














































































































































































































STCDY AND RESEARCH AT THE CALIFORNIA I;'\STITlJTE 103 

HYDRAULIC MACHINERY RESEARCH LABORATORY. The hydraulic 

machinery laboratory initially installed at the Institute for studies 

of the pumping problems of the Metropolitan Water District of 

Southern California, offers unique opportunities for research on cen­

trifugal pumps and hydraulic turbines and for various other investi­

gations in hydrodynamics. Included in the facilities are an electric 

dynamometer of special design capable of absorbing or delivering 

500 h.p. and operating at speeds up to 5,500 r.p.m.; main service 

pumps capable of delivering 16 cu. ft. of water per sec. and develop­

ing heads up to 750 ft. of water; two pressure tanks of 1,000 cu. ft. 

capacity each and designed for a working pressure of 300 lbs. per 

sq. in.; two accurately calibrated volumetric measuring tanks of 300 

and 1,000 cu. ft. capacity; and other smaller pumps and miscel­

laneous apparatus. Instrumental equipment designed by the Institute 

staff provides means for measuring pressures, rates of flow, torques, 

and speeds with a precision of approximately 0.1 per cent. Included 

in this is a system of speed regulation for the dynamometer which 

insures constant speed independent of the load in steps of Y.Z revolu­
tion per minute from 500 r.p.m. to 5,500 r.p.m. To insure precision 

of measurements an independent time standard of the quartz crystal 

type has been installed. This laboratory is available for the use of 

the staff and qualified students. 

SOIL CONSERVATION LABORATORY. During the early part of 1935 

an agreement was reached between the Soil Conservation Service of 

the U. S. Department of Agriculture and the California Institute of 

Technology which resulted in the establishment of a cooperative 

laboratory for the purpose of studying the hydraulic aspects of soil 

erosion and the flow characteristics of streams carrying suspended 

and bed loads. To house that part of the work to be carried out on 

the campus a one-story building has been erected. It has a floor space 
of about 4,500 square feet and contains the equipment used in the 

study of the more fundamental aspects of soil erosion. This equip­

ment includes: (a) a transportation flume designed to study primarily 

the flow of a fluid carrying a suspended load. It is of the closed 
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circuit type and circulates both the water and the solids in suspension. 
It is about 70 feet long and has an adjustable gradient. The maxi­
mum rate of flow is 5 cubic feet per second. (b) A flume for the 

study of rate of reduction of bed load. This is also of the circulating 
type with a mechanical elevator for the larger particles of the bed 
material. (c) A glass-walled flume for special studies. In addition 

to this apparatus, the building provides space for a fineness laboratory 
and shop space for the construction of models and instruments for 
use in the investigations. (d) For studies of field problems an out­
door model basin has been erected with provision for either clear or 
silt-laden flow. The length is 60 feet and the maximum rate of flow 
is 5 cubic feet per second. 

ELECTRICAL ENGINEERING 

The field of electrical engineering affords opportunity for many 
choices of life work. Some of these require only the preparation 

provided in the four-year undergraduate courses, whereas adequate 
preparation for the more technical work incident to the design and 
operation of electrical equipment requires the completion of the 
five-year course. Still other fields of endeavor call for a knowledge 
of mathematics, physics, and electrical engineering far in excess of 

that obtainable in the four- and five-year courses. To meet this need 
the Institute has provided courses of graduate study and research in 
electrical engineering which may be taken by students who have 
completed the five-year engineering course at the Institute, or by 

students from other colleges who have substantially the same prepa­
ration. These courses provide for advanced work in the application 
of mathematical analysis and physical laws to mechanical and elec­

trical problems incident to electrical design and research, electric 
transients including lightning phenomena, high voltage production 
and transmission, electrical engineering problems involving the use 

of vacuum tubes, and problems relating to the generation and dis­
tribution of electrical power for lighting and industrial purposes. 

Students desiring to become research men, college teachers or 
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professional experts in electrical engineering may continue their work 
for the degree of Doctor of Philosophy. 

This graduate work in electrical engineering also greatly strength­
ens the undergraduate courses by bringing students who feel the 
five and four-year courses are best adapted to their needs in close 
touch with research men and problems, and provides special work 
for undergraduate students wishing to do a limited amount of 
research. 

Of the several electrical engineering laboratories at the California 
Institute, the High-Potential Research Laboratory is the most out­
standing. This building and the million-volt transformer were pro­
vided by the Southern California Edison Company, Ltd. The million­
volt transformer, which was designed by Professor R. W. Sorensen, 
has a normal rating of 1,000 kilovolt amperes but is capable of 
supplying several times the rated load at the above potential, with 
one end of the winding grounded, and a 1,000 kilovolt surge generator 
supplemented by cathode-ray oscillographs and other apparatus used 
in the study of electric surges (artificial lighting) and its effect upon 
electrical machinery. This laboratory is used both for the pursuit of 
special scientific problems connected with the structure of matter 
and the nature of radiation, and for the conduct of the pressing 
engineering problems having to do with the improvement in the art 
of transmission at high potentials. It also provides opportunities for 
instruction in this field, such as are not at present easily obtainable 
by students of science and engineering. The other facilities include 

well-equipped laboratories for undergraduate, graduate, and special 
research work in dynamo-electric machinery and electronics. Also, 
seven research rooms are available for graduate students working on 
special problems. 

AERONAUTICS 

The Graduate School of Aeronautics and the Daniel Guggenheim 
Laboratory of Aeronautics connected with this school were estab­
lished at the Institute with the aid of the Daniel Guggenheim Fund 
for the Promoti'on of Aeronautics in 1928. Since this time an inten-
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sive program of instruction and research has been pursued in the fields 
of Aeronautics, Meteorology and the allied sciences. The Director of 

the Laboratory, Dr. Theodore von Karman, serves also as advisor for 
the Daniel Guggenheim Airship Institute in Akron, Ohio. The 

cooperation between the two institutions permits the inclusion of 
problems connected with "lighter-than-air" craft in the school's 

acti vi ties. 

The following program of instruction and research IS now m 
progress: 

1. A comprehensive series of theoretical courses in aerodynamics, 
hydrodynamics, meteorology and elasticity, with the underlying 
mathematics, mechanics, thermodynamics and physics of metals. 

2. A group of practical courses in airplane design conducted by 
the Institute's experimental staff in cooperation with practicing engi­
neers in the vicinity. 

3. A course in meteorology, with special reference to the prob­
lems of weather forecasting for aeronautical operations. The course 
includes an introduction to modern dynamic meteorology and to the 

theory and practice of weather forecasting and mapping, using the 
"air mass analysis" methods. 

4. Experimental and theoretical researches on 

(a) the basic problems of flow in real fluids with regard to 
the scientific foundations of technical hydro- and aero­
dynamics; 

(b) the basic problems of Applied Mechanics which relate to 
the properties of materials and the theory of elasticity; 

(c) practical problems in aerodynamics and structures, espe­

cially as applied to aeronautics; 

(d) meteorological problems dealing in particular with the 
properties and behavior of air masses; 

(e) the development of meteorological instruments, espe­
cially of the radiometeorograph type. 
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The largest item of equipment available for experimental research 

is a wind tunnel of the Gottingen closed circuit type with a working 

section 10 feet in diameter. Provision is made for using the working 

section either as an open or closed type. A 750 horsepower, direct­

current motor drives a 15 -foot propeller, and a wind velocity of 

considerably more than 200 miles per hour has been produced. A 

complete set of aerodynamical balances permits the rapid testing of 

complete airplane models as well as the undertaking of all types of 

scientific investigations in the wind tunnel. A fluid mechanics labo­

ratory contains several smaller wind tunnels and a considerable 

amount of auxiliary apparatus especially suitable for the study of the 

basic problems connected with turbulent flows. A large structures 

laboratory has been equipped with specially designed testing machines 

for researches dealing chiefly with the problems connected with the 

modern use of stressed skin or monocoque structures. A completely 

equipped photoelasticity laboratory is being used for researches on 

the distribution of stresses in various complicated types of structure. 

The practical work in synoptic meteorology is facilitated by a 

teletype installation connecting the laboratory with the U. S. Weather 

Bureau network of observing stations. Complete instrumental equip­

ment is available for meteorological instruction and research. In 

addition to the above special types of equipment, shop facilities are 

available to students engaged in research problems. 

The facilities of the Institute are available for students desirous 

of taking higher degrees, and for qualified workers who wish to carry 

out researches in the fields detailed above. A few fellowships can be 

granted to selected men. 

As in the older divisions of physics, chemistry, and mathematics, 

emphasis is placed primarily upon the development of graduate study 

and research; but provision has also been made in the four-year 

undergraduate course in Engineering for work leading to such grad­

uate study and research. This affords a broad and thorough prepara­

tion in the basic science and engineering upon which aeronautics 

rests. 
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As in the other branches, there are offered in aeronautics definite 

graduate courses leading to the degree of Master of Science. Since 
not less than two years of graduate work are required to attain pro­
ficiency in Aeronautics or Meteorology, there may be awarded at the 
end of the first year the degree of "Bachelor of Science for the com­
pletion of a Course in Aeronautics (or Meteorology)" while the 

degree of "Master of Science for the completion of a Course in Aero­
nautics (or Meteorology)" is granted after the complete two-year 
course. 

The graduate courses may be taken either by students who have 
completed a four-year course at the Institute, or by students from 
other colleges who have had substantially the same preparation. The 
field of aeronautical engineering is so many-sided that a student who 
has completed the undergraduate course either in engineering or in 

science will be admitted to the fifth-year course. The sixth-year 
work, however, may be taken only by students who have completed 
the fifth-year course at the Institute or who have had substantially 
the same preparation elsewhere. 

Still more advanced study and research are offered for the degree 
of Doctor of Philosophy. This degree is given under the same general 
conditions as those that obtain in the other courses offered at the 
Institute. 

GEOLOGICAL SCIENCES 

BALCH GRADUATE SCHOOL 

Through the generosity of Mr. and Mrs. Allan C. Balch the Balch 
Graduate School of the Geological Sciences was established at the 
California Institute in 1929. This school comprises the staff offering 

instruction in the various branches of geology, vertebrate and inverte­

brate paleontology, geophysics and geophysical prospecting, and 
seismology, research in the last named field being conducted in 
cooperation with the Carnegie Institution of Washington. 

Graduate courses in the geological sciences may be pursued either 
by students who have completed the four-year course at the Institute 
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or by students from other colleges who present substantially the 

same preparation. 

The curriculum outlined for undergraduate students provides a 
broad and thorough preparation in the basic sciences of physics, 
chemistry, and mathematics and in certain engineering subjects, 

followed by an introduction to the fundamental principles of geology, 

paleontology and geophysics. Fifth-year courses lead to the degree 
of Master of Science. During the senior year of the undergraduate 
curriculum in the geological sciences and throughout the fifth and 
later years much time is devoted to investigation and field work. 

Students desiring to become research workers in the geological sciences 
or professional geologists, paleontologists, or geophysicists should 
continue their studies at least two years beyond the master's degree 

as candidates for the degree of Doctor of Philosophy. 

NEW GEOLOGICAL BUILDINGS 

Two new buildings are being constructed on the Institute campus 
for the geological sciences, to be ready for use in the Summer of 1938. 

Both structures are memorials to men who were very active in the 
mining industry. The eastern of the two is to be known as the Charles 

Arms Laboratory of the Geological Sciences and is the gift of the 
late Mr. Henry M. Robinson and Mrs. Robinson in memory of 
Mrs. Robinson's father. It is 125 feet in length by 56 feet in width, 

with a south wing about 45 feet by 40 feet to be used for museum 
purposes. The western of the two structures is given by Mrs. Seeley 

W. Mudd as a memorial to her late husband. Its dimensions are 166 

feet by 56 feet. Each building has five floors and the total space 
available for instruction and research in the geological sciences will 

probably exceed that devoted to these purposes in any other institu­
tion in America. The internal arrangement of the buildings is such 
as to provide suites of rooms adapted to and equipped for the different 
branches of the geological sciences. Adequate office space will be 
available for all graduate students in geology, paleontology, and 

geophysics. 
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INSTRUCTION AND RESEARCH IN THE GEOLOGICAL SCIENCES 

Professional careers comparable to those of physicists, chemists, 
attorneys, or physicians are open to those who complete successfully 

the curricula for training geologists, paleontologists, or geophysicists. 
Students who attain a master's degree in geology are prepared to join 

the geological staffs of oil or mining companies or federal or state 

geological surveys. For those desiring more complete training, or 
preparing for university posts, or planning to be consulting geologists, 
it is desirable that additional graduate work and research be under­
taken, leading to the doctor's degree. 

Exceptional opportunities for research in the geological sciences 
exist at the Institute. An almost unrivalled variety of rock types, 
geologic structures, and physiographic forms occurs within con­
venient reach of Pasadena. The relatively mild climate permits field 
studies throughout practically the entire year, and consequently field 
training is an unusually important part of the department program. 

Stratigraphic and faunal studies may be pursued in the Cenozoic 
and Mesozoic sedimentary rocks of the Southern Coast Ranges, in 

which oil fields are located, and in the Mojave Desert region. Thick 
sections of Paleozoic sediments in southeastern California remain 
almost unexplored. Structural and physiographic problems in the 
Coast and Basin Ranges and along the coastal front await critical 
investigation and frequently involve an interpretation of folding 

and faulting on a large scale. The many productive oil fields in 
southern California afford exceptional opportunities to students inter­
ested in economic geology. Moreover, the gold, silver, quicksilver, 
and copper deposits of the Sierra Nevada and Coast Ranges of Cali­
fornia are within comparatively easy reach, and the varied metal­

liferous deposits of Arizona and southern Nevada are also available 

for visit and research. 
Collections available from many invertebrate and vertebrate faunal 

horizons in the sedimentary record of western North America permit 
the student interested in paleontology to secure an intimate knowl­
edge of the history of life. Attractive field and laboratory problems 
are presented by the sequence, correlation, and ecologic relationships 
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of western faunas, their significance in an interpretation of geologic 
history, and by the structure, relationships and evolution of specific 
groups of fossil organisms. 

A very wide range of graduate courses is offered in both theoretical 
geophysics and in geophysics as applied to prospecting for oil and 
other mineral substances. The geophysical staff comprises four mem­

bers, devoting themselves to different phases of the subject. Instruc­
tion is given in seismic, gravity, electrical, magnetic and other 
methods of prospecting. Considerable geophysical equipment is 
available and is used for practical training, and the design and 
construction of instruments in the shop of the seismologicallabora­

tory receive attention. Geophysical researches of various types are 
constantly being carried on. 

SEISMOLOGICAL RESEARCH LABORATORY 

The Seismological Research Laboratory is located about three miles 

west of the Institute on a granite ridge affording firm bedrock 
foundation for the instrument piers. The investigations at the labora­
tory relate mainly to earth movements originating within a radius of 
about two hundred miles. The seismograms from six branch stations, 
built and maintained with the aid of cooperating agencies in southern 
California, contribute greatly to these studies. 

While devoted mainly to research, the laboratory is open to 
qualified students registered at the California Institute who desire 
advanced training in seismology. 

The laboratory is operated jointly by the California Institute and 

the Carnegie Institution of Washington. The general program of 

research is outlined by a committee consisting of J. P. Buwalda, 
chairman, and Messrs. J. A. Anderson, Arthur L. Day, Beno Guten­
berg, and H. O. Wood. 

TEACHING AND RESEARCH FELLOWSHIPS 

Fellowships are available for properly qualified students who desire 
to pursue advanced work in geology, paleontology and geophysics, 
as in other branches of science; see pages 153-157. 
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BIOLOGICAL SCIENCES 

A department of Biology, rather than the traditional departments 
of Botany and Zoology, has been established, in order to emphasize 
the unity of the phenomena of living organisms rather than their 

manifold diversities. That there are many properties common to the 

two great branches of the living world has become abundantly mani­
fest in recent years. For example, the same principles of heredity that 
obtain among flowering plants apply also to human traits, and in 

their response to light, animals and plants conform to common laws 
of physics. It is true that, at what may be called the biologicallevd, 
an immense diversity of form and function manifests itself, but 
enough insight has already been gained to make evident that this 
diversity is in large part due to permutations and combinations of 
relatively few fundamental and common properties. It is in the 
search for these properties that the zoologist and botanist may profit­

ably pool their interests. 

As in the other departments of the Institute, emphasis is placed 
primarily on research and graduate study; and, even in these directions, 
no attempt is made to cover at once the whole science of biology, 
but rather efforts are concentrated on the development of those of 

its branches which seem to offer the greatest promise as fields of 
research. Several groups of investigators have been organized in gen­
eral physiology, biophysics, biochemistry, genetics and experimental 
embryology. The choice of these fields of modern research implies that 
emphasis will be laid on the intimate relations of biology to the 
physical sciences. That a closer association of these sciences with 
biology is imperative is becoming more and more apparent as indi­
cated by the development of special institutes for such work. 

The first unit of the William G. Kerckhoff Laboratories of the 
Biological Sciences, the present quarters of the department, contains 
over 60 rooms, including lecture rooms, seminar rooms, undergraduate 
laboratories, private research rooms, and four constlnt temperature 
rooms. For work in plant genetics there is a ten-acre farm with 
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greenhouses and laboratory located at Arcadia about five miles from 

the Institute. 

A new laboratory, to be devoted mainly to Biochemistry and Phys­
iology, will be completed during the course of the present year. It 
will be the second unit of the William G. Kerckhoff Laboratories of 

the Biological Sciences and will more than double the space of the 
present building. There will be a lecture room seating about 175 

persons and a large library which will be a memorial to Mr. Willi:tm 
G. Kerckhoff for his generous gift to the Institute. 

A marine station has also been established at Corona del Mar. The 
building contains four large rooms and several smaller ones which 
give ample opportunity for research work in experimental biology in 
general. The proximity of the marine station to Pasadena (about 

50 miles) makes it possible to supply the biological laboratories with 
living materials for research and teaching. The fauna at Corona 
del Mar and at Laguna Beach, which is near-by, is exceptionally rich 
and varied, and is easily accessible. 

There is a small laboratory near the Institute for the study of 
plant hormones and in connection with this there is to be constructed 
another laboratory for Plant Physiology, especi:tlly equipped for auto­
matic control of light, heat and humidity. 

ASTROPHYSICS 

The General Education Board provided in 1928 for the construc­

tion by the Institute of an Astrophysical Observatory, now well 
under way, equipped with a ZOO-inch reflecting telescope and many 

auxiliary instruments. A prime purpose of the gift is to secure for 
the new Observatory the advantage, in its design, construction, and 
operation, of the combined knowledge and experience of the investi­
gators in the research laboratories of the Institute and in the neigh­

boring Mount Wilson Observatory of the Carnegie Institution of 
Washington. This new project thus continues and extends in a more 
formal way the cooperation which has been in progress between the 
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California Institute :llld the Mount Wilson Observatory for several 
years, especially in the study of the astronomical, physical, and chem­
ical aspects of the constitution of matter. 

The purpose of the Astrophysical Observatory is thus to supple­
ment, not to duplicate, the Mount Wilson Observatory. The increased 

light-collecting power of the 200-inch telescope will permit further 
studies of the size, structure and motion of the galactic system; of 
the distance, motion, radiation, and evolution of stars; of the spectra 

of the brighter stars under very high dispersion; of the distance, 
motion, and nature of remote nebula:; and of many phenomena bear­
ing directly on the constitution of matter. 

The new observatory will consist of two main features. One of 
these is the 200-inch telescope, with its building, dome, and auxiliary 
equipment, now being erected on Palomar Mountain in San Diego 
County. The other will be an Astrophysical Laboratory located on 

the Institute campus, which will serve as the headquarters in Pasadena 
of the observatory staff and of the Graduate School of Astrophysics. 
Its equipment will include instruments and apparatus for the measure­
ment of photographs, the reduction and discussion of observations, 
and for such astrophysical investigations as can be made there to the 
best advantage. Its instruments for the interpretation of astrophys­

ical phenomena will be designed to supplement those of the labora­
tories of the Institute and the Pasadena laboratory of the Mount 
Wilson Observatory. Well-equipped shops for the development of 
new instruments have been erected on the campus, and the Astro­
physical Laboratory has been completed, though some of its chief 
instruments are still in process of construction. 

The value of a telescope depends as much upon the efficiency of 
the instruments and apparatus used to receive, record, and interpret 

celestial images as upon its optical and mechanical perfection and its 
light-collecting power. In the present plan, especial emphasis is 
therefore laid upon the development of all forms of auxiliary appa­
ratus, such as spectrographs and their optical parts; photographic 
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plates of the various types required for astrophysical and spectroscopic 
research; radiometers, thermocouples, and photoelectric cells; re­

cording microphotometers and other forms of measuring machines; 
and laboratory apparatus for reproducing or interpreting celestial 
phenomena. 

An Observatory Council, comprising four members of the Execu­

tive Council of the Institute, and also including Dr. Walter S. Adams, 
has been placed by the trustees in full charge of the design, construc­
tion, and operation of the Astrophysical Observatory and Laboratory. 
With the approval of the Carnegie Institution of Washington, Dr. 

John A. Anderson, of the Mount Wilson Observatory, has been 
appointed by the Observatory Council as its Executive Officer, in 
direct charge of design and construction. An Advisory Committee, 
including the Director and Assistant Director of the Mount \Vilson 
Observatory and many other prominent men of science, aid the 
Observatory Council in determining matters of policy. The organi­

zation of the Observatory Council and the personnel of its Advisory 

Committee are shown on page 52 of this Catalogue. 

Any great increase in the size of telescopes requires a long study of 
the most promising methods of making large paraboloidal mirrors. 

After much experimental work, a new form of Pyrex glass was chosen 
as the best available material and a 120-inch disc was received in 
1934. The 200-inch disc was received in 1936 and is now in process 
of being shaped up in the optical shop. 

The extensive investigation of primary and auxiliary instruments, 

which forms such a vital part of the general scheme, has also made 
marked progress, through the active cooperation of many leading 
men of science and engineers. Microphotometers, radiometers, photo­
electric cells and other instruments of various types have been care­
fully studied and tested in difficult research problems. The Research 
Laboratory of the Eastman Kodak Company has generously agreed to 
deal with many of the special photographic problems. The short 

focus spectrograph objective devised by Ray ton has greatly increased 
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the range of the lOO-inch telescope and has made possible the recent 

researches of Hubble and Humason on the expanding universe. A 
new objective of still shorter focal length has been completed by Beck 
after the design of the British Scientific Research Association, and 
successfully tested on Mount Wilson. A very advantageous method 
of coating telescope mirrors with aluminum instead of silver has been 

applied by Dr. John Strong to several large mirrors, including that of 
the 36-inch Crossley reflector on Mount Hamilton and the 60-inch 
and lOO-inch reflectors on Mount Wilson. 

It is expected that, after the Astrophysical Laboratory on the 
campus has been completely equipped, the Institute will offer to 
competent students the opportunity of pursuing advanced courses of 
study and research in astrophysics, leading to the degrees of Master 
of Science and Doctor of Philosophy. Undergraduate students who 
desire to prepare themselves for such graduate work should take the 
Physics Option of the course in science. 

It should be remembered that the number of positions open to able 
young men well trained in astrophysics and its related subjects is 
small. For this reason only those exceptionally well qualified for such 
work should undertake graduate study and research. 

THE HUMANITIES 

One of the distinctive features of the California Institute is its 
emphasis upon the humanistic side of the curriculum. In the degree 
and genuineness of this emphasis the Institute has differentiated itself 
from other American schools of science, most of which accord little 
more than a gesture of recognition to the liberal arts. As a rule, in 

schools of science and engineering, the professional studies monopolize 

nearly all the available time and money, leaving the humanities to 

take what it left, which often turns out to be very little. 

The California Institute has been a pioneer in recognizing the 
desirability of providing for a generous amount of instruction in the 

humanities. The faculty, in thorough sympathy with this aim, has 
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cooperated by eliminating some of the more specialized technical 

subjects commonly included in undergraduate courses. As a result, 

it has been found possible to require every student to take, in each of 

his four undergraduate years, one or more courses of a humanistic 

character. These courses in the Division of the Humanities cover the 

field of English and foreign literatures, European and American his­

tory, philosophy and social ethics, economics and government. All 

of them are so planned and articulated that the student obtains a solid 

grounding, and not merely the superficial acquaintance which is too 

often the outcome of a free elective system. The standards of intel­

lectual performance in these studies are maintained on the same 

plane as in the professional subjects. Every effort is made to impress 

upon undergraduates the fact that there is an essential unity to all 

knowledge, and that no man can master science if he sets out to 

master science only. TI1e history of human achievement has but a 

single page. 

One of the largest and most attractive buildings on the Institute 

campus is devoted to the work in literature, languages, philosophy, 

economics, history and government. This Hall of the Humanities, 

erected in 1928, was given by Mr. and Mrs. Joseph B. Dabney, of 

Los Angeles. It contains lecture rooms, a treasure room for the 

exhibition of pictures and other works of art, a library-reading room, 

conference rooms, together with a commodious lounge, which opens 

upon a walled garden of olive trees. In connection with the accep­

tance of this gift, a special endowment funlof $400,000 was raised 

for the support of instruction in the humanistic fields, this amount 

being subscribed by several friends of the Institute. In 1937 an addi­

tional endowment of $750,000 was received from a donor who desires 

to remain anonymous. 

In addition to the regular staff of the Institute, several scholars 

from other institutions are giving instruction in the Division of the 

Humanities during the current year. Among these are Professor 

Edwin F. Gay, formerly of Harvard University, Professor Allan 
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Nevins of Columbia University, Mr. Philip Guedalla of London, 
Mr. Godfrey Davies and Mr. Louis B. Wright, of the Huntington 
Library, and Professor Ricardo Quintana of the University of Wis­
consin. It is anticipated that with the opportunities for research in 
English Literature and American History which are afforded by the 
proximity of the Huntington Library, the instruction given at the 
Institute in these fields will be steadily strengthened by the associa­
tion of visiting scholars. 
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Croton aldehyde and Aldol in Dilute Aqueous Solution. 
Saul Winstein and Howard J. Lucas, J. Am. Ghem. Soc., 59, 1461-1465 (1937). 

600. The Infrared Spectrum and Internuclear Distances of Methyl Acety­
lene (Letter to the Editor). 
Richard M. Badger and Simon H. Bauer, J. Ghem. Phys., 5, 509 (1937). 

601. A Redetermination of the Carbon-Oxygen Distance in Calcite and 
the Nitrogen-Oxygen Distance in Sodium Nitrate. 
Norman Elliott, J. Am. Ghem. Soc., 59, 1380-1382 (1937). 

603. A Quantitative Discussion of Bond Orbitals. 
Linus Pauling and J. Sherman, J. Am. Chem. Soc., 59, 1450-1456 (1937). 

604. An Extension of the Analytic Method of Analysis of Electron Diffrac­
tion Photographs of Gases (Letter to the Editor). 
Simon Bauer, J. Chem. Phys'J 5,368 (1937). 

610. The Molecular Structure of the Bromomethanes. 
L. O. Brockway and Henri Levy, J. Am. Ghe111. Soc., 59, 1662-1665 (1937). 

621. Viscosity of Hydrocarbon Solutions. Methane-Propane-Crystal Oil 
System. 
B. H. Sage, B. N. Inman, and W. 1\. Lacey, Ind. Eng. Ghent., 29, 888-892 (1937). 
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BALCH GRADUATE SCHOOL OF THE GEOLOGICAL SCIENCES 

Granitization, Albitization, and Related phenomena in the Northern Inyo 
Range of California-Nevada. 
George H. Anderson, Bull. Ceo1. Soc. Amer., 48, 1-74 (1937). 

Types of Pegmatites in Archean Rocks at Grand Canyon, Arizona. 
Ian Campbell, Amer. "JJinerlllogist, 22,436-445 (1937). 

Geologic Studies of the Archean Rocks at Grand Canyon. 
Ian Campbell and John H. Maxson, Carn. Inst. of \'(Iashington, Year Book 35, 329-331 (1936). 

Mechanics of the Lone Mountain Landslides, San Francisco, California. 
w. M. eagen, Calif, Jour. 0/ Mines and Geology, Report 32 of the State Mineralogist, 
459-474 (1936). 

Mutual Interference in the Microchemical Determination of Ore Minerals. 
H.]. Fraser and R. M. Dreyer, Amer. Mineralogist, 22, 949-976 (1937). 

Geophysics as a Science. 
B. Gutenberg, Geophysics, 2, 185-187 (1937). 

The Structure of the Earth's Crust and the Spreading of the Continents. 
B. Gutenberg, Bull. CeoI. Soc. Amer., 47, 1587-1610 (1936). 

Donnees Relatives a l'etude des Tremblements de Terre a Foyer Profond. 
B. Gutenberg and C. F. Richter (tramlated by E. Rothe). Publications du Bureau cCIltral 
seismoIogique international, Serie A, Fasc. 15, 3-69 (1937). 

Materials for the Study of Deep-Focus Earthquakes. 
B. Gutenberg and C. F. Richter, Bull. Seis. Soc. Amer., 26, 341-390 (1936). 

Materials for the Study of Deep-Focus Earthquakes, 2nd Paper. 
B. Gutenberg and C. F. Richter, Bull. Seis. Soc. Amer., 27, 157-183 (1937). 

A Method for Estimating the Finishing Birefringence Color of a Crystal of 
Random Orientation in a Thin Section. 
R. von Huenc, Amer. Mineralogist, 22, 926-928 (1937). 

A Fast and Thorough Method for Impregnating Porous Rocks. 
R. von Ruene, Econ. GeoI., 32, 387-388 (1937). 

Notes On the Mineralization of Crestmore. 
v. C. Kelley, Amer. Mil1cralogist, 22, 140-141 (1937). 

Upper Cretaceous Mollusca from Southern California. 
w. P. Popenoc, Jour. Paleo1lfolo!!,y, 11,379-402 (1937). 

Needless Photographic Failures. 
John L. Ridgway, The CondoT, 39, 10-12 (1937). 

A Late Cenozoic Vertebrate Fauna from the Coso Mountains, Inyo County, 
Califol·nia. 
John R. SchUlt7, Carn. IJlst. W'ash. 1'11"1., 4S7, 75-10') (19.1;-). 

California Buffalo of Long Ago. 
Che~ter Stock, \Y/('.\tllla)'~., 2'), No.2, 29 (1937). 

An Eocene Titanothere from San Diego County with Remark, on the Age 
of the Poway Conglomerate. 
Chester Stock, Proc. Natl. Aod. Sci., 23,48-53 (1937). 

Mojave's Petrified Forest. 
Chester Stock, Weshva)ls, 28, No. 12, 24-25 (1936). 

A New Mountain Goat from the Quaternary of Smith Creek Cave, Nevada. 
Chester Stock, Bull. So. Cal. Acad. Sri., 25,149-153 (1936). 

A Peccary Skull from the Barstow Miocene, California. 
Chester Stock, Proc. Nail. AI'ad. Sri., 23, 398-404 (1937). 

Tar Babies. 
CheHer Stock, Wcstl&II)'S, 29, No.9, 26-27 (1937). 
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Titanotheres from the Titus Canyon Formation, California. 
Chester Stock. Proc. Natt. Acad. Sci., 22, 656-661 (1936). 

To the Sea in Fragments. 
Chester Stock, W'es/ways, 29, No.6, 30-31 (1937). 

U rsus or the Past of the California Bears. 
Chester Stock, Westwa)ts, 28, No. 11,30 (1936). 

Observed and Calculated Values of the Magnetic Intensity over a Major 
Geologic Structure. 
L. F. Uhrig and Signey Schafer, Gerlands Bei/rage :::1(r Geophysik, 49, 129-139 (1937). 

Paleontology of the Pleistocene of Point Loma, San Diego County, California. 
Robert W. Webb, San Diego Soc. Nail. His/., 8, 337-348 (1937). 

Heavy Accessory Minerals of the Val Verde Tonalite. 
Robert W. Wilson, Amer. Ml1Ieralogist, 22, 122-132 (1937). 

A New Pleistocene Deer-Mouse from Santa Rosa Island, California. 
Robert W. Wilson, Jour. Mammalogy, 17, 408-410 (1936). 

New Middle Pliocene Rodent and Lagomorph Faunas from Oregon and 
California. 
Robert W. Wilson, Carn. Insf. Wash. Pub!., 487, 1-19 (1937). 

Pliocene Rodents of Western North America. 
Robert W. Wilson, Carll. I11sf. \\7asb. Pub!., 487, 21-73 (1937). 

WILLIAM G. KERCKHOFF LABORATORIES OF THL BIOLOGICAL 

SCIENCES 

Induced Chromosomal Alterations in Maize. 
E. G. Anderson, Biological Effects of Radiatioll, 1297·1)10 (1:;30). 

The Chemistry and Physiology of the Pectins. 
James Bonner, Botanical R.el!ie1b, 10,475-497 (1936). 

The Growth and Respiration of the Avena Coleoptilc. 
James Bonner, J. Gen. Phys., 20, 1-11 (1936). 

Vitamin Bl a Growth Factor for Higher Plants. 
James Bonner, Science, 85, 183-4 (1937). 

The Growth of Plant Embryos in Vitro. Preliminary Experiments on the 
Role of Accessory Substances. 
James Bonner and Grice Axtman, Proc. Nat. Acad. Sci., 23, 453-457 (1937). 

The Oxidation of Ascorbic Acid and Its Reduction in Vitro and in Vivo. 
Henry Borsook, Hor:lce W. Davenport, Cecil E. P. Jeffreys, and Robert C. Warner, J. BJUI. 
Chem., 117,237-279 (1937). 

"Sulfhydryl Oxidation-Reduction Potentials Derived from Thermal Data. 
Henry Borsook, Emory L. Ellis ilnd Hugh 11. I-Iuffm.tn, J. Bio. Chou., 117. 281-308 (1937). 

Genes and Chromosomes. 
Calvin B. Bridges, Tbe Teaching Biologist, 17-23 (Nov., 1936). 

""Microscope Illumination Systems. 
C. B. Bridges, The Collecting Net, 11, 208 (1936). 

The Mutants and Linkage Data of Chromosome Four of Drosophila 
Melanogaster. 
Calvin B. Bridges, J. BioI., 4, 401-420 (1935). 

An Oil-Retaining Beveled Face for High-Aperture Condensers. 
Calvin B. Bridges, Science, 84, 335-336 (1936). 

>'Not .tvailable for di:.tribution. 
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*Progress in Cytogenetics. 
C. B. Bridges, The Col/ecting Net, 11, 244-245 (1936). 

The Vapor Method of Changing Reagents and of Dehydration. 
Calvin B. Bridges, Stain Tecbnology, 12, 51-52 (1937). 

"Semi-Homologous Inversions in Drosophila Melanogaster. 
c. B. Bridges and ]. C. Li, Getuties, 22, 186 (1937). 

Genetical and Cytological Studies in a Deficiency (notopleural) in the 
Second Chromosome of Drosophila Melanogaster. 
c. B. Bridges, Eleanor Nichols Skoog, and Ju-Chi Li, Genetics, 21, 788-795 (1936). 

"Flashing of Fireflies in Jamaica. 
John B. Buck, Nature, 139,801 (1937). 

':-Electrical Polarity and Auxin Transport. 
w. G. Clark, Plant Phys., 12, 409-440 (1937). 

"-Transport of Root-Forming Hormone in Woody Cuttings. 
William C. Cooper, Plant Phys., 11,779-793 (1936). 

Further Data on Drosophila Miranda and Its Hybrids with Drosophila 
Pseudoobscura. 
Th. Dobzhansky, J. Genetics, 34, 135-151 (1937). 

Further Data on the Variation of the Y Chromosome in Drosophila Pseudo­
obscura. 
Th. Dobzhansky, Genetics, 22, 340-346 (1937). 

Genetic Nature of Species Differences. 
Th. Dobzhansky, American Naturalist, 71, 404-420 (1937). 

What is a Species? 
'tho Dobzhansky, Scientia, May, 280-286 (1937). 

Studies on Hybrid Sterility III. A Comparison of the Gene Arrangement in 
Two Species, Drosophila Pseudoobscura and Drosophila Miranda. 
Th. Dobzhansky and C. C. Tan, Zeit. f. indo Abst.-u. Vererbgsl., 72, 88-114 (1936). 

Studies on Hybrid Sterility IV. Transplanted Testes in Drosophila Pseudo­
obscura. 
Th. Dobzhansky and G. W. Beadle, Genetics, 21, 832-840 (1936). 

Electronarcosis with Alternating Current in Fish. 
A. van Harreveld, Neer. Phys. de I'Homme et des Animaux, 22, 84-92 (1937). 

A Physiological Solution for Freshwater Crustaceans. 
A. van Harreveld, Proc. Soc. Exp. Bioi. and Med., 34,428-432 (1936). 

The Double Motor Innervation of the Adductor Muscle in the Claw of the 
Crayfish. 
A. van Harreveld and C. A. G. Wiersma, Jour. Phys., 88, 78-99 (1936). 

The Triple Innervation of the Crayfish Muscle. 
A. van Harrcveld and C. A. G. Wiersma, Proc. Nat. Acad. Sci., 22, p. 667 (1936). 

Thermal Data. VI. The Heats of Combustion and Free Energies of Seven 
Organic Compounds Containing Nitrogen. 
Hugh M. Huffman, Emory L. Ellis, and Sidney W. Fox, J. Ant. Ghem. Soc., 58, 1728-1733 
(1936) . 

Haploid Ovarian Tissue in Drosophila. 
R. H. MacKnight, Proc. Nat. Acad. Sci., 23,440-443 (1937). 

The Behaviour of the Maturation Spindles in Polar Fragments of Eggs of 
I1yanassa Obtained by Centrifuging. 
T. H. Morgan, BiD/. Bull., 72, 88-89 (1937). 

Constitution of the Germinal Material in Relation to Heredity. 
T. H. Morgan, C. B. Bridges, and Jack Schultz. Garn. Insl. Wash. Year Book No. 35, 289-297 
(1936) • 

"'Not availab1e for distribution. 
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An Effect of the Y Chromosome on the Sex-Ratio of Interracial Hybrids of 
Drosophila Pseudoobscura. 
A. H. Sturtevant, Proc. Nat. Acad. Sci., 23, 360-362 (1937). 

The Relations of Inversions in the X Chromosome of Drosophila Melano­
gaster to Crossing Over and Disjunction. 
A. H. Sturtevant and G. W. Beadle, Genetics, 21, 554-604 (1936). 

Observations on the Species Related to Drosophila Affinis, with Descrip­
tions of Seven New Forms. 
A. H. Sturtevant and Th. Dobzhansky, American Naturalist, 70, 574-584 (1936). 

The Comparative Genetics of Drosophila Pseudoobscura and D. Melano­
gaster. 
A. H. Sturtevant and C. C. Tan, J. Genetics, 34,415-432 (1937). 

':·The Development of the Theory of the Gene (printed in Chinese). 
C. C. Tan, Wuhang Uni1'ersity Science Bulletin, 6, 306-328 (1936). 

':·Genetic Maps of the Autosomes in Drosophila Pseudoobscura. 
C. C. Tan, Genetics, 21, 796-807 (1936). 

"The Behaviour of Vermilion and Orange Eye Colours in Transplantation in 
Drosophila Pseudoobscura. 
C. C. Tan and D. F. Poulson, J. Genetics, 34, 433-435 (1937). 

On the Energetics of Differentiation III. Comparison of the Temperature 
Coefficients for Cleavage and Later Stages in the Development of the 
Eggs of Some Marine Animals. 
Albert Tyler, Bioi. Bull., 71, 59-81 (1936). 

On the Energetics of Differentiation IV. Comparison on the Rates of Oxygen 
Consumption and of Development at Different Temperatures of Eggs of 
Some Marine Animals. 
Albert Tyler, Bio!. Bull., 71, 82-100 (1936). 

On the Energetics of Differentiation V. Comparison of the Rates of Devel­
opment and of Oxygen Consumption of Tight Membranes and Normal 
Echinoderm Eggs. 
Albert Tyler, ,. Exp. Zool., 76, 395-406 (1937). 

Influence of Temperature and Other Agents on the Respiration and Devel­
opment of Marine Eggs. 
Albert Tyler, The Collecting Net, 12 (1937). 

Polar Body Extrusion and Cleavage in Artificially Activated Eggs of 
Urechis Caupo. 
Albert Tyler and Hans Bauer, BioI. Bull., 73, 164-180 (1937). 

The Action of Certain Substituted Phenols on Marine Eggs in Relation to 
Their Dissociation. 
Albert Tyler and Norman H. Horowitz, Proc. Nat. Acad. Sci., 23, 369-374 (1937). 

Glycylglycine as a Sea Water Buffer. 
Albert Tyler and Norman H. Horowitz, Science, 86,85-86 (1937). 

Inhibition of Fertilization in Eggs of Marine Animals by Means of Acid. 
Albert Tyler and Bradley Titus Scheer, J. Exp. Zoo!., 75, 179-197 (1937). 

Effect of the Roots on the Production of Auxin by the Coleoptile. 
J. van Overbeck, Proc. Nat. Acad. Sci., 23, 272-276 (1937). 

Growth Substance Curvatures of Avena in Light and Dark. 
]. van Overbeek, Jour. Gen. P!J,ys., 20, 283-309 (1936). 

Allgemeine Betrachtungen tiber das Auxin-Problem. 
F. W. Went, Biologiscben Zen/ralblatt, 56,449-463 (1936). 

*Not available for distribution. 
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Salt Accumulation and Polar Transport of Plant Hormones. 
F. W. Went, Science, 86, 127-128 (1937). 

Die Doppelte Motorische Innervation des Scherenschliegers von Astacus 
Fluviatilis. 
c. A. G. Wiersma, Zeit. J. 'V'erg!. Phys., 24, 381-386 (1937). 

On the Mechanism of Inhibition of Crayfish Muscle. 
C. A. G. Wiersma and George Marmont, Proc. Nat. Acad. Sci., 2~. 502-504 (1936). 

The Double Motor Innervation of a Crayfish Muscle. 
C. A. G. 'W'ienma and A. van Harreveld. Proc. Nat. Acad. Sci., 22, 190-19} (1936). 

Effect of Auxin on Chlorella Vulgaris. 
H. C. Yin, Proc. A\lt. Acad. Sci., 23, 174-176 (1937). 

':-Growth Hormone of Plants (printed in Chinese). 
H. C. Yin, \Vu-llillJ SdeJll'e Juurnal, 6, 157-173 (1936). 

VERTEBRA TE ZOOLOGY 

New Races of the Genus Otus from Northwestern Mexico. 
, Robert T. Moore, Proc. BioI. Soc. Wasbington, 50,63-68 (1937). 

Four New Birds from Northwestern Mexico. 
Robert T. Moore, Proc. Bio!. Soc. Washington, 50,95-102 (1937). 

Two New Owls from Sinaloa, Mexico. 
• Robert T. Moore, Prot'. BioI. Soc. WasDingto1l, 50, 103-106 (1937). 

New Race of Chubbia jamesoni from Colombia. 
Robert T. Moore, Proc. BioI. Soc. Wasbillgton, 50, 151-152 (1937). 

Description of a New Race of Carpodacus mexicanus. 
Robert T. Moore, Condur, 37, 203-208 (1936). 

A New House Finch from Central Mexico. 
Robert T. Moore, COllJOT, 39, 204-206 (1937). 

tNew Birds from Northwestern Mexico. 
Robert T. Moore, Proc. BioI. Soc. Washingtoll, 48, 111-114 (1935). 

tA New Jay of the Genus Cyanocorax from Sinaloa, Mexico. 
Robert T. Moore, Auk, 52,274-277 (1935). 

tThe Protection and Conservation of the Zoological Life of the Galapagos 
Archipelago. 
Robert T. Moore, Scie11ce, 82, 2135 (1935). 

A Review of the Races of the Mountain Quail. 
A. J. van Rossem, Condor, 39, 20-24 (1937). 

Concerning the Name of the Sonora House Finch. 
A. J. van Rossem, Condor, 39, 38 (1937). 

A Race of the Derby Flycatcher from Northwestern Mexico. 
A. J. van Rosscm, Froc. Biol. Soc. Wash., 50,25-26 (1937). 

The Ferruginous Pigmy Owl of Northwestern Mexico and Arizona. 
A. J. van Rossem, Proc. BioI. Soc. \Va,b., 50} 27-28 (1937). 

The Type of Falco cooperii. 
A. J. van Rossem, Auk, 54, 203 (1937). 

