 50 or 51 50 or 51
ELECTIVES
AM 110 abc Flasticity (2-0-4) . ... 6 6 6
AM 150 abe Mechanical Vibrations (2-0-4) ... 6 6 6
ME 101 abc Advanced Machine Design (1-6-2) ... .. .. 9 9 9
ME 110 Physical Metallurgy I (3-0-6) . 9 . -
ME 111a  Metallography Laboratory (0-9-0) ... . 9 -
ME 111 b  Industrial Physical Metallurgy (0-9-0) ... . . 9
ME 115 abc Thermodynamics and Heat Transfer (3-0-6) ... 9 9 9
Hy 101 abe Advanced Fluid Mechanies (3-0-6) ... 9 9 9

Nork: Students who have not had a course in Engineering Mathematics, Advanced Cal-
culus, or the equivalent in their undergraduate work are required to include AM 115 ab
and AM 116 among the elective units.

Nortke: Students who plan advanced study past the fifth year, and who have had AM 115
ab and AM 116 or an equivalent course in their undergraduate work may substitute one of
the following courses for one of the professional courses listed above, subject to the
approval of the faculty in Mechanical Engineering:

AM 125 abce Engineering Mathematical Principles
AM 126 abc Applied Engineering Mathematics
Ph 107 abc  Electricity and Magnetism

1For list of Humanities electives, see footnote page 208.
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MECHANICAL ENGINEERING

SIXTH YEAR
(Leading to the degree of Mechanical Engineer)

Specific requirements for the degree of Mechanical Engineer are given on
page 169. The following list will suggest possible subjects from which a pro-
gram of study may be organized:

ME 200
ME 208 ab
ME 209 ab
ME 210 abe
ME 211 ab
ME 214 ab
ME 215
ME 216 ab
ME 217 abe
ME 218 ab
ME 219
ME 220
ME 300
Hy 200

Hy 201 abe
Hy 202 ab
Hy 203

Hy 210 ab
Hy 300

Ae 261 abce
Ae 266 abc
Ae 267 abce
Ae 270 abe
Ch 163 ab
Ch 227 abe
Ch 229

Ch 262 ab
Ph 227 ab

Advanced Work in Mechanical Engineering

Crystal Structure of Metals and Alloys

X-ray Metallography

Physical Metallurgy 11

Advanced Metallography Laboratory

Mechanical Behavior of Metals

Internal Combustion Engines

Refrigeration and Air Conditioning

Turbomachines

Aircraft Power Plants

Experimental Background of Engine Research
Lubrication

Thesis—Research

Advanced Work in Hydraulic Engineering

Hydraulic Machinery

Hydraulics of Free Surface Phenomena

Cavitation Phenomena

Hydrodynamics of Sediment Transportation

Thesis

Hydrodynamics of Compressible Fluids

Theoretical Aerodynamics of Real and Perfect Fluids
Statistical Problems in Gas Dynamics

Flasticity Applied 10 Aeronautics

Chemical Engineering Thermodynamics

The Structure of Crystals

Diffraction Methods of Determining the Structure of Molecules
Thermodynamics of Multi-Component Systems
Thermodynamics, Statistical Mechanics, and Kinetic Theory

JET PROPULSION, MECHANICAL ENGINEERING OPTION

JP 220 abe
JP 280 abe
ME 15 abec

SIXTH YEAR
(Leading to the degree of Mechanical Engineer)

Units per Term
1st 2nd 3rd

Theory of Stability and Control (2-0-4) ... .. ... . 6 6 6
Jet Propulsion Research (Thesis) ... 18 18 18
Mechanical Engineering Seminar (1.0-1) ... 2 2 2
Electives . 24 24 24

50 50 5

The list of subjects which could be chosen as electives for the sixth year work is given

above.
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PHYSICS

FIFTH YEAR

(Leading to the degree of Master of Science in Physics)

Units per Term
1st 2nd 3rd

Humanities Electives (3-0-65 4-0-6)* .. ... 9o0r10 90r10 9or10
Electives as below 39 39 39

48 0r 49 48 or 49 48 or 49

Ph 106 abc Introduction to Mathematical Physics (4-0-8)°............ 8 8 8
Ph 107 abc Electricity and Magnetism (2-0-4)"...... .4 4 4
Ph 110 ab  Kinetic Theory of Matter (3-0-6)_.......... L 9 9
Ph 112 abc  Introduction to Atomic and Nuclear Physics'..... .8 8 8
Ph115ab  Geometrical and Physical Optics A 6 6
Ph 129 abc Methods of Mathematical Physics (3-0-6) .9 9 9
Ph 131 abc Electricity and Magnetism (3-0-6) ...oceoooemeneenee 9 9 9
Ph 203 abc Nuclear Physics (3-0-6) 9 9 9
Ph 205 abe Principles of Quantum Mechanies (3-0-6) ..................... 9 9 9
Ph 207 abe X- and Gamma-Rays (3-0-6) 9 9 9
Ph 217 Spectroscopy (3-0-6) e . 9
Ma 108 abc Advanced Calculus (4-0-5) 9 9 9
Ma 114 abec Mathematical Analysis (4-0-8) 12 12 12

"Prerequisite for most other fifth-year courses. Two-thirds credit allowed physics graduate students.

“For list of Humanities electives, see footnote, page 208.

“Prerequisite for Ma 114,

NotE: With the department’s approval, students who have the proper preparation may substitute
other graduate courses in Electrical Engineering, Mathematics or Physics for some of those listed
above. Students who have received credit for Ph 181 abc as undergraduates may use these credits
towards a master of science degree provided they replace them with undergraduate credits in 1. 32 abe
(4-0-6) earned during the fifth year.



SUBJECTS OF INSTRUCTION

AERONAUTICS

ADVANCED SUBJECTS

Ae 101 abe. Introductory Mechanics and Thermodynamies of Fluids. 9 units
(3-0-6) ; each term.

Dimensional analysis, thermodynamics, kinetic theory of gases, dynamical principles,
circulation and vorticity, velocity potentials, stream functions, perfect fluid flows, one
dimensional gas dynamics, viscosity, turbulence, Reynolds stresses, heat transfer, diffusion.

Reference textis: Foundations of Aerodynamics, Kuethe and Schetzer; Introduction to
Compressible Fluids, Liepmann and Puckett.

Instructor: Liepmann.

Ae 102 abec. Aireraft Structural Analysis. 9 units (3-0.6) ; cach term.
Prerequisites: Applied Mechanics, Strength of Materials, and Machine Design.

The solution of problems connected with the structural design and analysis of airplane
structural components. A modern airplane is considered and key structural elements are
proportioned to support the dynamic and static loads arising from gust, maneuver, and
landing loads. Special emphasis is placed on the analysis monocoque structures in com-
pression, bending, shear, and torsion. Energy methods are applied in the analysis of land-
ing gears, fuselage frames, and wings with cut-outs. Problems concerning manufacture,
choice of materials, sandwich and other special construction are briefly discussed.

Texts: Airplane Structural Analysis and Design, Sechler and Dunn, Elasticity in Engi-
neering, Sechler.

Instructor: Sechler.

Ae 103 abe. Aerodynamics of the Airplane. 9 units (3-0-6) ; each term.
Prerequisite: AM 15, Hydraulics.

Airfeil lift, drag and moment characteristics. Boundary layers. Effects of compressibility.
Calculation of spanwise lift distribution on finite wings. Performance of complete airplane.
Static and dynamic stability and control. Determination of response characteristics.

Texts: Aerodynamics of the Airplane, Millikan; Airplane Performance, Stability, and
Control, Perkins and Hage.

Instructor: Royce.

Ae 104 abe. Design of Aircraft Components. 6 units (2-0-4) ; each term.

A study of the non-structural components of airplane including control and flap systems,
landing gears, power plants, electrical, radio, and instrument installations, heating and
ventilating problems, hydraulic systems and acoustics.

Instructor: Klein, assisted by visiting lecturers from the aircraft industry.

Ae 105. Wind Tunnel Operation and Techniques. 6 units (1.3.2) ; one term.

A one-term course covering pressure and velocity measuring instruments, balances, model
suspensions, wind tunnel calibration and correction factors, data reduction and presenta-
tion, extrapolation of model results to full scale, Experiments on various aerodynamic phe-
nomena are carried out by the students in a special wind tunnel constructed for instruclion
purposes.

Text: Wind Tunnel Testing, Pope.

Instructor: Bowen.

219
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Ae 106 abe. Experimental Methods in Aeronautics. 6 units (1.3.2) ; each term.
Prerequisites: Ae 101, Ae 102, Ae 103, Applied Mechanics.

One term is devoted to a study of experimental techniques in the field of aircraft struc-
tures and applied €lasticity; methods of reducing and correlating experimentally obtained
data; and a study of sources of error in experimentation. A second term is concerned
with the problems of the design and use of instrumentation and the fundamental prin-
ciples involved in making precision measurements. A third term is devoted to experi-
mental techniques in the field of fluid mechanics and aerodynamics. Statistical methods;
analogs; hot-wire measurements; and boundary layers are among the problems discussed
from an experimental standpoint.

Texts: Numerous reference works on experimental methods.

Instructors: Sechler, Klein, Liepmann.

Ae 107 abe, Elasticity Applied to Aeronautics. 9 units (3.0-6) ; each term.

Prerequisites: Applied Mechanics, Strength of Materials, AM 125 (may be taken con-
currently).

Fundamental stress, strain, and displacement relationships in elastic bodies. Exact and
approximate methods of solution of elasticity problems. Theories of bending and torsion.
Fundamentals of plate and shell theory. Elastic stability of columns, plates, and shells.
Thermal stresses.

Text: Elasticity in Engineering, Sechler.

Instructor: Fung.

Ae 108. Flight Test Techniques. 6 units (2.0.4) ; one term.
Prerequisite: Ae 103.

A classroom course covering the instrumentation and calibration of the test vehicle for
performance, stability, or sirength evaluation. Methods of data reduction for conventional
or jet aircraft and missiles.

Instructor: Williams.

Ae 150 abe. Aeronautical Seminar. 1 unit (1.6-0) ; each term.

Study and eritical discussion of current work in aeronautics and allied fields.

Ae 200 abe. Research in Aeronautical Seminar. Units to be arranged.

Theoretical and experimental investigations in the following fields: aerodynamics, com-
pressibility, fluid and solid mechanics, supersonics, aeroelasticity, structures, thermoelas-
ticity, fatigue, photoelasticity.

Instructors: Staff

Ae 201 abe. Hydrodynamies of Compressible Fluids. 9 units (3-0-6); each
term.

Prerequisites: Ae 101, Ae 103.

One dimensional gasdynamics; subsonic and supersonic channel flow, normal and
oblique shockwaves; shock propagation condensation phenomena. Potential flow and lin-
earization techniques; the hodograph method and Karman-Tsien treatment. Method of
characteristics, exact solutions and numerical calculation methods, nozzle design. Linear-
ized potential flow, method of sources, Evvard’s theory for lifting wings, conical flow
wing theory. Similarity concepts, transonic and hypersonic flow fundamentals.

Text: Class notes and reference material.

Instructor: Lees.
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Ae 202 abe. Advanced Problems in Airplane and Missile Structural Analysis.
6 units (2-0-4) ; each term.

Prerequisites: AM 125, Ae 107 (may be taken concurrently), Ae 102, Ae 104.

The application of basic and advanced mathematical methods of structural problems
encountered in the design of modern aircraft and missiles. Analysis methods for high
solidarity wing construction with and without sweep. Fuselage and shell design. Opti-
mum combined aerodynamic and structural efficiency from weight standpoint. Practical
aspects of fatigue and plasticity. Transient stress analysis. The effect of blast and impact
loads. Aerodynamic heating, properties of materials at elevated temperatures, thermal
stress analysis.

Instructor: Structures Staff.

Ae 203 abe. Advanced Problems in Aerodynamics. 6 units (2.0-4) ; each term.

Prerequisites: Ae 101, AM 125, Ae 103.

Introduction to theory of servo-mechanisms and application to stability and control.
Helicopter aerodynamics, propeller theory, boundary layer theory, and internal aerody-
namics. Aerodynamics of high speed flight including the effects of compressibility on
stability and control. Fundamentals of aeronautical electronics.

Instructor: Staff.

Ae 204 abce. Theoretical Aerodynamics of Real and Perfect Fluids. 9 units
(3-.0.6) ; each term.

Prerequisites: Ae 101, AM 125, Ae 103.

Hydrodynamics of perfect fluids, potential motion, circulation, laws of vortex motion,
elements of conformal iransformation, streamline bodies, two-dimensional airfoil theory,
three-dimensional wing theory, monoplanes, biplanes, interference, propellers, theory of
airfoils in non-uniform motion, hydrodynamics of viscous fluids, laminar motion in pipes
and channels, turbulence and Reynolds’ criterion, similarity laws, theory of drag, discon-
tinuous flow, and vortex streets, theory of skin-friction, boundary layer, general theory of
turbulence.

Text: Aerodynamic Theory, Vols. I and II, Durand.

Instructors: Stewart, Coles.

Ae 205 abe. Statistical Problems in Gas Dynamies. 9 units (3-0-6) ; each teri,
Offered in alternate years beginning in 1953.54.

Prerequisites: Ae 101, Ae 201, AM 125, or Ma 114.

Fundamental concepts: concept of probability, random variables, averaging procedures,
distributions, random walk, relation to parabolic equations, use of Fourier analysis, cor-
relations, stochastic processes. Statistical foundation of continuum hydrodynamics: review
of statistical theory of gases, transport phenomena, Boltzmann equation, motion of rarefied
gases, interaction of gas and solid surface, nucleation. Turbulence: experimental methods
and phenomenological turbulence, stability of laminar motion, statistical theories of tur-
bulence. Special applications such as buffeting, gust loads, noise problems.

Instructors: Lagerstrom, Liepmann.

Ae 206 abe. Advanced Problems in Fluid Mechanics. 9 units (3-0-6); each
term. Offered in aliernate years beginning 1954.55.

Prerequisites: Ae 101, Ae 201, Ae 204, or consent of instructor.

Selected topics in fluid mechanics and related fields of mathematics: Advanced prob-
lems in linearized theory with applications to airplanes and missiles for example, non-
linear theory of compressible fluids, elliptic and hyperbolic equations, and applications
to supersonic and transonic flow. Viscous incompressible fluids, general theory, exact
solutions, Stokes’ and Oseen equations, and boundary layer theory. Viscous heat-conduct-
ing compressible fluids.

Instructors: Lagerstrom, Lees.
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Ae 207 abe. Aeroelasticity. 9 units (3.0-6) ; each term.
Prerequisites: Ae 103, AM 125 or equivalent.

Aeroelastic oscillations of cylinders, transmission lines, and suspension bridges. Steady-
state problems: divergence, loss of control and lift-distribution. Flutter: general charac-
teristics, physical causation, method of analysis, effect of structural parameters, and
methods of raising critical speeds. Dynamic stresses: landing and gust loads, statistical
concepts, stochastic processes, distribution of extreme values. Buffeting. Stall flutter.
General formulation of aeroelastic problems, including systems with automatic controls.
Applications of Laplace transformation. Small variations of parameters. Prevalence of
non-self-adjoint equations in aeroelasticity. Approximate methods of solution. Linearized
theory of oscillating airfoils, in an incompressible fluid, and in compressible subsonic
and supersonic flows. Comparison of the unsteady airfoil theory with experimental results.

Texts: Class notes and reference material.

Instructor: Fung.

Ae 208 abe. Seminar in Fluid Mechanics. 1 unit (1-0-0) ; each term.
A seminar course in modern fluid dynamics.
Instructor: Liepmann.

Ae 209 abc. Seminar in Solid Mechanics. 1 unit (1.0-0) ; each term.

A seminar course for students whose interests lie in the general field of advanced elas-
ticity. Recent (theoretical and experimental) developments and original research in the
field as reviewed for possible application to the current problems in the aircraft and related
industries.

Instructor: Sechler.

JET PROPULSION
(For Jet Propulsion see page 277)

AIR SCIENCE

AS I abe. Air Science 1. 4 units (2-1-1).

A study of a series of short courses including the following: Introduction to AFROTC,
Introduction to Aviation, Fundamentals of Global Geography, International Tensions and
Security Structures, and Instruments of National Military Security. One hour each week
is devoted to Leadership Training Laboratory—Basic Military Training.

Text: Government Manuals furnished by the Air Force will be issued to the students.

Instructor: AFROTC Staff.

AS II abc. Air Science II. 4 units (2.1.1).

A study of the Elements of Aerial Warfare including Targets, Weapons, Delivery Air-
craft, the Air Ocean, Bases, and People. One hour each week is devoted to Leadership
Training Laboratory—Cadet Non-Commissioned Officer Training.

Text: Government Manuals furnished by the Air Force will be issued to the students.

Instructor: AFROTC Siaff.

AS III abe. Air Science ITI. 8 units (4.3-1).

A study of a series of short courses including the following: The Air Force Commander
and Staff, Problem Solving Technigues, Communicating in the Air Force, Instructing in
the Air Force, Military Justice System, Applied Air Science, and Air Force Base Func-
tions. One hour each week is devoted to Leadership Training Laboratory—Cadet Officer
Training.

Text: Government Manuals furnished by the Air Force will be issued to the students.

Instructor: AFROTC Staff.
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AS IV abe. Air Science IV. 8 units (4-1.3).

A study of a series of short courses including the following: Principles of Leadership
and Management, Military Aspects of World Political Geography, and Military Aviation
and Evolution of Warfare. One hour each week is devoted to Leadership Training Lab-
oratory—Cadet Officer Training.!

Text: Government Manuals furnished by the Air Force will be issued to the students.

Instructor: AFROTC Staff.

APPLIED MECHANICS
UNDERGRADUATE SUBJECTS

AM 1. Applied Mechanies—Statics. 9 Units (2.3-4); first term.

Prerequisites: Ma 1 abe, 2 ab; Ph 1 abe.

Principles of statics; composition and resolution of forces and force systems; equi-
librium of force systems; applications of these principles to engineering problems involv-
ing theory of structures, machine design, hydrostatics, and strength of materials.

Text: Applied Mechanics-Statics, Housner and Hudson.

Instructors: Housner, Hudson, Vreeland, and Assistants.

AM 4 ab. Applied Mechanics—Strength of Materials, 9 Units (3.0.6); sec.
ond and third terms.

Prerequisite: AM 1.

Theory of elasticity applied to engineering problems involving tension and compression,
bending of beams, torsion of shafts, buckling of columns, etc.; determination of the
stresses, strains, and deformations in typical structures; theory of statically indeterminate
structures; properties of materials of construction; determination of safe loads for engi-
neering structures and machines.

Text: Elements of Strength of Materials, Timoshenko & MacCullough.

Instructors: Housner, Hudson, Vreeland, and Assistants.

AM 5 ab. Applied Mechanics—Dynamics. 9 Units (3-0-6) ; first and second
terms; (third and first terms for EE students).

Prerequisite:AM 1.

Principles of dynamics; dynamics of a particle; dynamics of rigid bodies; Lagrange’s
equations; applications to engineering problems involving dynamic characteristics of
machine parts, mechanical and structural vibrations, impact, momentum transport, etc.

Text: Applied Mechanics-Dynamics, Housner and Hudson.

Instructors: Housner, Hudson, Vreeland, and Assistants.

AM 3. Testing Materials Laboratory, 8 Units (0-3.5); first, second or third
terms.

Prerequisite: AM 4a.

Experimental techniques for determining the mechanical behavior of engineering mate-
rials. Measurements of elastic limit, yieldpoint, ultimate strength, modulus of elasticity,
ete. Experimental verification of theoretical solutions of problems in elastic deformations.

Instructors: Wood and Assistants.

IAFROTC students will substitute 8 units of Air Science (AS 4 abc, 4-1-3) for Physical Educa-
tion (PE 4 abe, 0-3-0). AFROTC must take H 23 (Modern War) as their humanities elective in
the second term. For this they will receive 8 units of Air Science credit and will also satisfy the
humanities elective requirement for this term.
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AM 15 abe. Engineering Mathematies. 9 units (3-0-6) ; first, second, third
terms.

Prerequisites: Ma 1 abe, Ma 2 abe.

A course in the mathematical treatment of problems in engineering and physics.
Emphasis is placed on the setting up of problems as well as their mathematical solution.
The topics studied include: vector analysis with emphasis on its application to deriving
the differential equations of classical field theory in generalized form; the solution of
ordinary differential equations by standard techniques and by power series; problems
leading to special functions such as Bessel function; and partial differential equations and
boundary value problems, with emphasis on techniques applying series of orthogonal
functions.

Instructors: Wayland, DePrima and Assistants.

ADVANCED SUBJECTS

Norte: Other subjects in the general field of Applied Mechanics will be found listed
under the departments of Aeronautics, Electrical Engineering, Mechanical Engineering,
and Physics.

AM 105. Advanced Strength of Materials. 6 units (2.0-4) ; first term.

Prerequisite: AM 1 bed.

Analysis of problems of stress and strain that are described by ordinary differential
equations, such as beams on elastic foundation, curved bars, combined bending and axial
loading of beams, combined bending and torsion of beams. Energy methods of solution.

Instructors: Housner, Lurie.

AM 106. Problems in Buckling. 6 units (2-0-4); second term.

Prerequisite: AM 1 bed.

Analysis of problems dealing with the elastic instability of columns, beams, arches and
rings, and the inelastic buckling of columns.

Instructors: Housner, Lurie.

AM 107. Mechanical Properties of Engineering Materials. 6 units (2.0.4);
third term.

Prerequisite: AM 3.

A study of the various aspects of the mechanical properties of engineering materials
that are of importance in design. Elastic deformation, plastic deformation, creep and
other temperature properties, fatigue, brittle fracture, and internal friction are discussed.

Instructor: Wood.

AM 110 a. Introduction to the Theory of Elasticity, 6 units (2-0-4) ; first term.

Prerequisite: AM 1 bed.

Fundamental concepts of elasticity theory. Equations of stress equilibrium and strain
compatibility. Solution of two-dimensional problems. Photo-elastic method of stress
measurements. Analysis of stress and strain in three dimensions. Solution of torsion prob-
lems. Wave propagation in elastic solids.

Instructor: Housner.

AM 110 b. Theory of Plates and Shells. 6 units (2.0-4) ; second term.

Prerequisite: AM 1 bed.

Simplifications introduced in elasticity theory. Laterally loaded plates with various
boundary conditions. Elastic stability of plates. Membrane theory of shells. General
theory of shells.

Instructor: Housner.
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AM 110 c. Mechanics of Materials. 6 units (2-0.4) ; third term.

Prerequisites: AM 1 bed, AM 110 a.

Use of tensors in elasticity theory. Non-linear stress-strain relations. Theory of plasticity.
Theories of failures of stressed materials.

Instructor: Housner.

AM 115 ab. Engineering Mathematics. 9 Units (3-0.6); second and third
terms.

Prerequisites: Ma 1 abe, Ma 2 abe or equivalent.

A course in the mathematical treatment of problems in engineering or physics, pri-
marily for fifth year students who have not had a course in advanced engineering mathe-
matics as undergraduates. The mathematical content is similar to that of AM 15 abc,
but less emphasis is placed on ordinary differential equations.

Instructors: DePrima, Wayland and Assistants.

AM 116. Complex Variables and Applications. 9 units (3.0.6) ; first term.

Prerequisites: Ma 1 abc, Ma 2 abc or equivalent.

A basic introduction to analytic functions of a complex variable. Emphasis is placed
on application of conformal mapping to boundary value problems and on techniques of
contour integration.

Text: Churchill, Introduction to Complex Variables and Applications.

Instructors: DePrima, Wayland and Assistants.

AM 125 abe. Engineering Mathematical Principles. 9 units (3-0-6); each
term.

Prerequisites: AM 15, AM 115 ab and AM 116, Ma 108, or equivalent.

Topics from ordinary and partial differential equations with applications to vibrations,
elasticity, theory of sound, fluid mechanics, and diffusion.

AM 126 abe. Applied Engineering Mathematics. 12 wunits (3-0.9) ; each term.

Prerequisites: AM 15, AM 115 ab and AM 116, Ma 108, or equivalent.

A problem and lecture course in engineering mathematics. Preparation of approxi-
mately six reports per term on problems taken from all branches of engineering. First
term lectures cover topics in ordinary differential equations including: LaGrange’s
equations, normal modes of vibration, and nonlinear systems. Second and third term
lectures cover topics in partial differential equations including: characteristics, vibration
theory, Rayleigh-Ritz method, conformal mapping, La Place transform, difference equa-
tions, relaxation methods.

Instructors: Lindvall and MacNeal.

AM 150 abe. Mechanical Vibrations. 6 units (2.0-4) ; first, second, and third
terms.

Prerequisites: AM 1 bed, AM 115 ab, AM 116.

A study of the theory of vibrating systems, and the application of such theory to prob-
lems of mechanical design. Subjects considered include theory of resonant systems; elimi-
nation of undesirable vibrations; design of vibration instruments; periodic disturbing
forces such as engine vibration problems; critical speed phenomena; transient excita-
tions; self-excited vibrations and instability in mechanical systems, including aircraft
flutter problems; non-linear vibration theory.

Texts: Mathematical Methods in Engineering, Karman and Biot; Mechanical Vibra-
tions, Den Hartog.

Instructor: Hudson.
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AM 160. Vibrations Laboratory. 6 units (0-3-3).

Prerequisite: AM 150.

The experimental analysis of typical problems involving vibrations in mechanical systems,
such as a study of the characteristics of a vibration isolation system, or a determination
of the transient strains in a machine member subjected to impact loads. The measure-
ments of strains, accelerations, frequencies, etc., in vibrating systems, and the interpreta-
tion of the results of such measurements. Consideration is given to the design, calibration
and operation of the various types of instruments used for the experimental study of
dynamics problems.

Instructor: Hudson.

AM 175 abe. Non.linear Vibrations. 6 units (2-0.4).

Prerequisites: AM 125, or EE 226, or Ma 114. AM 150 may be taken concurrently.

Review of stability and resonance properties of linear oscillatory systems described by
time dependent as well as constant parameters. Discussion of analytical and geometric
properties of solutions of systems of non-linear ordinary differential equations. Phase
trajectories, limit cycles. Stability and resonance properties of certain autonomous and
non-autonomous systems will be investigated. Perturbation and numerical methods. Re-
laxation oscillations. Other topics will be selected as time permits. Applications will be
made to non-linear mechanical and electrical systems.

Instructor: DePrima.

AM 200. Special Problems in Advanced Mechanics.

Dynamics of solid and deformable. bodies, fluids, and gases; mathematical and applied
elasticity. By arrangement with members of the staff, properly qualified graduate students
are directed in independent studies. Hours and units by arrangement.

AM 201 abe. Nuclear Engineering and Reactor Theory. 9 units (3-0.6) ; first,
second, and third terms.

Prerequisites: Ph 112 abe, or equivalent.

The fission process. Neutron diffusion theory. Reactor equations and their solution.
1Stability and control problems. Radiation shielding. Heat transfer and material prob-
ems.

AM 205 abe. Theory of Solids. 9 units (3-0-6) ; first, second, and third terms.

Theory of specific heats. Free electron theory of metals and semi-conductors. Thomas-
Fermi and Hartree-Fock approximations. Theory of cohesion, conductivity, and optical
properties.

Instructor: Plesset.

AM 250 abe. Research in Applied Mechanics.

Research in the field of Applied Mechanics. By arrangements with members of the
staff, properly qualified graduate students are directed in research. Hours and units by
arrangement.
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ASTRONOMY

UNDERGRADUATE SUBJECTS

Ay 1. Introduction to Astronomy. 9 units (3.1.5); third term.

‘I'his course is intended to give the student sufficient familiarity with general astronomy
to enable him to read with profit all but the more technical books and articles dealing
with this subject.

Instructor: Greenstein.

Ay 2 abe. General Astronomy. 9 units (3.3-3) ; first, second, third terms.

Prerequisites: Ay 1, Ph 2 abe; Ma 2 abe.

The planets, the sun and solar-terrestrial relations. Physical properties of the stars and
the spectral sequence. Binary and variable stars. Dynamics of the galaxy, extragalactic
nebulae.

Instructors: Osterbrock, Munch.

ADVANCED SUBJECTS

Ay 112 abe. General Astronomy. 6 units; first, second and third terms.

This subject is the same as Ay 2, but with reduced credit for graduate students.
Instructors: Osterbrock, Munch.

Ay 131 abe. Astrophysics I. 9 units (3-0.6) ; first, second and third terms.

Prerequisites: Ay 2 abe, Ph 112 abe.

