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BACHELOR OF ARTS OR BACHELOR OF SCIENCE

The degree of Bachelor of Arts (A.B.) or the degree of Bachelor of Science

(B.S.) is conferred upon candidates recommended by the Committee on Graduation

who, in addition to fulfilling the following requirements, have applied in

advance for graduation:

1. The completion of 180 (quarter) units of university work, including the

General Studies Requirements.

2. The acquisition of twice as many grade points as there are units registered

on the candidate's record card.

3. The completion of the curriculum requirements as prescribed by a major

department. The recommendation of that department is necessary to graduation.

Candidates who fulfill these requirements in the School of Engineering,

Nursing, or Mineral Sciences, or Departments of Chemistry and Chemical Engineering,

Mathematics, Physical Sciences, Physics, Physiology, or Statistics

receive the degree of Bachelor of Science; candidates who fulfill these requirements

in other schools or departments receive the degree of Bachelor of Arts.
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Next is from the 1955 version of  Courses and Degrees, a separate publication from the Stanford University Bulletin

.
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MATHEMATICS

WILLIAM ALBERT MANNING, GEORGE POLYA, Professors Emeriti

MENAHEM M. SCHIFFER, HAROLD MAILE BACON, STEFAN BERGMAN, ALBERT

HOSMER BOWKER, CHARLES LOEWNER, MAX SHIFFMAN, GABOR

SZEGO, Professors .

PAUL R. GARABEDIAN, JOHN G. HERRIOT, HALSEY L. ROYDEN, Associate

Professors

HAROLD LEVINE, Visiting Associate Professor

PAUL W. BERG, GORDON E. LATTA, Assistant Professors

MARY VIRGINIA SUNSERI, Acting Assistant Professor

Courses Primarily for Lower Division Students.—These consist of introductory

courses in analytic geometry, and differential and integral calculus.

Students intending to graduate with mathematics as their major subject

are required to take Courses 10,11, 21, 22,23, and 24 (or Courses 41, 42, 43, and

24). These courses should be taken while students are in the Lower Division,

preferably during the first year. Such students are advised to begin or continue

the study of French or German in the first year.

Courses 10, 11, 21, 22, 23, and 24, or Courses 41, 42, 43, and 24 are provided

also for students in other departments who need or desire mathematics

above the level of secondary school work.
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Students electing either one of the series of calculus courses (10, 11, 21,

22, 23, 24), (41, 42, 43, 24) are expected to complete the work in that series.

Changes from one series to another are permitted only by special arrangement.

Honors sequences in Lower Division Mathematics: Mathematics 52, 53,

and 54 will be an honors course in calculus for students intending to major

in the physical sciences. These courses will cover the material contained in

Mathematics 42, 43, and 24, but students who take this sequence will need to

spend less time on drill, and consequently it will be possible to explore some

of the interesting implications of calculus in science, engineering, and mathematics.

Prerequisites: Mathematics 41 and the consent of the instructor.

Mathematics 62, 63, and 64 is a calculus sequence intended for students

who are not majoring in one of the physical sciences. Roughly parallel to

Mathematics 42 and 43, Mathematics 62 and 63 with their emphasis on concepts

will be suitable for a general education honors program. Mathematics 64

corresponds to Mathematics 24 with particular attention to topics needed for

economics and statistics. This sequence is designed to provide the social

scientist with a background for advanced mathematics and statistics courses.

Prerequisites: Philosophy 1 and the consent of the instructor.

Requirements for Degrees.—For the general University requirements for

the various degrees see the Information Bulletin. Candidates with a major

in mathematics must also meet the departmental requirements listed below.

Graduation.—Candidates for graduation with mathematics as their major

subject must, in addition to the requirements for Lower Division students listed

above, take one quarter of Advanced Calculus (100), two quarters of Algebra

(114, 120), two quarters of Differential Equations (130, 131), two quarters of

Fundamental Concepts of Analysis (115, 116), one quarter of Vector Analysis

(113), one quarter of Higher Geometry (142), and in addition enough courses

selected from groups II or III to make a total of 36 units of credit in this group.