A Further Report on Birds from Sonora, Mexico, with Descriptions of 
Two New Races. 
A. ]. van Rossem and the Marquess Hachisuka, Trail!" Sail Diego S(Ii'. Nal. IIisl., 8, :,23-334, 
(1937) _ 

*Not available for distribution. 
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A Northwestern Race of the Mexican Black Hawk. 
A. J. van Rossem and the Marquess Hachisuka, TraIlS. San Diego Soc. Nat. His!., 8, 361-362, 
(1937) • 

A New Bat Falcon from Sonora. 
A. ]. van Rossem and the Marquess Hachisuka, Proc. Biol. Soc. Wash., 50, 107-108 (1937) . 

The Blue-Gray Gnatcatcher of Southern Sonora. 
A. ]. van Rossem and the Marquess Hachi~uka, Proc. Biol. Soc. Wash., 50, 109-110 (1937) • 

The Yellow-Green Vireo of Northwestern Mexico. 
A. ]. van Rosscm and the Marquess Hachisuka. Prac. Blvl. Soc. Wasb.~ 50, 159-160 (1937) . 

The Tiger-Bittern of Northwestern Mexico. 
A. J. van Rossem and the Marquess Hachisuka, Proc. BiuI. Soc. Wash., 50, 161-1G2 (19)7) • 

GUGGENHEIM AERONAUTICAL LABORATORY 

76. Charts for Calculating the Performance of Airplanes Having Constant­
Speed Propellers. 
Roland ]. White and Victor ]. Martin, N. A. C. A. Tecb. Note, 579 (1936). 

77. Transfer of Stress From Main Beams to Intermediate Stiffeners in 
Metal Sheet Covered Box Beams. 
B. B. C. Lovett and W. F. Rodee, Jour. Aero. Sci., 3,426-430 (1936), 

78. Effect of Rivet Spacing on Stiffened Thin Sheet under Compression. 
W. Lavern Howland, Jour. Aero. Sci., 3, 434-438 (1936). 

79. Uber Aerodynamische Forschungsergebnisse und Ihre Auswertung fur 
den Flugzeugbau. 
Clark B. Millikan, Luftwisse1Z, 3, 277-287 (1936). 

"80. Progressive Waves of Finite Amplitude and Some Steady Motions of 
an Elastic Fluid. 
H. Bateman, Proc. Nat. Acad. Sci., 22, 607-619 (1936). 

81. On the Results of Aerodynamic Research and Their Application to 
Aircraft Construction. 
Clark B. Millikan, Jour. Aero. Sci., 4, 43-53 (1936). 

82. The Physicist Gets Air Minded. 
Clark B. Malikan, Jour. App. Pbys., 8, 107-116 (1937). 

83. On the Statistical Theory of Turbulence. 
Th. von Karman, Proc. Nat. Acad. Sci., 23, 98-105 (1937). 

84. The Fundamentals of the Statistical Theory of Turbulence. 
Th. von Karman, Jour. Aero. Sci., 4, 131-138 (1937). 

85. Le Transport Aerien it Haute Altitude. 
w. C. Rockefeller and Norton B. Moore, Jour. Tech. Intern. l'Aero" 336-350 (1936). 

86. A Theory for Rectangular Wings of Small Aspect Ratio. 
William Bollay, Jour. Aero. Sci., 4, 294-296 (1937). 

87. Stress Distribution in Stiffened Panels under Compression. 
E. E. Sechler, Jour. Aero. Sci., 4,320-323 (1937). 

88M. Forecasting the Dissipation of Fog and Stratus Clouds. 
Irving Krick, Jour. Aero. Sci., 4, 366-371 (1937). 

89M. The Technique of Weather Forecasting. 
Irving Krick, Mech. Eng., 59, 579-582 (1937). 

90M. The Galcit Radio-Meteorograph. 
o. C. Maier and L. E. Wood, Jour. Aero. Sci., 4, 417-422 (1937). 

""Not available for distribution. 
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91. Effect of Slipstream on the Longitudinal Stability of a Low Wing 
Monoplane. 
c. M. Bolster, Jotlr. Aero. Sci., 4, 411-416 (1937). 

92. The Effect of Curvature on the Transition from Laminar to Turbulent 
Boundary Layer. 
Milton Clauser and Francis Clauser, N. A. C. A. Tecb. Notc, 613 (1937). 

':-1 Fondamenti della Teoria Statistica della Turbolenza. 
Th. von Karman, l'Aerofecnicd, 17, 643-6Y4 (1937). 

t':-n Problema della Resistenza Nei Fluidi Compressibilie. 
Th. von Karman, l'Aerotecnico, 16, 575-616 (1936). 

t"Turbolenza e Attrito Superficiale. 
Th. von Karman, I'Aeroteenica, 14, 1156-1185 (1934). 

"Review of Progress in Aerodynamics for 1935. 
A. L. Klein, Mech. Eng., 58, 432-433 (1936). 

':-Applying Modern Methods of Weather Analysis and Forecasting to Citrus. 
Irving Krick, Cali/orl1ia Citrograph, 22, 3 (1936). 

"A Telethermoscope for Use in Citrus Groves. 
Irving Krick and L. E. Wood, California Citrograpb, 22, 120-122 (1937). 

"Underlying Principles of Frost Protection. 
Irving Krick, California Cultivator, LXXXIV, 649 (1937). 

t':-The Use of Animated Pictures for Weather Studies. 
Irving Krick, Jo'ur. Aero. Sci., 2, 77 (1935). 

t':-Air Mass Symbols for Use on Synoptic Charts. 
Irving Krick, Jour. Aero. Sci., 2, 55 (1935). 

ENGINEERING 

Experimental Determinations of the Flow Characteristics in the Volutes of 
Centrifugal Pumps. 
R. C. Binder and R. T. Knapp, A. S. M. E. Trans., 649-661, Nov., 1936. 

':-Discussion to the Article: Physical Properties of Axle Steels. 
Wm. Howard Clapp, Trans. Am. Soc. of Metals, 292-293, Mar., 1937. 

A Chart for the Rapid Determination of Commercial Gear Sizes. 
Wm. Howard Clapp, Product Engineering, 401-402, Oct., 1936. 

Materials Testing and Steel Performance. 
Wm. Howard Clapp, Trans. Am. Petrol. [mt.-Drilling and Production Practice, 310-321 
(1936); reprints in Petroleum Engineering, Jan., 1937; Steel, Feb., 1937; Heat Treating ~md 
Forging, Mar., 1937. 

A New Test for Relative Sliding Wear. 
D. S. Clark and R. B. Freeman, Metal Progress, 31, 399-402 (1937). 

The Relative Wear of Some Hard Metals. 
R. B. Freeman, Metal Progress, 31, 281-285 (1937). 

The Hydraulic-Machinery Laboratory at the California Institute of 
Technology. 
R. T. Knapp, A. S. M. E. Trans., 663-676, Nov., 1936. 

Earthquake Damage to Type III Buildings in Long Beach. 
R. R. Martel, U. S. Coast and Geodetic Survey, Special Pub!., 201, 143-162 (1936). 

Modern Conceptions of the Mechanics of Fluid Turbulence. 
Hunter Rouse, Trans. A. S. C. E., 102, 463-H3 (1937). 

Nomogram for the Settling Velocity of Spheres. 
Hunter Rouse, Annual Report, Committee on Sedimentatiol1, National Research Council, 57-64 
(1937) _ 

t'Not previously reported. 
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HUMANITIES 

Japanese Prints. 
Harvey Eagleson, California Arts and Architecture, 24, 48, Dec., 1936. 

··Whither Taxation? 
Philip S. Fogg, The Tax Digest, 257-259, 271-273, Aug., 1937. 

"The U. S. and the War Debts. 
PhilIp S. Fogg, Commercial and Finflllcial Digest, 3, 4, Dec., 1936. 

··Financial Problems of the Federal Government. 
Phil;p S. Fogg, Cummerciai and Financial Digest, 10, 12, Nov., 1936. 

t*Three Evil Fates. 
Philip S. Fogg, The Tax Digest, 122, 123, 129-132, Apr., 1936. 

Case 54. 
H. N. Gilbert, Agricultural Industries, Vol. II, Harvard Graduate School of Business 
Administration (1936). 

Economic Basis of Europe's War Problem. 
H. N. Gilbert, Proe. Insf. of World Affairs, 14, IJ9·141 (1937). 

The High Cost of Labor. 
H. N. Gilbert, Barron's Financial Weekly, 16, 43, p. 6 (1936). 

The California Institute of Technology. 
William Huse, Jewish Community Press, 84-86, Sept. 3, 1937. 

What the Adult Should Know About Economics. 
Graham A. Laing, Califorl1ia Review of Adult Education, 197-201, Dec., 1936. 

Child Wonders in EI Dorado. 
George R. MacMinn, Frontier and Midland, December, 1936. 

':'Collective Security in the Pacific Area. 
William B. Munro, Proc. Inst. of World Affairs, 14, 119-125 (1937). 

The Social Security Act. 
R. E. Untereiner, published serially in Investment Dealers' Digest: June 3, 3, 4, 5, 30; 
June 10, 10, 11, 12, 13, 30; June 17, 8, 30; June 24, 8,9,30 (1937). 

The Purposeful Reading of Our Colonial Ancestors. 
Louis B. Wright, E. L. H. A Journal of English Literary History, 4, Sr-lll (June, 1937). 

""Not available for distribution. 
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INFORMA TION AND REGULATIONS FOR THE 
GUIDANCE OF GRADUATE STUDENTS 

A. GENERAL REGULA nONS 

I. REQUIREMENTS FOR ADMISSION TO GRADUATE STANDING 

1. The Institute offers graduate work leading to two higher 
degrees, the degree of Master of Science," and the degree of Doctor 

of Philosophy. To he admitted to graduate standing at the Institute 
an applicant must in general have received a bachelor's degree 

representing the completion of an undergraduate course in science 
or engineering substantially equivalent to one of those courses offered 
by the Institute. He must, moreover, have attained such a scholastic 

record and, if from another institution, must present such recom­
mendations as to indicate that he is fitted to pursue with distinction 

advanced study and research. 

2. Application for admission to graduate standing at the Institute 
for work toward either the master's or the doctor's degree should be 

made upon a form which can be obtained from the Dean of the 
Graduate School. The applicant should state the degree for which 
he wishes to work. If the applicant's preliminary training in science, 

mathematics, and engineering has not been substantially that given 
by the four-year undergraduate courses at the Institute, he must 
pursue such undergraduate subjects as may be assigned. Since admis­
sion to graduate work will be granted to only a limited number of 
students of superior ability, applications should be made as long as 
possible before the opening of the school year, preferably by the first 

of May. Admission may have to be refused to students who apply 
at a later date, solely on the basis of limited facilities in the depart­
ment in which they wish to work. Students applying for assistant­
ships or fellowships need not make separate application for admission 

*In addition the Institute offers the higher dcgrec~ of Bachelor of Science in Acronautin 
dnd in Meteorology (or a fifth year of work in tho<c departments (sec pages 176-117) under the 
conditions applying in general to the degree of Master of Science. 
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to graduate standing, but should make application for appointment 
by February 15. See Section DI. 

3. Admission to graduate standing does not of itself admit to 

candidacy for the degree of Master of Science or Doctor of 
Philosophy. 

II. TUITION FEES 

The tuition fee for graduate students pursuing courses of more 
than 32 units will be $300 a year, payable in three equal installments 
of $100 at the beginning of each term. Graduate students who 
continue their researches during the summer are not required to pay 
tuition fees therefor. 

An annual fee of $3 to assist in the defraying of expenses in cases 
of emergency requiring hospitalization is required. ':. No other fees 

are required of graduate students; but charges may be made for 
breakage and supplies. Students working in the chemical laboratories 
are required to make a deposit of $15 at the beginning of the school 
year to cover these charges. No degrees are awarded until all bills 

due the Institute have been paid. 

In regard to fellowshiPs and assistantships, see pages 153 -15 7 of this 

catalogue. In addition, to students with high scholastic attainments 
there may be awarded graduate scholarships covering one-half or the 

whole of the tuition fee. For such students loans also may be 
arranged, for which application should be made to the Student-Aid 
Committee. 

B. REGULATIONS AND REQUIREMENTS CONCERNING 
WORK FOR THE DEGREE OF MASTER OF SCIENCE 

I. GENERAL REQUIREMENTS 

To receive the degree of Master of Science, the student must com­

plete in a satisfactory way the work indicated in the schedule of 
one of the fifth-year courses, as well as in the schedule of the Four-
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Year Course in Science or in Engineering (see pages 162-179), except 

that, in the case of students transferring from other institutions, 

equivalents will be accepted in subjects in which the student shows 

by examination or otherwise that he is proficient, and except in so 

far as substitutions may be approved by special vote of the Com­

mittee in charge. 

Senior students at the Institute desiring to return for a fifth year 

should consult with the representative of the department in which 

they expect to do their major work, and make application for admis­

sion to work towards the master's degree on a form which can be 

obtained from the Dean of the Graduate School. Such students will 

be expected to present satisfactory scholarship qualifications, and 

to have demonstrated a capacity for doing advanced work. 

All programs of study, and applications for candidacy for the 

degree of Master of Science, shall be in charge of the Committee on 

Courses in Science (in case the advanced work is to be in Physics, 

Chemistry, Chemical Engineering, Mathematics, Geology, Paleon­

tology, or Biology), or of the Committee on Courses in Engineering 

(in case the work is to be in Civil, Mechanical or Electrical Engi­

neering, Aeronautics or Meteorology); and recommendations to the 

Faculty for the award of that degree shall be made by one of these 

Committees, all such actions being taken in general after considera­

tion and recommendation by the department concerned. 

A student before entering upon work for the degree of Master 

of Science should, after consultation with the department concerned, 

submit a plan of study (together with his previous record if he 

transfers from another institution), and make application to the 

Committee in charge for acceptance as a candidate for that degree. 

Application forms for admission to candidacy for the degree of 

Master of Science may be obtained from the Registrar, and must be 

submitted not later than the end of the first week of the first term 

of the year in which the degree is to be granted. 
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II. REGISTRATION 

1. The regulations governing registration and student responsi­
bilities as given for undergraduate students on page 89 of the cata­

logue apply also to fifth-year students. 

2. Before registering, the graduate student should consult with 

members of the department in which he is taking his work to 
determine the studies which he can pursue to the best advantage. 

3. A student will not receive credit for a course unless he is 

properly registered, and at the first meeting of each class should 
furnish the instructor with a regular assignment card for the course, 
obtained from the Registrar's office. 

4. Applications for registration in excess of the prescribed num­
ber of units must be approved by the Committee on Courses in 
Science or by the Committee on Courses in Engineering and will be 

conditioned upon the quality of work done in the preceding term. 

III. SCHOLASTIC REQUIREMENTS 

1. Scholastic requirements given on pages 91-92 of the catalogue 

for undergraduate students also apply to fifth-year students. 

2. In the case of a student registered for a master's degree and 

holding a position as Assistant or Teaching Fellow, the actual number 
of hours per week required by the teaching shall be deducted from 
the total number of units for which the student may register. 

IV. THESIS 

Two final copies of theses must be filed with the Division con­
cerned te~ days before the degree is to be conferred. In the Division 

of the Geological Sciences and in the department of Mathematics, a 
complete first draft of theses presented in partial fulfillment of the 
requirements for the degree of Master of Science must be submitted 
to the supervising instructor by the first of May. 
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c. REGULATIONS CONCERNING WORK FOR THE 
DEGREE OF DOCTOR OF PHILOSOPHY 

J. GE:\ERAL REGCLA TIO:\S 

The degree of Doctor of Philosophy is conferred by the Institute 
in recognition of breadth of scientific attainment and of power to 

investigate scientific problems independently and efficiently, rather 

than for the completion of definite courses of study through a stated 
term of residence. The work for the degree must consist of scientific 

research and the preparation of a thesis describing it, and of sys­
tematic studies of an advanced character in science or engineering. 

In addition, the candidate must have acquired the power of express­
ing himself clearly and forcefully both orally and in written 

language, and he must have a good reading knowledge of French 
and German. 

Subject to the general supervision of the Committee on Graduate 
Study, the student's work for the degree of Doctor of Philosophy 

is specifically directed by the department in which he has chosen 
his major subject. Each student should consult his department 
concerning special divisional and departmental requirements. See 

Section VI for special requirements for the doctor's degree in Mathe­
matics, Physics and Electrical Engineering, Section VII for special 
requirements in Chemistry, Section VIII for special requirements in 
Aeronautics, Civil and Mechanical Engineering and Meteorology, and 
Section IX for special requirements in Geology and Paleontology. 

With the approval of the Committee on Graduate Study, any 
student studying for the doctor's degree whose work is not satis­

factory may be refused registration at the beginning of any term 
by the department in which the student is doing his major work. 

II. REQUIREMENTS FOR ADMISSION TO WORK FOR THE DOCTOR'S DEGREE 

With the approval of the Committee on Graduate Study, students 
are admitted to graduate standing by the department in which they 
choose their major work toward the doctor's degree. In the case of 
insufficient preparation, applicants for the doctor's degree may be 
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required to register for the master's degree first. The master's degree, 

however, is in no sense a prerequisite for the doctor's degree. Students 
who have received the master's degree and wish to pursue further 

studies leading towards the doctor's degree must file a new applica­
tion for admission to graduate standing to work towards that degree. 

III. REGISTRA nON 

1. Students are required to register and file a program card in the 

Registrar's office at the beginning of each term of residence, whether 
they are attending regular courses of study, or only carrying on 

research or independent reading, or writing a thesis or other 
disserta tion. 

2. Before registering, the student should consult with members 
of the department in which he is taking his major work to determine 

the studies which he can pursue to the best advantage. 

3. A student will not receive credit for a course unless he is 
properly registered, and at the first meeting of each class should 

furnish the instructor with a regular assignment card for the course, 
obtained from the Registrar's office. The student himself is charged 
with the rcsjJOnsibility of mahing certain that all grades to which 
he is entitled have been recorded. 

4. One term of residence shall consist of one term's work of not 

less than 45 units of advanced work in which a passing grade is 
recorded. If less than 45 units are successfully carried the residence 

will be regarded as shortened in the same ratio, but the completion 
of a larger number of units in anyone term will not be regarded as 
increasing the residence. Students who are permitted to carryon 

research during the summer will be allowed credit, but in order to 
obtain such credit they must register therefor in advance. 

5. The number of units allowed for a course of study or for 
research is figured on the basis that one unit corresponds roughly 
to one hour a week of work throughout the term, for a student of 

superior ability. 
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6. In registering for research, students should indicate on their 

program card the name of the instructor in charge, and should 

consult with him to determine the number of units to which the 

proposed work corresponds. At the end of the term the instructor 

in charge shall decrease the number of units for which credit is given, 

in case he feels that the progress of the research does not justify the 

full number originally registered. 

7. Graduate students studying for the doctor's degree who are 

devoting their whole time to their studies will be allowed to register 

for not more than 60 units in anyone term. Students on part time 

teaching appointments will not be allowed to register for so many 

units. Teaching Fellows and Assistants will be allowed to register 

for not more than 45 units. 

IV. GRADES IN GRADUATE COURSES 

1. Term examinations are held in all graduate courses unless the 

instructor shall, after consultation with the chairman of the division, 

arrange otherwise. No student taking a course for credit shall be 

exempt from these examinations when held. 

2. Grades for all graduate work are reported to the Registrar's 

office at the close of each term. 

3. The following system of grades is used to indicate class stand­

ing in graduate courses: 4 denotes marked distinction, 3 denotes 

above average, 2 denotes average, 1 denotes below average, C denotes 

conditioned, F denotes failed. In addition to these grades, which are 

to be interpreted as having the same significance as for undergraduate 

courses, the grade P, which denotes passed, may be used at the discre­

tion of the instructor, in the case of seminar, research, or other work 

which does not lend itself to more specific grading. 

V. REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY 

1. Major and Minor Subjects: The work for the doctor's degree 

must consist of scientific research and advanced studies in some 

branch of science or engineering, which will be termed the "major 
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subject" of the candidate. In addition, as "minor subject" (or sub­
jects), studies which will give a fundamental knowledge and research 

point of view must be pursued in at least one other branch of science 
or engineering. 

The choice and scope of the minor subject must be approved by 
the departments in charge both of the major and of minor subjects, 

and must involve not less than 45 units of advanced study in each 
minor subject. Such advanced study must consist of courses which 
are listed as graduate courses. 1 

2. Residence: At least three years of work in residence subse­

quent to a baccalaureate degree equivalent to that given by the 
Institute are required for the doctor's degree. Of this at least one 

year must be in residence at the Institute. It should be understood 
that these are minimum requirements, and students must usually 
count on spending a somewhat longer time in residence. 

Graduate students are encouraged to continue their research 

during the whole or a part of the summer, but in order that such 
work may count in fulfillment of the residence requirements, the 
student must comply with the above regulations and file a registra­

tion card for such summer work in the office of the Registrar. 

A graduate student who, by special arrangement, is permitted to 
conduct a portion of his research in the field, in government labora­
tories, or elsewhere off the campus, must file a registration card for 

this work in the office of the Registrar, in order that it may count 
in fulfillment of residence requirements. The number of units to be 

credited for such work shall be determined by the Dean of the Grad­

uate School in consultation with the Chairman of the Division in 
which the student is carrying his major work; and a recommendation 

as to the proportion of the full tuition to be paid for such work shall 
be made by the Dean to the Executive Council. 

A student whose undergraduate work has been insufficient in 

amount or too narrowly specialized, or whose preparation in his 

1 For a minor in Mathematics the candidate must offer at least 45 units in those subjects of the 
Mathematics department numbered 100 and above. 
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special field is inadequate, must count upon spending increased time 

in work for the degree. 

3. Admission to Candidacy: Any student admitted to work for 

the doctor's degree who has been in residence one term or more, who 
has satisfied the several departments concerned by written or oral 

examination or otherwise that he has a comprehensive grasp of his 

major and minor subjects as well as of subjccts fundamental to thcm, 
who has satisfied the department of modern languages that he on 

read scientific German and French with reasonable facility, who h'15 

shown ability in carrying on research and whose research subject 
has been approved by the Chairman of the Division concerned, and 

whose program of study has been approved by both his major and 
minor departments may, on recommendation of the Chairman of 

the Division in which he is working, be admitted by the Committee 
on Graduate Study to candidacy for the degree of Doctor of Phi­

losophy. Members of the permanent Institute staff of rank higher 
than that of Assistant Professor are not admitted to candidacy for 
a higher degree. 

A regular form, to be obtained from the Dean of the Graduate 
School, is provided for making application for admission to candidacy. 
Such admission to candidacy must be obtained before the close of 
the first term of the year in which the degree is to be conferred, and 

must be followed by two terms of further residence before the degree 
is conferred. Tbe student bimself is respollsible for seeing tbat admis­
sion is secured at tbe proper time. 

4. Examinations: The French and German examinations, pre­
requisite .to admission to candidacy for the degree of Doctor of 

Philosophy, will be given in September on the afternoon of the date 
set for the removal of conditions, and on the afternoons of the first 

Fridays of December and of Ma;ch. Candidates may, in place of 
the above, take the advanced undergraduate examinations offered at 

the end of each term. Students who have credit for courses in 

languages taken at the Institute and who have a grade above average 
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may be exempted from further requirement after consultation with 

the language department. 

Graduate students are permitted to audit all courses in the depart­

ment of languages. In general, however, it is desirable for students 
without previous language study to take the class work in French 

and German for at least the first term rather than to depend upon 
studying it by themselves. Students expecting to file application 

for candidacy in December are advised to take the September exami­
nation, so that, if their preparation is inadequate, they may enroll 

for the fall term in one of the language courses. No fee is charged 
for these examinations. 

Special examinations, or the final examinations in specified courses, 

are required by certain departments for admission to candidacy for 
the doctor's degree. (See Sections VI, VII, VIII and IX.) 

Final examinations in their major and minor subjects are required 
of all candidates for the doctor's degree. These examinations, subject 

to the approval of the Committee on Graduate Study, may be taken 
at such time after admission to candidacy as the candidate is pre­

pared, except that they must take place at least two weeks before 
the degree is to be conferred. The examinations may be written or 

oral, or both, and may be divided into parts or given all at one time 
at the discretion of the departments concerned. The student must 

petition for these examinations on a form obtained from the Dean 
of the Graduate School after consultation with the Chairman of the 
Division. 

5. Thesis: The candidate is required to submit to the Dean of 

the Graduate School two weeks before the degree is to be conferred 

two copies of a satisfactory thesis describing his research, including 

a one-page digest or summary of the main results obtained. 

With the approval of the department concerned, a portion of the 
thesis may consist of one or more articles published jointly by the 

candidate and members of the Institute staff or others. In any case, 
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however, a substantial portion of the thesis must be the candidate's 

own exposition of his work. 

The thesis must be typewritten on paper of good quality, 812 by 
11 inches, leaving a margin for binding of not less than one inch, or 

may consist in part of pages taken from a published article and pasted 

on paper of the above size. It should be preceded by a title page con­

taining the following items: Title, Thesis by (name of candidate), 
In Partial Fulfillment of the Requirements for the Degree of Doctor 

of Philosophy, California Institute of Technology, Pasadena, Cali­

fornia, Date (year only). 

Before submitting his thesis to the Dean of the Graduate School, 

the candidate must obtain approval of it by the Chairman of his 

Division, and the members of his examining committee. This approval 

must be obtained in writing on a form which will be furnished at the 

office of the Dean. The candidate himself is responsible for allowing 
sufficient time for the members of his committee to examine his thesis. 

6. Grades on Degree: The doctor's degree is awarded with the 

designations "summa cum laude," "magna cum laude," "cum laude," 
or without designation. 

VI. SPECIAL REGULATIONS RELATING TO REQUIREMENTS FOR THE DOCTOR'S 
DEGREE FOR STUDE:-iTS MAJORING IN MATHEMATICS, PHYSICS, 

AND ELECTRICAL ENGINEERING 

In agreement with the general requirements for higher degrees 

adopted by the Committee on Graduate Study, as set forth in Section 

V, the Division of Mathematics, Physics and Electrical Engineering 

has adopted the following supplementary regulations: 

1, a. To be recommended for candidacy for the doctor's degree in 

Mathematics the applicant must pass the following courses with a 

grade of 2 or better: 

Ma.IOlabc 
Ma.201 
Ma.256 
Ma.102 

Modern Algebra (including Galois Theory) 
Modern Analysis 
Modern Differential Geometry 
Introduction to Higher Geometry 

and any Ol1e of the courses, other than the purely mathematical, listed under require­
ments for admission to candidacy in Physics, preferably one of the following: 

Ph. 101 abc Electricity and Magnetism 
Ph. 103 abc Analytical Mechanics 
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and a course in the mathematical quantum theory (to be selected from those offered 
f rom year to year) . 

1, b. To be recommended for candidacy for the doctor's degree 

in Physics the applicant must pass the following courses with a grade 
of 2 or better: 

Ph.lol ab 
Ph. 103 ab 
Ph. 105 a b 
Ph.107abc 

Electricity and Magnetism 
Analytical Mechanics 
Optics 
Atomic Physics 

and any two of the following courses: 

Ph. 101 c Electricity and Magnetism 
Ph. 103 c Analytical Mechanics 
Ph. 114 Principles of Quantum Mechanics 
Ph. 115 Applications of Quantum Mechanics 

and, in case the applicant's minor is in 1\.1athelnatics, one of the following courses: 

Ma. 8 abc Advanced Calculus 
Ma. lOa b c Differential Equations 
Ma. 114 abc Mathematical Analysis 

and, in case the applicant's minor is in ChClnistry, one of the following courses: 

Ch. 21 abc Chemical Principles 

{ 

Ch. 21 a Chemical Principles 
together with 

Ch. 23 a b Chemical Principles 

1, c. To be recommended for candidacy for the doctor's degree in 
Electrical Engineering the applicant must pass the following courses 
with a grade of 2 or better: 

Ph. 101 abc Electricity and Magnetism 

and one of the following courses: 

Ph. 103 abc Analytical Mechanics 
rAM. 1 a b Applied Mechanics 

-{ together with 
l AM. I c Strength of Materials 

and one of the following courses: 

Ma. 8 abc Advanced Calculus 
Ph. 5 abc Introduction to Mathematical Physics 

r Ma. 8 a b Advanced Calculus 
-{ together with 
l Ma. 11 Differential Equations. 

and the following courses or their equivalents: 

EE. 120 Alternating Current Analysis 
EE.122 Advanced Alternating Current Machinery 
EE. 144 Transmission Lines 
EE. 152 Dielectrics 
EE.162 Vacuum Tubes 
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2. An applicant may also satisfy the requirements described above 
by taking an examination in the subject with the instructor in charge. 

Students are advised to satisfy the conditions for admission to can­
didacy in their respective departments as rapidly as possible. 

Students who fail to meet at least one-half of these requirements 

by the end of their first year of graduate study will not be allowed to 
register for further work except when special permission is obtained 
from the department. 

3. In general a student will find it necessary to continue his grad­
uate study and research for two years after admission to candidacy. 

4. A candidate for the degree of Doctor of Philosophy with a 
major in Mathematics must deliver a typewritten or printed copy of 
his completed thesis, in final form, to the professor in charge on or 
before May 1 of the year in which the degree is to be conferred. 

5. A student in Electrical Engineering will, in general, be expected 
to have had six months or more of practical work in manufacturing, 
operating, or engineering research, in addition to the time required 

for college residence. 

VII. SPECIAL REGULATIONS RELATING TO REQUIREMENTS FOR THE DOCTOR'S 
DEGREE FOR STUDENTS MAJORING IN CHEMISTRY 

In agreement with the general requirements for higher degrees 

adopted by the Committee on Graduate Study, as set forth in Section 
V, the Division of Chemistry and Chemical Engineering has adopted 
the following supplementary regulations: 

1. To be recommended for candidacy for the doctor's degree the 

applicant must give satisfactory evidence of proficiency by means 
of the following: 

a. Candidacy examination in physical chemistry, 
b. Candidacy examination in inorganic chemistry, 
c. Candidacy examination in organic chemistry, 
d. Candidacy examination in colloid and surface chemistry, 
e. Written report on the progress of research. 

The examinations will be mainly written but will be partly oral. 
They will cover their respective subjects substantially to the extent 



I:-iFORMATION FOR GRADCATE STCDENTS 149 

that these are treated in the undergraduate chemistry option; the 
proficiency expected is not less than that acquired by the abler under­
graduates. A detailed informational knowledge is not so much desired 
as an understanding of general principles and a power to apply these 

to concrete problems. 

The written report must be a satisfactory description of the appli­
cant's research up to the date of his application. By this report and 
his laboratory work the applicant must have given evidence of his 
industry and ability in research, and of his power to present his results 
in clear, forceful language and with discrimination as to what is 

essential in scientific papers. 

2. It is expected that the applicant shall have studied mathematics 

and physics substantially to the extent that these subjects are covered 
in the first two years of the Institute undergraduate courses. In cases 
where the applicant's training is less extensive than this, the Division 
of Chemistry and Chemical Engineering may prescribe additional 
work in these subjects prior to recommending him as candidate. 

3. After admission to candidacy students must in general pursue 

advanced study and research for not less than 5 terms (counting 
equivalent summer work) before they will be recommended by the 
Division of Chemistry and Chemical Engineering for the final exam­
ination for the doctor's degree. 

4. The final examination will consist in part of the candidate's oral 
presentation of a brief resume of his research and its defense against 
attack, and in part of the defense of a set of propositions prepared by 

the candidate. The candidate may also expect questions not imme­
diately related to his research or propositions. 

The propositions should be about twelve in number, of which about 

three should relate to the minor subject, three (or more) to general 
branches of chemistry, and about six to the branch of chemistry of 
major interest to the candidate, including his research. The candidate 
may also include propositions not relating to his major and minor 
fields. The propositions, prepared by the candidate himself, should 
display his originality, breadth of interest, and soundness of training; 
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the candidate will be judged on his selection and formulation of the 
propositions as well as on his defence of them. 

A copy of the set of propositions must be submitted to the Division 
of Chemistry and Chemical Engineering at least two weeks before the 
date set for the examination. A copy of the set of propositions must 

be submitted to the Dean of the Graduate School with each of the 
two copies of the thesis. 

5. The doctor's degree is not awarded in Chemical Engineering at 
the present time, but students interested in this field may offer a 
minor in Chemical Engineering in connection with a major in Chem­
istry or in Mechanical Engineering. 

VIII. SPECIAL REGULATIONS RELATING TO REQUIREMENTS FOR THE DOCTOR'S 
DEGREE FOR STUDE;-.rTS MAJORI0:G IN AERONAUTICS, CIVIL A"D 

MECHANICAL ENGINEERING AND METEOROLOGY 

In agreement with the general requirements for higher degrees 
adopted by the Committee on Graduate Study, as stated in Section V, 
the Division of Civil and Mechanical Engineering has adopted the 
following supplementary regulations: 

1, a. To be recommended for candidacy for the doctor's degree in 
Aeronautics the applicant must pass the following courses with a 

grade of 2 or better: 

Ma.14 
AE. 251 abc 
AE. 266 a b 

Vector Analysis 
Aerodynamics of the Airplane 
Theoretical Aerodynamics I 

and one of the following: , 
Ma. 114 a b Mathematical Analysis 
EE. 226 a b Engineering Mathematical Physics 

and also one of the following: 

AE. 252 abc 
Ph. 103 abc 
AE. 270 abc 

Airplane Design 
Analytical Mechanics 
Elasticity Applied to Aeronautics 

If any of the above subjects were taken elsewhere than at 
the Institute, the candidate will be required to pass special 
examinations indicating an equivalent knowledge of the 
subject. 

1, b. To be recommended for candidacy for the, doct()r'~ degree 
"",,-,,!.;r ,,,J,;,_ 0"" i! o~-· "'i:.--:--r' 

in Civil Engineering the applicant must pa/\the courses prescribed 
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and elected for the fifth year, or equivalent substitutions satisfactory 

to the department, and such other advanced courses as the department 

may require, and must pass special comprehensive oral or written 

examinations in the fields covered by these courses. 

1, c. To be recommended for candidacy for the doctor's degree in 

Mechanical Engineering the applicant must pass the following courses 

with a grade of 2 or better: 

Ma.ll 

and one of the following: 

EE. 226 a b 
Ma.8 abc 
Ma. 15 abc 

Differential Equations 

Engineering Mathematical Physics 
Advanced Calculus 
Higher Mathematics for Engineers and Physicists 

and anyone of the following three groups: 

ME. 101 a b 
ME.lIOabc 
ME. 111 abc 
AE. 270 a 

{

ME. 120, 121, 
122 

Ph. 211 

l ~~: ~~~ 
AE. 266 a b 

and 267 

Advanced Machine Design 
Science of Metals 
Metallography Laboratory 
Elasticity Applied to Aeronautics 

Hea t Engines 
Thermodynamics 

Applied Hydrodynamics 
Hydraulic Machinery 

Theoretical Aerodynamics 

Jnd also special comprehensive oral or written examinations 
in the fields covered by these courses. 

1, d. To be recommended for candidacy for the doctor's degree in 

Meteorology the applicant must pass the following courses with a 

grade of 2 or better: 

Ma.14 
AE. 266 a b 
Ph.211 

Vector Analysis 
Theoretical Aerodynamics I 
Thcnnodynan1ics 

and one of the following courses: 

Ma. 109 a b 
EE. 226 a b 
AE. 265 a b 

Introduction to Mathematical Analysis 
Engineering Mathematical Physics 
Mathematical Methods Applied in Aeronautics 

2. In general a student will find it necessary to continue his grad­

uate study and research for two years after admission to candidacy, 

and will be expected to have had six months or more of practical work. 
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IX. SPECIAL REGULATIO:-;S RELATI:-':G TO REQUIRD!E"ITS FOR THE DOCTOR'S 

DEGREE FOR STUDE"ITS MAJORING IN THE DIVISION 

OF THE GEOLOGICAL SCIENCES 

In agreement with the general requirements for higher degrees 

adopted by the Committee on Graduate Study, as set forth in Section 

V, the Division of the Geological Sciences has adopted the following 

supplementary regulations: 

1. To be admitted to candidacy for the doctor's degree in the 

Division of the Geological Sciences the applicant must have shown 

more than average ability in mastering the previous geological, 

paleontological, and geophysical subjects. 

2. The applicant for admission to candidacy may be required to 

take a qualifying examination which may be oral, or written, or both. 

3. After admission to candidacy, students must in general pursue 

advanced study and research for a minimum of six terms, or approxi­

mately two years (counting each summer of field work as a term). 

4. Candidates are required to take two oral examinations after 
admission to candidacy. The first, termed the general examination, 

tests knowledge in a specified number, but not all, of the various 
branches of geology and paleontology, and may be taken at any con­
venient time after admission to candidacy. The second, or final 
examination, is principally, but not entirely, a defense of the Ph.D. 
thesis and a test of the candidate's knowledge in the specialized fields 
of his major and minor subjects. 

5. A first draft of the Ph.D. thesis with data, maps, and illustra­
tions complete must be submitted to the professor in charge not later 

than February 1. Two copies of the final, revised thesis must be filed 
by April 20 with the professor in charge and circulated among the 
members of the examining committee. Likewise on this date, the 
candidate must file and circulate a paper, prepared for publication in 
form acceptable to his examining committee, embodying the results 
of his research in whole or in part. 
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D. OPPORTUNITIES FOR GRADUATE AND SCIENTIFIC 
WORK AT THE INSTITUTE 

I. FELLOWSHIPS AND ASSIST A;\;TSHIPS 

The Institute offers in each of its divisions a number of Fellowships 
and Graduate Assistantships. These usually carry, as stipends, tuition 

($300) with or without an additional grant. 

Most of the major grants consist in providing, for a continuous 

period of ten months, board in the Athenxum (see pages 66 and 157) 
and lodging in the Athenxum loggia, the Dormitory, or the Student 
Houses. The purpose of this plan is to enable the Fellows and Assistants 

of the various divisions to live together under attractive and healthful 
conditions, and thus secure the great educational and social advan­
tages that result from intimate contacts with one another, with 
members of the professorial staff of the Institute, and with others 

using the Athenxum. 

In the award of graduate scholarships and fellowships preferred 
consideration will be given to students who have been accepted as 
candidates for the degree of Doctor of Philosophy. 

Teaching Fellows and Graduate Assistants devote during the school 
year not more than fifteen hours a week to teaching or laboratory 
assistance of a character that affords them useful experience. This 
time includes that required in preparation and in marking note-books 
and papers, as well as that spent in classroom and laboratory. Of the 
remaining time at least one-half must be devoted to research, unless 

otherwise arranged by the division concerned; and the obligation to 
prosecute the research earnestly is regarded as no less binding than that 
of showing proper interest in the teaching and in the advanced study, 
which is also pursued so far as time permits. The appointments are 
for a period of ten months; and it is understood that the research work 
will be continued in the summer, at least until this period is completed. 

Forms for making application for fellowships or assistantships may 
be obtained on request from the Dean of the Graduate School. When 
possible, these applications should reach the Institute by February 15, 
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and notices of awards will be mailed to successful applicants on March 
20. Appointments to fellowships :llld assistantships are for one year 
only; and a new application must be filed before February 15 of each 
year by all who desire appointments for the following year, regardless 
of whether they are already holders of such appointments or not. 

II. RESEARCH FELLOWSHIPS AND SCHOLARSHIPS 

1. 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 additional research work. 

2. National Research Fellowships: These fellowships, estab­
lished by the Rockefeller Foundation, are awarded by the National 
Research Council to men who have their doctor's degree. Fellows may 
choose the institution in which they desire to pursue research. Appli­

cations should be made to the National Research Council, Wash­
ington, D. C. 

3. Drake Fellowships and Scholarships: The income from the 
Drake Fund, provided by the late Mr. and Mrs. Alexander M. Drake, 
is used to maintain fellowships and scholarships in such numbers and 
amounts as the Board of Trustees determine. The recipients are 

designated as Drake Fellows and Drake Scholars. 

4. Blacker Fellowships: 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 Fellows. 

5. Henry Laws Fellowships: The income from a fund given 
by the late Mr. Henry Laws is used to provide fellowships for research 

in pure science, preferably in physics, chemistry, and mathematics. 
The recipients are designated as Henry Laws Fellows. 

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

Caroline W. Dobbins Fellows or Caroline W. Dobbins Scholars. 

7. Elizabeth Thompson Stone Scholarship: A fund provided 

by the late Miss Elizabeth Thompson Stone is used to maintain at the 

Institute the Elizabeth Thompson Stone Scholarship. 

s. Bridge Fellowship: The late Dr. Norman Bridge provided a 

fund, the income of which is used to support a research fellowship. 

The recipient is designated as the Bridge Fellow. 

9. 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 to the Institute a fund to provide for 

certain research fellowships to be known as the "George Ellery Hale 

Research Fellowships in Radiation Chemistry," these fellowships to 

be available to competent young investigators who have received the 

degree of Doctor of Philosophy or have had a corresponding research 

training, and who will pursue, at the Institute, investigations in radia­

tion chemistry (broadly interpreted to include the study of molecule 

structure by the methods of modern physics). These fellowships are 

to carry stipends, obligations and privileges similar to those of the 

National Research Fellowships. 

10. Noyes Fellowships: Dr. Noyes further left his entire estate, 

after providing 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 this fund, as stated in his will, is to 

provide for the payment of salaries or grants to competent persons to 

enable them to carryon scientific investigations in the field of chem­

istry 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 :l11d theoret­

ical researches upon the problems of pure science (as distinct from 

those of applied science) in the field of chemistry. Dr. Noyes further 

provided that "no portion of the income of the said fund shall be used 
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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 afore­
said 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 inves­
tiga tions." 

SPECIAL FELLOWSHIP FUNDS 

A considerable group of governmental and industrial organizations 
and private individuals have contributed funds for the support of 

Fellows engaged in fundamental researches related to their interests 
and activities. These include the United States Navy Department, 
the United States Soil Conservation Service, the United States Recla­
mation Service, the Metropolitan Water Board, Los Angeles County 
Flood Control District, Los Angeles County Seismological interests, 
Los Angeles County Harbor Board, Standard Oil Company of Cali­

fornia, Union Oil Company, Shell Oil Company, Sunshine Mining 
Company, Agfa-Ansco Corporation, Geo-Frequenta Corporation, 
Hughes Tool Company, General Petroleum Corporation, Arnold Pfau, 
Caterpillar Tractor Company, William M. White, Allis-Chalmers 
Manufacturing Company, Lane Wells Company, National Supply 

Company of Delaware, A. o. Smith Corporation, Research Corpora­
tion of New York, Douglas Aircraft Co., Inc.; Boeing Airplane Com­
pany; Northrop Corporation; Lockheed Aircraft Corporation; 
Hughes Aircraft Company; Goodyear-Zeppelin Corporation; Curtiss­
Wright Airplane Co.; Consolidated Aircraft Corp.; North American 
Aviation; Vultee Aircraft Division of Aviation Mfg. Corp., and the 

Mudd and Kellogg funds for researches on cancer and carcinogenic 
substances. 

The Rockefeller Bio-Organic Fund: This fund is contributed by 

the Rockefeller Foundation for the support of a group of post­
doctorate men who are working on the problem of the molecular 
structure of organic substances. 
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The Carnegie Corporation Cosmic Ray Fund: This fund is given 

by the Carnegie Corporation and administered by the Carnegie Insti­
tution of Washington, D. C., for cosmic-ray researches carried on by 

a group of five or six men. 

The Earhart Foundation has contributed funds for the whole 
program of meteorological research at the Institute, including the 

development and use of the radiometeorograph. 

III. INSTITUTE GUESTS 

Members of the faculties of other educational institutions and 
Research Fellows who have already received their doctor's degree and 
desire to carryon special investigations may be granted the privileges 
of the facilities of the Institute, without payment of fees. Arrange­

ment should be made in advance with the chairman of the division 
of the Institute concerned. Such guests are requested to file a card in 
the Registrar's office at the beginning of their work, giving Institute 
and home address, degrees, nature of work planned, etc. 

IV. GRADUATE LIFE 

The Athenxum (see page 66) affords opportunity for contact 
between the Associates of the Institute, distinguished foreign visitors, 
and members of the staffs and graduate students at the three adjacent 
institutions, the Mount Wilson Observatory, the Huntington Library, 
and the California Institute. It also provides living quarters for a 
limited number of men associated with the foregoing institutions, 
including specially economical sleeping quarters for about eighteen 

graduate students. 



