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61 Address: Industrial Research in America, Arthur
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@ullege Talendar

1916

Fenruary 1 SS— Registration Second Semester
FERRUARY 2 Resumption of Instruction (8 A.M.)
Manrerr 25-APRIL 2o Spring Recess
May 29-Juxe 3. ..Semester Examinations
Baccalaureate Sunday
cerieee.Commencement
~.Annual Meeting Alumni Association

e Bnd of College Year

SEETEMRER 8o o Consideration of Applications
SeprEmMBER 13-15.. .. . Entrance Fxaminations
SepTEMBER 16 and 18 Registration (9 A.M. to 5 P.M.)
SepTEMBER 19 Beginning of Instruction (8 A.M.)
Novemser 30-Decemnrer 3 ..Thanksgiving Recess

DecemBer 23, 1916-Jaxuvary 1, 1917 Christmas Recess
1917

FANTARY Denioncnnsrmsisammsosmnns Resumption of Tnstruction (8 ADML)

FANURRY Q02T s pmnsrmonmn s mmemmmmismsusotund Semester Fxaminations

End of First Semester
Registration, Second Secmester
—.Resumption of Instruction (8 A.M.)
. ...Spring Recess
Semester Examinations
Baccalaureate Sunday
............ Commencement
JUNE 4o S Annual Meeting Alumni Association
....End of the College Year

JANUARY 27 ...
JANUARY 30
JANUARY 31
MarcH 24-ApriL 1




IN MEMORIAM

Charles Frederick Folder
RBorn at Lyun, Magsachuseits
August 3, 1851
Bied at Pasadens, Califnrnia
@rtaber 10, 1915



Fouuder

Hox. Amos G. Turoor
Born at De Ruyter, New York, July 22, 1811
Died at Pasadena, California, March £2, 1894

@he Board of Trustees

(Arranged in the order of seniority of service.)
Term Expires
192

Nowyax Bringe, A.M., M.D. ..
Los Angeles.

Hiram W, WanswortH, A.B...... - ...1916
Altadena.

S. HAZARD FIATEYED, 4.oceisinnosionises s oo iy em s6innsiommnresesss 1918
90 North Grand Avenue.

Arruor H. FLEMING..... e —— 1920
1003 South Orange Grove Avenue.

Crarres J, Wittert, A M. ¢ s ST R 1919
Oak Knoll.

Ciorer: 15 Haam, SeDiy LlaDi.... .o svass, vingitinss .. 1916
South Pasadena.

C1IARLES W, GATES. oo 1918
South Pasadena.

HeNrY M. ROBINSON . ceeeiieees e O 1915
195 South Grand Avenue.

Wirtianm . VEDDER.....o.coeceeneeee e e S AR 1920
Prospect Park.

JoHN WADSWORTH ......... 1919
South Pasadena.

Georce S, Parrox 1915
San Marino.

G. ArLraxy Haxcock . 1918

Los Angeles.



Officers of Administration

OFFICERS OF THE BOARD

Normax Bringe - President
ArraUR H, FrEMING First Vice-President
Cuarces J, Wineeer . Second Vice President and Attorney

Third Vice-President and Auditor
_.Secretary and Assistant Treasurer
WiLLiaAM H. VEDDER. ..o Treasurer
James A. B. ScexEReR President of the College

JorrNy 'WADSWORTH
Evwarn C. Barnerr..

EXECUTIVE COMMITTEE
NORMAN BRIDGE ..o oo Chairman ex oflicio

GrorGge S. ParroN
ArtHUR H. FrEMING Crrarrrs J. WrILLETT

FINANCE COMMITTEE
A, 1L IfresiNa C. W. Gates

OFFICERS OF THE FACULTY

JamEes A, B, Scurrer ..

Grorce A. Damon..... ~.Dean nf Fngineering

Hinnryr € Vornt Dusiomii e sessspmirmses smesssmrom oo Recorder

Eowarp C. Barrert Secretary, Board of Trustees
942 N. Chesler Avenue.

President

OTHER ADMINISTRATIVIS OFFICERS

Jazes T MeDBrme, MDD v vannennennann Hygienic Adviser
489 Bellefontaine Streel.

Axprew W. Smyomir, MD. . I, Physical Dircctor
705 8. Los Robles Avenue.

Frances HALSEY SPINING ... .. Librarian

1067 North (*m‘rzlum Jz(mu’

Txvoa BFOWARDL oo omsmmons o gresss cuponercss President’s Secretary
1126 Division St;aet

MarioN VAN DEUSEN ... Assistant in Secretary’s Office

129 North Hill Avenue.



Ofticers nf Justruction

James A. B. Scurrer, Pr.D., LL.D.

President
Lecturer in History and Ethics

A.B.,, Roanoke College, 1890; A M., Roanoke College, 1895; Ph.D,,
Pennsylvania College, 1897: I1.1..D., University of South
Carolina, 1905. Teacher of Knglish in the Imperial Govern-
ment’s Middle School at S8aga, Japan, 1892-1897; Professor
of History in the Theological Seminary at Charleston, 8. C.,
1898-1904; President of Newberry College, S. C., 1904-1908.

415 South El Molino Avenuc.

George Arrren Daxox, B.S. ix E.E.
Dean of Engineering

B.S. in Electrical Engineering, University of Michigan, 1895,
Managing IEngincer of the Arnold Company, 1905-1910; As-
sociated with Bion J. Arnold, Consuiting Engineers, Chicago
and T.os Angeles; Consuiting Engineer, Board of Public

Utilitieg, L.os Angeles.
516 South Catalina Avenue.

Artrivr Amos Noves, Pu.D., LI.D.,, Sc.D.!
Director of Chemical Research

S.B., Massachusetts Institute of Technoelogy, 1886; S.M., 1887:
Ph.D., Leipsic, 1890; LI.D., University of Maine, 1908; Clark
Unlversity, 1909; Sc. D., Harvard University, 1909; Yale
University, 1913. TInstructor, Assistant, and Associate Pro-
fessor of Chemistry, Massachusetts Institute of Technology,
1890-1899; Drofessor of Theoretical Chemistry, 189% , and
Direclor of Research ILaboratory of T’hysical Chemistry,
Massachusetts Institute of Technology, 1903 s Acting
I’'resident, Massachusetts Institute of Technology, 1907-1909.

Rovarn W. Sorunsen, B.S. 1v E.E.
Professor of Electrical Engineering

B.S. in RElectrica! Engineering, University of Colorado, 1905.
Associated with General Electrie Co., Schenectady, N. Y.,
and Pittsfield, Mass., 1905-1910; Consulting Engineer, Pacific
Light and Power Corporation, 1913 4

726 South El Molino Avenue.

1By co-operative arrangement with the Massachusetts In-
stitute of Technology.



10 THROOP COLLEGE OF TECHNOLOGY

‘Warter HorBroox Apawms, S.B.
Professor of Mechanical Engineering

S.B., Massachusetts Institute of Technology, 1903. Assistant in
the Engineering Laboratory, Massachusetts Institute of
Technology, 1903-1905; Instructor in Mechanical Englineer-
ing, Polyvtechnic Institute of Brooklyn, 1905-1908; Professor
of Mechanical Engineering, Imperial Pei Yang University,
Tientein, Chira, 1908-1912. Engineer, American Machinery
and Export Company, Tientsin, China, 1912.

1661 Rose Villa Street.

Frangrin Tiromas, C.E.
Professor of Civil Engineering

B.E., University of Towa, 1908; C.E., 1913. Graduate work at
McGill  University, Montreal, Instructor in Descriptive
Geometry and Drawing, University of Michigan, 1910-1912.
With B. A, Wallberg, Consulting Engineer, Montreal, 1909-
1910; Designer, Alabama Power Company, Blrmlngham

Alabama, 1912-1913.
685 South El Molino Avenue.

Lucien Howaro Gumorg, A.B.
Professor of Physics

A.B., Leland Stanford, Jr., University, 1894. Acting Assistant,
Department of Physics, Leland Stanford, Jr., University,
1894-1895; Graduate work at the University of Chicago.

649 Galena Avenue.

Stuart JEFFERY BaTes, M.A., Pu.D.
Professor of Inorganic and Physical Chemistry

B.A.,, McMaster University, Toronto, 1907; M.A., 1909; Ph.D.,
University of Illinois, 1912, Chemist, Comfort Scap Works,
Toronto, 1907-1908: Research Assistant, McMaster Univer-
sity, 1909-1910; Fellow in Chemistry, University of I1llinois,
1910-1912; Research Associate in Physical Chemistry, 1912-
1913. Instructor in Analytical Chemistry, University of Il-

linois, 1913-1914.
Y. M. C. A,, North Marengo Avenue,

CrintToN Kerry Jupny, M.A.

Professor of the English Language and Literature
A.B., University of Cahmnﬁﬁ 1903; M.A., 1907; B.A., Oxford
3.

Umversity, 1909; M.A
55 North Euclid Avenue.
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FrepERICK ERrNesr Beckmany, Pu.D.

Professor of French, German, and Spanish
A.B., University of Chicago, 1897; Ph.D., University of Chicago.
1900. Graduate work at Goeltingen, Paris, and Madrid. In-
structor in the Romance Languages, University of Minne-
sota, 1899-1904; Instructor in French and English, Deutsche

Schule, Antwerp, 1904-1906.
112 North Catalina Avenue.

Harry Crark Van Buskirk, Pm.B.

Professor of Mathematics
Ph.B., Cornell University, 1897. Graduate work at Cornell Uni-

versity.
723 North Michigan Avenue.

Roserr Evcar Forp, E.E.
Associate Professor of Mechanics and Hydraulics

B.1.E., University of Minnesota, 1895; E.1i., 1900, Associated
with Electric Manufacturing Co., Minneapolis, 1895; Consult-
ing Steam and Electrical Engineer, Minneapolis, 1896-1897;
Graduate work at the University of Minnesota, 1900.

137 South Madison Avenue.

SEwArpD CHURCHYARD Simons, A.B.
Associate Professor of Econcmics and History
A.B. (“with distinction” in Economics) Harvard University,
1911. Advertising Manager and Organization Ixpert for
various companies, 1912-1915; Secretary and Technical Ex-
pert Los Angeles Charter Commission, 1915; Pacific Coast
Representative, J. P. Devine Company (machinery), since

1912,
1107 Buena Vista Street, South Pasadena.

W. Howasnwn Crare, E.M,
Associate Professor of Mechanism and Machine Design

.M., University of Minnecsotla, 1901. Instructor in Mathematics,
Macalester College, 1897-1848. Supcrintendent and Design-
ing Engineer, Sherman Engineering Combpany, Salt Lake
City, 1905-1909; Superintendent, Nevada-Goldfield Reduction
Company, Goldfield, Nevada, 1909-1910.

95 South Mentor Avenue.
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Howarp Jonrxson Liucas, M.A.

Assocciate Professor of Organic Chemistry

B.A., Ohio State University, 1907; M.A., 1908; Assistant in
Organic Chemistry, Ohio State University, 1507-1904; Fellow
in Chemistry, University of Chicago, 1909-1910; Chemist,
Bureau of Chemistry, United States Department of Agri-
culture, 1910-1912. Cheinist, Government ol 1’orto Rico,

1912-1913.
127 North Mentor Avenue.

Eowarp Cecin Barrery, B.A.
Instructor in Business Law
B.A., State University of lowa, 1906, Assgistant Sccrelary Board
of Regents, 1906-1907; Registrar and Secretary to the I’resi-
dent, State University of Iowa, 1907-1911.
942 North Chester Avenue.

ALExsANDER ENENKEL
Instructor in French and German
Student, College of D’hilology, tiniversity of Zirich, 1908-1909;
Superintendent of Modern Languages, PPublic Schools, City
of Mexico, 1912-1913.
202 North Grant Street, L.os Angelces.

I'reperick Huxy Kenxeny, Jr., S.B.
Instructor in Drawing and Mathematics

S.B., Massachusetts Institute of Technology, 19i4. Avchitectural
Designer in the oflice of Frank A. Bourune, Boston, 1912-13;
Assistant in Mechanical Drawing and Architectural Draw-
ing, Massachusetts Institute of Techunology, 1914-15; Harvard
Engineering Camp, 1915,

Corner IRast California Street and Sierra Bonita Avenue.

Witriam Noste Lacey, P Dt

Instructor in Inorganic and Industrial Chemistry

A.B. in Chemical Engincering, 1911, and Chemical IEngineer,
1912, Leland Stanford Junior ¥Iniversity 1.8, 1813, and
Ph.D., 1915, University of California; Assistant in Chem-~
istry, Leland Stanford Junior University, 1911-1912; A
ant in Chemistry, University of California, 1912-1915; -
search Chemist for Giant Powder Co. Con., San ['rancisco,
1915; Research Associate, Massachusetts Inslitute of Tech-
nology. 1916.

Beginning September, 1916.
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Rosert Sryvorr Fereusow, B.S.
Tutor in Mathematics and Electrical Engineering Laboratory

B.S., Throop College of Technology, 1915,

1640 North Fair Oaks Avenue.

Axprew WiLriam Smrira, M.D.
Physical Director

M.D., University of Michigan, 1912; Medical Examiner and
Physical Supervisor, City Schools, Hammond, indiana, 1913-
1914.

765 Soulh Los Robles Avenue,

WarTer Winrram MaRrTIN'
Instructor in Wood Working

Graduate, Normal Arvts Department, Throop Polytechnic Insti-
tute, 1900. With Stout I'Maning Mills, Pomona, California,

1891-1896.
1782 Rose Villa Avenue.

CLARENCE ARTHUR QUINXN'
Instructor in Forging

Graduate, Normal Department, Stout Institute, 1897.
818 North Catalina Avenue.

ArrHUR Freperick Hard!
Instructor in Pattern Making and Machine Shop Practice

With Sullivan Machine Company, Claremont, N. H., 1891-1894;
B. F. Sturdevant Company, Jamaica Plain, Mass.,, 1894-
1897; Union Gas Engine Company, San Francisco, 1898-1899;
W. . Kidder Machine Company, Jamaica I’lain, Mass.,
1899-1907.

806 West Commonwealth Avenue, Alhambra.

1Agsociated with ithe Pasadena High >chool.



Aunals nf 1915

January 4—Assembly Address by President Scherer: “The
Moral Equivalent of War.”

January 4—Open Lecture (Pasadena Music and Art Associa-
tion), by Mr. Benjamin Brown: “Etching.”

January 8—Concert (Pasadena Music and Art Association),
The Los Angeles Symphony Orchestra.

January 11—Assembly Address by Dr. Robert Freeman: *“A
Bit of “I'he Book’s’ History.”

January 18—Assembly Address by Mr. C. W. Koiner: “Mu-
nicipal Control of Public Utilities.”

January 22—Concert (Pasadena Music and Art Association),
The Los Angeles Symphony Orchestra.

I'ebruary 8—Concert, the Tuskegee Singers.

February 15—Assembly Address by Dr. Richard S. Curtiss:
“Some Problems in Petroleum Research.”

February 15—Open Lecture (Pasadena Music and Art Asso-
ciation), by Mr. Ernest A. Batchelder: “Tiles and 'Their
Making.”

I'ebruary 19-—Assembly Address by Mr. Iirnest . Walker:
“City Planning.”