The masses, luminosities and radii of the stars. The sun. Atomic spectrascopy. Stellar
spectra. The theory of radiative equilibrium in stellar atmospheres. The continuous ab-
sorption by atoms and the production of the continuous spectrum of the stars; the line
absorption coefficient and the formation of spectral lines. Determination of the abund-
ances of the elements. Offered in alternate years with Ay 132. Not given in 1955-56.

Instructors: Greenstein, Munch.

Ay 132 abe. Astrophysics II. 9 units (3.0.6) ; first, second, third terms.

Prerequisites: Ay 2 abe, Ph 112 abc or their equivalents.

Stellar dynamies, velocity distribution, and galactic rotation. Structure of the galaxy;
interstellar matter. Introduction to the study of stellar interiors; polytropes; opacity and
energy generations. Stellar models. Red giants, white dwarfs. Stellar evolution. Pul-
sating stars.

Instructors: Munch, Osterbrock.

Ay 140 abe. Seminar in Astrophysies. 4.12 units; first, second, third terms.

Discussions on the large scale distribution of matter in the Universe, statistics of the
distribution of nebulae and clusters of nebulae. Hydrodynamic and statistical mechanical
analysis of the morphology of nebulae. Theory and discussion of observational data ob-
tained from observations on stars of special interest, such as supernovae, novae, white
dwarfs, variable stars, and emission line stars. Theory and practice of new types of tele-
scopes and other observational devices. Practical work of reduction of data obtained with
the Schmidt telescopes on Palomar Mountain. Only students, assistants, faculty members,
and visiting research personnel are admittéd to the seminar who have the time, inclination
and ability to engage in active, constructive work on problems which will be formulated in
this seminar.

Meetings throughout the year according to agreement.
Instructor: Zwicky.
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Ay 141 abe. Research Conference in Astronomy. 2 units; first, second and
third terms.

Meets weekly to discuss work in progress in connection with the staff of the Mount
Wilson and Palomar Observatories.

Ay 142. Research in Asironomy and Astrophysics. Units in accordance with
the work accomplished.

The student should consult a member of the department and have a definite program
of research outlined before registering.

Ay 202. The Solar Atmosphere. 6 Units (2-0-4}; first term.

Admission to qualified students.

The observational data of solar surface and envelope activity. Sunspots, solar rotation.
The corona.

Instructor: Nicholson.

Ay 212. Exiragalactic Nebulae. 6 units (2.-0-4); second term.

Admission to qualified students.

The contents of extragalactic nebulae, and the spatial dlstnbutlon of various types of
objects. The kinematics and distribution of stars in our Galaxy. The distance and age
scales.

Instructor: Baade.

Ay 214. Theoretical Cosmology. 6 units (2.0-4); third term.
Admission to qualified students.

Cosmological theories of the large-scale distribution of matier. The steady-state theory.
Observational tests. Theories of formation and evolution.

Instructor: Hoyle.

The following special seminars will be offered from time to time by members of the

Mount Wilson Observatory and Institute staffs:

Ay 201. The Sun and the Planetary System.

Ay 203. Stellar Electromagnetism.

Ay 204. Stellar Spectroscopy.

Ay 205. Spectra of Emission-line Stars.

Ay 206. Stellar Radial Velocities.

Ay 207. Stellar Absolute Magnitudes.

Ay 208. Photometry.

Ay 209. Planetary and Diffuse Emission Nebulae.
Ay 210. Interstellar Matter.

Ay 211. Structure and Dynamics of the Galaxy.
Ay 213. The Observational Approach to Cosmology
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BIOLOGY

UNDERGRADUATE SUBJECTS

Bi 1. Elementary Biology. 9 units (3-3-3) ; second term.

A study of the organism as a structural and functional entity, and of the relation of
biological problems to human affairs.

Instructors: Galston, Beadle.

Bi 2. Genetics. 9 units (3-3-3) ; third term.

Prerequisite: Bi 1.

A course presenting the fundamentals of genetics and their relation to general biological
problems.

Instructor: Lewis.

Bi 3. Plant Biology. 10 units (2-6.2) ; third term.

Prerequisite: Bi 1. ‘

A general survey of the water relations of plants in connection with their morphology.
Instructor: Went.

Bi 4. Invertebrate and Vertebrate Zoology. 20 units (5-10-5) ; summer.

Prerequisite: Bi 1.

A course dealing with the taxonomy, comparative anatomy, and ecology of the more
important animal phyla. .

(Students taking the Biology option are required to take this course at the Marine Lab-
oratory for six weeks, starting the Monday following the end of their sophomore year.
This course is taken without payment of additional tuition. Living quarters are provided at
the Laboratory at a nominal charge.)

Bi 5. Advanced Plant Biology. 12 units (3.6.3) ; third term.

Prerequisite: Bi 3.
- A study of the nutrition, growth, and development of green plants. Emphasis is placed
on an understanding of the basic physical and chemical processes regulating the lives of
plants.

Instructor: Galston.

Bi 18. Review in Botany. 3 units (1.0-2). No graduate credit. This course is
given when convenient for professors and students.

A short review of general botany and plant physiology. Required of graduate students
who take a minor in plant physiology but have had no previous courses in botany.

Instructor: Went.

Bi 20. Mamalian Anatomy and Histology. 12 units (2.6.4) ; second term.
Prerequisite: Bi 4.

Macroscopic and microscopic structure of a mammal, including elementary instruction
in preparation of tissue for microscopic inspection.

Instructors: Van Harreveld, Keighley.

Bi 22. Special Problems. Units to be arranged: first, second, and third terms.

Special problems in one of the fields represented in the undergraduate biology cur-
riculum; to be arranged with instructor before registration.

Instructors: The Biology teaching staff.



Kerckhoff Laboratories of the Biological Sciences.

ADVANCED SUBJECTS

A. Subjects open to graduate students, but not to be counted toward a major for the
degree of Doctor of Philosophy.

Bi 106. Embryology. 12 units (2-6-4) ; second term.

Prerequisise: Bi 4.

The subject deals mainly with vertebrate embryology and includes some invertebrate,
experimental and cytological material.

Instructor: Tyler.

Bi 107 ab. Biochemistry. 11 units (3-3.5) second term; 15 units (3-4.8) third
term.

Prerequisites: Bi 116 a, Ch 41.

A lecture course on the chemical constitution of living matter and the chemical changes
in animals, with laboratory work illustrating principles and methods in current use.

Instructors: Borsook, Mitchell.

Bi 108. Advanced Genetics. 6 units (2-0-4) ; first term.

Prerequisite: Bi 2.

A course dealing with advanced general genetics for seniors and graduate students.
Required of graduate students majoring or minoring in genetics. Graduate students
majoring or minoring in genetics who have not had a course in genetics with laboratory
are required to take Bi 109, a laboratory course, simultaneously with Bi 108.

Instructor: Beadle.

230
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Bi 109. Advanced Genetics Laboratory. Units to be arranged; first term.
A laboratory course in general genetics designed to accompany Bi 108.
Instructor: Lewis.

Bi 110. General Microbiology. 9 units (3-3-3) ; third term.

Prerequisites: Bi 2, Bi 107 a.

A course dealing with various aspects of microorganisms, including: cytology; antigenic
properties of bacteria; nutritional requirements, with particular emphasis on z}utotgophlc
bacteria; the influence of envirenment; growth; spontaneous death and artificial killing;
microbial variation; sexuality in microorganisms; taxonomical problems.

Instructor: Bertani.

Bi 114. Immunology. 9 units (2.4-3) ; first term.

Prerequisites: Bi 2, Ch 41 abe.

A course on the principles and methods of immunology and their application to various
biological problems.

Instructor: Owen.

Bi1l5. Plant Physiology. 12 units (3-.6.3) ; second term.
A study of physiological and biochemical processes in higher plants.
Instructor: Bonner.

Bi 116 ab. Animal Physiology. 8 units (2.3.3); first and second terms.
Prerequisites: Bi 4, Bi 20, Ch 41 to be taken simultaneously or previously.

A survey of comparative and mammalian physiology.

Instructors: Wiersma, Van Harreveld, Sperry.

Bi 117. Psychobiology 1. 9 units (3.3-3); third term.

Prerequisites: Bi 1.

An introduction to the biology of behavior with correlated laboratory study of the
vertebrate nervous system. Offered in 1954-55 and alternate years.

Instructor: Sperry.

Bi 120. Mammalian Anatomy and Histology. 9 units; first term.

Prerequisite: Bi 4.

This subject is the same as Bi 20 but with reduced credit for graduate students. Gradu-
ate students majoring in Biology receive no credit for this subject.

Instructors: Van Harreveld, Keighley.

Bi 125. 'Topics in Plant Biology. 12 units (3.3-6); first term.
Special topics in plant physiology, plant biochemistry, and plant ecology.
Instructors: Bonner, Galston, Went.

Bi 126. Genetics of Microorganisms. 9 units (3-0-6) ; third term.
Prerequisites: Bi 107 and Bi 108.

A course dealing with the general genetics and biochemical genetics of Neurospora,
hacteria, and viruses. Required of all graduate students majoring or minoring in genetics.

Instructors: Horowitz, Delbriick, and Staff.

Bi 127. Chemical Genetics Laboratory. 6 units (0-6-0) ; third term.
A laboratory course dealing especially with Neurospora, to be taken concurrently with
Bi 126. Given in alternate years. Not offered 1954-55.

Instructor: Horowitz.

Bi 128. Advanced Microtechnique. 6 units (1.4.1) ; third term.

Theory and practice of preparing biological material for microscopic examination;
histochemical methods; phase contrast microscopy; methods in electron microscopy.

Instructor: Tyler.
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Bi 129. Problems in Biophysics. 6 units (2-0-4) ; first term.

Effects of ionizing and ultraviolet radiation on vital functions; photoreactivation; photo-
synthesis; active transport; excitation.

Instructor: Delbriick.

B. Subjects primarily for graduate students.

Bi 201. General Biology Seminar. 1 unit; all terms.

Meets weekly for reports on current research of general biological interest by members
of the Institute Staff and visiting scientists.

In charge: Bonner, Lewis, Van Harreveld.

Bi 202. Biochemisiry Seminar. 1 unit; all terms.
A seminar on selected topics and on recent advances in the field.
In charge: Mitchell.

Bi 204. Genetics Seminar. 1 unit; all terms.
Reports and discussion on special topics.
In charge: Anderson.

Bi 205. Experimental Embryology Seminar. 1 unit; all terms.
Reports on special topics in the field; meets twice monthly.
In charge: Tyler.

Bi 206. Immunology Seminar. 1 unit; all terms.
Reports and discussions; meets twice monthly.
In charge: Owen, Tyler.

Bi 207. Biophysics Seminar. 1 unit; all terms.

A seminar on the application of physical concepts to selected biological problems. Re-
ports and discussions. Open also to graduate students in physics who contemplate minor-
ing in Biology.

Instructor: Delbriick.

Bi 214 abe. Chemistry of Bio.Organic Substances. 3 unmits (1-0.2); first,
second, and third terms.

Prerequisite: Ch 41 ab.

A series of lectures on selected topics of organic-chemistry which have special interest
from a biological viewpoint.

Instructor: Haagen-Smit.

Bi 217. Quantitative Organic Microanalysis. Units to be arranged; second
term.

Laboratory practice in the methods of quantitative organic microanalysis required for
structure determination of organic compounds. Students must obtain permission from the
instructor before registering for this subject as the enrollment is necessarily limited.

Instructor: Haagen-Smit.

Bi 218. General Virology. 10 units (2.4.4); second term.

Prerequisites: Bi 1, Bi 2, Bi 110, and permission of instructor.

Structure of the viruses, biochemical processes involved in their synthesis, genetic
properties of viruses and relationship of the genetic material of the viruses to the genetic
material of the host cell.

Instructors: Dulbecco, Watson.
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Bi 220 abe. Experimental Embryology. 6 units (2-0-4); first, second, and
third terms.

Lectures and discussion of the problems of embryonic development, including such
topics as growth of the ovary, breeding habits of animals, fertilization, cleavage, organ
formation, metamorphosis, regeneration, tissue culture, embryonic metabolism, etc. The
subject may be taken for two consecutive years since the subject matter will be duplicated
only in alternate years.

Instructor: Tyler.

Bi 221. Experimental Embryology Laboratory. Uniis to be arranged; all
terms.

The work will include certain classical experiments and instruction in the methods of
studying embryonic metabolism, transplantation, vital staining, cytochemistry, etc.

Instructor: Tyler.

Bi 225. Special Topics in Genetics. 6 units (2-0-4) ; second term.

Special subjects in genetlcs will be treated in detail. The material in this course w1ll
not ordinarily be duplicated in a period of three years, and students majoring in genetics
will be expected to register for at least two terms.

Instructors: Beadle, Sturtevant, Anderson, Emerson, Delbriick, Horowitz, Lewis, Owen.

Bi 230. Psychobiology II. 9 units (3-3-3) ; third term.

Prerequisite: Bi 103 or equivalent.

An advanced course on the neural organization of behavior including laboratory study
of the mammalian central nervous system. Offered in alternate years. Not offered in
1954-55.

Instructor: Sperry.

Bi 240 abe. Plant Physiology. 6 units (2.0-4) ; first, second, and third terms.
Reading and discussion of the problems of plant physiology.
Instructors: Went, Bonner, Galston.

Bi 241 abe. Advanced Biochemistry. 6 units (2-0-4); first, second, and third
terms.

A survey of the biochemistry of higher plants.

Instructor: Bonner.

Bi 242 abc. Physical Factors and Plant Growth. 6 units (2.0-4) ; first, second,
and third terms.

Prerequisites: Bi 5, Bi 115.

Discussion of the effects of physical factors, such as temperature, light, and humidity,
on growth and development of plants. This course is intended as an introduction to work
in the Earhart Plant Research Laboratory.

Instructor: Went.

Bi 260 abe. Advanced Physiology. Units to be arranged. First, second, and
third terms.
A course in the methods of physiology, with special reference to nerve and muscle, with.
opportunity for research.
Instructors: Wiersma, Van Harreveld.

Bi 270. Special Topics in Biology. Units to be arranged. First, second and
third terms.
Students may register with permission of the responsible faculty member.

Bi 280.-288. Biological Research. Units to be arranged. First, second, and
third terms.

Students may register for research in the following fields after consultation w1th those
in charge:

Animal physwlogy (280), biochemistry (281) bio-organic chemistry (282), embryology
(283), genetics (284), 1mmunology (285), marine zoology (286), plant physmlogy (287),’
biophysics (288).
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UNDERGRADUATE SUBJECTS

Ch 1 abe. Inorganic Chemisiry, Qualitative Analysis. 12 units (4-4-4); first,
second, third terms.

Lectures, recitations, and laboratory exercises dealing with the general principles of
chemistry. The first and second terms are devoted to the preparation and properties of sub-
stances and to the fundamental laws and theories of chemisiry. The subject matter for
the third term is qualitative analysis of the common metals.

Text: General Chemistry, Pauling.

Instructors: Pauling, Bergman, and Assistants.

Ch 12 ab. Analytical Chemistry. 10 units (2.6.2); first, second terms.

Prerequisite: Ch 1 c.

Laboratory practice in the methods of gravimetric and volumetric, and advanced quali-
tative analysis, supplemented by lectures and problems in which the principles involved
in the laboratory work are emphasized.

Text: Introductory Quantitative Analysis, Swift.

Instructor: Swift.

Ch. 12 e. Analytical Chemistry and Chemistry Review. 10 units (2-6-2) ; third
term.

Prerequisite: Ch 12 b.

Advanced qualitative analysis and a study of special methods of chemical analysis, in-
cluding electrometric methods. Analysis of selected alloys, minerals, and other materials
will be made. Students may be assigned individual problems for investigation. The class
exercises are devoted to a discussion and review of the general principles of analytical and
inorganic chemistry. The examination in this subject covers the chemistry work of the
whole sophomore year.

Text: A System of Chemical Analysis, Swift.

Instructor: Swift.

Ch 13 abe. Inorganic Chemistry. 6 units (2-0-4) ; first, second, third terms.
Prerequisites: Ch 12 b, 21 ab.

The chemical and physical properties of the elements are discussed with reference to the
periodic system and from the view-points of atomic structure and radiation effects. Such
topics as coordination compounds, the liquid ammonia system, the compounds of nitrogen,
the halides, and selected groups of metals are taken up in some detail. The class work is
supplemented by problems which require a study of current literature.

Instructor: Yost.

Ch 16. Instrumental Analysis. 8 units (0-6-2) ; first term.
Prerequisite: Ch 12 c.

Laboratory practice designed to familiarize the student with special analytical apparatus
and methods, used both for process and control and for research.

Instructor: Sturdivant.
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Ch 20. Electric and Magnetic Properties of Molecules. 9 units (3-0-6) ; third
term.

This course is designed especially for members of the sophomore honor section. Topics
to be discussed include introduction to atomic and molecular structure; index of refraction
and birefringence of substances in relation to the electronic polarizability of molecules;
dielectric constant, diamagnetism, paramagnetism, ferromagnetism, antiferromagnetism,
ferrimagnetism, Kerr effect, and other properties of substances in relation to electric
dipole moments, magnetic moments, and other molecular properties.

Instructors: Pauling, Bergman.

Ch 21 abe. Physical Chemistry. 10 units (4-0-6) ; first, second, third terms.

Prerequisites: Ch 12 ab; Ph 2 abc; Ma 2 abe.

Conferences and recitations dealing with the general principles of chemistry from an
exact, quantitative standpoint, and including studies on the pressure-volume relations of
gases; on thermodynamics, on vapor-pressure, boiling point, freezing point, and osmotic
pressure of solutions; on the molecular and ionic theories; on electrical transference and
conduction; on chemical and phase equilibria; on thermochemistry, and the elements of
thermodynamic chemistry and electro-chemistry. A large number of problems are assigned
to be solved by the student.

Text: Mimeographed notes.

Instructors: Bates, Badger.

Ch 24 ab. Physical Chemistry for Geologists. 10 units (4-0-6) ; first, second
terms.

Prerequisites: Ch 12 ab; Ma 2 ab; Ph 2 abe.

A discussion of selected topics in physical chemistry, adapted to the needs of Science
Course students in the Geology Option.

Instructor: Hughes.

Ch 26 ab. Physical Chemistry Laboratory. 8 units (0.6.2), second term; and
8 units (0-6-2) or 4 units (0-3.1), third term.

Prerequisites, Ch 12 ab, Ch 21 a.

Text: Mimeographed Notes.

Instructor: Badger.

Ch 27 abc. Radioactivity and Isotopes. 6 units (2.0-4); first, second, third
terms.

The fundamental particles and isotopes. Natural and artificial radioactivity. The ap-
plications of natural and artificial radioactive substances and isotopes to the study of
chemical and biochemical reactions.

Instructor: Yost.

Ch 41 abe. Organic Chemistry. 8 units (3-0.5) ; first, second, third terms.

Prerequisite: Ch 12 ab.

Lectures and recitations treating of the classification of carbon compounds, the de-
velopment of the fundamental theories, and the characteristic properties of the principal
classes of carbon compounds.

Text: Organic Chemistry, Lucas.

Instructor: Roberts.

Ch 46 abe. Organic Chemistry Laboratory. 6 units (0-6-0) first, second terms;
10 units (1.9-0) third term.

Prerequisite: Ch 12 ab. .

Laboratory exercises to accompany Ch 41 abc. The preparation and purification of
carbon compounds and the study of their characteristic properties. Qualified students
may- pursue research work.

Text: Principles and Practice in Organic Chemistry, Lucas and Pressman.

Instructors: Roberts and Assistants.
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Ch 61. Industrial Chemistry. 12 units (4.0-8) ; first term.

Prerequisite: Ch 21 a.

A study of the most important industrial chemical processes, from the point of view
not only of the chemical reactions, but of the conditions and equipment necessary to carry
on these reactions.

Instructor: Corcoran,

Ch 63 ab. Chemical Engineering Thermodynamics. 12 units (4-0-8) ; second,
third terms.

Prerequisite: Ch 21 a.

Class exercises and problems in engineering thermodynamics studied from the point of
view of the chemical engineer.

Text: Thermodynamics of One-Component Systems, Lacey and Sage.

Instructor: Lacey.

Ch 80.86. Chemical Research.

Opportunities for research in analytical and inorganic chemistry (80), physical chemistry
(82), and organic chemistry (84) are offered to candidates for the degree of Bachelor of
Science.

Ch 90. Oral Presentation. 2 units (1-0-1) ; third term.
Training in the technique of oral presentation of chemical topics. Practice in the effec-
tive organization and delivery of reports before groups.

Instructors: Pauling, Thomas.

ADVANCED SUBJECTS

Ch 113 abe. Inorganic Chemistry. 4 units (2-0-2); first, second, third terms.

Selected groups of inorganic compounds will be considered from modern physicochem-
ical view-points; thus with reference to their physical properties, their thermodynamic
constants (their heat-contents, free-energies, and entropies), their rates of conversion into
one another (including effects of catalysis and energy radiations), and their molecular
structure and valence relations.

Instructor: Yost.

Ch 122, Thermodynamic Chemistry. 6 units (2-0-4) ; first term.

Prerequisites: ‘Ch 12 ab; Ph 2 abc, Ma 2 abc, or the equivalent; a year’s course in
Physical Chemistry.

This subject is for students who have studied physical chemistry but wish to review
the elements of thermodynamics. It covers substantially the same topics as does Ch 21 a.
This course is not open for credit to students who already have credit for Ch 21 a or
Ch 24 a.

Text: Mimeographed notes.

Instructor: Bates.

Ch 123. Thermodynamie Chemisiry. 6 units (2-0-4) ; second term.
Prerequisites: Ch 21 abe, or Ch 122 or the equivalent.

This course deals chiefly with applications of thermodynamic principles. Practice is
given in the computation of free energies, entropies, and activities of typical chemical
substances, and in the relations of these to various physical and chemical phenomena.

Instructor: Bates.

Ch 124 ab. Physical Chemistry for Geologists. 6 units (4.0.2); first, second
terms.

This course is the same as Ch 24.

Instructor: Hughes.
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Ch 127 abe. Radioactivity and Isotopes. 4 units (2.0-2); first, second, third
terms.

This course is the same as Ch 27.

Instructor: Yost.

Ch 129. Surface and Colloid Chemistry. 8 units (3-0.5) ; third term.
Prerequisite: Ch 21 abc or equivalent.

Classroom exercises with outside reading and problems, devoted to the properties of
surfaces and interfaces, and the general principles relating to disperse systems with par-
ticular reference to the colloidal state.

Instructor: Badger.

Ch 130. Photochemistry. 6 units (2-0-4) ; third term.

Prerequisite: Ch 21 abe.

Lectures and discussions on photochemical processes, especially in their relation to
quantum phenomena. The following topics will be included: the photochemical absorption
law; the processes—excitation, dissociation, ionization—accompanying the absorption of
radiation; subsequent processes including fluorescence and collisions of the second kind;
photosensitization; quantum yield and its relation to photochemical mechanism; kinetics
of homogeneous thermal and photochemical reactions; catalysis and inhibition; tempera-
ture coefficients of photochemical reactions.

Instructor: Wulf.

Ch 132. Physical Chemisiry in the Characterization of Proteins. 6 units
(2.0.4); first term.

Prerequisite: Ch 21 abce, or eguivalent.

A discussion of the principles and methods employed in the determination of the size,
shape, charge, and thermodynamic properties of proteins. The methods considered are
acid-base titrations, equilibrium dialysis, osmotic pressure, light scattering, sedimentation,
diffusion, viscosity, and electrophoresis. The use of instruments will be demonstrated.

Instructor: Vinograd.

Ch 148 abc. Advanced Organic Chemistry. 4 units (2.0.2) ; first, seeond, third
terms.

Prequisites: Ch 41 abc, Ch 46 abec.

Lectures and recitations emphasizing the analytical methods of organic chemistry. Con-
sideration of the general problem of the characterization of organic compounds by quali-
tative and quantitative procedures.

Instructor: Niemann.

Ch 149 abe. Advanced Organic Chemistry Laboratory. 6 units (0.6.0); first,
second, third terms.

Prerequisites: Ch 41 abe, Ch 46 abe, and consent of instructor.

Laboratory exercises to accompany Ch 148. The isolation, purification, and identification
of organic compounds with special reference to the manipulation of milligram and deci-
gram quantities. Qualified students may pursue research work.

Instructors: Niemann and Assistant.

Ch 163 ab. Chemical Engineering Thermodynamics. 8 units; second, third
terms.
Prerequisite: Ch 21 abc or Me 15 abe.

This subject is the same as Ch 63 ab, but with reduced credit for graduate students.
No graduate credit is given for this subject to students in chemistry or chemical engineer-
ing.
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Ch 166 abe. Chemical Engineering. 12 units (3-0-9) ; first second, third terms.
Prerequisites: Ch 61, Ch 63 ab.

Calculations and discussions designed to bring the student in touch with the quantita-
tive problems involved in carrying out chemical reactions efficiently on a commercial scale.
The unit operations of chemical indusiry (such as materials transfer, heat transfer,
evaporation, filtration, distillation, drying) are studied both as to principle and practice.

Text: Principles of Chemical Engineering, Walker, Lewis, McAdams, and Gilliland.

Instructor: Lacey.

Ch 167 abc. Chemical Engineering Laboratory. 15 units (0-15.0); first,
second, third terms.

Prerequisites: Ch 21 abe, Ch 61, Ch 63 ab.

A laboratory course providing fundamental training in the methods and technique of
engineering measurements and in research encountered by the chemical engineer.

Instructors: Sage, Reamer.

Ch 168 ab. Mechanics of Fluid Flow. 6 units. (2-0-4) ; second, third terms.
Prerequisite: Ch 166 a.

Consideration is given to the flow of compressible and incompressible fluids in conduits
from the standpoint of recent theories of fluid mechanics. Emphasis is placed upon the
estimation of velocity and pressure distribution and the friction associated with the flow
of fluids under conditions of known geometric restraint.

Instructor: Sage.

Ch 169. Advanced Industrial Chemistry. 6 units (2-0-4) ; first term.
Prerequisites: Ch 61, Ch 63 ab.

An extension of Ch 61 with emphasis on quantitative approaches to industrial chemical
problems. Consideration is given to the more important chemical reactions of industrial
interest. Chemical kinetics and material and energy balances are treated.

Instructor: Corcoran.

Ch 180.186. Chemical Research.

Opportunities for research in analytical and inorganic chemistry (180), physical chem-
istry (182), organic chemistry (184), and applied chemistry and chemical engineering
(186) are offered to candidates for the degree of Master of Science. The main lines of
research in progress are tabulated under Ch 280-286.

Ch 190. Oral Presentation. 2 units (1.0-1) ; first term.

Training in the technique of oral presentation of chemical topics; graduate teaching
assistants in chemistry are required to take this course, unless excused for demonstrated
proficiency.

Instructors: Thomas, Davidson.

Ch 221 ab. The Nature of the Chemical Bond (Seminar). 6 units (2.0.4);
first, second terms. .

This subject comprises the detailed non-mathematical discussion of the electronic struc-
ture of molecules and its correlation with the chemical and physical properties of sub-
stances.

Text: The Nature of the Chemical Bond, Pauling.

In Charge: Pauling.

Ch 223 abe. Statistical Mechanics. 9 units (3.0-6) ; first, second, third terms.

After a survey of the principles of classical and quantum mechanics and of the theory
of probability, the equilibrium theory of statistical mechanics is developed and used to
interpret the laws of thermodynamics from the molecunlar standpoint. A detailed study of
the relationships between the thermodynamic functions of gases, liquids, and solids and
their structure on the molecular scale follows.

Given in alternate years. Offered in 1955-56,

Instructor: Davidson.
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Ch 225 abe. Advanced Chemical Thermodynamics. 9 units (3-0.6); first,
second, third terms.

Prerequisite: Ch 21 abc or the equivalent.

Basic concepts and the laws of thermodynamics are reviewed. The theories of hetero-
geneous equilibrinm and chemical equilibrium are developed according to the methods of
Willard Gibbs. Methods of calculation of the thermodynamic functions of pure chemical
substances and of components of real gas mixtures and liguid solutions are treated in a
systematic manner. Heterogeneous equilibrium is interpreted analytically by means of
the differential equations of the equilibrium lines and surfaces in phase diagram space.
Chemical equilibrium in homogeneous real gas reactions, and in reactions in liquid solu-
tions, is treated in detail. Attention is given to the important application of thermody-
namics to electrochemical systems, surface phases, and to systems under the influence of
external gravitational, electric, and magnetic fields. Problems.

Ch 226 abe. Introduction to Quantum Mechanics, with Chemical Appliecations.
5 units (3.0-6) ; first, second, third terms.