DESCRIPTION OF THE UNDERGRADUATE 
AND FIFTH-YEAR COURSES 

THE COCRSES IN ENGI;-;EERING 

The five-year plan of engineering instruction is based on recogni­
tion of the fact that a four-year period of study is inadequate to give 
satisfactorily the combination of cultural, basic scientific, and engi­
neering studies essential to the highest type of engineer, and to afford 
at the same time leisure for the development of the physical well­
being and human interests of the students. The four-year course 
trains, more broadly and fundamentally than the engineering courses 
now given at most institutions, the large proportion of students who 
study engineering not to make themselves engineering experts in a 
specialized sense, but to fit themselves to fill satisfactorily administra­
tive positions in the utilities and manufacturing industries, and to 
serve as operating and constructing engineers in such industries. The 
fifth-year courses, based on this broad fundamental preparation, and 
co-ordinated with it so as to constitute a harmonious, unified, five­

year period of study, with no sharp breaks between the undergraduate 
and graduate periods, will afford the more intensive training required 
by the engineer who is to do creative work in his field. 

The four-year course in Engineering includes an unusually thor­
ough training in physics and mathematics, and instruction in chem­
istry and geology; also extended courses, continuing throughout the 
four years, in humanistic studies, including English writing and 
speaking, literature, evolutionary science, history of civilization, CUf­

rent social and political problems, and economics; and, finally, those 
engineering subjects common to all branches of engineering, such as 

surveying, mechanism, descriptive geometry, machine drawing, ap­
plied mechanics, engineering materials, hydraulics, and preliminary 
courses in Civil, Mechanical, and Electrical Engineering. 

Laboratory facilities are available for experimental work in hydraul­

ics, thermodynamics, metallography, materials of construction, soil 
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mechanics, and electricity, including a high-voltage laboratory with 

a maximum rating of one million volts. 

The fifth-year courses in Civil, Mechanical, and Electrical Engi­

neering, and Aeronautics consist mainly of the engineering subjects 

that are fundamental in these separate branches of engineering. Thus 

the Civil Engineering Course deals largely with the analysis, design and 

construction of water systems, sanitation works and structures; the 

Mechanical Engineering Course, with machine design, steam and gas 

engineering, and power-plant design and operation; the Electrical 

Engineering Course with the generation, transmission and utilization 

of electric power and the communication of intelligence by electrical 
means; and the Aeronautics Course with the principles of aerodynam­

ics, the design and construction of airplanes, their engines and 

instruments. Of all these courses, engineering research or design 

forms an important part. 

THE COURSES IN SCIENCE 

The courses in science prepare for those scientific and engineering 

professions in which an extensive training in the basic sciences and 

in research is of more importance than a knowledge of the principles 

and practice of engineering. Accordingly, the four-year course in 

science, while including the same historical, literary and economic 

subjects as the course in engineering, requires much more extended 

study of the three sciences of chemistry, physics, and mathematics; 

also two years' study of scientific German and French. In its junior 

and senior years there are offered a series of options which, when 

supplemented by the corresponding fifth-year courses, afford definite 

preparation for various scientific professions, as outlined in the 

following statement. 

The Option in Chemistry and the Option in Physics and the fifth­

year courses in Chemistry and Physics prepare students, on the 

chemical and physical sides respectively, for research and teaching in 

universities, colleges, and high schools, and for research positions in 

governmental laboratories and especially in the research and develop-
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ment departments of the larger chemical, metallurgical, and elec­

trical companies. 
The Option in Applied Chemistry and the fifth-year courses in 

Chemical Engineering differ from those in Chemistry in that they 
include, in place of some of the science work, general subjects in 
mechanical and electrical engineering, and (in the fifth year) an 

extended treatment of chemical engineering itself. This course is 

designed to fit men for the installation, operation, and the research 
development of industrial chemical processes. 

The Geology Option and the Graduate Course in Geology and 
Paleontology prepare for teaching and research positions in colleges 

and universities, for government posts in connection with geological 
and mining surveys, for places as directors and field explorers of 
museums and, above all, for expert work in geology in the oil and 
mining industries. 

The Biology Option and the Graduate Course in Biology prepare 
for teaching and research in colleges and universities, for government 
service in agriculture and public health, and for field studies and 
laboratory research in connection with museums. The option of the 

undergraduate course affords a preliminary training, with emphasis 
on the fundamental sciences, for those who desire to pursue graduate 
studies in medicine, sanitation, and the public health. 



SCHEDULES OF THE UNDERGRADUATE 
COURSES 

The school year is divided into three terms. The number of units 
assigned in any term to any subject is the total number of hours per 

week devoted to that subject, including class work, laboratory work, 
and the estimated time for outside preparation. Laboratory assign­
ments include drawing exercises and field work. 

Besides the subjects shown in the course schedules, students are 
required to take Assembly and Physical Education in each term of 

each of the four school years. Students who continue their under­
graduate work beyond four years continue to take Physical Educa­
tion throughout their undergraduate course. Freshmen attend in the 
second and third terms, in addition to the general assemblies, six 
orientation assemblies. 

The subject numbers correspond to those given in the description 
of subjects on pages 180-244. The abbreviations denote the various 
branches of instruction as follows: 

Aeronautics 
Applied Chemistry 
Applied Mechanics 
Applied Physics 
Assembly 
Astronomy .. 
Biology 
Chemistry 
Civil Engineering ........... . 
Drawing ...... . 
Economics 
Electrical Engineering 
English 
Geology. 
History and Government. 
Hydraulics 
Languages 
Mathematics 
Mechanical Engineering 
Meteorology . 
Philosophy ... 
Physical Education . 
Physics 
Thesis 

.AE 
.ACh 

AM 
A Ph 

.As 
....... Ay 

Bi 
.. Ch 

CE 
..D 
.Ec 
.EE 
En 
Ge 
H 

.. Hy 
...... L 

.Ma 
...... ME 

.... My 
. ...... Pl 
. ..... PE 

... Ph 
... Th 
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______ En 1 a be 

------ Ph 1 abc 
Ch 1 abc 

Ma 1 abc 

HI abc 

D 1,3 ab 

CALIFOR:'\L\ j:'\STITCTE OF TECH:,\OLOGY 

BOTH COURSES 

FIRST YEAR, ALL THREE TER~S 

English'" (3 -0-3) "." 

Physics'" (3 -3 -6) 

Chemistry'" (3-6-3) 

Mathematics" (4-0-8) 

History (3 -0-2) ........ . 

Drawing"'''' (0-3-0) 

Units per Term 

6 

12 

12 

12 

*Students are required to pass, at the end of the sophomore year, comprehensive cxa.minations 
in English and History, in Physics, and in ~1athematics. Students taking the Options in Chemistry 
or Applied Chemistry are required to pass also a comprehensive examination in Chemistry. 

* "Number of hours devoted to class, laboratory, and preparation. 
*~c'··D 1 is taken by all freshmen the first term, and D 3a, b, the second and third terms, 

respecti vel y. 
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COURSE IN ENGINEERING 

I'OR STUDENTS PREPARI?\iG FOR CIVIL, MECHANICAL, AND ELECTRICAL 
ENGINEERIl\:G, Al\:D AERONAUTICS 

163 

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 depart­
ment, be refused permission to continue the work of that option. A fuller statclnent 
of this regulation will be found on page 9Z. 

SECOND YEAR Units per Term 
1st 2nd lrd 

Ma Z abc Mathematics"·t (4-0-8) ".". IZ 1Z 8 ". 

Ph 2 abc Physics"t (3-3-6) 12 1Z 8* 
Ma Z d Mathematics Reviewt (4-0-8) 4* 
Ph Z d Physics Reviewt (3 -3 -6) 4" 

-- I-I 2 abc History"';"" (2-0-4) 6 6 6 
CE 1 Surveying (3-4-4) 11 or 11 
MEl Mechanism (3-3-3) 9 or 9 or 9 
ME3 Materials and Processes (3-3-5 ) . . . . . . . . . . 11 or 11 
Ge la Geology (3 -3 -3) .......... 9 
D 3c Descriptive Geometry (0-3 -0) ... 3 or 
D 3d Descriptive Geometry (0-3 -0) ..... 3 or 
D 6a Engineering Drawing (0-6-0) ...... 6 or 6 
D 6b Engineering Drawing (0-6-0) 6 or 6 

'''Students in the first honor section complete the regular work in Mathematics and in Physics 
during the first twO terms and take in the third term Vector Analysis (Ma 14) and Modern Physics 
(Ph 3). Such students do not take Physics Review (Ph 2cl) and Mathematics Review (Ma 2d). 

i"Students not in the first honor section take in the first 7 weeks of the third term Physics 
Ph 2c (8 units) and Mathematics Ma 2c (8 units), and in the last three weeks physics Review 
Ph 2d (4 units) and Mathematics Review Ma 2d (4 units). A condition in either of these review 
subjects, unless made up in September, excludes the student from all third-year subjects for which 
these arc prerequisite. To assist students in making up such conditions, and to aid students trans­
ferring from other colleges who may not have had such intensive courses as those of the Institute, 
each of these subjects will be offered as a summer course (with a fee of $20 each) during the three 
weeks preceding the opening of the fall term, provided not less than six students apply for it. 

**Number of hours devoted to class, laboratory, and preparation. 
***All students are required to pass a comprehensive examination in English and History at the 

end of the sophomore year. 
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COURSE IN ENGINEERING 
ELECTRICAL ENGINEERING OPTION 

(J.'Of Fint and Second Years, sec pages 162 and J6j) 

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 depart­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found On page 92. 

En 7 abc 
AM 1 abc 
Ch 6 

-_ Ec 17 
EE 2 
EE 3 
EE4 
EE 5 

A: Ma 11 
ME 15 
Hyl 

B: Ph 5 abc 

H 5 ab 
H 10 
Ec 2 
Ec 25 
EE 6 ab 
EE 7 
EE 12 
EE 70 abc 
Ph 7 abc 
Ph 9 ab 

At: EE 162 

THIRD YEAR 

English (3 -0 - 5) 
Applied Mechanics (4-3 -7) 
Engineering Chemistry (3 -0-6) 
Accounting (3 -0-6) 
Direct Currents (3 -0-6) 
Direct Current Laboratory (0-3 -3) 
Alternating Currents (3-0-6) ... . ......... . 
Alternating Current Laboratory (0-3-3) 

Differential Equations (3-0-6) 
Heat Engineering (3-3-6) 
Hydraulics (3-3-6) 

Mathematical Physics (4-0-8) 

FOURTH YEAR 

Humanities Electives" (3 -0-6) 
Current Topics (1-0-1) 
U. S. Constitution (1-0-1) . 
Economics (4-0-6) 
Business Law (3-0-3) 
Electrical Machinery (2-0-4) (3-0-6) 
Electrical Engineering Laboratory (0-3-6) . 
Electric Circuits (3-0-9) ... 
Engineering Conferences 
Electricity and Magnetism (2-0-4) ............ . 
Electrical Measurements (0-3-1) 

Vacuum Tubes (4-0-8) 
Mechanical Laboratory (0-3-6) 
Heat Engineering (3-0-7) 

Vacuum Tubes (4-0-8) 

Units per Term 
1st 2nd 3rd 

14 
9 
9 

9 

12 

9 
2 

6 

12 
2 
6 
4 

9 

8 
14 

9 
6 

12 

12 

9 
2 

10 

6 

2 
6 
4 

12 

10 

12 
12 

14 

9 
6 

12 

12 

9 

2 

9 
9 

2 
6 

ME27 
ME 18 

Bt: EE 162 
ME 15 
Hyl 

Heat Engineering (3-3-6) 
Hydraulics (3-3-6) . . . . . . . . . . . . . . . . . .. 12 

"'Humanities Electives 
PI 1 Philosophy (Soares) 
PI4 Ethics (Soares) 
En 8 Contemporary Literature 

(Eagleson, Judy) 
En 9 American Literature (MacMinn) 

En 10 
En 11 
L 40 
PI5 

Modern Drama (Stanton, Huse) 
Literature of the Bible (MacMinn) 
German Literature (Macarthur) 
Sociology (Laing) 

Students are required to take one term of Philosophy or Ethics, and choose two terms from the 
other electives. The assignment to each subject is 9 units (3-0-6). 

tOptions A and B in the fourth year are dependent upon the third year options, except for 
third term, when ME 18 or EE 162 may be substituted by students in either group. 
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COURSE IN ENGINEERING 
CIVIL ENGINEERING OPTION 

(for First and Second Years, sec pages 162 and 163) 
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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 depart­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found on page 92. 

En 7 abc 
AM I abc 
CE2 
Ch 6 
Ec 25 
Hy lab 

'- Ec 17 
CE4 
ME20 
Ec 2 

H 5 ab 
H 10 
CE 14 abc 
AM 3 
CE 8 abc 
CE 10 abc 
CE 12 
EE 8 
EE 9 
Hy2 
EE 10 
EE II 
Gel0 

THIRD YEAR 

English (3-0-5) 
Applied Mechanics (4-3-7) 
Advanced Surveying (3 -6-3 ) 
Engineering Chemistry (3 -0 -6) 
Business Law (3-0-3) ..... 
Hydraulics (3-3-6) (3-0-6). 
Accounting (3-0-6) .. 
Highway Engineering (3-0-3) 
Hea t Engineering (2 - 3 -4 ) 
Economics (4-0-6) 

FOURTH YEAR 

Humanities Electives* (3-0-6) 
Current Topics (1-0-1) 
U. S. Constitution (1-0-1) .. 
Engineering Conferences (1-0-1) 
Testing Materials (0-3-3) 
Railway Engineering ........ 
Theory of Structures 
Reinforced Concrete (3-3-6) ......... 
Direct Currents (3-0-4) . . . . . . . . . . 
Direct Current Laboratory (0-3 -2) 
Hydraulics Laboratory (0-6-0) 
Alternating Currents (3-0-4) 
Alternating Currents Laboratory (0-3-2) . 
Engineering Geology):':;' (2-2-5) .... 

*See first footnote on page 164. 
.. "Men anticipating fifth year may elect Ma. 11 (9 units) as an alternate . 

Units per Term 
1st 2nd 3ed 

8 8 
14 14 14 
12 
9 
6 

9 
2 

2 

6 
12 

7 
5 

12 9 
9 
6 

9 
2 

2 
6 
6 

12 

7 

9 
10 

9 

2 
2 

6 
9 

12 

6 

9 
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COURSE IN ENGINEERING 
MECHANICAL ENGINEERING OPTION 

(For First and St.!cond Years, see pages 162 and 163) 

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 depart­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found on page 92. 

THIRD YEAR U ni ts per T er:n 
1" 2nd Jrd 

En 7 abc English (3-0-5) 8 8 
AM 1 abc Applied Mechanics (4-3 -7) 14 14 14 
Hy 1 a Hydraulics (3-3-6) ......... 12 
HYlb Hydraulics (3-0-6) . . . . . . . . . . 9 
Ch 6 Engineering Chemistry 0 -0-6) ............ 9 
Ec 25 Business Law 0 -0-3) 6 
ME 15 Heat Engineering (3 -3 -6) .... 12 
Hy2 Hydraulics Laboratory (0-3-3) 6 
ME 16 Heat Engineering (4-0-8) .. 12 
Ec 17 Accounting (3-0-6) 9 
ME25 Mechanical Laboratory (0-3-3) .......... 6 

FOURTH YEAR 

Humanities Electives" 0-0-6) 9 9 9 
H 5 ab Current Topics (1-0-1) 2 2 
H 10 U. S. Constitution (1-0-1) 2 
ME 50 Engineering Conferences (1-0-1) 2 2 2 
AM3 Testing Materials (0-3-3) 6 
CE9 Structures (3-3-6) 12 
ME 5a Machine Design (2-3-4) 9 
ME 5b Machine Design (2-3-4) . . . . . . . . . . . . 9 
ME 5c Machine Design (0-9-0) ........... 9 
ME 10 Metallurgy (2-0-4) 6 
ME 17 Heat Engineering (3-0-6) ........... 9 
ME26 Mechanical Laboratory (0-3-3 ) 6 
EE 8 Direct Currents 0-0-4) ............ 7 
EE 9 Direct Currents Laboratory (0-3-2) . 5 
Ec 2 Economics (4-0-6) ......... 10 
EE 10 Alternating Currents 0 -0-4) 7 
EE 11 Alternating Currents Laboratory (0-3-2) 5 

Electivet 9 
Men who intend to enter the graduate school of aeronautics must substitute 

Ma 11 (9 units) for ME 16 in the third term of the third year and in the fourth 
year must substitute: 

Ma 8 abc Advanced Calculus (4-0-8). 12 12 12 
ME 8 Machine Design (3-3-6) 12 
AE 2 ab Aircraft Structures 12 12 
AM 3 Testing Materials Laboratory (0-3-3) 6 
for ME abc, 17, 26, 50; CE 9; AM 3; and elective 9 units. 

*Sec first footnote on page 164. 
tMa 11, Differential Equations, advised for all who expect to take fifth year. 
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COURSE IN SCIENCE 
FOR STUDENTS PREPARING FOR CHEMISTRY, APPLIED CHEMISTRY, PHYSICS, 

APPLIED PHYSICS, MATHE!.!ATICS, GEOLOGY, PALEO:-':TOLOGY, 
BIOLOGY, ASTRONOMY A0:D MEDICINE 

(lor Fine Year, see page 162) 

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 depart­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found on page 92. 

Ma 2 abc 
Ph 2 abc 
Ma 2d 
Ph 2d 
H 2 abc 
ch 12 ab 
Ge 1a 
Bi 1 
Ge 1b 
Bi2 
Ay 1 

Ma 3 
Ma 14 
Ch 11 

ch 12c 

Bi4 

CE 1 
D5 
Ge1c 

SECOND YEAR 

Mathematics,:·t (4-0-8) 
Physics,:·t (3-3-6) 
Mathematics Review (4-0-8) 
Physics Review (3-3-6) .................. . 
History (2-0-4) 

Units per Term 
1st 2nd Jed 

12 12 8" 
12 12 8" 

6 

4'f 
4" 
6 

Chemistry (2-6-2) (Except Ph., Ap.Ph. and Ma.) 10 
Geology (3-3-3) 9 

6 
10 

Biology (3 -3 -3 ) 
Paleontology (4-1-4) or. 
Biology (3-4-2) or 
Astronomy (3 -1-5) 
Options as below 

OPTIONS 

......... } 
.. 

PHYSICS, APPLIED PHYSICS, AI\D MATHEMATICS 
(Students in these options do not take Ch 12 ab) 

Theory of Equations (3-0-7) . 
Vector Analysis (3-0-7) . 
Analytical Chemistry (2-6-2) 

CHEMISTRY AND APPLIED CHEMISTRY 

Analytical Chem. and Chern. Review': * (2-6-2). 

BIOLOGY 
Invertebrate Zoology (2-6-2) 

GEOLOGY" 
Surveying (3-4-4) 
Descriptive Geometry (0-3-0) ........... . 
Historical Geology (3-0-6) .. 

9 

10 
10 

9 

10 

10 

10 

10 

11 
3 
9 

*Students in the first honor section complete the regular work in Mathematics and in Physics 
during the nrst two terms, and take in the third term Vector Analysis (Ma 14) and Modern 
Physics (Ph 3). Students in the first honor honor section do not take Mathematics Review (Ma 2d) 
and Physics Review (Ph Zd). 

tStudents not in the first honor section take in the first 7 weeks of the third term Physics 
Ph 2c (8 units) and Mathematics Ma 2c (8 units). and in the last 3 weeks Physics Review Ph 2d 
(4 units) and Mathematics Review Ma 2d (4 units). A condition in either of these rcyiew subjccts, 
unless made up in September, excludes the student from all third-year subjects for which these are 
prerequisite. To assist students in making up conditions, and to aid students transferring from 
other colleges who may not have had such intensive courses as those of the Institute, each of these 
subjects will be offered as a summer course (with a fee of $20) during the .3 weeks preceding the 
opening of the fall term, provided not less than six students apply for it. 

>I- *Students in Geology do not take Mathematics the third term. 
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COURSE IN SCIENCE 
PHYSICS OR ASTRONOMY OPTION 

(For First and Second Years, see pages 162 and 163) 

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 depart­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found on page 92. 

THIRD YEAR Units per Term 
1st 2nd Jed 

En 7 abc 
L 32 abc 
Ch 21 a 
Ch 23 ab 
Ph 5 abc 
Ma 10 abc 

H 5 ab 
H 10 
Ec 2 
L 35 a 
Ma 8 abc 
Ma 118 ab 

Ph 101 abc 
Ph 9 abc 

English (3 -0- 5) 
German (4-0-6) 

} Chemical Principles (4-0-6) . 

Introduction to Mathematical Physics (4-0-8) 
Differential Equations (3-0-6) . 

FOURTH YEAR 

Humanities Electives* (3-0-6). 
Current Topics (1-0-1). 
U. S. Constitution (1-0-1) .. 
Economics (4-0 -6) 
German (4-0-6 or 3-0-3) . 
Advanced Calculus (3 -0-6) . 
Introduction to Statistics (3 -0-6) 

PHYSICS OPTION 

An average grade of 2 or better in Ph 5 abc 
is required for admission to Ph 101 abc 

10 

10 

12 
9 

9 
2 

10 
9 
9 

Electricity and Magnetism (3 -0-6) . 9 
Electrical Measurements (0-3-1). 4 

"'See first footnote on page 164. 

8 8 
10 

10 

12 
9 

10 

10 

12 
9 

9 9 
2 

10 
6"':' 6"" 
9 9 
9 

9 
4 

9 
4 

*"'Students may, with the approval of the language department and the Registrar. substitute 
French (L 1 a. b). 10 units, for German (L 35 b, c) in the second and third terms. 



SCHEDULES OF THE UNDEltGRADUATE COURSES 

COURSE IN SCIENCE 
APPLIED PHYSICS OPTION 

(For First and Second Years, see pages 162 and 163) 

169 

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 depart­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found on page 92. 

En 7 abc 
L 32 abc 
Ch 21 a 
Ch 23 ab 
Ph 5 abc 
Ph 7 abc 
Ph 9 abc 

H 5 ab 
H 10 
Ec 2 
L 35 abc 
Ma 11 
AM 1 abc 
EE 8,9 
EE 10, 11 
ME 15 
EE 162 

} 
English (3-0-5) 
German (4-0-6) 

THIRD YEAR 

Chemical Principles (4-0-6) ..... 

Introduction to Mathematical Physics (4-0-8) . 
Electricity and Magnetism (2-0-4) .. . 
Electrical Measurements (0-3-1) ....... . 

FOURTH YEAR 

Humanities Electives* (3-0-6) ......... . 
Current Topics (1-0-1) ...... . 
U. S. Constitution (1-0-1) .. . 
Economics (4-0-6) .. ' 
German (4-0-6 or 3 -0-3) .............. . 
Differential Equations (3-0-6) ... . 
Applied Mechanics (4-3-7 or 4-1-7) . 
Direct Currents (3-3-6) . 
Alternating Currents (3-3-6) ... 
Heat Engineering (3-3-6), or. 
Vacuum Tubes (4-0-8) } 

*See first footnote on page 164. 

Units per Term 
1st 2nd Jrd 

8 8 
10 10 10 

10 10 10 

12 12 12 
6 6 6 
4 4 4 

9 9 9 
2 2 

2 
10 

10 6** 6"* 
9 

14 12*** 12~~** 
12 

12 

12 

**Students maYt with the approval of the language department and of the Registrar, substitute 
French (L 1 a, b), 10 units, for German (L H b, c) in the second and third terms. 

***Students in this option, with the approval of the applied mechanics department and of the 
Registrar J may register for the two additional hours of computing normally taken. 
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COURSE IN SCIENCE 
MA THEMA TICS OPTION 

(For First and Second Years, sec pages 162 and 163) 

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 depart­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found on page 92. 

English (3-0-5) 
German (4-0-6) 

THIRD YEAR Units per Term 
1st 2nd Jrd 

8 8 8 
10 10 10 

En 7 abc 
L 32 abc 
Ch 21 a 
Ma4 ab 
Ma 8 abc 
Ma 10 abc 

Chemical Principles (4-0-6) 
Analytic Geometry (3 -0-7) 
Advanced Calculus (4-0-8). 
Differential Equations (3-0-6) .. 

.............. 10 

............ 12 
9 

FOURTH YEAR 

Humanities Electives':' (3-0-6) .. 9 
H 5 ab Current Topics (1-0-1) ....... 2 
H 10 U. S. Constitution (1-0-1) .... ............ 
Ec 2 Economics (4-0-6) . . . . . . . . . . . . .......... 
L 35 a German (4-0-6) .............. 10 
L I ab French (4-0-6) .................. ......... . 
Ma 106 abc Introduction to Theory of Functions of Real 

Variables 
Ma 107 Conformal Representation 
Ma 101 abc Modern Algebra (3 lee tures a week) . 6 
Ma 102 ab Higher Geometry (3 -0-6) " .• :. 9 
Ma 201 a Modern Analysis 15 

*See first footnote on page 164. 
**See note on Ma 102, page 187. 

10 
12 
9 

9 
2 

10 

J 0 

6 
9 

10 
12 
9 

9 

2 

10 

5 
9 
6 



SCHEDULES OF THE U:\DERGR.~DUATE COURSES 

COURSE IN SCIENCE 
CHEMISTR Y OPTION 

(For First and Second Yca.C'S, see pages 162 and 163) 

171 

Students of the Chemistry or Applied Chemistry Option whose average grade 
(credits divided by units) in the required chemistry subjects of the sophomore or 
junior year is less than 1.9 will be admitted to the required chemistry subjects of 
the following year only with the special permission of the Division of Chemistry 
and Chemical Engineering. 

En 7 abc 
L 32 abc 
Ch 21 abc 
Ch 26 ab 
Ch 41 abc 
Ch 46 ab 
Ch 13 a 
Ch 14 a 

H 5 ab 
H 10 
Ec 2 
L 35 abc 
Ch 22 ab 
Ch 61 abc 
Ch 16 
Ch 70-73 
Ch 29 
A: Ch 13 b 

ch 14 bc 
B: Ph 5 ab 

THIRD YEAR Units per Term 
Ist 2nd 3rd 

English (3-0-5) ....................... . 8 8 8 
German (4-0-6) ..................... . 10 10 10 
Chemical Principles (4-0-6) ................ . 10 10 10 
Physico-Chemical Laboratory (0-6-2 or 0-3-1) . 
Organic Chemistry (3-0-5 or 2-0-4) . . . . . 8 
Organic Chemistry Laboratory (0-12-0; 0-6-0) 12 

8 4 
8 6 
6 

Inorganic Chemistry (2-0-2) . . . . ........ . 4 
Inorganic Chemistry Lab. (0-8-0) ........... . 

FOURTH YEAR 

Humanities Elcctives*(3-0-6) ............. 9 9 9 
Current Topics (1-0-1) .................... 2 2 
U. S. Constitution (1-0-1) .. .............. 2 
Economics (4-0-6) ................ 10 
German (4-0-6 or 3 -0-3) ... ........... , .... 10 6** 6*'" 
Thermodynamic Chemistry (2-0-4) .......... 6 6 
Ind us trial Chemistry (2-0-4 or 2-0-2) ........ 6 4 6 
Instrumental Analysis (0-6-2) ............... 8 
Chemical Research (0-5-0 or 0-19-0) ......... 19 
Colloid and Surface Chemistry (3-0-5) ........ 8 
Inorganic Chemistry (2-0-2) ................ 4 
Inorganic Chemistry Lab. (0-5-0 or 0-8-0) . 5 8 
Introduction to Math. Physics (4-0-8) . 12 12 

>;'Scc Erst footnote on page 164. 
*"Students may, with the a.pproval of the language department and of the Registrar, substitute 

French (L 1 a, b) 10 units, for German (L 35 b, c) in the second and third terms. 
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COURSE IN SCIENCE 
APPLIED CHEMISTRY OPTION 

(For First and Second Years. see pages 162 and 163) 

Students of the Chemistry or Applied Chemistry Option whose average grade 
(credits divided by units) in the required chemistry subjects of the sophomore or 
junior year is less than 1.9 will be admitted to the required chemistry subjects of 
the following year only with the special permission of the Division of Chemistry 
and Chemical Engineering. 

En 7 abc 
L 32 abc 
Ch21 abc 
AM2 ab 
Ch 63 ab 
Ec 2 
Ch 26 ab 
Ch 16 

H 5 ab 
H 10 
L 35 abc 
Ch 41 abc 
Ch 46 ab 
Ch 29 
Ch 22a 
Ch 61 abc 
EE 8,9 
EE 10, 11 

English (3-0-5) .. 
German (4-0-6) 

THIRD YEAR 

Chemical Principles (4-0-6) ... . 
Applied Mechanics (4-0-8) .. . 
Chern. Eng. Thermodynamics (2-0-4) . 
Economics (4-0-6) 
Physical Chemistry Laboratory (0-3-1) .. 
Instrumental Analysis (0-6-2) . 

FOURTH YEAR 

Humanities Electives* (3-0-6) . 
Current Topics (1-0-1) .. 
U. S. Constitution (1-0-1) . 
German (4-0-6 or 3 -0-3) . 
Organic Chemistry (3-0-5 or 2-0-4) . 
Organic Chemistry Laboratory (0-9-0). 
Colloid and Surface Chemistry (3 -0 - 5 ) 
Thermodynamic Chemistry (2-0-4). 
Industrial Chemistry (2-0-4 or 2-0-2) 
Direct Currents (3-3-6) .... 
Alternating Currents (3-3-6) .. 

""See first footnote on page 164 . 

Units per Term 
1st 2nd 3rd 
8 8 8 

10 10 10 
10 
12 

9 
2 

10 

9 

6 
6 

10 
12 

6 

10 

10 
4 4 

9 9 
2 

2 
6':'" 6"':' 
8 6 
9 

4 6 
12 

12 

.... Students may, with the approval of the language department and of the Registrar" substitute 
French (L I a, b) 10 units, for German (L 35 h, c) in the second and third terms. 



SCHEDCLES OF THE Cl':DERGRADUATE COURSES 

COURSE IN SCIENCE 
GEOLOGICAL SCIENCES OPTION':' 

(For First and Second Years, see pages 162 and 163) 

173 

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 depart­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found on page 92. 

THIRD YEAR 

En 7 abc English {3-0-5) 
L 32 abc German (4-0-6) ......... 
Ch 21 a } Chemical Principles (4-0-6) . 
Ch 23 a 
CE 3 Plane Table Surveying (1-6-1) . 
Ge 3 abc Mineralogy .......... 
Ge14 Geologic Illustration .. 
Ge 121 ab Field Geology .. 

FOURTH YEAR 

Humanities Electives*'} 0-0-6) 
H 5 ab Current Topics (1-0-1 ) 
H 10 U. S. Constitution (1-0-1). 
Ec 2 Economics (3-0-3 or 2-0-4) . 
L 35 abc German (4-0-6 or 3-0-3) ... 
Gel09 Structural Geology (4-0-6) . 
Ge III ab Invertebrate Paleontology!!: 
Ge112ab Vertebrate Paleontology (2-6-2) ~ 
Ge 105 Optical Mineralogy (2-6-2)!!:. 
Ge 106 ab Petrogra ph y!!: .......... . 
Ge 100 Geology-Paleontology Club .. 
Ge 21, 22 Thesis!!: ............. 

*Summer Field Geology required after both Junior and Senior Years. 
:;. >, See first footnote on page 164. 

Units per Term 
1st 2nd 3rd 
8 8 8 

10 10 10 

10 10 

12 12 12 
10 

10 10 

9 9 9 
2 2 

2 
10 

10 6': 6':"":' 
10 

10 
10 10 

10 
10 10 

1 1 

***Students may. with the approval of the language department and of the Registrar, substitute 
French (L 1 a, b) 10 units, for German (L 35 h, c) in the second and third terms. 

:IJ:Students desiring to specialize in physical geology may take Ge 105 and Ge 106 in conjunction 
with one paleontology course. Those desiring to specialize in paleontology may take both Ge 111 
and Ge 112, omitting Ge 105 and Ge 106. In either case the course not taken in the fourth year is 
to be taken in the fifth. Thesis units, Ge 21 or 22. arranged to hring total units per term to 50. 
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COURSE IN SCIENCE 
BIOLOGY OPTION 

(for Fint and Second Years, see pages 162 and 163) 

Attention is called to the fact that any student whose grade-point avcrage is less 
than 1.9 in the subjects listed under his division may, at the discretion of his dep.>rt­
ment, be refused permission to continue the work of that option. A fuller statement 
of this regulation will be found on page 92. 

THIRD YEAR" Units per Term 
1" 2nd Jrd 

En 7 abc 
L 32 abc 
Ec 2 
Ch 41 ac 
Ch 21 a 
Ch 23 ab 
Bi II 

English (3-0-5) 
German (4-0-6) ............. . 
Economics (4-0-6) ................ . 
Organic Chemistry (3-0-5,2-0-4) .' .......... . 
Chemical Principles (4-0-6) ................ . 
Chemical Principles (4-0-6) .................. . 
Entomology (2-3-3) 

A: Courses offered in 1938-39 and every second year: 
Bi 3 Botany (2-9-3) 
Bi 5 ab Plant Physiology (3-6-3 and 2-4-2) . 

B: Courscs offered in 1937-8 and every second year: 
Bi 12 Histology (1-6-2) ........ . 
Bi 13 Mammalian Anatomy (1-2-2) ................ . 
Bi 6 Embryology (2-8-2) ..................... . 
Bi 8 Ad vanced Genetics (2 -3 - 3) . . ......... . 

FOURTH YEAR 

10 

8 
10 

14 

9 
5 

Humanities Electives':- ,:- (3 -0-6) ... ' . . . . . . . . .. 9 
H 5 ab 
H 10 
L 35 a 
L I ab 
Bi 16 ab 
Bi 7 ab 
Bi20 
Bi 22 

Current Topics (1-0-1) ......... 2 
U. S. Constitution (1-0-1). . ....... . 
German (4-0-6) . _ . ___ .. __ .. 10 
French (4-0-6) ............ . 
Animal Physiology (3-2-5) ........... 10 
Biochemistry (2-4-4) ........ . 
Biological Literature (0-0-4).. . . . . . . . . . .. 4 
Research ................................. . 

And one of the following: 

A: Courses offered in 1938-39, same as in third year .. 

B: Courses offered in 1937-8, same as in third year_ 

14 

14 

8 
10 
10 

10 

12 

12 

9 
2 

10 
10 
10 

12 

12 

8 
10 

6 

10 

9 

2 

10 

10 

10 

*Students t:1king the Biology Option are urged to take Bi 17 (Vertebrate Anatomy, 10 units), 
at Corona del Mar in the summer between their second and third years. 

x-:··See first footnote on page 164. 



SCHEDULES OF COURSES FOR THE DEGREE 
OF MASTER OF SCIENCE 

H 100 
En 100 
Pl100 
Ec100abc 

EE 120 
EE 122 
EE 144 
EE 121 abc 
EE 148 
EE 160 
EE 152 

EE 162 
EE 128 
EE 156 
EE 130 
Ph 5 abc 

CE 23 
CE16 
Ma 15 abc 
CE 15 
CE 21 abc 
CE 17 
AM 105 
CE 115 

CE 101 ab 
CE 105 bc 
CE 107 abc 
CE 108 
CE 110 bc 
CE 114 
Ge10 
AE 270 
AE 273 abc 
Hy 100 

SUBJECTS COMMON TO ALL COURSES 
Units per Term 

1st 2nd 3rd 

SCD1inar in Alnerican History and Government ) 

or English Literature . ':' 129 
or Philosophy 
or Business Economics 

Engineering or Research Seminars. 2 
Professional Subjects 42 

ELECTRICAL ENGINEERING 
Subjects common to all courses. 11 
Alternating Current Analysis 12 
Advanced Alternating Current Machinery .. 
Transmission Lines ........... . 
Alternating Current Laboratory ............ 6 
Specifications and Design . . . . . . . . . . . . . . . .. 6 
Electric Transients .................... . 
Dielectrics ........................ . 
Research or Tbesis . . . . . . . . . . . . .. 12 
Electives, as below. . . . . . . . . . . . . . . . . . . . . . . . . .. 6 

ELECTIVES 
Vacuum Tubes ......... . 
Electric Traction 
Electrical Communication 
Light and Power Distribution 
Introduction to Mathematical Physics 

CIVIL ENGINEERING 
Subjects COlnmon to all courses 
Statically Indeternlinate Structures 
Masonry Structures 
Higher Mathematics for Engineers 
Irrigation and Water Supply .. 
Structural and Civil Engineering Design 
Sewerage 
Soil Mechanics .. 
Foundations 
Research or Other Thesis 

SUPPLEMENT AR Y SUBJECTS 

Water Power Plant Design 
Statically Indeterminate Structures. 
Geodesy and Precise Surveying 
Highway Problems .............. . 
Sewage Treatment Plant Design ........... . 
Earthquake Effects upon Structures ............ . 
Engineering Geology . 
Elasticity 
Synoptic Meteorology 
Applied Hydrodynamics 

6 

12 

11 
12 

9 

12 

6 

10 

6 

12 
12 

9 

12 
2 

42 

11 

12 

6 

6 

12 
6 

9 

12 

11 

9 
12 

9 

6 
6 

10 

6 

10 

6 
12 
12 

9 

12 
2 

42 

11 

12 
6 

6 
12 

6 

12 

6 
12 

11 

9 
9 

9 
9 

6 

6 

10 

9 
6 

12 
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MECHANICAL ENGINEERING 
L"nits per Term 

1st 2nd 3rd 

Subjects common to all courses (page 175) . II II II 
ME IIOa Science of Metals. 6 
ME lIla Metallography Laboratory 6 
ME 120 Heat Engineering 12 
Ma 15 Higher Mathematics for Engineers ~ 

or 9 9 9 
Ma 8 Advanced Calculus J 

Electives, as below . . . . . . . . , . 9" 36 36 

ELECTIVES* 

ME 101 ab Advanced Machine Design .. . . . . . . . . . 12 12 
ME 110 be Science of Metals. 6 6 
ME III be Metallography Laboratory 6 6 
ME 121, 122 Heat Engineering ... 12 12 
Hy 100 Applied Hydrodynamics 12 
Hy 101 Hydraulic Machinery 12 

Research or Thesis, as arranged 

AERONAUTICS 
FIFTH YEAR 

Subjects COmmon to all courses (page 175) . II II II 
AE 251 abc Aerodynamics of the Airplane ... .......... 9 9 9 
AE 252 abc Airplane Design ............. ........ . 12 12 12 
AE253 abc Airplane Design and Testing Procedure. 6 6 6 
EE 226 ab Engineering Mathematical Physics. 15 15 

or 
MA 114 ab Mathematical Analysis 12 12 
MAI4 Vector Analysis ............ 12 
AE 290 abc Aeronautics Seminar 2 2 2 
AE 260 Research in Aeronautics. 

"Electives 

SIXTH YEAR 

AE 254 abc Advanced Problems in Airplane Design 9 9 9 
AE 266 ab Theoretical Aerodynamics I. 12 9 
AE 267 Theoretical Aerodynamics II. 12 
AE 270 Elasticity Applied to Aeronautics 12 6 6 
AE 290 Aeronautics Seminar 2 2 
AE 260 Research in Aeronautics. 

Electives ................. 

*Ma 11 Differential Equations must be taken in the first tefm unless the student has already 
passed the course in the fourth year. 
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AE 273 abc 
AE 274 abc 
AE 276 
AE 280 
AE 291 abc 
Ph 91 abc 

"'AE 272 abc 
AE 274 abc 
AE 275 
AE 280 
AE291 abc 
Ma 118 abc 

Ph 110 ab 
Ph 107 abc 
Ph 108 
Ph 103 abc 
Ph 105 ab 
Phl06ab 
EE 162 
Ma.114 
Ph 114 
Ph 115 

METEOROLOGY 

FIFTH YEAR 

Subjects common to all courses 
Synoptic Meteorology 
"'leteorological Laboratory 
Meteorological Instruments 
Research 
Meteorological Seminar 

(page 175) 

Introduction to Mathematical Physics. 

SIXTH YEAR 

Dynamic Meteorology 
Meteorological Laboratory 
Structure of the Atmosphere. 
Research 
Meteorological Seminar 
Introduction to Statistics 
Electives .......... . 

PHYSICS OR APPLIED PHYSICS 
Subjects common to all courses (page 17 5) 

Kinetic Theory 
Atomic Physics 

ELECTIVES 

Spectroscopy Laboratory .......... . 

Units per Term 
1st 2nd 3rd 

II II 11 
12 
15 

6 

9 
15 

2 
9 

II 

9 
9 

12 
15 

2 

9 
15 

2 
9 

I I 

9 
9 
3 

12 
15 

9 

15 
3 

2 
9 

II 

9 

Analytical Mechanics . . . . . . . .. 12 12 
9 

12 
Optics 
Optics Laboratory .. ' 
Vacuum Tubes 
Mathematical Analysis 
Principles of Quantum Mechanics 
Applications of Quantum Mechanics ........... . 
Research 

MATHEMA TICS 

9 

12 

9 
15 

12 

15 

12 
12 

9 

15 

Subjects common to all courses (page 175) . 11 11 II 
Courses open to graduates in Mathematics Curriculum, 45 units during the year. 

Research .. . . . . . . . . . . . . . . . . . . . . . . .. 6 6 
Subjects in fifth-year Physics Course 

... AE 272 abc will replace Ph 91 abc on fifth year students' curricula when a one-year course 
is pursued. 
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CHEMISTR Y OR CHEMICAL ENGINEERING 

Ch 153 
Ch 155 abc 
Ch 156 abc 
eh 157 abc 
Ch 158 
Ch 159a 
Ch 159b 
Ch 161 
Ch 162 abc 
Ch 163 
Chl66abc 
Ch 167 
Ch 16S 
Ch 169 
ME 25 

Subjects common to all courses (page 175) 

ELECTIVES 

Thermodynamic Chemistry 
Nature of Chemical Bond 
Ir!troduction to Wave Mechanics 
Structure of Crystals. 
Photochemistry 
Kinetics of Homogeneous Reactions. 
Kinetics of Heterogeneous Reactions 
Organic Chemical Analysis 
Organic Chemistry (special topics) 
Introduction to the Spectra of Molecules 
Chemical Engineering':' 
Phase Equilibria in Applied Chemistry 
Thermodynamics of Multi-component Systems .. 
Research Manipulations 

Units per Term 
1st 2nd lrd 

11 11 II 

6 6 
6 6 6 
9 9 9 
6 6 6 
6 
6 

6 
9 
6 6 6 
6 

12 12 12 
6 

6 or 6 or 6 Mechanical Laboratory 
Research .. . ......... 12-1S 12-18 12-1S 

*Candidates for the master's degree in Chemical Engineering are required to take the subject 
Chemical Engineering. They must also have taken or take in this year the engineering subjects 
included in the Applied Chemistry Option of the Four-Year Course in Science. Their research 
must be in the fields of Applied Chemistry or Chemical Engineering. 
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Ge 100 
Ge 105 
Ge 106 ab 
Ge 109 
Ge 110 
Ge 111 ab 
Ge 112 ab 
Ge 121 ab 
Ge122 
Ge 123 
Ge 175 
Ge176 
Ge187 
Ge 200 
Ge 201 
Ge 202 
Ge 210 
Ge211 
Ge 212 
Ge 213 
Ge 214 
Ge 215 
Ge 216 
Ge 220 
Ge 225 
Ge 226 
Ge 289a 
Ge 289b 
Ge 290 ab 
Ge291 ab 
Ge261 
Ge 262 
Ge 263 

Ge 265 
Ge 270 
Ge 273 
Ge274 
Ge 275 
Ge 278 
Ge 282 
Ge 283 
Ge 295 abc 

GEOLOGICAL SCIENCES 

Subjects common to all courses 
Subjects chosen from the following electives to 

constitute a program of study approved by a 
Division representative 

Geology-Paleontology Club 
Optical Mineralogy':":' 
Petrography"" 
Structural Geology 
Engineering Geology 
Invertebrate Paleontology':' ':. . ......... . 
Vertebrate Paleontology"* .......... . 
Field Geology ......................... . 
Spring Field Trip. . . ......... . 
Summer Field Geology ......... . 
Elementary Geophysics .......... . 
Elementary Seismology 
Research 
Mineragraphy ........ . 
Introduction to Economic Geology. 
Metalliferous Deposits 
Advanced Petrology 
Petrology (Seminar) ......... . 
Non-Metalliferous Orc Deposits .......... . 
Advanced Economic Geology (Seminar) . 
Advanced Economic Geology (Seminar) . 
Mineralogy (Seminar) .......... . 
Advanced Study .......... . 
History of Geology 
Geology of the Pacific Coast Region. . ........ . 
Geomorphology ........... . 
Structural Geology (Seminar) ............... . 
Physical Geology (Seminar) . . ......... . 
Vertebrate Paleontology (Seminar) .......... . 
Invertebrate Paleontology (Seminar) .......... . 
Theoretical Seismology ........... . 
Interpretation of Seismograms of Teleseisms. 
Field Work in Earthquakes and Interpretation of 

Seismograms of Local Earthquakes .......... . 
Introduction to General Geophysics ........... . 
Seismic Instrurnen ts ....................... . 
Applied Geophysics 1. .............. . 
Applied Geophysics II ................ . 
Applied Geophysics III. . .................. . 
Interpretation of Field Seismograms ........... . 
Geophysics (Seminar) ........ . 
Geophysical Instruments (Seminar) . 
Geophysics Research Conference .............. . 