February 23—Assembly Addresses, Dr. Thomas A. Watson:
“T'he Development of the Telephone”; Hon. August Schvan:
“How To Get Rid of War; a New Peace Movement.”

February 26—Concert (Pasadena Music and Art Association),
The Los Angeles Symphony Orchestra.

February 28—I.ecture, lixtension Courses, by Hon. August
Schvan: “The Golden Rule Among Nations.”
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March 1—Assembly Address by Dr. Ethelbert Dudley War-
field.

March 1—Concert Recital (Pasadena Music and Art Associa-
tion), Alma Gluck and LEfrem Zimbalist.

March 5 and 6—Iifth Annual Engineering and Laboratory
ixhibit.

March 8——Asscmbly Address by Viee-Principal Walter Wilson,
Pasadena lligh School: “I'he Minidoka Dam.”
March 8—Open Lecture (I’asadena Music and Art Associa-

tion), by Miss Rhoda Wilkinson: “Modern Art.”

Muarch 9—Assembly Address by the Hon, Oscar Straus: “War
and Peace.”

March 15—Assemnbly Address by Mr. Charles Y. Knight: “The
Silent Knight Iingine.”

March 22— Assembly Address by Professor Clinton K. Judy:
“George Bernard Shaw.”

April 4 1o 10 -Architectural Iixhibit by the Pasadena Music
and Art Association.
April 6--Assembly Address by Dr. James . McBride: “Prog-

ress in Medical Science.”

April 6—Lecture, Extension Courses, by Dr. George E. Hale:
“Whirlwinds and Sun-Spots.”

April 12 --Assembly Address by Mr. Ernest A. Batchelder:
“The Influence of Materials in Architecture.”

April 19--Assembly Address by Col. William H. Holabird:
“I'he Biggest Irrigation Enterprise in America: How It
Was Built, and How It Is Run.”

April 26-—Assembly Address by Dr. Ernest B. Hoag: “The
Relation of Common Disorders to Ifficiency.”



16 THROOP COLLEGE OF TECHNOLOGY

May 3—Assembly Address by Dr. C. W. Hall: “Personal Ef-
ficiency for Students.”

May 4—The Conger Peace Prize Contest (I'he Prize was
awarded to Alexander Askenasy, ’17).

May 8—Lecture, Extension Courses, by Dr. Walter Rauschen-
busch: “The Christian Motive in Social Work.”

May 10—Assembly Address by Dr. William I. Hull: “T'he
American Plan.”

May 17—Assembly Address by Mr. Louis C. Hill: “The Work
of the Reclamation Service.”

May 24—Assembly Address by Mr, T. P. Lukens: “Forestry
in Relation to City Building.”

May 31—Assembly Address by President Scherer: “The
Throop Brotherhood.”

June 5—President’s Reception to Faculty and Students.

June 6—Baccalaureate Address by President Scherer: “Bear-
ing the Yoke in Youth.”

June 7—Commencement Day. Invocation by the Rev. John G.
Blue, D. D. Address by Dr. Samuel W. Stratton: “The
Place of Science in a College of Technology.” Commence-
ment Address by Dr. Ethelbert Dudley Warfield. Award
of 'I'ravel Scholarship Prizes: Professor Clinton K. Judy.
Award of Freshman Drawing Prize: Dr. Henry S. Car-
hart. Presentation of Candidates for Degrees: Dean
George A. Damon. Conferring of Degrees and Announce-
ments: President Scherer.

July 9—Lecture, Extension Courses, by Dr. Philander P. Clax-
ton, United States Commissioner of Hducation: “Lessons
for America from the Furopean War.”

September 21—First Assembly. Introductory Remarks by Mr.
Ferguson, Mr. Kennedy, Mr. Enenkel, and Mr. Simons.
Address by President Scherer: “Loyalty.”
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September 24—T.ecture, Fxtension Courses, by Dr. William 7T.
Hornaday: “Shall We Tncrease our Big Game on a Food-
Supply Basis?”

September 27—Assembly Address by Mr. George H. Maxwell:
“Our National Defense.”

October 1—President’s Reception to Faculty and Students.

Oetober 4—Assembly Report by Mr. Reginald Coles, 18, Travel
Prize Scholar.

October 11—Assembly Address by Mr. Harold C. Hill, ’11:
“Polyphase Motor Manufacture.”

October 13—Assembly Address by Dr. Bion J. Arnold: “The
Future of the Electric Railroads.”

October 18—Asscubly Address by Hon, Charles W. Bell:
“Methods of [.egislation, State and National.”

October 25—Assembly Address by the Rev. Charles A, Spauld-
ing: “The Art of the Exposition.”

October 28 and 29 -Jidison Days. (1) Visit of Mr. Thomas A.
Fdison (2) Addresses before the Class in Engineering
Problems by Dr. Henry Smith Carhart, on “The Past and
Future of Flectric Lighting,” and Mr. Joseph E. Hinds,
on “Personal Reminiscences of Thomas A. Edison,” with
exhibition of the first commercial installation of incandes-
cent lamps.

November 1—Assembly Address by Mr. Wilson Popenoe:
“Journeys in the Sub-Tropics.”

November 8—Assembly Report by Mr. Jesse W. M. DuMond,
’16, Travel Prize Scholar.

November 15—Assembly Address by Dr. James H. McBride:
“Housing.”

November 22—Assembly Report by Mr. Robert N. Allen, ’16,
Travel Prize Scholar.
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November 24—Freshman Reception.

November 29—Assembly Addresses by Dean Damon and Mr.
Walter L. Newton, ’14: “Planning the City Beautiful.”
Greetings from President Luther of Trinity College, Hart-
ford, Connecticut.

December 3—Author’s Reading, Extension Courses, by Alfred
Noyes.

December G-—Assembly Address by Dr. Arthur A. Noyes:
“Scientific Research in America.”

December 10-—Concert (Pasadena Music and Art Association),
The Los Angeles Symphony Orchestra.

December 13-—Assembly Address by Mr. Gale Seaman: “Y. M.
C. A. Work in Colleges.”

December 17—Assembly: Presentation of the Nathan Hale
statue; and Author’s Reading, by Alfred Noyes.

December 18 to 26-—Exhibit of Lithographs (Pasadena Music
and Art Association).

December 20 —Student Assembly. Joseph A. Beattie, President
of the Associated Students, presiding.



Iutrodurtory

Mr. Thomas A. Edison recently discussed the impor-
tance of technical education in a manner at once so
informal and so convincing that his words may well serve
as a fitting introduction to this catalogue. In an inter-
view Mr. Edison said:

There is no question that the country to-day needs technically
educated men.

There is no question that our nearest approach to real,
sensible, usable education lies in the technical school.

I don’t believe that our ordinary colleges are wrong; that
they do not have their place in our life and education. Dut I
do think that the technical schools have a more important place.
And I will tell you why:

In the first place, there is no disputing the fact that the
ordinary colleges turn out excellently cquipped professional
men. The usual classical education is of great benefit to the
man who wants to be a lawyer, or, for example, who wants to
pursue a literary carcer. But we have too many lawyers in
America, too many professional men, too many men who are
trying to pursue a literary career.

And we do not have enough men whose training has been
such as to enable them to cope with the actual conditions of
life. We do not have enough men who understand, from A
to Z, the science of business. Most of all, we have not enough
engineers. In industry and in business we need more men with
engineers’ training,.

We nced them as engineers. Simply as engineers and skilled
workmen in our various industries, we have not enough tech-
nically educated men. We have not cnough skilled “laborers”
in industry. We need engincers who thoroughly know engineer-
ing, both its theory and its practice.

We need them—these men with engineers’ training—as busi-
ness men. The man who is to go into the office end of a
great industrial concern ought to know all the ins and outs of
the business, as well as the man who goes into the draughting
room. The man in the office, the man who steps by reason of

1For historical sketch, see page 129,
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money or inheritance into a high place in the firm, ought to
know the details of his industry, so that he will not be fooled
by his foremen or managed by his managers. TIf his business
is to succeed for himself and turn out the best possible prod-
ucts for the community, it is well that he should himself have
had a technical education, even if it has been found advisable
for him to go to Princeton or Harvard to finish up with a
classical year or two afterward.

And we need technically educated men here in America to
help us in the problems of industry and “big business.” There
is no use of our expecting “a bunch of lawyers” to make laws
and hand down decisions with regard to industry. They can't
do it. They don’t know industry; they don’t know busiuess.
They are ignorant of the inter-relations of trade and of manu-
facture. 'We have no right to expect a group of lawyers to
solve our industrial problems and clear away our industrial
clouds. It is simply impossible for them to do it. Special
training is necessary in order to grapple with industry—special
technical training. And that is not the sort of training that
these men have had.

‘What is more, we need technically educated men in this
country because—I, for one, am firmly convinced—technical
education is a good thing for a man’s character and his citizen-
ship. We cannot put the value of citizenship altogether on a
basis of education, of course; the question of morals enters
into that too closely.

But I feel most strongly that technical training is a sort of
training that is good for a man’s character, and that enhanccs
his value to the community and State.

A boy who goes to the “Boston Tech” has to work. Ie has
to think. And he has to keep on working and thinking all the
time or else he will go down. The technical school does raise
the standard of character and citizenship—and I am not sure
that the ordinary college does. The technical school is alte-
gether a more serious proposition.

When people are busy of their own accord they are usually
found to be good citizens. The “tech” graduate is usually
found to be busy of his own accord.

To return to the need for technical training. America needs
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chemists, engineers, all sorts of technically cducated men,
because this is a new country with industries to open up and
develop, and because it is a commercial country with big busi-
ness to manage in the right way.

And there is such a demand for those trained men! We
haven’t nearly enough of them. The other day a man came to
me and asked me to suggest two men for $10,000 positions. 1
couldn't do it. I wanted a man myself to fill a $10,000 position,
and I couldn’t find him. There were plenty of threes, but no
tens. And therc are places waiting for the men whose educa-
tion is such as to fit them to earn $10,000 a year. Our “higher”
schools ought to teach young men the things that they are
going to need, to use, every day.

A technical education means, after all, just one thing. A
technical education means that a man knows his environment.
He understands the conditions under which his ordinary life
nust be lived. e understands the relations of force to matter.
II¢ has learncd much of relations in the conditions of life, and
he can cope with those conditions. A good technical school
turns a man out ready to meet life, while the ordinary college
sets him adrift in a world of which he knows nothing,

THE GROWTH OF THROOP COLLEGE

In discussing the new ecducational policies of Throop
College (in February, 1908) Dr. George E. Hale, of

the Board of Trustees, spoke as follows:

Here in California the conditions and the need for technical
education are unsurpassed. In no part of the world is elcc-
trical engincering so highly developed, especially in the trans-
mission of power from great distances. In hydraulic engineering,
we are facing to-day an undertaking of enormous magnitude.
Bastern technical schools are far removed, those of the north
insufficiently developed and also too remote. Under such con-
ditions, and with the advantages afforded by climate, by the
immediate neighborhood of mountains where water power can
be developed and experimental transmission lines installed, who
can deny that there is a place in Pasadena for a technical school
of the highest class?
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In developing such a school, we must provide the best of
instruction and the most perfect equipment that modern en-
gineering offers. But in laying stress upon the practical aspeets
of the problem we must not forget that the greatest engineer
is not the man who is trained merely to understand machines
and to apply formule, but is the man who, while knowing these
things, has not failed to develop his breadth of view and the
highest qualities of his imagination. No great creative worlk,
whether in engineering or in art, in literature or in science,
has ever been the work of a man devoid of the imaginative
faculty. In seeking to develop the school, therefore, let us not
forget that our prime object should be to graduate men
capable of conceiving vast projects, not less than men whose
abilities are limited to the power of executing them. With the
rapid development of engineering in all directions, and the
constant increase in the amount of detailed information placed
before the student, the difficulty of securing the requisite
breadth of view is serious. In most technical schools this
problem has not been solved, and the opportunity stands open
for Throop to devise and carry into effect a broad scheme of
education which may give proper recognition to all sides of
the engineer’s life.

In the winter of 1908 a curriculum was devised
applying these principles to the departments of Elec-
trical, Mechanical, and Civil Engineering. In the fol-
lowing spring the newly elected President accompanied
Mr. Hale on a visit to the leading technical schools of
“America and Europe, for the purpose of testing and
improving this curriculum, the results being embodied in
the following pages.

To complete the reorganization of the institution, the
Board of Trustees took drastic measures towards lifting
the school to its new educational plane, through the
segregation of all students except those of a true col-
legiate standing. At the beginning 195 pupils were
transferred to a new institution of their own, now in
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successful operation as a polytechnic elementary school.
In 1910 the College separated itself from 288 more, of
a still higher grade, who became the constituents of a
distinct institution known as Throop Academy, which
was afterwards merged with the new Polytechnic High
School supported by the City of Pasadena. This left
the College free to devote its entire resources to a single
clear object, the maintenance of a college of technology.

Meanwhile, with large faith in the future, a physical
cquipment had been provided in keeping with high plans
and ideals. A generous friend purchased and gave to
the corporation a spacious and beautiful grove of oaks
and orange trees, near the southeastern boundaries of
the city, and flanked by the mountains, as the campus for
a group of new buildings. The first of these, “Pasa-
dena Hall,” erected through the liberality of a score
of citizens, and dedicated in June, 1910, is a majestic
building comprising 800,000 feet of cubic contents, con-
taining sixty-two rooms, and fitted with the most com-
plete modern equipment. A seccond building, containing
the power plant, with steam and hydraulic laboratories,
was occupied with the opening of the new institution in
September, 1910. The Pasadena Music and Art Asso-
ciation is now well advanced with plans for the erection
of an auditorium and art gallery. During the last few
vears the Endowment has been enriched by gifts from five
friends in the sum of $£450,000, and all debts have been
canceled.



24 THROOP COLLEGE. OF TECHNOLOGY

TECHNICAL OPPORTUNITIES

Throop College of Technology is a school of applied
sciences, with the essential humanities. Its aim is to
produce trained scientific workers who are also broadly
cultured. It is the only college of technology west of
the Mississippi River. That its own immediate environ-
ment offers unusual opportunities for technically trained
men may be gathered from the following excerpts from
a report recently made by an official of the United States
government:

The utilization of eclectrical power has attained a wonderful
development in Southern California. The eleetrical energy
is generated in hydraulic and steam plants by alternators and
transmitted at high tension. . . . . There are numerous
indications of the rapid industrial and manufactaring develop-
ment on the Coast in general, and this brings with it many
technical problems. The most important industries are the
oil and fruit industries, in both of which California takes a
front rank. The oil industry brings with it the problems of
the accurate measurements and testing of oil, much of which
is transmitted directly to the large purchasers by pipe lines.
_The question of fuel value is also receiving consideration, and
judging from the tendency to specify fuel value in coal con-
tracts, it is highly probable that a similar practice will be
adopted for oil purchased for fucl purposes. The discovery
of the oil fields has been followed by the establishment of
refineries, the largest heing Fl Segundo plant of the Standard
Oil Company, ncar Los Angeles. The California oils are, in
general, very rich in asphaltum, used so extensively in paving,
road making, water-proofing, ete. Tn preparation for the
completion of the Panama Canal, extensive harbor improve-
ments are being made. The Coast is also considerably inter-
ested in the comparative value of tufa concrete, tufa heing
added to the cement to cheapen the construction, and in the
deterioration of concrete by crude oil in connection with the
problem of oil storage. The testing of structural materials
is obviously of the utmost importance in a locality having the
phenomenal growth shown by Southern California.
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Courses at Throop College are so planned as to pro-
vide for training in all of the above-mentioned subjects,
as the institution sceks to relate itsclf closely to the
industrial problems of its environment. Its aims were
tersely expressed in the concluding words of Dr. Henry
Smith Carhart’s address at the dedication of Pasadena
Hall:

I have seen young men develop into engineers who are now
engaged in leading work in the world. They are directing
large operations in telephone companies, holding influential
posts in electric light and power industries, directing new
cnterprises destined to develop resources, superintending man-
ufactories of large moment, and supervising construction un-
dertaken by the reclamation service of the federal government.
Such men as these give me great hope for the future of this
institution also, planted in the most attractive spot of the
cmpire of California south of the Tehachepi. 'This is a region
abounding in undeveloped possibilities. Tts water powers, its
mines, its resources ol liquid fuel, its irrigation possibilities,
coupled with a soil in which Nature has been lavish in her gifts
of productiveness, aud its occan shore in touch with the wealth
of the Orient, all combine to offer a field to the aspiring
engincer unsurpassed in history and written all over with
fetching inducements to noblest effort.