A review of Lagrangian and Hamiltonian mechanics and of the old quantum theory is
first given, followed by the discussion of the development and significance of the new quan-
tum mechanics and the thorough treatment of the Schrodinger wave equations, including
its solution for many simple systems such as the rotator, the harmonic oscillator, the hydro-
gen atom, etc. During the second and third terms various approximate methods of solution
(perturbation theory, the variation method, etc.) are discussed and applied in the consider-
ation of the resonance phenomenon, the structure of many-electron atoms and of simple
molecules, the nature of the covalent chemical bond, the structure of aromatic molecules,
and other recent chemical applications.

Given in alternate years. Offered in 1955-56.

Text: Introduction to Quantum Mechanics, with Applications to Chemistry, Pauling and
Wilson.

Instructor: Schomaker.

Ch 227 abe. The Structure of Crystals. 9 units (3.0-6); first, second, third
terms.

The following topics are discussed.

The nature of crystals and x-rays and their interaction. The various experimental meth-
ods of investigation—Bragg, Laue, oscillation, Weissenberg, etc. The theory of space
groups and the use of symmetry in the determination of the structures of crystals. The
detailed study of representative structure investigations. The quantitative treatment of
x-ray diffraction. Fourier-series methods of structure investigation.

Given in alternate years. Offered in 1955-56.

Instiructor: Sturdivant.

Ch 228. Electron-Diffraction Method of Determining the Structure of Mole-
cules. 6 units (2-0-4) ; first term.

The topics discussed are the interaction of electrons with atoms, molecules, and crystals,
and the techniques of determining the structure of molecules by the electron-diffraction

method.
Given in alternate years. Offered in 1956-57.
Instructor: Schomaker.

Ch 229 ab. X-.Ray Diffraction Methods. 6 units (2.0-4) ; second, third terms,
Prerequisite: Ch 227 abe or equivalent.

An advanced discussion of the techniques of structure analysis by x-ray diffraction.
Given in alternate years. Offered in 1956-57.

Instructors: Hughes, Schomaker, Sturdivant.

Ch 233 ab. The Metallic State. 6 units (2.0-4); first, second terms.
The physical, electrical, and magnetic as well as the structural, chemical, the thermody-
namic properties of metals and alloys considered from modern viewpoints.

Instructor: Yost.
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Ch 234. Introduction to the Speectra of Molecules. 6 units (2-0.4) ; first term.

The theory of the structure of the spectra of both the diatomic and the simpler poly-
atomic molecules is presented, and the transition rules and their relation to the symmetry
elements of molecules are discussed. Emphasis is laid on the methods of interpreting and
analyzing molecular spectra, and it is shown how from an analysis one obtains information
regarding the structure and other properties of a molecule of interest to the chemist.
Problems are given in the interpretation of actual data.

Given every third year. Offered in 1955-56.
Instructor: Badger.

Ch 235 abe. Chemical Kinetics. 6 units (2-0-4) ; first, second, third terms.

The mechanisms of the chemical reactions, as revealed by various methods, especially
rate measurements and photochemical experiments, are discussed. Both theoretical and
experimental aspects of the subject are studied. Topics include the transition state theory
and the collision theory, unimolecular reactions, ionic reactions, modern experimental ap-
proaches to the nature of transient intermediates and elementary reactions, molecular
structure and reactivity, catalysis, tracer studies, hydrodynamics and kinetics, combustion
and detonation. In its later stages, the course is of the seminar type.

Instructor: Davidson.

Ch 245 ab. The Synthesis of Organic Compounds. 6 units (2.0-4); first,
second terms.

A discussion of factors involved in preparative studies; followed by a consideration of
the synthesis of organic compounds by classes. The assigned problems are designed, in
part, to familiarize the student with the use of the literature.

Given in alternate years, Offered in 1956-57.
Instructor: Buchman.

Ch 246 abe. Theories of the Structures and Reactions of Organic Compounds.
4 units (2-0-2) ; first, second, third terms.

Prerequisites: Ch 41 abe, Ch 21 abe.

Theoretical organic chemisiry with emphasis on methods for determination of reaction
mechanisms and the application of the molecular orbital approach to problems of struc-
ture and reactivity.

Given in alternate years. Offered in 1955-56.
Instructor: Roberts.

Ch 250 abe. Selected Chapters of Organic Chemistry. 2 units (2.0-0); first,
second, third terms.

Topics considered have included chromatography, fats, steroids, sex hormones, simple
heterocyclic compounds and alkaloids, chlorophyll, carotenoids, anthocyanins, flavones,
pterins, bile pigments; natural products with quinoid structure; structure and physiological
action; chemistry of the chemotherapeutics and of the insecticides; detoxification processes,
nitrogen metabolism, carbohydrate metabolism, sugar phosphates, nucleotides, nucleic
acids, and history of organic chemistry.

Instructor: Zechmeister,

Ch 252 abe. The Chemistry of the Carbohydrates. 3 units (1.0.2); first,
second, third terms.

Prerequisites: Ch 41 abc, Ch 46 abe.

Lectures and discussions on the chemistry of the mono-. di-, and polysaccharides.
Given every third year. Offered in 1956-57.

Instructor: Niemann.

Ch 254 abe. The Chemistry of the Amino Acids and Proteins. 3 units (1-0-2);
first, second, third terms,

Prerequisites: Ch 41 abe, Ch 46 abe.

A consideration of the physical and chemical properties of the amino acids, peptides,
and proteins.

Given every third year. Offer_d in 1955-56.
Instructor: Niemann.



242 CALIFORNIA INSTITUTE OF TECHNOLOGY

Ch 255 abe. Chemistry of Bio-organic Substances. 3 unmits (1.0-2); first,
second, third terms.

Lectures on selected subjects of organic chemistry such as alkaloids, essential oils, and
sther major groups of natural products.

Instructor: Haagen-Smit.

Ch 258. Immunochemistry. 8 units (3.3.2) ; second term.
Prerequisite: Consent of instructor.

After a discussion of the techniques of immunology, a detailed presentation is given of
the properties of antisera, serological reactions, hypersensitivity, and immunity and resist-
ance to disease. The laboratory work covers techniques and methods involved in the study
of antigen-antibody reactions with emphasis on the quantitative aspects of serological
reactions.

Instructor: Campbell.

Ch 262 abe. Thermodynamics of Mulii.Component Systems. 8 units (2.0.6);
first, second, third terms.

Prerequisite: Ch 166 abe, AM 15 ab, Ch 63 ab or equivalent.

A presentation of the background necessary for a working knowledge of multi-com-
ponent open systems from the engineering viewpoint. A discussion of the volumetric and
phase behavior of pure substances, and of binary, ternary, and multi-component fluid
systems at physical and chemical equilibrium is included as a part of this thermodynamic
treatment. The solution of numerous problems relating to the application of these prin-
ciples to indusirial practice constitutes a part of this course.

Texts: Volumetric and Phase Behavior of Hydrocarbons, Sage and Lacey; Thermody-
namics of Multi-component Systems, Sage. . ‘

Instructor: Sage.

Ch 263 abc. Transfers in Fluid Systems. 12 units (2.2.8) ; first, second, third
terms.

Prerequisites: Ch 166 abc, AM 15 ab, Ch 168 ab or equivalent.

A consideration of thermal and material transfers in fluid systems under conditions
encountered in practice. Emphasis is placed upon point conditions and upon the anal-
ogies between momentum, thermal, and material transfers in turbulent flow. The greater
part of the effort in the course is devoted to the solution of transfer problems many of
which require the use of graphical or numerical methods for solution of the nonlinear
differential equations involved. A two hour computing period is provided during one after-
noon each week in order to familiarize the students with these mathematical methods.
Limited use is made of automatic computing equipment.

Given in alternate years. Offered in 1956-57.

Instructor: Sage.

Ch 266 abe. Applie dChemical Kinetics of Homogenecous and Heterogeneous
Reactions. 8 units (2-0-6) ; first, second, third terms.

Prerequisite: Ch 166, and Ch 262 is desirable.

Kinetics of various reactions, considering especially the behavior of catalysts and the
characteristics of systems at elevated pressures. Primary emphasis will be placed upon
predicting the course of chemical reaction under the conditions encountered in processing
operations. The third term will deal in part with combustion processes and flames.
Offered to third or fourth year graduate students in chemical engineering.

Given in alternate years. Offered in 1956-57.

Tnstructor: Corcoran.
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Ch 280-286. Chemical Research.

Opportunities for research are offered to graduate students in all the main branches of
chemistry; namely, in analytical and inorganic chemistry (280), physical chemisiry (282),
organic chemistry (284), immunochemistry (285), and applied chemistry and chemical
engineering (286).

The main lines of research now in progress are

(In physical and inorganic chemistry)
The iree energies, equilibria, and electrode potentials of reactions.
Distribution of chemical compounds between immiscible phases.
Studies of inorganic analytical methods.
The kinetics of chemical reactions including photochemical reactions.
The determination of the structure of crystals and gas molecules by the diffraction of
x-rays and electrons,
The application of quantum mechanics to chemical problems.
The study of mclecular structure and of chemical problems by spectroscopic methods.
The na(tiure of the metallic bond and the structure of metals and intermetallic com-
pounds.

Studies of radioactivity.
Investigation of the properties of the transuranic elements.
Microwaves and nuclear resonance.

(In organic chemistry)
Studies of the mechanism of organic reactions in relation to electronic theory.
Kinetics and equilibria of addition reactions of unsaturated compounds.
Coordination reactions of unsaturated compounds.
Sulfinyl and phesphinyl chlorides.
Isolation of alkaloids and determination of their structure.
The synthesis of substances related to cyclobutadiene.
Studies of the mechanism of the Walden inversion.
The chemistry of amino acids and peptides.
The constitution of the phosphatides and cerebrosides.
The chemistry of carotenoids and other plant pigments.
The use of chromatographic methods of analysis and separation of sterecisomers.
Diphenylpolyenes.
Chemistry of small-ring carbon compounds.
Application of isotopic tracer techniques to problems in organic chemistry.
Relation of structure to reactivity of organic compounds.

(In immunochemistry and other fields of application of chemistry to biological and
medical problems)
The study of the mechanism of antigen-antibody reactions and the structure of anti-
bodies.
The funectional significance of antibodies.
The chemical and physical properties of blood.
Investigation of plasma substitutes.
The ijsolation and characterization of cellular antigens.
Studies on the enzymatic cleavage and formation of amide bonds.
Chemical analysis of proteins and determination of the order of amino-acid residues
in polypeptide chains.
The erystal structure of amino acids, peptides, and proteins.
Correlation of Vitamin A potency with molecular configuration.
Investigation of fluorescent compounds in plants and animals, including miero-
organisms.
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The study of plant hormones and related substances of physiological importance.

Investigation of mammalian and bacterial polysaccharides including the blood-group
specific substances.

The chemistry of protozoa.

Chemotherapy of parasitic diseases.

The nature of sickle cell anemia and other hemolytic diseases.

(In applied chemistry and chemical engineering)
The influence of turbulence upon heat transfer in fluids.
The influence of turbulence on the transfer of material through fluids.
Phase and thermodynamic behavior of hydrocarbons and other fluids.
Studies of non-equilibrium behavior of fluid systems at elevated pressure.
Reaction kinetics.

Ch 290 abe. Chemical Research Conference. First, second, third terms.

These conferences consist of reports on investigations in progress in the chemical labo-
ratories and on other researches which are of current interest. Every graduate student in
chemistry is expected to -attend these conferences. Seminars in special fields (immuno-
chemistry, inorganic chemistry, crystal structure, organic chemistry) are also held.

Ch 291 abe. Chemical Engineering Seminar. 2 units (1.0-1); first, second,
third terms.

Oral presentations of industrial chemistry and chemical engineering problems of current
interest.

Instructor: Corcoran.
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CIVIL ENGINEERING

UNDERGRADUATE SUBJECTS

CE 1. Surveying. 12 units (2.6-4); third term.

A study of the elementary operations employed in making surveys for engineering
work, including the use, care, and adjustment of instruments, linear measurements, angle
measurements, note keeping, stadia and plane table surveys, calculation and balancing
of traverses, topographic mapping and field methods. Triangulation, base line measure-
ments, determination of latitude and a true meridian by sun and circumpolar star obser-
vations, stream gauging. Route location of highways.

Text: Surveying, Breed.

Instructor: Michael.

CE 4. Highways and Airports. 10 units (2-4.4)) ; first term.

A comparison of various types of highway construction; the design, construction and
maintenance of roads and pavements. An introduction to airport design.

Text: Highway Engineering, Ritter and Paquette.

Instructor: Michael.

CE 5. Hydrology. 6 units (2.0.4); second term.

Fundamental to an understanding of water supply, irrigation, flood control, drainage,
water power, river and harbor regulation and many other phases of civil engineering, this
subject deals with the forces and factors that control the occurrence of water in nature,
including precipitation, evaporation, transpiration, infiltration; percolation, ground water,
and flood flows.

Instructor: Brooks.

CE 7. Curves and Earthwork. 6 units (2.0-4) ; third term.

Prerequisite: CE 1.

The theory of railway, highway and ditch location and surveys; problems relating to
curves, grades, earthwork and track layout, including a study of the mass diagram as
applied to railway and highway earthwork.

Text: Railroad Curves and Earthwork, Allen.

Instructor: Michael.

CE 10 abe. Theory of Structures. 12 units (3-3-6) first, second terms; 9 units
(3-0-6) third term.

Prerequisite: AM 1 c.

Methods used in the calculation of stresses in beams, girders, and columns; study of the
effects of moving load systems; graphic statics applied to reofs and bridges. A study of
arch, cantilever, and continuous bridges; and deflection of trusses.

Texts: Structural Theory, Southerland and Bowman; Siructural Design in Metals, Wil-
liams and Harris.

Instructors: Martel, McCormick.

CE 12. Reinforced Concrete. 12 units (3.3-6) ; third term.
Prerequisites: AM 1 ¢, CE 10 a.

The theory of reinforced concrete design, with a study of the application of this type
of construction to various engineering structures.

Text: Basic Reinforced Concrete Design, Large.
Instructors: Martel, McCormick.
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CE 14 abc. Engineering Conference. 2 units (1.0.1) first and second terms;
1 unit (1-0-0) third term.

Conferences participated in by faculty and seniers of the Civil Engineering department.
The discussions cover current developments and advancements within the field of civil
engineering and related sciences.

The technique of effective oral presentation of reports is emphasized through eriticisms
of the reports from the standpoint of public speaking by a member of the department of
English. In the third term senior year, students will visit and inspect engineering projects.

Instructor: McKee.

CE 15. Soil Mechanics. 6 units (2-0.4) ; first term.

A study of the physieal characteristics of seil, inchading origin, methods of classification
and identification, permeability, seepage forces, consolidation, and one-dimensional settle-
ment.

Text: Fundamentals of Soil Mechanics, Taylor.

Instructor: Converse.

CE 20. Introduction to Sanitary Engineering. 6 units (2.0-4) ; third term.

Prerequisite: Hy 2 ab.

An introduction to the problem of supply, treatment and distribution of water for mu-
nicipal use and irrigation purpose; and to the problems of collection, treatment, and
disposal ef municipal sewage and liquid industrial wastes.

Instructor: McKee.

ADVANCED SUBJECTS

CE 106. Soil Mechanics Laboratory. 6 units (0-3.3) ; second term.
 Prerequisite: CE 115 a.

Tests to determine the basic physical and mechanical properties of soil, including classi-
fication, plasticity, specific gravity, volumetric changes, shearing strength, consolidation
characteristics, and the siandard tests for controlling and checking the compaction of

earth fills.

Instructor: Converse.

CE 115 a. Soil Mechanies. 9 units (2.3.4) ; first term.

Prerequisite: AM 1 abed.

A study of the physical characteristics of soil, including origin, methods of classifieation
and identification, permeability, seepage forces, consolidation, and one-dimensional settle-
ment. Basic laboratory tests of soils will be performed.

Text: Fundamentals of Soil Mechanics, Taylor.
Instructor: Converse.

CE 115 b. Soil Mechanics. 9 units (3-0-6) ; second term.

Prerequisite: CE 115 a.

A study of the mechanies of soil masses subjected to loads, including the distribution of
stress within the soil mass, active and passive pressures on retaining walls, bearing ca-
pacity and settlement of footing, piles, stability of slopes, earth dams, highways and airport
runways.

Instructor: Converse.

CE 120 a. Statically Indeterminate Structures. 12 units (3.3.6) ; first term.
Prerequisites: CE 10 abe, CE 12.

A study of such structures as continuous spans, rigid frames and arches by the methods
of least work or slope-deflections; analysis of secondary stresses.

Instruetor: Martel.
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CE 120 be. Statically Indeterminate Structures. 6 or more units as arranged
(2.0-4) ; any term.

A continuation of the study of indeterminate structures as begun in CE 120 a with the
use of analytical and instrumental methods of solution.

Instructor: Martel.

CE 121 a. Structural Design. 9 units (0-9-0) ; first term.

Prerequisites: CE 10 abe, CE 12.

The design of a plate girder bridge and a truss bridge or a steel frame building; stress
sheets and general drawings are made. Designing office practice is followed as affecting
both computations and drawings.

Instructor: McCormick.

CE 121 b. Structural Design. 9 units (0-9.0) ; second term.

Prerequisites: CE 10 abe, CE 12.

The design of a reinforced concrete building in accordance with a selected building
ordinance, with computations and drawings.

Instructors: Martel, McCormick.

CE 121 c¢. Civil Engineering Design. 9 units (0.9-0) ; third term.

Prerequisite: CE 125,

Special problems including preliminary investigations of irrigation or water power proj-
ects; study of stream flow data, the effect of reservoir storage nupon distributed flow, deter-
mination of size and type of economic development.

Instructors: McCormick, McKee.

CE 122. Earthquake Effects upon Structures. 6 or meore units as arranged;
any term. .

A comparison of the analytical study and the experimental effects of vibrations on simple
structures with the actual effects of earthquakes upon buildings.

Instructor: Martel.

CE 125. Water Supply, Utilization, and Drainage. 9 units (3-0-6) ; third term.

Prerequisites: Hy 2 ab; Hy 11; CE 20.

A study of the principles involved in the collection, storage, and distribution of water
for municipal use and irrigation, and the removal of storm waters, municipal sewage, and
excess irrigation waters; design, construction, and operation of systems; dams, reservoirs,
canals; water rights and stream administration; the economic aspects of projects.

Instructor: McKee.

CE 126. Masonry Structures. 9 units (2-3-4) ; second term.

Prerequisite: CE 12,

Theory of design and methods of construction of masonry structures; foundations, dams,
retaining walls, and arches.

Instructors:- Martel, McCormick.

CE 127. Theory of Water and Waste Treatment. 9 units (2.3.4) ; first term.

Prerequisite: CE 20.

A study of the chemical, physical, and biological phenomena involved in the treatment
of water, sewage, and liguid industrial wastes; water quality criteria, testing procedures,
coagulation, focculation, sedimentation, disinfection, softening, corrosion control, biological
oxidation, and miscellaneous treatment.

Instructor: McKee.

CE 129. Spring Field Trip. 1 unit (0.1.0); week between second and third
terms.

An inspection tour of the waterworks structures of the lower Colorado River basin,
including the Regional Salinity Laboratory of the Department of Agriculture, Imperial
Irrigation District and Dam, Parker Dam and pumping facilities of the Metropolitan Water
District, Davis Dam, Hoover Dam, and the work of the USBR River Control Section.

Required of all graduate students in Civil Engineering.
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CE 130 ab. Civil Engineering Seminar. 1 unit (1.0-0); first, second terms:
4 units (0.4.0) ; third term.

Conferences participated in by faculty and graduate students of the Civil Engineering
department. The discussions cover current developments and advancements within the
fields of civil engineering and related sciences, with special consideration given to the
progress of research being conducted at the Institute. Inspection trips.

CE 131. Design of Water and Waste Treatment Plants. 9 units (2-3-4) ; second
term.

Prerequisite: CE 127.

Application of the theories of water and waste treatment to the functional design of
treatment works; screening, settling basins, flocculators, filters, chemical application,
activated sludge processes, trickling filters, oxidation ponds, sludge digestion and disposal,
and the design of discharge structures.

Instructor: McKee.

CE 132. Water Power Engineering. 9 units (2-3-4) ; second term.

Prerequisite: CE 5 or CE 155.

The applications of hydraulics and hydrology to the development of hydroelectric power.
Determination of firm and secondary power from available streamflow. Design of power
reservoir. Hydraulic turbines, penstocks, draft tubes, governors. Water hammer and
cavitation problems. Design of power plant at a particular site.

Instructor: Brooks.

CE 134. Ground Water Hydraulics. 9 Units (3-0.6) ; third term.
Prerequisite: AM 15 ab or AM 115 ab.

A systematic study of the mechanics of ground water flow, with applications to various
engineering problems, including seepage through earth dams and levees, uplift on founda-
tions, flow toward wells, natural and artificial ground water recharge, and dewatering for
excavations. Emphasis is placed on flow net analysis and mathematical methods.

Instructor: Brooks.

CE 135. Geodesy and Precise Surveying. 6 or more units as arranged; any
term.

Methods of triangulation and surveying over extended areas. The adjustment of triangu-
lation systems, the adjustment of observations by the method of least squares. Map projec-
tions, precise leveling determination of a true meridian.

Instructor: Michael.

CE 141. Structural Engineering Research. 6 or more units as arranged; any
term.
Selected problems and investigations to meet the needs of advanced students.

Instructor: Martel.

CE 142, Sanitation Research. 6 or more units as arranged; any term.

Exceptional opportunities for advanced study in the fields of water and sewage treatment
are available at the numerous plants located in this locality,

Instructor; McKee.

CE 143. Highway Research. 6 or more units as arranged ; any term.

Cooperating with the Highway Research Board of the National Research Council, oppor-
tunities are offered for advanced studies in highway engineering. Arrangements may be
made for special studies on subgrade materials, wearing surfaces, economics of vehicle
operation, and allied subjects.

Instructor: Michael.

CE 144. Airport Design. 6 or more units as arranged ; any term.
Prerequisite: CE 4.

Preparation of a layout and design of an airport, including studies of a proposed site,
surface and subsurface drainage; runway, and taxiway. Design of base courses and run-
ways surfaces. Accessory structures and lighting.

Instructor: Michael.
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CE 150. Foundations. 9 units (3.0-6) ; third term.

Prerequisite: CE 115 ab.

Types and methods of construction of foundations for buildings, bridges, and other
major structures. Spread footings and foundation slabs, piles and pile driving equipment,
open and pneumatic caissons, cofferdams, underpinning, methods of exploration.

Instructor: Converse.

CE 155. Hydrology. 9 units (3.0-6); first term.

Prerequisite: CE 125.

Detailed studies of climatology, precipitation, run-off, transpiration, flood flows and
flood forecasting, with special emphasis on statistical analysis.

Instructor: Brooks.

CE 156. Industrial Wastes. 9 units (3-0-6) ; third term.

Prerequisite: CE 127,

A study of the industrial processes resulting in the production of liquid wastes; the
characteristics of such wastes and their effects upon municipal sewage-treatment plants,
receiving streams, and ground waters; and the theory and methods of treating, eliminating,
or reducing the wastes.

Instructor: McKee.

CE 300. Civil Engineering Research.
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ECONOMICS

The subjects in this group have the twofold purpose of giving the student an
insight into fundamental economic principles, and of acquainting him with
some of the aspects of the practical operation of business enterprises. They
furnish the important connecting link between the technical engineer and
the man of affairs.

Ec 1 abe. General Economics and Economic Problems. 6 units (3.0-3); first,
second, third terms.

A course in economic life and institutions, the principles underlying them, and the
major problem they present. Subjects studied include production, exchange, distribution,
money and banking, the economic activities and policies of government, and international
trade. i

Instructor: Brockie.

Eec 2 ab. General Economics and Economic Problems. 9 units (3-0-6).

The same course as Ec 1 abe, given in two terms instead of three.

Instructors: Brockie, Grey.

Ec 4 ab. Economic Principles and Problems. 6 units (3-0-3); first term, and
either second or third term.

A course in economic life, institutions, and problems, stressing the national income
approach. Subjects studied parallel those of Ec 1 ab, with such difference in emphasis
as is necessary to make this shorter course complete in itself. Students who have satis-
factorily completed the two terms of Ec 4 may register for the third term of Ec 1 as an
elective.

Instructor: Sweezy.

Ec 13. Reading in Economics. Units to be determined for the individual by
the department.

Ec 18. Industrial Organization. 7 units (3.0.4) ; first term.

After outlining the historical background of industry with the economic ch_anges in-
volved, this subject surveys the major problems facing management, especially in factory
operations. The principal topics included are organization, plant layout, costs and budgets,
methods, time and motion study, production control, labor relations, and wage scales.

Instructor: Gray.

Ec 25. Engineering Law. 7 units (3-0.4) ; second term.

The law of business, with particular emphasis on the legal rights and obligations per-
taining most directly to the engineering profession. Contracts and specifications, agency,
property, mechanics, liens, workmen’s compensation, and the principles of legal liability
are studied.

Instructor: Chaitkin.

Ec 48. Introduction to Industrial Relations.* 9 units (3.0-6).

Senior Elective. .

This course stresses the personnel and industrial relations functions and responsibilities
of supervisors and executives. The history, organization, and activities of unions and the
provisions of current labor legislation are included. The relationships of a supervisor or
executive with his employees, his associates, and his superiors are analyzed, and the
services which he may receive from the personnel department are examined. The course
also discusses the use of basic tools of supervision.

Instructor: Gray.

ADVANCED SUBJECTS

Ec 100 abc. Business Economics, 10 units (4.0-6) ; first, second, third terms.
Open to graduate students. :
_ This course endeavors to bridge the gap between engineering and business, especially
industry. It is intended for two groups of technically trained students: 1) those who wish
soomner or later, to take advantage of opportunities in industry beyond their strict technical
ﬁ(?lds, and 2) those who will be engaged in teaching and in scientific research, but who
wish to get an understanding of industry in both its technical and philosophical aspects.

*The fourth year Humanities electives to be offered in any given term will be scheduled before the
close of the preceding term.



ECONOMICS 251

The broad assumptions in the course are that technical training is an excellent approach
to positions of general responsibility in business and industry, and that technically trained
men going into industry can make significant contributons to the improved functioning
of the economy.

The principal divisions of the subject matter of the courses are: 1) business organiza-
tion, 2) industrial promotion and finance, 3) factory management, 4) industrial sales, and
5) business economic topics, especially the business cycle. This treatment provides a
description of the industrial economy about us and of the latest management techniques.
The points of most frequent difficulty are given special study. The case method of in-
struction is used extensively in the course.

Instructor: Gilbert.

Ec 106 abc. Business Economies (Seminar). Units by arrangement; first,
second, third terms.

Open to graduate students. .

This seminar is intended to assist the occasional graduate student who wishes to do
special work in some part of the field of business economics or industrial relations.
Special permission to register for this course must be secured from the instructors.

Instructors: Gilbert, Gray.

Ec 110. Industrial Relations. 9 units (3.0-6) ; first term.

Not open to students who have taken Ec 48, Introduction to Industrial Relations.

An introductory course dealing with the basic problems of employer-employee relation-
ships and covering the internal organization of an enterprise, the organization and func-
tions of unions, and the techniques of personnel administration with emphasis on the
problems of setting wage rates.

Instructor: Gray.

Ec 111. Business Cycles and Governmental Policy. 9 units (3.0.6); second
term.

A study of the nature, causes, and possible control of economic fluctuations with special
emphasis on the interrelationship of business cycles and such fiscal matters as national
debt control, national budgetary control, and the maintenance of high levels of employ-
ment, production, and purchasing power. The course alse integrates the international
problems of war, reconstruction, trade, and investment with the analysis of business cycles
and internal fiscal policies in order to provide a unified theory of national and inter-
national economic equilibrium., May be taken as a senior elective.

Instructor: Brockie.

Ec 112. Modern Schools of Economic Thought. 9 units (3-0-6) ; third term.

A study of economic doctrine in transition, with particular emphasis on the American
contribution. Against a background of Marshall and Keynes, a critical examination will
be made of the institutional, collective, quantitative, social, experimental, and adminis-
trative schools of economics. )

Ec 120 abe. Dynamics of the American Economy. 9 units (3-0.6); first,
second, third terms.

A study of the causes of high productivity, fluctuations in prices and business volume,
the expansion of the economic role of government, and the dominant position of the
United States in the world economy. Special attention to scientific and techrnological
advance, population growth, and war or defense spending as they affect the American
economy. )

Instructor: Sweezy.

Eec 126 abe. Economic Analysis and Policy (Seminar). Six units or more as
arranged; first, second, third term. '

Open to students who have taken Ec 120 or to other qualified students with the consent
of the instructor.