**The starred course not completed during the senior year is to be taken. 
Symbols: 

No symbol; course given every year. 
tCourse given in 1937-1938. 
:tj;Course given in 1938-1939. 

Units per Term 
1st 2nd 3ed 

11 11 11 

39 
1 

10 

10 

8 
5 

10# 
5 

9 

2 

39 
1 

39 
1 

10 10 

9 
10 
10 10 
10 10 

10 
8 

5 
5 

3 
2 

1 
12 

5# 
5t 

5 
10 

5 
5 

6t 
5t 
3 

2 



SUBJECTS OF INSTRUCTION 

DIVISION OF PHYSICS, MATHEMATICS, AND 
ELECTRICAL ENGINEERING 

PHYSICS 

PROFESSORS: ROBERT A. MILLIKAN, HARRY BATEMAN, IRA S. BOWEN, PAUL S. 

EpSTEIN, W,LLIAM V. HOUSTON, CHARLES C. LAURITSEN, J. ROBERT OPPEX­

HEIMER, R,CHARD C. TOLMAN, EARNEST C. WATSON 

ASSOCIATE PROFESSORS: CARL D. ANDERSON, ALEXANDER GOETZ, S. STUART 

MACKEOWN, GENNADY W. POTAPENKO, W,LLIAM R. SMYTHE, FRITZ ZWICKY 

ASSISTANT PROFESSOR: H. V,CTOR NLHER 

SENIOR FELLOW IN RESEARCH: JOHN D. STRONG 

RESEARCH FELLOWS: JOSEE F. JOHNSON, SETH H. NEDDERMEYER, W,LLIAM H. 

P,CKER,NG 

UNDERGRADUATE SUBJECTS 

Ph. 1 a, b, c. Mechanics, Molecular Physics, Heat, and Sound. 12 units 
(3-3-6); first, second and third terms. 

Prerequisites: A high school course, or its equivalent, and trigonometry. 
The first year of a general college course in physics extending through two 

years. It is a thorough analytical course, in which the laboratory carries the 
thread of the work, and the problem method is largely used. A bi-weekly demon­
stration lecture, participated in by all members of the department, adds the 
inspirational and informational element, and serves for the development of breadth 
of view. 

Text: Mechanics, Molecular Physics, Heat, and Sound, Millikan, Roller and 
Watson. 

Instructors: Watson, Neher, Strong .and Teaching Fellows. 

Ph. 2 a, b, c. Electricity, Sound, and Light. 12 units (3-3-6), first and 
second terms; 8 units, third term. 

Prerequisites: A high school course, or its equivalent, and trigonometry. 
Continuation of Ph. 1 J, b, c, to form a well-rounded two-year course ]11 

general physics. 
Text: Electricity, Sound, and Light, Millikan and Mills. 
Instructors: Anderson, Lauritsen, Neddermeyer, Pickering and Teaching Fellows. 

Ph. 2 d. Physics Review. 4 units; last three weeks of sophomore year. 
The last three weeks of the sophomore year are devoted to a comprehensive 

review and examination covering the whole of the two years' work (Ph. 1 a, b, c, 
and 2 a, b, c). 

Ph. 3. Modern Physics. 12 units (2-6-4); third term. 
Prerequisites: Ph. 1 J, h, c, 2 J, b; Ma. 2 a, h. 
A brief survey of recent developments in electron theory, quantum theory, 

radioactivity, and atomic structure. Experiments to determine c, elm, h, and other 
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fundamental constants will be performed. Open only to students on honor standing, 
sophomore year. 

Instructor: Anderson. 

Ph. 5 a, b, c. Introduction to Mathematical Physics. 12 units (4-0-8); 
first, second and third terms. 

Prerequisites: Ph. 1 a, b, c, 2 a, b, c, d; Ma. 2 a, b, c, d. 
An introduction to the application of mathematics to physics, and practice In 

the solution of problems. 
Instructor: Houston. 

Ph. 7 a, b, c. Electricity and Magnetism. 6 units (2 -0-4); first, second 
and third terms. 

Prerequisites: Ph. 1 a, b, c, 2 a, b, c, d; Ma. 2 a, b, c, d. 
A course in theoretical electricity and magnetism, primarily for electrical engi­

neering students Ph. 9 a, b (Electrical Measurements) must accompany this course. 
Text: Principles of Electricity, Page and Adams. 
Instructor: Mackeown. 

Ph. 9 a, b, c. Electrical Measurements. 4 units (0-3-1); first, second and 
third terms. 

Prerequisites: Ph. 1 a, b, c, 2 a, b, c, d; Ma. 2 a, b, c, d. 
A laboratory course in advanced electrical measurements. 
Text: Advanced Electrical Measurements, Smythe and Michels. 
Instructors: Smythe and Assistants. 

Astronomy 1. Introduction Course in Astronomy. 9 units (3-1-5); 
third term. 

This course is intended to give the student sufficient familiarity with general 
astronomy to enable him to read with ease most of the semi-popular books dealing 
with various phases of the subject. 

Text: Astronomy, Moulton. 
Instructor: Johnson. 

UNDERGRADUATE OR GRADUATE SUBJECTS 

Ph. 91 a, b, c. Introduction to Mathematical Physics. 
second and third terms. 

units; first, 

This course is the same as Ph. 5 a, b, c but with reduced credit for graduate 
students. 

Instructor: Houston. 

Ph. 101 a, b, c. Electricity and Magnetism. 9 units (3-0-6); first, second 
and third terms. 

Prerequisites: Ma. 8 a, b, c, or lOa, b, c, and an average grade of 2 in Ph. 5 
a, b, c. 

A problem course in the mathematical theory of electricity and magnetism, 
intended primarily as a preparation for graduate work in science. Ph. 9 a, b, c 
(Electrical Measurements) should accompany or precede this course. 

Text: Static and Dynamic Electricity, Smythe. 
Instructor: Smythe. 
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Ph. 103 a, b, c. Analytical Mechanics. 12 units (4-0-8); first, second and 
third terms. 

Prerequisites: Ph. 5 a, b, c; Ma. 8 a, b, c, or 10 a, b, c. 
A study of the fundamental principles of theoretical mechanics; force and the 

laws of motion; statics of systems of particles; the principle of virtual work, 
potential energy, stable and unstable equilibrium; motion of particles, systems of 
particles and rigid bodies; generalized coordinates, Hamilton's principle and the 
principle of least action; elementary hydrodynamics and elasticity. 

Text: Dynamics, Webster. 
Instructor: Zwicky. 

Ph. 105 a, b. Optics. 9 units (3 -0-6); first and second terms. 
Prerequisites: Ph. 5 a, b, c; 11a. 8 a, b, c, or 10 a, b, c. 
A problem course dealing with the fundamental principles of geometrical optics, 

of diffraction, interference, the electromagnetic theory of light, etc., and their 
experimental verification. ph. 106 a, b (Optics Laboratory), should accompany 
this course. 

Text: Theory of Optics, Drude. 
Instructor: Bowen. 

Ph. 106 a, b. Optics Laboratory. units (0-3-0); first and second terms. 
Advanced laboratory work in light, consisting of accurate measurements in 

diffraction, dispersion, interference, polarization, spectrophot0111ctry. 
Text: Manual of Advanced Optics, Taylor. 
Instructor: Bowen. 

Ph. 107 a, b, c. Atomic Physics. 9 units; first, second and third terms. 
Prerequisites: Ph. 5 a, b, c; Ma. 8 a, b, c, or 10 J, b, c. 
An outline of the experimental and theoretical basis of modern atomic physics, 

which covers electron theory, spectroscopy and nuclear physics. 
Instructors: Millikan, Bowen, Anderson. 

Ph. 108. Sp.ectroscopy Laboratory. 3 units; second term. 
A laboratory course in the measurement and classification of spectral lines to 

accompany Ph. 107 b. 
Instructor: Bowen. 

Ph. 110 a, b. Kinetic Theory of Matter. 9 units; first and second terms. 
Prerequisites: Ph. 1 a, b, c, d; Ma. 2 a, b, c, d. 
During the first term, the fundamentals of the kinetic theory of gases are 

treated from both the theoretical and the experimental viewpoint (Clausius, Maxwell, 
Boltzmann, van der Waals, Knudsen equations). During the second term more 
advanced problems of the constitution of matter are discussed in the form of a 
seminar (liquefaction of gases, low ten1pcraturc phcnolnena, specific heats, thermal 
expansion, crystallization, plasticity). 

(Not given in 1937-1938.) 
Instructor: Goetz. 

Ph. 114. Principles of Quantum Mechanics. 9 units; third term. 
Prerequisites: Ph. 5 J, b, C; Ma. 8 a, b, c, or 10 J, b, c. 
An outline, developed by means of problems, of the experimental and theoretical 

basis of quantum mechanics, including the idea of states, principle of indetermina­
tion, the Schroedinger equation, methods of approximate solution, electron spin, 
and Pauli principle. 

Instructor: Houston. 
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Ph. 115. Applications of Quantum Mechanics. 9 units; first term. 
Prerequisite: Ph. 114. 

183 

The application of non-rcbtivistic quantum mechanics to problems in various 
ficlds of physics. The subjects treated will be determined partly by the interests of 
the class. 

Instructor: Houston. 

Ph. 142. Research in Physics. Units in accordance with the work accom­
plished. Approval of the department must be obtained before registering. 

GRADUATE SUBJECTS 

Ph. 211. Thermodynamics. 12 units; first term. 
Prerequisites: Ph. 1 J, b, c, 2 J, b, c, d; Ma. 2 a, b, c, d. 
The two fundamental laws of thermodynamics. Entropy and the thermodynam­

ical potentials. Equations of reciprocity, Application to gases, perfect and imperfect, 
and to dilute solutions. Phase rule and chemical equilibrium. Nemst's theorem. 

Instructor: Epstein. 

Ph. 221. Potential Theory. 15 units; third term. 
Prerequisites: Ma. 8 J, b, c, 10 J, b, c. 
An exposition of the properties of the potential functions occurring 111 the 

theories of gravitation, electricity and magnetism, hydrodynamics, conduction of 
heat, and the theory of elasticity. Solution of special problems. 

Instructor: Bateman. 

Ph. 222. Theory of Electricity and Magnetism. 12 units; first term. 
Prerequisites: Ph. 101 J, b, c; Ma. 8 J, b, c, 10 a, b, c. 
Electrostatics, ll1agnetostatics, ferronugnetism, electromagnetic field of sta­

tionary currents, electromagnetic induction, phenomena in moving bodies, Maxwell's 
equations, ponderomotive forces of an electromagnetic field, introduction to the 
theory of electrons. 

(Not given in 1937-1938.) 
Instructor: Epstein. 

Ph. 223. Theory of Electromagnetic Waves. 12 units; second term. 
Prerequisites: Ph. 101 a, b, c; Ma. 8 a, b, c, 10 a, b, c. 
Mathematical study of Maxwell's equations, propagation of waves, absorption 

and reflection, approximate and rigorous treatment of diffraction, theory of disper­
sion, electro- and magneto-optics. 

(Not given in 1937-1938.) 
Instructor: Epstein. 

Ph. 224. Theory of Sound. 9 units; second term. 
Prerequisites: Ph. 2 a, b, c, d; Ma. 2 a, b, c, d. 
Vibrations of strings, rods, plates and of the larynx. Resonators, horns and 

musical instruments. Theories of hearing. The acoustics of an auditorium. The 
propagation of sound. Reflection, refraction and absorption of sound. 

Instructor: Baten1an. 

Ph. 225. Theory of Electrons. 12 units; second term. 
Prerequisites: Ph. 101 a, b, c, 222; Mo. 8 a, b, c, 10 a, b, c. 
Retarded potentials. Radiation of a point charge. Theory of dielectrics. Electron 
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theory of dia-, para- and ferro-magnetism. Phenomena In moving bodies and 
experimental foundations of the theory of relativity. 

(Xot given in 1937-1938.) 
Instructor: Epstein. 

Ph. 226. Heat Radiation and Quantum Theory. 12 units; second term. 
Prerequisites: Ph. 101 a, b, c, 103 a, b, c, 211; Ma. 8 a, b, c, 10 a, b, c. 
Historical treatment of the development of the mathematical theory of heat 

r>diation and of the application of the theory of quanta to the phenomena of specific 
heats of solid and gaseous bodies, photoelectricity, photochemistry, chemical con­
stants, etc. 

Instructor: Epstein. 

Ph. 228. Modern Aspects of the Quantum Theory. 12 units; third term. 
Prerequisites: Ph. 103 a, b, c, 107 a, b, c, 229; Ma. 8 a, b, c, 10 a, b, c. 
The course is devoted to a review of recent developments in the quantum theory, 

especially in the fields of the theory of radiation and of the electron theory of metals. 
The subject matter varies from year to year. 

Instructor: Epstein. 

Ph. 232. Physics of Ultra-Short Electromagnetic Waves. 6 units 
(2-0-4); first and second terms. 

Propagation of waves, Maxwell's dispersion and absorption in semi-conductors 
and metals. Electronic and dipolar dispersion and absorption in dielectrics. Dis­
persion and absorption in electrolytes. Waves along wires and dispersion in magnetic 
.'>ubstanccs. 

Experimental results on dispersion and absorption of ultra-short waves in 
dielectrics, electrolytes and magnetic su bstances. 

Instructor: Potapenko. 

Ph. 234. Topics in Theoretical Physics. 9 units (3-0-6); third term. 
The subject of this course will vary from year to year. Typical topics: Theory 

of atomic collisions; relativistic quantum theory; theory of radiation; statistical 
mechanics. In 1936-37 the course dealt with recent contributions to the theory of 
atomic nuclei; the problem of nuclear stability; nuclear collisions and transmuta­
tions; the interaction of neutrons with nuclei; nuclear radiative processes; and the 
phenomenological theory of beta-ray decay. 

Instructor: Oppenheimer. 

Ph. 236 a, b, c. Introduction to the Theory of Relativity. 6 units; first, 
second and third terms. 

The special theory of the relativity of motion in free space, with applications 
to mechanical and electromagnetic problems. Use of four dimensional language for 
expressing the results of relativity. Introduction to tensor analysis. The general 
theory of relativity and the theory of gravitation. Applications to thermodynamics 
and cosmology. 

Text: Relativity, ThermodYllamics a1ld COSIIlO/Ogy, Tolman. 
Instructor: Tolman. 

Ph. 237. Astrophysics. 6 units (2-0-4); first and second terms. 
Prerequisites: The fundamental courses in physics. 
Mechanics and thermodynamics of stellar bodies, constitution of stars, stellar 

atmospheres and their spectra, evolution of the planetary system and of stellar 
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systems, time scales, characteristics of extragabctic nebula: and their apparent 
velocities of recession, evolution of the universe, etc. 

(Not given in 1937-1938.) 
Instructor: Zwicky. 

Ph. 238. Seminar on Theoretical Physics. 4 units; first, second and third 
terms. 

Recent developments in theoretical physics for specialists in mathematical physics. 
In charge: Epstein. 

Ph. 239. Research Conference on the Physics of Solids. 2 units; first, 
second and third terms. 

Recent developments in the field of the solid state, crystallization, physics of 
colloids, low temperature. 

In charge: Goetz. 

Ph. 240. Seminar on X-Radiation. 4 units; first, second and third terms. 
Meets once a week for reports and discussions of problems in X-Radiations. 

Standard texts on X-rays are followed in the first term as an outline only; the 
reports being amplifications and additions to the material of the text as drawn from 
the original papers of workers in the field. During the second and third terms 
advanced reports are made on current problems and on fundamental classical work. 

In charge: DuMond. 

Ph. 241. Research Conferences in Physics. 4 units; first, second and third 
terms. 

Meets twice 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 physics staff take part. 

In charge: Millikan and Houston. 

Ph. 242. Research in Physics. Units in accordance with the work accom­
plished. Opportunities for research are offered to graduate students in all the main 
branches of physics. See "Publications of the Staff," pages 119-122, for a survey 
of researches actually in progress. The student should consult the department and 
have a definite program of research outlined before registering. 

Ph. 245. Seminar on Ultra-Short Electromagnetic Waves. 4 units 
(2-0-2); first and second terms. 

Recent developments in methods of generation of ultra-short waves. Modern 
methods of physical measurements in high frequencies. 

In charge: Potapenko. 

Astronomy and Physics Club. 
The club, consisting of physicists and astronomers of the Institute and of the 

:vIount Wilson Observatory, meets on the first Friday in each month either at the 
Institute or the Observatory Laboratory for the discussion of researches carried on by 
its members as well as those appearing in the journals. 
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MATHEMATICS 

PROFESSORS: HARRY BATEMAN, ERIC T. BELL, H.\RRY C. VA" BUSKIRK 
RESEARCH ASSOCIATE: DINS::\10RE ALTLR, Statistics 
ASSOCIATE PROFESSORS: ARISTOTLE D. MICHAL, MORGAN WARD, LUTHER E. WEAR 
ASSISTANT PROFESSOR: WILLIAM N. BIRCHBY. 

UNDERGRADUATE SUBJECTS 

NOTE: Students intending to take the mathematics option must indicate their 
choice by the end of the second term of their sophomore year. 

Ma. 1 a, b, c. Freshman Mathematics. 12 units (4-0-8); first, second anJ 
third terms. 

Including the fundamentals of analytical geometry, certain topics in college 
algebra, and some of the principles of the differential and integral calculus. 

Texts: Differential and Integral Calculus, Cohen; Analytical Geo1netry, Young, 
Fort and Morgan. 

Ma. 2 a, b, c. Sophomore Mathematics. 12 units (4-0-8); first and second 
terms; 8 units third term. 

Prerequisite: Ma. 1 a, b, c. 
Includes additional topics in analytical geometry, and completes the usual sub­

jects of the calculus, begun in the freshman year. 
Texts: Analytical Geometry, Nowlan; Differential and Integral Calcnills, Cohen. 

Ma. 2 d. Mathematics Review. 4 units (4-0-8). 
A comprehensive review of freshman and sophomore mathematics during the last 

three weeks of the sophomore year. 
Courses Ma. 1 a, b, c, and 2 a, b, c, d, fcrnl a continuous two-year course In 

analytical geometry, college algebra, and the differential and integral calculus. 

Ma. S. Theory of Equations. 10 units (3-0-7); first term. 
Includes the elementary theorems in the roots of an equation, solution of numer­

ical equations, determinants, symmetric functions, resultants and discriminants. 
Instructors: Wear, Dilworth. 

Ma. 4 a, b. Analytic Geometry. 10 units (3-0-7); second and third terms. 
Prerequisites: Ma. 1 and 2. 
Aims to acquaint the student majoring in mathematics with the basic ideas and 

methods of Higher Geometry. Subjects treated include: Homogeneous coordinates, 
line coordinates, cross-ratio, projective coordinates, point curves and line curves, 
projective and metric properties of conics, correlations. 

Text: Higber Geometry, Graustein. 
Instructor: Wear. 

Ma. 8 a, b, c. Advanced Calculus. 12 units (4-0-8); first, second and third 
terms. 

Prerequisites: Ma. I, Ma. 2. 
Planned to extend the knowledge gained from the previous studies in calculus 

and analytic geometry and to lay a better foundation for advanced work in mathe­
rna tics and science. 

Text: Advanced Calculus, Woods and Osgood. 
Instructors: Birchby, Michal, Arnold. 
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Ma. 10 a, b, c. Differential Equations. 9 units (3-0-6); first, second and 
third terms. 

Prerequisite: ::\1:1. 2 a, b, c, d. 
An introductory course in differential equations, designed to be helpful both to 

the student of mathcll1atics and the student of science Of engineering. 
Text: Differeutia/ Equatio11s, Ford. 
Instructor: Wear. 

Ma. 11. Differential Equations. 9 units (3-0-6); first or third terms. 
Prerequisite: Ma. 2 a, b, c, d. 
An abridged course in Differential Equations for students in Electrical Engi­

neering, 
Text: Differential Equations, 2nd edition, Cohen. 
Instructor: Wear. 

Ma. 12. Probability and Least Squares. 6 units (2-0-4); first term. 
Prerequisites: Ma. 1, Ma. 2. 
A study of the fundamental principles of probability and their application to 

statistical data, adjustment of observations, and precision of 111casurements. 
Text: Theory of Enors arid Least Squares, Bartlett. 
Instructor: Alter. 

Ma. 14. Vector Analysis. 12 units (4-0-8); second or third term. 
Prerequisites: Ma. 2 a, b, c, d. 
Elementary vector operations (addition, multiplication) and their application 

to problems of geometry and physics are treated. 
Instructors: Ward, Sears. 

Ma. 15 a, b, c. Higher Mathematics for Engineers and Physicists. 
9 units; first, second and third terms. 

Prerequisites: Ma. 1, Ma. 2. 
An alternative course to Ma. 8, Advanced Calculus, covering about the same 

range of subjects. Intended primarily for Engineers and Applied Physicists who do 
not expect to use advanced theory. 

Text: Higher Mathematics for El1girJeers a11d Physicists, Sokolnikoff. 
Instructors: Birchby, Hall. 

UNDERGRADUATE OR GRADUATE SUBJECTS 

NOTE: Those of the following courses for which there is a demand will be given 
periodically. 

Ma. 101 a, b, c. Modern Algebra. 6 or 9 units; first, second and third 
terms. 

Prerequisite: Ma. 8, reading knowledge of German. 
Instructor: Bell. 

Ma. 102 a, b, c. Introduction to Higher Geometry. 9 units; first, second 
and third terms. 

Prerequisites: ]via. 1 a, b, c, 2 a, b, c, d, 4 a, b. 
A course in the modern methods of analytic geometry. 

NOTI:: If all three terms are not included in the undergraduate course, graduate 
students in mathematics must complete this subject in the fifth year. 

Instructor: Wear: 
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Ma. 106 a, b, c. Introduction to Theory of Functions of Real Variables. 
units; first, second and third terms. Required for graduation (B.S.) in 

mathematics. 
Prerequisite: Ma. 8 a, b, c. 
Postulational treatment of real number system, descriptive properties of point 

sets, continuous and discontinuous functions, derivatives and differentials. Riemann 
integration, functions of several real variables, implicit functions. 

Instructors: Michal, Ward. 

Ma. 107. Conformal Representation. 9 units (3-0-6); second term. 
Prerequisites: Ma. 8, 10. 
Riemann's problem, work of Schwarz and Christoffel. Applications to physical 

problems. Associated variation problems. 
Instructor: Ward. 

Ma. 110 a, b, c. Introduction to Theory of Numbers. 6 units; first, 
second and third terms. 

Prerequisite (third term): Reading knowledge of German. 
This course will cover selected topics in elementary number theory. 
Texts: Introduction to Theory of Numbers, Dickson; Vorles1tl1gen, Landau. 
Instructor: Ward. 

Ma. 111. Elementary Theory of Tensors. 9 units. 
Prerequisites: Ma. 8, 10. 
Fundamental properties of tensors, differential forms, covariant differentiation, 

geodesic coordinates, Riemannian differential geometries. 
Instructor: Michal. 

Ma. 113 a, b, c. Geometry. 12 units; first, second and third terms. 
Prerequisite: Ma. 2 a, b, c, d. 
Algebraic geometry; projective geometry; differential geometry; tensor analysis 

and its applications to numerous geometrical problems; non-Euclidean geometry; 
Riemannian differential geometry; geometry of dynamics; hyperspace; elementary 
group theory and its geometrical applications. 

Texts: Applications of the Absolute Differential Calculus, McConnell; Rieman­
nian Geometry, Eisenhart; collateral reading. 

Instructor: Michal. 

Ma. 114. Mathematical Analysis. 12 units; first, second and third terms. 
This course will be offered every alternate year, and covers essentially the same 

topics as Ma. 201. 
Prerequisites: Ma. 8, 10, and reading knowledge of German. 
Instructor: Ward. 

Ma. 118 a, b, c. Introduction to Statistics. 9 units; first, second and third 
terms. 

Prerequisites: At least a year of calculus, and a laboratory course in some science. 
First term: Curve fitting by moments, correction for lack of high contact and 

for histogram group, introduction to the Pearson family of frequency curves, 
including the {(normal" curve. Second term: Continuation of frequency curves, 
coefficients of relationships, including multiple correlation. Third term: Tests of 
goodness of fit, cycle analysis. 

Instructor: Alter. 
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GRADUA TE SUBJECTS 

NOTE: For all cOurses numbered above 200, except 201a, a reading knowledge 
of French and German is required. 

Ma. 201 a, b, c. Modern Analysis. 15 units; first, second and third terms. 
Prerequisites: Ma. 8, 10. 
Theory of convergence, integration and residues, expansions of functions in 

infinite series, aSYlnptotic and divergent series. Fourier series. Differential equations 
and function theory, integral equations, the gamlna function and the zeta function, 
the hypergeometric function and related functions of mathematical physics, elliptic 
functions, ellipsoidal harmonics. 

NOTE: The first term will satisfy the requirement in Complex Variable for those 
tlking a Ininor in lnathematics. 

Instructor: Bateman. 

Ma. 202 a, b, c. Modern Theory of Differential Equations. 12 units: 
first, second and third terms. 

Prerequisites: Ma. 10, 107, and reading knowledge of German. 
Expansion of functions in series, asymptotic exp;}n;~bns. Linear differential 

equations in complex domain. Elementary methods of integration. General theory 
of linear differential equations and their solution by definite integrals and contour 
integrals. Classification of linear differential equations of the second order. 

Instructor: Ward. 

Ma. 204 a, b, c. Geometrical Transformations and Invariants. 15 units; 
first, second and third terms. 

Prerequisite: Graduate standing. 
Linear and bilinear transformations of one variable. Sin1plc algebraic invariants. 

General theory of linear transformations and their invariants. Conformal tram­
formations. Birational transformations. Contact transformations. 

Instructor: Bateman. 

Ma. 205 a, b, c. Theory of Functions. 15 units; first, second and third 
terms. 

Theory of convergence and infinite processes, properties of continuous and dis­
continuous functions, functions of limited variation, selected topics on analytic 
functions, point sets, measure of point sets, Stieltjes integrals, Lebesgue integrals, 
Fourier series and integrals, orthogonal functions, convergence in the mean, geometry 
of Hilbert space. 

Text: The Theory of Functions, Titchmarsh. 

Instructor: Michal. 

Ma. 209 a, b, c. Functionals and Functional Equations. 15 units; first, 
second and third terms. 

Prerequisite: Graduate standing in Mathematics, including a course in Analysis. 
Functional operations; permutable functions, functions of composition; integral 

equations, integra-differential equations; differentials of functionals, functional 
equations with functional derivatives; infinite matrices; Stieltjes and Lebesgue 
integrals; abstract spaces. 

Instructor: Michal. 
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Ma. 251 a. Seminar (I) in Algebra and the Theory of Numbers. 9 units; 
third term. 

Prerequisite: Graduate standing. 
In charge: Bell. 

Ma. 251 b. Theory of Algebraic Numbers. 9 units; third term. Alter­
nates with Ma. 251 a. 

Prerequisite: Graduate standing. 
Instructor: Bell. 

Ma. 251 c, d. Mathematical Logic. 15 units; first and second terms. 
Instructor: Bell. 

Ma. 252 a, b, c. Seminar in Continuous Groups. 9 units; first, second 
and third terms. 

Prerequisite: Graduate standing in Mathematics. 

Lie's theory of r-parameter groups; differential geometry of the group manifold. 
Groups of functional transformations; invariant functionaIs; differential geometries 
of function spaces. 

In charge: Michal. 

Ma. 254 a, b, c. Seminar in Modern Theories of Integration. 6 units; 
first, second and third terms. 

Prerequisite: Graduate standing in Mathematics, including a course in Function 
Theory. 

Stieltjes and Lebesgue integrals with applications to the algebra and geometry 
of functionals. 

In charge: Michal. 

Ma. 255 a, b, c. Methods of Mathematical Physics. 15 units; first, second 
and third terms. 

Prerequisites: Ma. 8, 10. 
Integral equations in which the kernel is a Grecn's function, Fourier series and 

integrals, Sturm-Liouville functions. Methods of Volterra, Fredholm and Hilbert 
for dealing with integral equations. Laplace's type of equation and the Heaviside 
calculus, calculus of variations, matrices and bilinear forms. Partial differential 
equations and the related simple solutions. Expansions in series of orthogonal 
functions. 

Instructor: Bateman or Ward. 

Ma. 256 a, b, c. Modern Differential Geometry. 9 units; first, second and 
third terms. 

Prerequisite: Graduate standing. 
Riemannian and Non-Riemannian geometries. Theory of parallel displacement 

of tensors. Affine differential geometry. Projective differential geometry. Contin­
uous groups and their applications to geometry. Contemporary researches in differ­
ential geometry. 

Instructor: Michal. 

Ma. 257 a, b, c. Seminar in Abstract Spaces. 6 units; first, second and 
third terms. 

Prerequisite: Graduate standing. 
Metric spaces, linear vector spaces; topological spaces; abstract polynomials; 

general function theories; analysis and geometry in abstract spaces; connections 
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with abstract algebra and the theory of functionals; analysis of selected papers of 
Frechet, Riesz and BanJ,chj contemporary researches; applications to mathematical 
problems in modern theoretical physics. 

In charge: MichaL 

Ma. 258 a, b, c. Partial Differential Equations of Mathematical Physics. 
12 units; first, second and third terms. 

Prerequisites: Ma. 8, 10. 
Illustration of general methods by consideration of ordinary linear equations. 

The simple wave-equation, the potential equation. Applications of the integral 
theorems of Stokes and Green. Reduction to variation problems and the solution of 
such problems by direct methods. Use of difference equations to obtain approximate 
solutions. Use of simple solutions expressed as products. Properties of the special 
functions introduced in this way. Solution of initial and boundary problems by 
various methods. 

Instructor: Bateman. 

Ma. 260. Reading. 
Occasionally advanced work is given by a reading course under the direction of 

an instructor. Hours and units by arrangement. 

Ma. 261. Research. 
By arrangement with members of the staff, properly qualified graduate students 

are directed in research. Hours and units by arrangement. 
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ELECTRICAL ENGINEERING 

PROFESSOR: ROYAL W. SORE:<SEX 

ASSOCIATE PROFESSORS: FREDJ:RICK C. LI:<DVALL, S. STUART ;\!ACKEOWN 

ASSISTA:<T PROFESSOR: FRA:<CIS \'\!. MAXST.'DT 

UNDERGRADUA TE SUBJECTS 

EE. 2. Direct Currents. 9 units (3-0-6); second term. 
Prerequisites: Ma. 2 a, b, c, d; Ph. 2 a, b, c, d. 
Theory and practice of direct current motors and generators. Fundamental to 

courses in operation and design of electrical apparatus. Numerous problems are solved. 

Text: Principles of Direct Current Machines, Langsdorf. 

Instructors: Maxstadt, Harrison. 

EE. 3. Direct Current Laboratory. 6 units (0-3-3); second term. 
Prerequisites: Ma.2 a, b, c, d; ph. 2 a, b, c, d; and registration for EE. 2. 
Uses of measuring instruments, operation of direct current motors and generators, 

and determination of their characteristics. 

Text: Laboratory notes. 

Instructors: Maxstadt, McLeish, McMaster. 

EE. 4. Alternating Currents. 9 units (3-0-6); third term. 
Prerequisites: Ma.2 a, b, c, d; ph. 2 a, b, c, d; EE. 2. 
Elementary study of alternating currents by analytical and graphical methods; 

alternating current machinery. The effect of inductance, capacitance, and resistance 
loads. Numerous problems are worked dealing with reactive circuits; resonancc; 
~oils in series and multiple; single and polyphase alternators; single and polyphase 
systerw.s; synchronous motors; transfonnersi induction and single phase motors. 

Text: Alternating Currents, Magnusson. 

Instructors: Maxstadt, Doll. 

EE. 5. Alternating Current Laboratory. 6 units (0-3-3); third term. 
Prerequisites: Ma. 2 a, b, c, d; Ph. 2 a, b, c, d; EE. 2, 3, and registration for EE. 4. 
Uses of alternating current indicating instruments and oscillograph operation of 

alternators, induction and synchronous n10tors and transfonners; detern1ination of 
characteristics of these machines. 

Text: Laboratory notes. 

Instructors: Maxstadt, Gates, Baldwin. 

EE. 6 a, b. Electrical Machinery. 6 units (2-0-4) second term; 9 units 
(3 -0-6); third term. 

Prerequisites: EE. 2, 3, 4, and 5. 
Further study of direct current and alternating: current mJchinery with p,uticular 

enlphasis on application; short transmission lincs; ~hort circuit currents; protective 
devices. 

Texts: Princij,[es of Direct Current Machines, Langsdorf; Alternating Cmrfllf.\, 
Magnusson; Problems ;11 Electrical Engineering, Lyon. 

Instructor: Lindvall. 
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EE. 7. Electrical Laboratory. 9 units (0-3 -6); third term. 
Prerequisites: EE. 2, 3,4,5,6; Ph. 7. 
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A continuation of EE. 3 and 5. Efficiency tests of alternating current machinery. 
Graphic analysis of alternator performance; operation of transformers, alternators 
and dir~ct current machines in parallel; cOlnmunication circuit testing; use of 
electronic devices; writing of engineering reports. 

Text: Laboratory notes. 

Instructors: Maxstadt. McMaster. 

EE. 8. Direct Currents. 7 units (3 -0-4); first or second term. 
Prerequisites: j\;la. 2 a, b, c, d; Ph. 2 a, h, c, d. 
An abridged course in direct currents and direct current machinery designed to 

acquaint in an objective manner students, not majoring in electrical engineering, 
with electrical theory through its practical applications to circuits and machines. 

Text: Principles of Electrical Engineering, Blalock. 

Instructors: Maxstadt, Doll, Oliver. 

EE.9. Direct Current Laboratory. units (0-3-2); first or second term. 
An abridged course for other than Electrical Engineering students. 
Prerequisites: Ma. 2 a, b, c, d; Ph. 2 a, b, c, d; registration for EE. 8. 
Text: Laboratory notes. 

Instructors: Maxstadt, Baldwin, Gates, McLeish, McMaster. 

EE. 10. Alternating Currents. 7 units (3-0-4); second or third term. 
Prerequi,ites: EE. 8 and 9. 
An abridged course in alternating currents and alternating current machinery 

similar to EE. 8. 
Text: Pril1ciples of Electrical Engineering, Blalock. 

Instructors: Maxstadt, Doll, Harrison. 

EE. 11. Alternating Current Laboratory. units (0-3-2); second or 
third term. 

Prerequisites: EE. 8 and 9 and registration for EE. 10. 
An abridged course for other than Electrical Engineering students. 
Text: Laboratory notes. 

Instructors: Maxstadt, Baldwin, Gates, McLeish, McMaster. 

EE. 12. Electric Circuits. 12 units (3-0-9); first term. 
Prerequisites: EE. 2, 3,4, 5. 
A course of study involving the calculation of voltage, current, and power in 

electrical circuits by the symbolic or complex method. 
Texts: Pril1ciples of Alternati11g Currents, Lawrence; Problems ill Alternating 

Currents, Lyon. 

Instructors: Sorensen, McCann. 

EE. 70 a, b, c. Engineering Conference. 
and third terms. 

Prerequisites: EE. 2, 3,4, 5. 

unit'> (1-0-1); tint, .<,econd 

Presentation and discussion of new developments in the inJu.<.try. Review of 
current literature. 

Instructors: Sorensen, LindvJll, ~lackcown, 11axstadt. 
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FIFTH-YEAR SUBJECTS 

EE. 12 O. Alternating Current Analysis. 12 units (4-0-8); first term. 
Prerequisites: EE. 7 and preceding courses. 
Advanced study of magnetic and electric circuits. Solution of problems involv­

ing the symbolic method and complex notation; symmetrical components; analysis 
of electromotive force and current, nonsinusoidal wave forms; analysis of oscil­
lograms. 

Texts: Alternating Current Phenomena, Steinmetz; Problems in Electrical Engi­
neering, Lyon; Applications of the Method of Symmetrical Components, Lyon. 

Instructor: Sorensen. 

EE. 121 a, b, c. Alternating Current Laboratory. 6 units (0-3 -3); first, 
second and third terms. 

Prerequisites: EE. 7 and preceding courses. 
Complete tests of the induction motor; the operation of transformers in parallel; 

study of polyphase connections; photometric measurements; use of the oscillograph; 
calibration of watt-hour meters and relays; high voltage tests of insulation. 

Text: Advanced laboratory notes. 
Instructors: Maxstadt, Harrison. 

EE. 122. Advanced Alternating Current Machinery. 12 units (4-0-8); 
second term. 

Prerequisites: EE. 120 and preceding courses. 
An advanced study of the alternator, the induction motor and the stationary 

transformer, with particular emphasis on problems involving polyphase polarity, 
together with single and polyphase multiple circuit. 

Texts: Principles of Alternating Current Machinery, Lawrence; Problems in 
Alternating Current Machinery, Lyon. 

Instructor: Sorensen. 

EE. 128. Electric Traction. 9 units (3-0-6); second term. 
Prerequisites: EE. 2, 4, 6. 
Modern electric and oil-electric railways, studies of the motive power, train 

requirements, frictional and other resistances, schedules, acceleration and braking; 
the portable power plant vs. substations and contact conductor. Safe speeds and 
riding qualities are studied. 

Text: Transit Engineering, Tuthill. 
Instructors: Lindvall, Maxstadt. 

EE. 130. Electric Lighting and Power Distribution. 6 units (2-0-4); 
third term. 

Prerequisites: EE. 2,4, 6. 
Electric distribution and wiring; calculation of simple alternating current cir­

cuits; installation and operation costs and selling price of electric power. 
Text: Electrical Distribution Engineering, Seelye. 
Instructor: Maxstadt. 

EE. 144. Transmission Lines. 12 units (4-0-8); third term. 
Prerequisites: EE. 122 and preceding courses. 
Line performance and protection; elementary transient phenomena; use of 

hyperbolic functions in line calculations; generalized system constants. 
Instructor: Lindvall. 
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EE. 148. Specifications and Design of Electrical Machinery. 6 units 
(4-0-2); first term. 

Prerequisites: EE. 7 and preceding courses. 
Preparation of specifications and design calculations for alternating and direct 

curren t machinery. 
Text: Electrical Macbine Design, Gray. 
Instructor: Sorensen. 

EE. 152. Dielectrics. 6 units (2-0-4); third term. 
Prerequisites: EE. 122 and preceding courses. 
A study of electric fields in insulations, particularly air, and the effects on 

sparking voltage of the sparking distance, atmospheric pressure and humidity; 
corona phenomena; high frequency voltages; characteristics of commercial insu­
lations. 

Text: Dielectric Pbeno1nena in Higb Voltage Engineering, Peek. 
Instructors: Sorensen, McCann. 

EE. 156. Electrical Communication. 6 units (2-0-4); first term. 
Prerequisites: EE. 2, 3,4,5. 
A study of modern means of communication with special emphasis on recent 

developments. 
Instructor: Mackeown. 

EE. 160. Electric Transients. 6 units (2-0-4); second term. 
Prerequisites: EE. 120 and preceding courses. 
A detailed study of circuits, including advanced work in wave propagation and 

transient phenomena in electric conductors; with special emphasis on the use of 
differential equations for solving circuit problems. 

Instructor: Mackeown. 

EE. 162. Vacuum Tubes. 12 units (4-0-8); second term. 
Prerequisites: EE. 6 and preceding courses. 
Fundamental theory, and uses as detectors, amplifiers, and oscillators. Special 

uses of vacuum tubes in both radio and line communication. 
Instructor: Mackeown. 

EE. 163. Radio. 9 units (3-0-6); first term. 
Prerequisite: EE. 162. 
Elementary course dealing with fundamentals of Radio Transmission. 
Text: Radio Engineering, Terman. 
Instructor: Mackeown. 

ADVANCED SUBJECTS 

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 Insti­
tute is equipped to an unusual degree for the following lines of work: Theory of 
Electrical Machine Design, Electric Transients, and High Voltage Engineering Prob­
lems, under the direction of Professors R. W. Sorensen and F. C. Lindvall; Electrical 
Engineering Problems using vacuum tubes under the direction of Professor S. S. 
Mackeown; Electrical Engineering Problems relating to the distribution and uses of 
electric power for lighting and industrial uses under the direction of Professor 
F. W. Maxstadt. 

EE. 220. Research Seminar in Electrical Engineering. 2 units required; 
additional units based on work done. First, second and third terms. 



196 CALIrORKIA IKSTlTUTE OF TECHKOLOGY 

l\Ieets once a week for discussion of work appe:.uing in the literature and in 
progress at the Institute, or for presentation of technical developments in the indus­
try. All advanced students in Electrical Engineering and members of the Electrical 
Engineering staff are expected to take part. 

In charge: Sorensen, Mackeown, Maxstadt, and Lindvall. 

EE. 221. Transmission Line Problems. 15 units. 
A study of transmission line transient problems, inductive interference, power 

limit analysis, etc. 
Instructor: Sorensen. 

EE. 223 a, b. Electric Strength of Dielectrics. 1 i units; second and third 
terms. 

A study of the effect of high potentials applied to dielectrics. 
Text: Theory of Dielectrics, Schwagen-Sorensen. 
Instructors: Sorensen, McCann. 

EE. 224 a, b, c. Vacuum Tube and Radio Frequency Circuits. Units 
to be based on work done; first, second and third terms. 

A study of the literature on vacuum tube circuits. Experimental work with 
oscillators, transmitters, and receivers. 

Instructor: Mackeown. 

EE. 225. Principles of Electrical Design. 15 units; first term. 
A discussion and calculation course in the analysis of the principles and methods 

used in the design of electrical machinery. 
Instructors: Sorensen, Maxstadt. 

EE. 226 a, b, c. Engineering Mathematical Physics. 15 units (3-0-12); 
first, second and third terms. 

Prerequisites: B.S. in Engineering; Differential Equations, Ma. 10 or Ma. 11. 
This course is designed to develop the correlation of mathematics and physics 

with problems in engineering design and application. The following subjects will 
be treated in detail: mechanical vibrations, oscillations in electro-mechanical systems, 
short circuit forces, power system transients, electric motors applied to variable or 
pulsating loads, heat transfer and transient heat flow. The principle of constant 
flux linkage in electrical transient analysis; solution of mechanical problems by 
electrical methods; application of Heaviside operational calculus to mechanical and 
thermal problems. 

Instructor: Lindvall. 

EE. 227. Operational Circuit Analysis. 6 units (2-0-4); third term. 
An introduction to the solution of circuit problems by the operational method. 
Instructor: Mackeown. 

EE. 228. Conduction of Electricity in Gases. Units to be arranged; first, 
second and third terms. 

Selected topics in glow, arcs, and spark discharges. 
Instructor: Mackcown. 

EE. 229. Advanced Circuit Analysis. 12 units (3-0-9); first, second and 
third terms in alternate years. 

Development of circuit equations from Maxwell's equations; application of 
Maxwell's equations to circuits at high frequency, filter circuits, symmetrical com­
ponents, tensor analysis. 

Instructor: Mackeown. 
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DIVISION OF CHEMISTRY AND CHEMICAL ENGINEERING 

PROFESSORS: LINUS PAULING, STUART J. BATES, JAMES E. BELL, WILLIAM N. 

LACEY, RICHARD C. TOLMAN 

VISITING LECTURER: ALEXANDER R. TODD 

ASSOCIATE PROFESSORS: ROSCOE G. DICKINSON, HOWARD J. LUCAS, DON M. YOST 

RESEARCH ASSOCIATE: JOSEPH B. KOEPFLI 

ASSISTANT PROFESSORS: RICHARD McLEAN BADGER, ARNOLD O. BECKMAN, CARL 

NIEMANN, BRUCE H. SAGE, ERNEST H. SWIFT 

SENIOR FELLOW IN RESEARCH: JAMES H. STURDIVANT 

INSTRUCTOR: LINDSAY HELMHOLZ 

UNDERGRADUATE SUBJECTS 

Ch. 1 a, b, c. Chemistry. 12 units (3-6-3); first, second and 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 prop­
erties of substances and to the fundamental laws and theories of chemistry. 