The young man who wishes to become a component part of
this empire as an engineer will enter this College and take a
straight course through, looking for no short-cuts to a degree,
expecting no magician to 1lift him over hard work, and later
to put him dewn softly in easy engineering positions. To such,
Throop College says, “Come this way!”

ENVIRONMENT
Pasadcena is not only one of the most beautiful of eitics,
with a climate of unexcelled equality and healthfulness,
but it is also noted for the morality, refinement, and
culture of its citizens. Bcing purely a residential town,
ten miles from the factories and markets of Los Angeles,



26 THROOP COLLEGE OF TECHNOLOGY

it is surrounded by safeguards and privileges that fit
it for the guardianship of youth. Saloons are prohibited
by charter. Boys under age are shut out by statute
from questionable places of amusement, of which there
are few. A curfew law keeps younger boys off the
streets at night. Pasadena is known as “the city of
churches and schools.” It is also frequently called “the
most beautiful town in the world.” To be surrounded
by an atmospherc of purity and beauty is no hindrance
to a training in utility.

The school is broadly Christian, but a clause of its
charter has for many years provided that a majority of
the Board of Trustees “shall not belong to any one
religious denomination or sect, and the institution shall
be maintained and administered as an undenominational
and non-sectarian school.”

Its social ideal is embodied in one word: Democracy.
Whatever savors of class or caste it abhors. Every en-
couragement is given to students of limited means who
wish to labor in order to learn.

The Public Works Scholarship Fund, described on
page 389, affords a unique and successful example of
co-operation between a school and a municipality for
mutual benefit, and for the assistance of young men in
self-support.

The Olive Cleveland Loan Fund is described on page
89. The College does not give frec tuition, but does what
is better. Out of this Fund, devised especially and
solely for the purpose, it may lend to worthy young men
(without interest) the amount of their tuition, to be
repaid after they acquire an income of their own.

Expenses are listed on page 45.



Greueral Iuformation
REQUIREMENTS FOR ADMISSION

ArpricaNTs For ApMissioN must give evidence of good
moral character, and be thoroughly prepared in at least
fifteen units of preparatory work; each unit representing
one year’s work in a given subject in an approved high
school at the rate of five recitations weekly. The table
of admission subjects is as follows:

English cos con s me e e .
Algebra .2

Plane and Solid Geometry 1y,

Trigonometry ... Yo
Physics ’ 1
Chemistry 1
United States History and Government..........cccovoerercans 1
FFrench, German, Spanish, or Latin 2
Miscellaneous Subjects? 3
Total . - 15

Graduates of high schools who offer for entrance a
total of fifteen recommended units but whose list of sub-
jects is not in accord with this table may be admitted
at the discretion of the Faculty, provided that the varia-
tion from the preceding list be not in more than two
units (other than Modern Languages), and that both
of these units shall not apply to Mathematics. Students
thus admitted may expect to have additional subjects
prescribed at the discrction of the Faculty.

Beginning courses are offered at the College in Chem-
istry, Trigonometry, French, German and Spanish, but
the College advises most strongly that applicants for
admission be prepared in these subjects.

Candidates who do not offer French, German or Span-
ish, for admission will be required to study one or the

1These may include any subjects of high school grade which
meet the approval of the IFaculty.
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other of these languages for three years at the College.

PREPARATION IN THESE SUBJECTS MAY BE EVIDENCED
by the certificate of an approved school or by examina-
tion. Applicants arc advised to enroll at the beginning
of the academic year, as many of the subjects continue
through both semesters and may not be entered in the
middle of the year. Application forms will be sent upon
request.

ApPrOVED sciiooLs are thosc that maintain a full four
years” course and are accredited by the various Assoeia-
tions of Colleges, and College Entrance Certificate
Boards, or by colleges and universities of recognized
standing at which the entrance requirements are equiva-
Ient to those of Throop College.

ENTRANCE EXAMINATIONS AT THE CoLLeGr will be
given for those who prefer this mcthod of admission, or
who may desire thus to supplement incomplete certifi-
cates of recommendation.  The schedule for 1916 is as
follows:

Wednesday, September 13

8:00 A. M. Mathematies
2:00 P. M. FEnglish
Thursday, September 11
§:00 A. M. Physics; Chemistry
£:00 P. M. History
I'riday, September 15
§:00 A. M. FLoreign Languages

Entrance examinations may also be taken under the direc-
tion of the College Entrance Examination Board. These exam-
inations are held at various points in the United States on June
19 to 24, 1916. Applications for tbese examinations should be
in the hands of the Secretary of that Doard by May 29, 1916,
ife may be addressed at Hamilton Ifall, Post-Oflice Station H,
New York City.
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Applicants who find it necessary to take such exam-
inations should communicate with the Recorder in ample
time to allow for correspondence, as otherwise they may
be inconvenienced in beginning their work. Special
examinations will not ordinarily be given, but in excep-
tional cases such examinations may be arranged, a fee
of two dollars being then charged for each subject.
intrance examinations ordinarily do not exceed two
hours for each subject. Applicants taking examinations
in Physics, Chemistry, or United States History must
present their note books at the time of the examination.

During the Ireshman year, a student’s work is
regarded as a probation to determine more fully his
seriousness of purpose and his qualifications to carry
successfully the more advanced work of the College.

APPLICANTS FOR ADMISSION TO ADVANCED STANDING
coming from other institutions of collegiate rank must
present letters of honorable dismissal, together with
statements showing in detail the amount and character
of their previoué training. This work will be credited
according to the standards of Throop College. In lieu
of these certificates of credit, applicants for advanced
standing may takc examinations, for which application
forms will be sent on request.

To TeAcHERS and to persons of mature age engaged
in technical pursnits, and wishing to devote some time
to scientific study, the College desires to offer the amplest
opportunities in its lecture rooms and laboratories. Such
persons may in general be admitted without formal exam-

ination, on satisfying the I'acnlty that they are qualified
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to undertake the work proposed. They will be expected
after admission to attend the same exercises and examina-
tions as other students.

DESCRIPTION OF ADMISSION SUBJECTS
The general basis of admission to the College is a
principal’s recommendation showing the satisfactory com-
pletion of a high school course of four years in the
subjects designated for admission. The following de-
scription of preparatory subjects may be supplemented
by correspondence with the Recorder:

Excrisi.—Preparation in English should cover at least three
years, and should have for its objects the ability to read with
accuracy, intelligence, and appreciation, and to speak and
write not only correctly, but with clearness and fluency. Com-
position and technical English should take about two-fifths
of the time, and Literature the remaining three-fifths. This
work should be so given that the student may have an appre-
ciative understanding of the books selected for gencral or for
intensive study, with some knowledge of their authors, and an
acquaintance with the character and tendencies of the more
important literary epochs. (3 units)

Germax.—The elementary study of the language, covering
two years of daily recitations. This should include a study of
the inflections, word-order, the essentials of syntax, and the
force of prefixes and suffixes. The student should read about
two hundred pages of secondary school German text, and be
able to translate simple sentences from English into German, as
well as to speak and understand simple German sentences.

(2 units)

Frexcu.—The elementary study of the language, covering
two years of daily recitations. This should include a knowl-
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edge of the forms of the language, the clements of syntax, and
the ability to pronounce correctly. The student should read
about four hundred pages of secondary school text, and should
be able to translate ordinary French into Englisk and to turn
simple English into French. (2 units)

Seaxtsit.—The elementary study of the language, covering
two years of daily recitations. 'T'he student should have a
knowledge of grammar, including a mastery of the comimon
irregular verbs. He should be able to pronounce correctly and
to translate ovdinary Spanish into linglish, and English into
Spaunish. He should read about two hundred pages of second-
ary school text. (2 units)

Lariy.—Such a knowledge of the elements of grammar as
is offered in a standard preparatory book; the reading of the
equivalent of four books of Ciesar, and some practice in com-
position. ‘The study of T.atin is deemed valuable for students
planning to take scientific work, as it not only facilitates the
acquisition of modern languages, but gives a belter understand-
ing of scientlific terms. (2 units)

Matuematics—As this subject is prerequisite to any work
in engineering, students should have at their command the
fundamental principles of algebra, geometry, and trigonometry.
It is advised that the high school course be thoroughly reviewed
just before entrance. The following outlines show the scope of
adequate preparation:

Elementary Algebra: Fundamental operations, simple equa-
tions, factors, factor theorem, fractions, simultaneous equa-
tions, involution, evolution, irrational numbers, simple quad-
ratic equations. (1 unit)

Higher Algebra: Theory of exponenis, complex numbers
with graphical representation, simultancous quadratic equa-
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tions, theory of quadratic equations, inequalities; ratio, pro-
portion and variation; arithmetical, geometrical, and harmon-
ical series; the binomial theorem for positive integral exponents,
logarithmic calculations, determinants. Graphical methods and
illustrations should be used in connection with the solution of
equations. (1 unit)

Plane Geometry: 'I'he general properties of plane figures;
the circle, and the measure of angles; areas, regular polygons,
and the measure of the circle. The requirements also include
original propositions, and problems in the mensuration of
plane figures, as well as the usual demonstrated theorems.
Stress should be placed on clear thinking, strict reasoning, and
accuracy of statement, as well as on the acquircment of
geometrical knowledge. (1 unit)

Solid Geometry: The topics included are: relations of lines
and planes to space; the properties of prisms; pyramids,
cylinders, and cones; the sphere and spherical triangle; also,
the mensuration of solids, and original propositions. (34 unit)

Trigonometry: 'This subject includes the general formulas
of plane trigonometry; the theory of logarithmic tables; appli-
cation to the solution of triangles and of simple problems in
heights and distances. (Y unit)

History axp GOVERNMENT oF THE UNr1TEp SrateEs.—A knowl-
edge of the outlines of Amecrican History, and of the nature
of Federal, State and local government. This requirement
represents the regular use of a text-book in history and a
text-book in government; systematic reading of assigned ref-
erences; and the keeping of a note-book containing maps,
concise topical outlines of the most important movements and
institutions, summaries of the reference reading, and a few
carefully prepared brief papers with bibliographical notes.

(1 unit)

Purvsics.—Preparation may be obtained by a year’s study in
the high school, including both laboratory and text-book work.
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It is preferred that at least onc-half the time be given to
laboratory work in which the students perform individually
such experiments as are described in the better class of
laboratory manuals. The laboratory note-book should furnish
a complete and systematic record of the student’s experiments
and observations. (1 unit)

Cuemistry.—Preparation in chemistry can be obtained only
from a yeatr’s course including both class-room and laboratory
exercises, based upon any of the recognized texts.  About four
hours a week should be given to individual laboratory work.
The course should present an outline of the fundamental prin-
ciples of general chemistry, together with the chemistry of
the commoner elements. Tmphasis should be laid both upon
the relation of the science to present-day life, and its historical
and biographical aspects. The laboratory note-book should
furnish a complete and systematic account of the experiments
performed by the student, attention being given to the object
of the experiment, the record of facts observed and infercnces
drawn, and the written equation by which the reaction is rep-
resented. (1 unit)

REGISTRATION
Registration for the first semester will take place on
September 16 and 18, 1916, and for the second semester
on January 30, 1917, beginning at nine o’clock. A
special fee of two dollars is charged for registration after
these dates.

Every student must have the approval of the physical
director before his initial registration.

The schedule of studies for each student is made out
by the Registration Committee, and the student, after
arranging for his tuition, is enrolled by the Recorder. A
subject will not be assigned to a student unless the officer
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of instruction in that subject is satisfied that the appli-
cant is competent to undertake it. No student is admitted
to classes without a registration card endorsed by the
Recorder.

Any change of schedule is made by the Recorder, and
after the first weck of the semester involves a fee of one
dollar, unless made at the suggestion of the College.

REGULATIONS AND DISCIPLINE
Every student is required to attend all class and As-
sembly exercises, and to satisfy the requirements in each
of his subjects in such ways as the instructors may

determine.

An instructor, with the approval of the President, may
at any time exclude from his classes any student who, in
his judgment, has neglected his work, and any student
thus exeluded shall be recorded as having failed in the
subjeet from which he is excluded.

The following system of notation is used to indicate
class standing:

V denotes Marked Distinction.
IV denotes Above Average.
IIT denotes Average.

11 denotes Below Average.

C dcenotes Conditioned.

I’ denotes Failed.

Average is defined as the standard, based upon the
experience of the instructor as being attainable under
normal conditions by about one-half the students.

Conditioned indicates deficiencies that may be made up
without actually repeating the course.
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Failed means that credit may be sccured only by re-
peating the course.

Semester examinations will be held in all subjects
unless the officer of instruction in any subject shall
arrange otherwise. No student will be exempt from
these examinations. Leave of absence may be obtained
only from the Recorder, and can be allowed only for
serious cause, such as physical inability to be present.
Unexcused absence will connt as a failure in the course.

Special examinations may be arranged by the in-
structor for students having leave of absence, and must
be completed within four weeks from the beginning of
the second semester; or, if in work of the second semester,
during the week preceding registration in September.

A condition in any semester’s work and all work
noted as “Incomplete” must be made up within the time
limits prescribed above for special examination, unless
the instructor shall give the Recorder contrary notice in
writing. Work not so adjusted will be recorded as
failure.

A student who is recorded as having failed in a re-
quired course must repeat every such course with the
class next taking it, and such subjects will take prece-
dence in the student’s time over the courses which follow.

Formal reports of class work are prepared at the close
of each semester; and intermediate informal reports of
first-year work at the middle of cach semester (about
December 1 and April 1). These reports are sent either
to students themselves, or to parents and guardians, as
arranged.
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Students who do not maintain a passing grade in at
least thirty units of duly registered work in any semester
will be dropped from the roll. Reinstatement is there-
after a matter for special action of the Faculty.

Students whose work is unsatisfactory by reason of

lack of diligence may at any time be asked to withdraw.

Prolonged leave of absence must be sought by written
petition to the Faculty, and the student must indicate the
length of time and the reasons for which absence is re-
quested. In case of brief absences from any given excr-
cise, arrangements must be made with the instructor in

charge.