By special permission, the student may substitute Functions of a Complex

Variable (106) for (113), and Differential Geometry (143a)_for (142). Students

must have completed either the French or German Lower Division requirement.

Advanced Degrees.—Candidates for the degree of Master of Science in

mathematics will be expected to complete, in addition to the requirements for

the Bachelor's degree, the equivalent of 36 units of work in the University, of

which 30 must be in this department. This work shall include a thesis and

Mathematics 190. Candidates are expected to have a reading knowledge of

French and German sufficient to read mathematical papers in these languages.

In order for a student to be admitted to candidacy for the Ph.D. degree, he

must have successfully completed Mathematics 121,190, 205a, b, and 206o, b, together

with 24 additional units of graduate courses (i.e., courses numbered 200

and above), and must have demonstrated the ability to read French or German.

In addition, he must pass an oral examination given by the department.

In addition to the requirements for candidacy, the student must complete

an approved program of study including a minimum of 30 units of graduate

courses, pass his second language examination and the University oral examination,

and submit a dissertation acceptable to the department and the University

Committee on Graduate Study. A student must receive a grade of B or better

in a course in order for that course to satisfy the requirements for the Ph.D.

degree.

For further information concerning degree programs, requirements for a

Ph.D. minor in mathematics, fellowships and assistantships, inquire of the department

secretary.

The Teacher's Recommendation.—The requirements for a teaching major

in mathematics for the General Secondary Credential are: Courses 10, 11, 21,

222 HUMANITIES AND SCIENCES

22, 23, 24 (or 41, 42, 43, 24) together with 21 units selected from Group II,

and in addition, 15 units selected from Group II or in courses in other departments

requiring extensive application of mathematics. The requirements for a

teaching minor in mathematics are Courses 10, 11, 21, 22, 23, 24 (or 41, 42, 43,

24) together with 9 units selected from Group II, and in addition, 3 units selected

from Group II or in courses in other departments requiring extensive application

of mathematics. In order to receive the recommendation of the department

for a teaching major or a teaching minor, the candidate is expected to have

an average grade of B in these required courses. If work in Mathematics has

been taken at another institution, it is expected that at least one Upper Division

or Graduate course will be taken in the department. Attention is called

to Courses 110, 111, and 129 as particularly appropriate to these programs.

I. COURSES PRIMARILY FOR LOWER DIVISION STUDENTS

[NOTE.—The courses in this group will be offered only if ten or more students enroll.]

A. Algebra.—Fundamental laws: negative and fractional power; quadratic

equations, curve plotting, logarithms, the binomial theorem, complex numbers.

3 units, autumn, 'winter, and *spring quarters ( ) MTWThF 2, 10

C. Plane Trigonometry.—Trigonometric functions; identities and equations;

solution of right triangles and oblique triangles including the use of logarithms;

applications to practical problems; De Moivre's theorem. Continuation in this

course depends upon the student's passing a placement examination given during

the first week of the course and covering algebra.

3 units, autumn, 'winter, and 'spring quarters (— ) MTWThF 2, 10

10. Analytic Geometry and Calculus. — Geometry of the straight line;

function; limit; continuity; derivative, slope of a curve; differentiation of

algebraic functions; maximum, minimum, inflection points; simple curve tracing.

Continuation in this course depends upon the student's passing a placement

examination given during the first week of the course and covering algebra and

plane trigonometry. Prerequisites: Algebra and Plane Trigonometrv.

3 units, autumn, 'winter, and 'spring quarters (— ) (autumn) MWF 8. 10, 1, 2

(winter) MWF 10. 1.2

(spring) MWF 2

11. Analytic Geometry and Calculus.—Continuation of Course 10. Locus;

translation and rotation of axes; conies; tangent and normal parametric representation.

3 units, autumn.'winter, and'spring quarters (— ) (autumn) TTbS 8

(winter) MWF 8, 10, 1,2

(spring) MWF 10, 1,2

21. Analytic Geometry and Calculus.—Continuation of Course 11. Applied

maxima and minima; rates; differentiation of trigonometric, inverse trigonometric,

logarithmic, exponential, and hyperbolic functions; differentials; curvature

; motion; polar co-ordinates.