The subject matter for the third term is qualitative analysis of the common 
metals accompanied by lectures in various fields of chemistry by different members 
of the division staff. 

Instructors: Bell, Helmholz, and Teaching Fellows. 

Ch. 6. Engineering Chemistry. 9 units (3-0-6); first term. 
Prerequisite: Ch. 1 a, b, c. 
Reading, discussion and problems dealing with the application of chemical prin­

ciples to engineering problems and the relations of engineering to the chemical 
industries. 

Text: Chemistry of Engineering Materials, Leighou. 
Instructor: Beckman. 

Ch. 11. Quantitative Chemical Analysis. 10 units (2-6-2); third term. 
Prerequisite: Ch. 1 c. 
Laboratory practice in certain typical methods of gravimetric and volumetric 

analysis, supplemented by lectures and problems emphasizing the principles involved. 
Text: Mimeographed notes. 
Instructor: Swift. 

Ch. 12 a, b. Analytical Chemistry. 10 units (2-6-2); first and second 
terms. 

Prerequisite: Ch. 1 c. 
Laboratory practice in the methods of gravimetric and volumetric, and advanced 

qualitative analysis, supplemented by lectures and problems in which the principles 
involved in the laboratory work are emphasized. 

Text: Analytical Chemistry, Swift. 
Instructor: Swift. 

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

Prerequisite: Ch. 12 b. 
A study of special methods of chemical analysis, including electrometric methods 

and analyses of selected alloys and minerals. Students are assigned individual prob-
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Iems 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. 

Instructor: Swift. 

Ch. 13 a, b. Inorganic Chemistry. 4 units (2-0-2); third and first terms. 
Prerequisite: Ch. 12 b, 21 a, b. 
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. 14 a, b, c. Inorganic Chemistry Laboratory. 8 units (0-8-0), third 
term; 5 units (0-5-0), first term; 8 units (0-8-0), second term. 

Prerequisite: Ch. 12 c, 21 a, b. 
This subject consists of laboratory work upon selected research problems m 

inorganic chemistry, often in relation to the rarer elements. 

Instructors: Swift, Yost. 

Ch. 16. Instrumental Analysis. 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 control and for research. 
Text: I11s/ruI1IClltal Methods of Chemical Analysis, Lacey. 

Instructor: Beckman. 

ch. 21 a, b, c. Chemical Principles. 10 units (4-0-6); first, second and 
third terms. 

Prerequisites: Ch. 12 b; Ph. 2 a, b, c, d; Ma. 2 a, b, c, d. 
Conferences and recitations dealing with the general principles of chemistry 

from an exact, quantitative standpoint, and including studies on the elements of 
thermodynamics; the pressure-volume relations of gases; 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 of electro­
chemistry. A large number of problems are assigned to be solved by the student. 

Text: Chemical Principles, Noyes and Sherrill. 

In~tructors: Bates, Dickinson. 

Ch. 22 a, h. Thermodynamic Chemistry. 6 units (2-0-4); first and second 
terms. 

A continuation of subject Ch. 21, given in much the same way. The topics 
considered include reaction rate and a further study of electrochemistry and thermo­
dynamic chemistry. Practice is given in the computation of free energies, activities 
and entropies of typical substances. 

Texts: Cbemicai Principles, Noyes and Sherrill, and mimeographs. 

Instructor: Bates. 
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Ch. 23 a, h. Chemical Principles. 10 units (4-0-6); second and third terms. 
Prerequisite: Ch. 21 a. 
A selection of topics from Ch. 21 b, c, and from Ch. 22 a, b. This is a continua­

tion of Ch. 21 a, adapted to the needs of Science Course students in the Physics, 
Geology, and Biology Options. 

Texts: Chemical Principles, Noyes and Sherrill, and mimeographs. 
Instructor: Dickinson. 

Ch. 26 a, b. Physical Chemistry Laboratory. units (0-6-2) or 4 units 
(0-3-1), second term; and 4 units (0-3-1), third term. 

Prerequisites: Ch. 12 a, b; Ch. 21 a. 
Laboratory exercises to accompany Ch. 21. 
Text: Laboratory Experiments on Physico-Cbemical Prillcij,les, Sherrill. 
Instructors: Bates, Yost. 

Ch. 29. Colloid and Surface Chemistry. units (3-0-5); third term. 
Prerequisite: ch. 22. 
Class-room exercises with outside reading and problems, devoted to the properties 

of surfaces, and interfaces, and to the general principles relating to disperse systems 
with particular reference to the colloidal state. Supplementary laboratory work can 
be provided if desired. 

Texts: Colloid Chemistry, Thomas, and mimeographed notcs. 
Instructor: Badger. 

ch. 41 a, b, c. Organic Chemistry. units (3-0-5), first and second 
terms; 6 units (2-0-4), third term. 

Prerequisite: Ch. 12 c. 
Lectures and recitations treating of the classification of carbon compounds, the 

development of the fundamental theories, and the characteristic properties of the 
principal classes including hydrocarbons, alkyl halides, alcohols, acids, ethers, esters, 
amines, carbohydrates, aromatics. 

Text: Organic Chemistry, Lucas. 
Instructor: Lucas. 

Ch. 43. Organic Chemistry. 10 units (2-6-2); third term. 
Prerequisites: Ch. 1 a, b, c. 
Lectures and recitations, accompanied by laboratory exercises, dealing with the 

synthesis and the physical and chemical properties of the more important com­
pounds of carbon. 

Text: Outlines in Organic Che11,;s!ry, Moore and Hall. 
Instructor: Lucas. 

ch. 46 a, b. Organic Chemistry Laboratory. 9 units (0-9-0) or 12 units 
(0-12-0), first term; 6 units (0-6-0) or 9 units (0-9-0), second term. 

Prerequisite: Ch. 12. 
Laboratory exercises to accompany Ch. 41 a, b. The preparation and purifica­

tion of carbon compounds and the study of their characteristic properties. Qualified 
students may pursue research work. 

Text: Mimeographed notes, Lucas. 
Instructors: Lucas and Teaching Fellows. 
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Ch. 61 a, h, c. Industrial Chemistry. 6 units (2-0-4), first and third 
terms; 4 units (2-0-2), second term. 

Prerequisites: Ch. 21 a, h. 
A study of the more important industrial chemical processes, from the point of 

view not only of the chemical reactions, but of the conditions and equipment neces­
sary to carryon these reactions. 

Text: Industrial Chemistry, Riegel. 
Instructor: Beckman. 

Ch. 63 a, h. Chemical Engineering Thermodynamics. 6 units (2-0-4); 
second and third terms. 

Prerequisite: Ch. 21 a. 
Class exercises and problems in engineering thermodynamics studied from the 

point of view of the chemical engineer. 
Instructor: Lacey. 

Ch. 70-73. Chemical Research. 
Opportunities for research are afforded to undergraduate students in all the 

main branches in chemistry; thus, in analytical or inorganic chemistry (Ch. 70), 
in physical chemistry (Ch. 71), in organic chemistry (Ch. 72), and in applied 
chemistry (Ch. 73). Such research may be taken as electives hy students in honor 
standing in the sophomore and junior years; and every candidate for a degree in 
the Chemistry Option is required to undertake in his senior year an experimental 
investigation of a problem in chemistry. A thesis embodying the results and conclu­
sions of this investigation must be submitted to the faculty not later than one week 
before the degree is to he conferred. 

FIFTH-YEAR AND ADVANCED SUBJECTS 

Ch. 152. Colloid and Surface Chemistry. 8 units; third term. 
This course is the same as Ch. 29. 
Texts: Colloid Chemistry, Thomas, and mimeographed notes. 
Instructor: Badger. 

ch. 153 a, h. Thermodynamic Chemistry. 6 units; first and second terms. 
This subject is the same as Ch. 22 a, b. 
Texts: Cbemical Principles, Noyes and Sherrill, and mimeographs. 
Instructor: Bates. 

ch. 154 a, h, c, d. Statistical Mechanics (Seminar). 6 units; four terms. 
A discussion of statistical mechanics and its applications to physics and chem­

istry. The topics treated will include a sufficient exposition of classical and quantum 
theory mechanics to serve as a foundation for statistical mechanics and the relations 
between statistical mechanics and thermodynamics. 

In charge: Tolman. 

Ch. 155 a, h, c. The Nature of the Chemical Bond. 6 units; first, second 
and third terms. 

This subject comprises the detailed non-mathematical discussion of the electronic 
structure of molecules and its correlation with the chemical and physical properties 
of substances. It is planned that the subject be given in 1938-9, and every third 
rear thereafter. 

Instructor: Pauling. 
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Ch. 156 a, b, c. Introduction to Quantum Mechanics, with Chemical 
Applications. 9 units; first, second and 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 quantum mechanics and the thorough treatment of the Schriidinger wave 
equation, including its solution for many simple systems such as the rotator, the 
harmonic oscillator, the hydrogen 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 consideration 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. 

It is planned that this subject be given in 1939-40, and every third year there­
after. 

Text: Introduction to Quant1lm Mechanics, with ApplicatiOns to Chemistry, 
Pauling and Wilson. 

Instructor: Pauling. 

Ch. 157 a, b, c. The Structure of Crystals. 6 units; first, second and 
third terms. 

The following topics are discussed: 
The nature of crystals and X-rays and their interaction. The various experi­

mental methods of investigation-Bragg, Laue, oscillation, Weissenherg, etc. The 
theory of space groups and the use of symmetry in the determination of the struc­
tures of crystals. The detailed study of representative structure investigations. The 
various known crystal structures and their relation to the physical and chemical 
properties of substances. The quantitative treatment of X-ray diffraction. Fourier­
series methods of structure investigation. 

It is planned that this subject be given every third year, including 1937-38. 

Instructors: Pauling, Sturdivant. 

Ch. 157 d, e, f. Crystal Structure Laboratory. Units determined by the 
instructors; any term. 

Practical instruction is given in the methods of detertnining the structure of 
crystals with X-rays. 

Instructors: Pauling, Sturdivant. 

Ch. 158. Photochemistry. 6 units; third term. 
Lectures and discussions on photochemical processes, especially in their relations 

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 photo­
chemical mechanism; catalysis and inhibition; temperature coefficients of photo­
chemical reactions. 

Instructor: Dickinson. 

Ch. 159a. Kinetics of Homogeneous Reactions. 6 units; first term. 
Lectures and discussions relating to homogeneous chemical reactions and to 

statistical mechanical, and other theories of such reactions. 

Instructor: Dickinson. 
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Ch. 159b. Kinetics of Heterogeneous Reactions. 6 units; second term. 
Lectures, discussions Jnd probleills rebting to adsorption and contact catalysis. 
Instructor: Badger. 

Ch. 160. Inorganic Chemistry. 4 units; third and first terms. 
Selected groups of inorganic compounds will be considered from modern physico­

chemical view-points; thus with ref.erence to theif physical properties, their thermo­
dynamic constanrs (their heat-contents, free-energies, and entropies) J their rates of 
conversion into one another (including effects of catalysis and energy radiations), 
and their molecular structure and valence relations. 

Instructor : Yost. 

Ch. 161. Organic Chemical Analysis. 9 units; first term. 
A laboratory study of the class reactions of carbon compounds and practice in 

the methods of identifying unknown substances. 

Instructor: Lucas. 

Ch. 162 a, b, c. Organic Chemistry (Special Topics). 6 units; first, second 
and third terms. 

A series of lectures and discussions on selected topics of organic chemistry that 
have special interest from a theoretical, industrial, or biological view-point. 

Instructor: Lucas. 

Ch. 163. Introduction to the Spectra of Molecules. 6 units; first term. 
The theory of the structure of the spectra of both the diatomic and the simpler 

polyatomic n101ecules 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 infonnation regarding the structure and other properties of a lllolecule 
of interest to the chemist. Problems are given in the interpretation of actual data. 

Instructor: Badger. 

Ch. 164. Radioactivity and Isotopes. 6 units; third term. 
Lectures and discussions on natural and artificial radioactivity. The fundamental 

particles and isotopes. The applications of natural and artificial radioactive sub­
stances and isotopes to the study of chemical and biochemical reactions are discussed. 

Instructors: Dickinson and Yost. 

Ch. 166 a, b, c. Chemical Engineering. 12 units (3 -0-9); first, second 
and third terms. 

Prerequisites: eh. 61; Ch. 63 a, b. 
Problems and discussions designed to bring the student in touch with the 

problems involved in carrying out chemical reactions efficiently on a commercial 
scale. The basic operations of chemical industry (such as heat production, heat 
transfer, mixing, filtration, distillation) are studied both as to principle and practice. 

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

Instructor: Lacey. 
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Ch. 167. Phase Equilibria in Applied Chemistry. 6 units (2-0-4); first 
ternl. 

Prerequisites: Ch. 21, 6l. 
Problems and discussions relating to industrial applications involving hetero­

geneous equilibria. 
Instructors: Lacey and Sage. 

Ch. 168 a, b. Thermodynamics of Multi-Component Systems. units 
(2-0-6); second and third terms. 

Prerequisites: Ch. 63 or ME. 16. 
A presentation of the background necessary for a working knowledge of the 

thermodynamics of multi-component systems from the engineering view-point. The 
work includes numerous problems relating to the application of these principles to 
industrial practice. 

Instructor: S,ge. 

Ch. 169. Research Manipulations. 3 units; second term. 
Laboratory exercises in glass-blowing and machine shop operations for research 

students. Class-room discussions on topics of general interest for research in physical 
chemistry, such as high-vacuum technique, electrical apparatus including applica­
tions of vacuum tube circuits, and the measurement of pressure, ten1perature and 
radian t energy. 

Students must obtain permission from the instructor before registering for this 
subject as the enrollment is necessarily limited. 

Instructor: Beckman. 

ch. 170-173. Chemical Research. 
Opportunities for research are offered to graduate students in all the main 

branches of chemistry, namely, in analytical or inorganic chemistry (170), physical 
chemistry (171), organic chemistry (172), and applied chemistry (173). 

The main lines of research now in progress are: 

Free-energies, equilibria, and electrode-potentials of reactions. 
Low temperature calorimetry. 
Study of crystal structure and molecular structure by diffraction of X-rays 

and electron waves. 
Application of quantum mechanics to chemical problems. 
Application of magnetic methods to chemical problems. 
Mechanism of homogeneous reactions. 
Chemical reactions produced by atoms and molecules excited by radiations. 
Application of radioactive indicators to chemical problems. 
Band spectra and Raman spectra in their chemical relations. 
Plant hormones. 
The Walden inversion. 
Isomerism, hydration and complex formation of unsaturated compounds. 
Vitamin Bl analogs. 
Viscosity of gases and liquids at high pressures. 
Solubility of gases in liquids at high pressures. 
Properties of underground protective coatings. 
High vacuum distillation. 
Thermodynamic studies of hydrocarbons. 
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For a fuller survey of the researches 1U progress, see publications of the Gates 
Chemical Laboratory. 

Ch. 174-179. Chemical Research Conferences. 

Each 2 units; given all three terms, unless otherwise noted. 

Ch. 174. General Research Conference in Chemistry. 

Ch. 175. Organic Chem:stry. 

ch. 176. Photochemistry. 

Ch. 177. Crystal and Molecular Structure. 

Ch. 178. Band Spectra and Molecular Structure. (First and second 
terms.) 

Ch. 179. Applied Chemistry. (Second and third terms.) 

These conferences consist of reports on the investigations in progress in the 
laboratory and on other researches which have appeared recently in the literature. 
They are participated in by all men engaged in related lines of research in the 
laboratory, and are conducted by the chemistry professors connected with the 
respective branches. 
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DIVISION OF CIVIL AND MECHANICAL ENGINEERING':' 

CIVIL ENGINEERING 
PROFESSORS: FRANKLIN THOMAS, ROMEO R. MARTLL 
ASSOCIATE PROFESSOR: WILLIAM W. MICHAEL 
ASSISTANT PROFESSOR: FRED J. CONVERSE 

UNDERGRADUATE SUBJECTS 

CEo 1. Surveying. 11 units (3-4-4); second or 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 surveys, calculation and balancing of 
traverses, use of calculating machines, topographic mapping and field methods. 

Text: Surveying, Breed and Hosmer. 
Instructor: Michael. 

CEo 2. Advanced Surveying. 12 units (3-6-3); first term. 
Prerequisite: CEo 1. 
A continuation of CEo 1, covering topographic surveys, plane table surveys, base 

line measurements, triangulation, determination of latitude and a true meridian by 
sun and circumpolar star observations, curves, cross-section surveys and earthwork 
estimates, stream gauging, draughting room methods and mapping, and the solution 
of problems. 

Text: Surveying, Breed and Hosmer. 
Instructor: Michael. 

CEo 3. Plane Table Surveying. 8 units (1-6-1); third term. 
A course offered primarily for students in geology but may be elected by 

arrangement with the department. Theory and use of the plane table as applied to 
geological surveys. The class devotes one entire day a week to field surveys over 
typical terrain completing a topographic map of the region covered. 

Text: Surveying, Breed .nd Hosmer. 
Instructor: Michael. 

CEo 4. Highway Engineering. 6 units (3 -0-3); second term. 
Prerequisite: CEo 1. 
A comparison of various types of highway construction; the design, construction 

and maintenance of roads and pavements; methods of road improvement; financing, 
contracts and specifications. 

Text: HigIJ1IJay Design a11d Constmcliol/, Bruce. 
Instructor: Michael. 

CEo 8 a. Railway Engineering. 6 units (3 -0-3); first term. 
Prerequisites: CEo 1, 2. 
A study of economic railway location and operation; railway plant and equip­

ment; signaling; the solution of grade problems. 
Text: Elements of Railroad Engineeri11g, Raymond. 
Instructor: Thomas. 

'Sec Divj~ion of Phy~ic~, ;'vI".1thcmatic" ;lnd Electrical EngincC'ring, p.lgCS In-1%, for suhjccts 
in Electrical Engineering. 
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CEo 8 b. Railway Surveying. 6 units (2-0-4); second term. 
Prerequisite: CEo 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: Railway Curves and Earthwork, Allen. 
Instructor: Michael. 

CEo 8 C. Railway Surveying. 6 units (0-6-0); third term. 
Prerequisite: CEo 8 b. 
The class devotes one entire day a week to field surveys of a railroad location, 

applying the principles as outlined under course CEo 8 b. 
Text: Railway Curves and Earthwork, Allen. 
Instructor: Michael. 

CEo 9. Elements of Struct~es. 12 units (3-3-6); second term. 
Prerequisite: AM. 1 C. 

An abridged course in design of simple structures of timber, steel, masonry, and 
reinforced concrete. Emphasis is placed upon methods and computations in numerous 
typical examples. 

Text: Structural Design, Thomas. 
Instructor: Michael. 

CEo 10 a. Theory of Structures. 12 units (3-3-6); first term. 
Prerequisite: AM. 1 C. 

Methods used in the calculation of stresses in and proportioning of beams, 
girders, and columns of timber, steel and concrete; study of the effects of moving 
load systems; graphic statics applied to roofs and bridges. 

Text: St1'uc!u1'al Theory, Sutherland and Bowman. 
Instructor: Martel. 

CEo 10 b, C. Theory of Structures. 12 units (3-3-6), second term, and 
9 units (3 -0-6), third term. 

Prerequisite: CEo lOa. 
A continuation of CEo 10 a, covering the computation of stresses in truss mem­

bers, the design of structural parts, connections, portals, and bracing; a study of 
arch, cantilever, and continuous bridges; and deflection of trusses. 

Text: Structu1'al Design in Steel, Shedd. 
Instructor: Martel. 

CEo 12. Reinforced Concrete. 12 units (3-3-6); third term. 
Prerequisites: AM. 1 c; CEo 10 a. 
The theory of reinforced concrete design, with a study of the applications of 

this type of construction to various engineering structures. 
Text: Principles of Reinforced Concrete Construction, Turneaure and Maurer. 
Instructor: Martel. 

CEo 14 a, b, C. Engineering Conferences. 2 units (1-0-1); first, second 
and third terms. 

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

The technique of effective oral presentation of reports is emphasized through 
criticisms of the reports from the standpoint of public speaking by a member of 
the department of English. 

Instructors: Michael, Eagleson. 
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FIFTH-YEAR SUBJECTS 

CEo 15. Irrigation and Water Supply. 12 units (5-0-7); second term. 
Prerequisite: Hy. 1. 
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A study of modern practice of the collection, storage and distribution of water 
for municipal, domestic and irrigation uses; design, construction and operation of 
systems; consideration of the conditions adapted to irrigation developments, dams, 
reservoirs, canals; laws pertaining to irrigation; the economic aspects of projects. 

Text: Water Supply and Utilization, Baker and Conkling. 

Instructor: Thomas. 

CEo 16. Masonry Structures. 9 units (2-3-4); second term. 
Prerequisite: CEo 12. 
Theory of design and methods of construction of masonry structures; founda­

tions, dams, retaining walls, and arches. 
Text: Design of Masonry Structures, Williams. 

Instructor: Martel. 

CEo 17. Sewerage. 9 units (3 -0-6); third term. 
Prerequisite: Hy. 1. 
Systems for the collection and disposal of sewage; the design of sewers and storm 

drains; inspection of local sewage disposal plants; the drainage of land; cost 
assessments. 

Text: Sewerage and Sewage Disposal, Metcalf and Eddy. 

Instructor: Thomas. 

CEo 21 a. Structural Design. 12 units (0-12-0); first term. 
Prerequisites: CEo lOa, b, C. 

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: Thomas. 

CEo 21 h. Structural Design. 9 units (0-9-0); second term. 
Prerequisites: CEo 10 a, 12. 
The design of a reinforced concrete building in accordance with a selected build­

ing ordinance, with computations and drawings. 

Instructors: Thomas, Martel. 

CEo 21 C. Civil Engineering Design. 9 units (0-9-0); third term. 
Prerequisites: CEo 15, 21 a, h. 
Special problems including preliminary investigations of irrigation or water 

power projects; study of stream flow data, the effect of reservoir storage upon 
distributed flow, determination of size and type of economic development. 

Instructor: Thomas. 

CEo 23. Statically Indeterminate Structures. 12 units; first term. 
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. 
Text: Continuous Frames of Reinforced Concrete, Cross and Morgan. 

Instructor: Martel. 
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CEo 30 a, b, C. Engineering Seminar. 2 units (1-0-1); first, second Jnd 
third terms. 

Conferences participated in by faculty and graduate students of the Civil Engi­
neering department. The discussions cover current developn1cnts and advancen1Cllt.', 
within the field of civil engineering and related sciences, with special consideration 
given to the progress of research being conducted at the Institute. 

ADVANCED SUBJECTS 

Special problems in the various fields of civil engineering will be arranged to 
meet the needs of students wishing to do advanced work in this department. The 
following lines of work are possible: Stream Regulation and Utilization for Power, 
Irrigation, and Water Supply under the direction of Prof. Franklin Thomas; 
Advanced Structures under the direction of l)rof. Martel; Sanitation and Sewerage 
under the direction of Profs. Thomas and Martel; Highways and Geodesy under 
the direction of Prof. Michael; Analysis of Earthquake Effects upon Structures 
under the direction of Prof. Martel. 

CEo 101 a, b. Water Power plant Design. 10 units; first and second terms. 
A design of a power plant in conformity with the conditions of head, flow, and 

load fluctuations at a particular site. Includes selection of number and type of units, 
design of water passages and general structural features. 

Instructor: Thomas. 

CEo 105 b, C. Statically Indeterminate Structures. 12 units; second and 
third terms. 

A continuation of the study of indeterminate structures as begun in CEo 23, 
with the use of analytical and instrumental methods of solution. 

Instructor: Martel. 

CEo 107 a, b, C. Geodesy and Precise Surveying. 6 units; first, second 
and third terms. 

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

Instructor: Michael. 

CEo 108. Highway Problems. Units to be based on work done. 
Cooperating with the Highway Research Board of the National Research Council, 

opportunities are offered for advanced studies in highway engineering. Arrange­
ments may be made for special studies on subgrade materials, wearing surfaces, eco­
nomics of vehicle operation, and allied subjects. 

Instructor: Michael. 

CEo 110 b, C. Sewage Treatment Plant Design. 10 units; second and 
third terms. 

A design of treatment works for a selected community and site involving special 
conditions of location, volume, and character of disposal. Includes selection of 
process, arrangement of tanks and equipment, and general design of structures. 

Instructor: Thomas. 
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CEo 111. Water Treatment Plant Design. Units to be based upon work 
done; any term. 

Preparation of a layout and design of the general features of a plant to effect the 
purification and softening of water as may be required in specific circumstances. 
Includes design of typical structural features of the plant. 

Instructor: Thomas. 

CEo 112. Sanitation Research. Units to be based upon work done; any 
term. 

Exceptional opportunities in this field are available at the sewage treatment plant 
of the city of Pasadena, where the activated sludge process is in operation, supple­
mented by a rotary kiln drier for the reduction of sludge to commercial fertilizer. 

Instructor: Thomas. 

CEo 113. Underground Water Investigations. Units to be based upon 
work done; any term. 

A study of the relation between rainfall, runoff, percolation, and accumulations 
of ground water. Investigation of the location, extent, and yield of underground 
reservoirs. 

Instructor: Thomas. 

CEo 114. Analysis of Earthquake Effects Upon Structures. Units to be 
based upon work done; any term. 

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

Instructor: Martel. 

CEo 115. Foundations. 6 units; second term. 
The application of the principles of soil mechanics to problems of foundations 

and earthwork engineering. 
Instructor: Converse. 
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MECHANICAL ENGINEERING 
PROFESSORS: ROBERT L. DAUGHERTY, W. HOWARD CLAPP 

ASSOCIATE PROFESSOR: ROBERT T. KNAPP 

ASSISTANT PROFESSORS: .DONALD S. CLARK, ERNEST E. SECHLER 

INSTRUCTORS: W. C. ROCKEFELLER, HOWELL N. TYSON 

UNDERGRADUATE SUBJECTS 

ME. 1. Mechanism. 9 units (3 -3 -3); first, second or third term. 
Prerequisites: Ma. 1 a, b, c, d; Ph. 1 a, b, c, d; D. 1,4, 12 a, b. 
An analytical study of constrained motion in machines and of the relations of 

machine elements. Desirable types of motion; displacements of machine parts using 
simple valve motions, cam actuating parts, and other reciprocating and oscillating 
machine members as examples. Velocity studies; average and instantaneous values; 
velocity analysis by vectors using centros; relative velocities; application of vectors 
to cyclic trains and other differential motions. Acceleration analysis; inertia forces. 
The various linkages and combinations of machine elements arc introduced and used 
as a means of mastering the geometry of machine motion. 

Text: Principles of Mechanism, Vallance and Farris. 
Instructors: Clapp, Tyson, Shapiro. 

ME. 3. Materials and Processes. 11 units {3-3-n; second or third term. 
A study of the materials of engineering and of the processes by which these mate-

rials 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 class work is combined with inspection trips to many industrial plants. The 
student is not only made acquainted with the technique of processes but of their 
relative importance industrially and with the competition for survival which these 
materials and processes continually undergo. 

Text: Materials ana Processes, Clapp and Clark. 
Instructor: Clark. 

ME. 5 a, b, c. Machine Design. 9 units (2-3-4), first and second terms; 9 units 
(0-9-0), third term. 

Prerequisites: ME. 1; AM. 1 a, b. 
Applications of mechanics of machinery and mechanics of materials to practical 

design and construction. Riveting and welding; boilers and plate vessels; bolts and 
screws; force and shrink fits; hydraulic cylinders; cylinders and cylinder heads for 
steam and gas engines; stuffing boxes and packing; pistons and piston rings; leaf 
springs, coil springs; piston pins; connecting rods and cross heads; cranks and 
crank-shafts; flywheels; spur gears; helical gears; bevel gears; worm gears; spiral 
gears; belting; pulleys; rope driving; chains; friction drives; wire rope and hoisting; 
plain bearings; ball bearings; roller bearings; shafts and couplings; clutches; brakes; 
high speed disks; piping. Also a study of manufacturing processes with especial 
reference to nhe economics of design. 

Text: Design of Machine Elements, Faries. 
Instructor: Clapp. 

ME. 8. Machine Design. 12 units (3-3-6); first term. 
Prerequisites: ME. 1; AM. 1 a, b. 
An abbreviated course in machine design for aeronautical engineers. The energy 

and force problem; relations of stress and strain to failure and the determination of 
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proper safety factors; straining actions in machines; stresses with complex loading; 
screws and screw fastenings; axles, shafting, and couplings; friction and lubrication; 
journals and bearings. 

Text: Design of Machine Elements, Faries. 

Instructor: Sechler. 

ME. 10. Metallurgy. 6 units (2-0-4); first term. 
Prerequisites: ME. 3; Ch. 6. 
A study of the principles underlying the heat treatment, properties, use, and 

selection of ferrous and non-ferrous alloys as applied to design. 
Text: Physical Metallurgy for Engineers, Clark. 
Instructor: Clark. 

ME. 15. Heat Engineering. 12 units (3-3-6); second or third term. 
Prerequisites: Ma. 2 a, b, c, d; ME. 1. 
Principles of engineering thermodynamics; properties of gases; thermodynamic 

processes of gases; gas cycles; internal combustion engines; air compressors; and 
elements of different types of power plants. Inspection of local power plants, labora­
tory demonstration tests, and computing room exercises. 

Text: Heat Power Engineering, Vol. I, Barnard, Ellenwood, and Hirshfeld. 
Instructors: Rockefeller, Gongwer. 

ME. 16. Heat Engineering. 12 units (4-0-8); third term. 
Prerequisite: ME. 15. 
Additional work in thermodynamics; properties of vapors; thermodynamic 

processes of vapors; vapor cycles; steam engines; steam turbines. 
Text: Heat Power Engineering, Barnard, Ellenwood, and Hirshfeld. 
Instructor: Daugherty. 

ME. 17. Heat Engineering. 9 units (3-0-6); first term. 
Prerequisite: ME. 16. 
Heat transmission; fuels; combustion; flue gas analysis; steam generators; and 

steam generator accessories. 
Text: Heat Power Engineering, Vol. II, Barnard, Ellenwood, and Hirshfeld. 
Instructor: Daugherty. 

ME. 18. Heat Engineering. 10 units (3-0-7); second term. 
Prerequisite: ME. 15. 
An abridgement of ME. 16 for students in Electrical Engineering. 
Instructor: Daugherty. 

ME. 19. Heat Engineering. 6 units (2-0-4); second term. 
Prerequisite: ME. 17. 
Flow of compressible fluids; condensers; feed water heaters; water softening; 

mixtures of air and water vapor; atmospheric water cooling; heating and ventilating; 
refrigeration. 

Text: Heat Power Engineering, Vol. III, Barnard, Ellenwood, and Hirshfeld. 
Instructor: Daugherty. 

ME. 20. Heat Engineering. 9 units (2-3-4). 
An abridgement of ME. 15 for students in Civil Engineering. 
Instructors: Rockefeller, Gongwer. 
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ME. 25. Mechanical Laboratory. 6 units (0-3-3); third term. 
Prerequisite: ME. 15. 
Tests of steam engine, steam turbine, blower and gas engine, etc., for efficiency 

and economy. 
Text: Power Plant Testing, Moyer. 
Instructors: Knapp, Budenholzer, Daily, Gongwer. 

ME. 26. Mechanical Laboratory. 6 units (0-3 -3); second term. 
Prerequisite: ME. 15. 
Additional work in the laboratory on air compressors, fuel and oil testing, and 

special work on steam and internal combustion engines. 
Text: Power Plant Testing, Moyer. 
Instructors: Knapp, Budenholzer, Gangwer. 

ME. 27. Mechanical Laboratory. 9 units (0-3-6); first term. 
Prerequisites: ME. 15 and Hy. 1. 
An abridgement of ME. 25 and Hy. 2 for students in Electrical Engineering. 
Instructors: Knapp, Budenholzer, Daily, Gangwer. 

ME. 50 a, b, c. Engineering Conferences. 2 units (1-0-1); first, second 
and third terms. 

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

Instructors: Daugherty, Huse. 

FIFTH-YEAR AND ADVANCED SUBJECTS 

ME. 100. Advanced Work in Engineering. 
In addition to the regular fifth-year and other advanced courses which are here 

outlined, the staff of the mechanical engineering department will arrange special 
courses or problems to meet the needs of advanced students. 

ME. 101 a, b. Advanced Machine Design. 12 units; second and third terms. 
Prerequisites: ME. 5, 10. 
The student must possess a comprehensive knowledge of mechanics, of materials, 

and also of the physical properties of the more common materials of construction. 
Strength of material formulae are studied as to their authority and limitations, and 
their application is extended to cover such cases as curved bars, thin plates, energy 
loads, stress concentration around holes, key seats, etc.; dynamic stresses as in rotat­
ing disks and flywheels; critical speeds of shafting; bending of bars on elastic founda­
tions. Many examples of evolved designs are studied to determine the considerations 
which have led to the design. Theory of strengths and their application to the study 
of designs which have failed in service. 

Instructor: Clapp. 

ME. 110 a, b, c. Science of Metals. 6 units (3-0-3); each term. 
Prerequisite: ME. 10. 
A study of modern engineering metals and alloys; their mechanical and physical 

properties, and the effects upon these properties brought about by the various proc­
esses of manufacture and fabrication. A study of the physical principles governing 
metallic behavior. 

Text: Principles of Physical Metallurgy, Doan. 
Instructors: dapp, Clark. 



MECHANICAL ENGINEERING 213 

ME. 111 a, b, c. Metallography Laboratory. 6 units (0-6-0); first, second 
and third terms. 

Prerequisite: ME. 110 a, b, c, or to be taken at the same time. 
Pyrometry, thermal analysis, microscopy, preparation of metallographic speci­

mens, photomicrography, structures of steels and cast irons, heat treatment of steel, 
structures and treatment of non-ferrous alloys, recrystallization and grain growth, 
macros copy , inspection methods, special problems. 

Instructor: Clark. 

ME. 120. Heat Engineering. 12 units (3-0-9); first term. 
Prerequisite: ME. 17. 
Advanced work in engineering thermodynamics; thermodynamic processes of 

actual gases with variable specific heats; complex power plant cycles; heat trans­
mission; combustion; heat balance of boilers; and other applications to practical 
cases. 

Instructor: Daugherty. 

ME. 121 and 122. Heat Engineering. 12 units (2·0-10); second and third 
terms. 

Prerequisite: ME. 120. 
Advanced study of internal combustion engines of all types, steam turbines, 

heating and ventilating, refrigeration, air conditioning, and steam power plants. 
Either term may be taken independently of the other. 

Instructor: Daugherty. 

ME. 125. Refrigeration Plants. Units to be based on work done; any term. 
Design of various types of refrigeration plants best adapted to different condi-

tions of service. 
Instructors: Daugherty, Knapp. 

ME. 130. Advanced Mechanical Laboratory. 15 units (1-9-5); first term. 
Prerequisites: ME. 17, 26. 
Advanced work on stearn turbines, internal combustion engines, lubrication, and 

similar subjects. Each problem will be studied in enough detail to secure a thorough 
analysis. Conference hour for progress discussion. 

Instructor: Knapp. 

ME. 132. Engine Laboratory. 15 units; first, second and third terms. 
Use of the dynamometer. Experimental work in engine performance, carbure­

tion, ignition, fuel consumption, etc. 

ME. 140 a, b. Research or Thesis. 18 units; second and third terms. 
This work is arranged with the department to fit the needs and desires of the 

individual student. 

ME. 150 a, b, c. Mechanical Engineering Seminar. 2 units each term. 
Attendance required of graduate students in mechanical engineering. Conference 

on research work and reviews of new developments in engineering. 
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AERONAUTICS 

PROFESSORS: THEODORE VON KARMAN, HARRY BATEMAN 
ASSOCIATE PROFESSORS: ARTHUR L. KLEIN, CLARK B. MILLIKAN 
ASSISTANT PROFESSORS: IRVING P. KRICK, ARTHUR E. RAYMOND, ERNEST E. 

SECHLER 
INSTRUCTORS: W. A. KLIKOFF, W. CURTIS ROCKEFELLER, WILLIAM R. SEARS 

UNDERGRADUATE SUBJECTS 

AE. 2 a, b. Aircraft Structures. 12 units; second and third terms. 
Prerequisite: AM. 1 c. 
A course adapted for students planning to take post-graduate work in Aero­

nautics. The course includes the analysis of forces by analytical and graphical 
methods and the calculation of stresses in beams, girders, columns, shafts and simple 
trusses of timber, steel and light alloys; study of continuous beams; beams under 
combined lateral and axial loads; trusses with redundant members; effect of flexure 
and direct stress; deflections in beams and trusses; tapered columns; circular rings; 
thin wall structures; loads upon an airplane. 

Text: Structural Design of Metal Airplanes, Younger. 
Instructor: Klikoff. 
See also ME. 8. 

FIFTH-YEAR AND ADVANCED SUBJECTS 

AE. 251 a, b, c. Aerodynamics of the Airplane. 9 unit,; first, second llld 
third terms. 

Prerequisites: AM. 1 a, b, c, AM. 3. 
Airfoils, wings, and tail groups, stability and control, drag, performance and 

spinning. 
Texts: Principles of Flight, Stalker; Dynamics of Airplanes, Younger and 

Woods; Technical Aerodynamics, Wood; Engineering Aerodynamics, Diehl. 
Instructor: Millikan. 

AE. 252 a, b, c. Airplane Design. 12 units; first, second and third terms. 
Prerequisites: AM. 1 a, b, c, AM. 3, CEo 11. 
The solution of problems connected with the structural design and analysis of 

complete airplanes, with special emphasis being placed on the problems dealing with 
monocoque construction. AE. 252 must be taken concurrently with or subsequently 
to 251. 

Texts: Airplane Structures, Niles and Newell; Strength of Materials, Boyd; 
Airplane Design, K. D. Wood. 

Instructors: Sechler, Raymond. 

AE. 253 a, b, c. Airplane Design and Testing Procedure. 6 units; first, 
second and third terms. 

Prerequisites: AM. 1 a, b, c, AM. 3, CEo 11. 
253 a, drafting room technique, factory methods, factory equipment, materials 

used; 253b, control systems, flap systems, landing gears, power plants, and non-
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structural components; 253 c, performance prediction, performance reduction, flight 
testing. 

Instructors: Klein, Raymond. 

AE. 254 a, b, c. Advanced Problems in Airplane Design. 9 units; first, 
second and third terms. 

Prerequisites: AE. 251, 252, 253. 
254a, study of specific problems in airplane design; 254b, advanced problems 

concerning the aerodynamical design of airplanes; 254c, the design of flying boats 
and seaplanes. 

Instructors: Klein, Raymond. 

AE. 255. Wind Tunnel Operation and Technique. 6 units; first, second 
or third terms. 

A one-term course given each term covering pressure and velocity measuring 
instruments, balances, model suspensions, wind tunnel calibrations and correction 
factors, data reduction and presentation, extrapolation of model results to full 
scale. Experiments on various aerodynamic phenomena are carried out by the stu­
dents in a special wind tunnel constructed for instruction purposes. 

Instructor: Sears. 

AE. 260. Research in Aeronautics. 
Theoretical and experimental research in one of the following fields: fluid 

mechanics; elasticity, including photoela~ticity; structures and aerodynamics. 

AE. 266 a, b. Theoretical Aerodynamics I. Perfect Fluids. 12 units, 
first term; 9 units, second term. 

Prerequisites: Ma. 14; 114 a, b, or EE. 226 a, b, or Ma. 8 a, b, c (12 units). 
Hydrodynamics of perfect fluids as applied to aeronautics, potential motion, 

circulation, laws of vortex motion, elements of conformal transformation, streamline 
bodies, airfoils, three dimensional wing theory, monoplanes, biplanes, interference. 

Texts: The Elements 0/ Aer%il ·and Airscrew Theory, Glauert; Applications 
of Modern Hydrodynamics to Aeronautics, Prandtl. 

Instructor: Karman or Millikan. 

AE. 267. Theoretical Aerodynamics II. Real Fluids. 12 units; third 
term. 

Prerequisites: AE. 266 a, b. 
Hydrodynamics of viscous fluids, laminar motion in pipes and channels, turbu­

lence and Reynolds' criterion, similarity laws, theory of drag, discontinuous flow 
and vortex streets, theory of skin-friction, boundary layer, general theory of 
turbulence. 

Instructor: Karman or Millikan. 

AE. 268. Hydrodynamics of a Compressible Fluid. 12 units; one term. 
Prerequisites: AE. 266 a, b. 
Relation of the equations to the kinetic theory of gases, theory of jets and of the 

Venturi tube, motion with a velocity exceeding the velocity of sound, shock waves, 
cavitation. 

Instructor: Bateman. 
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AE. 269 a, b, c. Advanced Problems in Theoretical Aerodynamics. 
9 units; first, second and third terms. 

A seminar course in the applications of theoretical aerodynamics to aeronautical 
problems for students who have had AE. 266 and AE. 267. 

Instructors: Karman, Millikan. 

AE. 270 a, b, c. Elasticity Applied to Aeronautics. 12 units, first term; 
6 units, second and third terms. 

Prerequisites: Ma. 109 a, b, or AE. 265 a, b; AM. 1 a, b, c, 3. 
Analysis of stress and strain. Hookes law. Theory of bending and torsion. 

Stresses in thin shells. Theory of elastic stability. Vibrations and flutter. 
Instructors: Karman, Sechler. 

AE. 290 a, b, c. Aeronautical Seminar. 2 units; first, second and third 
terms. 

Study and critical discussion of current contributions to aerodynamics and 
aeronautical engineering. 
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METEOROLOGY 

PH.OILS~ORS: BL:-':O GUTl:NJ3l KG, TlllODOlU vo~ KARMA;\[ 

A~~ISTA:;\iT PKOi·l.SSOR: IRYI:0;G P. KRICK 

I~sTRUCTOK: \V. CURTIS ROCh.EFELL1R 
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AE. 272 a, b, c. Dynamic Meteorology. 9 units (3-0-6); first, second ond 
third terms. 

The application of hydrodynamics ond thermodynomics to the study of atmos­
pheric phenomena. Statics and kinetnatics of the atn1osphere; general dynamics of air 
currents; energy of air 1110ven1cnts, gusts, turbulence, etc. 

Instructor: Rockefeller. 

AE. 273 a, b, c. Synoptic Meteorology. 12 units (4-0-8); first, second 
and third terms. 

Application of the principles of dynamic meteorology to the study of the 
phenomena of the weather map. Modern theories on the structure of the cxtra­
tropical cyclone, general circulation of the atn10sphere, air D1:.1SSeS, front ogene sis 
and frontolysis. Upper air soundings and their use in synoptic meteorology, identi­
fication of air masses by evaluation of upper air data and by other criteria. Detailed 
discussion of weather forecasting by means of frontal and air mass analysis, especially 
in connection with aircraft operations. Fotecasting of local weather phenomena such 
as fogs, thunder storms, etc., effects of topography upon frontal movements and 
upon properties of air D1asses. . 

Instructor: Krick. 

AE. 274 a, b, c. Meteorological Laboratory. 15 units; first, second and 
third tern1S. 

Decoding and plotting of daily weather maps by frontal and air-mass analysis 
methods. Surface data augmented by all available upper-air information in order to 
obtain, as far as possible, three-dimensional analyses. The Department of Commerce 
teletype service is utilized and actual operating conditions simulated in the laboratory, 
including practice forecasts for selected areas, both of a general nature and of a 
more detailed nature in connection with forecasts for aviation. The laboratory work 
is supplemented by observational work carried on at the Institute's Marine Observa­
tory at San Pedro, California. 

Instructor: Krick. 

AE. 275. Structure of the Atmosphere. 3 units; third term. 
Constituents of the atmosphere and their distribution. Theories underlying the 

probable structure and temperature of the stratosphere. 
(Not given in 1938-39.) 
Instructor: Gutenberg. 

AE. '276. Meteorological Instruments. 6 units (6-0-0); first term. 
Temperature measurements, including a study of Inercury and other expansion 

thermometers, electrical thermometers; hygrometry; barometers; velocity measure­
ments, including dynan1ic pressure Jnd hot wire instruments, rain and snow gauges, 
cloud measurements; radiation lneasuremcnts, including J study of sounding and 
pilot balloons and their equipment. Practical measurements are made at the Insti­
tute's Marine Observatory at San Pedro. 

Instructor: Wood. 
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AE. 280 a, h. Meteorological Research. Units to be determined; second 
and third terms. 

Selected problems in meteorology research assigned to meet the needs of advanced 
students. 

Instructors: Gutenberg, Krick. 

AE. 291 a, b, c. Meteorological Seminar. 2 units; first, second and third 
terms. 

Reviews and discussions of current meteorological literature and problems. 
In charge: Gutenberg, Krick. 