Students are held responsible for any carelessness or
wilful destruction or waste, and at the close of the year,
or upon the severance of their connection with any part
of the work of the College, they are required to return
immediately all locker keys and other property.

It is taken for granted that students enter the College
with serious purpose, and that they will cheerfully con-
form to its requirements. They are expected to behave
with decorum, to observe the regulations of the College.
and to pay due respect to its officers. Conduct incon-
sistent with general good order or harmful to the good
name of the College will render a student liable to
dismissal. The moral tone is exceptionally good; the
honor system prevails at examinations, as well as in the
general conduct of students, so that cases requiring
severe discipline very rarely occur.

"The students arc organized into an Association to eon-
trol matters of genecral concern, and to dcal with such
subjects as may be delegated to them by the I'aculty.
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Matters of final and severe discipline are in the hands
of the President and such other persons as he may
designate.

Disciplinary penalties involve the four grades of pro-
bation, suspension, dismissal, and expulsion. Probation
indicates that the student is in danger of exclusion, and
that he is not permitted to represent the College on any
public occasion. Suspension means exclusion for a
definite period. Dismissal is exclusion for an indefinite
period, with the presumption that the student’s connection
with the College will be ended by it. Expulsion, the
highest academic censure, denotes final exclusion from
the College.

The following statement is emphatically endorsed as
the general policy of the College:

Tor the conduct and character of its students a college as-
sumes a far more intimate responsibility than a university.
Toward mere thoughtlessness and exuberance of animal spirits
it will be lenient. But toward vice in its three dread forms,
drunkenness, gambling, and licentiousness, it will exercise a
severity unknown to universities. It will not ferret out evil
by spies, nor cultivate the acquaintance of the scandalmongers
of the town, nor encourage students to testify against each
other, nor take unfair advantage of medical or quasi-medical
information given in confidence. But though it fights fairly,
it will fight these vices every chance it gets. When these evils
come fairly and squarely to its attention, as when carried to
excess they inevitably do, the school counts no cost too high,
whether in removing students or alienating families and friends,
to pay for keeping its moral atmosphere clean and wholesome.

ADVISERS
The Recorder is the general consulting officer for stu-
dents, co-opcrating with the President and Dean in mat-
ters touching student relations. For the purpose of pro-
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viding additional means of obtaining friendly advice, each
student is assigned to some member of the Faculty who
acts as his special adviser. By this arrangement it is
not intended, however, that the advisers shall become in
any sense guardians of the students assigned to them, or
that students shall be limited in their privilege of con-
ferring with the President or other members of the
Faculty.
HYGIENIC ADVISER

Dr. James H. McBride, whose professional standing is
indicated by the fact that in 1909-°10 he was president
of the American Academy of Medicine, is the hygienic
adviser for students, and will address them during the
yvear on personal hygiene. He may be consulted by
students at assigned hours without payment of fee.

PHYSICAL DIRECTOR

Dr. Andrew J. Smith, of the University of Michigan,
was chosen for this position as being both a competent
supervisor of athletic activities and an acecredited Do tor
of Medicine; the object of the college authorities being
to make the good health of all the students a matter of
scientific care rather than the specialized development of
intercollegiate athletic “teams.”

Fvery new student must have the approval of the
Physical Director before his initial registration.  Other
students must satisfy the Physical Director within two
weeks after the beginning of cach semester, and at such
other times as the Dircctor may indicate, that they are
physically qualified to earry the work for which they are
registered.

Outdoor exercise is recommended in accordance with

individual need. Anthropometric charts are drawn in each
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instance, and kept for future comparison. Dr. Smith is
a member of the Faculty, which thus keeps in close touch
with intercollegiate athletic activities, and is also kept
informed of the health record of individual students.
Should a student invite the impairment of health by neg-
lect of presecribed physical exercise, the FacuTty will use
its discretion in limiting his assignment of courses of
study, since a sound body is regarded as being usually
fundamental to a sound mind and subsequent success.
o
SCHOLARSHIPS, PRIZES, AND BENEFITS
THE CLEVELAND LOAN FUND

This Fund was established by Miss Olive Cleveland,
under an agreement which became effective in 1908, for
the purpose of aiding students to obtain an education.
The income is lent without interest to worthy students
who may need such assistance. Applications for loans
may be made to the President of the College, or to the
Secrctary of the Board of Trustees. ILoans are author-
ized by the Executive Committee of the Board of Trustees
upon recommendation of the President and the Commit-
tee of the Faculty having the matter in charge.

THE PUBLIC WORKS SCHOLARSHIPS

Mr. William Thum, of Pasadena, has established a
fund known as the Public Works Scholarship Fund, for
the purpose of providing employment to students in the
various departments of municipal work. Under the pro-
visions of this Fund, students approved by the Faculty
are employed in the Municipal Lighting Department, the
Department of Streets, and a number of other depart-
ments of the city of Pasadena, thereby gaining valuable



40 " THROOP COLLEGE OF TECHNOLOGY

experience in practical business and municipal affairs

while making their own way through college.

The total ecarnings of students in the Public Works
Scholarships and at the College during the academic
vear 1914-1915, not including the summer vacation, was
$2840.58. The various kinds of student employment
with earnings are classified as follows:

Work at the College:
In Chemistry Laboratory...........cooiiiiiiiiiiiinnnn.. $400.62
In Electrical Engineering Laboratory 293.87
In Mechanical Engineering Laboratory..................... 119.38
In Steam and Hydraulics Laboratory..
In Physics Laboratory. ..o
5700 T o e S ST
Janitor Service. . ... i
Miscellaneous work about the College

Total from direct employment by the College ...................... $ 1,557.51
Employment in the Municipal Light Plant and other City depart-

ments (Public Works Scholarship): .. .. .. ...... ... .. . .. .. ... ... 783.07

Cramiehi TORAT v srvsmsmssaesessssrosiovorsinsatrs s s osstsebes oo o ARt $ 2,340.58

TRAVEL SCHOLARSHIP PRIZES

A friend of the College who believes in the educative
value of travel has established two scholarship awards
to be known as the Junior and Freshman Travel Scholar-
ship Prizes.

The Junior Prize, consisting in ample provision for
a trip to Europe, is awarded on cach commencement day
to the member of the Junior class having the best record
in scholarship for the Sophomore and Junior years. This
prize is $750 cash. In 1915 this prize was divided be-
tween Mr. Robert Norman Allen and Mr. Jesse Willian
Monroe DuMond, and on account of the Furopean War
their time was spent in the United States and Canada.
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The Freshman Prize, consisting in full provision for a
journcy through the Eastern United States, over a route
recommended by the Faculty, is awarded on each com-
mencement day to that member of the Freshman class
who has the best record in scholarship for the Freshman
year. This prize is $250 cash. T'he winner of this prize
in 1915 was Mr. Reginald Coles.

The Faculty, in making awards, take into account
considerations of deportment, or good manncrs, and
ability for original work. They also determine the
rcgulations affecting the use of the prizes; and may in
some instances permit the Treshman prize to be used
for other purposes than travel. No award shall be made
in any case when the Faculty deem the record insufficient
to justify it.

THE CONGER PEACE PRIZE

The Rev. Everett L. Conger, D.D., in the promotion
of interest in the movement toward universal peace and
for the furtherance of public speaking, cstablished in 1912
the Conger Peace Prize. The income from one thousand
dollars is given annually as a prize for the composition
and delivery in public of the best essay on some subject
related to the peace of the world. The general prepara-
tion for the contest is made in the English work of the
second scmester of the Sophomore year, as described on
page 107. The winner of this prize in 1915 was Mr.
Alexander Askenasy.

EXTENSION COURSES
In co-operation with the citizens of Pasadena, the
College offers each year, at 2 merely nominal fee, exten-
sion courses in science, literature, and musie, the scientific
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series being given in conjunction with the Solar Observ-
atory of the Carnegie Institution of Washington. These
courses now have the invaluable assistance of the Pasa-
dena Music and Art Association. During the last few
years the following speakers and subjects have been in-
cluded in the Throop Extension Courses:

SCIENTIFIC

Theodore Roosevelt: “A Zoblogical Trip through Africa.”

Director George E. Hale, of the Mt. Wilson Solar Observa-
tory: “The Work of the Solar Observatory;” “Solar Vortices
and Magnetic Fields;” “Recent Work on Mt. Wilson;” “The
Farth and the Sun as Magnets;” “Whirlwinds and Sun-Spots.”

Prof. J. C. Kapteyn, of the University of Groningen: “The
Distribution of the Stars in Space;” “The Trees as Weather
Recorders.”

President G. Stanley Hall, Clark University: “Borderland
Psychology.”

President David Starr Jordan, Leland Stanford Junior
University: “The Conservation of Our Fisheries.”

Dr. Frederick H. Seares, of the Mt. Wilson Solar Observa-
tory: “Variable Stars.”

Dr. Walter S. Adams, of the Mt. Wilson Solar Observatory:
“Some Applications of Spectrum Analysis.”

Dr. Arthur S. King, of the Mt. Wilson Solar Observatory:
“The Spectroscope in Modern Science.”

Mr. Ferdinand Ellerman, of the Mt. Wilson Solar Observa-
tory: “Photography in Astrophysical Work.”

Dr. Wilfred T. Grenfell: “Labrador.”

Dr. Charles F. St. John, of the Mt. Wilson Solar Observa-
tory: “The Sun Under Investigation,” “The New Astronomy.”

Dr. Henry S. Carhart: “Electricity and Matter.”

MUSICAL
Miss Alice Coleman: ILecture Recitals on “Beethoven and
Schumann,” “Chopin and Liszt,” “Modern Composers,” “Classic
Forms in Pianoforte Composition,” “Development of Modern
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Lyric and Dramatic IFForms.” Three Chamber Concerts (with
the Brahms Quartette).

Madame Ernestine Schumann-ITeink: Concert Recital.

Harold Bauer: Pianoforte Recital.

The Flonzaley Quartette: Concert Recitals.

Madame Marcella Sembrich: Concert Recital.

Josef Lhevinne: Pianoforte Recital.

Gabriel Isaye and Jean Gerardy: Concert Recital.

Alma Gluck and Efrem Zimbalist: Concert Recital.

LITERARY AND GENERAL

Dr. Ernest Carroll Moore, Harvard University: “Mexico
and Its Schools.”

President James A. B. Scherer, Throop College of Technol-
ogy: “Shakespeuare as a Teacher;” “Christmas at Panama.”

Prof. Clinton K. Judy, Throop College of Technology:
“Wordsworth, Coleridge, Keats, and Shelley;” “Tennyson and
Browning;” “Morris, Swinburne, and the Rossettis.”

Mr. Charles Zueblin: ‘““I'he Twentieth Century City.”

Mr. Hamilton Holt: “The Federation of the World.”

Dean George A. Damon: “The Pasadena of the TFuture.”

President Henry S. Pritchett, of the Carnegic Foundation:
“Politics as a Profession.”

Norman Angell: “America and the World-State.”

Dr. Richard Burton, University of Minnesota: “The Return
to Dickens;” “The Modern Drama;” “Latter-Day Novelists;"”
“Robert Louis Stevenson.”

Dr. Alfred Noyes:  Author’s Reading.

THE LIBRARIES
WEBB LIBRARY

The tower room of Pasadena Hall, modeled after the
Radcliffe Camera at Oxford University especially to ac-
commodate a library, is named in honor of Mr. William
E. Webb of New York.

This room contains a research collection, and the
special library of the Department of Chemistry. These



44 THROOP COLLEGE OF TECHNOLOGY

collections include files of the leading engineering, chem-
ical, and other techmical journals, both American and
foreign.

THE GENERAL LIBRARY

The general library is conveniently located on the
main floor of Pasadena Hall, and contains a collection
especially adapted to the needs of a college of technology.
While the main body of the books is scientific in charac-
ter there is a generous admixture of history, philosophy,
and literature, including the Cooke ILoan Collection in
German and French Literature. The library is rapidly
growing, and a persistent endeavor is made to keep
abreast of the times, especially in securing complete files
of technical and scientific periodicals. It is open at all
convenient hours, under the care of a trained librarian,
who, by formal exerciscs and otherwise, gives instruction
and advice to all students. There is also a co-operative
arrangement with the Pasadena Public Library, whereby
special collections may be brought to the College for
the use of the students.

The reading room is a part of the library, and contains
currcnt issues of the technical journals, including many
foreign publications, with a careful selection of the
leading reviews.

Class work in Current Technical Journals is deseribed
on page 116.

STUDENT ORGANIZATIONS AND SOCIAL AFFAIRS
The Associated Students exercise general supervision
over matters of undergraduate concern, in co-opecration
with the TFaculty (see page 86). One or two clubs
founded on the principles of good fellowship and mutual
helpfulness have been organized under authority of the
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College. There is also a glee club and orchestra. A
student branch of the American Institute of Electrical
Engincers was organized in 1911, and a similar branch
of the American Socicty of Mechanical Engineers in
1914. “I'he Throop Teeh” is issued monthly by the
Associated Students.

Health is made a matter of fundamental and personal
concern, the Hygicnic Adviser and the Physical Director
cxercising watehful care to prevent overwork or undue
athletic exertion. Wholesome forms of athletics are
heartily encouraged, the delightful climate of Southern
California affording unusual opportunity for out-of-door
sports; but the College is stecadily resolved to treat ath-
Ietics as a means to an end, instead of permitting sport
to become an end in itself and thus to confuse or obscure
those scrious aims that alone justify the expense, in both
time and money, of a college carcer.  In other words,
while the Iaculty encourage a proper participation in
social and athletic activilies, it should be noted that the
daily work ol the College is so important, and the stu-
dents so occupied, that but little time can be given to
preparation for intercollegiate games involving out-of-
town trips.

EXPENSES

Tuition is $150 a year, pavable in two equal install-
ments, one at the beginning of each semester. There is
also a fee of $1 a year for locker rental, and upon grad-
uation a diploma fec of $10. There are no other fees,
but students arc charged the actual cost of breakage,
loss, and waste of laboratory materials and other prop-
erty of the College.
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The cost of supplies and of books, most of which will
be useful in later professional practice, ranges from $45
to $50 the first year, the larger part of which is required
the first semester, and from $15 to $20 a semester there-
after.

No reduction or refund is made to any student who
may be suspended or expelled, or who may leave without
a reason that shall be deemed valid by the Faculty
Council; nor is any refund allowed for attendance equal-
ing or exceeding three-quarters of a semester. All re-
funds are subject to a discount of 20 per cent.

DORMITORY

The College has provided on the campus a modern
dormitory, of California bungalow type, two stories in
height, with large, airy, and well-lighted rooms for about
sixty students—several of the rooms having sleeping
porches—and with attractive dining room, living room,
and recreation rooms. A plan of co-operative manage-
ment between the College and the students has been
adopted, in accordance with which the College rents the
rooms to the students and is responsible for their care,
while the meals are under the control of the students
themselves through the student manager, the dining
room being managed as a co-operative club. Table board
is furnished to the students living in the dormitory, and
to other students and members of the Faculty as well.

Room rents average $60 for the academic year, the
minimum being $45 and the maximum $85. The cost of
table board is about $4.50 a week. Each student in the
dormitory is required to make a deposit of $10 at the
opening of the college year to cover any possible damage
to dormitory property.
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A few students have “boarded themselves,” but such
a plan of living is not generally recommended. Some
secure board and lodgings in exchange for a few hours
of daily labor. Many opportunities are found for partial
self-support, besides those offered by the Public Works
Scholarships. (See page 39.)

