DEGREES AND CREDENTIALS

DEGREES

Candidates may be presented for graduation in January, April, June, and

September.

No degree will be conferred upon any person who has not spent at least

three quarters in resident study at the University. No honorary degrees are

given.

LOWER DIVISION REQUIREMENTS

The Lower Division consists of "the first and second years of the University

curriculum. Its object is to introduce the student to fundamental fields of

human interest, and to this end it requires the completion of certain studies

during the first two years. To the students enrolled in the Lower Division

the Lower Division advisers stand in the same relation as that occupied by

departmental advisers toward their major students.

Under the supervision of the Cpmmittee on Lower Division Administration,

the work of the first two years is divided into three groups. Every

student is required to take at least fifteen units in each of these groups during

the first two years in the University.

The normal requirements are as follows:

Group I.—Humanities, including English, foreign languages, graphic art,

speech and drama,' philosophy, lecture courses in music, and most courses in

religion; in addition, drawing courses in the engineering departments.

a) The completion of the second quarter of a second-year college reading

course in a foreign language, or of a more advanced course.

b) English A during the first year, provided the student has failed to pass

the matriculation test in English.

c) Six units of English composition (English 2a, and 2b or 2c) preferably

before the end of the fourth quarter.

d~) Electives to make up.the required total of fifteen units in this group,

if the above requirements have not totaled that amount.

. . Group II.—Natural Sciences and Mathematics, including biology, chemistry,

engineering (including military science), geology, health, logic, mathematics,

physics, and psychology.

a) Laboratory Science, during the first year. Courses determined as

follows:

1. For those who have credit in high school for a year in biological

science and a year in chemistry or physics, any one of the following

(A, B, C, D, or E):

A. Biology 1, 2, 3 (General Biology), a year course of 9 units. [Students

contemplating a major in biology or premedical science

may elect Biology 20j and 21 j (Comparative Biology), 8 units.]

B. Chemistry 1, 2, 3 (General Chemistry), 15 units. (Chemistry 1,

2, 3 is offered as a 5-unit course for those without high-school

chemistry and as a 4-unit course for those with high-school

chemistry.)

C. Physics 21, 22, 23, 24, 27, 28 (Mechanics and Heat, Electricity,

Elementary Optics), 10 units.

D. Physical Sciences 1, 3, 5 (survey course), 9 units.

E. Geology 1, 2 (Physical Geology, Historical Geology), 10 units.
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2. Those who have credit in high school for one year of chemistry or

physics, with no biological science, must take A under 1.

3. Those who have credit in high school for one year of biological

science, with no chemistry or physics, may choose one of the following

: B, C, D, or E under 1.

4. Those with none of these specified high-school sciences must complete

both A and either B, C, D, or E above.

6) Electives to make up the required total of 15 units in this group, if the

above requirements have not totaled that amount.

Group III.—Social Sciences, including history, political science, economics,

and sociology; in addition, philosophy, education, and some courses in

psychology, humanities, and religion.

(Non-lecture courses in music, activity courses in physical education, typing,

and shorthand are not counted in any of the three groups.) .

a) History of Western Civilization (History 10, 11, 12), 12 units, first

year.

&) Social Sciences, during the second year. This requirement may be fulfilled

in one of the following ways:

1. Social Sciences 1, 2, and 3 (Introduction to Social Problems),

9 units

or 2. Economics 1 and 2 (Elementary Economics), 10 units

or 3. Political Science 1 and 2 (American Government), 10 units

or 4. Philosophy 1, 2, and 3 (Introduction to Critical Thinking: Logic

Scientific Method, and Ethics), 9 units

or 5. Two courses from those approved by the Lower Division Committee.

Approved courses at present are Philosophy 5 (Introduction

to Philosophy) ; Political Science 20 (Comparative Government)

; Psychology 51 (General Psychology); Sociology 1

(Introduction to Sociology), Sociology 2 (Social Disorganization).