This seminar is designed to give students who already have some training in economics
an opportunity to discuss and analyze selected problems of economic policy, both national
and international.

Instructor: Sweezy.
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ELECTRICAL ENGINEERING

UNDERGRADUATE SUBJECTS

EE 1 abe. Basic Electrical Engineering. 9 unmits (3-0-6); EE 1 a first term
only, EE 1 bc second or third terms.

Prerequisites: Ma 2 abe; Ph 2 abe.

An introductory study of electric and magnetic fields and circuits, electromagnets,
direct and alternating current machinery and electronic devices.

Instructors: Maxstadt and Assistants.

EE 2 ab. Basic Electrical Engineering Laboratory. 3 units (0.3-0); second,
third terms.
Prerequisites: Ma 2 abc; Ph 2 abe.

This course is the laboratory for the corresponding EE 1 course. Use of measuring
instruments, operation of direct and alternating current machinery and determination of
their characteristics and instrumentation of electronic circuits.

Text: Laboratory Notes.
Instructors: Maxstadt and Assistants.

EE 4 ab. Basic Electrical Engineering. 6 units (2-0.4); EE 4 a first term
only, EE 4 be second or third terms.

Equivalent to EE 1 abc with reduced units for non-engineering students.

Instructor: Maxstadt.

EE 6 ab. Electro-Mechanical Devices. 6 units (2-0-4); second term; 9 units
(3-0-6) third term.

Prerequisites: EE 1 abe; EE 2. abc and EE 12,

A general study of electromechanical energy conversion methods and devices, including
typical rotating machinery and various transducers. Brief study of transformers and of
power transmission lines. Emphasis is upon physical principles rather than upon details
of design.

Text: Electric Machinery, Fitzgerald and Kingsley

Instructor: McCann.

EE 6 ab. Electro-Mechanical Devices. 6 units (2-0-4); second term; 9 units
Prerequisites: EE 1 abe; EE 2 abe; and enrollment in EE 6.

Laboratory experiments with energy conversion devices of various types to illustrate
the principles studied in EE 6.

Text: Laboratory Notes.
Instructors: Maxstadt and Assistants.

EE 12, Electric Circuits. 12 units (4.0.8) ; first term.

Prerequisites: EE 1 abe; EE 2 abec.

A course of study relating to the calculation of voltage, current, and power in electrical
power and electronic circuits, including an introductory study of filter circuits. In all
of these studies free use is made of the symbolic or complex method of solving problems
using Kirchoff’s laws, Thevenin’s theorem and other special methods of calculation.

Instructor: McCann.

EE 15 abe. Electromagnetism. 6 units (2.0.4) ; first, second, third terms.
Prerequisites: Ph 1 abc, 2 abc; Ma 2 abe; AM 15.

A course in theoretical electricity and magnetism, primarily for electrical engineering
students. Topics covered include electrostatics, magnetostatics, Maxwell’s equations,
waveguides, cavity resonators, and antennas.

Text: Course Notes.
Instructor: Langmuir.
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EE 16. Electrical Measurements. 6 units (2.3.1); first term.
Prerequisites: Ph 2 abe; EE 1 abe.

Advanced course in precision electrical measurements and their accuracy. Theory and
practice of the treatment of errors; sources of error, Gaussian and other distributions,
probable errors and confidence intervals, least-squares curve fitting. Laboratory experi-
ments illustrating the use of precision measuring equipment and the estimation of errors.

Text: Class and Laboratory Notes.

Instructors: Martel and Assistants.

EE 70 ab. Engineering Conference. 2 units (1-0.1) ; first, second terms.
Prerequisites: EE 1 abc; EE 2 abe.

Presentation and discussion of new developments in the industry. Review of current
literature.

Instructor: McCann.

ADVANCED SUBJECTS

EE 120 abe. Advanced Electric Power System Analysis. 9 units (3-0-6). Three
terms.

This course is devoted to the study of electric circuit theory as applied to the basic
problems encountered in the design and operation of modern power transmission and dis-
tribution systems.

Texts: Electrical Transmission and Distribution Reference Book and Course Notes.

Instructors: McCann, Lindvall,

EE 120 a. 9 units (3.0.6) ; first term.
Prerequisites: EE 6 ab; EE 7; EE 12.

Theory of symmetrical components and basic circuit theorems for reduction and simpli-
fication of power system networks. System fault calculations supplemented by a compre-
hensive power system fault study with the electric analog-computer used as an ac-
network analyzer.

EE 120 b. 9 units (3-0-6) ; second term.
Prerequisite: EE 120 a.

Analysis of transformer characteristics including development of sequence circuits
for two and three winding transformer banks. Theory of synchronous and induction motors
including transient analysis during system faults. Calculation of transmission line con-
siants and their equivalent sequence circuits. General principles of circuit bresker and
relay application.

EE 120 ¢. 9 units (3-0.6) ; third term.
Prerequisite: EE 120 b.

Development of generalized circuit constants for transmission lines and integrated
systems. Application of power circle diagrams and other techniques for steady state
power flow and regulation problems. Treatment of the steady state and transient stability
problem. Transient circuit analysis as applied to switching surge calculations. General
discussion of the effects of system grounding on switching surge voltages. Basic principles
of overvoltage protection against switching surges and lighting. Ac-network analyzer
tec‘l}l’llliques will be applied to actual calculations of transient stability and switching surge
problems.
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EE 121 abe. Alternating Current Laboratory. 6 units (0-3-3); firsi, second,
third terms.

Prerequisites: EE 7 and preceding courses.

Detailed tests of the induction motor; the operation of transformers in parallel; study
of polyphase connections; photometric measurements; use of the oscillograph; calibra-
tion of watt-hour meters and relays, electric arc welding. Special emphasis is placed on
the report.

Text: Advanced laboratory notes.
Instructors: Maxstadt and Assistants.

EE 122. Power Distribution. 6 units, supervised reading course by assignment.

Basic elements of modern distribution system; unit substations, underground distribu-
tion, switchgear and protective devices. Application of fireproof equipment in hazardous
areas.

Instructor: Maxstadt.

EE 124. Specifications and Design of Electrical Machinery. Units to be
arranged.

Prerequisites: EE 7, and preceding subjects.

Preparation of specifications and design calculations for alternating and direct current
machinery.

Text: Electrical Machine Design, Gray.

EE 132 abe. Circuit Analysis. 9 units (3-0-6) ; first, second, third terms.
Prerequisites: EE 12; EE 60.

Transient analysis of linear networks; Laplace transform methods; generalized network
analysis.
Instructor: Pickering.

EE 140. Electric Communication. 6 units (2.0.4) ; first term.
Prerequisites: EE 12; EE 60.

A study of selected topics in communication with special emphasis on recent develop-
ments.

Instructors: Pickering and Martel.

EE 141. Communications Laboratory. 6 units (0-3.3) ; first term.
Prerequisite: Must be taking or have taken EE 140.

Laboratory assignments in advanced communication problems.
Instructors: Pickering and Martel.

EE 150 abe. Electromagnetic Fields. 9 units (3.0-6); first, second, third
terms. ‘

Prerequisites: EE 160; EE 15.

An advanced course in classical electromagnetic theory and its application to guided
waves, cavity resonators, antennas, artificial dielectrics, propagation in ionized media,
propagation in anisotropic media, magnetohydrodynamics, and to other selected topics
of research importance.

Text: Course Notes.
Instructor: Papas.

EE 160 abc. Electronics and Circuits. 9 units (3.0-6) first term; 9 units
(2-3-4) second and third terms.

Prerequisite: EE 1 abc. (EE 4 abc for Physics majors.)

Physical electronics and introduction to theory of solid state. Fundamental theory of
electron tubes and applications to communication and control circuits.

Instructor: Langmuir.



ELECTRICAL ENGINEERING 255

EE 164 abe. Physical Electronics and Cireuits. 9 units (3.0-6); first, second,
third terms.

Prerequisites: EE 60; Ph 7 or EE 15.

Electron optics of electrostatic and magnetic fields, space charge effects including waves,
beam spread, production and focussing, plasma oscillations, space charge and kinematic
analysis of klystrons, reflex tubes;, and slow wave interaction systems. The Llewellyn-
Peterson eguations and their application to high frequency and microwave diodes and
multigrid tubes. The analysis and relation of transient and steady state response in
amplifiers by Laplace Transform techniques. Brillonin flow beam systems and magnetron
relations. Generalized energy exchange theorems for stream to streami, and stream to
wave interactions. Thermal noise energy in streams and general thermal noise considera-
tions, Streams in the presence of a generalized impedance wall. Tle electromagnetic
theory of slow wave propagating wave guides and helical systems. The design of amplifiers
and amplifier interstages by complex frequency techmiques and the potential analogy.

Texts: Vacuum Tubes. Spagenberg; Electron Beam and T.W. Tubes, Pierce; Vacuum
Tube Amplifiers, Valley and Wallman; and Course Notes on interaction theory:

Instructor: Field.

EE 165 a. Ulwra High Frequency Laboratory. 6 units (0.3-3) ; third term.
Prerequisites: EE 150 and EE 164, or be enrolled for them; EE 15.

Covering experiments on microwave generation, bridges, precise impedance measurement,
nodal shift methods, and the properties of microwave circuit elements such as matched
T’s, directional couplers and antennas.

Instructor: Field.

EE 170 abe. Instrumentation and Conirol Systems. 9 and 12 units (3.0-6)
(3-3.6) (3-3-6).

EE 170 abe. Feedback Control Systems. 9 units (3-0-6) ; first term; 12 units
(3-3.6) ; second and third terms.

A study of automatic feedback control systems. Basic theory and methods of analysis
and synthesis; the Nyquist criterion, root locus methods, and analog computer techniques.
Multiple loop systems. Non-linear systems with emphasis on phase plane and describ-
ing function techniques. Statistical methods and noise problems. Practical electrical,
mechanical and hydraulic components. The laboratory experiments are designed to
acquaint the student with characteristics of practical components, but emphasis is placed
on %1 correlation of observed response with predictions based on the various theoretical
methods.

EE 180 abce. Methods of Machine Computation in Engineering Analysis.
12 units (3-3.6) ; first, second, third terms.

General survey of the basic principles of analog and digital computing techniques.
Development and application of electronic differential analyzer principles. Develop-
ment and application of direct analogy computer principles. Methods of general circuit
synthesis for systems of active and passive form. Analog techniques for non-linear
mechanics. Methods of instrumentation and requirements for computer components.
Development and application of digital machine methods of numerical analysis. Basic
principles of logical design and instrumentation for digital computers. Application of
machine computing methods to complex system analysis.

Instructors: McCann, Wilts.

EE 200. Advanced Work in Electrical Engineering,

Special problems relating to electrical engineering will be arranged to meet the needs
of students wishing to do advanced work in the field of electricity. The Institute is
equipped to an unusual degree for the following lines of work: Theory of electrical
machine design, electrical transients, and high voltage engineering problems; electrical
Engineering Problems relating to physical electronics, electronic devices and their appli-
cation; Engineering Analysis problems requiring large scale computer techniques, A.C.
network techniques, Analog and Transient studies, etc. Problems relating to the distribu--
tion and uses of electric power for lighting and industrial uses; studies of light sources
and illumination.
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EE 220. Research Seminar in Electrical Engineering. 2 units.

Meets once a week for discussion of work appearing in the literature and in industry.
All advanced students in electrical engineering and members of the electrical engineer-
ing staff are expected to take part.

In charge: Elecirical Engineering Faculty.

EE 240 abe. Communication and Information Theory. 9 units (3.0.6).

Prerequisite: EE 132 abe.

Basic theory of communication of information; probability; random phenomena;
entropy and channel capacity; coding and modulation methods; correlation functions
and harmonic analysis; spectral density; eflects of linear and non-linear circuits; noise,
its origins and mathematical models; design of optimum linear circuits (based mainly
on Wiener’s work).

Text: Mimeographed Notes.

Instructors: Ramo, Martel.

EE 250 abe. Advanced Electromagnetic Field Theory. 9 units (3-0-6); first,
second, third terms.

This course covers the applications of Maxwell’s equations to problems involving an-
tennas, waveguides, cavity resonators, and diffraction. It includes the solution of prob-
lems by the classical methods of retarded potentials and orthogonal expansions and lec-
tures in the modern techniques of Schwinger that employ the calculus of variations and
integral equations.

Text: Static and Dynamic Electricity, Smythe; Randwertprobleme der Mikrowellen-
physik, Borgnis and Papas.

Instructors: Smythe, Papas.

EE 260 abe. Advanced Course in Physical Electronics. Units to be arranged.
Prerequisite: EE 164.

Aberrations in focussing systems. Oscillations around Brillouin Flow conditions. Space
charge waves at Brillouin and Intermediate Flow. The exact analysis of the klystron and
veflex tubes. The large signal analysis (non-linear) of micro-wave tubes. Cyclotron res-
onance forms of interaction. Cherenkow and other relativistic interaction mechanisms.
Effects on interaction devices of loss, space charge, high gain per wavelength, finite trans-
verse dimensions, and finite magnetic fields.

Instructor: Field.

EE 262 abe. Advanced Problems in Modern Radio Engineering. 8 units
(2.0-6) ; first, second, third terms. Given in alternate years.

Prerequisites: EE 15 ab; EE 60 abc; Ph 7; Ph 131 abe.

A case-problem course treating frontier problems in antennas, electron tubes, random
phenomena and signal-noise ratio, and complex radio systems. Order-of-magnitude esti-
mates are emphasized for many important phenomena not yet susceptible to complete
analvtical solution.

Offered 1956-57.
Instructor: Ramo.

EE 264 abe. Radio Engineering. 9 units (3-0-6) ; first, second, third terms.
Prerequisites: EE 15 ab; EE 60 abe, or EE 190.

An advanced lecture and problem course covering most important aspects of modern
radio engineering for students who have completed a first course.

Instructor: Ramo.

EE 280 abc. Advanced Course in Electrical Computing Methods. 9 units
(2.3.4) ; first, second, third terms.

Prerequisite: EE 180.
A continuation of EE 180 with emphasis on advanced theory of electrical analogies.
Instructors: Wilts, MacNeal, McCann.
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EE 290 abe. Conduction of Electricity in Gases and Solids. Units to be ar.
ranged; first, second, third terms. Not given every year.

Fundamental physical processes underlying electrical conduction, with examples from
flow, arc, and spark discharges, rectifiers (gaseous and solid), conductors, insulators, and

semi-conductors.
Instructor: Wooldridge.
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ENGINEERING GRAPHICS

Gr 1 a. Engineering Graphics. Basie Graphics. 3 units (0-3-0) ; first term.

The study of geometrical forms and their representation by means of freehand ortho-
graphic and perspective drawings. Instruction includes the techniques of freehand pen-
cil rendering, lettering forms, analysis of the elements of three-dimensional shapes and
their proportional relationships, introduction to the principles of orthographic and per-
spective projection, principal views, visualization, shading techniques, sections and con-
ventions. Problems are given involving the drawing of basic geometrical forms, machine
parts and scientific apparatus. Emphasis is placed on a constructive approach, careful
observation and accuracy.

Text: Graphics in Engineering and Science, Levens.
Instructors: Welch, Wilcox.

Gr 1 b. Applied Graphics. 3 units (0.3.0); second term.

Prerequisite: Gr 1 a.

This course is a continuation of Gr 1 a and is designed to give the student a general
knowledge of the most important types of technical drawings, to develop further his
ability to visualize in three-dimensions and to give him an introduction to descriptive
geomeiry. Subjects of instruction include single, double auxiliary and axiometric
projection, sections and theory of dimensioning. Most of the work is done with the aid
of instruments, but the ability of the student to do freehand construction and to use other
abbreviated methods is taken advantage of as a time-saving device. Assigned problems
represent fields of interest in both science and engineering.

Text: Graphics in Engineering and Science, Levens.
Instructors: Welch, Wilcox.

Gr 1 e. Applied Graphics. 3 units (0-3.0); third term.

Prerequisite: Gr 1 ab,

The course is designed to supplement the material given in Gr 1 ab, and to extend the
work in descriptive geometry as a means of solving more difficult three-dimensional space
relationships. Instruction is given in directional determination and true lengths of lines,
parallelism and perpendicularity, point to line and line to line measurements, determina-
tion of angles, relationships between points, lines and planes; projection, rotation, and
the development of ruled surfaces. Problems are from the various fields of engineering
and science.

Text: Graphics in Engineering and Science, Levens.
Instructors: Welch, Wilcox.

Gr 5. Descriptive Geometry. 6 units (0.6.0); third term.

Prerequisite: Gr 1 abe.

The course is primarily for geology students and is designed to supplement the study
of shape description as given in Gr 1 abc and to present a graphical means of solving the
more difficult three-dimensional problems. The student reviews geometrical relationships
of straight lines and planes, then advances to curved lines, single and double curved
surfaces, warped surfaces and intersections. Methods of combining the analytical solution
of the simpler problems with the graphical solution are discussed and applied. Emphasis
is placed throughout the course on practical problems in mining and earth structures and
on the development of an ability to visualize in three dimensions.

Tnstructors: Tyson, Wilcox.

Gr 7. Advanced Graphies. Maximum of 6 units. Elective; any term.
Prerequisite: Gr 1 abe; ME 1.

Further study in the application of graphics to the solution of engineering problems
and in the basic elements of design for production. Emphasis is placed on one of the
following subjects to be selected as the need requires: analysis of the more complex
machine mechanisms; basic elements of product design; graphical solution of vector
problems, graphical calculus; nomography.

Instructors: Tyson, Welch.

ME 1. Empirical Design. 9 units (0-9.0) ; first, second or third terms.
See page 285.
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ENGLISH

English composition is prescribed for all students in the freshman year, and an intro-
duction to literature is prescribed for all students in the junior year. In the senior year
the students are offered a number of options in English, American, and European litera-

ture.
The instruction in composition is intended to give a thorough training in both writing
and speaking. The instruction in literature is intended to provide an appreciate ac-
quaintance with some of the chief works of major authors, past and present, and to foster
the habit of self-cultivation in books.

The regular courses in English do not exhaust the attention given at the Imstitute to
the student’s use of the language; all writing, in whatever department of study, is subject
to correction with regard to English composition.

UNDERGRADUATE SUBJECTS

En 1 abe. English: Reading, Writing, and Speaking. 6 units (3-0-3); first,
second, third terms.

A thorough review of the principles of composition; constant practice in writing and
speaking; and an introduction to the critical reading of essays, biographies, short stories,
novels, plays, and poems.

Instructors: Bowerman, Clark, Eagleson, Huse, Langston, Mayhew, Stanton, Piper.

En 7 abce. Introduction to Literature. 8 units (3.0-5); first, second, third
terms.

Prerequisite: En 1 abe.

This course is designed to give the student a discriminating acquaintance with a selected
group of principal literary works. The reading for the first term is concentrated on
Shakespeare; for the second and third terms, on representative English authors.

Instructors: Bowerman, Clark, Eagleson, Eaton, Huse, Jones, Langston, Mayhew, Piper,
Smith, Stanton,

En 8. Contemporary English and European Literature.* 9 units (3.0-6).

Senior elective. Prerequisite: En 7.

A survey of English and Continental literature from 1859 to the present time. Emphasis
is placed on the influence of science, particularly biological and psychological theory, on
content and techniques.

Instructor: Eagleson.

En 9. American Literature.* 9 units (3-0-6).

Senior elective. Prerequisite: En 7.

A study of major literary figures in the United States from Whitman and Mark Twain
to those of the present time. The larger part of the course is concerned with contemporary
writers. An emphasis is placed on national characteristics and trends as reflected in
novel and short story, biography, poetry and drama.

Instructor: Langston.

En 10. Modern Drama.* 9 units (3.0-6).

Senior elective. Prerequisite: En 7.

A study of leading European, British, and American dramatists from Ibsen to writers
of the present time. Special attention is given to dramatic technique, and to the plays both
as types and as critical comments upon life in the late nineteenth and twentieth centuries.

Instructors: Huse, Stanton.

En 11. Literature of the Bible.* 9 units (3-0-6).

Senior elective. Prerequisite: En 7.

A study of the Old and New Testaments, and the Apocrypha, exclusively from the point
of view of literary interest, The history of the English Bible is review, and attention is
brought to new translations. Opportunity is offered for reading modern fiction, poetry,
and drama dealing with Biblical subjects.

Instructors: Smith, Huse.

#*The fourth year Humanities electives to be offered in any given term will be scheduled before the
close of the preceding term.
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En 12 abe. Debating. 4 units (2.0.2).

Elective, with the approval of the Registration Committee.

A study of the principles of argumentation; systematic practice in debating; prepara.
tion for intercollegiate debates.

Instructor: Thomas.

En 13. Reading in English and History. Units to be determined for the in.
dividual by the department.

Elective, with the approval of the Registration Committee, in any term.

Collateral reading in literature and related subjects, done in connection with regular

courses in English or history, or independently of any course, but under the direction of
members of the department.

En 14. Special Composition. 2 units (1-0.1).

This subject may be prescribed for any student whose work in composition, general or
technical, is unsatisfactory.

En 15 abe. Journalism. 3 units (1.0.2) ; first, second, third terms.

Elective, with the approval of the Registration Committee.

A study of the elementary principles of newspaper writing and editing, with special
attention to student publications at the Institute.

Instructor: Hutchings.

En 16. Spelling. No credit.
This subject may be prescribed for any student whose spelling is unsatisfactory.

En 17. Techuical Report Writing.* 9 units (3-0-6).

Senior elective. Prerequisite: En 7.

Practice in writing reports and articles in engineering, science, or business administra-
tion. The course includes some study of current technical and scientific periodicals. The
major project is the preparation of a full-length report.

Instructor: Piper.

En 18. Modern Poetry.* 9 units (3-0-6).

Senior elective. Prerequisite: En 7.

A study of three or four major poets of the iwentieth century, such as Yeats, T. S. Eliot
and W. H. Auden. Modern attitudes toward the world and the problem of Belief. Some
consideration of recent theories of poetry as knowledge.

Instructors: Smith, Clark.

En 19. Seminar in Literature.* 9 units (3-0-6) ; second term.

Senior elective, Prerequisite: En 7.

The subject matter of this course arises from the interest of the students registered in
any given term. Each student is required to give a long oral report to the class on some
humanistic subject selected by himself with the approval of the instructor. The number
registered for the course in any term is strictly limited and is by permission of the in-
structor. Hours by arrangement.

Instructor: Eagleson.

En 20. Summer Reading. Uniis to be determined for the individual by the
department. Maximum 8 units. Elective.

Reading in literature, history, philosophy, and other fields during summer vacation,
books to be selected from a recommended reading list, or in consultation with a member
of the staff. Critical essays on the reading will be required.

ADVANCED SUBJECTS
En 100 abe. Seminar in Literature. 9 units (2-0.7) ; first, second, third terms.

A survey of recent critical methods, from I. A. Richards to the present time, and the
application of these methods to the work of such major writers as Joyce, Yeats, Eliot and
Mann. The influence of modern psychology and anthropology on creative writing and
criticism.

Instructor: Smith.

#*The fourth year Humanities electives to be offered in any given term will be scheduled before the
close of the preceding term.
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FRENCH

(See under Languages)

GEOLOGICAL SCIENCES
UNDERGRADUATE SUBJECTS

Ge 1. Physical Geology. 9 units (4-2-3) ; first term.

Prerequisites: ‘Ch 1 abe, Ph 1 abe.

An introduction to the basic principles of the earth sciences. Geology, geochemistry,
and geophysics in relation to materials and processes acting upon and within the earth’s
crust. Consideration is given to: rocks and minerals, structure and deformation of the
earth’s crust, earthquakes, volcanism, and the work of wind, running water, ground
water, the oceans and glaciers upon the earth’s surface with the aim of stimulating the
students’ interest in the geological aspects of the environment in which he will spend his
life.

Text: Principles of Geology, Gilluly, Waters, and Woodford.

Instructors: Allen, Sharp, and Teaching Fellows.

Ge 2. Geophysics. 9 units (3-0-6) ; third term.

Prerequisites: Ge 1, Ma 2 ab, Ph 2 ab.

A selection of topics in the field of geophysics using, as fully as possible, the pre-
requisite background. Included are consideration of the earth’s gravity and magnetic
fields, geodesy, seismology, and the deformation of solids, tides, thermal properties, radio-
activity, age determinations, the continents, the oceans, and the atmosphere. Observa-
tions followed by their analysis in terms of physical principles.

Instructor: Press.

Ge 3. Materials of the Earth’s Crust. 9 units (3-.0-6) ; second term.

Prerequisites: Ge 1, Ch 1, Ph 1.

A study of the fundamental structure of minerals, rocks and other earth materials
and of their behavior under the varying physical conditions of the earth’s crust. Topics
discussed include crystallography, stability relations of minerals, solid-state transforma-
tions, and mechanisms of material transfer with sirong emphasis on the basic atomistic
relations. This course is intended to provide fundamental information needed for subse-
quent studies in mineralogy, petrology, and structural geology.

Text: Crystal Chemistry, Evans.

Instructor: Wasserburg.

Ge 4 a, Igneous Peirology. 8 unmits (3.3.2); first term.

Prerequisite: Ge 3 ab.

A study of the origin, occurrence, and classification of the igneous rocks, with training
in the megascopic identification, description and interpretation of these rocks and their
constituent minerals. Problems of genesis are considered mainly in the light of chemical
equilibria and features of geologic occurrence.

Instructor: Silver.

Ge 4 b. Sedimentary Petrology. 10 units (3.4.3); second term.

Prerequisites: Ge 1, Ge 3.

A study of the origin, occurrence, and classification of the sedimentary rocks, training
in the identification, description, and interpretation of these rocks, using megascopic
methods and the binocular microscope; consideration of the chemical, physical, and
biologic processes involved in the origin, transport, and deposition of sediments, and
their subsequent diagenesis. Field trips supplement the laboratory study.

Text: Sedimentary Rocks, Pettijohn; Principles of Geochemistry, Mason.

Instructor: Pray.



Researches on the
Malaspina Glacier in
Alaska are being car-
ried on as a part of
an investigation of
the problem of solid
flow in geologic bo-
dies. Here a Caltech
field party is shown
using geophysical in-
struments to measure
the thickness of the
glacier.

The Seismological
Laboratory’s newest
and largest instru-
ment, a fuzed quariz
earth strain meter, is
installed in a tunnel
in the mountains
north of Monrovia,
Califarnin



GEOLOGICAL SCIENCES 263

Ge 4 c. Metamorphic Petrology. 7 units (2-3-2) ; third term.

Prerequisite: Ge 3, Ch 24 ab.

A study of the origin, occurrence, and classification of the principal metamorphic rocks,
with training in the megascopic identification, description, and interpretation of these
rocks. Emphasis is placed upon problems of genesis, which are viewed mainly in the light
of chemical equilibria and features of geologic occurrence.

Text: Igneous and Metamorphic Petrology, Turner and Verhoogen.
Instructor: Engel.

Ge 5. Geobiology. 9 units (3-0.6); third term.

Prerequisites: Ge 1, Ch 1, Bi 1.

An examination, chiefly in biological terms, of processes and environments governing
the origin and differentiation of secondary materials in the crust throughout the span of
earth history. Consideration is given to the environmental influence of the change from
a reducing to an oxidizing atmosphere upon the evolution of life processes and to the
subsequent progression of organisms and organic activity throughout the oxidizing era as
recorded in the sedimentary rocks of the earth’s crust. Special attention is devoted to
organic progression and differentiation in time and space in terms of environment.

Instructors: Lowenstam, Brown.

Ge 9. Techniques of Structural Geology. 6 wunits (1-3.2); first term.

Prerequisites: Ge 1, Ge 2, Ge 3.

An introduction to the techniques of describing and interpreting structural features of
geologic systems. Laboratory studies include the use of descriptive geometry and the
stereographic projection in the solution of geologic problems, and the application of
contrasting techniques to the presentation of geologic data.

Text: Structural Geology, Billings.

Instructor: Allen,

Ge 20 abe. Field Geology. 10 units (4.5-1) first term; 10 units (0.8.2) second
term; 10 units (0-6.4) third term.

Prerequisites: Ge 1, Ge 3 ab.

An introduction of the interpretation of geologic features in the field, and to the funda-
mental principles and techniques of geologic mapping. Classroom and field studies include
the interpretation of geologic maps, megascopic investigation of rock types, the solution
of field problems in structure and stratigraphy, geologic computations, and an introduc-
tion to the use of aerial photographs for field mapping. To these ends, small areas are
mapped in great detail and reports are prepared in professional form.

Text: Field Geology, Lahee.