A resolution of the Board of Trustees provides that
in no case shall more than ten students be domiciled
together in any quarters exccpt the College Dormitory.



Desrription of Conrses

The courses offered by the College include Electrical.
Mechanical, Civil and Chemical Engineering, Chemistry,
Engineering and Economics and other General Courses,
all leading to the degree of Bachelor of Science.

ELECTRICAL, MECHANICAL, AND CIVIL ENGINEERING

Nearly a century ago Tredgold defined engineering as
“the art of directing the grcat sources of power in nature
for the use and convenience of man.” This definition is
broad enough to cover all classes of engineering work, as
it recognizes that the fundamental truths of nature must
first be discovered by scientific investigation and then put
to useful work by intelligent direction.

The fundamental scientific principles are the same for
these three branches of engincering. Narrow special-
ization on the part of undergraduates is not encouraged
for the reason that necessary fundamental subjects would
be omitted thereby and such specialization often might
be misplaced. The desire is rather to lay first a broad
and deep foundation in the subjects forming the basis of
engineering. After two years devoted to thorough prep-
aration in such subjects as Mathematics, Physics, Chem-
istry, Drawing, English, and German, I'rench or Spanish,
the student may differcntiate according to his aptitude and
ambition. Students whose chief interest is in the applica-
tions of electrical energy will take Electrical Engineering;
those who are interested in other forms of power and in
the design of machinery will take Mechanical Enginecr-
ing; those whose aptitude lies in the field of construction
will take up Civil Engineering. The professional courses
in these three branches necessarily diverge more or less
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in the later years, each laying particular emphasis on
problems peculiar to itself. On the other hand, there are
many engincering subjects in the advanced years com-
mon to all three branches, for the Electrical, Mechanical,
and Civil Engincering students all take courses in Sur-
veying, Mechanism, Applied Mechanics, Strength of Ma-
terials, Hydraulics, Structural Design, Electrical En-
gineering, Heat Engines, City Planning, and Public Utili-
ties. It is the aim of the curriculum during the last two
years to link up and definitely correlate the different
fundamental studies with their varied applications to en-
gineering science. Schedules of these courses are printed
on pages 60-63.

CHEMISTRY AND CHEMICAL ENGINEERING

The courses in Chemistry and in Chemical Enginecr-
ing prepare men to conduct those manufacturing processes
that deal with the production of materials of various
kinds—such, for example, as petroleum products, cements,
sugar, papcr, rubber, leather, drugs, and chemicals. The
courses include, in addition to the usual studies in the
humanities and in physics, mathematics, and drawing, a
thorough training in the various branches of chemistry.

The two courses differ from each other in the respects
that the Chemical Engineering course includes a consid-
erable amount of instruction in Mechanical and Elec-
trical Engincering, while the Chemistry course affords a
more thorough knowledge of chemistry and physics, and
gives a more cxtended training in chemical resecarch.  The
studies in Mecchanical and Electrical Engineering in-
cluded in the Chemical Engineering course, while hardly
extended enough to enable the graduate of that course
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to design complicated machinery, will greatly assist him
in operating such machinery, in handling mechanical and
electrical power, and in directing the construction of the
simpler forms of apparatus used in chemical industry.
The additional knowledge of chemistry and physics, and
the training in research which the Chemistry Course
affords, will, on the other hand, more directly fit its
graduates to carry on the industrial research which is
essential to the development of chemical industries.

These courscs at Throop College may be expected to
contribute in an important way to the development of the
manufacturing industrics of the Pacific Coast by training
men who are competent to direct them. That such a devel-
opment is bound to take place on a large scale in the near
future seems highly probable, by reason of the remoteness
of this section from the manufacturing centers of the East,
by reason of the cheapness of power, obtainable either
from the combustion of oil or from the utilization of
watcr, and because of the increased labor supply, which
the Panama Canal will make available.

The course in Chemistry also serves to prepare men
for teaching positions in colleges and high schools, and
for research positions in government laboratories and

universities.

Descriptions of the subjects of instruction and of the
chemical equipment are given on pages 87 to 94 inclu-
sive. For the language requirement in the chemical
engineering and chemistry courses, see foot note (1),
page 60.

Bulletin No. 61, on Industrial Research in America
as illustrated especially by Chemistry, may be had on
application to the Recorder.
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ENGINEERING AND ECONOMICS

This course is not to be confused with the courses in
commerce offered by various universitics and colleges.
Engineering is its basis, students taking four-fifths of
the subjects offered in the Engincering courses described
on pages 60-63, the remainder of their time being de-
voted to a scientific study of the principles of commeree
and industry. It is designed to provide adequate educa-
tion for students who, while desiring a systematic train-
ing in the applied sciences, have interests and aptitudes
which fit them for positions on the business side of manu-
facturing and transportation enterprises, rather than for
specialized engincering.

The course includes (1) the instruction common to all
courses, in literature, science, and mathematics; (2) an
assignment of enginecring studies in one of the three
groups: REleetrical, Mechanical, or Civil Engincering;
and (3) a selected group of subjects in ecconomics and
business. The subjects in group 8 may be briefly
deseribed as follows:

Economics, being fundamental to all that follows, pro-
vides a general survey of the principles governing the
production, distribution, and consumption of wealth; while
the study of Economic History acquaints the student
with economic problems and forces as affecting the devel-
opment of the United States of America. Business Law
is designed to provide such knowledge of the law as will
give a general understanding of legal rights and duties
in ordinary circumstances and will lead to precautionary
measures, whenever business may threaten to depart from
tried routine, so as to avoid the expense and trouble aris-
ing from a fully developed emergency. Instruction in
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Banking and Seccurities, Accounting and Statistics, Trans-
portation, Taxation, and Cost Accounting deals thor-
oughly with the broad outlines and fundamental prineiples
of these several subjects. "The work in Commercial Organ-
ization aims to ground students in the principles under-
lying modern business as illustrated by concrcte examples
offered by an examination of typical American industries;
while that in Industrial Management involves a consid-
eration of the present tendencies of industrial organiza-
tion, its forms and problems, togcether with a eritical study
of the recent applications of system. Students will be
required to inspect well-organized factories and business
establishments and to preparc written reports thercon.
The lectures in Psychology and Ethics will deal with the
fact that a knowledge of men is the most important ele-
ment in education, and that in the relations of men per-

feet honesty is the only basis of real success.

This course in Eungincering and Economics is one of
the General Courses, and leads, like all others, to the
degrec of Bachelor of Science.

The scliedule of this course is given on pages 66 and

67, following.

GENERAL COURSES

General Courses are provided primarily for those who
may desire a thorough collegiate education in which
science predominates, but with a generous admixture of
other enltural studies, all of which are pursued according
to the standards and with the thoroughness of a profes-
sional school. They also afford an opportunity for
several other classes of students: those who may desire
to engage in scientific research, those who plan to be-
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come teachers of science, and thosc who may desire some
scientific preparation for a business carcer.

Students in General Courses must take all the re-
quired work common to all courses, in addition to their
major subject. The remainder of their work is pre-
scriptive, varying in accordance with their respective
plans and requirements. This work must be arranged
subject to the approval of the Faculty so as to form a
consistent whole.

GENERAL PLAN

Throop College sets applied sciences at the center of
its curriculum, but surrounds these with a border of es-
sential humanities. Architecturally, this emphasis is ex-
pressed by Alexander Stirling Calder’s heroic figures of
the Humanities, grouped with Encrgy and Science over
the archways of the main building. The College holds
that certain so-called “cultural” studies are indeed most
practical and ncedful. It believes that the English
language is the chief tool in the enginecer’s kit; and re-
quires four yecars’ study of it, instead of the one-year
requirement of most enginecring courses elsewhere. It
believes that the young engineer must also know at least
one continental language, with its appropriate background
of history, besides American history and civics and busi-
ness law. It believes that his first object should be serv-
iceable citizenship, and that in this direction he has an
unusual chance-—as a “civic enginecer,” as has been said.
It has no electives, but many “prescriptives,” appointed
according to individual talents or needs. It bas one in-
structor for every group of six students, and gives
much attention to research. It requires fifteen units for
admission and four yecars of hard work for graduation.
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It is not a place for boys to play, but for men to work in.

Among the agencies for imparting culture to the
novitiates of science are to be reckoned the open
courses in literature, music, and art so generously sup-
ported by the College and by patrons of the Pasadena
Music and Art Association. To his acquirements the
student may thus add appreciations. It is not possible
or even desirable that he know the technique of music
or the trick of art, but as an educated man he should
know the difference between Turner and Doré, Beethoven
and Sousa. In other words, he should know how to appre-
ciate music and art, and the appreciation of good music
and art is almost altogether a matter of familiarity.
Through opportunity of frequent acquaintance with the
masters and the masterpieces, adequately interpreted, a
yvouth may acquire those appreciations that form the very
luxury of culture.

A member of the Board of Trustees of Throop College
has said:

“It is a practice in which educational critics sometimes
indulge, to contrast science and art as opposed by their
very nature to one another. Science is stigmatized as
the symbol of a harsh materialism, and as the destroyer
of those essential beauties of art and life which in reality
stand above all means of analysis. In the eyes of such
critics, science would banish all beauty from the world,
by seeking to condense the mystery of poesy into a for-
mula, by substituting for the Parthenon an analysis of
its curves: in short, by a universal process of dissection
and destruction which would leave nothing for the imag-
ination to enjoy.

“But such vicws are based upon a superficial estimate
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of science, which has much in common with art. Iis
highest conceptions and its greatest pleasurcs are equally
those of the imagination, the indispensable source of all
great advances. Its modes of progress, though they may
scem mechanical and formal to those who do not look be-
neath the surface, are not more materialistic than the
brush-work of the painter or the stone-cutting of the
sculptor. Its results, so often regarded as merely
analytic and destructive, are in the end synthetic and
constructive, appealing to the imagination as only the
greatest works of art can do.

“A Gothic cathedral, in all its sombre splendor, affords
to the imagination no more superb picture than the pri-
meval nebula, condensing toward the central sun, and giv-
ing rise to the planets of the solar system. The Parthenon
itself, even before its walls were demolished and its sculp-
tures removed, offered no more powerful appeal than the
march of evolution and the development of living things
since the first appearance of life upon the earth. And
if it be argued that these conceptions of science are
merely expressions of natural phenomena, grasped in the
large, and freed from the dross of incident and detail,
may not the same be said of the greatest achievements
of painting and of sculpture?

“But the contributions of science to the beauty of the
world are not confined to these products of synthetic
reasoning. In every direction it has multiplied our per-
ception and enlarged our vision. In distant space it has
found luminous clouds of exquisite spiral structure,
globular clusters of tens of thousands of stars, and re-
volving systems indirectly perceptible by the influence
of their motion on the nature of light. It has transformed
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the mud from the bottom of the sea into forms as perfect
as snow crystals, the skeletons of microscopic beings of
former ages. It has revealed bencath the green scum of
stagnant pools the infinitely varied and delicately beau-
tiful creatures of a living world as marvelous as the stellar
universe. It has pierced beyond this world into the
atom itself, and shown us the thousands of electrons,
whirling in orbits, which in endless combinations form
systems more varied and complex than their analogues
among the stars. Even analysis, then, may yield beauty,
and he who pcnetrates to the heart of nature will find
the powers of his imagination and his pleasure in all

forms of beauty—not Jeast those of literature and art-—

expanding as he goes.”

PLAN OF INSTRUCTION

All of the courses as far as possible combine the
following elements: the discipline resulting from the
preparation of recitations from text-books; the benefits
of the instructor’s point of view as developed in lecture
courses; the acquiring of the technique of expression and
design in the drafting room; the use of instruments of
precision in the laboratories; training in accuracy by the
use of field instruments; the importance of system in
tests of commercial equipment; the knowledge of physical
limitations as shown by the testing of materials; and the
impetus for original work as emphasized in the experi-
mental laboratories. The student is encouraged to use
the libraries to the fullest extent, and particular stress
is placed upon acquaintance with contemporary progress
and practice through a study of catalogues and by special
courses in current technieal journals. To develop expres-
sion and breadth of view, advanced students may be
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required to prepare and dcliver before the student body
stated reviews of recent developments and tendencies in
their ficlds of study. Before the completion of his eourse
cach Senior prepares a thesis representing the results of
his own original thought as applied to a concrete
problem.

The College has been peculiarly fortunate in sceuring
the presence of eminent engincers and other specialists
to address the assemblies, as the influence of leading
personalitiecs is an invaluable supplement to its cur-
riculom. The rapid development of a great industrial
environment about Los Angeles affords unlimited oppor-
tunities for visits to all kinds of engincering works in
operation and in process of construction, to chemical and
other manufacturing plants of the latest type, and to
power houses of modern design, while the advancing
utilization of the rich natural resources of Southern
California affords many valuable cxamples of the
methods used in drilling for oil, in refining petroleum and
other typical products, in making cement, in pumping,
and in developing power by means of hydro-electric
plants.

GRADUATION

TFor graduation, a total of 8384 units is required.

Each eandidate for a degree must prepare a thesis on
some subject included in his course, or an account of some
investigation made by him, or an original report or de-
sign accompanied by a complete exposition. Subjects of
theses are announced by the Taculty at the close of the
Junior year, whenever possible, and theses must be sub-
mitted to the Faculty for approval at least a month be-
fore Commencement. All theses and records of work
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done in preparation therefor, remain the property of the
College, and may not be published except by its authority.
The degree conferred by the College represents not
only the completion of one of its courses of study, but
also the attainment of a high standard of efficiency. Any
student who fails to show in his Senior year that he has
attained such a standard may be required to do such ad-
ditional work as shall test his ability to reach that stand-
ard, this work to take such form as the Faculty may pre-
scribe. At some time during his course the student
should make practical application of text-book theories
by undertaking actual labor connected with his future
profession; and the College affords aid in this direction
by such agencies as the Public Works Scholarship Fund,
described elsewhere. Summer work of this character is
warmly encouraged, being recognized as an important
supplement to the instruction offered at the College.



Schedules nf Courges

EXPLANATION OF TERMS

The “subject number” in the following tables refers
to the description of subjects begiuning on page 69.

The number of units given in each scmester for any
course is the total number of hours per week required
in that course, including class and laboratory work and
the estimated time for preparation.

The term “prescriptive” denotes, (1): Studies that
may be assigned by the Iaculty to determine the specific
direction of some of the courses. Ior example, students
in Engineering and Economics whose interest lies in the
applications of electrical energy take a group of sub-
jects in Electrical Engineering. (2): Subjects assigned
to a student according to the needs of his probable future
environment, as in the case of advanced courses in
Modern Language. (8): Subjects assigned in a special
case because of discovered deficiencies in previous train-
ing. For example, students needing further work in
Linglish of the type of Course 601-602 may be advised
to take “Special Composition” or “Spelling” in addition
to regular sophomore work.

The year is divided into semesters, beginning in Sep-
tember and February. The normal work of a semester
amounts to 48 units in Engineering and General Courses,
but when a subject continues throughout the year the
units granted for any semester may not be counted toward
graduation until the subject in question is completed.



ALL COURSES

FIRST YEAR
r Hours per Week
Subject | ————~ et ;
SUBJECTS Number Class Labora- | Prepa- Units

| tory ration
| !