Students enrolled in the Lower Division will be required to attain an

average grade of C on their total record in the University before they are

given Upper Division standing.

All undergraduates enrolled in the Lower Division, except those enrolled

for military training, shall be required to devote three schedule hours per

week, for a maximum of six quarters, to physical education. Students must

register in regular classes for the above work, and satisfactory attention to

it will be required.

Students transferring from other institutions with advanced standing will

be relieved from such of the group requirements of the Lower Division as, in

the judgment of the Committee on Lower Division Administration, they have

substantially completed elsewhere. Such students should consult the Lower

Division office.

The requirements of the Lower Division may be anticipated to some extent

by the proper choice of subjects presented for entrance credit. These

may well include: three units in a foreign language, one unit in a biological

science, one unit in physics or chemistry, and two units in history. Of the

latter, one unit should be in United States history and one unit in Ancient,

European, or English history. This is especially to be recommended when

an engineering course has been definitely chosen, in which case trigonometry

should also be included. If foreign-language units are not presented for entrance

credit, this requirement may be met in the University, but to do so

requires an expenditure of time better used for other studies.
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CURRICULUM REQUIREMENTS

The selection of a curriculum will be made ordinarily at the end of the second

year, upon completion of the requirements of the Lower Division. The

Lower Division student may, however, at the beginning of any quarter, designate

the particular field in which he expects later to do his major work,

and will then be directed to the proper school for consultation and advice

regarding electives before making up his study-list.

At the beginning of the junior year, and upon completion of the Lower

Division requirements, the student selects a curriculum offered by some one

school. This school has the authority to prescribe not more than sixty units

in the major subject (exclusive of elementary courses which may have been

offered for entrance). The school shall also recommend such other courses

as may be considered desirable, and shall exercise an advisory supervision

over the student's curriculum from quarter to quarter. It shall be considered

a general principle of University policy, to be departed from only in exceptional

cases, that at least ninety of the one hundred and eighty units required

for the degree be taken outside the major field of study.

In applied science the school may prescribe as much of the entire one

hundred and eighty units as it shall deem essential to the technical or professional

requirements of the major subject.

Within these limitations the work is elective, and the student may freely

choose any course which his previous studies have prepared him to undertake.

(A student in regular undergraduate standing who does not intend to

become a candidate for the degree of Bachelor of Arts may choose, with the

approval of his advisers, any course in the University which his previous

training has prepared him to undertake.)
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MATHEMATICS

HANS FREDERIK BLICHFELDT, WILLIAM ALBERT MANNING, SIDNEY DEAN

TOWNLEY, Professors Emeriti

GABOR SZEGO, JAMES VICTOR USPENSKY, Professors

HAROLD MAILE BACON, GEORGE POLYA, ALBERT C. SCHAEFFER,

CLAYTON SPENCER, Associate Professors

THOMAS C. DOYLE, Instructor

The courses offered in mathematics are arranged in three groups: (I) Elementary

courses; (II) courses primarily for Lower Division students;

(III) courses primarily for Upper Division and graduate students.

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, and 23 (or their equivalent,

Courses 41, 42, and 43). In addition Course 24 is required. 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, and 23 or Courses 41, 42, and 43, and also Course

24, are provided also for students in other departments who need or desire

mathematics above the level of secondary school work.

Students electing either one of the series of calculus courses (21, 22, 23,

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

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

For the courses in this group the aim is to make the instruction practical

in the sense of furnishing thorough drill on fundamental principles and much

practice in their application. Emphasis is laid upon accuracy and system in

the solution of numerical problems. Students whose training in arithmetical

work has been deficient, or who are otherwise inadequately prepared, or who

lack aptitude for mathematical study, cannot pursue these courses successfully.

Graduation.—Candidates for graduation in the School of Physical Sciences

with Mathematics as their major subject, in addition to requirements for

Lower Division students, listed above, must take two quarters of Advanced

Calculus (130, 131), two quarters of College Algebra (119, 120), two quarters

of Fundamental Concepts (US), one quarter of Mechanics (112), and

at least one quarter of Higher Geometry (142) ; in addition, other courses

selected from Group II to make a total thirty units of credit in this group.