Instructors: Jahns (21 a); Pray and Stehli (21 b); _Allen (21 ¢).

ADVANCED SUBJECTS

Courses given in alternate years are so indicated. Courses in which the enrollment is
less than five may, at the discretion of the instructor, not be offered.

Ge 100. Geology Club. 1 unit (1.0-0); all terms.

Presentation of papers on research in geological science by the students and staff of the
Division of the Geological Sciences and by guest speakers.

Required of all senior and graduate students in the Division; optional for sophomores
and juniors.

Ge 102, Oral Presentation. 1 unit (1.0.0) ; first, second or ithird term.

Training in the technique of oral presentation. Practice in the effective organization
and delivery of reports before groups.

Successful completion of this course is required of all candidates for the bachelor’s,
master’s, and doctor’s degrees in the Division. The number of terms taken will be deter-
mined by the proficiency shown in the first term’s work.

Instructor: Jones.
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Ge 103. Paleontology. 9 units (2.3.4) ; first term.
Covering basic concepts of evolution and ecology.
Instructor: Lowenstam.’

Ge 104. Introduction to Geochemistry. 6 units (2.0.4) ; third term.

Prerequisites: Ch 12 a, Ch 24 ab, Ma 2 abe, Ph 2 abec.

The applications of chemical principles to the study of the origin and evolution of the
earth.

Text: Principles of Geochemistry, Mason.

Instructors: Brown and Epstein.

Ge 105. Optical Mineralogy. 12 units (2.8-2); first term.

Prerequisite: Ge 3.

The principles of optical crystallography; training in the use of the petrographic micro-
scope in identification of crystalline substances, especially natural minerals, both in thin
section and as unmounted grains.

Text: Optical Crystallography, Wahlstrom.

Instructor: Jahns.

Ge 106 ab. Petrography. 9 units (2.6.1) second term; 9 units (2-4.3) third
term.

Prerequisite: Ge 105, Ch 24 ab.,

A systematic study of rocks; identification of their constituents by means of the polariz-
ing microscope; interpretation of textures; problems of genesis; qualitative and quanti-
tative classifications,

Text: Petrography, Williams, Turner, and Gilbert.

Instructor: Campbell.

Ge 107. Stratigraphy. 10 units (3.2.5); third term; not offered 1955.56.

Prerequisite: Ge 111 ab.

General principles of stratigraphy. Correlation and description of sedimentary forma-
tions. Standard sections and index fossils, with emphasis on the California and Great
Basin columns. The course is given in alternate years.

Ge 109. Deformation of Rocks. 4 units; first term.
This subject is the same as Ge 9 but with reduced credit for graduate students.

Ge 111 ab. Invertebrate Paleontology. 10 units (2.6-2); second, third terms.

Prerequisite: Ge 1.

Morphology and geologic history of the common groups of the lower invertebrates, with
emphasis on their evolution and adaptive modifications. Second term: consideration of the
higher invertebrates groups; preparation of fossils and problems of invertebrate paleon-
tology.

Instructor: Stehli.

Ge 121 abe. Advanced Field Geology. 14 units (4.8-2), first term; 10 units
(0-8-2), second term; 7 units (0-3.4), third term.

Prerequisites: Ge 3, Ge 21 abe.

Interpretation of geologic features in the field, with emphasis on problems of the type
encountered in professional geologic work. Advanced techniques of investigation are dis-
cussed. The student investigates limited but complex field problems in igneous, sedimen-
tary, and metamorphic terrain. Individual initiative is developed, princinles of research
are acquired, and practice gained in field techniques, including the use of the plane table
in geologic mapping. The student prepares reports interpreting the results of his investi-
gations.

Instructors: Jahns, Silver (121 a); Pray, Stehli (121 b); Silver (121 c¢).
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Ge 122, Spring Field Trip. 1 unit (0-1.0); week between second and third
terms.

Field study of various localities in the Southwest representative of important geologic
provinces. Trips are conducted in successive years to such regions as Owens and Death
Valleys where excellent Paleozoic sections are exposed and Basin Range structure and
morphology may be observed; to the Salton Basin and Lower California where the San
Andreas fault and the Peninsular Range may be studied; to the San Joaquin Valley and
the mountains to the west where important Tertiary formations are exposed and typical
Coast range structure may be seen; and to the Grand Canyon of the Colorado River where
a fascinating record of Archean, Algonkian and Paleozoic geologic history may be inves-
tigated; and to the mining districts and other localities of geologic significance in central
and southern Arizona.

Required of junior and senior students, and strongly recommended for all graduate
students in the Division of the Geological Sciences.

Instructors: The Geology Staff.

Ge 123. Summer Field Geology. 20 units.

Prerequisites: Ge 4 abe, Ge 21 abe.

Intensive field study of a 10-15 square mile area from a centrally located, temporary
camp. Emphasis is placed on stratigraphic and structural interpretation, and on detailed
mapping techniques, including the use of aerial photographs. Each student prepares a
geologic map, stratigraphic and structural sections, and a complete geologic report. The
work is performed under close supervision of regular stafi members.

The area chosen generally lies in a part of the Rocky Mountains, or the Basin and
Range Province. The course is designed to complement the field training in southern Cal-
ifornia afforded by the regular school year courses, Ge 21 and Ge 121.

The course begins the Monday following commencement (about June 12) and lasts for
six weeks. It is required at the end of the junior year of candidates for the bachelor’s
degree in the geology and geochemistry options; of candidates for the Master of Science
degree; and, at the discretion of the staff, of candidates for other advanced degrees in
the Division of Geological Sciences. Registration is limited to students regularly enrolled
in the California Institute of Technology or to those entering the following term.

Text: Suggestions to Authors, Wood and Lane.

Instructors: Pray (in charge), and other members of the staff.

Ge 126. Ceofnorphology. 10 units (4-0.6) ; first term.

Prerequisite: Ge 9.

Primarily a consideration of dynamic processes acting on the surface of the earth, and
the genesis of landforms. '

Instructor: Sharp.

Ge 150 abedef. The Nature and Evolution of the Earth. 8 unmits (3.0.5). Ge
150 abe offered in 1955.56; Ge 150 def offered in 1956.57.

Discussions at an advanced level of problems of current interest in the earth sciences.
The course is designed to give graduate students in the geological sciences and scientists
from other fields an integrated picture of the earth and the processes that occur on its
surface, together with a broad sampling of data and thought concerning current problems.
The lectures are given by members of the staff of the Division of the Geological Sciences.
Staff members from other divisions and visiting lecturers from the outside also will par-
ticipate in the instruction. Students may enroll for any or all terms of this course without
regard to sequence. The subjects to be discussed include:

150 a. The compositions and structures of galaxies, stars and planets; the interior of
the earth; the physics of the earth’s crust; terrestrial magnetism.

150 b. The chemistry of silicate systems; the origin and crystallization of magmas;
petrology and geochemistry of rocks.

150 ¢. Metamorphic phenomena; ore genesis; the determination of geologic time; oro-
geny and volcanism; crustal deformation; tectonic and volcanic earthquakes.

150 d. The physics and chemistry of the atmosphere and ocean; geomorphology;
weathering and geochemical cycles; coastal and deep sea sedimentation.
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150 e. Sedimentary geology; isotope fractionations in geologic processes; life and life
processes; genetic aspects of evolution.

150 f. Morphologic basis of evolution; extinction; paleoecology; geology and man.
Instructors: Brown (in charge), and other members of the staff.

Ge 151 abe. Laboratory Techniques in the Earth Sciences. 5 units (0.5-0);
first, second, and third terms.

The course is designed to give students a first hand introduction to instruments and
laboratory technique utilized in research in the earth sciences and to permit some evalua-
tion of the limitations and potentials of the techniques, as well as of the precision and
accuracy of the data obtained. Insofar as is possible and practicable the actual operation
of the instruments, as well as recording and processing of data are done by the students
under supervision of the staff. Any or all three terms of the course may be elected, but
many students will find their principal need is for the introduction to techniques and in-
struments employed in the fields outside of their major. The course carries a minimum
of 5 units, each term. By arrangement with the staff, the course may be available in other
terms than designated, and additional units may be elected.

151 a. Geology: Introductory training in the use of the polarizing microscope using
transmitted and reflected light, the refractometer, universal stage and interpre-
tation of the data obtained; also tools and techniques employed and problems
encountered in polishing and thin sectioning of rocks and minerals rock and
mineral separations, preparation of geologic maps, and the sampling of rocks
and ores.

Instructors: Epstein and Silver.

151 b. Geochemistry: Introductory training in the use of the emission spectrograph,
mass spectrometer, alpha and beta counters, x-ray spectrometer, and those tools
and techniques employed in wet chemical analyses of minerals, rocks, and
meteorites and interpretation of data obtained.

Instructors: Epstein and Silver.

151 ¢. Geophysics: Introductory training in the operation of seismographs, gravity
meters, magnetometers, and other geophysical instruments and the interpretation
of the data obtained.

Instructors: Benioff (in charge), and other members of the staff.

Ge 167. Propagation of Elasiic Waves in the Atmosphere. 3 units (1.0-2);
second term, 1956.57.

A study of the propagation of sound waves through the troposphere and the stratosphere
and comparison with elastic waves through the ocean and the solid earth.

Instructor: Gutenberg.

Ge 174. Well Logging. 5 units (3-0-2); second term, 1956.57.
Physical principles of various methods of well logging and their applications. Electrical,
radioactive, chemical, fluoroscopic and mechanical methods will be studied.

Instructor: Potapenko.

Ge 175. Iniroduction to Applied Geophysics. 6 units (3.0-3) ; third term.
A survey of pure and applied geophysics designed mainly for geological, engineering,
and other students who do not expect to enroll in specialized subjects in this field.

Text: Introduction to Geophysical Prospecting, Dobrin.
Instructor: Potapenko.

Ge 176. Elementary Seismology. 6 units (3.0-3); third term.

Prerequisites: Ge 1, Ma 2 ab.
A survey of the geology and physics of earthquakes.

Tnstructor: Richter.
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Ge 200. Mineragraphy. 15 units (3.10.2) ; first term.

Prerequisite: See Instructor.

Techniques of the study of the minerals of ore deposits in polished and in thin sections.
Texts: Microscopic Determination of Ore Minerals, M. N. Short; U.S.G.S. Bull. 914.

Instructor: Noble.

Ge 202. Ore Deposits. 15 units (3-9-3) ; second term.

Prerequisite: Ge 200.

A study of the mode of occurrence and theory of origin of the main types of ore deposits
of the world. The laboratory work will use the technique of Ge 200 and the materials of
the Frederick Leslie Ransome memorial collection. Reading will be assigned in the litera-
ture of ore deposits; there will be no required textbook.

Instructor: Noble.

Ge 209. Sedimentary Petrology. 10 units (2.4.4); second term, 1955.56.

Prerequisite: Ge 105.

A study of the processes and products of sedimentation in relation to their geologic
environment. Emphasis is given to major lithologic facies and their interpretation. The
laboratory work affords an introduction to techniques of sedimentary analysis. Occasional
field trips.

Instructor: Pray.

Ge 210. Metamorphic Petrology. 10 units (2.4.4); third term, 1956.57.
Prerequisites: Ge 106 ab, Ch 124 ab. '

A study of metamorphic processes.

Text: Origin of Metamorphic and Meiasomatic Rocks, Ramberg.

Instructors: Engel and Epstein.

Ge 212. Nonmetalliferous Deposits. 10 units (2-3.5) ; third term.

Prerequisite: Ge 106 ab.

A study of the industrial miperals; their occurrence, exploitation, beneficiation. In the
laboratory the petrograph.ic microscope is applied not only to problems of identification
and paragenesis of the minerals, but also to problems involving processed and fabricated
materials. Occasional field trips.

Text: Industrial Minerals and Rocks, Dolbear (editor).

Instructor: Campbell.

Ge 213. Mineralogy (Seminar). 5 units; first term.

Discussion of special problems and current literature related to the general province of
mineralogy. Topics in such broad fields as the geology of mineral deposits, crystallography,
geochemistry, techniques of mineral identification, and optical mineralogy are selected for
attention during the term, largely on the basis of trends of interests among members of
the group.

In charge: Jahns and Engel.

Ge 214. Petrology (Seminar). 5 units; second term.

Discussion of classic and current literature with consideration of recent advances in the
field of petrology. Occasional conferences on research problems are included.

In charge: Campbell.

Ge 215. Ore Deposits (Seminar). 5 units; third term.
Prerequisite: See Instructor.
Discussion of problems and current literature concerning ore deposits.

In charge: Noble.
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Ge 228. Geomorphology of Arid Regions. 10 units (3.0-7); second term,
1955.56.

Prerequisite: Ge 126.

A study of the geological processes of arid regions and their products. Origin of pedi-
ments and evolution of other land forms. Reading, discussion, and field trips to the
Mojave Desert.

Instructor: Sharp.

Ge 229. Glacial Geology. 10 units (3-0-7); second term, 1956.57.

Prerequisite: Ge 126.
Origin of glaciers, existing glaciers, glaciology and glacial mechanics, erosional and
depositional features of mountain and continental glaciers, chronology of the Pleistocene.

Text: Glacial Geology and the Pleistocene Epoch, Flint.
Instructor: Sharp.

Ge 230. Geomorphology (Seminar). 5 units; second term.
Discussion of research and current literature in geomorphology.
In charge: Sharp.

Ge 237. Tectonics. 8 units (3.0-5) ; third term.
Prerequisites: Ge 9 or equivalent, and Ge 121 ab, or equivalent.

Advanced structural and tectonic geology. Structure of some of the great mountain
ranges; theories of origin of mountains, mechanics of crustal deformation; isostasy, con-

tinental drift.
Instructor: Allen

Ge 238. Structural Geology (Seminar). 5 units; first term.
Critical review of literature dealing with some part of the field of structural geology.

In charge: Allen

PALEONTOLOGY

Ge 244 abe. Paleozoology (Seminar). 5 units; first, second and third terms.

This course is designed to present the current status of paleozoology and explore its
major problems. Topics for discussion include the following: Effects of burial environ-
ment and diagenesis on fossil distribution and preservation; reconstruction of the environ-
mental framework from morphology, skeletal mineralogy and physical and chemical sedi-
mentary expression; morphologic and crystal compositional expressions of ecologic adapta-
tions and their relations to evolution; environmental history and its possible evolutionary
effects; evolution as exemplified by the fossil record and interpreted by means of modern
biologic theory; problems and approaches of modern systematics. Marine biology and
recent bioclastic sedimentation as well as fossil situations will be interpreted in the field,

the laboratory and through the literature.
Instructors: Lowenstam and Stehli.
Ge 245. Vertebrate Paleontology (Seminar). 5 wunits; second term. Not

offered in 1955-56.
Discussion of progress and results of research in vertebrate paleontology.

Critical review of current literature.

Ge 250. Invertebrate Paleontology and Paleoecology (Seminar). 5 units; first

term.
Critical review of classic and current literature in paleoecology, biogeochemistry and
invertebrate paleontology. Study of paleontologic principles and methods.

Instructors: Lowenstam and Stehli.

GEOPHYSICS

Ge 261. Theoretical Seismology. 6 units (2.0-4) ; first term, 1955.56.
Prerequisites: Ma 108, or Ma 10, or Ph 106 abc.

Studies and conferences on the principles of physical seismology.

Instructor: Gutenberg.
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Ge 262. Interpretation of Seismograms of Teleseisms. 4 units (0-3-1) ; second
term, 1955.56.

Prerequisite: Ge 261.

Instructor: Gutenberg.

Ge 264 ab. Propagation of Elastic Waves in Layered Media. 8 units (4-0-4);
first and second terms.
Prerequisites: Ph 106 abe.

Experimental and theoretical aspects of elastic wave progragation in a layered half
space, in plates, cylinders, and spheres, with application of seismic waves and under-
water acoustics.

Instructor: Press.

Ge 268 ab. Selected Topics in Theoretical Geophysics. 6 units (3.0-3) ; second
and third terms. Not offered 1955.56.

Prerequisite: Ph 106 abc or equivalent.

Discussion of seismic wave propagation, gravitational and magnetic fields, siress systems
and general thermodynamics as applied to earth processes. Content of course is altered
somewhat from year to year depending mainly upon student needs.

Instructor: Dix.

Ge 272, Applied Geophysies, I. 10 units (4-0-6) ; second term, 1955.56
Prerequisite: Ph 106 abc or equivalent.

Theory of potential including the background necessary for interpretation and planning
of gravity, magnetic and electrical prospecting. Gravity methods of prospecting.

Instructor: Dix.

Ge 273 ab. Applied Geophysics, II. 5 units (2.0.3) ; second and third terms,
1956.57.

Prerequisite: Ph 106 abc or equivalent.

Methods of seismology applied to geological problems and prospecting. Theory and
practice.

Text: Seismic Prospecting for Oil, Dix.

Instructor: Dix.

Ge 274 ab. Applied Geophysics, III. 5 units (2.0-3), second term; 6 units
(2-1-3), third term; 1955.56.

Prerequisite: Ph 107 abc or equivalent.

Magnetic and electric methods applied to geological problems and to prospecting,
mainly to mining. Theory and practice.

Instructor: Potapenko.

Ge 282 abe. Geophysics-Geochemistry (Seminar). 1 unit; first, second, third
rerms.

Prerequisite: At least two subjects in geophysics or geochemistry.

Discussion of papers in geochemistry, general and applied geophysics.

In charge: Brown, Dix, Epstein, Gutenberg, Potapenko.

GENERAL

Ge 295. Master’s Thesis Research. Units to be assigned. Listed as to field
according to the letter system under Ge 299,

Ge 297. Advanced Study.

Students may register for 8 units or less of advanced study in fields listed under Ge 299,
Occasional conferences; final examination.
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Ge 299. Research.
Original investigation, designed to give training in methods of research, to serve as

theses for higher degrees, and to yield contribution to
be carried on in the following fields.

(E)
(F)
(G)

engineering geology,
petroleum geology
ground water geology,
metalliferous geology,
nonmetalliferous geology,
geochemistry,
mineralogy,

areal geology,
stratigraphic geology,
structural geology,

scientific knowledge. These may

geomorphology,
petrology,

vertebrate paleontology,
invertebrate paleontology,
seismology,

general geophysics,
applied geophysics,
geophysical instruments,
glacial geology.
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GERMAN

(See under Languages)

HISTORY AND GOVERNMENT

UNDERGRADUATE SUBJECTS

H 1 abe. History of European Civilization. 5 units (2-0-3) ; first, second, third
terms.

In introduction to the history of Europe from 1648 to the present. The course will in-
clude discussions of political, social, and economic problems, and of the more important
theoretical concepts of the period.

Instructors: Ellersieck, Elliot, Fay.

H 2 abe. History and Government of the United States. 6 units (2.0.4) ; first,
second, third terms.

The United States since the Revolution. Particular attention will be given to the great
questions of domestic and foreign policy which the United States has faced in recent
times. The course will include a study of the Constitution and form of government of
the United States and the State of California, and will trace the evolution of national
and local political institutions and ideas.

Instructors: J. Davies, Piper, Thompson.

H 4. The British Commonwealth of Nations.* 9 units (3.0.6).
Senior elective.

A study in imperial relationships.

Instructor: Elliot.

H 5 abe. Public Affairs. 2 units (1-0-1); first, second, third terms.

In this course a selection of important contemporary problems connected with American
political and constitutional development, economic policies, and foreign affairs will be
considered.

Instructors: Elliot, Sweezy; occasional lectures by other members of the department.

H 7. Modern and Contemporary Germany.* 9 units (3-0-6).
Senior elective.

A study of what is sometimes called “The German Problem.” Attention will be focused
on the rise of Prussia, on Prussian leadership in the unification and direction of Germany,
and on the place of Germany in the economy of Europe. Particular stress will be placed
upon the German experience since the first World War.

H 8. Modern and Contemporary Russia.* 9 units (3-0-6).
Senior elective.

An attempt to discover and interpret the major recurring characteristics of Russian
history and society, with attention particularly to developments in the Soviet, period.

Instructor: Ellersieck.

H 15. Europe Since 1914.* 9 units (3-0-6).
Senior elective.

Since 1914 the world has felt the impact of two great wars and powerful revolutlonary
ideas. This course will analyze these upheavals of the twentieth century and their eﬂect
on domestic problems and international organization. .

*The fourth year Humanities electives to be offered in any given term -will be scheduled befme the
close of the preceding term.
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H 16. American Foreign Relations.* 9 units (3.0-6).

Senior elective.

How American foreign policy has been formed and administered in recent times: the
respective roles of the State Department, Congress, and the President, of public opinion
and pressure groups, of national needs and local politics.

Instructor: Paul.

H 17. The Far West and the Great Plains.* 9 units (3-0-6).

Senior elective,

A study of the development of the great regions that compose the western half of the
United States. Especial attention will be paid to the influence of the natural environment
on the men who settled the West, from pioneer days to the present time, and the exploita-
tion of natural resources, through such industries as mining, ranching oil, and farming.

Instructor: Paul.

H 19. Modern America.* 9 units (3-0-6).

Senior elective.

An experimental course in which the main theme will be the conflict between govern-
ment regulation and private enterprise in Twentieth-Century America. Classes will be
conducted as discussions under the joint leadership of an historian and an economist.

Instructors: Paul, Sweezy.

H 22. Modern Britain.* 9 units (3-0.6).

Senior elective.

A study of Britain’s recent past with particular emphasis upon the development of the
working class movement.

Instructor: Elliot.

H 23. Modern War.* 9 units (3.0-6).

Senior elective.

The course will trace the major developments within the military establishment, such as
the growth of the general staff and mass armies. It will discuss the major strategic con-
cepts of the nineteenth and twentieth centuries and the problems of modern war, with
some consideration of the political, economic, and social aspects of waging war.

Instructor: Tanham.

H 24. The Dynamics of Political Behavior.* 9 units (3-0-6).

Senior elective.

An examination of general behavior patterns and tendencies of individuals as related
to their political behavior and to appropriate types of political institutions. Relevant psy-
chological and sociological theory and research will be discussed in an effort to find the
kinds of government suitable to people living in modern technological and industrial
society.

Instructor: J. Davies.

H 25. Political Parties and Pressure Groups.* 9 units (3-0-6).

Senior elective.

A study of those institutions through which individuals and groups seek to control
governmental policy and administration. Particular attention will be focussed on parties
as formulators of individuals’ political wants, fears, and expectations and as transmiiters
of these programs to government.

Instructor: J. Davies.

H 40. Reading in History. Units to be determined for the individual by the
department.

Elective, in any term. Approval of the Registration Committee is required where excess
units are involved.

Reading in history and related subjecis, done either in connection with the regular
courses or independently of any course, but under the direction of members of the depart-
ment. A brief written report will usually be required.

*The fourth year Humanities electives to be offered in any given term will be scheduled before the
close of the preceding term.
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H 41. Summer Reading. Units to be determined for the individual by the de-
partment. Maximum, 8 units.
Elective.

Reading in history and related subjects during summer vacation. Topics and books to be
selected in consultation with members of the department. A brief written report will
usually be required.

ADVANCED SUBJECTS

H 100 abe. Seminar in History and Government. 9 units (2-0-7).

A study of recent developments in national history.

First and second terms: English and American foreign policy considered in its political,
social and economic aspects.

Third term: world problems from an Anglo-American point of view. Initial enrollment
in the second or third term is allowed only upon approval of the instructor.

Instructor: G. Davies.

H 124. Seminar in Foreign Area Problems.* 9 units (3-0-6) ; second term.

Senior elective.

The object of this course is to give studenis an opportunity to study in some detail
problems current in certain selected foreign areas. Three or four areas will be considered
each time the course is given, and the selection will normally vary from year to year.
Instruction will be given mainly by area specialists of the American Universities Field
Staff.

Instructors: Elliot and members of AUFS.

#*The fourth year Humanities electives to be offered in any given term will be scheduled before the
close of the preceding term.



The free-surface water tunnel in the Hydrodynamics Laboratory.

HYDRAULICS

UNDERGRADUATE SUBJECTS

Hy 1. Hydraulics. 9 units (3.0.6) ; first term.
Prerequisites: AM 1, AM 4 ab, ME 15 abe.

Application of basic principles of fluid mechanics to engineering problems in laminar
and turbulent flow, flow in closed conduits, flow in open channels, flow around immersed
bodies; analysis and study of hydraulic turbines and centrifugal pumps.

Instructor: Daugherty.

Hy 2 ab. Hydraulics. 12 units (4.0-8); first term; 6 units (2-0-4); second
term. (For Civil Engineers.)

Kinematics and dynamics of fluid motion with emphasis on liquids. Hydrostatics, fluid
similitude, flow measurements, flow in pipes and open channels; flow about immersed
bodies; hydraulic turbines; centrifugal pumps and fluid power transmission.

Instructor: Brooks.

Hy 11. Fluid Mechanics Laboratory. 6 units (0-6-0) ; second term.
Prerequisite: AM 1, AM 4 ab, AM 5 a.

Principles of engineering measurements.

Instructor: Kyropoulos.

ADVANCED SUBJECTS

Hy 100. Hydraulies Problems. Units to be based upon work done, any term.

Special problems or courses arranged to meet the needs of fifth year students or qualified
undergraduate students.

274
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Hy 101 abe. Flunid Mechanies. 9 units (3-0.6) ; first, second, third terms.
Prerequisites: Hy 1 or Hy 2 ab and Hy 11 or equivalent.

Continuity, momentum and energy equations for viscous, compressible fluids; circula-
tion and the production of vorticity; potential flow and applications to flow around bodies;
gravity waves; laminar flow; laminar boundary layers; turbulence and turbulent shear
flow; transport of sediment; introduction to fluid mechanics of turbomachines.

Instructor: Rannie.

Hy 103 a. Advanced Hydraulics. 9 units (3.0-6).

Prerequisite: Hy 2 ab.

Ideal fluid flow, turbulence and diffusion, boundary layer, dimensional analysis, theory
and use of hydraulic models, resistance of flow, steady flow in open channels, hydraulic
jump, backwater curves and flood routing.

Instructor: Vanoni.

Hy 103 b. Hydraulic Structures. 9 units (3-0.6).

Prerequisite: Hy 103 a.

High velocity flow in open channels, sediment transportation, theory and design of
hydraulic structures, water hammer, surface waves and coastal engineering.

Instructor: Vanoni.

Hy 110. Hydraulics. 7 units (3.0.4) ; first term.

Prerequisites: AM 1 abed, ME 15 abe.

This subject is the same as Hy 1, but with reduced credit for graduate students in all
fields except Ae, ChE, CE, and ME. No graduate credit is given for this subject to stu-
dents in Ae, ChE, CE, and ME, except by special approval of the faculty in Mechanical
Engineering.

Instructor: Daugherty.

Hy 200. Advanced Work in Hydrodynamics or Hydraulic Engineering. Units
to be based upon work done; any term.
Special courses on problems 1o meet the needs of students beyond the fifth year.

Hy 201 abc. Hydraulic Machinery. 6 units (2-0.4); first, second, third terms.

A study of such rotating machinery as turbines, pumps, and blowers, and their design
to meet specific operating conditions. This course will be given in seminar form led by
members of the Hydrodynamics and Mechanical Engineering staffs.

Hy 202 ab. Hydraulics of Free Surface Phenomena. 6 units (2-0-4).

A study of the hydrodynamics of a fluid having a free surface with special reference
to gravity wave phenomena. Fields studied will include low and high velocity flow in
open channels, wave phenomena in enclosed bodies of fluids such as lakes and oceans,
density currents, and water hammer.

Insiructor: Vanoni.

Hy 203. Cavitation Phenomena. 6 units (2-0-4).

Study of the experimental and analytical aspects of cavitation and allied phenomena.
Problems will be considered from the field hydraulic machinery and also for bodies
moving in a stationary fluid.

Instructor: Knapp.

Hy 210 ab. Hydrodynamics of Sediment Transportation. 6 units (2.0.4).

A study of the mechanics of the entrainment, transportation, and deposition of solid
particles by flowing fluids. This will include problems of water and wind erosion, and
density currents.

Instructor: Vanoni.

Hy 300. Thesis.
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HISTORY OF SCIENCE

HS 100 abc. History of Science.’ 9 units (2.0.7); first, second, third terms.

A detailed study of selected events in the history of scientific research. Aim of the
course is to analyse how important concepts have been discovered and established, how
mathematics, hypothesis, experiment and other elements of the scientific method have
brought about advances of scientific knowledge in historic instances, and how rigorous
scientific concepts have been related to broader social ideas in the history of thought.

Instructor: T. Smith,

1This course is open to graduate students only, but not toward the fifth year option in Humanities
(see page 207).
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JET PROPULSION

JET PROPULSION

ADVANCED SUBJECTS

JP 121 abe. Rocket. 6 units (2-0-4) ; each term.
Prerequisites: AM 15, ME 15.