I. FRESHMAN YEAR | \

1ST SEMESTER | !

REQUIRED | f |
English...oooovvoviinnn.. - 601 3 1 0 3 6
French, German or Spanish' 655, 475, (95 3 ‘ 0 £ 7
Advanced Algebra : 453 2 | 0 2 I 4
Computation..... .. 452 2 | 0 @ 4
Inorganie Chemistry ! 301 3 [ 3 12
Mechanical Drawing and i

Descriptive Geometry. .:; 701 0 [ 0 6
Freehand Lettering. ...... ’ 721 0 2 0 2
Technical Problems . i 771 1 0 1 2
Shop Work............... 741 or 742 0 4 0 4

PRESCRIPTIVE
Plane Trigonometry ...... 451 3 [ 3 6
French! 651 3 0 4 7
German! 671 3 0 4 7
Spanishl........ 691 3 0 4 7
Chemistry .. 301a 4 6 6 16
Freehand Sketchin 723 0 1 0 1

2ND SEMESTER

REQUIRED
English.................. 602 3 0 3 6
French, German or Spanish|636, (76, 696 3 0 4 7
Inorganic Chemistry. . » 302 1 i 0 1 2
Qualitative Analysis. 311 2] } 6 2 10
Analytical Geometry 454 3 0 6 9
Mechanical Drawing and £

Descriptive Geometry. .. 702 | 0 6 0 6
Freehand Lettering....... 722 | 0 2 0 2
Spherical Trigonometry?.. . 455 > 0 2 4
Pechnical Problems . ... .. 772 1 Q 1 2
Shop Work............... 741 or 742 0 4 0 4

PRESCRIPTIVE
Elementary Analysis 456 2 0 2 4
French!... 652 | 3 ] 4 7
German!. . 672 3 0 4 T
Spanish! 692 3 0 4 7
Freehand Sketching. . .. 724 0 1 0 1

1—If not offered for admission, either French 651-652, German 671-672, or
Spanish 691-692 is required, and the language thus begun must be con-

tinued through the Junior year.

In the Chemistry course two years of

German are required if French is offered for entrance, but if German is
offered for entrance one year of German and one year of French are re-

quired.

The language requirement for the Chemical Iingineering course

is the same as for the Chemistry course, except that a year of Spanish
may be substituted for the one year of French.

2—1In the Civil Engineering course.
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ALLECOURSES
SECOND YEAR

3 . Subject
SUBJECTS Number
—
II. SOPHOMORE YEAR
1sT SEMESTER
REQUIRED
Tl aos 5 wans @ panes s 603
French, German or bpdmsh 657, 677, 697
Caleulus 5
Physic 401
Physical Laboratory 102
Mechanisml 234 , ., ... 150
Surveying! 23... ... ... .. 201
Machine Drawings . 703
Shop Work1?2 ., — 743
Qualitative Analysis 15 ..., 312
PRESCRIPTIVE \ |
Brefichli: suese 5 gomms & mwy : 653
German$t. ! 673
Spanish6 | 693
Ameriean Government.. ... ! 588
Special Compesition,...... 611
Machine Drawing. ... 705
Freehand Sketching. .. ... 725
2ND SEMESTER |
REQUIRED i
Argumentation and Public ‘
Speaking vou sevcmsn « v 604
French, German or Spanish 658, 678, 698
Caleulus. .........o....... 458
Physies......ooon... o 403
Physical Laboratory.. ... .| 404
Applied Mechanies! 2 3 T ‘( 251
Surveyings. ... 202
Machine memg1 706
Shop Work! 2, ., T44
Quantitative Ana]vw, 316

PRESCRIPTIVE
Hremehb! oon e s mame g4
German6.
Spanisht
English

lﬁIn Electrical Engineering Course.
2—In Mechanieal Iungmeermg Course.

3—In Civil Engineering Course.

4-—In Chemical Kngineering Course.

5—In Chemistry Course.
6—See note 1, page 60.
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ELECTRICAL, MECHANICAL, AND CIVIL ENGINEERING
THIRD YEAR!

= Hours per Week
Subject
SUBJECTS Number Labora-| Prepa- [Units
Class tory [ ration
|
IlI. JUNIOR YEAR [
1sT SEMESTER |
REQUIRED
All Courses
English....oovueninin. s 605 2 0 ? 2 4
EConomics, .....oveuonn. 551 2 0 J 3 5
Strength of Materials. .. .. 252 4 0 | 6 5
BYAraulier: o guns e 270 % i 5
Direct Currents........... 100 3 0 4 T
Direct Current Laboratory 101 0 3 1 4
Engineering Journals. ... .. 751 1 0 1 2

Electrical Engineering
Electricity and Magnetism. 405 1 0 2 3
Electrical Measurements.. . 406 1 0 1 2
Electrical Measurements.. . 407 0 2 0 2
Testing Materials Labora-

7)o, S 261 0 6 0 6
Graphic Staties........... 253 0 4 0 4

Mechanical Engineering
Electricity and Magnetism. 405 1 0 2 3
Testing Materials Labora- |

0LV saywa prowres 261 0 6 | 0 6
Graphic Staties 253 0 4 0 4
Valve Gears and Governors 152 1 2 1 4

Civil Engineering !
Highway Engineering. . ... 205 1 o | 2 3
Theory of Structures...... 217 3 3 5 11
Testing Materials Labora-

ROTY, sassn . smans s s 262 0 3 0 3
2ND SEMESTER
REQUIRED
All Courses

Baglish. ccon: covns sammion 606 2 0 2 4
Economic History. . _—_ 552 1 0 3 4
Hydraulie Motors......... 271 2 0 2 4
Hydraulies Laboratory. ... 272 0 6 0 3
Hydrauliec Machinery..... 273 3
Alternating Currents . 102 | 3 0 4 T
Engineering Journals. ... .. 752 1 0 1 2

Electrical Engineering
Alternating Current Labo-

TOTOTY i siale slomie 5 435 § §/¥ 103 0 6 [ 6
Thermodynamies......... 160 2 0 2 4
Machine Design.......... 153 2 4 2 8

Mechanical Enginecering
Alternating Current Lab-

OTALOTY: s:vis - svois .cimms 9.4 103 0 6 0 6
Thermodynamies......... 160 2 0 2 4
Machine Design.......... 153 2 4 2 8

Civil Engineering
Theory of Structures,..... 218 3 3
Railway Surveying and

Engineering............. 206 3 3 6 11

Electrical Laboratory..... 143 0 3 1 4

1—For prescriptive courses see pagez 68,



ELECTRICAL, MECHANICAL, AND CIVIL ENGINEERING
FOURTH YEAR!

. Hours per Week
Subject .
SUBJECTS Number Labora- | Prepa- |Units
Class ' tory ration
IV. SENIOR YEAR
18T SEMESTER
REQUIRED

All Courses
L 607 1 0 2 3
Psychology and Ethies. .. . 590 1 0 1 2
Accounting 561 2 0 2 4
Publie Utilities = 225 1 0 1 2
Engineering Journals...... 53 1 \) 1 2
L O A, 800 3

Electrical Engineering
Alternating Current Analy-

N 104 3 0 6 9
Alternating Current Labo-

TBLOTY . cincy s siotiia bl & 105 0 6 0 6
Induction Machines, ..... 110 2 0 4 6
Electrie Lighting and Power

Distribution............ i 112 2 0 3 5
Steam Laboratory........ i 175 o | 3 1 4
Thermal Prime Movers.. ., 171 2 | 0 3 5

Mechanical Engineering ;

Thermal Prime Movers., . . 161 4 0 6 10
Advanced Machine Design 154 2 ; 6 3 11
Steam Laboratory........ 165 (U 6 2 8
Electric ~ Lighting  and | i

Power Distribution. . ... 112 2 0 3 5

Civil Engineering !

Reinforeed Conerete. . . ... 219 2 | 0 4 6
Structural Design......... 221 0 ! 9 0 9
Irrigation and Water

SUDDIY . oote v aiaind sinision & 215 3 0 5 8
Sewerage and Drainage.. . . 209 2 | [ 4 6
Mineralogy.............. 525 1 i 2 1 4

|
2ND SEMESTER !
REQUIRED [‘

All Courses !
English.................. 608 1 0 2 3
Modern Europe........... 587 2 0 3 5
Business Law.......,..... 575 2 0 2 4
City Planning............ 226 1 0 1 2
Engineering Journals. ... .. 754 1 0 1 2
Thesis.......cooviivenn.. 800 9

Electrical Engineering
Electrical Engineering. ... . 106 4 0 6 10
Electrical Engineering Lab-

oratory............. Fy 107 0 3 0 3
Power Plant Engineering. . 163 3 0 3 6
Fuel and Lubricant Lab-

oratory................ 166 0 3 0 3

Mechanical Engineering
Power Plant Engineering. , 162 3 4 3 10
Mechanical Engineering

Design. ..o vennrnenn s 155 5 § 4 1 6
Mechanical Engineering

Laboratory............. 170 0 3 1 4
Fuel and Lubricant Lab-

OLALONN. o cvomin wwmsn 4.1 166 0 3 (1] 3

Civil Engineering
Masonry Structures...... 220 2 0 3 5
Civil Engineering Design 222 0 12 0 12
Heat Power Engineering. . 168 2 0 2 4
Geology. ...ivvvrrriannns 526 2 0 2 4

1—For prescriptive courses see page 68.
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CHEMISTRY AND CHEMICAL ENGINEERING

THIRD YEAR!

3 Hours per Week
Subject
SUBJECTS Number Labora-)| Prepa- |Units
Class tory ration
III. JUNIOR YEAR { |
18T SEMESTER
REQUIRED

Both Courses
Englisheooooon g siais sonn 605 2 0 2 4
Economics......... 551 2 0 3 5
Organic Chemistry 351 3 0 5 8
Organic Chemistry Lab-

(1) ¢2100) " A Y 353 0 6 0 6
Theoretical Chemistry..... 331 3 0 5 38
Theoretical Chemistry Lab-

oratory................ 333 0 3 2 5

Chemical Engineering i
Strength of Materials. . ... 2521 | 4 0 6 5
Hydraulies: . . s v wpp gows 270 i { 5
Testing Materials Labora-

OV vy s 5 T B 262 0 3 0 3

Chemistry
PRESCRIPTIVE i
Quantitative Analysis. .... 317 0 6-12 0 6-12
Electricity and Magnetism |, 405 1 0 2 3
Electrical Measurements

and Methods........... 406 1 0 1 2
Electrical Measurements. .. 407 0 2 0 2
Mineralogy ............. 525 1 2 1 4

2ND SEMESTER
REQUIRED
Both Courses
EAglah e s g e e s 606 2 0 2 4
Economic History. . 552 1 0 3 4
Organic Chemistry........ 352 3 0 5 8
Organic Chemistry Labora-

QTN 5508 oo B 0 a0 354 0 6 0 6
Theoretical Chemistry... . . 332 3 0 6 9
Theoretical Chemistry Lab-

oratory 334 0 3 2 5
Technical Analysis. 321 1 3 2 6

Chemical Engineering
Machine Drawing......... 706 0 3 0 3
Thermodynamiecs......... 160 2 0 2 4

Chemistry
PRESCRIPTIVE
Quantitative Analysis..... 318 0 6-12 0 6-12
Applied Heat............. 410 1 3 3 7
GeBlog i cna s cemawn wma v 526 2 2 4

I—Tor first and second year schedules of these courses see pages 60, 61.

For other prescriptive courses see page 68
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CHEMISTRY AND CHEMICAL ENGINEERING

FOURTH YEAR!

Hours per Week

Subject e e
SUBJECTS | Number Labora- | Prepa- | Units
i Class tory ration
|
IV. SENIOR YEAR ! L
1ST SEMESTER ‘
REQUIRED ‘ I
Both Courses l
B hehe o, v o sdins o s £ 607 1 0 2 3
Psychology and Ethies. . .. 590 1 0 1 2
Aceounting............... 561 2 0 2 4
Theoretical Chemistry. ..., 335 2 0 4 6
Theoretical Chemistry
Laboratory ........... 336 ] 2 1 3
Research Reports......... 763 1 ] 1 2
30 11 800 6
Chemical Engineering ;
Direct Currents........... ; 100 3 0 4 7
Direct Currents Laboratory |! 101 0 3 1 4
Industrial Chemistry. . . 371 3 0 3 6
Technical Analysis........ ! 322 1 3 2 6
Chemistry !
PRESCRIPTIVE
Technical Analysis....... 322 1 3 2 6
Food Analysis............ 323 0 6 0 6
Industrial Chemistry...... 371 3 0 i 3 6
Direct Currents and. ...... 100 3 o ! 4 7
Direct Current Laboratory 101 0 3 ‘ 1 4
or
Technology of Petroleum. . 361 1 4 2 6
2ND SEMESTER
REQUIRED
Both Courses
English.................. 608 1 0 2 3
Modern Europe. . . 587 2 [ 3 5
Business Law. ..... 575 2 0 2 4
Research Reports. . 764 1 0 1 2
PHESIS v cnvg =mars 3 T b & 800 18
Chemical Engineering
Alternating Currents. .. ... 102 3 0 4 7
Electrical Laboratory. .. .. 143 0 3 1 4
Industrial Chemistry. ... .. 372 3 0 3 6
Chemistry i
PRESCRIPTIVE
Food Analysis............ 324 0 6 : 0 6
Industrial Chemistry. ... .. 372 3 0o | 3 6
Technology of Petroleum. . 362 1 3 2 6
or
Alternating Currents. .. ... 102 3 0 4 T
Electrical Laboratory. .. .. , 143 0 3 1 4

I—For other preseriptive eourses see page 68.
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ENGINEERING AND ECONOMICS

Hours per Week

SUBJECTS | Rpaek Class | Lbora- | Propa- |Units
| e tory | ration
=]
III. JUNIOR YEAR
18T SEMESTER

REQUIRED
Enpglshe; s aess 50 bk 605 2 0 2 4
Economies,...ocvvavseons 551 2 0 3 b
Strength of Materials...... 252 4 0 6 5
Hydraulies............ it 270 § 6
Direct Currents........... 100 3 0 4 T
Direct Current Laboratory| 101 0 3 1 4
Testing Materials Labora-

LOYYcois wuisinss swwes v 262 0 3 0 3
Accounting.. . 563 3 0 3 6
Statistics 553 1 0 1 2
Engineering Journals ! 751 1 0 1 2

PRESCRIPTIVE |

Electrical Engineering |
Electricity and Magnetism 405 & 0 2 3
Graphie Staties........... 253 0 4 0 4

Mechanical Engineering
Valve Gears and Governors 152 1 2 1 4
Graphic Staties........... | 253 0 4 0 4