For a portion of the requirement under this group, certain courses in other

departments having a large mathematical content may be substituted.

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

Mathematics will be expected to complete, in addition to the requirements

for the Bachelor's degree, the equivalent of forty-five units of work in the

University, of which thirty must be in this Department. This work will include

a thesis. Candidates are also expected to have a reading knowledge of

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

Candidates for the degree of Doctor of Philosophy in Mathematics will

follow such courses as are approved by the Department faculty, subject to

general University regulations.

Library.—The University subscribes to all important mathematical journals

and proceedings of learned societies in English, French, German, and

Italian, and the library contains complete sets of these periodicals. The more

t Absent on leave, 1945-46.
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important treatises on mathematical subjects and the collected papers of

eminent mathematicians are also in the library.

Fellowships and Assistantships.—Besides a number of fellowships open

to graduates, there are several teaching fellowships in mathematics involving

approximately four hours' teaching a week. These positions are filled by

graduate students on the basis of ability and training in mathematics, and in

addition upon experience and ability in teaching.

The Teacher's Recommendation.—For a teaching-minor in mathematics

Courses 41, 42, 43, and 24, or Courses 10, 11, 21, 22, 23, and 24, together with

nine additional units elected from Group II, are required; for a teachingmajor

additional courses totaling twelve units of credit elected from Group

II in addition to the requirements for a teaching-minor. In order to receive

the recommendation of the Department for a teaching-minor or teaching-

major, the candidate should have an average grade of B in these courses.

Summer Quarter.—Additional advanced courses in Upper Division and

graduate work of especial interest to graduate students and teachers of the

secondary schools will be offered in the summer quarter of 1946. These will

be announced in the special Summer Quarter Bulletin, to be issued in February,

1946.

New Students.—Students transferring from other institutions may discuss

their previous training with members of the department. Suitable adjustment

of credits will be made.

(I). ELEMENTARY COURSES

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

Courses A, C, and D are provided for students who have not taken them in

the preparatory school, or who find it necessary to review them.

Course 1 is provided for students whose preparatory school work in

mathematics does not enable them to deal readily with those elementary quantitative

concepts, formulas, and algebraic operations that are commonly employed

in introductory work in the biological and social sciences and statistics.

Emphasis will be given to the drawing of graphs and to the applications

of elementary algebraic ideas and operations. Students planning to

enter the Schools of Engineering or Physical Sciences, or to complete the requirements

for the A.B. degree in Economics-Accountancy (see page 312) will

find Courses A and C better adapted to their needs.

A. Algebra.—Fundamental laws, negative and fractional powers, quadratic

equations, curve plotting, Iggarithms, arithmetic and geometric progression,

the binomial theorem, complex numbers. Students who have one and one-half

entrance units in algebra or who have credit in Mathematics 1 may not receive

a grade better than plus in this course.

S units, autumn and *winter quarters ( ) MTWThF 9

C. Plane Trigonometry.—Elementary course with applications involving

logarithmic calculation. Students who have entrance credit in trigonometry

may not receive a grade better than plus in this course. A placement examination

is given covering algebra.

4 units, autumn, *winter, and *spring quarters ( ) MTWF 10

D. Solid Geometry and Spherical Trigonometry.—Selected topics in

solid geometry. Spherical trigonometry. Recommended as a preparation for

courses in navigation.

3 units, autumn quarter (BACON) [Not given in 1945-46]

1. Elementary Mathematical Analysis.—This course is designed for the

student who does not intend to major in physical sciences or engineering. It

will provide a survey of certain fundamental ideas and elementary operations
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essential to the study of many fields within the social and biological sciences

and statistics. Consideration will be given to the general topics of algebraic

manipulation, ratio and proportion, solution of quadratic equations, the nature

of functions and graphic representation, the notion of the derivative and

integral, maxima and minima, logarithms. This course is not intended as

a preparation for the courses in Analytic Geometry and Calculus (see Mathematics

A, C, D). Students who have college credit in mathematics will be

admitted only by permission of the instructor. A placement examination is

given covering elementary algebra.