Additional and supplementary courses are offered as the need arises. Lectures ar" 
given from time to time by visiting scientists and engineers from this country and 
Europe. Flying is not given officially at the Institute, but there are ample oppor­
tunities for a student to learn to fly atone of the neighboring flying fields. 
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APPLIED MECHANICS 

PROFESSOR: FREDERIC W. HINRICHS, JR. 

ASSISTANT PROFESSOR: FRED J. CoNVERSE 

UNDERGRADUATE SUBJECTS 
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AM. 1 a, b. Applied Mechanics. 14 units (4-3-7); first and second terms. 
Prerequisites: Ma. 1 a, b, c, 2 a, b, c, d; Ph. 1 a, b, c, 2 a, b, c, d. 
Action of forces on rigid bodies; composition and resolution' of forces; equilib­

riun1, couples, framed structures; cords and chains; centroids; displacement; velocity 
and acceleration; translation, rotation, and plane motion; moments of inertia; 
inertia forces; kinetic and potential energy; work and energy; impulse and momen­
tum; ilnpact; power; efficiency, 

Text: Engineering Mechanics, Brown. 
Instructors: Converse and assistants. 

AM. 1 c. Strength of Materials. 14 units (4-3-71; third term. 
Prerequisite: AM. 1 a, b. 
Elasticity and strength of materials of construction; theory of stresses and 

strains; elastic limit; yield point; ultimate strength; safe loads; repeated stresses; 
bealTIS; cylinders; shafts; columns; riveted joints; structural shapes. 

Texts: Elr:ments of Strength of Materials, Timoshenko and MacCuIIough; Steel 
Construction, A. r. S. C. 

Instructors: Hinrichs, Converse, and assistants. 

AM. 2 a, b. Applied Mechanics and Strength of Materials. 12 units 
(4-0-8); first and second terms. 

Prerequisites: Ma.l a, b, c, 2 a, b, c, d; Ph. 1 a, b, c, 2 a, b, c, d. 
An abridged course for students electing the Applied Chemistry Option in the 

Science Course, condensing in the work of two terms as much as possible of the 
general field outlined above in AM. 1 a, b, c. 

Texts: Engineering Mechanics, Brown; Elements of Strength of Materials, 
Timoshenko and MacCullough; Steel Construction, A. I. S. C. 

Instructor: Hinrichs. 

AM. 3. Testing Materials Laboratory. 6 units (0-3-3); second or third 
term. 

Prerequisite: AM. 1 c. 
Tests of the ordinary materials of construction in tension, con1pression, torsion. 

and flexure; determination of elastic limit; yield point; ultimate strength, and 
modulus of elasticity; experimenral verification of formulas derived in the theory 
of strength of materials. 

Text: Materials of Com/ructiOl1, J. B. Johnson. 
Instructors: Converse and assistant. 

ADVANCED SUBJECTS 

AM. 105. Soil Mechanics. 6 units (2-2-2); first term. 
A study of the physical and mechanical properties of soils, and the determination 

of principles which govern their behavior under load. The application of these 
rrinciples to problems of foundations and of earthwork engineering. 

Instructor: Converse. 



220 L\L!H1R:\L\ J:\5TITL'TE UF T[CH:->ULOGY 

ENGINEERING DRAWING 

I>lSTRlJCTORS: HOWELL N. TYSON, NATHANIEL W. \X'U.COX 

D. 1. Freehand Drawing. 3 units (0-3-0); first term. 
The study of geometrical forms and their representation by means of freehand 

perspective. Training in pencil rendering is given and the fundamental principles 
of perspective are illustrated by simple architectural and engineering studies. Empha­
sis is placed on careful observation and accurate drawing. 

Instructors: \'Vilcox, Okun, Snelling. 

D. 2. Advanced Freehand Drawing. Either 3 units (0-3-0) or 6 units 
(0-3 -3); elective; second term. 

Prerequisite: D. 1. 
This course is similar to D. I, but with advanced subject matter. The student 

is allowed, to a certain extent, to choose subjects for his work which arc related to 
his chief field of interest. 

Instructor: Wilcox. 

Descriptive Geometry, D. 3 a, b, c, d and D. 4 are planned to cover a thorough 
study of shape description and representation. Especial emphasis will be placed upon 
the visualization of problems in order to develop three dimensional observation. The 
work will include practical as well as purely geometrical problems. 

D. 3 a. Descriptive Geometry. 3 units (0-3 -0); second term. 
The study of the graphical representation of three dimensional geometrical con­

structions by means of orthographic projection. The work includes principle, 
auxiliary and oblique views. 

Text: Geometry of Engineering Drawing, Hood. 
Instructors: Wilcox, Okun, Snelling. 

D. 3 h. Descriptive Geometry. 3 units (0-3 -0); third term. 
Prerequisite: D. 3 a. 
A continuation of D. 3 a, covering the geometrical relatiomhips of line, and 

planes. 
Text: Geolnetry of Engineeri11g DrmviJlI{, Hood. 
Instructors: Tyson, Wilcox, Ashkenas. 

D. 3 c. Descriptive Geometry. 3 units (0-3 -0); fi "t or ,ccond terms. 
Prerequisite: D. 3 b. 
A continuation of D. 3 b, covering problems involving curved lines and the 

intersection and development of surfaces. 
Text: GC011letry of E11gineering Drawing, Hood. 
Instructors: Tyson, Ashkenas, Snelling. 

D. 3 d. Descriptive Geometry. 3 units (0-3-0); second or third terms. 
Prerequisite: D. 3 c. 
A continuation of D. 3 c, covering more complicated problems involving single 

curved surfaces, warped and double curved surfaces, and 111ining problems. 
Text: Ge01nctry of E11gineeri11g D,·alt.'il1g, Hood. 
Instructors: Tyson, Ashkenas, Snelling. 
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D.4. Advanced Descriptive Geometry. 6 units (0-6-0); elective any term. 
Prerequisite: D. 3 a, b, c, d. 
The study of lineal perspective and the execution of mechanical perspective 

drawings of machines, bridges, and other structures. 

D. 5. Descriptive Geometry. 3 units (0-3-0); third term. 
Prerequisites: D. 3 a, b. 
This course is planned primarily for geology students and includes practical 

problems in mining and earth structures. 
Text: Geometry of Engineering Drawing, Hood. 

D. 6 a. Engineering Drawing. 6 units (0-6-0); first or second term. 
Prerequisite: D. 1, 3 a, b. 
This course is designed to give the student a general knowledge of the most 

important types of engineering drawings. Instruction is given in the proper use of 
drafting equipment and in the fundamental principles of drafting and lettering. 
The accepted standards for both machine and structural drawing are given, and 
plates are drawn which illustrate the use of these standards. The student is also 
given basic training in making pictorial drawings and engineering charts and graphs. 

Text: Drafting for Engineers, second edition, Svensen. 
Instructors: Bonell, Feuer, Van Der Werff. 

D. 6 b. Engineering Drawing. 6 units (0-6-0); second or third ternl. 
Prerequisites: D. 1, 3 a, b, c, 6. 
This is a continuation of the course described above. 
Text: Drafting for Engineers, second edition, Svensen. 
Instructors: Tyson, Feuer. 

D. 7. Advanced Engineering Drawing. Maximum of 6 units. Elective; 
any term. 

Prerequisites: D. 3 a, b, c, d, 6 a, b. 
The study and execution of drawings of machines or equipment designed by 

upper-class students in the engineering department. 
Instructor: Tyson. 
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HYDRAULICS 

PROFESSOR: ROBERT L. DAUGHERTY 

ASSOCIATE PROFESSOR: ROBERT T. KNAPP 

ASSISTANT PROFESSOR: HUNTER ROUSE 

INSTRUCTOR: ARTHUR T. IpPEN 

UNDERGRADUATE SUBJECTS 

Hy. 1 a, b. Hydraulics. 12 units (3-3-6), first or second terms; 9 units 
(3-0-6), third term. 

Prerequisite: AM. 1 a, or to be taken at the same time. 
Physical Properties of water; hydrostatics; flow of water in pipes, nozzles, and 

channels; hydraulic turbines; centrifugal pumps and other hydraulic equipment. 
Text: Hydraulics, Daugherty. 
Instructors: Daugherty, Knapp, Ippen, Wagner. 

Hy. 2. Hydraulics Laboratory. 6 units (0-3-3); second or third term. 
Prerequisite: AM. 1 a, b. 
Experiments on the flow of water through orifices and nozzles, through pipes 

and Venturi meters, over weirs; use of Pitot tube; tests of impulse and reaction 
turbines, centrifugal pumps, and other hydraulic apparatus. 

Instructors: Knapp, Daily. 

Hy. 3. Hydraulics Problems. 6 units (0-6-0); first term. 
Prerequisite: Hy. 1. 
Selected advanced problems in hydraulics such as penstock design, water hammer 

and surge chamber calculations, hydr:aulic jUlnp determinations, etc. 
Instructor: Rouse. 

Hy. 4. Hydraulic Machinery. 9 units (3-0-6); third term. 
Prerequisites: Hy. 1 and 2. 
Theory, construction, installation, operation, and characteristics of hydrau1ic 

turbines and centrifugal pumps. 
Instructor: Knapp. 

ADY ANCED SUBJECTS 

Hy. 100. Applied Hydrodynamics. 12 units (3 0-9); second term. 
Prerequisites: Hy. 1 and 2. 
Velocity distribution; turbulence; pipe friction; cavjtation; principles of simili ~ 

tude; model studies. 
Instructors: Daugherty, Knapp. 

Hy. 101. Hydraulic Machinery. Units to be based on work done; any 
term. 

A study of such machines as the hydraulic turbine and the centrifugal pump and 
their design to meet specified conditions. 

Instructors: Daugherty, Knapp. 

Hy. 200. Advanced Work in Hydraulic Engineering. 
Special problems in hydraulics will be arranged to meet the needs of ,Hudents 

wishing to do advanced work in this field. 
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DIVISION OF THE GEOLOGICAL SCIENCES 
GEOLOGY, PALEONTOLOGY, AND GEOPHYSICS 

PROl'LSSORS: JOH:"\ P. BUWALDA, BEXO GUTLNBERG, CHESTER STOCK 

ASSOCIATE PROPESSORS: HUGO BENIOPF, IAN CAMPBELL 

22\ 

ASSISTANT PROFESSORS: HORACE J. FRASER, CHARLES F. RICHTER 

INSTRUCTORS: FRA"'CIS D. BODE," JOHN H. MAXSON, RAYMOND A. P"T"R>ON 

UNDERGRADUATE SUBJECTS 

Ge. 1 a. Physical Geology. 9 units (3-3-3); first term. 
Prerequisites: Ch. 1 a, b, c; Ph. 1 a, b, c. 
A consideration of the composition and structure of the Earth and the internal 

and external processes which modify the crust and the surface. Dynamical and 
>tructural geology. Lectures, recitations, laboratory and field trips. 

Text: Text-book of Geology, Part I, Longwell, Knopf and Flint. 
Instructors: Buwalda, Peterson, Currr, Hoy, Jahns. 

Ge. 1 b. Elementary Paleontology. 9 units (4-1-4); third term. 
Prerequisite: Ge. 1 a. 
A discussion of the principles on which the history of life is based. Illustrations 

of evolution taken from certain groups of animals of which the fossil record is 
essentially complete. Occasional field trips. 

Text: Organic Evolution, Lull. 
Instructors: Stock, Drescher. 

Ge. 1 c. Historical Geology. 9 units (3-0-6); third term. 
Prerequisite: Ge. 1 a. 
A consideration of the geologic history of the earth, as shown by the changing 

patterns of land and sea and by the succession of faunas and floras. Conferences, 
lectures, and occasional field trips. 

Text: Historical Geology, R. C. Moore. 
Instructor: Maxson. 

Ge. 3 a, b, c. Mineralogy. 12 units (3-6-3); each term. 
Prerequisites: Ge. 1 a; Ch. 12 a, b. 
A comprehensive course dealing with the materials of the earth's crust. The first 

part of the course constitutes an introduction to crystallography; the body of the 
course is concerned with physical, chemical and determinative mineralogy, and with 
the genesis, occurrence, association, extraction and use of minerals; the last part of 
the course deals especially with mineral aggregates (rocks), their classification, field 
determination, and geologic occurrence. This course is designed to give a working 
knowledge of the geographic occurrence and the geologic factors controlling the 
formation of mineral and ore deposits, and in conjunction with Ge. 121 a, knowledge 
of lithology sufficient for the needs of the beginning field geologist. 

Text: Dana's Textbook of Mineralogy by W. E. Ford, 4th edition. 
Instructors: Fraser (Ge. 3 a, b), Campbell (Ge.3 c), Henshaw. 

Ge. 14. Geologic I1lnstration. 10 units (0-10-0); first term. 
Freehand sketching of landscape forms and visible geologic structures in the field 

developing both line and shading technique in representation. Also classroom exer-

lOn leave 1937-1938. 
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cises utilizing various mediums. Training in the drawing uf block diJgranlS illustrat­
ing land forms and geologic ~tructure sections in penpective. Problen1s in projection. 

Text: Block Diagrams, Lobeck. 
Instructor: Ridgway. 

Ge. 21. Senior Thesis Problem in Geology. Units to bring total load per 
term to 5 O. 

Prerequisite: Ge. 121 a. 
The student investigates a limited geologic problem in the field or laboratory. 

Individual initiative is developed, principles of research are acquired, and practice 
gained in technical methods. The student prepares a thesis setting forth the results 
of the research and their meaning. Last date for acceptance of thesis, May 25. 

Instructors: Maxson, Peterson. 

Ge. 22. Senior Thesis Problem in Paleontology. 8 units, first or third 
tenns; 6 units, second term. 

Prerequisites: Ge. 111 a, b, or Ge. 112 a, b; may be taken concurrently. 
Special investigations in either invertebrate or vertebrate paleontology. Research 

on a limited problem involving either field relationships of fossil assemblages or 
consideration in the laboratory of the structural characters and relations of fossil 
forms. Preparation of a thesis. 

UNDERGRADUA TE OR GRADUATE SUBJECTS 

Ge. 100. Geology-Paleontology Club. 1 unit; all terms. 
Presentation of papers on research in geological science by the students and staff 

of the Division of Geological Sciences, and by guest speakers. 
Required of all senior and graduate students in the Division. 

Ge. 105. Optical Mineralogy. 10 units (2-6-2); first term. 
Prerequisites: Ge. 1,3. 
Study of optical mineralogy and use of the petrographic microscope in the iden­

tification of minerals. 
Text: Elements 0/ Optical Mineralogy, Vol. I, N. H. Winchell. 
Instructors: Anderson, Jahns. 

Ge. 106 a, b. Petrography. 10 units (2-6-2); second and third terms. 
Prerequisites: Ge. 3 a, b, c, ch. 21 a, 23 a. 
A systematic study of rocks; the identification of their constituents by applica­

tion of the polarizing microscope; interpretation of textures; problems of genesis; 
qualitative and quantitative classifications. Occasional field trips will be arranged. 

Text: Petrography and Petrology, Grout. 
Instructors: Campbell, Jahns. 

Ge. 109. Structural Geology. 10 units (4-0-6); first term. 
Prerequisite: Ge. 121 a. 
A consideration of the structural features of the Earth's crust; folds, faults, 

joints, foliation. 
Instructor: Buwalda. 

Ge. 11 O. Engineering Geology. 9 units (2-2-5); third term. 
Prerequisite: Ge. 1 a. 
A discussion of those geological conditions that affect particular engineering 

operations, such as tunnelling, the building of dams, the retention of water in reser-
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voirs, foundation excavation, harbor work, control of erosion and landslides, mate­
rials of construction, etc. Lectures and assigned reading. 

The course is planned primarily for civil engineers. 
Instructor: Buwalda. 

Ge. 111 a, b. Invertebrate Paleontology. units (1-6-1), first term; 
10 units (2-6-2), second term. 

Prerequisites: Ge. 1 a, b, c. 
Morphology and geologic history of the common groups of fossil invertebrates, 

with emphasis on progressive changes in structures and their significance in evolution 
and in adaptive modifications. Laboratory, conferences, lectures, and occasional field 
trips. 

Instructor: Popenoe. 

Ge. 112 a, b. Vertebrate Paleontology. 10 units (2-6-2); second and 
third terms. 

Prerequisite: Ge. 1 b. 
Osteology, affinities, and history of the principal groups of fossil mammals and 

reptiles. History of vertebrate life with special reference to the region of western 
North America. 

Instructor: Stock. 

Ge. 121 a, b. Field Geology. 10 units (1-8-1); second and third terms. 
Prerequisites: Ge. 1 a, b, c, 3 a. 
An introduction to the principles and methods used in geologic mapping. Field 

technique in determining rock types and their distribution, and in interpreting 
geologic relationships and structures. Practical experience in deciphering the geologic 
history of a region. To these ends a representative Coast Range area is mapped in 
detail and a report in professional form is prepared on its stratigraphy, structure and 
history. The field work, selected textbook assignments, and special geologic problems 
and computations are discussed in weekly class meetings. 

Students taking this course are expected to go on the Annual Spring Field Trip 
described under Ge. 122. 

Text: Field Geology, Lahee. 
Instructors: Maxson, Peterson. 

Ge. 122. Spring Field Trip. unit; week between second and third terms. 
Brief studies of various localities in the Southwest representative of important 

geologic provinces. Trips are conducted in successive years to 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 arc 
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 investigated. 

Required of junior, senior, and graduate students in the Division of Geological 
Sciences. 

Instructors: Buwalda, Maxson. 

Ge. 123. Summer Field Geology. 12 units. 
Intensive field mapping of a selected area from a centrally located field camp. 

Determination of the stratigraphy, fossil content, structure, and geologic history. 
The area chosen will probably lie in the California Coast Ranges in even-numbered 
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years and in the Great Basin in odd-numbered years. As an occasional alternative an 
expedition will be conducted to localities important in California geology. The 
interpretations of classical localities afforded in the literature will be studied in the 
field. The course begins immediately after Commencement (about June 12th). 
Required at the end of both the Junior and the Senior year for the Bachelor's degree 
in the Geology course. 

Instructors: Buwalda, Maxson. 

Ge. 175. Elementary Geophysics. units (2-0-1); third term 1938-1939. 
A survey of pure and applied geophysics designed mainly for geological, engineer­

ing, and other students who do not expect to enroll in specialized courses in this field. 

Instructor: Peterson. 

Ge. 176. Elementary Seismology. units (2-0-3); third term 1937-1938. 
A survey of geological and physical seismology. 
Instructor: Richter. 

Ge. 187. Research. 
Original investigation, designed to give training in methods of research, to serve 

as theses for higher degrees, and to yield contributions to scientific knowledge. 
These may be carried on in the following fields: (m) mineralogy, (n) general areal 
geology, (0) stratigraphic geology, (p) structural geology, (q) physiography, 
(r) petrology, (s) vertebrate paleontology, (t) invertebrate paleontology, (u) seis­
mology, (v) economic geology, (w) gcneral geophysics, (x) applied geophysics. 

GRADUATE SUBJECTS 

Ge. 200. Mineragraphy. 8 units (1-6-1); first tcrm. 
Prerequisites: Ge, 3, 105, 106, 121. 
Technique of identification of opaque minerals in polished sections by means of 

etching and microchemistry. 
Texts: Microscopic Determination of Ore Minerals, M. N. Short; U. S. G. S., 

Bull. 825, or new bulletin when issued; Mineral Deposits, 4th edition, Lindgren. 
Instructors: Fraser, Dreyer. 

Ge. 201. Introduction to Economic Geology. lOnits (2-0-3); first term. 
Prerequisites: Ge. 3, 105, 106, 121. 
A study of the factors affecting and controlling the deposition of ores. 
Text: Mineral Deposits, 4th edition, Lindgren. 
Instructor: Fraser. 

Ge. 202. Metalliferous Deposits. 10 units (2-6-2); second term. 
Prerequisites: Ge. 200, 201. 
A study of the most important metalliferous deposits with respect to geographic 

distribution, structure, alteration, and mode of formation. The laboratory work will 
consist of a study of ore suites in polished and thin sections. 

Text: Mineral De[Josifs, 4th edition, Lindgren. 
Instructors: Fraser, Dreyer. 
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Ge. 210. Advanced Petrology. 8 units; second term. 
Prerequisite: Ge. 106 a, b. 
A continuation and amplification of Ge. 106 a, b; dealing especially with the 

metamorphic rocks in 1937-38, with the sedimentary rocks in 1938-39. 
Texts: Sedimentary Petrography, Milner; Metamorphism, Harker. 
Instructor: Campbell. 

Ge. 211. Petrology (Seminar). 5 units; third 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. 212. Non-Metalliferous Ore Deposits. 10 units (2-6-2); third term. 
Prerequisite: Ge. 3, 106. 
A study of the economically valuable non-opaque minerals: their geographic 

alld geologic occurrence, and methods of extraction and utilization. In the labo­
ratory, the course will be extended to include also a study of the non-opaque 
minerals associated with metalliferous deposits, thus affording the student greater 
familiarity with typically altered country rock than is possible within the scope of 
Ge. 106 a, b. 

Text: Mineral Deposits, 4th edition, Lindgren. 
Instructors: Campbell, Dreyer, Bryson. 

Ge. 213. Advanced Economic Geology (Seminar). 
1938-1939. 

Prerequisite: Ge. 202. 

units; second term, 

Discussion of current literature with particuLtr reference to 1l1ct:llliferous 
deposits of the North American Continent. 

In charge: Fraser, Snow. 

Ge. 214. Advanced Economic Geology (Seminar). 5 units; second term, 
1937-1938. 

Prerequisite: Ge. 202. 
Discussion and investigation of fJClOrS involveJ in Ofe estirnation ::md ecoJ1ornics 

of mining. 
In charge: Fraser, Snow. 

Ge. 215. Mineralogy (Seminar). units; first term. 
Prerequisite: Ge. 200. 
Discussion of current literature and special problems with particular reference 

to the sulphide minerals and ore deposition. 
In charge: Fraser, Wilson. 

Ge. 216. Advanced Study. 
Students may register for not to exceed 8 units of advanced study m fields 

listed under Ge. 187. Occasional conferences; final examination. 

Ge. 220. History of Geology. 5 units; second term of 1937-1938. 
A study of the development of the geological sciences. The evolution of funda­

mental theories as influenced by earlier and contemporary geological investigators. 
This brief course presents a connected sequence of the development of geological 

ideas and thereby aids in gaining a perspective of the science. 
Lectures, assigned reading, and reports. 
Instructor: Maxson. 
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Ge. 225. Geology of the Pacific Coast Region. 6 units (2-0-4); third 
term, 1937-1938. 

An intensive review of. the geomorphology, stratigraphy, and structure of the 
region most accessible from the California Institute, including Arizona, Nevada, 
and California. Presents an organized concept of the geologic history of the 
Colorado Plateau Province, the Basin and Range Province, and the Coast Range 
Province. Lectures, mainly by staff members personally familiar with the regions 
discussed, and assigned reading. 

Instructors: Staff of the Division of the Geological Sciences. 

Ge. 226. Geomorphology. 10 units; first term of 1938-1939. 
Prerequisite: Ge. 109. 
Nature and origin of the physiographic features of the earth. Geologic processes 

involved in their development. Use of physiography in elucidating the later geologic 
history of regions. 

Instructor: Maxson. 

Ge. 289 a. Structural Geology (Seminar). 5 units; first term. 
Critical review of literature dealing with some part of the field of structural 

geology. 
In charge: Buwalda. 

Ge. 289 b. Physical Geology (Seminar). 5 units; third term. 
Study and critical discussion of current contributions to geologic knowledge. 
In charge: Buwalda. 

Ge. 290 a, b. Vertebrate Paleontology (Seminar). 
third terms. 

units j second and 

Discussion of progress and results of research in vertebrate paleontology. 
Critical review of current literature. 

In charge: Stock. 

Ge. 291 a, b. Invertebrate Paleontology (Seminar). units; first and 
second terms. 

Conferences on research in invertebrate paleontology and reviews of literature. 
Discussions of particular aspects of invertebrate paleontology with special reference 
to the Pacific Coast. 

In charge: Popenoe. 

GEOPHYSICS 

Advanced Calculus or Differential Equations or Introduction to Mathematical 
Physics is a prerequisite for all of the following courses in Geophysics except 
Ge. 265, for which the requirement is a thorough knowledge of calculus and physics. 

Ge. 261. Theoretical Seismology. 6 units (2-0-4); first term, 1938-1939. 
Studies and conferences on the principles of physical seismology. 
Instructor: Gutenberg. 

Ge. 262. Interpretation of Seismograms of Teleseisms. 5 units (0-2-3); 
second term, 1938-1939. 

Prerequisite: Ge. 261. 
Instructor: Gutenberg. 
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Ge. 263. Field Work in Earthquakes and Interpretation of Seismograms 
of Local Earthquakes. 5 units (0-2-3); third term, 1938-1939. 

Prerequisite: Ge. 261. 
Instructor: Rich tef. 

Ge. 265. Introduction to General Geophysics. 6 units (2-0-4); second 
term, 1938-1939. 

Structure of the earth; gravity and isostasy; tides; movement of the poles; 
elastic properties; temperature; density. 

Instructor: Gutenberg. 

Ge. 270. Seismic Instruments. 9 units (2-2-5); first term. 
Description and theory of sei~nlographs. Laboratory experiments. 
Instructor: Benioff. 

Ge.273. Applied Geophysics I. 5 units (2-0-3); second term, 1937-1938. 
Methods of seismology applied to geological problems and prospecting. 
Instructor: Gutenberg. 

Ge.274. Applied Geophysics II. 6 units (3-1-2); second term, 1937-1938. 
Measurements of gravity applied to geological problems and prospecting. 
Instructor: Peterson. 

Ge. 275. Applied Geophysics III. 6 units (2-2-2); third term, 1937-1938. 
Measurements of earth magnetism and of electricity applied to geological prob­

lems and prospecting. 
Instructors: Peterson, Soske. 

Ge. 278. Interpretation of Field Seismograms. 
term, 1937-1938. 

Prerequisite: Ge. 273. 
Instructor: Gutenberg. 

Ge.282. Geophysics (Seminar). units; third term. 
Prerequisite: At least two courses in Geophysics. 

units (0-2-3); third 

Discussion of papers in both general and applied geophysics. 
In charge: Gutenberg, Buwalda, Peterson, Richter. 

Ge. 283. Geophysical Instruments (Seminar). 3 units; second term. 
Prerequisite: Ge. 270. 
Discussion of papers relating to geophysical field and station instrnments. 
In charge: Benioff. 

Ge. 295 a, b, c. Geophysics Research Conference. 2 units; all terms. 
Prerequisite: Ge. 282 and 283. 
Discussion of geophysical problems. For advanced students. 
In charge: Gutenberg, Buwalda, Benioff, Peterson, Richter. 

For research see Ge. 187. For Physics of the Atmosphere sec Meteorology. 



230 CALIFQR;\IA INSTITUTE OF TECH;-;OLUCY 

DIVISION OF BIOLOGY 

PROFESSORS: THOMAS HUNT MORGAN, HENRY BORSOOK, THEODOSIUS DOBZHAN­

SKY, ALFRED H. STURTEVANT, FRITS W. WENT 

ASSOCIATE PROFESSORS: ERNEST G. ANDERSON, STERLING EMERSO;-;r, A. J. HAAGl·"'­

SMIT, CORNELIS A. G. WIERSMA 

ASSISTANT PROFESSORS: ROBERT EMERSON,' HUGH M. HUFFMAN, GEORGE F. 
MACGINITIE 

INSTRUCTORS: JAMES BONNER, ANTHONIE VAN HARREVELD, ALBERT TYLER, 

JOHANNES VAN OVERBEEK 

For the study of biology, the Institute provides the following 
opportunities: 

An option in biology has been introduced into the four-year under­
graduate Course in Science. This option includes those fundamental 
biological subjects that are an essential preparation for work in any 

special field of pure or applied biology. This three-year course affords 
a far more thorough training in the basic sciences of physics, chem­
istry, and mathematics than students of biology, medicine, or agri­
culture commonly receive. Special opportunities are also offered for 
the pursuit of more advanced counes and extended researches leading 
to the degree of Doctor of Philosophy. 

UNDERGRADUATE SUBJECTS 

Bi. 1. Elementary Biology. 9 units (3-3-3); second term. 
An introductory course intended to give the student of general ,cience some 

information about the fundamental properties of living things. 
Instructors: Morgan, Borsook, Bonner. 

Bi. 2. Genetics. 9 units (3-4-2); third term. 
An introductory course presenting the fundamentals of genetics in connection 

with some general biological problems, such as variation and evolution. 
Instructor: Dobzhansky. 

Bi. 3. General Botany. 14 units (2-9-3); first term. 
A general survey of the morphology and life histories of plants. 
Instructor: S. Emerson. 

Bi. 4. Invertebrate Zoology. 10 units (2-6-2); third term. 
A survey of the main groups of invertebrates (excluding insects-see Bi. I I). 
Instructor: MacGinitie. 

10n leave of absence until 1940. 
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Bi. 5 a, h. plant Physiology. J 2 units (3 -6-3), second term; 8 units 
(2-4-2), third term. 

A general study of water relations, growth and tropisms. 
Instructor: Went. 

Bi. 6. Embryology. 12 units (2-8-2); second term. 
A course in descriptive and experimental embryology, covering both vertebrates 

and invertebrates. 
Instructor: Tyler. 

Bi. 7 a, b. Biochemistry. 10 units (2-4-4); second and third terms. 
A lecture course on the chemical constitution of living matter; and the chemical 

changes in animal physiology, with laboratory work illustrating principles and 
methods in current use. 

Instructors: Borsook and Huffman. 

Bi. 8. Advanced Genetics. 8 units (2-3-3); third term. 
A more advanced course than Bi. 2, dealing especially with mutation, crossing 

over, and chromosome aberrations. 
Instructor: Sturtevant. 

Bi. 11. Entomology. units (2-3-3); third term. 
A general survey of the structure and life histories of the insects, emphasizing 

the groups that present favorable material for experimental work. 
Instructors: Dobzhansky and Sturtevant. 

Bi. 12. Histology. 9 units (1-6-2); first term. 
A course in technique and in the microscopic structure of animals. 
Instructor: Tyler. 

Bi. 13. Mammalian Anatomy. 
The dissection of a mammal. 
Instructor: van Harreveld. 

units (1-2-2); first term. 

Bi. 16 a, b. Animal Physiology. 10 units (3-2-5); first and second terms. 
A survey of comparative and mammalian physiology. 
Instructors: Wiersma and van Harreveld. 

Bi. 17. Vertebrate Anatomy. 10 units; summer. 
This course, given at the marine station at Corona del Mar, deals with the 

comparative anatomy of the vertebrates. 
Instructor: MacGinitie. 

Bi. 20. Biological Literature. 4 units (0-0-4); first term. 
Assigned subjects and written reports. This course is intended to give the student 

practice in the finding and use of original literature. Students may register for this 
course with any member of the staff, after consultation. 

Bi. 22. Research. 10 units; third term. 
An opportunity will be given to follow special lines of research under direction. 

Students may register for this COurse with any member of the staff, after consultation. 
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ADVA0:CED COURSES 

Instruction will be given by lectures and seminars; and research will be forwarded 
by intimate contact between students and instructors in the laboratories. In view of 
the great expense of modern research along physiological lines, the department will 
make careful selections of students of exceptional ability and aptitude in order to 
avoid the formal instruction that large numbers entail. 

Bi. 100. Genetics Journal Club. 
Meets twice monthly for presentation and discussion of current literature and 

original work. 
Instructor: Sturtevant. 

Bi. 101. Biology Journal Club. 
Meets twice monthly for reports on current literature of gencral biological 

interest. 
Instructor: Morgan. 

Bi. 102. Biochemistry Seminar. 
A seminar throughout the academic year on special selected topics and on recent 

advances. 
In charge: Huffman. 

Bi. 103. Plant Physiology Seminar. 
Meets twice monthly. 
In charge: Went. 

Bi. 104. Genetics Seminar. 
Reports and discussion on special topics. 
In charge: Anderson. 

Bi. 105. Experimental Embryology Seminar. 
Reports on special topics in the field; meets twice monthly. 
In charge: Tyler. 

Bi. 110. Biochemistry. 
Advanced work, with opportunity for research, is offered to graduate students 

who have completed work in General and Organic Chemistry. 
Instructors: Borsook, Huffman. 

Bi. 114 a, b, c. Chemistry of Bio-Organic Substances. S units (I-J-4); 
t h rcc tcrn1S. 

A series of lectures on selected topics of organic chemistry which have special 
interest from a biological viewpoint. The lectures will be accompanied by laboratory 
exercises and demonstrations dealing with the chemical and physiological behavior of 
natural occurring substances. The following topic is chosen for second and third 
terms (1937-1938): "Biogenic amincs and alkaloids." For undergraduates, pre­
requisite: Ch. 41 a, b, c. Ch. 46 a, b. 

Instructor: Haagen-Srnit. 

Bi. 115. Chemistry of Bio-Organic Substances. 
Advanced work with opportunity for research is offered to properly qualified 

graduate students. 
Instructor: Haagen-Smit. 
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Bi. 117. Quantitative Organic Microanalysis. 20 units (0-20-0); second 
term. 

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

Instructor: Haagen-Smit. 

Bi. 120. Experimental Embryology. units (1-2-5). 
Lectures and laboratory work on physiological embryology and related subjects. 
Instructor: Tyler. 

Bi. 125. Graduate Genetics. 6 units (2-0-4). 
A course of advanced lectures, two per week, running through all three terms. 
Instructors: Sturtevant, Anderson, Dobzhansky, S. Emerson. 

Bi. 13 O. Biological Problems. 
A course of lectures and reading, including such general topics as life cycles of 

protozoa and insects, secondary sexual characters and hormones; parthenogenesis, 
regeneration and grafting; the nature of biological theories, etc. 

Instructor: Morgan. 

Bi. 140 a, b, c. plant Physiology. 6 units (2-0-4); first, second and third 
terms. 

Reading and discussion of the main problems of plant physiology. 
Instructors: Went, Bonner, van Overbeek. 

Bi. 141. Plant Chemistry. 6 units (0-3-3); first, second and third terms. 
Laboratory course in the analysis of plant materials by macro- and micro­

chemical methods. 
InstructQr: Bonner. 

Bi. 160. Advanced Physiology. 12 units (0-8-4); first and second terms. 
A course in the methods of physiology, with special reference to those in nerve 

and muscle, with opportunity for research. 
Instructors: Wiersma, van Harreveld. 

Bi. 17 O. Research. 
In special cases, not included in the preceding anllouncements, students doing 

advanced work in the department may register under this heading and receive a 
stated amount of credit. Students should consult with the instructor in charge of 
their major work before registering for this course. 



~34 

DIVISION OF THE HUMANITIES 

ENGLISH 

PROFESSOR: CLINTON K. JUDY 

ASSOCIATES: RICARDO QUINTANA, LOUIS B. \'VRIGHT 

ASSOCIATE PROFESSOR: GEORGE R. MACMINN 

ASSISTANT PROFESSORS: HARVEY EAGLESON, WILLIAM HUSE, 1.. WINCHESTER 

JONES, ROGER STANTON 

INSTRUCTOR: DAVID 1.. STEVENSON 

A course in English composition is prescribed for all students in the 
Freshman year, and a course in the survey of English 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 literature. 

The instruction in composition is intended to give a thorough train­
ing in both written and spoken English. The instruction in literature 
is intended to provide an appreciative acquaintance with the chief 
works of those authors, past and present, who are most significant in 
the development of modern civilization, and to foster the habit of 
self-cultivation in books. 

The regular courses in English do not exhaust the attention given 
at the Institute to the student's use of the language; all writing, in 

whatever department of study, is subject to correction with regard 
to English composition. 

All students are required to pa5S a comprehensive examination in English and 
History at the end of the Sophomore year. This examination is not confined to 
specific courses, but covers the general attainments of the students in their huma 11-

istic work throughout the first two years. 

UNDERGRADUATE SUBJECTS 

En. 1 a, b, c. English Composition and Reading. 6 units (3 -0-3); first, 
second and third terms. 

This course is designed to give the student a thorough review of the principles of 
composition, with much practice in writing and speaking, and a broad introduction 
to good reading. The student is offered every inducement to self-cultivation, and is 
allowed ample opportunity for the exercise of special talents or the pursuit of special 
intellectual interests. 

The work of the honor section is directed toward the stimulation of intellectu1l 
initiative. The members of the section are held to high standards of excellence in 
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writing Jnd speaking, Jnd arc expected to undertake a considerable amount of cul­
tural reading. 

Texts: Writing and Rewriting, Shaw; Tbese United States, Jones, Huse, and 
Eagleson; College Readings in the Modern Short Story, Mac:\'finn and Eagleson; 
Webster's Collegiate Dictionary. 

Instructors: Eagleson, HU5C, Jones, j\lac1Iinn, Stanton, Stevenson. 

En. 7 a, b, c. Survey of English Literature. 8 units (3-0-5); first, second 
and third terms. 

Prerequisite: En. 1 l, b, c. 
A selective study of English literature from the 16th Century to the 20th, 

focused on representative works by seven Inajar authors: in the first term, Shake­
speare; in the second, Swift, Wordsworth, and the ROlnantic l\Iovement; in tht' 
third, Carlyle, Browning, and Masefield. 

Instructors: Eagleson, Huse, Jones, Judy, MacMinn, Stanton, Stevenson. 

En. 8. Contemporary English and European Literature. 9 units (3 -0-6) ; 
first, second or third term. 

Prerequisite: En. 7 a, b, c. 
A continuation of the survey of English literature to cover the period from 1890 

to the present, with some extension into Continental literature. Wide reading is 
required. 

Instructors: Eagleson, Judy. 

En. 9. Contemporary American Literature. 9 units (3-0-6); first or 
second term; second term only in 1937-1938. 

Prercquisjte: En. 7 :1, b, c. 
A survey of the literature of the United States during the past half-century, with 

elnphasis upon the chief writers of the present tinle. Special attention is given to the 
reflection of national characteristics in the novel, the short story, drama, and poetry. 

Text: American Poetry and Prose, Part II, Foerster. 
Instructor: MacMinn. 

En. 10. Modern Drama. 9 units (3-0-6); first, second or third term. 
Prerequisite: En. 7 a, b, c. 
A study of the leading European and British dramatists, from Ibsen to the writers 

of the present time. Special attention Inay be given to new movements in the theatre, 
to stage decoration and production. Wide reading of plays is required. 

Text: Twenty-five Modern Plays, Tucker. 
Instructors: Huse, Stanton. 

En. 11. Literature of the Bible. 9 units (3 -0-6); third term. 
Prerequisite: En. 7 a, b, c. 
A study of the Old and New Testaments, exclusively from the point of view of 

literary interest. Special attention is given to the history of the English Bible. 
Opportunity is offered for reading modern literature based on Biblical subjects. 

Text: The Bible (Authorized Version). 
Instructor: MacMinn. 

En. 12 a, b, c. Debating. 4 units (2-0-2). 
Elective, with the approval of the Registration Committee, for upper classmen 

in the first and second terms. Study of the principles of argumentation; system. tic 
practice in debating; preparation for intercollegiate debates. 
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Elective, with the approval of the Freshman Registration Committee, for Fresh­
men, 2 units (I -0-1) in the second term, and 4 units (2-0-2) in the third term. 
Lectures on the principles of formal logic and the theory of argumentation and 
debate. 

Instructor: Untereiner. 

En. 13 a, b, c. Reading in English and History. Units to be determined 
for the individual 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 and History, or independently of any course, bu t under 
the direction of members of the Department. 

En. 14. Special Composition. 2 units (1-0-1); any term. 
This course may be prescribed for any student whose work in composition, general 

or technical, is unsatisfactory. 

En. 15 a, b, c. Journalism. units (1-0-2). 
Elective, with the approval of the Registration Committee. 
A study of the principles and practice of newspaper writing, editing, and pub­

lishing, especiaJ1y as applied to student publications at the Institute. 
Instructors: MacMinn, Stevenson. 

En. 16. Spelling. No credit. 
This course may be prescribed for any student whose spelling is unsatisfactory. 

En. 20. Summer Reading. Maximum, 16 credits. 
Credits are allowed to the maximum number of 16 for vacation reading from a 

,elected list of books in various subjects, and written report thereon. 

FIFTH-YEAR AND ADVANCED SUBJECTS 

En. 100. Literature. 9 units; first, second and third terms. 
A study of some selected period, or type, or author, or group of authors in 

American, English or European literature, with an introduction to the methods of 
research and criticism applicable thereto. 

Instructors: Guedalla, Quintana, Wright. 
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LANGUAGES 
PROFESSOR: JOHN R. MACARTHUR 

The courses in modern languages are arranged primarily to meet 
the needs of scientific students who find it necessary to read books, 
treatises, and articles in French, German, and Italian. 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. An elective course in Greek is offered to students 

interested in that language. 

UNDERGRADUATE SUBJECTS 

L. 1 a, b. Elementary French. 10 units (4-0-6); second and third terms. 
A course 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 these 
courses without consulting the Professor of Languages. 

Texts: An Introduction to tbe Stndy of Frencb, Bond; Aventnres par la 
Lecture, Bovee. 

Instructor: Macarthur. 

L. 11. Elementary Italian. 9 units (3 -0-6); one term, as required. 
A course designed to give the student who has already some acquaintance with 

Latin or with another Romance language sufficient knowledge of the forms and 
vocabulary of Italian to enable him to read scientific Italian, especially in the field 
of Mathematics. 

Texts: Elementary Italialt, Marinoni and Passarelli; L'Italia nel Passato e nel 
Presente, Capocelli. 

Instructor: Macarthur. 

L. 32 a, b, c. Elementary German. 10 units (4-0-6); first, second and 
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 register 
for these courses without consulting the Professor of Languages. 

Texts: First German Course for Science Students, Fiedler and Sandbach; An 
Introduction to Scientific German, Wild. 

Instructors: Macarthur, Dekker. 

L. 35 a, b, c. Scientific German. 10 units (4-0-6); first, second and third 
terms. 

Prerequisite: L. 32 a, b, c, or one year of college German. 
This is a continuation of L. 32 a, b, c, with special emphasis on the reading of 

scientific literature. 
Text: Tecbnical and Scientific German, Greenfield. 
Instructors: Macarthur, Dekker. 
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L. 39 a, b, c. Reading in French, Italian, or German. Units to be deter­
mined for the individual by the department. Elective, with the approval of the 
Registration Committee, in any term. 

Reading in scientific or literary French, Italian, or Gennan, done under direction 
of the department. 

L. 40. German Literature. 9 units (3-0-6); third term. 
Prerequisites: L. 32 a, b, c; L. 35 a. 
The reading of selected German classics, poetry and drama, accompanied by 

lectures on the development of German literature. Elective and offered only to 
students whose work in the prerequisites has been above average. Selected readings 
from Schiller and other classical authors. 

Text: Historical Survey 0/ German Literature, S. Liptzin. 
Instructor: Macarthur. 

L. 51 a, b, c. Greek. 6 units (3-0-3). 
This is a course in the clements of the classical Greek language. Special refer­

ence is made to scientific nomenclature. Outside reading upon topics drawn from 
Greek literature, art, philosophy, and science is reported on in term papers. The 
course is elective, and will be offered only if six or more persons request it and 
agree to take it throughout the year. 

Texts: Alpha, Frost; Xenophon's Anabasis; The Study 0/ Greeh Words in 
English, Including Scientific Terms, Hoffman. 

Instructor: Macarthur. 
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HISTORY AND GOVERNMENT 
PROFESSOR: WILLIAM B. MUNRO 
VISITING PROFESSORS: PHILIP GUEDALLA, ALLAN NEVINS 
ASSOCIATES: GODFREY DAVIES, EDWIN F. GAY 
ASSOCIATE PROFESSOR: RAY E. UNTEREINER 
ASSISTANT PROFESSOR: J. E. WALLACE STERLING 
INSTRUCTORS: HARDIN CRAIG, JR., \V'ILLIAM H. PICKERING 
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All students are required to pass a comprehensive examination in English and 
History at the end of the Sophomore year. This examination does not cover specific 
courses, but the general attainments of the students in their systematic work 
throughout the first two years. 

UNDERGRADUATE SUBJECTS 

H. 1 a, b, c. Ancient and Medieval History. 5 units (3-0-2); first, second 
and third terms. 

Lectures and discussions upon the early: civilizations out of which modern 
Europe developed, and upon the institutions of the Middle Ages. The students are 
referred to original sources in the library. In connection with this course, Freshmen 
are expected to attend a performance of the classic a) play presented in the fall term, 
and to make one visit to the Huntington Collections. 