_Civil Engineering |
Highway Engineering. . ... 205 1 0 2 3
Graphic Staties........... 253 0 4 0 4

or
Theory of Structures...... 217 3 3 5 11
2ND SEMESTER
REQUIRED
Enelishi cuomss o0 ws saags s 606 2 0 2 4
Ecoromie History......... ! 552 1 0 3 4
Hydraulics Laboratory....! 272 0 3 0 3
Alternating Currents...... 102 3 0 4 7
Electrical Laborator; 4 143 0 3 1 4
Thermodynamies. . . 160 2 0 2 4
Banking... 565 2 0 2 4
Securities. .. . . 5 566 1 [1] 1 2
Business Law......... drvie 576 2 0 3 5
Engineering Journalg. ... .. 752 1 0 1 2
PRESCRIPTIVE ‘
Elecirical Engineering
Machine Design.......... ‘ 153 2 4 2 8
or
Hydraulie Motors......... ! 271
Hydraulic Machinery...... } 273 % 2 3 2 7
Mechanical Engineering |
Machine Design.......... ! 153 2 4 2 8
or i
Hydraulic Motors. 271
Hydraulic Machin st 2 3 2 i
Civil Engineering
Theory of Structures ... .. i 218 3 0 5 8
or |
Railway Surveying and
Engineering............. 206 3 3 5 11
or
Hydraulic Motors......... 271
Hydraulic Machinery...... 273 } E 8 2 i

1—For first and second year schedules of this course, see pages 60, 61.
For other preseriptive courses see page 68.
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ENGINEERING AND ECONOMICS
FOURTH YEAR!

g Hours per Week
| Subject §
SUBJECTS | Number - Labora- | Prepa- Units
Y tory | ration
IV. SENIOR YEAR
1sT SEMESTER “
REQUIRED ‘
English. .. 607 1 0 2 8
Psychology a 590 1 0 1 2
Publie Utilities........ 225 1 0 1 2
Commercial Organization. 581 2 0 3 b
Industrial Management.. . 583 2 0 3 b
Business Law 577 2 0 3 5
‘Transportation...... 585 2 0 2 4
Engineering Journals. 753 1 0 1 2
hesis. ..o ceviveverenann 800 3
PRESCRIPTIVE
Electrical Engineering
Alternating Current Analy-
B Emits Sagettes el Pl i 104 3 0 6
Alternating Current Labo- ‘
LALOTY. voni o swiwes s ¢ 106 0 6 0 6
Mechanical Engineering
Steam Laboratory........ 165 0 6 2 8
Thermal Prime Movers.... 161 4 0 6 10
Civil Engineering
Irrigation and Water
SUPPLY . v veernnnnnn 216 3 0 5 8
Sewerage and Drainage.. 209 2 0 4 6
Reinforced Concrete ....... 219 2 0 4 6
Structural Design ........ 221 0 9 0 9
2ND SEMESTER
REQUIRED
EORGIEN i amts, skiais Fasliss 608 1 0 2 3
Modern Europe.......... 587 2 0 3 5
City Planning............ 226 1 0 1 2
Commereial Organization... 582 2 0 3 b
Industrial Management.... 584 2 0 3 5
Taxation . gsvsw savoias swaia 554 1 0 1 2
Cost Accounting, b64 0] 0 3 b
Engineering Journ: 754 1 0 1 2
THesIS: v ais o sivios 9 886 555 800 10
PRESCRIPTIVE
Electrical Engineering
Power Plant Engineering. ., 163 3 3 6
Electrical Engineering Lab-
OPALOLY. o5 oy & womes s - 107 0 3 0 3
Mechanical Engineering
Machine Design .......... 153 2 4 2 8
Mechamcal Engineering
T e T i 155 1 4 1
Civil Engineering |
Power Plant Engineering. . 163 3 Q 3 8
or
Railway,Surveying and !
Engineering .. ........... . 206 3 3 5 11
or
Hydraulic Motors......... 271
Hydraulic Machinery...... 273 } 2 8 2 7

1—For other prescriptive courses see page 68.



PRESCRIPTIVE STUDIES!

THIRD AND FOURTH YEARS

Hours per Week
: bject
SUBJECTS i S‘;n{%cer Labora- | Prepa- |Units
! Class tory ration
III. JUNIOR YEAR !
|
1ST SEMESTER :
Differential Equations.. ... 459 2 0 4 6
Munieipalities. ........... i 5389 1 0 1 2
Advanced French II.. i 659 2 0 3 5
Advanced German II... / 679 2 0 8 5
Eighteenth Century thera- ‘

175 PP SNRTR SRS 609 2 0 2 4
Mineralogy.............. 525 1 2 1 4
Chemistry (see pages 89-91)

ZND SEMESTER i
Applied Heat.............[| 410 1 3 5 7
Differential Equatlons ..... 1 460 2 0 4 6
Least Squares............ ; 461 2 0 3 5
Advanced French II....... 660 2 0 3 5
Advanced German II...... 680 2 0 3 5
Geology. ................ 526 2 0 2 4
Chemistry (see pages 89-91) i
i
IV. SENIOR YEAR |
1ST SEMESTER
Applied Opties........... 412 1 3 3 i 7
Advanced Caleulus........ 463 2 0 4 6
Advanced French III... ... i 661 2 o 3 5
Advaneed German ITL. ... | 681 2 0 3 5
Electrical Communication. |: 108 2 0 3 5
GEOLOEY 54 i s nwws s s s | 527 2 0 2 4
2ND SEMESTER
Advanced Calculus........ 464 2 0 4 6
Advanced French III.. 662 2 0 3 5
Advanced German II1I... . 682 2 0 3 5
Advanced Eleetrical Engm-
eering. . ...........uu.s : 109 % 0 & h

1—Any study not required in a course may be treated as preseriptive.
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Beseription of Dubijerts

INDEX
Subject
Subjects Numbers Page
fileetrical Engineering ... 100-149 69

Mechanical Engincering 1650-200 75

(livil ¥ngineering ............ .201-250 79
Applicd Mechanics and Hydraulics 3
Chemistry; Chemical Engineering. 87
’hysics 95
Mathematics 98
CGeology - - 101
12conomic Business Administration.. he 102
Iinglish T.anguage and Titeratuve.... .. .. 601-650 106

Argumentation and Pubhlic Speaking 04 107
I'rench, German, and Spanish.. 51-T60 100
Drawing ... ... 01-730 113
Shop Instruction JI81-T50 115

Collateral Subjects 751-790 116

ENGINEERING

The work listed in the three branches of engincering
deseribed in the pages immediately following is de-
signed to give the student sound training, both theoretical
and practical, in those fundamental subjcets upon which
professional practice is based. He is familiarized with
the use of engineering apparatus and methods, and with
the usual problems of practice. Particular care is taken
to enforce the application of the principles taught.

ELECTRICAL ENGINEERING

100. Direcr Currents.—Theory and practice of direct cur-
rent machinery, and measuring instruments. Numerous prob-
lems are solved. Text: Elements of Flectrical Engineering,
Franklin and Esty, Vol. 1. Required in Electrical, Mechanical
and Civil Engineering courses, first semester junior year, and
in the Chemical Engineering course, first semester, senior year.
(7 units)

101. Direct CurrENT Laporarory.—Uses of measuring in-
struments, determination of direct current machinery char-
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acteristics, cfficiency tests, and the operation of direct current
motors and generators, singly and in multiple; arc lamp opera-
tion. Required in Electrical, Mechanical, and Civil Engineering
courses, first semester, junior year, and in the Chemical En-
gineering course, first semester, senior year. (4 units)

102. ErEMENTARY ALTERNATING CurreEnTs-—lementary
study of alternating currents by analytical and graphical meth-
ods. Measuring instruments; inductance and ecapacity, har-
monic clectromotive force and harmonic current; problems of
reactive circuits; resonance; problems of coils in series and
multiple; single and polyphase alternators; single and poly-
phase systems; synchronous motors; simple rotary converters;
transformers; induction, and single phase motors. Numerous
problems are worked. Text: Elements of Electrical Kngineer-
ing, Franklin and Esty, Vol. Il. Required in Electrical, Me-
chanical and Civil Engincering courses, second semester, junior
year, and in the Chemical Engincering course, second semester,
senior year. (9 units)

103. AvrtERNATING CURRENT LaBoraTorY.—Supplementary to
102. Three wire generators and systems; analysis of character-
istics, determination of efficiency regulation and rating, and
other tests on alternating current generators, motors and trans-
formers; calibration of indicating and recording meters. Re-
quired in Electrical and Mechanical Engineering courses, second
semester, junior year. (6 units)

104, AvrrerNaTiNGg CurrENT ANarysis.—Advanced study of
the magnetic and electric circuits; problems of the electro-
static and electromagnetic fields; study of magnetic materials,
solution of problems involving the symbolic method and com-
plex notation; analysis of electromotive force, and current,
nonsinusoidal wave forms; use of the oscillograph. Required
in Electrical Engineering courses, first semester, senior year.

(9 units)
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105. ArterNaTiNG CURRENT Lanoratory.—Complete tests of
the synchronous motor; the operation of synchronous machines
in parallel; complete tests of transformers; study of polyphase
connections; rotary converter tests; photometric measurements;
use of the oscillograph; testing of magnetic materials. Required
in Electrical Engineering courses, first semester, senior year.

(6 units)

106. Erecrricar Enxcineerive.—The eleciric railway, pre-
liminary investigation, determination of equipment, location and
design of sub-stations, use of storage batteries, comparison of
alternating and direct current systems; the transmission line,
determination of economic voltage and other problems involved,
line protection; clementary transient phenomcna; corona. Re-
quired in Electrical Engineering courses, second semester, senior
year. (10 units)

107. EiecrricaL ENGINEERING LaBvorarory anxp DESIGN.—
The design of some electrical apparatus, the data for which
are obtained from tests made on machines in the laboratory.
Required in Electrical Enginecring courscs, second semester,
scujor year. (8 units)

.

108. Erecrricar CommunicarioNn.— A study of the clements
of telephone, telegraph, and call systems. DPrescriptive, first
semcster, senior year. (5 units)

109. Apvancep Eiecrricar ExciNierRiNg.—A detailed study
of circuits, including advanced work in wave propagation and
transient phenomena in electric conductors. Prescriptive, second
semester, senior year. (5 units)

110. Ixpucrion MacHiNgs.—An advanced study of the sta-
tionary transformer, with special emphasis upon problems of
multiple operation which involve problems of polyphase pularity,
together with single and polyphase multiple circuits; theory and
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operation of the induction maotor; single phase alternating cur-
rent motors.  Required in Electrical Engincering courses, first
semester, senior year. (6 units)

Electric
distribution and wiring; calculation of simple alternating cur-
rent circuits; installation and operation costs and selling price
of clectric power. Required in Bleetrical and Mechanical En-
gineering courses, first semester, senior year. (5 units)

112. Eiecrric Liciiriyg axp Powekr DistrIBUTION.

143. Erizcrmican Lasorarory.—Abridged study of alternat-
ing current laboratory similar to 103, but adapted to the needs
of Civil and Chemical Yngincering students., Required in the
Civil Engincering course, second semester, junior year, and in
the Chemical Engincering course, sccond semester, senior year.

(4 units)

[Sex avso Sunsecrs 150, 153, 160, 163, 171, 175, 201, 225, 226,

251, 252, 253, 261, 270, 271, €12, Axp 273.]

ELECTRICAL ENGINEERING EQUIPMENT

The apparatus has been so installed as to permit the
arrangement of dhe laboratories as a system of power dis-
tribution if desired. Nearly all the machines used for
testing purposes are of onc rating, that is, the motors
arc 10 horse-power and the generators have a capacity
of 734 kilowatts, these being standard commercial sizes
which are carried in stock. The picces of apparatus are
so sclected with regard to voltage and speed that nearly
all of the motors and gencrators may be grouped into
pairs, each pair being capable of operation as a motor-
generator sct.

Power Avrararvs.—One threc-unit Allis-Chalmers motor
generator set consisting of a 75 horsc-power, 50 cycle, 2200
volt induction motor, with auto-starter, directly connected to
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and mounted on the same bed plate with two 25 kilowatt, 125
volt direct-current generators; one three-panel white marble
switchboard for building distribution, equipped with knife
switches, cartridge fuses, and watt-hour meters only; one six-
panel natural black slate General Electric Company switch-
board, two panels of which bave plug terminals by means of
which the leads running from one set of testing machines may
be connected to those running to any other similar sct; two of
the other four panels are used to control the direct current
generators of the three unit set, and are equipped with field
control, ammeters, voltmeter. circuit breakers, switches, ete.;
one of the remaining panels has on it three alternating-current
ammeters, a three-phase circuit breaker, a three-pole knife
switch, and serves to supply three-phase, 110-volt alternating
current to the laboratories; the remaining panel is equipped
with graphic ammeter, a starting switch, and an oil switch
with overload release, and serves to control the 75 horse-power,
2200 volt motor-generator set; two 7.5 kilowatt compound West-
inghouse direct-current generators, usable also as motors; one
10 horse-power four-pole serics Westinghouse motor, usable
also as a generator; one General Tlectric 63-4 kilowatt regu-~
lating-pole rotary converter, with connections for one, three,
and six phases, equipped with speed limit and play devices;
one Westinghouse 7.5 kilowatt rotary converter with connee-~
tions for one, two, three, and six phases and usable as a regular
or inverted rotary converter, double-current generator, syn-
chronous or direct current-motor, and a three-wire direct-
current generator; two inter-pole, variable speed, 10 horse-
power General Flectric motors; one three-phase, 10 horse-power,
110 volt, 50 cycle Holtzer-Cabot synchronous motor, with field
arranged for use as a synchronous condenser, or for reactance,
and provided with bridges to make it self-starting; one 10 horse-
power, squirrel cage type, General Electric three-phase induc-
tion motor, with starting compensator; one 7.5 kilowatt, revolv-
ing field, Central Laboratory Supply Company generator, with
connections for one, two, three and six phases, and usable also
as a synchronous motor; one 8 horse-power, three-phase West-
inghouse induction motor; one 1.5 kilowatt single-phase Central
Lahoratory Supply Company generator, usable also as a syn-
chronous motor; cne 1.5 kilowatt Crocker-Wheeler dynamotor;
one (.5 kilowatt Idison bipolar generator; one 0.25 horse-power
Tundell motor; one General Rlectric voltage regulator, Tirrill
patent; one 1.9 kilowatt three-phase induction-type feeder-reg-
ulator; one 5 kilowatt, cruciform core, General Flectric trans-
former; two 600 watt General Electric transformers; two 3000
watt auto-transformers; two potential transformers; six 3 kilo-
watt transformers of special design for use in the study of
polyphase connections, including two-to-three-phase transform-
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ation; miscellaneous switches; circuit breakers; lamp boards;
models; wiring supplies, tables, etc.

ProromEarric Arpararus.—A ILeeds and Northrup station
photometer, with Lummer-Brodhun screen, motor driven lamp
rotor, and other fittings; a Macbeth portable illuminometer;
standard lamps certified by Bureau of Standards; alternating
and direct-current arc lamps.

CarisraTing InstRUMENTS.—A Leeds and Northrup deflec-
tion potentiometer, designed by the United States Bureau of
Standards, with certified standard cell and shunts; Siemens-
Halske precision alternating and direct-current voltmeter, range
75-150 volts; three Siemens-Halske precision ammeters for cur-
rents varying from 1-10 to 200 amperes; standard Model-5
Weston voltmeter; standard Model-5 milli-voltmeter with shunts
for determining current values; milli-ammeter.