3 units, autumn, 'winter, and 'spring quarters ( ) (autumn) TThS 8; MWF 3

(winter) TThS 10

(spring) MWF 8, 10, 1,2

-22. Analytic Geometry and Calculus. — Continuation of Course 21.

Theorem of the Mean; indeterminate forms; Taylor's Theorem; formal integration

; definite integral; areas.

3 units, autumn, 'winter, and 'spring quarters ( ) .

(autumn) MWF 8, 12, 1; TThS 10

(winter) TThS 8; MWF 3

(spring) TThS 10

23. Analytic Geometry and Calculus.—Continuation of Course 22. Analytic

Geometry of space; application of the definite integral to finding volumes, arc
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length, mean value, work, centroid, fluid pressure, moment of inertia; partial

derivatives.

3 units, autumn, *winter, and *spring quarters ( ) (autumn) TThS 10

(winter) MWF 8; TThS 10, 1, 3

(spring) TThS 8; MWF 3

24. Analytic Geometry and Calculus.—Continuation of Course 23. Partial

derivatives; multiple integrals; infinite series; expansion of functions in power

series; introduction to differential equations.

3 uni!s, autumn and *spring quarters ( ) (autumn) MWF 8

(spring) MWF 8, 12

41. Analytic Geometry and Calculus.—Courses 41, 42, and 43 together

cover the same subjects as Courses 10, 11, 21, 22, and 23. The requirements for

admission to Course 41 are the same as for Course 10.

5 units, autumn and *winter quarters (BACON) MTWThF 9

42. Analytic Geometry and Calculus.—Continuation of Course 41.

S units, winter and *spring quarters (BACON) MTWThF 9

43. Analytic Geometry and Calculus.—Continuation of Course 42. The

student will complete the Analytic Geometry and Calculus sequence by taking

Course 24 after 43.

5 units, autumn and *spring quarters ( ) MTWThF 9

52. Calculus.—Honors version of Course 42 for students who intend to major

in one of the physical sciences. Prerequisites: Mathematics 41, and consent of

the instructor.

5 units, winter quarter ( ) MTWThF 9

53. Calculus.—Honors version of Course 43.

5 units, spring quarter ( ) MTWThF 9

54. Calculus.—Honors version of Course 24.

3 units, autumn quarter (SCHIFFER) MWF 9

62. Calculus.—Honors course for students who do not intend to major in one

of the physical sciences. Topics considered: Functions, limit, continuity; differential

calculus. Prerequisites: Philosophy 1, and consent of the instructor.

5 units, winter quarter (McNAUGHTON) , MTWThF 1

63. Calculus.—Continuation of Course 62. Definite and indefinite integrals,

integration of standard form.

5 units, spring quarter (MCNA.UGHTON) MTWThF 1

64. Calculus.—Continuation of Course 63. Partial derivatives, multiple integrals,

constrained maxima and minima.

3 units, autumn quarter [Not given in 1955—56]

II. COURSES PRIMARILY FOR UPPER DIVISION AND GRADUATE

STUDENTS

[NOTE.—The courses in this group presuppose a knowledge of Calculus.]

100. Advanced Calculus.—Topics in the study of functions of several variables,

including partial differentiation, Taylor's series, maxima and minima

with side conditions, Jacobians, implicit function theorem, Lagrange multipliers,

transformation of multiple integrals, surface-integrals, Gamma function, elliptic

integrals.

3 units, autumn quarter (SZEGO) MWF 1

106. Introduction to Functions of a Complex Variable.—Complex numbers,

analytic functions, Cauchy-Riemann equations, complex integration, and

the Cauchy formula; elementary conformal mappings.

3 units, autumn quarter (LATTA) MWF 4

110. Selected Topics from Elementary Geometry.—Special emphasis on

methods of solution and presentation. Recommended for teaching certificate.

3 units, winter quarter (BACON) [Not given in 1955-56]
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111. Mathematical Methods in Science.—Setting up scientific and technical

problems in mathematical terms; differential equations. Use of physical suggestions

in solving mathematical problems. Recommended for teaching certificate

in mathematics and science.