Study of flow through rocket nozzle; over- and under-expanded nozzles. Combustion
chamber and grain proportions for solid propellant rocket motors; properties and burn-
ing characteristics of solid propellants. Combustion and combustion instability in solid
propellant rockets. Combustion chamber, propellant supply, and injection system for
mono- and bipropellant rocket motors. Turbopump powerplants for liquid rocket propel-
lant supply. Low and high frequency instability in liquid rocket motors. Problems of
heat transfer and cooling in rocket motor injectors, combustion chambers and nozzles.
Exterior ballistics and performance analysis of rocket propelled vehicles.

Instructors: Marble, Zukoski.

JP 130 abe. Thermal Jets. 9 units (3-0-6) ; each term.

Prerequisites: AM 15, ME 15.

_Analysis of ramjet performance; detailed study of subsonic and supersonic ramjet
diffuser performance and stability, combustion and flame stabilization in ramjet com-
bustors, off-design performance, transient operation and starting. Operating principles
of pulsejet, ducted rocket, and thrust augmentors.

Performance cycle analysis of turbojet, turbopropeller, and ducted fan or by-pass
engines. Operating principles, design, and performance of compressor, turbine, and
combustion chamber and afterburner components. Component matching, engine-diffuser
matching, and calculation of complete engine performance; problems of starting and
off-design operation. Study of turbine cooling, liquid injection, regenerative systems,
and other modifications to basic cycles. Performance analysis of thermal jet propelled
aircraft and vehicles.

Instructor: Marble.

JP 170 abe. Jet Propulsion Laboratory. 3 units (0.3-0) ; each term.

Laboratory demonstrations of the operation of jet propulsion systems and the reduction
and interpretation of observed data.

Instructors: Marble, Penner.

JP 200 abe. Chemistiry Problems in Jet Propulsion. 9 unirs (3-0-6) ; each term.

Descriptive discussions on atomic and molecular structure. Systematics of organic
chemistry. Chemistry of propellants. Thermodynamics of combustion. Quantitative eval-
uation of rocket propellants. Combustion of liquid propellants, ignition delay, evapora-
tion in rocket motors. Principles of chemical kinetics. Chemical reactions during nozzle
flow. Detonation, flame propagation, mechanism of burning of solid propellants, hetero-
geneous combustion.

Instructors: Aroeste, Penner.

JP 201 abe. Physical Mechanics. 9 units (3-0-6) ; each term.

Prerequisites: JP 200, ME 115 or equivalent.

Relation between molecular parameters and observable physical properties. Use of
statistical methods for the calculation of thermodynamic functions, transport properties,
equations of state, and chemical reaction rates. Theoretical calculations of gas emissivity,
applications to combustion spectroscopy.

Instructor: Penner.

JP 202 abc. Engineering Speciroscopy. 6 unmits (2-0.4) (0-6.0) (2-0.4).

Principles of atomic and molecular spectroscopy. Industrial spectroscopic instruments.
Analytical spectroscopy, including quantitative analysis of isothermal fluid mixtures.
Optical methods for the measurement of flame and furnace temperatures. Quantitative
speciroscopy of flames and shocks. Optical methods in fluid-flow studies.

Instructor: Penner.
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JP 210. High Temperature Design Problems. 6 units (2.0-4) ; third term.

Prerequisites: ME 3, ME 10, and Ae 107 a or AM 110 a.

Temperature distribution and thermal stress under non-uniform and unsteady condi-
tions. Applications to thermal shock analysis and high temperature designs. General sur-
vey of the physical and the mechanical properties of metals, ceramels, and ceramics with
reference to high temperature applications.

Instructors: Duwez, Tsien.

JP 220 abe. Theory of Stability and Control. 6 units (2-0-4) ; each term.

Prerequisites: AM 125 or AM 126.

Stability and control of systems with constant. coefficients, principles of feed-back servo-
mechanisms, automatic contirol of propulsion systems. Stability and control of system
with time lag, Satche diagram. Stability of systems with time varying coefficients. Ballistic
disturbance theory, applications to the problem of control and guidance of ballistic
vehicles. Control design by specified criteria. Reliability and control of error.

Instructor: Tsien.

JP 270. Special Topics in Jet Propulsion, 6 units (2.0.4).
The topics covered will vary from year to year. Critical and systematic review of cur-
rent literature in various fields connected with jet propuision.

Instructors: Staff Members.

JP 280 abe. Research in Jet Propulsion. Units to be arranged.

Theoretical and experimental investigations in jet propulsion power plants and their
applications.

Instructors: Staff Members.

JP 290 abe. Advanced Seminar in Jet Propulsion. 3 units (1.0-2); each term.
Seminars on current research problems in jet propulsion.
Instructors: Staff Members.
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LANGUAGES

The subjects in languages are arranged primarily to meet the needs of science students
who find it necessary to read books, treatises, and articles in French, German and Russian.
In the study of these languages correct pronunciation and the elements of grammar are
taught, but the emphasis is laid upon the ability to translate from them into English.

UNDERGRADUATE SUBJECTS

L 1 ab. Elementary French. 10 units (4-0-6) ; second, third terms.

A subject in grammar, pronunciation, and reading that will provide the student with
a vocabulary and with a knowledge of grammatical structure sufficient to enable him to
read at sight French scientific prose of average difficulty. Accuracy and facility will be
insisted upon in the final tests of proficiency in this subject. Students who have had
French in the secondary school should not register for this subject without consulting
subject without consulting the department of languages. :

Instructors: Bowerman, Stern.

L 5. French Literature.* 9 units (3-0-6) ; second term.
Senior elective. Prerequisite; L 1 ab, or the equivalent.

The reading of selected classical and modern literature, accompanied by }ectures on the
development of French literature. Elective and offered when there is sufficient demand.

Instructors: Bowerman, Stern, Wayne.

L 32 abe. Elementary German. 10 units (4.0-6) ; first, second, third terms.

This subject is presented in the same manner as the Elementary French. Students who
have had German in the secondary school or junior college should not regisier for this
subjects without consulting the department of languages.

Instructors: Bowerman, Stern.

L 35. Scientific German. 10 units (4.0.6) ; first term.
Prerequisite: 'L 32 abe, or equivalent.

This is a continuation of L 32 abe, with special emphasis on the translation of scien-
tific material in the student’s field.

Instructor: Bowerman.

L 39 abe. Reading in French or German. Units to be determined for the
individual by the department. Elective, with the approval of the Registration
Committee, in any term.

Reading in scientific or literary French or German under the direction of the department.

L 40. German Literature.” 9 units (3-0-6) ; third term.
Senior elective. Prerequisites: L 35, or L 32 abc with above average grades.

The reading of selected classical and modern literature, accompanied by lectures on
the development of German literature.

Instructors: Bowerman, Stern.

L 50 abe. Elementary Russian. 10 units (4.0-6) ; first, second, third terms.

A subject in pronunciation, grammar, and reading that is intended to enable a beginner
to read technical prose in his field of study. Students are expected to become familiar
with a basic scientific vocabulary. Articles from current Russian scientific periodicals are
used in the second and third terms.

Instructor: Chaitkin.

ADVANCED SUBJECTS

L 105. Same as L5. For graduate students.
L 140. Sameas L 40. For graduate students.

*The fourth year Humanities electives to be offered in any given term will be scheduled before the
close of the preceding term.
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MATHEMATICS

UNDERGRADUATE SUBJECTS

Note: Students intending to take the Mathematics Option must indicate their choice at
the beginning of their sophomore year.

Ma 1 abe. Freshman Mathematics. 12 units (4.0.8) ; first, second, third terms.

Prerequisites: High school algebra and trigonometry.

An introduction to differential and integral calculus and the {undamentals of plane
analytic geometery.

Text: Analytic Geometry and Calculus, Phillips.

Professor in charge: Bohnenblust.

Ma 2 abe. Sophomore Mathematics. 12 units (4-0-8); first, second, third
terms.

A continuation of the freshman calculus course. Ma 2 a and Ma 2 b cover partial dif-
ferentiation, multiple integration, vectors and solid analytic geometry. Ma 2 ¢ deals with
ordinary differential equations.

Texts: Analytic Geometry and Calculus, Phillips; Differential Equations, Agnew.

Professor in charge: Apostol.

Ma 3. Theory of Equations. 10 units (4.0.6) ; first term.
Includes topics of algebra of interest primarily to prospective mathematicians.

Topics Treated: the fundamental algebraic operations, the field concept, properties of
number fields and polynomials, symmetric functions, elimination and resultants.

Instructor: Ward.

Ma 10.** Differential Equations. 10 units (4-0.6) ; third term.
Prerequisites: Ma 1, 2.

This course will stress the rigorous development of the subject rather than formal
methods of solution. Topics treated will include the general existence theorems, systems
of differential equations, solutions of equations by means of operators, series, and iteration
methods, and an introduction to partial diflerential equations,

Text: Differential Equations, Agnew.
Instructor: Spitzer.

Ma 16. Matrices and Quadratic Forms., 10 units (4-0-6) ; second term.

This course is intended for mathematicians and those physicists and engineers who
must use the methods and techniques of modern linear algebra. It will cover the more
frequently used parts of matrix algebra, linear transformations, quadratic forms and
linear spaces.

Instructors: Ward, Dilworth.

Ma 61.* Algebra. 9 units (3.0.6) ; third term.
Prequisites: Ma 3, Ma 16.

An introduction to modern algebra. Discussion of quadratic fields, factorization and
ideal theory. Given in 1956-57 and alternate years.

Instructor: Dilworth.

Ma 62.* Differential Geometry. 9 units (3-0-6) ; first term.
Selected topics in metrical differential geometry. Given in 1956-57 and aliernate years.
Instructor: Calabi.

*Graduate students who wish to take the courses Ma 61, 62, 63, 64, 67, 68, 91 should register
for them under the numbers Ma 161, 162, . . . , 191, These courses carry a credit of 6 units
towards a minor in mathematics.

_¥*The topic of this course may be changed next year as a result of a reorganization of the
curriculum in the mathematics option,
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Ma 63.% Theory of Sets. 9 units (3-0.6) ; second term.

The basic concepts of the theory of sets. Cardinal and ordinal numbers. Introduction
to point set topology. Discussion of real numbers. Gicen in 1956-57 and alternate years.

[nstructor: Calabi.

Ma 64.% Projective and Algebraic Geometry. 9 units (3-0-6) ; first term.

Homogeneous coordinates, projective group. Duality principle. Singular points of
curves. Birational transformations. Given in 1955-56 and alternate vears.

Text: Analytic and Projective Geometry, Struik.

Instructor: Erdélyi.

Ma 67. Ordinary Differential Equations. 9 units (3.0.6); first term.

Geometrical and quantitative analysis of first order systems. Nature of solutions in
the phase plane. Stability. Periodic solutions. Introduction to the Sturm-Liouville theory
for linear second order equations.

Instructor: DePrima.

Ma 68. Operational Calculus. 9 units (3-0-6) ; second term.

Introduction to operational calculus based on the Laplace integral. Applications to
ordinary and partial differential equations.

Text: Modern Operational Mathematics in Engineering, Churchill.

Instructor: Erdélyi.

Ma 91.* Special Course. 9 units (3.0-6) ; third term.
Each year, during the third term, a course will be given in one of the following topics:
(a) Some field of complex number theory.
(b) Some field of algebra or logic. (Given in 1953-54).
(¢) Combinatorial Topology. (Given in 1952-53).
(d) Game Theory. (Given in 1955-56).
(e) Development of Mathematics. (Given in 1951-52).

Ma 98. Reading. 3 units or more by arrangement.

QOccasionally a reading course under the supervision of an instructor will be offered.

Topics, hours, and units by arrangement. Only qualified students will be admitted after
consultation with the instructor in charge of the course.

ADVANCED SUBJECTS

A. These courses are open to undergraduate and graduate students. They count fully
towards a minor, but carry no credit towards a major for the degree of Doctor of
Philosophy. See also Ma 61, 62, 63, 64, 67, 68, and 91 which, under the numbers Ma
161, etc., carry a partial credit of 6 units toward a minor in Mathematics.

Ma 108 abe. Advanced Caleulus. 9 units (4-0-5) ; three terms.

Prerequisites: Ma 1, Ma 2.

This course is an introduction to advanced methods in analysis. Each year the course
will include a discussion of functions of a complex variable; line, surface, volume inte-
grals and their inter-relations; applications of the differential calculus of functions of
several variables; functions defined by infinite series and integrals. In addition the
course will contain topics selected from: Fourier series and integrals; special functions,
such as the gamma and beta functions, Bessel functions, error function; Stieltjes inte-
grals. The aim of this course is to provide a thorough understanding of basic principles,
a facility in the use of techniques and a familiarity with applications. This course, or
its equivalent, is a prerequisite to graduate mathematics courses in analysis.

Instructors: Ward, Fuller, Spitzer.

*Graduate students who wish to take the courses Ma 61, 62, 63, 64, 67, 68, 91 should
register for them under the numbers Ma 161, 162, . . . , 191. These courses carry a credit of 6
units towards a minor in mathematics.
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Ma 112 a. Elementary Statistics. 9 units (3-0.6) ; first and third terms.
Prerequisites: Ma 1, Ma 2.

This course is intended for anyone interested in the application of statistics to science
and engineering. The topics treated will include the preparation and systematization of
experimental data, the fundamental statistical concepts; population, sample, mean and
dispersion, curve fitting and least squares, significance tests and problems of statistical
estimation.

Text: Introduction to Mathematical Statistics, Hoel.
Instructors: Karlin and Truax.

B. These courses are intended primarily for graduate students. They count fully
towards a major or a minor for the degree of Doctor of Philosophy.

Ma 114 abe. Mathematical Analysis. 12 units (4.0.8) ; three terms.
Prerequisite: Ma 108 abec.

Theory of analytic functions of a complex variable and topics selected from: asymptotic
and divergent series, Fourier series, orthogonal polynomials and functions, differential and
integral equations, special functions.

Text: Functions of a Complex Variable, Copson.
Instructor: Erdélyi.

Ma 117 abe. Set Theory and Theories of Integration. 9 units (3.0.6) ; three
terms.

Prerequisite: Ma 108 abe.

Beginning with the theory of sets the course consists of a detailed study of the inte-
gration and differentiation of functions of one real variable. It includes a modern treat-
ment of Lebesgue and of Lebesgue-Stieltjes integrals, the theory of functions of bounded
variation, applications to measure theory. Given in second and third term only.

Instructor: Dilworth

Ma 120 abe. Abstract Algebra. 9 units (3.0.6) ; three terms.

Prerequisites: Ma 3, Ma 10.

Abstract treatment of groups, rings and fields including topics chosen from: structure
theory of groups and rings, Galois theory, and valuation theory of fields.

Text: Modern Algebra, Volume 1, Van der Waerden.

Instructor: Dean.

Ma 130 abe. Riemannian and Non.Riemannian Geometry. 9 units (3-0-6);
three terms.

Prerequisites: Ma 62 or Ma 111 a.

The first term, Ma 130 a, emphasizes the postulational approach to modern geometries
discussing specifically the case of euclidean and other elementary coordinate geometries.
Riemannian geometry. Topics of the second and third term: Non-Riemannian geometry.
Theory of parallel displacement of tensors. Affine differential geometry. Projective differ-
ential geometry. Continuous groups and their applications to geometry. Infinite dimen-
sional differential geometry. Contemporary researches in differential geometry.

Not given in 1955-56.

Ma 140 abe. Combinatorial Topology. 9 units (3-0-6) ; three terms.

Introduction to combinatorial topology. The course covers homology and co-homology
theory with applications to fixed point theorems and homotopy theory. Selected topics
from the theory of fibre bundles.

Not given in 1955-56.

Ma 152. Mathematical Logie. 9 units (3.0-6) ; three terms.
A survey of classical and modern applications of mathematical logic.
Not given in 1955-56.
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Ma 160 abe. Theory of Numbers. 9 units (3.0-6) ; three terms.
Prerequisites: Ma 108 and Ma 114 ab for the last two terms.

The first term, Ma 160 a, is an introduction to the elementary theory of numbers includ-
ing divisibility, numerical functions, elementary theory of primes, guadratic residues.
The second and third terms, Ma 160 bc, include topics selected from: Dirichlet series, dis-
tribution of primes, additive number theory.

Instructor: Apostol.

Ma 170 abe. Theory of Probability. 9 units (3.0-6) ; three terms.

Prerequisites: Ma 65 and Ma 108 abc.

An introduction to the classical theory of probability leading to the limit theorems and
the theory of infinitely divisible distributions. The theory of Markoff processes.

Instructor: Spitzer.

Ma 172 a. Intermediate Statistics. 9 units (3-0-6) ; second term.

Prerequisites: Ma 112 a, Ma 108 a or equivalent, an elementary knowledge of the
theory of matrices and quadratic forms is desirable.

The topics dealt with include a more complete study of analysis of variance, the general
linear hypothesis, multivariate analysis and sequential analysis.

Not given in 1955-56.

Ma 180 abe. Mathematical Methods in Physics. 9 units (3-0-6) ; three terms.

Prerequisites: Ma 108 abe, Ma 10.

Topics selected from matrices and bilinear forms, spectral analysis in Hilbert space,
Fourier series and integrals, expansions in orthogonal function systems, integral equations,
introduction to the calculus of variations, partial differential equations, characteristic value
problems, perturbation methods.

Instructor: DePrima. Given in second and third term only.

Ma 190 abe. Elementary Seminar. 9 units; three terms.

This seminar is restricted to first year graduate students and is combined with inde-
pendent reading. The topics will vary from year to year.

In charge: Bohnenblust and Karlin.

C. The following courses and seminars will be offered according to demand. They are
intended for graduate students sufficiently advanced to take an active interest in con-
temporary fields of research. The courses and seminars to be offered and the topics to be
covered will be announced at the beginning of each term.

Ma 210 abe. Advanced Topics in Analysis. 9 units; three terms.

Topics selected from: the theories of functions of one and of several complex variables,
quasi-analytic functions, asymptotic expansions; transform theories with applications;
orthogonal expansions and almost periodic functions; topological methods in analysis;
calculus of variations; analytic number theory.

Not given in 1955-56.

Ma 211 abe. Topics in Functional Analysis. 9 units; three terms.

Topics selected from: the theory of topologized algebraic structures (topological groups,
normed linear spaces and rings); the abstract differential calculus; applications to
analysis and geometry.

Not given in 1955-56.

Ma 215 abe. Seminar in Analysis. 6 units; three terms.
Ma 216 abc. Seminar in Functional Analysis. 6 units; three terms.
Ma 220 abe. Topices in Contemporary Algebra. 9 units; three terms.

Selected topics of current interest in algebra, such as the theory of partially ordered
sets, lattice theory, representation theory of groups and rings.

Not given in 1955-56.
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Ma 225 abe. Seminar in Algebra. 6 units; three terms.

Ma 230 abc. Advanced Topics in Geometry. 9 units; three terms.

Topics selected from the theories of modern Riemannian, non-Riemannian geometry,
projective differential geometry, infinite dimensional differential geometry, topology and
applications to analysis.

Not given in 1955-56.
Ma 235 abe. Seminar in Geometry. 6 units; 3 terms.
Ma 262 abc. Seminar in Number Theory. 6 units; three terms.

Ma 274 abe. Topics in Probability and Statistics. 9 units; three terms.

Topics selected from: advanced decision theory including methods of game theory;
advanced multivariate analysis and the general linear hypothesis; general ‘stochastic
processes. .

Not givea in 1955-56.
Ma 275 abe. Seminar in Probability and Statistics. 9 units; three terms.

Ma 280 abe. Advanced Topics in Applied Mathematics. 9 units; three terms.

Topics selected from: non-linear mechanics; mathematical problems in fluid mechanics;
mathematical theory of diffraction and scattering; probability methods in analysis with
applications; singular integral equations with applications; abstract space methods in
applied mathematics.

Not given in 1955-56.
Ma 285 abe. Seminar in Applied Mathematies, 6 units; three terms.

Ma 290. Reading.
Occasionally advanced work is given by a reading course under the direction of an
instructor. Hours and units by arrangement.

Ma 291. Research.
By arrangement with members of the staff, properly qualified graduate students are
directed in research. Hours and units by arrangement.

Ma 292. Research Conference in Mathematics. 2 units.
Reports on current literature or their own work will be presented at regular intervals by
members of the staff, graduate students or visitors.

APPLIED MATHEMATICS COURSES OFFERED BY OTHER DEPARTMENTS

AM 15 Engineering Mathematics—See Applied Mechanics section, for description.

AM 115 Engineering Mathematics—See Applied Mechanics section, for description.

AM 116 Complex variables and applications-—See Applied Mechanics section, for
description.

AM 125 Engineering Mathematical Principles — See Applied Mechanics section, for
description.

AM 175 Non-linear Vibrations—See Applied Mechanics section, for description.

Ph 106 Introduction to Mathematical Physics—See Physics section, for description.

Ph 129 Methods of Mathematical Physics—See Physics section, for description.



MECHANICAL ENGINEERING 285
MECHANICAL ENGINEERING

UNDERGRADUATE SUBJECTS

ME 1. Empirical Design. 9 units (0-9-0) ; first, second or third term.

Prerequisite: GR 1 abc.

This course is planned to supplement first year graphics with more advanced applica-
tion of graphical techniques to spatial problems and problems in kinematics. Emphasis
is placed on creative ingenuity and a rational approach to new design problems as well
as on development of the student’s ability to recognize fundamental principles in analyzing
existing machines. The following subjects are introduced for study through a coordi-
nated series of lecture discussions and laboratory problems; displacements, velocities and
accelerations in linkages; cam design, gearing, selection of standard fastenings, couplings,
seals and bearings in relation to design.

Instructors: Tyson, Welch.

ME 3. Materials and Processes. 9 units (3.3.3) ; first, second or third term.

Prerequisites: Ph 1 abe, Ch 1 abe.

A study of the materials of engineering and of the processes by which these materials
are made and fabricated. The fields of usefulness and the limitations of alloys and other
engineering materials are studied, and also the fields of usefulness and limitations of the
various methods of fabrication and of processing machines. The student is not only made
acquainted with the technique of processes but with their relative importance industrially
and with the competition for survival which these materiais and processes continually
undergo.

Text: Engineering Materials and Processes, Clapp and Clark.

Instructors: Buffington, Clark.

ME 5 abe. Machine Design. 9 units (2-6.1) ; first, second, third terms.

Prerequisite: ME 1, AM 1 abed.

Application of the mechanics of machinery and sirength of materials to practical design
and construction. Fastenings: riveting, welding, screws, bolts and keys. Power transmis-
sion: shafting, sleeve and rolling bearings, belts, chains, gears, couplings, and clutches.
Elements of power machinery; cylinders, cylinder heads, piping and valves, springs, crank-
shafts, flywheels, packing and seals. Laboratory work is design analysis of significant
devices and machines which involves dynamic problems of some complexity, such as high-
speed link motions, valve gear, shock absorbers, hydraulic coupling uses, high-speed rotors,
electric motor applications, elementary servomechanisms and controls, hydraulic circuits
and applications.

Text: Design and Production, Kent.

Instructor: Morelli.

ME 10. Metallurgy. 12 units (3-3-6) ; first term.

Prerequisite: ME 3.

A study of the properties of ferrous and non-ferrous metals and alloys with respect to
their application in engineering; the principles of heat treatment for a proper under-
standing by engineers for application in specification of alloys for design. The microstruc-
tures of ferrous and non-ferrous metals and alloys are studied in the laboratory.

Text: Physical Metallury for Engineers, Clark and Varney.
Instructors: Buffington, Clark.
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ME 15 abe. Thermodynamics and Fluid Mechanics. 10 units (3-2.5); first,
second, third terms.

Prerequisites: Ph 2 abe, Ma 2 abc.

First term: A study of the basic principles of Auid mechanics, the continuity equation,
Euler’s equations of motion, the Bernoulli equation, and the momentum theorem. Empha-
sis is placed on incompressible fluids. The effects of friction are studied and applications
of the principles to problems of hydraulics are considered. A brief introduction of poten-
tial flow theory and to bounary layer theory is included.

Second and Third Terms: A study of the first and second laws of thermodynamics,
with applications to flow and non-flow processes. Basic power cycles for vapors and gases
and their suitability for engineering purposes. Properties of fluids and the use of stand-
ard tables. An introduction to the flow of a compressible fluid and some elements of
turbine and compressor design. Elementary principles of combustion.

Instructors: Acosta, Sabersky.

ME 16 ab. Thermodynamics. 9 units (3.0.6) first term; 6 wunits (2.0-4)

second term.
Prerequisite: ME 15 abe.

Further discussion of engineering applications of thermodynamics, including more
detailed analyses of the examples included in ME 15, and additional items such as the
following: Heat transfer, gas and vapor mixture, advanced treatment of second law,
Joule-Thomson effect, Chemical thermodynamics. Internal combustion engines (piston
and turbine).

Instructor: Kyropoulos.

ME 20. Heat Engineering. 9 units (3.0.6) ; first term.

An abridgement of ME 15 and 16 for students in Civil Engineering.
Text: Elements of Thermodynamics and Heat Transfer, Obert.
Instructor: Kyropoulos,

ME 25. Mechanical Laboratory. 9 units (0.6.3); third term.
Prerequisite: ME 15 abc.

Principles of engineering measurements.

Instructor: Kyropoulos.

ME 50 ab. Engineering Conferences. 2 units (1-0.1); second, third terms.
A course in public speaking for engineers, on engineering topics.
Instructor: Daugherty.

ADVANCED SUBJECTS

ME 100. Advanced Work in Mechanical Engineering.

The staff of the mechanical engineering department will arrange special courses or
problems to meet the needs of fifth-year students or qualified undergraduate students.

ME 101 abe, Advanced Machine Design. 9 units (1-6-2); first, second, and
third terms.

Prerequisites: ME 5 abc, ME 10.

The application of machine elements to specific problems of design by combining
them to form a self-contained unit for a definite purpose. Attack of such a design problem
by setting up the different requirements of the specified unit, and showing how they may
vary, according to the number of such units to be made. the methods of manufacture,
space, weight, and cost limitations, required life, wear, and duty. Selection of materials
and of permissible stresses and strains for various conditions. Examination and justifica-
tion of established construction, with a consideration of possible improvements and of
different methods of approach.

Examples in the design course are chosen to broaden the students' knowledge of sound
practice, and to show that for a good solution of such design problems a fundamental
knowledge of mechanics, thermodynamics, and hydraulics is essential as well as a knowl-
edge of the strength and properties of materials and the methods of forming them by
casting, forging, welding, machining, and other processes.

Instructor: Morelli.
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ME 104 abc. Machine Design. 7 units (2.6-1); first, second, third terms.
Prerequisites: ME 1, AM 1 abed.

This subject is the same as ME 5 abc, but with reduced credit for graduate students
in all fields except Ae, CE, and ME. No graduate credit is given for this subject to stu-
dents in Ae, CE, and ME, except by special approval of the faculty in Mechanical
Engineering.

ME 110. Physical Metallury I. 9 units (3.0-6) ; first term.
Prerequisite: ME 10. :

A study of phase equilibria of metallic systems, recrystallization, grain growth, pre-
cipitation hardening, the heat flow in heating and cooling metals, the mechanics of trans-
formations in steel.

Text: Lecture notes and references,
Instructor: Buffington.

ME 111 a. Metallography Laboratory. 9 units (0.9.0); second term.

Prerequisite: ME 10.

Technique of metallographic laboratory practice including preparation of specimens by
mechanical and electrolytic means, etching reagents and their use, photomicrography, in
connection with ferrous and nonferrous materials.

Text: Principles of Metallographic Laboratory Practice, Xehl.

Instructor: Clark.

ME 111 b. Indastrial Physical Metallurgy. 9 units (0.9.0); third term.
Prerequisite: ME 111 a.

Application of the principles of physical metallurgy and the techniques of metal-
lographic laboratory practice to the solution of problems concerning the cause of failure
of commercial parts. Typical cases are used as problems to he solved by the student and
presented and discussed before the class in the form of reports.

Instructor: Clark,

ME 114, Metallurgy. 9 units (3-3.6); first term.
Prerequisite: ME 3.
This subject is the same as ME 10, but with reduced credit for graduate students in

all fields except Ae and ME. No graduate credit is given for this subject to students in
Ae and ME, except by special approval of the faculty in Mechanical Engineering.

ME 115 abe. Thermodynamics and Heat Transfer. 9 units (3.0-6); first, sec-
ond, and third terms.

Prerequisites: ME 15 abe, ME 16 ab.