5 units, autumn and *winter quarters ( ) MTWThF 11

II. COURSES PRIMARILY FOR LOWER DIVISION STUDENTS

10. Analytic Geometry.—Courses 10 and 11 cover the following topics:

The plotting curves; loci; geometry of the straight line, circle, parabola,

ellipse, and hyperbola; transformation of co-ordinates; polar co-ordinates;

solid co-ordinate geometry of the plane and straight line, with a brief discussion

of the quadric surface. Continuance in the course depends upon the

student's passing a placement examination given during the first week of the

course and covering algebra and plane trigonometry. For the convenience of

students failing to present entrance credits in algebra, plane and solid geometry,

and trigonometry, or found deficient in them in the placement examinations,

Courses A and C, listed above, are offered in the Department. Mathematics

1 is not recommended as preparation for Mathematics 10. Prerequisite

: Algebra and Plane Trigonometry.

3 units, each quarter (DOYLE, SCHAEFFER) MWF 9, 11; TTh 9, S 8; TTh 11. S 9

11. Analytic Geometry.—Continuation of Course 10.

3 units, autumn, *winter, and *spring quarters (DOYLE, SCHAEFFER)

MWF 9, 11; TTh 9, S 8; TTh 11, S 9

21. Differential and Integral Calculus.—Limits; continuity; derivative;

rules for differentiation; simple applications of differentiation. Prerequisite:

Analytic Geometry.

3 units, autumn, *winter, and *spring quarters (DOYLE, SCHAEFFER)

MWF 9, 10; TTh 9, S 8

22. Differential and Integral Calculus.—Continuation of Course 21. Hyperbolic

functions; infinitesimals; differential of arc length, curvature; simple

motions; polar co-ordinates; theorem of the mean; elements of integration.

3 units, each quarter (DOYLE, SCHAEFFER) MWF 9, 11; TTh 9, S 8, TTh 11, S 9

23. Differential and Integral Calculus.—Continuation of Course 22. The

definite integral; areas, volumes, length; physical applications : work, centroid,

fluid pressure, moment of inertia, kinetic energy; trapezodial and Simpson's

rules; multiple integrals: volumes, mass, centroid, moment of inertia.

3 units, each quarter (DOYLE, SCHAEFFER)

MWF 9, 10, 11; TTh 9, S 8; TTh 11, S 9

24. Differential and Integral Calculus.—Continuation of Course 23. Partial

differentiation; Laplace's equation; work; curl; flow; divergence; infinite

series ; Taylor's series; complex numbers ; numerical calculations.

3 units, autumn and *spring quarters (SiEGo) MWF 8

41. Analytic Geometry.—Course 41 covers the same subjects and has the

same requirements for admission as Courses 10 and 11.

5 units, autumn quarter (BACON) MTWThF 9

42. Differential Calculus.—Courses 42 and 43 together cover the same

subjects as Courses 21, 22, and 23. Prerequisite: Analytic Geometry.

5 units, winter quarter (BACON) MTWThF 9

43. Integral Calculus.—Continuation of Course 42. Prerequisites: Analytic

Geometry and Differential Calculus. Students will complete the Calculus

sequence by taking Course 24 after Course 43.

5 units, spring quarter (BACON) MTWThF 9
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50. Descriptive Astronomy.—This course consists of a general survey

of the various branches of astronomy, including a study of the celestial

sphere, the bodies of the solar system, comets, the fixed stars, and other

heavenly bodies. This course has no mathematical prerequisites.

5 units, summer quarter (as announced) (SCHAEFFE.R) MTWThF 1

55. Descriptive Astronomy and Marine Navigation.—This course combines

a general survey of descriptive astronomy with the theory and practice

of the determination of latitude and longitude by sextant and chronometer.