3 units, winter quarter (SCHIFFER) [Not given in 1955-56]

113. Vector Analysis.—Vector algebra and calculus, vector fields, Stokes'

theorem, divergence theorem, curvilinear co-ordinates, applications to potential

theory and mathematical physics.

3 units, winter quarter ( ) TThS 11

114. Matrix Theory.—Linear transformations and matrices; operations on

matrices; characteristic roots and vectors. Quadratic forms, canonical representations.

Applications.

3 units, autumn quarter (LATTA) MWF 1

115. Fundamental Concepts of Analysis. — Rigorous treatment of sucb

topics as real numbers, limits, function, continuity, differentiability, integral,

infinite series, and other infinite processes for students who have had elementary

calculus. The course is especially recommended for students who intend to

maj or in mathematics or to work for advanced degrees.

3 units, winter quarter (ROYDEN) MWF 10

116. Fundamental Concepts of Analysis. — Continuation of Course 115.

3 units, spring quarter (ROYDEN) MWF 10

120. Modern Algebra.—Integral domains and fields; polynomials; divisibility

theory. Introduction of real and complex numbers; solution of cubic and

quartic equations. Group theory. Prerequisite: Mathematics 114.

3 units, winter quarter (LATTA) MWF 1

121. Modern Algebra.—Continuation of Course 120. Extended discussion

of rings, ideals, and fields. Applications to algebraic number theory.

3 units, spring quarter (LATTA) MWF 1

123. Theory of Probability.—Concept of probability; the theorems of total

and compound probabilities. Concepts of random variable, expected value,

variance and covariance; corresponding rules. Continuous probability .distributions,

concept of density of probability. Binomial distribution and its limiting

cases; normal distribution and Poisson distribution. Outline of general limit

theorem. Stress is laid on intuitive and practical illustrations from various

domains. (Same as Economics 270, and Statistics 116.)

4 units, autumn quarter (CHERNOFF) MTWF 9

129. Elementary Mathematics and the Higher Point of View.—Special

emphasis on methodical and historical points, and ideas of broader scientific

interest. Recommended for teaching certificate.

3 units, summer quarter ( ) [In alternate years; not given in 1955—56]

130. Ordinary Differential Equations.—Special equations, exact equations,

linear equations; series solutions, numerical solution; Laplace transform and

operational methods. Courses 130, 131. and 132 form a sequence.

3 units, autumn quarter (BERG, SHIFFMAN) MWF 8, 11

3 units, *winter quarter (BACON) MWF 8

131. Partial Differential Equations I.—Boundary value problems for the

wave and heat equations; separation of variables, Fourier series, Bessel func-

. tions.

3 units, winter quarter (BERG, SHIFFMAN) MWF 8, 11

132. Partial Differential Equations II.—Boundary value problems for

Laplace's equation; Legendre polynomials, spherical harmonics, Poisson integral

formula, Green's functions.

3 units, spring quarter (BERG, SHIFFMAN) MWF 8, 11

137. Numerical Methods.—Numerical solution of algebraic transcendental

equations and systems of equations, interpolation, finite differences, numerical
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integration, numerical solution of differential equations, least squares. Prerequisite

: Mathematics 24 or equivalent.

3 units, autumn quarter (HERRIOT) MWF 11

138. Numerical Methods.—Continuation of Course 137.

3 units, winter quarter (HERRIOT) MWF 11

139. Theory and Operation of Computing Machines.—Study of modern

computing machines of intermediate complexity, particularly punched card

machines. Programing of typical problems from statistics and the natural

sciences.

3 units, spring quarter (HERRIOT) MWF 11

142. Higher Geometry.—Homogeneous and projectiye co-ordinates with

applications; projective correspondence in forms of one dimension; involution;

projective correspondence in forms of two dimensions; collineations and their

classification; correlation and polarity; projective, affine, and metric properties

of conies.

3 units, spring quarter (LOEWNER) MWF 11

143a. Differential Geometry.—The theory of space curves and surfaces;

Gauss curvature, intrinsic invariants, geodesies.