Macroscopic thermodynamics and the elements of microscopic thermodynamics with
applications to engineering processes; the transport of energy by conduction, convection,
and radiation; the thermodynamics of flow systems.

Instructor: Sabersky.

ME 124 ab. Thermodynamics. 7 units (3.0.6), first term; 4 units (2.0.4)
second term.

Prerequisite: ME 15 abc.

This subject is the same as ME 16 ab, but with reduced credit for graduate students
in all fields except Ae, ChE, and ME. No graduate credit is given for this subject to
students in Ae, ChE, and ME, except by special approval of the faculty in Mechanical
Engineering.

ME 125 ab. Engineering Laboratory. 9 unmits (1-6-2); first and third terms,

The techniques of making measurements encountered in engineering practice and
research, with the use of special and standard measuring instruments, and the recognition
of precision and accuracy of data secured. The planning of tests and research, and the
analysis of data.

Instructors: ME Staff.
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ME 150 abe. Mechanical Engineering Seminar, (2 units, 1.0-1) ; first, second,
third terms.

Attendance required of graduate students in mechanical engineering. Conference on
research work and reviews of new developments in engineering.

Instructors: ME Staff.

ME 200. Advanced Work in Mechanical Engineering.

The staff of the mechanical engineering department will arrange special courses on
problems to meet the needs of students beyond the fifth year.

ME 208 ab. Crystal Structure of Metals and Alloys. 9 units (3.0.6) ; first and
second terms.

Prerequisite: ME 110.

Atomic structure of metals, free atoms, assembly of atoms, physics of x-rays, elementary
crystal structure. Methods of analysis of x-ray diffraction applied to metals and alloys.
General principles of alloying. Structure of alloys, solid solutions, intermetallic com-
pounds, electron compounds. During the latter part of the course, topics are assigned
from the literature.

Instructor: Duwez.

ME 209 ab. X.ray Metallography. 6 units (0-6.0) ; second and third terms.

Prerequisite: ME 208 a.

Experimental methcds of obtaining diffraction patterns of metals. The interpretation
and identification of diffraction patterns of metals and alloys. Study of phase diagrams,
plastic deformation and grain orientation, recrystallization texture, precipitation and age
hardening, determination of grain size, and stress measurement by x-ray diffraction
methods.

Text: An Introduction to X-ray Metallography, Taylor.

Instructor: Duwez.

ME 210 abe. Physical Metallurgy II. 9 units (3.0-6); first, second, and third
terms.

Prerequisite: ME 110.

The modern theory of solids and applications to conductivity, magnetic properties, and
cohesive energy of metals. Kinetics and mechanism of phase changes in the solid state.
Long-range and short-range order in metals.

Text: References.

Instructor: Buffington.

ME 211 ab. Advanced Metallography Laboratory. 6 units (0-6.0); first and
second term.

Prerequisites: ME 110, ME 111 ab.

Experimental studies of heat-treatment, grain size, hardenability, structures of ferrous
and nonferrous materials, structure of welded and brazed joints, recrystallization, and
special problems.

Text: Principles of Metallographic Practice, Kehl.

Instructor: Clark.

ME 214 ab. Mechanical Behavior of Metals. 9 units (3.0.6); second and
third terms.

Prerequisite: ME 110 and AM 110 a.

A study of the nature and physical theory of the deformation of metals under the
infloence of applied forces. Elasticity of single crystals, anelasticity and internal friction,
permanent deformation by slip and twinning. Theory of dislocation and its application to
problems of the deformation of metals. Discussion of other selected topics in the
mechanical behavior of metals, such as creep, fatigue, and fracture. .

Instructor: Wood.
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ME 215. Internal Combustion Engines. 9 units (3-0.6); one term.

Prerequisites: ME 15 abc, ME 16.

Advanced study of: engine cycles with real fuel-air mixtures, combustion processes,
fuels, detonation, octane and cetane rating, engine performance, and design.

Instructor: Kyropoulos.

ME 216 ab. Refrigeration and Air Conditioning. 9 units (2-3.4); two terms.

Prerequisites: Heat Power (class and laboratory).

_ Principles of vapor and absorption refrigeration; composite cycles. Deep freezing and
liquifaction of gases. Reversed cycles.

Principles of air conditioning: properties of air-water vapor mixtures, air conditioning
cycles. Comfort air conditioning (residence, trains, airplanes), industrial air conditioning
(food, photographic, textile, paper industries).

Instructor: Kyropoulos.

ME 217 abe. Turbomachines. 6 units (2-0.4) ; first, second, third terms.

Prerequisites: Hy 101 abc or Ae 101 abe or equivalent.

The fluid mechanics of turbomachines; potential flow through two-dimensional cas-
cades of airfoils; the theory of three-dimensional rotationa! flow in axial turbomachines;
stall propagation in compressors; tip clearance flow and losses; boundary layer and other
secondary flows in turbomachines; applications of the above to the design of turbo-
machines.

Instructor: Rannie.

ME 219. Experimental Background of Engine Research. 4 units (2-0-2) ; one
term.

Prerequisite: ME 215, or to be taken concurrently.

Survey of combustion research in spark and ignition engines. Flame front observation.
High speed indicators, detonation indicators. Study of experimental methods of fuel
injection problems and droplet formation. Carburetion and direct injection in spark
ignition engines. Hydrocarbon thermodynamics. Reaction kinetics. Measurement of
ignition quality of spark and compression ignition fuels. Standard methods (ASTM-CFR).
Power measurement at sea level and altitude. Preparation of power charts and cruising
charts. Measurement of exhaust composition and temperature. Measurement of cooling
requirements and performance.

Texts: Notes and original papers.

Instructor: Kyropoulos.

ME 220. Lubrication. 6 units (2.0.4); one term.

Prerequisites: Internal combustion engines, machine design, hydrodynamics.

Hydrodynamic theory of lubrication. Application to actual bearings. Boundary lubri-
cation. Interaction between bearing surface and lubricant. Extreme pressure lubricants,
detergent oils. Lubricant performance in the engine.

Flow of viscous fluids (Reynolds, Sommerfeld) viscosity and friction. Pressure distri-
bution and load carrying capacity of theoretical and actual bearing. Dimensional analysis
of the problem. Partial bearings, thrust bearings. Temperature rise and heat dissipation.
Bearings for high speed. Clearances. Gear tooth lubrication.

Boundary lubrication problem, theory and experiment. Interaction between surface and
lubricant. Constitution of lubricating oils. Addition agents. Detergents, extreme pressure
lubricants. Lubricant behavior in the engine, corrosion, sludge formation.

Bearing metals; tin, lead, silver, etc.

Texts: Analysis and Lubrication of Bearings, M. C. Shaw and E. F. Macks (McGraw-
Hill, 1949) ; Motor Oils and Engine Lubrication, C. W. Georgi (Reinhold Publ. Co., 1950).

Instructor: Kyropoulos.
ME 300. Thesis Research.

For Subjects in Jet Propulsion see page 277.
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PALEONTOLOGY

(See under Geological Sciences)

PHILOSOPHY AND PSYCHOLOGY

UNDERGRADUATE SUBJECTS

Pl1. Introduction to Philosophy.* 9 units (3.0-6).
Senior elective.

A study of the major problems of philosophy in terms of the most influential contem-
porary world views, including naturalism, idealism, theism, pragmatism and positivism.

Instructors: Mead, Bures.

PI 2. Logic.* 9 units (3.0.6).
Senior elective.

A study of medern and traditional logic. An analysis of knowledge into basic symbolic
forms. Detailed consideration of such logical concepts as: proposition, truth, variable,
definition, implication, inference, class, syllogism, logical law, deductive system. Emphasis
on the fundamental role of logical methods in the rational approach to knowledge.

Instructor: Bures.

P13.* Current Tendencies in European Philosophy. 9 units (3.0-6).

Senior elective.

A critical analysis of the main trends in contemporary European philosophy, especially
in France, Germany and Italy. The course will include neo-Kantianism, neo-Hegelianism,
Bergsonism, Logical-Postivism, Phenomenology, neo-Thomism, and Existentialism, in their
influence on the whole of modern culture.

Instructor: Stern.

Pl 4. Ethics.* 9 units (30.6).
Senior elective.

A study of ethical values in relation to human nature and culture. Among the major
topics considered are: the moral systems of some representative cultures; the develop-
ment of personality and values in these cultures; the possibility of a rational basis for
ethics; competing views of human nature; ethical conflicts in American culture.

Instructor: Bures.

Pl 6. General Psychology.* 9 units (3.0-6).

Senior elective.

An introduction to modern psychological theory and practice. The principal topics
studied are: the response mechanisms and their functions, emotion; metivation; the
nature and measurement of intelligence; learning and retention; sensation and perception;
personality and personal adjustment.

Instructors: Mead, Bures, Weir.

Pl 7. Human Relations. 9 units (1.2.6) ; third term.

An introduction to the principles of human relatiens with major emphasis on the devel-
opment of groups. Psychological and emotional factors influencing group behavior,
group leadership and group co-operation will be explored.

Instructors: Coffey, Ferguson.

P113. Reading in Philosophy. Units to be determined for the individual by
the department. Elective, with the approval of the Registration Committee, in
any term.

Reading in philosophy, supplementary to, but not substituted for, courses listed; super-
vised by members of the department.

*The fourth year Humanities electives to be offered in any given term will be scheduled before the
close of the preceding term.
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ADVANCED SUBJECTS

Pl 100 abe. Philosophy of Science. 9 units (2.0-7).

A full-year sequence. The relation between science and philosophy. The functions of
logical analysis in knowledge and the analysis of the language of science. A study of
the nature of formal science (logic and mathematics) and of factual science, their
methods and interrelationships. Concept formation in the sciences. Analysis of some basic
problems in the philosophy of science: measurement, casuality, probability, induction,
space, time, reality. Scientific method and social problems.

Instructor: Bures.

Pl 101 abe. History of Thought. 9 units (2.0-7).

A full-year sequence. A study of the basic ideas of Western Civilization in their his-
torical development. The making of the modern mind as revealed in the development of
philosophy and in the relations between philosophy and science, art and religion. The
history of ideas in relation to the social and political backgrounds from which they

came.
Instructor: Mead,
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PHYSICS

UNDERGRADUATE SUBJECTS

Ph 1 abe. Mechanics, Molecular Physics, Heat and Sound. 12 units (3.3.6);
first, second, third terms.

Prerequisites: High school physics, algebra and trigonometry.

The first year of a general college course in physics extending through two years. The
course work consists of class recitations in which the basic material of physics is pre-
sented largely by means of analytical solutions to problems. A bi-weekly demonsiration
lecture by staff members from various departments illustrates some of the more interest-
ing applications of physics. The weekly laboratory allows some choice of problem on the
part of the student. In addition to many standard experiments, some material is provided
for original experiments.

Text: Mechanics, Molecular Physics, Heat and Sound, Millikan, Roller, and Watson.

Instructors: Cowan, Strong, Watson, and Graduate Assistants.

Ph 2 abe. Electrostatics, Electrodynamics, and Optics. 12 units (3-3.6) ; first,
second, third terms.

Prerequisites: Ph 1 abc, Ma 1 abc, or their equivalents,

A continuation of Ph 1 abc to form a well.rounded two-year course in general physics.

Text: Introduction to Electricity and Optics, Frank.

Instructors: T. Lauritsen, and Graduate Assistants.

Ph 20. Experimental Basis of Modern Physics. 9 units (3-0.6); second term.

This course is offered primarily as a sophomore elective for physics majors. The mate-
rial includes such topics as electron physics, heat radiation, spectroscopy, x-rays, nuclear
physics and cosmic rays, emphasizing those fundamental experiments on which present
theories of the physical world are based. The subject matter overlaps that of Ph 112 to
a considerable extent, but is treated at a more elementary level. Collateral reading in
selected topics is emphasized.

Text: Atomic Physics, Semat.

Instructor: Whaling.

Ph 27 abe. Thermodynamics, Statistical Mechanics, and Kinetic Theory. 6
nnits (2.0-4) ; first, second, third terms.

Prerequisite: Ph 106 abc (may be taken concurrently).

An introductory course covering the fundamental concepts of thermodynamics, statistical
mechanics, and kinetic theory, with emphasis upon the physical principles involved.

Text: Thermodynamics, Sears.

Ph 77. Special Problems in Experimental Physics. 9.12 units (subject to
arrangement with instructor). First term. ]

A Taboratery course organized on a project basis, open to a limited number of senior
physicists each year. Students will set up and perform experiments of their choice related
to some field of modern physics. The emphasis will be upon developing the experimental
ability and the initiative of the student, and upon familiarizing him with procedures of
current importance in experimental physics.

Instructor: Whaling.
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Cosmic ray cloud chamber, with the access door opened to show four cloud
chamber sections which are mounted in the center of a 35-ton eleciromagnet.

ADVANCED SUBJECTS

Ph 106 abc. Introduction to Mathematical Physics. 12 units (4.0.-8); first,
second, third terms.

Prerequisites: Ph 1 abe, 2 abc; Ma 2 abe.

An introduction to the application of mathematics (including vector analysis and differ-
ential equations) to the solution of problems in physics. The emphasis will be primarily
upon topics from the general field of mechanics, such as particle mechanics, the Euler-
Lagrange and Hamilton equations, damped vibrations, coupled vibrating systems, the
vibration of continuous systems, orthogonal functions, rigid body dynamics, and special
relativity. Graduate students majoring in physics or astronomy will be given only 8 units
credit for this course.

Text: Mechanics, Slater and Frank.

Instructors: Anderson, Peterson, Trilling.

293
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Ph 107 abe. Electricity and Magnetism. 6 units (2.0-4); first, second, third
terms.

Prerequisites: Ph 1 abc, 2 abc; Ma 2 abe; Ph 106 abc or AM 15 (may be taken con-
currently).

A course in theoretical electricity and magnetism, with an introduction to the solution
of boundary value problems in electricity. Topics covered will include electrostatics,
magnetostatics, and current flow; electromagnetic induction; eleciromagnetic radiation,
including plane waves, spherical waves, dipole radiation; electromagnetic field energy
and momentum. The emphasis will be upon the more general aspects of the subject, and
upon physical principles. Graduate students majoring in physics or astronomy will be
given only 4 units credit for this course.

Text: Electromagnetism, Slater and Frank.

Instructor: Tollestrup.

Ph 110 be. Kinetic Theory of Matter. 9 units (3.0-.6) ; second and third terms.

Prerequisites: Ph 1 abe, Ma 2 abe.

A lecture course in kinetic theory and its basic applications (and limitations) to the
equilibrium and “steady” state phenomena in gases. Specific discussion of transfer,
surface and low pressure phenomena, Brownian movement and kinetics of aerosols.

Text: Kinetic Theory of Gases, Kennard, Loeb and selected chapters from literature.

Instructor: Goetz.

Ph 112 abe. Introduction to Atomic and Nuclear Physics. 12 units (4-0.8));
first, second, third terms.

Prerequisites: Ph 106 abc and Ph 107 abe, or the equivalent.

An introductory problem and lecture course in the experimental and theoretical founda-
tions of modern atomic and nuclear physics. Subjects include electromagnetic radiation,
heat radiation, photoelectricity, atomic structure and the ‘quantum theory, spectroscopy,
quantum distribution laws, electrons in solids, x-rays, radioactivity and nuclear structure,
nuclear reactions, elementary particles and high energy physics. Graduate students major-
ing in physics or astronomy will receive only 8 units credit for this course.

Instructor: Leighton.

Ph 115 ab. Geometrical and Physical Optics. 9 units (2.3.4); second and
third terms.

Prerequisite: Ph 2 abec.

An intermediate lecture, problem, and laboratory course dealing with the fundamental
principles of geometrical optics, of interference, of diffraction and other topics of physical
optics. Graduate students majoring in physics or astronomy will receive only 6 units
credit for this course.

Instructor: King.

Ph 129 abe. Methods of Mathematical Physics. 9 units (3.0-6) ; first, second,
third terms.

Prerequisites: Ph 106 abc and Ma 108 abc or the equivalents.

Aimed at developing familiarity with the mathematical tools useful in physics, the
course discusses practical methods of summing series, integrating, and solving differen-
tial equations, including numerical methods. The special functions (Bessel, Elliptic,
Gamma, etc.) arising in physics are described, as well as Fourier series and transforms,
partial differential equations, orthogonal functions, eigenvalues, calculus of variations,
integral equations, matrices and tensors, and non-commutative algebra. The emphasis
will be toward applications, with special attention to approximate methods of solution.

Instructor: Christy.
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Ph 131 abe. Electricity and Magnetism. 9 units (3.0-6) ; first, second, and
third terms.

Prerequisite: An average grade of C in Ph 107 abc.

A problem course in electricity, magnetism and electromagnetic waves for students who
are doing or plan io do graduate work. The first two terms cover poten}lal theory as
applied to electrostatics, magnetostatics and current flow in extended mediums; and the
laws of electromagnetic induction as applied to linear cirenits. The third term covers
eddy currents, eleciromagnetic waves and the motion of charged particles in electromag-
netic fields.

Text: Static and Dynamic Electricity, Smythe.

Instructor: Smythe.

Ph 172. Research in Physics. Units in accordance with the work accomplished.
Approval of the department must be obtained before registering.

Ph. 201 ab. Analytical Mechanics. 9 units (3-0-6); first and second terms.

Prerequisites: Ph 106 abc or AM 15 abc; Ph 129 ab is desirable.

A problem and lecture course dealing with the various formulations of the laws of mo-
tion of systems of particles and rigid bodies, and with both exact and approximate solu-
tions of the resulting equations. Topics considered include Lagrange’s equations, cano-
nical transformations, vibrations about equilibrium and steady motion, and the non-linear
oscillator.

Instructor: Pellam.

Ph. 202, Topics in Classical Physics., 9 units (3-0-6) ; third terms.

The content of this course will vary from year to year. Typical topics: Elasticity, Hy-
drodynamics, potential theory, a study of mechanical wave motions.

Instructor: Davis.

Not given in 1955-56.

Ph. 203 abc. Nuclear Physics. 9 units (3-0-6) ; first, second, and third terms.

Prerequisite: Ph 112 abc or equivalent.

A problem and lecture course in nuclear physics. Subjects include fundamental proper-
ties and structure of nuclei, nuclear forces, nuclear reactions, and particle accelerators.

Instructor: Fowler.

Ph 205 abe. Principles of Quantum Mechanics. 9 units (3.0.6) ; first, second
and third terms.

Prerequisites: Ph 112 abc or equivalent; Ph 129 abc is desirable.

First and second terms: A basic course in quantum mechanics. Subjects include super-
position of amplitudes, Schroedinger equation, hydrogen atom, perturbation theory, H-
molecule ion, helium atom, operators, spin, complex atoms, particle scattering and
radiation. Third term: Relativistic quantum mechanics, Dirac equation and quantum
electrodynamics.

Instructor: Feynman.

Ph 207 abe. X- and Gamma.rays. 9 units (3.0.6); first second, and third
terms. : ) :

Prerequisite: Ph 112 abc, or equivalent.

Covers the generation of x-rays and gamma-rays and the various interactions of these
with matter both in practical applications to research physics and in theory. The first
term is devoted to a descriptive general survey of the subject. The second term deals with
nuclear gamma-ray and x-ray emission spectra, the mean lives of excited states, elemen-
tary theory of multipole radiation, theories of the generation and intensities of character-
istic x-ray line spectra and also of the continuous x-ray spectrum covering briefly under
the latter topic the theories of Sommerfield and of Heitler and their experimental verifi-
cations, The third term covers in considerable detail the scaitering of these radiations
by matter, both coherent and incoherent processes being considered, and presents the
resulting physical conclusions regarding the structure of atoms, molecules, liquids, solids
and the Compton effect with its manifold implications. Other interactions between radia-
tion and matter are also treated. Solution of a moderate number of illustrative problems
required in all three terms.

Instructor: DuMond.

Not given in 1955-56.
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Ph 209 abe. Optics and Electron Theory. 9 units (3.0.6) ; first, second, and
third terms.

Prerequisites: Ph 107 abc; and Ph 131 ab is desirable.

The first term is devoted to selected topics in geometrical and physical optics. The re-
maining terms take up electromagnetic waves in vacuum and in matter, dispersion and ab-
sorption, special relativity, the classical theory of electrons, including retarded potentials,
radiation of a point charge, theory of dielectrics and of magnetism.

Instructor: Sands.

Not given in 1955.56.

Ph 212 ab. Mechanics of Continuous Media. 9 units (3.0-6); second and
third terms.

Prerequisite: Ph 201 ab.

Hydrodynamics of nonviscous fluids; Euler and Lagrange equations; general integrals
and special problems. Hydrodynamics of viscous fluids; applications of the Navier-Stokes
equations to special problems. Theory of supersonic flow and shock waves. Fundamental
equations of the theory of elasticity.

Instructor: Plesset.

Ph 217. Spectroscopy. 9 units (3-0-6); third term.
Prerequisite: Ph 112 abc or the equivalent.

A discussion of observed spectra in terms of atomic structure theory.
Instructor: King.

Ph 218 ab. Electronic Circuits and their Application to Physical Research.
9 units (3.0.6) ; first and second terms.

Permission of the instructor is required in order to register for this course.

A course on electronic circuits with primary emphasis on basis factors entering into the
design and use of electronic instruments for physical research. Topics considered will
include the theory of response of linear networks to transient signals, linear and nonlinear
properties of electron tubes and practical circuit components, basic passive and active
circuit combinations, cascade systems, amplifiers, feedback in linear and nonlinear systems,
statistical signals, noise, and practical construction., Particular examples will be taken
from commonly used research instruments.

Instructor: Sands.

Given in alternate years. Offered 1955-56.

Ph 219 abe. Advanced Electromagnetic Field Theory. 9 units (3.0.6); first,
second, and third terms.

This course covers the applications of Maxwell’s equations to problems involving an-
tennas, waveguides, cavity resonators, and diffraction. It includes the solution of problems
by the classical methods of retarded potentials and orthogonal expansions and lectures in
the modern techniques of Schwinger that employ the calculus of variations and integral
equations. (Identical with EE 250 abe.)

Texts: Static and Dynamic Electricity, Smythe; Course Notes.

Instructors: Smythe and Papas.

Ph 227 abc. Thermodynamics, Statistical Mechanics, and Kinetic Theory.
9 units (3.0-6) ; first, second and third terms.

Prerequisites: Ph 201 ab, 205 ab (may be taken concurrently) or the equivalent.
. The fundamental concepts and laws of thermodynamics. Entropy and other character-
istic functions. Nernst’s theorem. Kinetic theory of gases. Classical and quantum statis-
tical mechanics. The relation between statistical mechanics and thermodynamics. Illustra-
tive applications of thermodynamics and statistical mechanics.

Instructor: Davis.
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Ph 231 ab. Cosmic Rays and High Energy Physics. 9 units (3-0.6); second
and third terms.

The properties of high-energy particles and radiation as determined from experiments
with cosmic rays and from experiments with electronuclear machines. Topics included
are electromagnetic interactions, nuclear interactions, and the production and properties
of mesons and V-particles.

Instructors: Anderson and Bacher.

Not given in 1955-56.

Ph 234 abc. Topics in Theoretical Physics. 9 units (3-0-6) ; first, second, and
third terms.
Prerequisite: Ph 205 ab or equivalent.

The content of this course will vary from year to year. Topics presented will include:
General methods in quantum mechanics such as operator calculus, group theory and
its application; theory of meson and electromagnetic fields; atomic and molecular
structure; theory of solids; theoretical nuclear physics.

Instructor: Gell-Mann,

Ph 235 abc. The Theory of Relativity. 9 units (3.0.6); first, second and
third terms,

A systematic exposition of Einstein’s special and general theories of relativity; the con-
flict between Newtonian relativity and the Maxwellian theory of the electromagnetic fields;
its resolution in the special theory of relativity. The geometrization of the gravitational
field accomplished by the general theory of relativity. The search for a unified theory of
the electromagnetic and gravitational fields. Applications of the relativity theories to cos-
mology and cosmogony. Topics in the more advanced mathematical disciplines (tensor
analysis, Riemannian geometry) will be developed as required as appropriate tools for the
formulation of physical law.

The first term, Ph 235a may be taken separately by students who are interested only in
the principles and applications of the special theory of relativity.

Offered in alternate years. Not given in 1955-56.

Instructor: Robertson.

Ph 238 abc. Seminar on Theoretical Physics. 4 units; first, second, and third
terms.

Recent developments in theoretical physics for specialists in mathematical physics.

In charge: Christy, Feynman, and Gell-Mann.

Ph 241. Research Conference in Physics. 4 units; first, second, and third
terms.

Meets once a week for a report and discussion of the work appearing in the literature
and that in progress in the laboratory. Advanced students in physics and members of the
physical staff take part.

" In charge: Bacher.

Ph 300. Research in Physics. Units in accordance with work accomplished.
Approval of the Department must be obtained before registering.

Ph 300 is elected in place of Ph 172 when the students has progressed to the point
where his research leads directly toward the thesis of the degree of Doctor of Philosophy.

PSYCHOLOGY
(See under Philosophy)

RUSSIAN
(See under Languages)
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DEGREES CONFERRED JUNE 10, 1955

Doctor oF PuiLosorHy

DoucrLas Einar AppLEquisT (Chemistry and Biology). B.S., University of California, 1952.

GEORrRGE MYRON ArcanD (Chemistry and Physics). B.S., California Institute of Technology,
1950.

Micuer Baber (Physics and Mathematics). B.S., California Institute of Technology,

Sune BerTIL BeErnpr (Aeronautics and Mathematics). C.E., Swedish Royal Institute of
Technology, 1947; Tecn. Licent., 1951.

RICHiAglg% ArraN BerNARD (Chemistry and Plant Physiology). B.S., Stanford University,

Dwicar WintoN BERREMAN (Physics and Mathematics). B.S., University of Oregon,
1950; M.S., California Institute of Technelogy, 1952.

Eci. KristorrEr ByorNerRUp (Physics and Astronomy). B.S., University of Washington,
Angeles, 1951.

Joun DoyLE Britron (Chemistry and Mathematics). B.S., University of California, Los
Angeles, 1951.

JouN WARREN BrookBaNk (Embryology and Animal Physiology). B.A., University of
Washington, 1949; M.S., 1952.

ODU?\{[ Iéoy I]SEJ;CGRAF (Aeronautics and Physics). B.Ae.,, Ohio State University, 1952;

C. Wayne Burnuam (Geochemistry and Petrology). B.A., Pomona College, 1951; M.S,,
California Institute of Technology, 1953.

Doucras DEan CamrBeLL (Metalliferous Geology and Mineralogy). B.A.Sc., University of
British Columbia, 1946. .

Jorn Artour Carrson (Mechanical Engineering and Physics). B.S., Ilinois Institute of
Technology, 1951; M.S., California Institute of Technology, 1952.

ROBJI«:\I{(TS Af;sEfsoN Cuase (Aeronautics and Mathematics). B.S., Stanford University,

RoserT NorRMAN CrayroN (Chemistry and Mathematics). B.Sc., Queen's University,
1951; M.Sc., 1952.

Duane Hersert CooPEr (Physics and Mathematics). B.S., California Institute of Tech-
nology, 1950.

EvcenE Froyp Cox (Chemistry and Plant Physiology). B.S., Georgia Institute of Tech-
nology, 1950; M.S., 1951.

StepHEN FrankiLin Crume (Electrical Engineering and Physics). B.S., University of
Texas, 1943; M.S., 1948.

Mirrorp Harn Davis (Physics and Mathematics). B.S., Yale University, 1949; M.S.,
California Institute of Technology, 1950.

Joseru MyErs DENNEY (Engineering Science and Physics). B.S., California Institute of
Technology, 1951; M.S., 1952.

SauL FEtpMAN (Mechanical Engineering and Mathematics). B.S., University of California,
Los Angeles, 1951; M.S., 1953.

GaRrYy FELSENFELD (Chemistry and Biology). A.B., Harvard College, 1951.

ArtHUR W. ForT (Chemistry and Literature). B.S., University of Chicago, 1949; S.M.,
1951.

Epwin JEaN FursapAN (Animal Physiology and Embryology). B.A., University of Con-
necticut, 1950,

GEORGE JAoY GLEGHORN, Jr. (Electrical Engineering and Mathematics). B.S., University
of Colorado, 1947; M.S., California Institute of Technology, 1948.

MartiN GorpsmitH (Mechanical Engineering and Physics). B.S., University of Cali-
fornia, 1951; M.S., California Institute of Technology, 1952.

Juris HarrMaNIs (Mathematics and Physics). B.A., University of Marburg, 1949; M.A.,
University of Kansas City, 1951.

Ray Arpen HerrFerLIN (Physics and Astronomy). B.A., Pacific Union College, 1951.