Prerequisite: a working knowledge of plane trigonometry.

6 units, summer quarter ( ) MTWThF 11 (and one hour by arrangement)

60. Marine Navigation.—A course closely duplicating that offered at the

United States Naval Academy covering the theory and practice of the determination

of latitude and longitude by sextant and chronometer. Prerequisite:

A working knowledge of plane trigonometry.

3 units, autumn quarter (DOYLE) . [Not given in 1945-46]

II. COURSES PRIMARILY FOR UPPER DIVISION AND

GRADUATE STUDENTS

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

110. Selected Topics from Elementary Geometry.—Simple geometrical

transformations such as rigid motion, symmetry, similitude, inversion; crossratio,

harmonic elements, polarity; some classical problems (problems of

Appollonius, Malfatti, etc.); geometric constructions with limited means

(Steiner's and Mascherpni's constructions); mechanical curve tracing; geometric

maxima and minima.

3 units, autumn quarter (POLYA) By arrangement

112. Mathematics Fundamental to Mechanics.—Complex numbers; vectors

; linear equations; potentials; elementary treatment of special functions

occurring in mathematical physics.

3 units, spring quarter (POLYA) MWF 10

[Given every year]

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

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 major in mathematics or to work for advanced degrees.

3 units, autumn and winter quarters (POLYA) MWF 10

[Given every year]

119. First Course in Higher Algebra.—Rational operations; concept of

a field; polynomials in one and-several variables; roots of algebraic equations

; roots of unity and binomial equations; algebraic solution of cubic and

quartic equations; separation of real roots; theorems of- Rolle, Budan-Fourier,

and Sturm; approximate evaluation of roots by the methods of Newton,

Homer, and Graeff.

3 units, autumn quarter (USPENSKY) TThS 10,

[Given every year]

120. Second Course in Higher Algebra.—Determinants and systems of

linear equations; some applications of determinants to geometry; symmetric

functions; resultants and discriminants; introduction to the theory of matrices

and quadratic forms.

3 units, winter quarter (USPENSKY) TThS 10

[Given every year]

122. Modern Algebra.—The modern concept of fields and rings; groups;

the elements of Galois' theory; algebraic fields.

3 units, spring quarter (SPENCER) TThFS 11

[In alternate years; given in 1945—46]
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123. Theory of Probability.—General introduction; evaluation of probabilities

by direct application of the definition; theorems of total and compound

probabilities with their applications; repeated trials; probabilities a

posteriori and Baye's theorem; Bernoulli's theorem; mathematical expectation

; the law of large numbers and its applications; probabilities in continuum.

4 units, autumn quarter (USPENSKY) [In alternate years; not given in 1945-46]

125. Mathematical Statistics.—A mathematical study of the principal

formulas of descriptive statistics, followed by a brief introduction to probability

and statistical inference. A previous course in elementary statistical

method is not required, but is recommended.

3 units, winter quarter (P6LYA) MWF

128. Interpolation and Numerical Integration.

3 units, spring quarter (P6LYA) MWF

129. Elementary Mathematics from Higher Point of View.—Historical

and critical survey of various topics in elementary mathematics with

special emphasis on their interpretation in the light of broader and more

general ideas of the present-day science. Recommended to students who seek

teaching certificate in mathematics.

3 units, winter and spring quarters (USPENSKY) TThS 11

[In alternate years; not given in 1945-46]

130. Advanced Calculus I.—Ordinary differential equations; in particular

linear equations; operational methods; graphical and numerical methods.

Prerequisite: Mathematics 24, or equivalent.

3 units, autumn quarter (SzEGo) MWF 11

[Given every year]

131. Advanced Calculus II.—Partial differential equations; boundary

problems; Fourier series; Bessel functions. Prerequisite: Mathematics 24,

or equivalent.