3 units, autumn quarter (LOEWNER) TTh 10 (and one hour by arrangement)

[In alternate years; not given in 1955-56]

143b. Differential Geometry. — Continuation of Course 143a. Selected

topics, including foundations of Riemannian geometry.

3 units, winter quarter (LOEWNER) TTh 10 (and one hour by arrangement)

[In alternate years; not given in 1955-56]

152a. Elementary Theory of Numbers.—Euclid's algorithm and the fundamental

theorems on divisibility; prime numbers; congruence of numbers;

theorems of Fermat, Euler, and Wilson; congruence of the first and higher

degrees; Lagrange's theorem and its applications; residues of power; quadratic

residues; introduction to the theory of binary quadratic forms.

3 units, autumn quarter (SZEGO) MWF 3

[In alternate years; given in 1955—56]

152b. Elementary Theory of Numbers.—Continuation of Course 152a.

3 units, winter quarter (SZEGO) MWF 3

[In alternate years; given in 1955—56]

157. Non-Euclidean Geometry.—A study of hyperbolic and elliptic plane

geometry and trigonometry.

3 units, autumn quarter (BACON) MWF 8

[In alternate years; given in 1955-56]

170. Elementary Tensor Calculus.—Fundamental operations; covariants;

contravariants. Some applications of the Ricci calculus to mathematical physics.

Prerequisite: Mathematics 113.

3 units, spring quarter ( ) [In alternate years; not given in 1955-56]

190. Proseminar.—The objective of the proseminar is to give candidates for

the M.S. and Ph.D. degrees a first introduction into independent study and

research. The work in the proseminar consists of solving problems from various

branches of mathematics which are not of routine type, but which do not require

a broad knowledge of the subject. The students are further introduced

into reading and presenting research papers of a more elementary character.

The proseminar is a prerequisite for the M.S. degree and the University oral

examination required for the Ph.D. It is expected to be taken during the senior

year of undergraduate study or by new graduate students during the first quarter

of graduate study. Mathematics 190 may be repeated for credit.

3 units, autumn and spring quarters (STAFF) MW 4-5:30

III. COURSES PRIMARILY FOR GRADUATE STUDENTS

200a, b. Advanced Course in Ordinary Differential Equations.—Fundamental

existence theorems; successive approximations, Cauchy-Lipschitz
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method, power series solutions in the complex domain; zeros and singularities;

asymptotic behavior and stability; Sturm-Liouville problems.

3 units, autumn quarter (LATTA) MWF 2

[In alternate years; not given in 1955-56]

201. Calculus of Variations.—Maxima and minima of integrals, Euler-

Lagrange equation, applications to geometry and mechanics; second variation,

sufficient conditions.

3 units, spring quarter (SzEGo) MWF 2

203. Potential Theory.—Single and double layer potentials; first and second

boundary value problems; selected topics from subharmpnic functions,

Fredholm integral equation, Dirichlet's principle, domain functions.

3 units, autumn quarter (GARABEDIAN) ' MWF 2

[In alternate years; given in 1955—56]

204a. Integral Equations.—Neumann series, Fredholm theory with applications

; Volterra equation; resolvent kernel; symmetric kernels, eigenfunctions

and eigenvalues, series developments in eigenfunctions, with application to the

theory of vibration; singular kernels, non-linear equations.

3 units, winter quarter (SCHIFFER) TTh 11-12:15

[In alternate years; given in 1955-56]

204b. Integral Equations.—Continuation of Course 204a.

3 units, spring quarter (SCHIFFER) TTh 11—12:15

[In alternate years; given in 1955—56]

205a. Theory of Functions of a Real Variable.—Properties of point sets,

Lebesgue measure, Lebesgue and Stieltjes integrals, function of bounded variation,

absolute continuity. Prerequisite: Mathematics 116.

3 units, autumn quarter (LOEWNER) MWF 9

205b. Theory of Functions of a Real Variable.—Point set theory; metric

spaces and Banach spaces, convergence in the mean; linear functionals.