Instructors: Craig, Untereiner. 

H. 2 a, b, c. Modern European History. 6 units (2-0-4); first, second 
and third terms. 

Prerequisites: H. 1 a, b, c. 
The general political and social history of Europe from 1789 to 1938, presented 

as the background and development of movements underlying present conditions. 
Instructors: Guedalla, Munro, Sterling. 

H. 5 a, b. Current Topics. 2 units (1-0-1); first and second terms. 
This course is given collaterally with senior humanities electives, and is articu­

lated with a selected weekly journal of general information and opinion. 
Instructor: Pickering (with lectures by other members of the Division of 

Humanities) . 

H. 10. The Constitution of the United States. 2 units (1-0-1); third 
term. 

A ;tudy of the principles and provisions of the national constitution in the 
light of present-day interpretation by the courts. Required of all seniors. 

Instructor: Munro. 

FIFTH-YEAR AND ADVANCED SUBJECTS 

H. 100. Seminar in History and Government. 9 units (1-0-8); first, second 
and third terms. 

Open only to fifth-year students and seniors who have attained honor grades. 
First term: Recent American History. 

In charge: Nevins. 
Second term: The Industrial Revolution. 

In charge: Gay. 
Third term: English History in the Nineteenth Century. 

In charge: Davies. 



240 CALIFORNIA Il'\STITUTE OF TECHNOLOGY 

ECONOMICS 

PROFESSOR: GRAHAM A. LAING 

ASSOCIATE: EDWIN F. GAY 

LECTURER: ARCHIBALD B. YOUNG 

ASSOCIATE PROFESSORS: HORACE N. GILBERT, RAY E. UNTEREINER 

ASSISTANT PROFESSOR: PHILIP S. FOGG 

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. 

UNDERGRADUA TE SUBJECTS 

Ec. 2. General Economics and Economic Problems. 10 units (4-0-6); 
second or third term. 

The purpose of this course is to describe in as great detail as possible the 
economic life of the community. It includes a study of production, distribution, 
and exchange of goods, the nature of money and credit, the development of eco­
nomic institutions, and an analysis of a number of pressing economic problems. 
The course is given in the second and again in the third term. 

Instructors: Laing, Fogg, Gilbert, Untereiner, with occasional lectures by Gay. 

Ec. 17. Accounting. 9 units (3-0-6); first, second or third term. Open 
only to engineering students in their Junior year. 

This is a course in the interpretation of the financial statements with which 
engineering students who enter business will come in contact. A description of 
bookkeeping methods is presented, but not in sufficient detail to enable the average 
student to keep a set of business books. Emphasis is placed upon the study of actual 
business problems involving the executive interpretation of accounting reports. A 
liberal amount of descriptive material regarding business activities accompanies the 
instruction. 

Text: Accollllting, Porter and Fiske. 
Instructor: Fogg. 

Ec. 20. Financial Organization. 8 units (3-0-5); first term. 
Prerequisites: Ec. 2 or 5. 
A general study of the financial organization of society. The course includes 

a study of the following topics: Principles of money; nature and functions of 
credit; the varieties of credit instruments; the marketing of low and high grade 
securities; the functions of the corporation and the stock exchange as capital­
raising devices; the development of the banking system and the general principlcs 
of banking, including studies of commercial banking, the national banking system, 
and the Federal Reserve system. 

Instructor: Laing. 
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Ec. 25. Business Law. 6 units (3-0-3); first term. 
The principles of law as applied to business affairs; a study of the low governing 

contracts, negotiable instruments, agency, partnership, corporations, :lod employer'!'. 
liability. 

Instructor: Young. 

Ec. 34. Corporation Finance. 8 units (2-0-6); first term. 
Corporation promotion; the issue and payment of securities; underwriting; the 

sale of speculative securities. Discussion of the principles of capitalization, the 
management of corporate income, and the relation of dividend to income. Financial 
problems of expansion, combination, and reconstruction of corporations. 

Instructor: Laing. 

Ec. 45 a, b. Seminar in Social and Economic Organization. 4 units 
(2-0-2); third term. 

This course consists in weekly lectures and discussions of the development of 
economic and social organization from a broad standpoint, and includes considera­
tion of such subjects as primitive economic and political groupings and methods, 
development of gild and feudal systems, evolution of the competitive and quasi­
competitive systems in economic life and democratic organization in political life. 
A considerable amount of outside reading is expected from each student. The class 
meets once a week for two hours, the first being devoted to lecture and the second 
to discussion of the problems treated in the lecture. The number of students is 
limited and the seminar is open to juniors and seniors. The seminar meets on 
Thursday evenings at the home of Professor Laing. 

In charge: Laing. 

FIFTH-YEAR AND ADVANCED SUBJECTS 

Ec. 100 a, b, c. Business Economics. 12 units (4-0-8); first, second and 
third terms. Open to graduate students. 

This course endeavors to bridge the gap between engineering and business. It 
is intended for students in applied science and technology who wish to use their 
technical training as an approach to the administrative side of business and industry. 

The course includes, in brief (a) a description of business and industry, and 
(b) a consideration of principles of business economics which are relevant to the 
fields of interest of engineers and applied scientists. The principal subjects treated 
are (1) business organization, (2) industrial promotion and finance, (3) factory 
problems, and (4) the marketing of industrial goods. An introduction is given to 
industrial statistics and accounting. Students are made familiar with the operations 
of the Federal Reserve system and with various other significant subjects in business 
economics. Several industries are studied in detail as to the nature of their particular 
economic problems and as to the actual companies operating in them. The case 
method of instruction developed by the Harvard Graduate Business School is 
employed to a considerable extent throughout the course. 

Texts: Introduction to Business, Gilbert and Gragg; Modern Eronomic Society, 
Slichter. 

Instructor: Gilbert. 
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Ec. 106 a, b, c. Business Economics Seminar.- Units to be arrangcJ; first, 
~t:cond and third tern1S. Open to graduJte students. 

Special studies of current economic problems are presented by the instructor, 
after which an open discussion is held. Emphasis is placed on the materials of 
economic science, i.e., statistics of production, conSU1l1ption, prices, banking and 
finance, etc. These quantitative studies arc accon1panicd, where advisable, by 
reference to economic doctrine. 

In charge: Gilbert. 
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PHILOSOPHY, ETHICS AND SOCIOLOGY 

PROFESSORS: THEODORE G. SOARES, GRAHAM A. LAING 

UNDERGRADUATE SUBJECTS 

PI. 1. Introduction to Philosophy. 9 units (3 -0-6); first and second terms. 
An endeavor to see how the most fundamental questions have been answered 

by typical thinkers in the past, and how the modern student may arrive at a 
philosophy. 

Texts: First term, Types of Philosophy, Hocking; second term, First Adven­
tures in Philosophy, Ferm. 

Instructor: Soares. 

PI. 4. Ethics. 9 units (3-0-6); third term. 
The fundamental ethical concepts and theories that have emerged in the process 

of human thought. The major social problems of modern life. 
Texts: A Critical Introduction to Ethics, Wheelwright; Readings il1 Ethics, 

Clark and Smith. 
Instructor: Soares. 

PI. 5. Sociology. 9 units 0-0-6); first term. 
The genesis and evolution of human society. The influence of economic, 

religious and social forces. The nature of social control and the analysis of mores, 
morals and legal codes. The development of social institutions and the nature of 
change in these institutions. 

The class is conducted as a discussion group. 
Instructor: Laing. 

FIFTH-YEAR AND ADVANCED SUBJECTS 

PI. 100. A Study of Some Aspects of Philosophical, Ethical or Social 
Development. 9 units; first, second and third terms. 

Instructor: Soares. 
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DIVISION OF PHYSICAL EDUCATION 

PHYSICAL DIRECTOR: WILLIAM L. STANTON 

ASSISTANT DIRECTOR AND MANAGER OF ATHLETICS: HAROLD Z. MUSSELMAN 

CONSULTING PHYSICIAN: DR. E. D. KREMERS 

PHYSICIAN TO ATHLETES: DR. FLOYD L. HANES 

PE. 1, 2, 3, 4. Physical Education. First, second and third terms. 

All undergraduate students are required to participate either in the intramural 
or intercollegiate sports on which the physical education program is based. The 
intramural sports comprise competition between student houses, classes and clubs, 
in all sports, including football, cross-country running, track and field events, 
baseball, basketball, swimming, boxing, wrestling, tennis, handball, etc., and is 
required of all students not taking part in intercollegiate sports. Representative 
freshmen and varsity teams in the major sports are developed and trained by experi­
enced coaches. Fair-spirited and clean-cut athletic competition is encouraged for its 
social and physical values, and as a foundation for genuine college spirit. During the 
freshman and sophomore years, all students are given physical strength and skill tests 
in the first and third terms. These tests are used as a basis of comparison with other 
men of the same weight and height. Corrective or special exercises are prescribed 
for those who cannot compete in intramural or intercollegiate sports. 



DEGREES CONFERRED, JUNE 11, 1937 

DOCTOR OF PHILOSOPHY 

Charles Kirkwood Alexander, A.B., Oberlin College 
David Fulmer Bender, B.S., and M.S., California Institute 
Richard Theobold Brice, B.S., and M.S., Emory University 
William Gilbert Clark, B.A., University of Texas 
Robert Alma Clarke, B.S., and M.S., Brigham Young University 
Francis Hettinger Clauser, B.S., and M.S., California Institute 
Milton Ure Clauser, B.S., and M.S., California Institute 
William Maurice Cogen, B.S., and M.S., California Institute 
Kenneth Carl Crumrine, A.B., and A.M., Kansas University 
Lewis Alexander Delsasso, A.B., University of California at Los Angeles 
Raymond Howard Griest, B.S., and M.S., California Institute 
Paul Frederick Hawley, B.S., University of Arizona; M.S., California Institute 
Arthur Hemmendinger, B.A., Cornell University 
Donald Holmes Hyers, A.B., and M.A., University of California at Los Angeles 
Vincent Cooper Kelley, B.A., University of California at Los Angeles; M.S., Cali-

fornia Institute 
!.uis Emmett Kemnitzer, A.B., Stanford University; M.S., California Institute 
Paul Eugene Lloyd, A.B., Stanford University 
James Wilson McRae, B.App. Sc., University of British Columbia; M.S., California 

Institute 
H. David Michener, B.S., California Institute 
Carl F. J. Overhage, B.S., and M.S., California Institute 
Edwin Woolman Paxson, B.S., California Institute 
William Clement Putnam, A.B., and A.M., Stanford University 
John Russell Schultz, A.B., University of Illinois; M.S., Northwestern University 
James Harold Wayland, B.S., University of Idaho; M.S., California Institute 
Robert Wallace Webb, A.B., University of California at Los Angeles; M.S., California 

Institute 
I-lung Chang Yin, B.S., Nankai University 

MASTER OF SCIENCE IN SCIENCE 

PHYSICS 

Robert Adolph Becker, B.S., College of Puget Sound 
Foster Clyde Bennett, B.S., University of Illinois 
Donald Kennedy Coles, B.S., Illinois Wesleyan University 
Roderic Charles Davis, B.A., Earlham College 
Engle Ellis, B.S., Texas Christian University 
Bruce Lathan Hicks, B.S., California Institute 
Charles B. Jordan, B.S., California Institute 
William Burdette McLean, B.S., California Institute 
Nash Hugh Miller, A.B., Hardin-Simmons University 
John Sargent Rinehart, B.S., and A.B., Northeast Missouri State Teachers College 
Ellis William Shuler, Jr., B.S., Southern Methodist University 
Thomas Foster Strong, B.S., University of Wisconsin 
Martin Summerfield, B.S., Brooklyn College 
Harold Forbes Wiley, B.A., Denison University 
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CHEMISTRY 

charles Ward Best, B.S., California Institute 
Harry Lotzkar, B.A., and M.A., University of British Columbia 

CHEMICAL ENGINEERING 

Theodore Vermeulcn, B.S., California Institute 

GEOLOGY AND PALEONTOLOGY 

Robert Pearne Bryson, A.B., University of California at Los Angeles 
Harry Victor Church, Jr., B.A., Carleton College 
Charles Alexander Dawson, Jr., B.S., California Institute 
Robert Marx Dreyer, B.S., Northwestern University 
William Morris Fiedler B.A., Carleton College 
Willard Dickison Pye, A.B., Oberlin College 
~'a!ter Stanley White, A.B., Harvard College 

MASTER OF SCIENCE IN ENGINEERING 

ELECTRICAL ENGINEERING 

Lawrence William H. Baldwin, B.S., California Institute 
Anthony Easton, B.S., University of Washington 
George Floyd Francis, B.S., University of Nevada 
Ross Lowell Hand, B.S., California Institute 
Arthur Elliott Harrison, B.S., University of California 
Paul F. Jones, B.S., University of New Mexico 
Harold Leon Levinton, B.S., Massachusetts Institute of Technology 
Conrad Rocben Muller, B.S., California Institute 
Wasson Walter Nestler, B.S., California Institute 
Peter Hines Wyckoff, B.S., Carnegie Institute of Technology 

MECHANICAL ENGINEERIN(; 

Willard Newton Bell, B.A., University of Texas 
Irving Berler, B.S., New York University 
Roland Anthony Budenholzer, B.S., New Mexico State College of Agriculture and 

Mechanical Arts 
John Kenneth Bussey, B.S., University of California 
Wesley Theodore Butterworth, B.S., Northwestern University 
Ju-Yung Cheng, Ae.E., New York University 
James Wallace Daily, A.B., Stanford University 
E. Paul DeGarmo, B.S., University of Washington 
Holley Buckingham Dickinson, B.S., California Institute 
Melville Arthur Dike, B.S., Northwestern University 
Louis Gerhardus Dunn, B.S., California Institute 
John Christopher Dykes, B.A., Cambridge University 
Minor Louis Fahrmann, B.S., California Institute 
Hsu-Tsi Fan, Eng. in M.E., Harbin Polytechnic Tmtitutc 
Robert Bethel Johnston, B.S., University of Utah 
Hisayuki Kurihara, B.S., California Institute 



DEGREE;' CONHRRED-CONTINL'LlJ 

George Rolland ;'ylclJingcr, B.A., Drake University 
John Lloyd Nolhn, B.S., California Institute 
Robert Sorg Schairer, B.S., Swarthmore College 
Apollo ~lilton Olin Smith, B.S., California Instilut,· 
Jean ')Vylie, A.B., Princeton Univcnity 
Shao-Wen Yuan, B.S., University of Michigan 

CIVIL ENGINEERING 

Harold John Alwart, B.S., Northwestern University 
Raymond Hudson Ferris Boothe, B.S., California Institute 
Alfred Culver Buxton, B.S., University of Southern California 
William John Ellison, Jr., B.S., Georgia School of Technology 
Vernon Arthur Charles Gevecker, B.S., Missouri School of Mines 
Henry John Goodwin, B.S., California Institute 
Ray Jensen, B.S., California Institute 
Samuel Lloyd Lipson, B.App.Sc., University of British Columbia 
Alfred E. Munier, C.E., Rensselaer Polytechnic Institute 
Abdurrahim Servet, B.S., University of Michigan 
Erling Sanborn Walseth, B.S., South Dakota State College 

AERONAUTICS 

Walter Henry Albach, Lieut. U.S.N., B.S., United States Naval Academy 
Frederick Hamilton Allardt, B.S., and M.S. in M.E., California Institute 
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Robert M. Losey, First Lieut. U.S.A., B.S., United States Military Academy, M.S. in 
Meteorology, California Institute 

Shirley Snow Miller, Lieut. U.S.N., B.S., United States Naval Academy 
Charles Kenneth Moore, B.S., University of Illinois 
Joseph Nathaniel Murphy, Lieut. U.S.N., B.S., United States Naval Academy 
Joe Nelson Smith, Capt. U. S. Marine Corps, United States Naval Academy 
Bradley Hobart Young, B.S., and M.S. in M.E., California Institute 

METEOROLOGY 

Milton Wylie Arnold, First Lieut. U.S.A., B.S., United States Military Academy 
Arthur C. W. Baskin, Lieut. U.S.N., B.S., United States Naval Academy 
Frederick Aroyce Berry, Jr., Lieut. U.S.N., B.S., United States Naval Academy 
Theodore M. Bolen, First Lieut., U.S.A., United States Military Academy 
Robert Dunshee Elliott, B.S., California Institute 
Donald Philip Graul, First Lieut. U.S.A., B.S., United States Military Academy 
Dale R. Harris, B.S., University of Washington 
Jack Maginnis, Lieut. U.S.N., B.S., United States Naval Academy 
Robert G. H. Meyer, First Lieut. U.S.A., B.S., United States Military Academy; 

M.S., Yale University 
Raymond H. Odell, B.Aero.E., University of Minnesota 
H. Dean Parry, A.B., Brigham Young University 
Eugene Howard Quinn, A.B., University of California at Los Angeles 
Herbert Barnett Shapiro, B.S., California Institute 
Sam Houston Wiseman, First Lieut. U.S.A., B.S., United States Military Academy 



C\LIF0RNIA INSTrn:TI: OF TECIINUI.OC;Y 

BACHELOR OF SCIENCE 

Joseph Meyer Axelrod 
Thomas Russell Belzer 

John Blue 
Stanford Briggs 

Thomas Robert Burnight 

Elmer Joseph Dauben 
Don Charles DeVault 

Bruce W. Dunbar 

John Stevenson Edwards, Jr. 
';':j:Charies F. Gates 

John Wesley George 
Richard Rohrer Goodell 

:j:Alan John Grobecker 
:j:Thomas Sinclair Harper 

John Burton Hatcher 
:j:Boyd Richard Hopkins 

George Henry Horne, Jr. 
Leon Horovitz 

"Robert Caldwell Jones 

John Allan Legge, Jr. 

';':j:lrving Louis Ashkenas 

Alfred Dudley Auger 

John Reynolds Austen 
Hoyt Austin 

Jay Richard Bailey 
Ralph Stahlnaker Benton, Jr. 

:j:Gordon Lucas Bussard 
Robert Samuel Campbell 

., Harry Hall Carrick 

George Edward Carroll 

Ellsworth William Cornwall 

Frederic Eugene Dion 
George Martin Dorwart 
William P. Ellery 

Virgil Erickson 

SCIENCE 

ENGINEER DIG 

Robert Bruce Lockwood 

Harry Heyburn Miller 

Donald Charles Nellis 

Dean Nichols 

Claude Byron Nolte 

Richard Emil Offeman 

Noel Robertson Park 

David Pressman 

:j:Edward Thomas Price, Jr. 
Fremont Fisher Radcliffe 

T. Robert Sandberg 
Leonard Frederick Schorn bel 

Thomas Newton Shaw 

Charles Wilcox Sheppard 

Joe Mauk Smith 
Luther Payne Spalding 

M eyer Joseph Test 
Vsevolod Tulagin 

Charles Cramer Woolsey 
William Dickinson Yale 

Ted Fahrner 
Willard Farnham 

Warren Emanuele Fenzi 
r. Stanley Feuer 

Lawrence Thomas Fleming 
Holloway Halstead Frost 

:j:Daniei Lauder Gerlough 
':'LeVan Griffis 

Charles Franklin Hadley 

:j:Edward James Horkey 

Carl Burdett Johnson 
Owen Champlin Johnson 

Vincent Knowles Jones, Jr. 
Dorr Kimball 

John Cary Kinley 

"Graduated with honor in accordance with a vote of the Faculty, 
:J:Awarded the Honor Key by the Associated Student Body for participation in ~tudent activitie~. 
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Carl Elmer Larson 

Jasper Ridgely Leggett 

Eustace Arden Lycett 
Ethan St. Clair MacMichad 

:j:Robert Matthew Mahoney 

:j:George Edward Mann, Jr. 
Winthrop Gilman McSparran 

:j: Wendell Bower Miller 

Charles Smyth Milliken 

Ernest Moncrief 
Walter Leon Moore 

Bruce Fitzgerald Morgan 

Noble M. Nojima 

Noel LeGrande Owen, Jr. 
William Lee Penn, Jr. 

Joseph James Peterson 
Martin Joseph Poggi 

Frank A. Rechif 
:j:Richard Lee Ridgway 

Douglas Keesee Rollow 

Paul Corwin Schaffner 
Daniel Schuman 

James Ray Seaman, Jr. 

John Peter Selberg 
Herbert Ramsey Sheppard 

Harold Lewis Smith 
Wilbur Fisher Snelling 
William Valentine Stackhouse 

John Sull wold, II 

Donald Spenser Teague, Jr. 

:'-Robert Dawson Townsend, Jr. 

George Yoshio Tsubota 

Jay Boreas Van Der Werff 

Bernard W. Walley 

Hugh Francisco Warner 

:j:Martin Haskell Webster 

:j:WilIiam Owen Wetmore 

Walter George Wheeler 

Clark Hamilton Wiget 

Edward Earl Wileman 

Eldon Emerson Wright 

W. Gordon Wylie 

:j:Albert Herman Zimmerman 

*Graduated with honor in accordance with a vote of the Faculty. 

:l=Awarded the Honor Key by the Associated Student Body for participation in student :lctivities. 



UNDERGRADUATE SCHOLARSHIPS, 1937-38 

JUNIOR SCHOLARS: 

G. Asakawa 
R. H. Bishop 
C. F. Carstarphen 
P. S. Devirian 

A. P. Green 
K. G. Macleish 
C. D. Mills, Jr. 
M.M.Mills 

CHARLES L. DENISON JUNIOR SCHOLAR: 

George O. Crozier 

DRAKE SOl'lfOMOKE SCHOLAR: 

W. B. Scarborough 

SOPHOMORE SCHOLARS: 

Leo Brewer 
W. E. Brown 
F. G. Brunner 
Leo Davis 
R. W. Grigg 
]. T. Harlan 

W. D. Hayes 
J. Kohl 
D. E. Loeffier 
P. A. Longwell 
J. F. Manildi 
L. W. Merryfield 

HARRIET HARVEY FRESHMAN SCHOLAR: 

Robert Hall, Alameda High School 

\VALTER HUMPHRY FRESHMAN SCHOLAR: 

Robert Buss, Centerville, Iowa, High School 

BLACKER FRLSHMAN SCHOLARS: 

E. ]. Pinney 
L. ]. Rainwater 
Sylvan Rubin 
R. W. White 

H. S. Mickley 
D. E. Nagle 
]. M. Richardson 
R. D. F. Thompson 
G. ]. Todd 
E. P. Wald 

Charles Mallory Buchzik, North Hollywood High School 
Donald Edwin Dawson, Pasadena Junior College 
Paul Stephen Farrington, Shortridge High School, Indianapolis, Indiana 
Robert Edwin Fisher, Los Angeles High School 
Frank Andrew Fleck, Technical High School, Memphis, Tennessee 
Berl Dave Levenson, Los Angeles High School 
Stanley John Mitchell, Alhambra City High School 
John Gilbert Small, San Rafael High School 
Clyde Adolph Wahrhaftig, Fresno High School 
Roger William Wallace, Oak Park and River Forest Township High School, 

Oak Park, Illinois 

DRAKE FRESHMAN SCHOLARS: 

Wayne Gordon Abraham, Kearnsey College, Natal, South Africa 
John Howland Barber, Philips Exeter Academy, Exeter, New Hampshire 
Stanley Stroud, Fillmore High School 

INSTITUTE FRESHMAN SCHOLARS: 

Robert H. Harris, Fairview High School, Dayton, Ohio 
Thomas Jason Hassard, Sweetwater Union High School, National City 



GRADUATE STUDENTS 
Abbrcviations: Eng., Engineering; Sci., Science; A.Ch., Applied Chemistry; AE, Aeronautical 

Engineering; A.Ph., Applied Physics; Ay, Astronomy; Bit Biology; CE, Civil Engineering; 
eh., Chemistry; eh.E., Chemical Engineering; EE, Electrical Engineering; Ge, Geology; Ma, 
Mathematics; ME, Mechanical Engineering; My, Meteorology; Ph, Physics. 

(t) following a student's name indicates that he has been admitted to candidacy for the 
degree of Doctor of Philosophy. 

NAME 

Ackerman, John Bevier 

MAJOR 

SUBJECT 

My 
B.S., United States Military Academy, 1932 

HOME ADDRESS 

Munnsville, New York 

Ackermann, Hermann August Ge Zurich, Switzerland 
Diploma, Technische Hochschulc Fridericiana, Karlsruhe, 1923 

Addicott, Fredrick Taylor Bi Palo Alto 
A.B., Stanford University, 1934 

Albrecht, Gustav Alexander Ch 
M.A., University of California at Los Angeles, 1936 

Alsaker, Allan Kallan EE 
Northwestern University, 1932-1936 

Anderson, LeRoy Hagen Ch 
B.S., Montana State College, 1927 

Armi, Edgar Leo Ph 
Diploma, Munich Institute of Technology, 1931 

Arnold, Hubert Andrew (t) Ma 
A.B., University of Nebraska, 1933 

Arnold, Lee 
B.A., Duke University, 1937 

Ashkenas, Irving Louis 
B.S., California Institute, 1937 

Axelrod, Joseph 
B.S., California Institute, 1937 

Bailey, Howland Haskell 
A.B., Haverford College, 1932 

Baldwin, Lawrence William 
B.S., California Institute, 1935; M.S., 1937 

Baumgarten, Werner 
Diploma, University of Munich, 1937 

AE 

AE 

Ch 

Ph 

EE 

Ch 

Van Nuys 

Chicago, Illinois 

Conrad, Montana 

Pasadena 

Lincoln, Nebraska 

Chicago, Illinois 

Los Angeles 

Los Angeles 

Hyde Park, Massachusetts 

Kansas City, Missouri 

Pasadena 

Becker, Robert Adolph Ph Tacoma, Washington 
B.S., College of Puget Sound, 1935; M.S., California Institute, 1937 

Beeson, Carrol Menefee (t) Ch Los Angeles 
A.B., University of California at Los Angeles, 1935 

Bell, Willard Newton AE Fort Worth, Texas 
B.A., University of Texas, 1935; M.S., California In.',titlltc, 19_}7 

Bergren, William Raymond (n Bi Pasadena 
B.S., California Institute, 1932 

Berler, Irving AE New York, New York 
B.S., New York University, 1936; M.S., California Institute, 1937 

Bevan, Thomas Judson 
B.S., University of Chicago, 1936 

Bonell, John Arthur 
B.S., South Dakota State College, 1936 

Bonner, David Mahlon 
B.A., University of Utah, 1936 

Bradner, Hugh 
A.B., Miami Univenity, 1936 

Brunner, Eugene Mittel! en 
B.S., California Institute, 1)33; M.S., 1934 

Ph New Holland, Illinois 

CE Brookings, South Dakota 

Bi Salt Lake City, Utah 

Ph Hamilton, Ohio 

Ph Santa Paula 
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NAME 

Bruyere, Richard Newbold 
B.A., Texas Christian University, 19% 

MAJOR 
SUBJECT 

Ph 
HOME ADDRESS 

Houston, Texas 

Bryson, Robert Pearne Ge Los Angeles 
A.B., University of California at Los Angeles, 1934; M.S., California Institute, 19.17 

Budenholzer, Roland Anthony ME Belen, New Mexico 
B.S., New Mexico State College, 1935; M.S., California Institute, 1937 

Burcik, Emil Joseph Ch Pittsburgh, Pennsylvania 
B.S., Carnegie Institute of Technology, 1937 

Bussey, John Kenneth AE Los Angeles 
B.S., University of California, 1935 j M.S.; California Institute, 1937 

Butterworth, Wesley Theodore AE Evanston, Illinois 
B.S., Northwestern University, 1936; M.S., California Institute, 1937 

Byrne, Ralph Edward, Jr. CE Pasadena 
B.S., California Institute, 1933; M.S., 1934 

Carroll, George Edward 
B.S., California Institute, 1937 

Chen, Shang Yi 
B.S., Ycnching University, 1932; M.S., 1934 

Cheng, Shui-Chou 
Diploma, Harbin Polytechnic Institute, 1935 

Christensen, John Whittaker 
B.S., University of Utah, 1937 

Chu, Djen-Yuen (t) 

CE Los Angeles 

Ph Peiping, China 

EE Shanghai, China 

Ph Cedar City, Utah 

Ph Nanking, China 
B.S., National Central University, 

Claflin, Waldo Milton 
Nanking, 1924; M.S., California Institute, 19-"'6 

B.S.E., Princeton University, 1934 

Coles, Donald Kennedy ct) 
AE Philadelphia, Pennsylvania 

Ph North Vancouver, British 
Columbia 

B.S., Illinois Wesleyan University, 1932; M.S., California Institute, 1937 

Curry, Harry Donald (t) Ge Tulare 
B.A., State University of Iowa, 1929; M.S., 1930 

Daily, James Wallace ME South Gate 
A.B., Stanford University, 1935; M.S., California Institute, 1937 

Davis, Leverett, Jr. Ph Susanville, Oregon 
B.S., Oregon State College, 1936 

Davis, Roderic Charles Ma Richmond, Indiana 
B.A., Earlham College, 1936; M.S., California Institute, 1937 

Dekker, Albert Orno (t) Ch Glendale 
B.S., California Institute, UH 

DeLong, James Henry, Jr. 
A.B., Lafayette College, 1937 

Dery, Robert John 
B.S., University of Oregon, 1931 

Dewees, Norman Branson 
B.S., California Institute, 1935 

Dike, Melville Arthur 

Gc Easton, Pennsylvania 

ch Eugene, Oregon 

ME San Gabriel 

ME Evanston, Illinois 
B.S., Northwestern University, 

Dilworth, Robert Palmer 
1956; M,S., California Institute, 1937 

B.S., California Institute, 1936 

Doescher, Russell Nimtz 
B.S., California Institute, 1933; M.S., 1934 

Doll, Edward Bushnell (tJ 
B.S., California Institute, 1934; M.S., ]935 

Dooli ttle, Russell Carter 
A.B., Princeton University, 1935 

Dorwart, George Martin 
B.S., California Institute, 19)7 

Drescher, Arthur Bernard 
B.S .• South Dakota School of Mines, 1937 

Ma Hemet 

Ch Santa Monica 

EE Los Angeles 

Ge Houston, Texas 

CE Pasadena 

Ge Elmhurst, Illinois 



NAME 

Dreyer, Robert Marx (t) 

GRADt.:ATE STt.:DENTS 

MAJOR 

SUBJECT HOME AODRlSS 

Ge Chicago, Illinois 
1934; M.S., California Institute, 1937 
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B.S., Northwestern University, 

Dunn, Louis Gerhardus AE Ermelo, Transvaal, South Africa 
B.S., California Institute, 1936; M.S., 1937 

Dykes, John Christopher AE Cambridge, England 
B.A., Cambridge University, 1936; M.S., California Institute, 1937 

Easton, Anthony Ph Seattle, Washington 
B.S., University of Washington, 1932; M.S., California Institute, 1937 

Eichelberger, Alexis Martin, Jr. EE Beverly Hills 
A.B., University of California at Los Angeles. 1937 

Elliott, Norman (t) Ch 
B.A., Oberlin College, 1929; M.A., 1930 

Evans, Harry Dean ch.E. 

Ch 

Glendora 

Champaign, Illinois 

Wheaton, Minnesota 
B.S., University of Illinois, 1937 

Eyster, Eugene Henderson (t) 
B.Ch., University of Minnesota, 1935 

Fan, Hsu Tsi AE Tientsin, China 
Eng. in M.E., Harbin Polytechnic Institute, 

Farnham, Duane Wesley 
1935; M.S., California Institute, 1937 

AE Alamosa, Colorado 
B.S., United States Naval Academy, 1950 

Farquhar, John Percival 
B.S., Harvard College, 1935 

Feuer, Irwin Stanley 
B.S., California Institute, 1937 

Feustel, Robert Griffiths 
B.S., Northwestern University, 1937 

Ch Pasadena 

ME Hollywood 

Ph Winnetka, Illinois 

Fine, Paul Charles (t) Ph Idabel, Oklahoma 
B.A., University of Oklahoma, 

Foster, Mark Gardner 
1935; M.S., California Institute, 1936 

Ph Oxford, Ohio 
A.B., Miami University, 193r 

Fox, Sidney Walter Bi 
A.B., University of California at Los Angeles, 1933 

Fuetsch, Frederic Theodore AE 
B.S., University of Nevada, 1934 

Gardner, Edward Markham 
B.S., University of London, 1923 

Garner, Clifford Symes (t) 
B.S., California Institute, 1935 

Gates, Charles Fredrick 
B.S., California Institute, 1937 

EE 

Ch 

EE 

Gephart, Harry Lane AE 
B.S., New Mexico State Tcacher.~ College, 1'J}7 

Gershzohn, Morris My 
B.S., Brooklyn College, 1937 

Geselbracht, Willis George ME 
B.S., Washington University, 1937 

Glenn. William Holt, Jr. Ma. 
A.B., University of California at Los Angeles, 1935; 

Goering, Kenneth Justin Ch 
B.S., Montana State College, 1936 

Gongwer, Calvin Andrew AE 
B.S., Columbia University, 1937 

Goodell, Richard Rohrer Ph 
B.S., California IOHitutc, 1937 

Goodman, Hyman My 
B.S., University of Illinois, 1933 

Gould, Martin James Ge 
B.A .• Rice Institute. 1935: M.A .. 1936 

Los Angeles 

Reno, Nevada 

Elizabeth, New Jersey 

Pasadena 

Los Angeles 

Silver City, New Mexico 

New York, New York 

Glendale 

Glendale 
M.A., 1937 

Bozeman, Montana 

Guntersville Dam, Alabama 

Puente 

Chicago, Illinois 

Houston, Texas 
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1'\AME 

Gould, Wendell Oliver 

MAJOR 

SL'B.J[CT 

Ph 
B.S. and M.S., ",«rashington State Collcge, 1930 

Green, William Jeffrey My 
B.A., C'niycrsity of Manitoba, 19}7 

Greenwood, l\.{arvin Henderson 
B.S., Rice Institute, 1937 

Griffi" LeVan 
B.S., California Institute, 1937 

AE 

CE 

Gringorten, Isaac ;\fy 
B.A., University of Toronto, 1935; M.A., 1936 

Gullekson, Ellsworth Eugene Ch,E, 
B.S., University of North Dakota, 1937 

Gutierrez, Arnulfo Gomez 
B.S., National Univenity of Mexico, 1936 

Hadley, Charles Franklin 
B.S., California Institute, 1937 

Hall, Newman Arnold (n 
A.B., Marietta ColIege, 1934 

Harris, Franklin Stewart, Jr. 

EE 

EE 

Ma 

Ph 
1931; M.A., 1936 

HOM!: APDRI:SS 

Pullman, Washington 

Fort William, Ontario, Canada 

Houston, Texas 

Berkeley 

Toronto, Ontario, Canada 

Beltrami, lvfinnesota 

Mexico City, Mexico 

Redlands 

Marietta, Ohio 

Provo, Utah 
A.B., Brigham Young Univenity, 

Harrison, Arthur Elliot EE Berkeley 
B.S., Uniycrsity of California, 1936; 

Hatcher, John Hurton 
M.S., California InHitute, 1937 

Ch Pasadena 
B.S., California Institute, 1937 

Heegaard, Erik Vilhclm Ch 
B.S., Ro:ral T<:chnical Col\c'j;c of Copcnhagcn, 19:}6 

Helfer, Robert George Bi 
B.S., Baldwin-\Vallace College, 1936 

Henshaw, Paul Carrington 
A.B., Harvard College, 1936 

Hepner, Franklin Ross 
B.A., University of WCyoming, 1937 

Hicks, Bruce Lathan (n 
B.S., California Institute, 1936; M.S., 1937 

Hinds, John Francis 
B.A., Queen's University, 1935; M.A., 1936 

Ge 

Ch 

Ph 

Ph 

Hlynka, Isydore Bi 
B.Sc., University of Alberta, 19H; M.Sc., ]937 

Holzman, Benjamin (tl My 
B.S., California Institute, 1931; M.S., 1933 

Pasadena 

Cleveland, Ohio 

Rye, New York 

Laran1ie, Wyoming 

Pasadena 

Orillia, Ontario, Canada 

Edmonton, Canada 

Washington, D. C. 

Hopper, Richard H. (tl Ge Los Angeles 
A.B., University of Califurnia at Los Angeles, 193 r; M.A., 1936 

Horkey, Edward James AE La Canada 
E.S., California Institute, 1937 

Horowitz, Norman Harold 
B.S., University of Pittsburgh, 1936 

Hoy, Robert Beck 
A.B.S., Lafayette Cullege, 1937 

Hsueh, Chao-Wang 
B.S., National University of Peking, 1931 

Hughey, Albert Hall 
B.S., Purdue University, 1934 

Ives, Philip Truman (tl 
B.A., Amhcrst College, 1932; M.A., 1934 

Jack, Samuel Sloan 
B.S., United States Naval Acadcmy, 1927 

Bi 

Ge 

Ph 

AE 

Bi 

AE 

Jahns, Richard Henry Ge 

Pittsburgh, Pennsylvania 

Easton, Penns), lvania 

Shantung, China 

Allentown, Pennsylvania 

Amherst, Massachusetts 

Glendale, Arizona 

Alhambra 
B.S., California Imtitllte, 19H; .;'\1.S .• Korrhwestcrn Cniycrsity, 19J7 



GRADL\TE STUIlE;\1TS 

~A}.jF 

Jennings, Stephen 
B.S., Trinity College, 1936 

Jetter, Ulrich 

MAJOR 

SL'BJLCT 

Ph 

Ph 
Diploma, Technische Hochschule, Stuttgart, 1937 

Johnson, Kenneth D. Ch 
B.S., Emmanuel Missionary College, 1932 

Jordan, Charles Borromeo Ph 
B.S., California Imtirute, 1936; M.S., 1937 

Kanemitsu, Sunao AE 
B.S., University of California, 1937 

Koch, \'Valter Louis AE 
Diploma, Techni~r..:he IIochschllle, Hannover, 1936 

Kruse, Henry Oscar My 
B.A., University of Cincinnati, 1937 

lIo .... ll, AnORns 

Hartford, Connecticut 

Stuttgart, Germany 

Los Angeles 

Los Angeles 

Artesia 

Bremen, Germany 

Cincinnati, Ohio 

Ku, Gong-Gyiu Ge Shanghai, China 
B.S., La Univcrsitato Utopia, Shanghai, 1929; M.S., Colorado School uf Mines, 1936 

Kuo, I. Cheng Ph Peiping, China 
B.S., National University of Peking, 1928 

Kurihara, Hisayuki AE Pasadena 
B.S., California Institute, 1936; M.S., 1937 

Kyropoulos, Peter Rudolf AE Pasadena 
Diploma, Kaiser Wilhelm II Realgymna,illm, Gorringen, 1934 

Lake, George Ryder Ch Long Beach 
B.S., University of Texas, 1929; M.A., 19_;3 

Langmuir, Robert Vose en 
A.B., Harvard College, 19H 

LaSalle, Joseph Pierre 
B.S., Louisiana State UniYcr:.ity, 19;7 

l.auritsen, Thomas (t) 
B.S., California ImtitUlt', 19:;(, 

l.eggett, Jasper Ridgely 
.B.S., California Institute, 19:;7 

Levy, Henri Arthur (t) 
B.S., California Imritllte, 1935 

Lewis, Glenn Harry 
B.S., California Institute, 1936 

Liang, Carr Chia-Chang 
B.Se., Catholic University of Peiping, 1937 

Lilleland, Ole 
B.S., University of California, 1922 

Lindstrom, William Julius 
M.E., Rensselaer Polytechnic Institute, 1935 

Lombard, Albert Eaton, Jr. 
B.S., California Institute, 1928; M.S., 1929 

Ph Englewood, New Jersey 

Ph Baton Rouge, Louisiana 

Ph Pasadena 

EE Los Angeles 

Ch Oxnard 

EE Payette, Idaho 

ME Peiping, China 

Bi South Pasadena 

My Georgetown, Connecticu t 

AE Ferguson, 11issouri 

LuValle, James Ellis Ch Los Angeles 
A.B., University of California at Los Angeles, 19.>6; M.A., 1937 

MacKnight, Robert Harlan Bi New York, New York 
B.A., Columbia University, 1936 

MacPhail, Donald Campbell 
B.A., University of British Columbia, 1937 

Mann, George Edward, Jr. 
B.S., California Institute, 1937 

Marmont, George Heinemann 
B.S., California Institute, 1934 

McCann, Gilbert Donald 
B.S., California Institute, 1934; 1'1.5., 1935 

McIntyre, Robert Alfred 
B.S., California Institute, 1936 

ME 

AE 

Bi 

EE 

ME 

Vancouver, British Columbia 
Canada 

El Centro 

Hollywood 

Pasadena 

Martinez 
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N .... ME 

MAJOR 

SUBJECT HOME AUUln.~~ 

McLean, William Burdette (t) 
B.S., California Institute, 1935; M.S., 1937 

McLeish, Charles William 
B.A., University of British Columbia, 1937 

McMaster, Robert Charles 
B.S., Carnegie Institute of Technology, 1936 

McRary, Willard Lee, Jr. 
B.S., California Institute, 1936 

Mechling, Wallace Bristol 
B.S., United States Naval Academy, 1927 

Ph 

EE 

EE 

Bi 

AE 

Santa Barbara 

Vancouver, British Columbia, 
Canada 

Wilkinsburg, Pennsylvani;, 

Los Angeles 

Arlington, Virgini] 

Mellinger, George Rolland AE Waseca, Minnesota 
B.A., Drake University, 1936; M.S., California Institute, 1937 

Meredith, Edward Clopton My Pasadena 
B.S., University of Alabama, 192& 

Miller, Dwight Dana 
B.A., Whittier College, 1937 

Miller, Park Hays, Jr. 
B.S., Haverford College, 1936 

Milliken, Charles Smyth 
B.S., California Institute, 1937 

Moore, Walter Leon 
B.S., California Institute, 1937 

Moorman, Thomas Samuel 
B.S., United States Military Academy, 1933 

Morgan, Bruce Fitzgerald 
B.S., California Institute, 1937 

Morse, Charles Adelbert 
B.S., California Institute, 1936 

Muller, Conrad Roeben 
B.S., California Institute. 1936; M.S., 1937 

Bi 

Ph 

EE 

CE 

My 

EE 

CE 

EE 

Nellis, Donald Charles Ch.E. 
B.S., California Institute, 1937 

Nojima, Noble 
B.S., California Institute, 1937 

Nollan, John Lloyd 
B.S., C.difornia Institute, 1936; M.S., 1937 

Nunan, James Kneeland 
B.S., University of Southern California, 1936 

AE 

AE 

EE 

Nysewander, Cecil Wright Ch.E. 
B.S., University of Illinois, 1930 

Ofsthun, Sidney Andrew 
B.S., United States Military Academy, 1929 

My 

Okun, Daniel Alexander CE 
B.S., Cooper Union Institute of Technology, 1937 

Oliver, Bernard More EE 
B.A., Stanford University, 1935; M.S., California 

Orner, Guy Clifton, Jr. Ph 
B.S., University of Kansas, 1936; M.S., 1937 

Oppenheimer, Frank 
B.A., Johns Hopkins University, 1933 

Orr, James McPhail 
B.A., University of British Columbia, 1936 

Ph 

Ge 

Ortiz, Jose Pulido CE 
Diploma, National University of Mexico, 1928 

Osborne, Darrell Wayne (tJ Ch 
A.B., University of California at Los Angeles, 19) 5 

Palmer, Kenneth James (tJ Ch 
B.S., University of California, 1935 

Whittier 

Drexel Hill, Pennsylvania 

Pasadena 

Pasadena 

Altadena 

Seattle, Washington 

Los Angeles 

Portland, Oregon 

Burbank 

Long Beach 

Los Angeles 

Los Angeles 

Whiting, Indiana 

St. Paul, Minnesota 

New York, New York 

Santa Cruz 
Institute, 1936-

Lawrence, Kansas 

New York, New York 

Nelson, British Columbia, Canada 

Mexico City, Mexico 

Los Angeles 

Pasadena 



GRADUATE STUDENTS 

NAME 

Parrish, John Bertrand, Jr. 