3 units, spring quarter ( SZEGO) MWF 11

[In alternate years; given in 1945-46]

132. Advanced Calculus III.—Elements of the potential theory; Fourier

series; spherical harmonics. Prerequisite: Mathematics 24, or equivalent.

3 units, spring quarter (SzEGo) _ _ MWF 11

[In alternate years; not given in 1945—46]

142. Higher Geometry.—Homogeneous and projective 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 ( ) MWF

[In alternate years; given in 1945-46]

143. Differential Geometry.—Plane curves in Cartesian and polar co-ordinates

; contact, curvature; space curves; surfaces; Gauss curvature; geodetics.

Calculus is presupposed.

3 units, spring quarter (USPENSKY) MWF

[In alternate years; given in 1945-46]

152. 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 powers; quadratic

residues; introduction to the theory of binary quadratic forms.

3 units, winter and spring quarters (USPENSKY) MWF

[In alternate years; given in 1945-46]

153. Theory of Groups with Applications.—Fundamental notions and

preliminary theorems; intuitive interpretations and physical applications emphasized

(finite groups of rotations, ornaments, chemical formulas, crystallography).

3 units, autumn quarter (P6LYA) By arrangement
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157. Non-Euclidean Geometry.—A study of hyperbolic and elliptic plane

geometry and trigonometry. Prerequisite: Mathematics 23, or equivalent.

5 units, spring quarter (BACON) By arrangement

205. Point-Sets and Real Functions.—Calculus is presupposed.

3 units, winter and spring quarters By arrangement

206. Introduction to the Theory of Functions of a Complex Variable.—

Concept of analytic functions; complex integration; residue; power

series; conformal mapping; relation to the Potential Theory. Prerequisite:

Mathematics 24, or equivalent.

3 units, autumn and winter quarters (SzEGo) _ _ MWF

[In alternate years; given in 1945-46]

207. Calculus of Variations.—Maxima and minima of integrals; applications

to problems in geometry, mechanics, and physics; classical methods;

modern (direct) methods.

3 units, winter quarter (SZEGO) [In alternate years; not given in 1945—46]

208. Selected Topics from the Theory of Functions of a Complex

Variable.—Prerequisite: Two quarters of Mathematics 206.

3 units, spring quarter (SCHAEFFER) MWF 10

212. Seminar in Analysis and Theory of Numbers.—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 (DEPARTMENT STAFF) By arrangement

[Given every year]

215. Analytic Theory of Numbers.

3 units, winter and spring quarters (USPENSKY) [Not given in 1945-46]

218. Elliptic Functions.

2 units, autumn, winter, and spring quarters (USPENSKY) [Not given in 1945-46]

222. Geometry of Numbers.—Prerequisite: Elementary Theory of Numbers.

3 units, spring quarter ( ) [Not given in 1945-46]

223. Integral Equations.—Prerequisite: Advanced Calculus I.

3 units, spring quarter ( ) [Not given in 1945-46]

230. Partial Differential Equations of Physics and Engineering.—Although

this course is mainly devoted to the exposition of methods for the

solution of partial differential equations of physics and engineering, it will

include subsidiary chapters dealing with the elements of function theory, with

special emphasis laid upon conformal representations, calculus of variations,

linear integral equations, and special functions useful for physicists and engineers.

Prerequisite: Advanced Calculus.

3 units, autumn quarter (USPENSKY) 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.

(DEPARTMENT STAFF) By arrangement
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JOSEPH GRANT BROWN, FERNANDO SANFORD, Professors Emeriti

LOCKE WEBSTER, FELIX BLOCK, fNoRRis EDWIN BRADBURY,

fWiLLiAM WEBSTER HANSEN, PAUL HARMON KIRKPATRICK, Professors

LADISLAUS MARTON, Associate Professor of Electron Optics

SEVILLE CHAPMAN, fHANS STAUB, Assistant Professors

JAMES F. McGEE, Instructor

CORNELIS BOL, Research Professor