Areert Roacr Hiees (Physics and Mathematics). B.S., California Institute of Tech-
nology, 1945; S.M., University of Chicago, 1947.

Rosertr Ross JEnnines (Chemistry and Biology). B.S., California Institute of Tech-

nology, 1950.
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JounN BevErLEY JounsTON (Mathematics and Physics). B.S., California Institute of Tech-
nology, 1951.

ArMiN DaLe Kawser (Biophysics and Chemistry). B.S., Purdue University, 1950.

StanLEY LEONARD KaMENY (Physics and Mathematics). B.S., Queens College, Flushing,
New York, 1948; M.S., California Institute of Technology, 1949.

WirLiam James Karzas (Physics and Mathematics). B.S., California Institute of Tech-
nology, 1949.

SHANKAR LaL (Aeronautics and Mathematics). B.Sc., Benares Hindu University, 1944;
D.I.1Sc., Indian Institute of Science (Bangalore), 1946; D.I.C., Imperial College of
Science and Technology (London), 1947; M.S., London University, 1949.

Joun Irvin Laurirzen, JR. (Physics and Mathematics). B.A., Miami University, 1949.

Davip Arraur LiBERMAN (Physics and Mathematics). B.S., California Institute of Tech-
nology, 1949.

CivNa Lomnitz (Geophysies and Civil Engineering). C.E., University of Chile, 1948;
M.S., Harvard University, 1950.

Rarpy Lurwack (Chemistry and Physics). B.S., California Institute of Technology, 1950.

Ricrarp JerrREY MAGNUS (Aeronautics and Mathematics). B.Ae., University of Minne-
sota, 1944; M.S., 1947; AeE., California Institute of Technology, 1948.

Joserr Davip ManpeLL (Virology and Genetics). B.S., Rutgers University, 1950; M.S.,,
Oklahoma Agricultural and Mechanical College, 1951.

Davip TrEADWAY ManNiNG (Chemistry and Biology). B.S., California Institute of Tech-
nology, 1950.

Koicur Mano (Physics and Mathiematics). B.S., Tokyo University, 1945.

Cra16c Margs (Mechanical Engineering and Chemistry). B.S,, California Institute of Tech-
nology, 1950; M.S., 1951.

RovaL Ricuarp MarsHALL (Chemistry and Geology). B.S., University of Minnesota,
1950.

Joun WirLiam McKee (Physics and Biology). B.S., Iowa State College, 1949.

WiLniam Raymonp Mirts, Jr. (Physics and Mathematics). B.A., The Rice Institute,
1951. :

Davip CrarLes OakiLeEy (Physics and Mathematics). B.S., California Institute of Tech-
nology, 1950; M.S., 1952.

ALLEl\l;II éVES OSMSBEE (Aeronautics and Mathematics). B.S., University of Illinois, 1946;

S., 1949.

Donawp Rarpu PeTersEN (Chemistry and Physics). B.A., Lawrence College, 1951.

CornNELIUS JoHN Pings, JR. (Chemical Engineering, Chemistry and Mathematics). B.S.,
California Institute of Technology, 1951; M.S., 1952,

Robrico ALvARO RESTREPO (Mathematics and Physics). B.A., Lehigh University, 1951.

Bruce Josera Rocers (Plant Physiology and Bio-organic Chemistry). B.S.F., University
of California, 1949; M.S.F., 1950.

JouNn James Wimriam Rocers (Petrology and Geochemistry). B.S,, California Institute
of Technology, 1952; M.S., University of Minnesota, 1952.

Roy Monroe Sacus (Biology and Invertebrate Paleontology). B.S., Massachusetts Insti-
tute of Technology, 1951.

Frank Bover 3arisBury (Plant Physiology and Geochemistry). B.S., University of Utah,
1951; M.S., 1952.

Kazumiko Sato (Chemical Engineering and Chemistry). B.S., California Institute of
Technology, 1951; M.S., 1952.

AvFrep Dare ScarsroucH (Elecirical Engineering and Physics). B.S., California Institute
of Technology, 1945; M.S., 1947.

DororaY AnN SEMENOW (Chemistry and Biology). B.A., Mount Holyoke College, 1951.

SEpAT SERDENGECTI (Mechanical Engineering and Mathematics). B.S., Syracuse Uni-
versity, 1951; M.S., California Institute of Technology, 1952.

Leon TuHEODORE SiLviR (Structural Geology and Petrology and Geochemistry). B.S.,
University of Colorado, 1945; M.S., University of New Mexico, 1948.

GeorGE ToLmiE SKINNER (Aeronautics and Physics). B.S., University of St. Andrews,
1948; M.S., California Institute of Technology, 1949; AeE., 1951.

WiLLiaM GLeEnN Sry (Chemisiry and Physics). B.S., San Diego State College, 1951.
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GERALD SpE1sMAN (Physics and Mathematics). B.S., City College of New York, 1951.

Epwarp Arranam SterN (Physics and Mathematics). B.S., California Institute of Tech-
nology, 1951.

Joun CuARLES STEWART (Astronomy and Physics). B.S., University of the South, 1951;
Sc.M., Brown University, 1952.

Arnorp ApoLpH STrASSENBURG (Physics and Mathematics). B.S., Illinois Institute of
Technology, 1951; M.S., California Institute of Technology, 1953.

GEORGE WALTER SUTTON (Mechanical Engineering and Physics). B.M.E., Cornell Uni-
versity, 1952; M.S., California Institute of Technology, 1953.

GrorGce HEnry TriLring (Physics and Mathematics). B.S., California Institute of Tech-
nology, 1951.

Davip Ricuarp VicLiercuio (Bio-organic Chemistry and Plant Physiology). B.S., Cali-
fornia Institute of Technology, 1950.

Tueopore StraTrON WEBB, JR. (Physics and Mathematics). B.S., University of Okla-
homa, 1951.

TruMAN OWEN WoODRUFF (Physics and Mathematics). A.B., Harvard College, 1947;
B.A., Oxford University, 1950.

WiLLiaM VALE WRIGHT, JR. (Mechanical Engineering and Physics). B.S., California
Institute of Technology, 1951.

Hsun-T1ao Yane (Aeronautics and Mathematics). B.S., National Central University,
1946; M.S., University of Washington, 1950.

StaNLEY ArAN Zwick (Physics and Mathematics). B.S., California Institute of Tech-
nology, 1950.
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ENGINEER’S DEGREES

Aeronautical Engineer

Lawrence CLoyp Bavpwin, Lt., U.S.N., B.S., United States Naval Academy, 1945; B.S.,
United States Naval Postgraduate School, 1954.

Wirtiam Curtis BEntonN, Major, U.S.M.C., B.S., United States Naval Postgraduate
School, 1954.

CarL BmrpweLr, Jr., Lt., U.S.N., B.S., United States Naval Postgraduate School, 1954.

Roy StriBLiNe CornweLrL, Lt. Comdr., U.S.N., B.Ae.Eng., North Carolina State College,
1943; B.S., United States Naval Postgraduate School, 1954.

Tuomas Husron Crowg, Lt. USN., B.S., University of South Carolina, 1945; B.S,,
United States Naval Postgraduate School, 1954.

RoserT FrRaANKLIN Doss, Lti., US.N,, B.S., United States Naval Postgraduate School, 1954,

ALvin Lyone FeurmaN, Capt., U.S.AF.,, B.E., Vanderbilt University, 1947.

WestoN MorcaN Howarp, B.S., University of Washington, 1953.

Groret Tnomas James, Jr., Capt.,, US.AF., B.SM.E,, Purdue University, 1949.

Donarp Warter Kirey, Lt., U.S.N., B.S., United States Naval Postgraduate School, 1954.

Harorp CrciL Larsen, B.S., University of Utah, 1941; M.S., California Institute of Tech-
nology, 1946.

Roeert McCLELLAN, B.S., California Institute of Technology, 1948; M.S., 1949.

James Foster Rex, Lt., U.S.N., B.S., United States Naval Postgraduate School, 1954.

Peur Hararp Beneprctus ScmALIN, B.S., Finland Institute of Technology, 1946; M.S.,
California Institute of Technology, 1954.

Oscar Semman, B. Sc., Rutgers University, 1929; M. Se., 1931.

GEORGE STaLK, Capt., U.S.A.F., B.S., Purdue University, 1949.

Wicriam Jerrris WiLLiamson, B.S., California Institute of Technology, 1948; M.S., 1949.

Mechanical Engineer

Ray DeverLe BowerMAN, B.S., California Institute of Technology, 1951; M.S., 1952.
Ricuarp Wirson Frycare, B.S., University of Utah, 1949; M.S., California Institute of
Technology, 1953.
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Astronomy

WiLLiam GEARY MELBOURNE, A.B., University of California, 1954.
Ray Leon NEwsUrN, Jr., B.S., California Institute of Technology, 1954.

Biology
Tovoo Tomira, M.S., Tohoku University, 1952.

Chemistry
JamEes King, Jr., B.S., Morehouse College, 1953.

Chemical Engineering
Paur LincoLn ARMSTRONG, JR., B.S., California Institute of Technology, 1951.
Jimmie Ronvarp Bowpen, B.S., University of Kansas, 1949.
Ronaip TayrLor CarpweLL, B.S., California Institute of Technology, 1951.
ManukL Jestrs Crespo, B.S., California Institute of Technology, 1951.
Jean Garcin, Dipl. Eng., Ecole Centrale des Arts et Manufactures (Paris), 1954.
Rosiv Nezar Houwntiey, B.S., California Institute of Technology, 1954.
Davip Swarner Koons, B.S., California Institute of Technology, 1952.
Moises Levy, B.S., California Institute of Technology, 1952.
RoserT FrepERIcK MELDAU, B.S., University of California, 1950.
GorpoN Bruce Munnw, B.S., California Institute of Technology, 1954.
RoBerT GENE RINKER, B.S., Rose Polytechnic Institute, 1951.
GorpoN W. Wuiraker, B.S., Purdue University, 1951.
WARREN CArL Winpmawm, B.S., Lamar State College of Technology, 1954.

Geology

Liroyp Eart Best, Geoph. Eng., Colorado School of Mines, 1952.

DowxaLp G. Bryant, B.S., University of Arizona, 1954.

TromAs B. Howes, A.B., Knox College, 1943.

ArtaUR E. LEwis, B.S., St. Lawrence University, 1950.

Bruce Owen Novrr, B.A., State University of Iowa, 1954.

Bimarenou Raycmaupnuri, B.Sc., Calcutta University, 1948; M.Sc., 1951.
ArtHUR WiLrLiaM Rosg, B.S., Antioch College, 1953.

Davip McLean WiLson, B.S.E., Princeton University, 1953.

Donvarp UnpERkOFLER WISE, B.S., Franklin and Marshall College, 1953.

Geochemistry
Henry PuiLie Scawarcz, A.B., University of Chicago, 1952

Geophysics
Donarp JaMes MarsHALL, B.S., Massachusetts Institute of Technology, 1954.
CrirroN RicHArD Smira, B.S., California Institute of Technology, 1954.

Physics
ArtHUR H. MUur, Jr., B.A., Williams College, 1953.
Henry Ricaarp Myers, B.S., Massachusetts Institute of Technology, 1954.
Puiuir R. SneLcrovVE, B.S., Brigham Young University, 1953.
TerencE CuristorHER TERMAN, B.S., Stanford University, 1952.
Warter D. WaLes, B.A., Carleton College, 1954.
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Aeronautics

Davip Harrrs CampeierL, B.S., Queens University, 1954.

Luciano Cavarcanti, B.S., Rensselaer Polytechnic Institute, 1953.

BErNARD ANTOINE DARrieus, Ing. Civil de Ae., Ecole Nationale Superieure de PAeronau
tique, 1954.

ArviN LyoneE FEurMAN, Capt., U.S.A.F., B.E., Vanderbilt University, 1947.

TerreLL WALLAcE FristeL, B.S,, California Institute of Technology, 1954.

CuARLES Roserr Hamirton, Dipl. Ae., University of Bucharest, 1952,

Kerra Larsen Henrik, B.S., University of California, 1954.

ArtaUR CHARLEs Heymawn, B.AE., New York University, 1954.

Homer Harvey Howerr, Jr., B.S., U.S.AF. Institute of Technology, 1951.

Grorce TromAs James, Jr., Capt., U.S.AF., B.S., Purdue University, 1949.

Perer Barry Stuart Lissaman, B.S., Natal University of South Africa, 1951.

Roeerr MarTin PEDRAGLIA, B.S., California Institute of Technology, 1948.

SicMunp MArvIiN REDELSHEIMER, B.Ae.E., Alabama Polytechnic Institute, 1951.

Kennera WiLniam Rocers, B.S., University of Wyoming, 1950.

Georce Stark, Capt., US.AF., B.S., Purdue University, 1949.

Civil Engineering

Leranp Dean Anperson, B.S., California State Polytechnic College, 1954.

James MEeLvin Berr, B.S., Colorado Agricultural and Mechanical College, 1954.
Joserr Durcuer Bennert, B.S., University of Colorado 1954.

J. M. Rocer DE Wikst, C.E., University of Ghent, 1949.

Harry Avcusrus GrirriTH, Capt., U.S.A., B.S., United States Military Academy, 1949.
Hasamv Hussain Hamzawi, C.E., College of Engineering, Bagdad, 1951.

McGracuLiy HarcH, Lt. Col., US.A., B.S., United States Military Academy, 1943.
WiLLiam Epwaro Huser, Capt., U.S.A., B.S., United States Military Academy, 1949,
Dennis VErnoN Loneg, B.S., California Institute of Technology, 1949.

Roranp SeBa MiLLEr, B.S., California Institute of Technology, 1954.

WitLiam THORNTON MooORE, Capt., U.S.A., B.S., United States Military Academy, 1949.
Manver Morpew, B.S., California Institute of Technology, 1954.

WirLiam Appison Rank, Capt., U.S.A., B.S., United States Military Academy, 1949.
Manrey Eaton Rocers, Capt., US.A., B.S,, United States Military Academy, 1950.
Howarp LYNN STROHECKER, Capt., U.S.A., B.S., United States Military Academy, 1949.

Electrical Engineering

GaRrY DeLane Bovp, B.S., California Institute of Technology, 1954.

AvLAIN Briraes, Eng. Ecole Nationale Superieure des Télécommunications, 1954.
Vincenzo Maria Cestari, B.S., California Institute of Technology, 1955.
James Coratu Crosey, B.S., California Institute of Technology, 1954.
WaLTER Frank Eicawarp, B.S., University of Pennsylvania, 1954.

Rocer Morse Gorpen, B.S., California Institute of Technology, 1954.
NeLsoN NewcomB Horrman, B.S., Drexel Institute of Technology, 1954.
Hsunc-Cuene Hsiem, B.A., Dartmouth College, 1954.

Curtis CarL Jounson, B.S., California Institute of Technology, 1954.
WaLter Avorpn Jounson, B.E.E., The Cooper Union, 1954.

MacroBio Lim, B.S., University of the Philippines, 1950.

Ricearp PaiLir Matnison, B.S., Purdue University, 1952.

ARTHUR Epwarp MiLLer, Jr., B.S., California Institute of Technology, 1954.
WiLLiam RoBerr MoreLanp, B.S., Illinois Institute of Technology, 1954.
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Ricuarp Francis Oxapa, B.S., Drexel Institute of Technology, 1954,

Rosert Kerra PeTERsoN, B.S., University of Colorado, 1951.

PriLip Davis Porter, B.S., California Institute of Technelogy, 1954.

Wirrarp Van Tuyr Rusch, B.S.E., Princeton University, 1954.

TakEesHI Sato, B.S., California Institute of Technology, 1954.

Jerry Leon Stuart, B.S., University of Tulsa, 1953.

ArLvin WiLLiam Triverpiece, B.S., California State Polytechnic College, 1953.
THEODORE VAN DErR WAETEREN, E.M.Eng., University of Louvain (Belgium), 1954.

Mechanical Engineering

Gunnar Erik Broman, Cert., Royal Institute of Technology (Sweden), 1949.
DanieL Josepu Corrins, B.A., Lehigh University, 1954,

ALLeN Evucene Fums, B.S., University of New Mexico, 1951.

Rorert OREN Gosk, B.S., University of Wyoming, 1947.

Ricuarp Erpon Hypk, B.S., California Institute of Technology, 1954.
Joran Tromas Lroyp, B.S., California Institute of Technology, 1954.
Recis EarL Neuman, B.S., Carnegie Institute of Technology, 1951.
Joun StanLey Niewieroski, B.S., University of Connecticut, 1954.
Jerry ALAN ORR, B.S., University of Miami, 1954.

Rosert ViparL Racsac, B.S., San Jose State College, 1954.

HerserT Scawartz, BM.E., New York University, 1949.

Rosert Louts SmitH, B.S., California Institute of Technology, 1954.
StepHEN Louts Stamwm, B.S., University of Pennsylvania, 1954.
SALvATORE PHiLip Sutera, B.E., Johns Hopkins University, 1954.
SimoN Tamny, B.S., California Institute of Technology, 1954.
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Joun PHiLe ANDELIN, Jr., Physics, Academic Honor, Honor Key.
MEervYN Lee BArRMAN, Physics.

ALFRED ANGEL Barrios, Applied Chemistry.

GiLBERT LAWRENCE BEEBOWER, Applied Chemistry.

WiLriam Arvorb Bere, JR., Physics.

Epwarp MicuakrL BoucHTON, JR., Physics, Academic Honor, Honor Key.
Cart O. Bowin, Geology.

CHARLES Jacoe Brokaw, Biology, Academic Honor.

CuaroN Lucius CARNAHAN, Chemistry, Academic Honor.

Davip Lester CrRowTHER, Physics, Academic Honor.

Ernest AaroN DERNBURe, Biology.

Joun Jacoe Domingo, Physics, Academic Honor.

ErRNEST DZENDOLET, Biology.

Lewrs. Francis ELLMORE, Physics.

Eveene EnceLs, JR., Physics, Academic Honor.

Georce EpsTEIN, Mathematics.

Puivip Josepu FerweLL, Physics.

Bern Donarp FoLkmaN, Applied Chemistry.

Harvey S. Frey, Physics.

Horace Wataru Furumoro, Physics.

Gary S. GayroN, Physics, Academic Honor.

Jay ArtHUR GrAsEL, Chemistry, Academic Honor.

STANLEY LAWRENCE GrotcH, Applied Chemistry, Academic Honor.
WaLter Haencer, Geology.

WirLiam Ruseck HAcEMEIER, Physics.
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JouN LeoNarp Honsaker, Physics, Academic Honor.
Conrap HousLEy, Geology.

RiceARD MiLtoN JaLl, Physics.

MariON ALAN JoncicH, Physics, Academic Honor.

ALBERT JoHN LiEBER, Physics.

WiLrLiam BRECKENRIDGE LinpLeY, Physics, Academic Honor.
OresTE WoODBURY LoMBARDL, Geochemistry.

StaNLEY LAWRENCE MaNATT, Chemistry, Academic Honor.
VINCENT ANTHONY MARINKOVICH, Physics, Honor Key.
FrebErick MARTIN, Physics.

TueovorRE KERNER Martues, Mathematics, Academic Honor.
Epwin James MEacuAM, Chemistry.

RoBert Francis MEADE, Geology.

WaLTer Ricuarp MENETIREY, Physics, Academic Honor.
Joun Jay MEerriLL, Physics, Academic Honor, Honor Key.
F. Curris MicuEL, Physics, Academic Honor.

Raver Fravey Mices, Jr., Physics, Academic Honor.
Marco RoLanp NEGRETE, Physics, Academic Honor.

Ricuarp LEroy NIELSEN,; Geology.

Tuomas Wyart NooNAN, Physics, Academic Honor.
Henprick HUNTER PAALMAN, Applied Chemistry, Academic Honor.
Roy WiLMER Pavt, Jr., Mathematics.

Ricuarp Joun Piccorini, Chemistry, Academic Honor.
Ricuarp Braprey REeap, Physics, Academic Honor,

DonaLrp Bruck Rorerts, Physics, Academic Honor, Honor Key.
Jack WiLsur RoccHuio, Physics.

CHARLES SPENCER StT. CLAIR, Geology.

BernNarDp PAvuL Scuwerrzer, Physics, Honor Key.

EpwiN BurT SEIDMAN, Chemistry.

SaMuEL JoHN Sims, Geology.

DonaLp JaMEes TAYLOR, Physics.

Taomas TriLLiNe, Physics.

James StePHEN TYLER, Applied Chemistry.

DonarLp ArRTHUR VOGEL, Biology.

MarTin Vockr, Chemistry, Academic Honor.

RicuarD FRANKLIN WEBBER, Physics, Academic Honor.
Joux Davip WEisNER, Physics.

Joun Harmon WoLrE, Mathematics.

Arva Fummmko Yawno, Physics.

KenNeTH Z1IEDMAN, Physics.
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James LowseLL Avawms, Mechanical Engineering, Academic Honor, Honor Key.
Joun EpwiN AMES, JR., Mechanical Engineering, Aeronautics.

Francesco GALLATIN Beur, Mechanical Engineering, Honor Key.

WaLter D. Biccers, Mechanical Engineering.

DeLANO ALEXANDER BROUILLETTE, Electrical Engineering, Academic Hono:
Joun ArtHUR BrYANT, Mechanical Engineering.

Joun Danier Busu, Mechanical Engineering.

Vincenzo Maria Cestari, Electrical Engineering.

WiLLiam HaroLp CuaMBERs, JR., Mechanical Engineering.

Roeerr DaLe CHrisTiAN, Mechanical Engineering.

RonaLp Rosert CocurAN, Mechanical Engineering.

Joun WirLiam ConNversk, Mechanical Engineering.

PauL WiLLiam CRAMER, JR., Electrical Engineering.

LAwreNcE S. CrANE, Electrical Engineering.

Wirriam James CreicHTON, Mechanical Engineering, Academic Honor.
Benyamin Epcar CumMings, Aeronautics, Academic Honor.

RonaLp WAYNE DanNkLEFs, Mechanical Engineering.

EuceNe HunTER DRYDEN, Electrical Engineering, Academic Honor.

ALFRED MYNDERSE GOLDMAN, JR., Aeronautics.

Josepu Ernest GraercH, Mechanical Engineering.

Raymonp GEeOrGE GRIEseR, Elecirical Engineering, Honor Key.

Danier J. GriFrIN, JR., Electrical Engineering.

WirLiam Bruce HaiGLER, Mechanical Engineering.

Lecuaron D. Hanon, Jr., Mechanical Engineering.

PauL Leroy Harrisow, Electrical Engineering.

Aran Lee HeLcessoN, Electrical Engineering, Academic Honor, Honor Key.
GeraLp Eucene HoorEr, Electrical Engineering.

CARL WESLEY JoHNsoN, Electrical Engineering.

Louts Urs Kicuenman, Electrical Engineering.

HaroLp RoBertT KRAMER, Electrical Engineering.

RoceEr Epwin Lacerquist, Mechanical Engineering.

WitLiam Frank Larson, Mechanical Engineering.

Hucu GarsoN Lenky, Electrical Engineering, Academic Honor.

James Perris LEwrs, Mechanical Engineering, Honor Key.

GERALD ZeE LiPPEY, Aeronautics, Academic Honor.

GEORGE EVERETTE MADSEN, Civil Engineering, Academic Honor, Honor Key.
RicuArp AppisoN MANLEY, Mechanical Engineering.

Frank Raymonp MastroLY, JR., Mechanical Engineering.

James McCroup, Mechanical Engineering.

Georce Hopart McDonNALD, JR., Civil Engineering, Academic Honor, Honor Key.
CuaRrLEs NEAL McKinnoN, Jr., deronautics.

Mires AusiN NEsmAN, Aeronautics.

ALBerT Lovp Nicuors, JrR., Mechanical Engineering.
EarL VErN NocLE, Electrical Engineering.
STANLEY Frasir ParkirL, Mechanical Engineering.
Ruporru Caru Parzi, Electrical Engineering.
RoBert VERNON PoweLL, Electrical Engineering.
JamEes GorooN RoBins, Electrical Engineering.
JerroLD ALLEN Rovce, Civil Engineering.
Ricuarp R. Scumip, Civil Engineering.

CHARLES PAuL SHUMATE, Mechanical Engineering.
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Robney WiLLiam SuppLe, Mechanical Engineering, Honor Key.
TuoMAs Grorece Taussic, Electrical Engineering.

AvaN J. Teacug, Mechanical Engineering.

James PuiLie WapE, Electrical Engineering.

Ricuarp Nierer WAGENSELLER, Mechanical Engineering, Honor Key.
Van Ian WaLkiLEY, Civil Engineering.

FrRANK BLAKSLEE WALLACE, JR., Mechanical Engineering, Honor Key.
PauL Kene Cuiex Wane, Electrical Engineering, Academic Honor.
Donawp E. WeLcH, Mechanical Engineering.

Wavrrer LeE WHiRRY, Electrical Engineering, Academic Honor.
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CANDIDATES FOR COMMISSIONS UNITED STATES AIR FORCE
RESERVE OFFICERS TRAINING CORPS

James L. Apams Rocer E. LAGERQUIST
GILBERT L. BEEBOWER Hueu G. LENEY

WiLLiaM A. Bere, Jr. GERALD Z. LipPEY

Epwarp M. BoucHTON, JR. RicHarp A. MANLEY
WiLLiam H. CHAMBERS, JR. GEeorce H. McDonaLp, Jr.
RoBEerT D. CHRISTIAN CuarLes N. McKINNON, JR.
Benyamin E. CumMiNgs Jonn J. MERRILL

EuGENE H. DRYDEN F. Curtis MICHEL

EucENE ENGELS, JR. Ravrra F. MiLES, Jr.
PurLip J. FERRELL MiLes A. NESMAN
Horace W. Furumoro Ricuarp B. REap

JAY A. GLASEL Donarp B. RoBerTs
ALFRED M. GoLDMAN, Jr. James G. RosIns

JoserH E. GRAETCH Jack W. Roccuio

Paur L. HARrISON Downarp J. TAYLOR

Joun L. HONSAKER MARTIN VOGEL

GEeraALD E. HooPER Van I. WALKLEY

Ricuarp F. WEBBER



HONORS AND AWARDS

HONOR STANDING

The undergraduate students listed below have been awarded honor standing for the
current year, on the basis of the excellence of their academic records for the year 1954-55:

Bere, H. C.
Berceman, T. H.
Brack, Jr, M. W.
Boneex, C. A,
Braprorp, R. E.
CHarrLE, W. M.
DiLorero, A. G.
EiseLen, E. T,

ALLEN, D. A.
Anperson, C, H.
BarsTon, E. M.
Branpow, B. H.

Class of 1956

FrETWELL, JR., L. J. PEtERS, R. B.
GOLDENBERG, H. M. Rockey, R. J.
Haung, G. E. Rocers, J. D.
HEeRrsHBERGER, E. E. SmacrL, Jr., H. W.
KaLwm, A. SpPENCE, W. N.
McCung, D. C. WEeEYMANN, R. J.
McHorney, P. E. Youne, J. E.
OrBacH, R. L.

Class of 1957
Kraz, G. Raucs, H. E.
LUBLINER, J. RicHERT, A.'S.
MarsuaLr, J. H. Rumsey, Jr., H. C.
Moorg, R. T. SpecuT, Jr.,, W, A:

Brust, D. MoreTTI, P. M. Tancora, M. C.
HunbpLEY, R. O. PETERSEN, W. A. TroMAS, J. R.
Joroow, P. C. H, Rararorr, S. A. WiLpey, R. L.
Class of 1958
Avrping, F, A. Kern, W. M. Ruscu, M, R,
Byres, D. G. KiemenT, Jr., W. Stong, C. J.
CowLey, R. T. Konrap, M. W, Srturcis, H. E.
Fineman, J. C. Leeson, D. B. Ta1EBAUX, M. L.
GUNckKEL, I1, T. L. Minning, P.C. Wacener, W. G.
HarrincTon, T. M. NeviLeg, R. C. ZEILENGA, J. H.
Horrzman, S. F, OgrzeL, G. N.

ConNGER PrAcE PRrizeE ORATION
First Prize: DonaLp F. MEYER
Second Prize: Rosert K. TUCKER

Mary A. EarLE McKiINNEY PRrIZE IN ENGLISH
First Prize: ALan PoisNEr
Second Prize: JoY GLASEL
Third Prize: PETER GOTTLIEB

Freperic W. Hinricus, Jr.,, MEMORIAL, AWARD
Ropney W. SupPLE

TaoMas HUNT MorRcAN MEMORIAL AWARD
Epwin J. FuRsuPAN

SIGMA XI AWARD

DoucLAs APPLEQUIST
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