3 units, winter quarter (LOEWNER) MWF 9

205c. Theory of Functions of a Real Variable.—Advanced theories of

measure and integration.

.3 units, spring quarter (LOEWNER) MWF 9

206a. Theory of Functions of a Complex Variable.—Calculus of residues,

power series, analytic continuation, conformal mapping. Prerequisite: Mathematics

106.

3 units, winter quarter (Szsco) MWF 4

206b. Theo.ry of Functions of a Complex Variable. — Continuation of

Course 206a.

3 units, spring quarter (SZEGO) MWF 4

207. Fourier Series.—Convergence of Fourier series: Cesaro and Abel summation

; Riesz-Fischer theorem. Prerequisite: Mathematics 205o.

3 units, winter quarter (HERRIOT) MWF 1

[In alternate years; given in 1955-56]

208a. Topology .—Fundamental notion of point set and combinatorial topology

: homology theory of complexes and compact spaces; applications and connections

with analysis; degree of a mapping, fixed points, critical points.

3 units, autumn quarter (SHIFFMAN) _ MWF 10

[In alternate years; given in 1955—56]

208b. Topology.—Continuation of Coursje 208a.

3 units, winter quarter (SHIFFMAN) MWF 10

[In alternate years; given in 1955—56]

209a, b, c. Advanced Partial Differential Equations.—Classification of

partial differential equations according to type; characteristics, successive approximations

and Riemann method for hyperbolic equations, parabolic equations

; fundamental solutions, Green's functions, maximum principle and Dirichlet

problem for elliptic equations.

3 units, autumn, winter, and spring quarters (GARABE.DIA-N) MWF 1

[In alternate years; not given in 1955—56]
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210. Galois Theory.—Field extensions and Galois groups, Jordan decomposition

and solvability, the symmetric group and the insolvability of the quintic

by radicals. Prerequisite: Mathematics 121.

3 units, spring quarter (SCHIFFER) [In alternate years; not given in 1955-56]

211. Theory of Sets.—(Enroll in Philosophy 211.)

3 units, autumn quarter (McNAUGHTON) MWF 12

212. Seminar.—Introduction to the study of modern literature, with discussions

and presentations by the members of the class. The seminar is primarily

for students who are working for advanced degrees.

2 units, autumn, winter, and spring quarters [Given every year]

213. Mathematical Logic.—(Enroll in Philosophy 201.)

3 units (McNAUGHTON) [Not given in 1955-56]

247. Calculus of Variations in the Large.—Stationary points, curves, or

surfaces for functions or variatipnal problems. Their classification by type

numbers, and their count. Applications to> geodesies and minimal surfaces,

and connections with topology.

3 units, spring quarter (SHIFTMAN) MWF 10

251. Geometric Function Theory.

3 units By arrangement

252a, b, c. Orthogonal Polynomials.

3 units, autumn, winter, and spring quarters (SzEGo) [Not given in 1955—56]

253. Spectral Theory.

3 units By arrangement

254a, b. Continuous Groups.

3 units, autumn and winter quarters (LOEWNER) [Not given in 1955-56]

255. Analytic Theory of Numbers.

3 units By arrangement

256. Asymptotic Expansions.

3 units * By arrangement

257. Advanced Topics in Calculus of Variations.

3 units By arrangement

258. Theory of Games.

3 units By arrangement

259. Seminar in Hydrodynamics and Partial Differential Equations.

3 units, autumn quarter (BERGMAN) By arrangement

260. Advanced Reading and Research.—When in the opinion of the department

a student is prepared to undertake advanced reading or research not

connected with a formal course, such reading or research will be directed by

a member of the department.

By arrangement

MUSIC

WARREN D. ALLEN, Organist, and Professor of Music and Education, Emeritus

WILLIAM L. CROSTEN, Professor of Music

PUTNAM C. ALDRICH, LEONARD G. RATNER, SANDOR SALGO, HAROLD C.

SCHMIDT, Associate Professors of Music

HERBERT B. NANNEY, University Organist and Assistant Professor of Music

EDWARD E. COLBY, Music Librarian and Instructor in Music

— , Lecturer in Music Education