MAJOR 
SUBJECT 

AE 
HOME ADDRESS 

Richmond, Virginia 
B.S., Princeton University, 1937 

Parry, H. Dean EE Ogden, Utah 
A.B., Brigham Young University, 

Pasternack, Simon 
1934; M.S., California Institute, 1937 

Ph Calgary, Alberta, Canada 
B.S., University of Alberta, 193 f 

Pease, Daniel Chapin 
B.A., Yale University, 1936 

Putt, Donald Leander 
B.S., Carnegie Institute of Technology, 1928 

Reamer, Howard Hollis 
A.B., University of Redlands, 1937 

Bi 

AE 

Ph 

Redemann, C. Ernst (t) Ch 
A.B., University of California Olt Los Angeles, 1931 

Rexroad, Francis Howard Ch 
B.A., Marietta College, 1937 

Rhoads, Waldon Rice AE 
A.B., University of California at Los Angeles, 1936 

New York, New York 

Yakima, Washington 

Beaumont 

Los Angeles 

Parkersburg, West Virginia 

Los Angeles 

Robinson, Charles Franklin Ph Springfield, Missouri 
A.B., Missouri State Teachers College, 1935 j B.S., Drury College, 1936 

Ruch, Paul Elmer My Akron, Ohio 
B.S., Massachusetts Institute of Technology, 1928 

Rumph, Lewis Benning, Jr. AE Marshallville, Georgia 
B.S., Georgia School of Technology, 1933 

Schairer, Robert Sorg AE Bronxville, New York 
B.S., Swarthmore College, 1936; M.S., California Institute, ]937 

Schoech, William Alton AE Washington, D. C. 
B.S., United States Naval Academy, 1928 

Schomaker , Verner Frederick Henry (t) Ch 
B.S., University of Nebraska, 1934; M.S., 1935 

Schwartz, Jack William CE 
B.S., California Institute, 1935 

Scoles, Albert Buddy 
B.S., United States Naval Academy, 1927 

Sentker, Lawrence C. 
B.S., University of Utah, 1937 

Shapiro, Herbert Barnett 
B.S., California Institute, 1936; M.S., 1937 

Sheppard, Charles Wilcox 
B.S., California Institute, 1937 

Sklar, Maurice 
B.S., California Institute, 1936 

Smith, Apollo Milton Olen 
B.S., California Institute, 1936; M.S., 1937 

Smith, Harold Lester 
B.S., United States Military Academy, 1930 

Smith, Jack Carlton 

AE 

ME 

My 

Ph 

Ge 

AE 

My 

Ph 
B.E., Ohio State University, 1935; M.Sc., 1936 

Smith, Robert Beaton AE 
B.A., Ohio State University, 1936 

Snelling, Wilbur Fisher AE 

Nehawka, Nebraska 

Hollywood 

Washington, D. C. 

Los Angeles 

Los Angeles 

Coldwater, Ontario, Canada 

Los Angeles 

Inglewood 

Washington, Pennsylvania 

Akron, Ohio 

Columbus, Ohio 

Penryn 
B.S., California Institute, 1937 

Snow, William Eugene (t) Ge North Vancouver, British 
B.A., University of British Columbia, 1935; M.A., 1936 Columbia, Canada 

Stephens, William Edwards (t) 
B.A., Washington University, 1932; M.S., 

Stewart, Homer Joseph 
B.Aero.E., University of Minnesota, 1936 

Ph Brentwood, Missouri 
1934 

AE Minneapolis, Minnesota 
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MAJOR 

SL"BJE( T Ho:..n: AODROS 

Stewut, William Sheldon Bi Benrly Hills 
A.B., University of California at Los Angeles, 1936; ~LA., 1937 

Stone, William Sebastian :My Riyerside 
B.S., United States ?\1i!itary Academy, 

Stosick, Arthur James 
B.S., University of \X'isconsin, 1936 

Streib, John Fredrick 
B.S., California Institute, 1936 

Summerfield, Martin 

1934 

Ch 1filwJukee, Wisconsin 

Ph Pasadena 

Ph Brooklyn, New York 
B.S., Brooklyn College, 1936; 

Taylor, Donald Stinson (t) 
B.A., Linfield College, 1935 

M.S., California Institute, 1937 

Ch McMinnville, Oregon 

Taylor, Hodge Scott 
B.S., University of Illinois, 1937 

Test, Meyer Joseph 
B.S., California Institute, 1937 

Tomlinson, Everett Parsons 
B.S., Yale University, 1936 

Townes, Charles Hard 
B.A. and B.S., Furman University, 19.15 

Townsend, Robert Dawson, .Ir. 
B.S., California Institute, 1937 

Ch.E. 

Ph 

Ph 

Ph 

ME 

Chicago, Illinois 

Kansas City, Missouri 

Montclair, New Jersey 

Greenville, South Carolina 

Arcadia 

Tregidga, Angus Campbell (t) Ph Vancouver, B. C., Canada 
B.A., University of British Columbia, 1932; B.App.Sci., 1933; M.A., 1935 

Tsao, Chi-Cheng AE Yangchow, China 
Diploma, Central Aviation School, China, 1933; California Institute, 1935-1937 

Tsien, Hsue-Shen (t) AE Chekiang, China 
B.S., Chiao-tung University, Shanghai, 1934; M.S., Massachusetts Institute of Technology, 
19)6 

Tsubota, George Yoshio 
B.S., California Institute, 1937 

Van Der Werff, Jay Boreas 
B.S., California Institute, 1937 

Van Ornum, Delbert George 
B.S., UniYefsity of \'Vashington, 1936 

AE Riverside 

ME Pasadena 

My Seattle, Washington 

Vargus, Joseph Anthony, Jr. Ph Elmhurst, New York 
B.A., Amherst College, 1934; B.A., Cambridge University, 1936 

Voss, William Baker Ph St. Helens, Oregon 
A.B., WiIIamette UniYersity, 19_16 

Wagner, Warren Orval CE Spokane, Washington 
B.S., State College of Washington, 19.34; M.S., Uniycnity of Michigan, 1936 

Walton, Sylvan Brooks ME Los Angeles 
B.S., UniYCfsity of Southcrn California, 19.14 

Wang, Hsih Heng 
C.E" I-Iarbin Polytcchnic InHitute, 19~5 

WTang, Tsun Kuei 
B.S., National Univcnity of Peking, 19.,") 

Ware, Joseph Fulton 
B.S., Virginia Polytechnic Institutc, 19j7 

Watanabe, Kenichi 
B.S., California Institutc, 1936 

Weaver, Robert Lee 
B.A., University of Colorado, 1936 

Webb, John Leyden 
B.S., California Institute, J936 

CE Tientsin, China 

AE Shansi, China 

AE Blacksburg, Virginia 

Ph Honolulu, Hawaii 

My Grand Junction, Colorado 

Bi Altadena 

Weir, Charles Edward Ph Washington, D. C. 
B.S., University of Chicago, 1932; M.S., Howard Uniycnity, 1934 



N.un: 

GR.\DlJ,\TE STlJDE:-':TS 

1IA]OR 
St;BjI:CT HOSIE ADOROS 

Wells, John Cawse Ge \\/Ciscr, Idaho 
B.S., University of Idaho, 19.1,6 

WetmOre, William Owen ME Taft 
B.S., Californi>t Instit.ute, 1937 

Wiancko, Thomas Ph Guthrie, Oklahoma 
B.S., University of Oklahoma, 1937 

Wiggins, John Shearon Ph Richmond, Indiana 
A.B., Earlham College. 1936 

Wileman, Edward Earl AE Fillmore 
B.S., California Institute, 1937 

Wilson, Bruce Harry David Ge Winnipeg, Manitoba, Canada 
B.Sc., Univer!>ity of Manitoba, 1936 

Wilson, John Norton (t) Ch Vancouver, B. c., Canada 
B.A., University of Briti~h Columbia, 1934; M.A., 1936 

Winstein, Saul (t) Ch Los Angeles 
A.B., University of California at Los Angeles, 1934; M.A., 1935 

Wood, Reuben Esselstyn Ch Monrovia 
B.S., California Institute, 1936; M.S., University of Chicago, 1937 

Wright, Frederick Hamilton Ph Washington, D. C. 
A.B., Haverford College, 1934 

Wyman, Max Ma Edmonton, Alberta, Canada 
B.Sc., University of Alberta, 1937 

Yale, William Dickinson Ch.E. Burbank 
B.S., California Institute, 1937 

Yuan, Luke Chia-liu Ph Tientsin, China 
B.S., Yenching University, 1932; M.S., 1934 

Zumwalt, Lloyd Robert (t) Ch Oakland 
B.S., Univenity of California, 1936 
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UNDERGRADUATE STUDENTS 

Students whose namc~ lre starred attained honor standing during the preceding year. 

NAME 

Ahlroth, Carl Wilhelm 
Allen, Richard Harvey 
Althouse, William S. 
Ambroff, Michel 
Baker, John Raymond 
Balsley, James Robimon 
Barry, Robert Joseph 
Beavon, David Kent 
Bennett, Elliott Powell 
Bertness, Theodore Arnold 
Bertram, Sidney 
Boller, Harry Berthold 
Bonham, Elliott H. 
Borgeson, Lawrence G. 
Brenner, William Carl 
Browne, John Jake 
Cardwell, William Thomas 
Carr, Robert Edgar 
Clarke, Charles William 
Connelly, Ronald B. 
Cowie, Roger Harrison 
Custer, Robert Stanley 
Davidson, Donald Douglas 
Davidson, Robert Craig 
Dennis, Paul Arthur 
Dixon, Blaine Andrew 
Dougherty, Jack Francis 
Dowd, Munson White 
Downing, Arthur Clifford 
DuFresne, Armand Frederick 
Ellings, Arthur Clement 
Elliott, Bruce Cass 
Ellis, Herbert Bailey 
Engelder, Paul Oscar 
Evans, Henry King 
Farneman, John D. 
Folkins, Richard Wilson 
Forward, Richard Blair 
Freede, William John 
Friend, Carl Frederick 
Frisius, Edward Nathaniel 
Goff, Peter Clayton 
Grainger, Boyne B. 
Graybeal, Oran Avery, Jr. 

SENIOR CLASS 

OPTiON 

Ge 
Ge 
ME 
ME 
ME 
Ge 
ME 
A.Ch. 
CE 
A.Ch 
EE 
ME 
ME 
EE 
EE 
ME 
A.Ch 
ME 
ME 
EE 
Ge 
A.Ch 
A.Ch 
A.Ch 
A.Ph 
A.Ph 
Ge 
CE 
ME 
EE 
A.Ch 
ME 
ME 
EE 
CE 
EE 
CE 
ME 
A.Ch 
AE 
CE 
EE 
ME 
ME 

Hollywood 
San Diego 
Glendale 
Los Angeles 
Sou th Pasadena 
West Los Angele, 
Los Angeles 
Los Angeles 
Pasadena 
La Mesa 
Los Angeles 
Alhambra 
Pomona 
Pasadena 
Pasadena 
Clovis 
Pasadena 
Rosemead 
Los Angeles 
Huntington Park 
Minneapolis, Minnesota 
Glendale 
Glendale 
Royal Oak, Michigan 
Los Angeles 
Glendale 
Beverly Hills 
El Centro 
Glendale 
Lakeside 
Santa Barbara 
Los Angeles 
Los Angeles 
Douglas, Arizona 
Santa Maria 
Los Angeles 
Redlands 
Santa Barbara 
Oklahoma City, Oklahoma 
Los Angeles 
Hollywood 
Beverl y Hills 
Redondo Beach 
Los Angeles 
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NAME OJ'T10~ I-IO!>IE AUOR!.'" 

Gregory, Chris Ph Hollywood 
Gross, Arthur George AE Beverl y Hills 

- Harker, Ralph Wackerle, Jr. CE Scarsdale, New York 
Harris, Clyde Winger Ma Lakewood, Ohio 
Holmes, George B., Jr. EE Santa Ana 
Hopkins, Henry Stuart ME Butte, Montana 
Horine, Carlton Leon A.Ch Cristobal, Canal Zone 
Hotz, George Marion ME Los Angeles 
Hudson, Donald E. ME Pasadena 
Hulbirt, Lowell Harrison A.Ph Glendora 
Ivanoff, Nickolas Giorgievich AE Los Angeles 
Jewett, Frank Baldwin, J r. ME Short Hills, New Jersey 
Johannessen, Jack EE Wilmington 
Johnson, Evan Albert ME La Habra 
Jones, Ralph Wilson, Jr. ME Pasadena 
Jones, Wilson Burdette CE Alhambfl 
Jurs, Albert E., Jr. EE Piedmont 
Kazan, Benjamin Ph New York, New York 
Keller, Samuel Harris CE Glendale 
Kelly, Leroy Bruce ME Alhambra 
Knight, Jack William Ge Glendale 
Konecnik, John ME Los Angeles 
Kybal, Dalimil AE Mexico City, Mexico 
Lavender, Harrison Morton A.Ch Douglas, Arizona 
Lentz, John Jacob EE Los Angeles 
Levin, Gerald Balfour Ge Los Angeles 
Levit, Robert Jules Ma San Francisco 
Lewis, Clay Warden Ch Topeka, Kansas 
Lilly, John Cunningham Bi St. Paul, Minnesota 
Llewellyn, Fred Eaton EE Glendale 
Lowe, Frank C. CE Monterey Park 
Lowell, Arthur Carter ME San Francisco 
Luckenbill, David Brown A.Ch Redlands 
Mason, C. Keith ME Riverside 
McGraw, John Thomas ME Los Angeles 
McLaughlin, Stuart Watson Ch Pasadena 
McLean, John Godfrey A.Ph Santa Barbara 
Merriam, John L. CE San Gabriel 
Metzner, Robert G. EE Los Angeles 
Milburn, William Edward CE Redondo Beach 
Minasian, John K. CE Los Angeles 
Moore, Frederic Hollway A.Ch Hollywood 
Nagamatsu, Henry Takeshi AE Huntington Beach 
Nash, William Francis AE San Diego 
North, Harper Qua A.Ph Pasadena 
aIds, Robert Horner Ph Los Angeles 
Osborn, George Havice ME Azusa 
Parker, John Eversole A.Ch Pasadena 
Peat, John McCowan Ge South Pasadena 
Piro, Joseph Frank EE Los Angeles 
Porter, Edwin Jewett ME Whittier 
Radovich, Frank A.Ch Los Angeles 
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!\AME OPTION HOME ADDRI:SS 

Rhett, William ME Huntington Park 
Rosencranz, Richard, J r. A.Ch Evansville, Indiana 
Rowell, Richard Merrill ME Lancaster 
Rudkin, George Thomas Bi San Marino 
Rynearson, Garn Arthur Ge Van Nuys 
Saurenman, Phillip E. ME Pasadena 
Schlatter, Maurice Jay Ch Pasadena 
Scully, Charles Norman A.Ch Pasadena 
Segelhorst, August Van Ness ME Taft 
Shanahan, Edmond Francis EE Los Angeles 
Sharp, Harold W. ME Santa Paula 
Shepherd, Philip Frick ME Altadena 
Sherwood, David Marx Ph Palo Alto 
Sidler, Arthur William CE San Bernardino 
Siechert, Paul Charles A.Ch Santa Paula 
Smith, Clay Taylor Ge Glendale 
Smith, Fred Lester Ph Leadville, Colorado 
Stevens, J. Farren EE Phoenix, Arizona 
Stone, Roland Cruse A.Ch Ogden, Utah 
Stones, J. Eugene A.Ph Bakersfield 
Tejada, Luis Hernan EE Los Angeles 
Thomas, Robert Coggeshell AE Los Angeles 
Tilker, Paul Owen CE Los Angeles 
Twiss, William Edward ME Los Angeles 
Van Fleet, John Ricard CE Santa Barbara 
Van Horn, James W. EE Los Angeles 
Velazquez, Jose Luis AE Mexico City, Mexico 
Voorhees, Stanley Van ME Hollywood 
Wald, George A.Ch Alhambra 
Walker, Albert Clark Ch Fresno 
Warren, Donald Rexford CE Glendale 
Watson, James Wendell Ph Grand Island, Nebraska 
Watson, Samuel Eugene, Jr. Ge Chanaral, Chile 
Weinberger, Edward Lee A.Ch Los Angeles 
Wilkinson, Lupton Allemong, Jr. AE Charleston, South Carolina 
Wilson, Gardner Pond EE Fresno 
Wimpress, Richard Norman A.ch Glendale 
Windsor, Emanuel Bi Los Angeles 
Wolfberg, Stanley T. ME Los Angeles 
Wood, Homer Jesse ME Porterville 
Woodbury, William White Ma Alhambra 
Woolson, John Robert Ma Spokane, Washington 
Youngs, Homer Smith Ch Glendale 

JUNIOR CLASS 
NAME OPTION HOME ADDRES'> 

Anderson, Clarence Russell ME Los Angeles 
Anderson, Noah Herbert, Jr. ME Texarkana, Texas 
Arvin, George Howard A.Ch Long Beach 

* Asakawa, George A.Ch San Diego 
Axtman, Grice A.Ch South Pasadena 
Barber, Jack Edward EE Los Angeles 
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NAME OPTION HO)\IE ADDRESS 

Battle, John Allen Ge Los Angeles 
Bauer, Charles Henry, Jr. ME Carmel 
Beard, Leo Roy CE San Gabriel 
Beck, Duane Wesley ME Los Angeles 
Berg, William Eugene Bi Round Mountain, Nevada 

"'Bishop, Richard Hawley Ph Milwaukee, Wisconsin 
Black, John William ME Hollywood 
Blaekinton, Roswell Jones A.Ch Bell 
Bowers, Orrin C. EE Walnut Park 
Bradshaw, Richard CE Walnut Park 
Bragg, Kenneth Rankin ME San Marino 
Braithwaite, James William AE Arcadia 
Brown, Claude H., Jr. ME Los Angeles 
Brown, George Reynolds EE Colorado, Texas 
Brown, Perry H. ME Los Angeles 
Brown, William Lowe EE Tulsa, Oklahoma 
Caldwell, Donald Andrew A.Ch San Diego 

"·Carstarphen. Charles Fredrick ME Denver, Colorado 
Carter, Robert Trissel A.Ch Glendale 
Chung, David ME Los Angeles 
Collins, R. Kenneth EE Pasadena 
Cooper, Robert William A.ch Los Angeles 
Cox, Robert Osborne ME Watertown, New York 
Craft, Claude Howard Ch Elsinore 
Crawford, Virgil Kenmore A.ch Burbank 
Crozier, George Olds ME Monrovia 
Davis, Harry Owens, Jr. ME Los Angeles 
Degnan, Thomas Junior Joseph ME Pasadena 

"'Devirian, Philip Sarkis, Jr. ME Altadena 
Dibble, Barry, Jr. Ph Redlands 
Dickey, Frank Host Ch Los Angeles 
Diehm, Walter EE Pasadena 
Englander, Herman Sigmund Ma Sierra Madre 
Evvard, John C. Ph Phoenix, Arizona 
Flint, Del()s Edward Ge Pasadena 
Frampton, William Rex A.Ch Glendale 
Fraser, Stuart MacMillan ME San Diego 
Gale, George Phipps EE Paynesville, Minnewta 
Gassaway, James Scott :'lIE Los Angeles 
Gerhart, Ray Van Deusen A.Ch Pasadena 
Gombotz, Joseph John Ge San Marino 
Goodell, Jack H. ME Pasadena 
Goodin, Harry Allen ME South Pasadena 

"Green, Albert Pennington EE Los Angeles 
Green, William Manning EE Delta, Utah 
Griffiths, John Robert Ge Santa Barbara 
Griswold, Edgar Allen CE Los Angeles 
Guillou, Alfred Victor AE Van Nuys 
Hagen, Robert Christian Ge Riverside 
Hall, Marcus A. AE Pasadena 
Hance, Harold Vivian EE Los Angeles 
Hannon, Andrew Lucien EE Los Angeles 
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NA~[E OI'TIO:-> HOME ADDRF~S 

Haussler, Robert \'i'alter CE Los Angeles 
Hiatt, John Bradby A.Ch Alhambra 
Hofeller, Gilbert Walter ME Pasadena 
Hoff, Frederick Carl ME Pasadena 
House, William Carl AE Eau Claire, Wisconsin 
Ingalls, Francis Chandler A.Ch Alhambra 
Israel, Richard Alfred EE Glendale 
James, Raymond Allen Ph Salt Lake City, Utah 
Kimball, Robert Barry EE Glendale 
Kostoch, Francis Robert A.Ch Los Angeles 
Krieger, Stuart AE Los Angeles 
Kyte, Robert McClung Ch Walnut Park 
Lavatelli, Leo Silvio Ph Los Angeles 
Lawrie, Donald Gibb ME Milwaukee, Wisconsin 
Lawson, William George ME Pasadena 
Lee, Curtis Munn ME San Diego 
Levet, Melvin Newton Gc Monterey Park 
Longfelder, Harlowe Julius AE Los Angeles 
MacDonald, Donald Charles AE Billings, Montana 

':'Madeish, Kenneth Gordon Ph Santa Barbara 
Matthew, Tyler EE Hollywood 
Mayeda, Takashi ME Honolulu, Hawaii 
McClung, Roderick Marshall ME Winslow, Arizona 
McCreery, Frank Ewing ME Coronado 
McKee, Dwight Irwin A.Ph Sturgis, Kentue ky 
McKinlay, James Robb EE Glendale 
Merrick, William Deming EE Glendale 
Meyer, David Elmore EE San Marino 
Miller, Charles Norman EE San Francisco 

'"Mills, Chester David Ph San Diego 
"Mills, Mark Muir Ph Estes Park, Colorado 
Morikawa, George Kiyoshi AE San Diego 
Munk, Walter Heinrich A.Ph Vienna, Austria 
Nicholson, David Field Ch Los Angeles 
Norton, William Mear ME Beverly Hills 
Oakley, Spencer Whittemore ME Pasadena 
Ogg, James Truman EE Eagle Rock 
Osborn, John E. CE Pasadena 
Parker, Edward Haig A.ch Los Angeles 
Paul, Carl Hutton ME Hollywood 
Pettingall, Charles Edward EE Burbank 
Phillips, Robert Austin EE Rivera 

':'Pinney, Edmund Ma Seattle, Washington 
Pond, Richard Kelley ME Pasadena 
Pullen, Keats A. Ph Los Gatos 

':'Rainwater, Leo James Ph Hanford 
Rasmussen, Volney Kinne Ph Hamburg, New York 
Regan, Louis John Ge Hollywood 
Richards, Raymond Gardner ME Exeter 
Ritchey, James Clifton CE Lynwood 
Robertson, Francis Allen A.ch South Pasadena 
Robinson, Nigel Edgar A.Ch Inglewood 
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:-.lAME OrTlOX HOME ADDRESS 

Root, William Arthur EE Huntington Park 
Ropp, William Franklin CE Glendale 
Rose, Charles Herrick ME Glendale 
Rothman, Sanford ME Los Angeles 
Roudebush, Bert Victor A.Ph Glendale 

"·Rubin, Sylvan Ph Pasadena 
Ruggiero, Ralph John Ph Los Angeles 
Rush, Hugh M. AE Tulsa, Oklahoma 
Schneider, Selmer Guerton EE Beverly Hills 
Scott, David Holcomb Ge Pasadena 
Shultise, Quido Miles EE Pasadena 
Silvertooth, E. Wilbur A.Ph Long Beach 
Skei, Thurston Ch Portland, Oregon 
Smith, Josiah Edward AE Corona 
Smith, Paul Louis ME Pasadena 
Smith, Philip Ernest A.Ch Santa Ana 
Smith, Robert Louis CE Los Angeles 
Smith, William ME Porterville 
Snyder, Willard M. CE Hermosa Beach 
Springer, Lee M. AE Los Angeles 
Steel, Collis Kaehler EE Butte City 
Streightoff, Frank Doan Bi Indianapolis, Indiana 
Strong, Herbert Davis ME Glendale 
Sullivan, Edwin Franklin CE San Bernardino 
Svimonoff, Constantine CE Bakersfield 
Tangren, Robert Fulton AE Grass Valley 
Thomas, Neal AE Hollywood 
Van Dusen, Laurence William ME San Diego 

"·White, Robert William Ch Chelsea, Massachusetts 
Wilson, Lindley Sothern EE Long Beach 
Winchell, Robert Winslow EE Beverly Hills 
Young, David Arthur A.Ph Utica, Missouri 
Younger, Udene Earl Ph Los Angeles 
Zukerman, Lester Goffin EE Hollywood 

SOPHOMORE CLASS 

NAME 

Abbey, Edward Kirk 
Acker, Roy Mitchell 
Adams, Robert Powell 
Alcock, Robert Ward 
Alexander, James Frederick 
Alonso, Francisco Antonio 
Anderson, Keith Elliott 
Baker, Friend Frederick 
Barber, George Claire 
Baumgarten, Erwin 
Beller, Gordon Melvin 
Benedict, Elson Gorman 
Bennett, Dwight Henry 
Bergmann, Frank Henry 

COURSE 

Sci. 
Eng. 
Eng. 
Sci. 
Eng. 
Eng. 
Sci. 
Sci. 
Eng. 
Sci. 
Eng. 
Sci. 
Eng. 
Eng. 

HOME ADDRESS 

San Diego 
Riverdale 
Arcadia 
Iowa City, Iowa 
Beverly Hills 
Los Angeles 
South Pasadena 
Burbank 
Pasadena 
Pasadena 
Los Angeles 
Carmel 
Tulsa, Oklahoma 
Beverly Hills 
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NAME COURSE HOME ADDRESS 

Berlot, Robert Raymond Sci. Los Angeles 
Biddison, Cydnor Mark Eng. San Gabriel 
Bill heimer, John S. Sci. Altadena 
Brewer, Alexander Frederick Eng. Hollywood 

':'Brewer, Leo Sci. Los Angeles 
Brooks, Marshall Sci. Pasadena 
Brose, Frederic Morgner Eng. Hollywood 

"'Brown, William Emil Sci. Walnut Park 
Brumfield, Robert Clarence Eng. Los Angeles 

", Brunner, Frederick Cal vert Sci. Alhambra 
Campbell, Donald Cameron Eng. Pasadena 
Carey, John Crawford Eng. Hollywood 
Carter, Donald Franklin Sci. Phoenix, Arizona 
Christie, Lee Stirling Sci. Whittier 
Cleveland, William Roy, Jr. Sci. Whittier 
Clinton, Raymond Otto Sci. Glendale 
Compton, Arthur Mandeville Eng. Davenport, Iowa 
Conant, E. Eugene Eng. Occidental Negros, Philippine 

Islands 
Crane, Sheldon Cyr Sci. Los Angeles 
Crawford, James Vaile Eng. Burbank 
Croft, William F. Eng. Glendale 
Daams, Gerrit Sci. Alhambra 
Daly, David D. Sci. Pasadena 

"'Davis, Leo Sci. Los Angeles 
Davis, Robert Ross Sci. Pasadena 
Day, John Paul Sci. Arcadia 
Deniston, William Eng. South Pasadena 
Dessel, Frank William Sci. San Francisco 
Diamond, Robert Henry Eng. San Diego 
Dickerson, Edward Oakes Eng. Redlands 
Eakin, John Album Sci. Santa Paula 
Eddy, Barry Thudichum Sci. Denver, Colorado 
Epstein, Ludwig Sci. Beverly Hills 
Fleming, Robert Ernest Sci. Glendale 
Foster, Gerald Pentland Eng. Los Angeles 
France, Albert Finley Eng. Long Beach 
Freehafer, Paul Robinson Sci. Payette, Idaho 
German, Irvine Fisk, ] r. Sci. Garden Grove 
Golson, George Albert Sci. New York, New YfHk 
Goodman, Harry Wolf Eng. Chicago, Illinois 
Goodmanson, Lloyd Twedt Eng. Eagle Rock 
Green, Elliott Aaron Eng. Hollywood 

"'Grigg, Robert Webb Eng. Pasadena 
Haffner, Bernhard Sci. Kimberly, Nevada 
Hankey, Eugene Daniel Eng. Los Angeles 
Hardenbergh, George Adams Sci. St. Paul, Minnesota 

"'Harlan, James Turner Sci. Sou th Pasadena 
Harper, John Cline Sci. Denver, Colorado 
Haugen, Edwatd Bernard Sci. Los Angeles 

"Hayes, Wallace Dean Sci. Palo Alto 
Held, Edward Emil Sci. Pasadena 
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NAME COURSE HOME ADORES 5 

Hiehle, Ernest Michael Eng. Walnut Park 
Hines, Marion Earnest Sci. Long Beach 
Hirons, Robyn Eng. Portland, Oregon 
Hitchings, Theodore Chester Eng. Denver, Colorado 
Hofmann, Walter Eng. Bell 
Hohwiesner, Henry George, Jr. Eng. Sacramento 
Howard, Kenyon Bales Sci. Altadena 
Jacobs, Millard W. Eng. Los Angeles 
Janssen, Robert Ramsey Eng. Whittier 
Jongeneel, James William Sci. Honolulu, Hawaii 
Kemp, Leroy James Eng. Bell 
Keyser, John Harold, Jr. Eng. Ely, Nevada 
Kluge, William Thomas Sci. Portland, Oregon 

""Kohl, Jerome Sci. Los Angeles 
Koolish, Philip Hartley Sci. Los Angeles 
Kupfer, Donald Harry Sci. Los Angeles 
Larson, Walter Ramey Eng. Los Angeles 
Lemm, Willys Eng. Pasadena 
Levitt, Leo Charles Sci. Sierra Madre 

"Loeffier, Donald Edward Sci. Inglewood 
Lolmaugh, Orson Bernard Eng. Hemet 
Long, Calvin Washburn Eng. Pasadena 

""Longwell, Paul Alan Sci. Santa Monica 
Love, Bernard Sci. Los Angeles 
MacKay, Wallace Matthew Eng. Los Angeles 
Main, John Hamilton Sci. Evanston, Illinois 
Maker, Robert Roy Sci. Santa Barbara 
Maleev, Leonid Vladimir Eng. Los Angeles 

"Manildi, Joe Frank Eng. Soquel 
Marriott, William Robert Sci. Los Angeles 
Mayer, Jules Frederick Eng. Los Angeles 

*Merryfield, Lloyd William Sci. Los Angeles 
Meyer, Robert B. Eng. Alhambra 

'"Mickley, Harold Somers Sci. Long Beach 
"Nagle, Darragh Edmund Sci. Scarsdale, New York 
Nakada, Yoshinao Eng. Azusa 
Newby, Clinton Toms Eng. Long Beach 
Nickerson, Douglas Blain Eng. Redlands 
Oakes, Gibson Eng. Seattle, Washington 
Oder, Frederic Emil Sci. Alhambra 
Oldson, Norman P. Eng. Pasadena 
Palmer, Charles Sumner Eng. Pasadena 
Palmer, John Gordon Eng. Brawley 
Partch, Newell Eng. Pasadena 
Paul, Ralph Graham Sci. Laguna Beach 
Payne, Charles Melvin Eng. Denver, Colorado 
Perry, Norman Conrad Sci. Los Angeles 
Powell, Richard Wells Eng. Twin Falls, Idaho 
Ray, Robert Stanley Sci. Riverside 
Reynolds, Howard William, Jr. Eng. Beverly Hills 

*Richardson, John Mead Sci. San Francisco 
Rogers, Lawrence Arnold Sci. Los Angeles 
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NAME 

Rosanoff, Richard Albert 
Rugar, Jack 
Samuel, Hubert David, Jr. 
Sandiford, Perry Lathrop 
Sargent, Herbert, Jr. 

"Scarborough, William Bertram 
Schrader, Carl George 
Shisler, David Shepard 
Skalecky, Frank Hamilton 
Skaling, Percy Eaton 
Smith, Randlow 
Spalding, Delman Seward 
Spielberger, Robert Elmer 
Spooner, William Austin 
Spraker, Jack David 
Staatz, Dumont Sutherland 
Staatz, Mortimer Hay 
Steinmetz, David Henry III 
Stevens, Jean Barrieu 
Stone, William Welch 
Stowell, Ellery Cory, Jr. 
Sullivan, Richard Louis 
Sweningson, Oliver 
Tajima, Yuji 
Thomas, Delbert 

"Thompson, Ross Donald F. 
Tielrooy, Jack 

"'Todd, George Judson 
Tomiyasu, Kiyo 
Van Dyke, Gilbert Rusk 
Varnes, David Joseph 
Vetter, Warren Herman 

"'Wald, Edwin Prescott 
Walker, Richard Langan 
Walter, Don Lombard 
Wasem, Richard 
Watkins, James M., Jr. 
Wayman, Robert William 
Weaver, Theodore Sol 
Weir, Gordon Bruce 
White, Howard Jack 
Whittlesey, David Walter 
Whittlesey, James Wright 
Widenmann, John Adolph 
Wilbur, Charles Clarence 
WiIliamson, Herbert Edward 
Wood, Harry Alfred, Jr. 
Worcester, Herbert Moore, Jr. 
Young, Robert Busbey 

Ct)URH 

Sci. 
Eng. 
Eng. 
Eng. 
Sci. 
Sci. 
Eng. 
Eng. 
Sci. 
Sci. 
Sci. 
Eng. 
Eng. 
Sci. 
Eng. 
Sci. 
Sci. 
Eng. 
Eng. 
Sci. 
Sci. 
Eng. 
Eng. 
Sci. 
Sci. 
Sci. 
Sci. 
Eng. 
Eng. 
Sci. 
Sci. 
Eng. 
Eng. 
Eng. 
Eng. 
Sci. 
Sci. 
Eng. 
Sci. 
Sci. 
Eng. 
Eng. 
Eng. 
Sci. 
Sci. 
Sei. 
Sci. 
Eng. 
Eng. 

HOME AOllRES$ 

Rosemead 
Park City, Utah 
Los Angeles 
Huntington Park 
Pasadena 
Denver, Colorado 
Mill Valley 
San Anselmo 
Coronado 
Syracuse, New York 
Los Angeles 
Guilford, Connecticut 
Manila, Philippin~ hlands 
Long Beach 
Los Angeles 
Olive View 
Olive View 
Los Angeles 
Long Beach 
West Los Angeles 
Santa Barbara 
Glendale 
Long Beach 
Pasadena 
Pasadena 
Los Angeles 
North Hollywood 
Altadena 
Las Vegas, Nevada 
Fallbrook 
Los Angeles 
Los Angeles 
Chloride, Arizona 
Alhambra 
Glendale 
Fort Dodge, Iowa 
Pasadena 
Los Angeles 
Hollywood 
Los Angeles 
Los Angeles 
Portland, Oregon 
Portland, Oregon 
Burlingame 
Pasadena 
Pasadena 
Los Angeles 
Pasadena 
Los Angeles 
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FRESHMAN CLASS 
NAME 

Abraham, Wayne Gordon 
Anderson, Robert Edwin 
Balazs, Joseph Stephen 
Barber, John Howland 
Beers, Kenneth Hurst 
Benson, Arthur Searle 
Berman, Dave 
Bezdecheck, William Dionocious 
Billman, Glenn Wagner 
Billmeyer, Fred Wallace, Jr. 
Boardman, Warren 
Bolles, Arthur Stanard 
Bortner, Henry Webster 
Bowles, Robert Ryland 
Bowlus, Robert Glenhart 
Bramhall, George Hardy 
Brandt, Roger 
Brooks, Philip Daniel 
Buchzik, Charles Mallory 
Buss, Robert 
Capron, Sanford Donley 
Carey, Joseph Patrick 
Carr, John Henry 
Casserly, Frank Gordon 
Chapin, William Francis 
Clark, Donald Edward, Jr. 
Clar k, Joseph Ernest 
Clarke, Frederick Weaver III 
Collison, William Fraser 
Connell, Robert Charles 
Cook, Carroll Francis 
Cooper, Robert George 
Corcoran, William Harrison 
Critchlow, Arthur Jess 
Davis, Walter Z. 
Dawson, Donald Edwin 
Deniston, John Joseph 
Doheny, William Henry 
Dorr, Roger 
Eakin, Birch Hitt 
Edmund, William James 
Edwards, Gene Lloyd 
Elliott, Quentin 
Elmer, David Arthur 
Erickson, James Legner 
Eusey, Merritt Varns 
Fahs, James Roger 

HOME ADDRESS 

Groutville, Natal, South Africa 
North Hollywood 
Youngstown, Ohio 
Mexico City, Mexico 
Los Angeles 
Hollywood 
Phoenix, Arizona 
Long Beach 
Long Beach 
Pasadena 
Glendale 
Whittier 
Everett, Washington 
Denver, Colorado 
San Marino 
Webster Groves, Missouri 
San Marino 
Alhambra 
North Hollywood 
Centerville, Iowa 
Santa Monica 
Seattle, Washington 
Rosemead 
Pasadena 
Long Beach 
Santa Monica 
San Diego 
Omaha, Nebraska 
Niagara Falls, New York 
Santa Barbara 
Santa Barbara 
Pasadena 
Los Angeles 
Alhambra 
Spokane, Washington 
Pasadena 
Hollywood 
Beverly Hills 
Palos Verdes Estates 
Washington, D. C. 
Santa Cruz 
Crockett 
Aurora, Nebraska 
South Pasadena 
Beverly Hills 
Pasadena 
Fullerton 
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NAME 

Farmer, Mark Kearns 
Farrington, Paul Stephen 
Faust, Paul Harry 
Fisher, Robert Edwin 
Fleck, Frank Andrew 
Frank-Jones, Glyn 
Galeski, Robert Benjamin 
Gallaher, Homer SlIInner 
Geib, Elden Ray 
Geitz, Robert Charles 
Given, Frank Issac 
Gluckman, Lewis Francis 
Gold, Sydney Kendall 
Green, Jerome 
Greene, Winfield Kurt 
Greenhalgh, Francis Marion 
Hall, Robert Franklin 
Hall, Robert Noel 
Hardin, Paul Verle 
Harr, ,George Bowman 
Harris, Robert Hutchison 
Hassard, Thomas Jason 
Head, Richard Moore 
Hicks, Frank Randall 
Hill, Harold Eugene 
Hill, Kim, Jr. 
Horne, Othniel 
Howenstein, John Barrett 
Ikawa, Miyoshi 
Ingersoll, William Lee 
Jones, Gilbert Alllan 
Jones, Jeremy Aldan 
Kaiser, Harold Robert 
Kashiwabara, Naomi 
Kennedy, Maurice Paul 
Kingsmill, Robert Edmond 
LaBombard, Emerson Hogue 
Lakos, Eugene Alexander 
Lawrence, Bruce Ernest 
Levenson, Berl Dave 
Lewis, Joseph Walters 
Lyle, Francis Vivian 
Makepeace, Gershom Reynolds 
Malone, Eugene Ives 
Maninger, Ralph Carroll 
McClain, John Franklin, Jr. 
McIntosh, James 
Meyer, George Frederick 

HOME ADDRESS 

Turlock 
Indianapolis, Indiana 
Pasadena 
Los Angeles 
Jackson, Mississippi 
Los Angeles 
Los Angeles 
Salem, Oregon 
Redlands 
McKeesport, Pennsy1vania 
San Diego 
Los Angeles 
Hollywood 
Los Angeles 
Santa Barbara 
Los Angeles 
Long Beach 
Alameda 
Arcadia 
Long Beach 
Dayton, Ohio 
Chula Vista 
Altadena 
Honolulu, Hawaii 
Los Angeles 
Glendale 
El Centro 
Westmorland 
Venice 
West Linn, Oregon 
Scottsdale, Arizona 
San Marino 
Tracy 
Los Angeles 
Los Angeles 
Long Beach 
Santa Monica 
Santa Barbara 
Pasadena 
Los Angeles 
South Pasadena 
Los Angeles 
Northfield, Massachusetts 
Alhambra 
Pasadena 
Coronado 
Victoria, British Columbia 
Eagle Rock 
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1\A~tE HOME ADDRESS 

Mitchell, Stanley John 
Moore, Charles Leroy 
:vlurr, William Carl 
Murtaugh, Clyde Richard 
!vfycrs, Robert Francis 
Noble, Edward Dodds 
Noland, Robert LeRoy 
Nyborg, Meredith McRae 
Partlow, John Graydon 
Peters, Ralph 
Pickles, Arthur Montgomery 
Pollycove, Myron 
Porter, John Henry 
Porter, Livingstone, J r. 
Priest, James Virginius 
Reimers, George Irving 
Rice, Edmund 
Rinker, Robert Jay 
Robinson, Theodore Bliss 
Rockdale, Lioyd Harold 
Roen, Charles Brandt 
Rominger, Joseph Franklin 
Routt, Robert Patterson 
Rupert, Claud Stanley 
Rutherford, Charles Ettinger 
Sakai, George Chitsugi 
Sand kuhle, Raymond Carl 
Schaff, Alfred 

Schubert, William 
Small, John Gilbert 
Small berg, Merle Leroy 
Snodgrass, Reuben 
Sohler, Stanley Edward 
Spikes, John Daniel 
Stadum, Clarence Bernhard 
Stewart, Wil ton Alexander 
Stroud, Stanley Grouer 
Sturdevant, C. Victor, III 
Sullivan, Oliver Russell 
Taylor, Thayle Flandars 
Terry, Foss Bell 
Thayer, Charles Louis 
Thiele, Fredrick William 
Tilbury, George Herbert, Jr, 
Trauerman, Joe Klee 
Trindle, Joseph Warren 
Turner, Dale Ed ward 

San Gabriel 
Mojave 
Beverly Hills 
Orrville, Ohio 
Redondo Beach 
Yuma, Arizona 
San Diego 
San Anselmo 
Los Angeles 
Corn, Oklahoma 
Victoria, British Columbia 
Los Angeles 
Denver, Colorado 
Pasadena 
North Hollywood 
New York, New York 
La Jolla 
Lindsay 
Coronado 
Baldwin Park 
Alhambra 
Long Beach 
Hollywood 
Exeter 
Beverly Hills 
Pasadena 
Danville 
Panama City, Republic of 

Panama 
Huntington Park 
San Rafael 
Los Angeles 
Tulsa, Oklahoma 
Portland, Oregon 
Redondo Beach 
Sioux Falls, South Dakota 
San Diego 
Fillmore 
Pasadena 
Laurel, Montana 
Los Angeles 
Chicago, Illinois 
Ogden, Utah 
Hollywood 
Kennewick, Washington 
Fort Dodge, Iowa 
Seattle, Washington 
Kingsburg 
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NAME 

Tyler, Edmund Forrest 
Van Camp, Lincoln 
Vartikian, Onick 
Vaughan, Richard 
V ey, Ebenezer 
Wagner, William John 
Wahrhaftig, Clyde Adolph 
Wallace, Roger William 
Weiss, Joseph 
Weller, Carl Barry 
White, John Robertson 
White, Thomas Leeming 
Widdoes, Lawrence Curtis 
Wilcox, Carlos Robert 
Wilmoth, Robert Carlyle 
Wood, David Shotwell 
y ett, Frank Alexander 
Young, Cecil Gilbert 
Zebb, Keirn 

HOME ADORE 5 S 

Hollywood 
Denver, Colorado 
Fresno 
Burbank 
Grates Cove, Newfoundland 
Los Angeles 
Fresno 
Oak Park, Illinois 
Pasadena 
South San Francisco 
Los Angeles 
Los Angeles 
Sebastopol 
Payette, Idaho 
North Hollywood 
Sierra Madre 
Portland, Oregon 
Palmyra, Missouri 
Denver, Colorado 



SUMMARY 

SUMMARY 

GRADUATE SCHOOL 
RESEARCH FELLOWS 

National Research Fellows 

Research Fellows of the Institute. 

Commonwealth Fund Fellows. 

International Research Fellows of the Rockefeller Foundation 

Fellow, Institute of International Education. 

Associate of Rockefeller Institute for Medical Research 

Kellogg Research Fellow. 

Research Fellow and Lecturer of University of Sydney 

Lalor Foundation Fellow. . ............ . 

Woodworth Travelling Fellow, Harvard University 

National Tsing Hua University Fellow .. 

Fellow of Kiangu Provincial Government, Chin Kiang, China. 

International Exchange Fellow 

Research Assistants of the Institute 

GRADUATE STUDENTS 

Physics ... 

Chemistry 

Chemical Engineering. 

Mathematics 

Geology 

Biology 

Meteorology 

Electrical Engineering 

Mechanical Engineering 

Civil Engineering 

Aeronautics 

UNDERGRADUATE SCHOOL 

20 

3 

3 

1 

21 

5) 

32 

6 

6 

18 

16 

17 

21 

14 

12 

45 

Seniors 

Juniors 

Sophomores 

Freshmen 

... 139 

........ 144 

166 

161 

273 

59 

240 

610 

Total Number of Students 850 
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COURSES AND OPTIONS OF UNDERGRADUATE STUDENTS 

SCIENCE COURSE Seniors Juniors 

Physics 11 19 

Chemistry 6 

Applied Chemistry 22 17 

Mathematics 4 2 

Geology II 

Biology 3 2 

Total ......... 56 54 

ENGINEERING COURSE 

Electrical ......... 20 28 

Civil .. 16 II 

Mechanical ......... 38 38 

Aeronautics 9 13 

Total 83 90 
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