Measurivg InstrumENTs.—A General Electric Company oscil-
lograph, with attachments; a Richard Miiller-Uri cathode ray
tube for cathode ray oscillograph work; an Epstein hysteresis
tester, made by the General Electric Company; a collection
of portable ammeters, and voltmeters, for both alternating and
direct current work, the collection being so chosen as to include
instruments of the plunger, D’Arsonval, inclined coil, electro
dynamometer, hot wire, and electrostatic types; also milli-volt-
meters with shunts for the measurements of heavy direct cur-
rents—the trade names for some of the types being the American,
Hartmann & Braun, Keystone, Thompson, Weston, and Whit-
ney ; three Weston indicating wattmeters; one Westinghouse one,
two, and three-phase indicating wattmeter; one General Electric
wattmeter for low power factor measurements; Stanley, West-
inghouse, and other watt-hour meters; one Westinghouse power-
factor meter; one General Electric synchronism indicator; one
General Electric frequency meter, and also one Hartmann &
Braun vibrating reed frequency meter; a permeammeter of
United States Bureau of Standards pattern, made by Throop
students.

Hrierx Tension ApparaTus.—A laboratory for high tension
work will be ready for the use of classes in 1915-16, most of
the equipment being already on the ground, the installation
proceeding as rapidly as necessary. This will contain two
125,000-volt transformers, by means of which a potential of
250,000 volts may be obtained; a Wienholtz static machine of
the largest size; induction coils, and other necessary apparatus.
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MECHANICAL ENGINEERING
150. MEecuaxism.—Kinematics of machines, various exam-
ples of mechanism in machinery, geometry of motion of parts,
velocity diagrams, various linkages, cam motions, toothed gear-
ings, belt and chain drive, and the mechanism of machine tools.
Class discussion, and drawing board studies. Required in all
Engineering courses, first semester, sophomore year. (7 units)

152, Varve Grars AND Govervors.—Valve gears as used on
steam and internal combustion engines, including plain slide
valves, piston valves, double ported valves, and those with riding
cut off'; reversing gears such as Stephenson, Walschaert, Joy,
Marshall and Hackworth; poppet valve gears; governors for
valve conlrol, centrifugal and inertia types; governors for
internal combustion engines and turbine governors. Recitation
and drawing board studies. Required in Mechanical Engineer-
ing courses, first semester, junior year. (4 units)

153. Macruxe DrsieNn.—A critical study of the problems
involved and the best method of solution employed in designing
various machines, the choice of material, the arrangement of
members to insure accessibility and ease of repair, distribution
of material, the design of bearing surfaces and methods of
lubrication to maintain oil film; the proportion of sliding sur-
faces to prevent uneven wear; caleulations of machine fasten-
ings and riveted joints, fly wheels and thick cylinders, shrinkage
and forced fits; sbafting and cranks for strength and stiffness
with torsional or combined stresses; friction couplings, and
brakes; spur, friction and helical gears, belts and ropes for
power transmission; machine frames. Lectures, recitations and
drawing board studies. Required in Electrical and Mechanical
Engincering courses, second semester, junior year. (8 units)

154. Apvancen Macmine DresieN.—A continuation of the
work in Subject 153, with special reference to the needs of the
student; a critical study of many special machines, such as
eranes and hoists; punches and modern metal working ma-
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chines; pumps, blowers, motor trucks. The student is required
to design some machine of considerable magnitude involving
complex stresses. A study is made of special methods of con-
struction and assembly and of the uses of high grade special
stecls and alloys and heat treatment. Required in Mechanical
Enginecring courses, first semester, senior year. (11 units)

1565, MecHaNICAT, ENGINEERING Dusiex.—A continuation of
the work in design with the principles applied to the propor-
tioning of parts for stcam cngines and inlernal combustion
motors, dynamometers, bodics with a high rotative speed.
Dynamics of machinery, cffcets of reciprocating parts, inertia
stresses, balancing. A completed design of some machine is
required. When desirable the student may choose the design
of some special piece of apparatus to be used in an original
investigation as the subject of his study. Required in Mechan-
ical Kngineering courses, second semester, senior year.

(6 units)

160. TaHERMoDYNAMICS AND Hiar Ewxcixes.—Principles of
thermodynamics, discussion of propertics of gases, saturated
and superheated vapors, various cycles of vapor engines and
internal combustion engines. Required in Llectrical, Mechan-
ical and Chemical Engineering courses, second semester, junior
year. (4 units)

161. Tnermarn Prime Movers—Continuation of 160. Com-
parison is made of ideal and actual cycles of vapor and ex-
ternal and internal combustion engines. Relative economies of
steam engines, turbines and internal combustion engines are
discussed. Study is made of flow of vapors and gases through
orifices and pipes. Required in Mechanical Engineering courses,
first semester, senior year. (10 units)

162. Power Praxt ExceinceriNg.—Study of the apparatus
used in power plants of all types, with comparisons of cost
of installation and operation. 'The course includes a study of
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boilers, heaters, economizers, cngines, turbines, condensers, pip-
ing, gas producers, refrigeration, and heating. Application is
made to the design of a plant for certain given conditions,
including building, selection of apparatus and installation
drawings. Required in Mechanical Engineering courses, second
semester, senior year. (10 units)

163. Powrr Praxr ExciveeriNc.—Abridged, for Electrical
Iingineering students. Relative economics of steam engines,
steam turbines and internal combustion engines, boilers, heaters,
economizers, condensers, piping, and gas producers. Required
in Electrical Engineering courses, sccond semester, senior year.

(6 units)

165, SteEam Lasoratory.—Calibration of instruments, tests
on brakes, dynamometers, steam calorimeters and injectors;
tests on the steam cngine, steam turbine, stcam pump and
gas engine for efficiency and economy; valve setting; compari-

son of governors; boiler and plant test. Required in Mechanical
Engineering courses, first semester, senior year. (8 units)

166. Furn axp Lusricaxt Lasorarory.—Tests of lubricants,
investigation of friction, fucl and gas analysis and calorimetry.
Required in Mechanical and Electrical Iingineering courses,
second semester, scnior year. (3 units)

168. Hrear Powrr Exciseerixe-—Principles of thermody-
nanies and their applications to steam engines, turbines, and
internal combustion engines.  Study of power plant apparatus.
Required in Civil Engineering courses, second semester, senior
year. (4 units)

170. Mrcmavican  ExciNerriNg  Lasorarory.-—Calibration
and tests on special apparatus used in mechanical engineering.
Visits to and reports on power and manufacturing plants in
Southern California.  Tnvestigation of special branches of me-
chanjical engineering.  Required in Mechanical Engineering
courses, second scemester, senior year. (4 units)
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171. 'TueErRMAL Prrme Movers.—Similar to 161, but abridged
and adapted to the needs of students in Ilectrical Engineering.
Required in Electrical Engineering courses, first semester,
senior year. (5 units)

175, StEam LaBoraTorY.—Similar to 165, but abridged and
adapted to the needs of students in Tlectrical Engincering.
Required in Electrical Engineering courses, first semester, senior
year. (4 units)

|SEE Arso Sumsrcrs 100, 101, 102, 103, 112, 201, 225, 226, 251,
252, 253, 261, 270, 271, 272, axp 273.]

MECHANICAL ENGINEERING EQUIPMENT
The equipment was selected with great care and with
a view to performing such tests and experiments as are
valuable in assisting the student to gain a thorough under-
standing of the theory of design, as well as a practical
knowledge of the laws of operation of the machines and
apparatus which he will use in his enginecring carcer.

Steam aNDp Powrr LaBorarories.—There are provided for
testing purposes a 25 horse-power Atlas steam engine with
automatic fly wheel governor and throttling governor, Austin
steam separator, Sargent steam meter, and indicator attach-
ments; apparatus for determining the flow of steam through
nozzles and orifices; a IFairbanks-Morse stationary type gas en-
gine, a Kerr four stage steam turbine direct-connected to a
Fort Wayne direct current generator; a surface condenser, with
accurate provision for weighing the condensed steam and cool-
ing water; a Duplex air pump; several injectors of the Lunken-
heimer, Pemberthy and Hancock types, a Westinghouse motor-
driven air compressor, a small duplex steam pump, a single
cylinder steam pump, two motor-driven centrifugal pumps,
scales and weighing tanks, a Schuchardt & Schutte tachometer,
an American-Thompson indicator, a Crosby outside-spring com-
bined steam and gas engine indicator, a Crosby indicator re-
ducing wheel, and Crosby continuous indicator drum; a flue gas
analysis apparatus, and a planimeter; an exhaust heat calori-
meter for gas and oil engine tests; a barrel calorimeter, a
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separator calorimeter, and a throttling calorimeter, for the
determination of the quality of steam, an Ellison universal
calorimeter, various steam gauges, and a Crosby standard gauge
tester; an Alden transmission dynamometer, a Kenerson trans-
mission dynamometer, prony brakes for all engines; and a 150
horse-power Scotch marine-type boiler with complete burners
and auxiliaries for oil firing and separately fired steam super-
heater. Steam from this boiler is used for heating purposes
through pressure-reducing valves, but the boiler is at all times
available for laboratory work with stcam pressures up to 125
pounds. The whole heating system is fitted up in a manner
most convenient for making tests of its efficiency, and such
tests are frequently made.

Fuen axp Lusricant Lasorarvory.—For the testing of lubri-
cants there are provided a Carpenter’s viscosimeter, Doolittle’s
torsion viscosimeter, and several other types, a Williams im-
proved Westphal balance, hydrometers, specific gravity appura-
tus, flash and burning point apparatus, various chemical appara-
tus for the detection of adulterants, an oil testing machine of
the Kingsbury type, and a 1200-pound Riehlé machine for the
investigation of friction and wearing qualities of lubricants.
A Parr standard calorimeter for solid and liquid fuels, and
a Sargent gas calorimeter with provision for the determination
of sulphur are employed in analyzing fuels and in determining
their theoretical heating value. There is also an assortment
of thermometers, stop watches, and a platinum resistance high
temperature pyrometer, with indicating apparatus.

LasoraTory Szop.—A small shop room is employed in con-
nection with the laboratory practice. The equipment comprises
a 14-inch Lodge & Shipley engine lathe, a 20-inch drill press, a
sensitive drill, emery wheels, vises, and a large assortment of the
usual machine shop tools. A 5 horse-power Fairbanks-Morse
motor furnishes the motive power.

CIVIL ENGINEERING

201. SURVEYING.
ployed in making surveys for engineering work, including the
use, care and adjustment of instruments, linear measurements,
angle measurements, note keeping and field methods. Required
in Electrical, Mechanical and Civil Engineering courses, first
semester, sophomore year. (7 units)

A study of the elementary operations em-
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202. ApvanNcep SurvevYING.—A continuation of 201, covering
topographic surveys, plane-table surveys, triangulation, cross-
section surveys, drafting-room methods and mapping, and the
solution of problems. Required in Civil Engineering courses,
second semester, sophomore year. (7 units)

[Nore: Students pursuing 202 will spend a week of the
spring recess in camp on Mount Wilson engaged in field opera-
tions of triangulation and topographic surveys.]

205. Hieuway Excin
of highway censtruction; the design, construction and main-
tenance of roads and pavements; methods of road improve-
ment; financing, contracts and specifications. Required in Civil
Engineering courses, first semester, junior year. (3 units)

IERING—A comparison of various types

206. Rarmway SURVEYING AND ExeinEerine.—The theory of
railway location and surveys, problems relating to track lay-
out, curves and earthwork; the study of grade problems, the
relation between trainloads and operating expenses; signaling.
Required in Civil Engineering courses, second semester, junior
year. (11 units)

209. SEWERAGE AND IDRAINAGE.

Systems for the collection
and disposal of sewage; the design of sanitary and storm
sewers; the drainage of land; cost assessments. Required in
Civil Engineering courses, first semester, senior vear. (6 units)

215. Irmricarion axp Warer Suerrry.—Dealing with the col-
lection and distribution of water for irrigation, power, and
domestic purposes; laws pertaining to irrigation; intakes, stor-
age reservoirs, methods of water purification, local distribution;
structures for water control; design, construction and operation
of systems. Required in Civil Engineering courses, first semes-
ter, senior year. (8 units)

217. Tureory or Strvcrures.—Methods used in the analysis
of framed structures for the analytical and graphical deter-
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mination of stresses; the use of influence lines; graphic slatics
applied to roofs and bridges. Required in Civil Iingincering
courses, first semester, junior year. (11 units)

218. 'Tueory or Strucrures.—A continuation of 217 cover-
ing the design of structural parts, connections, portals, and
bracing; a study of arches, cantilever bridges, and dcflections.

Required in Civil Engineering courses, second semester, junior
year. (8 units)

219.  Rreizvorern Coxcrere.—The theory of reinforced con-
crete design, with a study of the applications of this type of
construction to various engineering structures. Required in
Civil Engineering courses, first semesler, senior year. (6 units)

220. Masovry Swrrvervres—Theory of design and methods
of construction of masonry structures; foundations, dams, re-
taining  walls, and arches, Required in  Civil Fngincering
courses, sccond semester, senior year. (5 units)

221, Svrververan Desiey .- The design of a pin or rivet-con-
nected truss bridge and a steel frame building.  Drafting roomn
practice is followed, as affecting both computations and draw-
ings. Required in Civil Fngineering courses, first semcster,

senior year. (9 units)

(397

22, Civin ExciNeerise Desien—Special  problems, with
computations and drawings, in the design of reinforced concrete
structures, water power plants and hydraulic regulating works.
Required in Civil Engineering courses, sccond semester, senior

year. (12 units)

225, Pusric Umirrries.—A study of the fundamental prin-
ciples underlying the design, operation and control of electric
light and power systems, gas works, transportation systems,
and other publie utilities, —ineluding engincers’ estimates of
the capacity per inhabitant, cost per unit, income per capita,
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percentage of operating expenses, fixed charges, and return on
the investment. The questions of appraisal, depreciation,
amortization, franchises, contract ordinances and public pur-
chase arc treated. Required in Electrical, Mechanical and
Civil Engineering and Engineering and Economics courses, first
semester, senior year. (2 units)

226. Ciry Pranvive—Intended to cover the recent de-
velopments in the science of city building, including strect
and boulevard layouts, parks and playgrounds, radial and cir-
cuit highways, interurban and city transportation, union freight
and passenger terminals, land values, administration by com-
mission and city manager. A study of recent plans for garden
cities, civic centers, ornamental lighting, underground conduits,
etc., and a comparison of local developments with the best
American and European examples. Required in Electrical,
Mechanical and Civil Engineering, and Ingineering and Eco-
nomics courses, second semester, senior year. (2 units)

[SEE aLso Susszcrs 100, 101, 102, 148, 150, 160, 251, 252, 262,
270, 271, 272, 273, 525, AND 526.]

CIVIL ENGINEERING EQUIPMENT

The equipment used for instruction in civil engineering
may be grouped under the following heads: instruments
for field and office work ; models; and reference material.
The selection of the equipment, to which additions are
continually being made, is designed to be representative
of such instruments and materials, characteristic of good
practice, which the student later may be called upon to
use.

Fierp axp Orrice InsTrRUMENTS.—Transits, levels, rods, range-
poles, tapes, etc., in such numbers as to fully equip the stu-
dents for field exercises. The equipment also includes the in-
struments necessary for work requiring the use of solar attach-
ments, sextant, plane-table, prismatic compass, aneroid
barometer, and a current meter for stream gauging. Plani-
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meters, protractors, special calculating instruments, and beam
compasses are used by the students in office work. The students
in the design courses are provided with individual drawing tables
and drawing boards.

Mopers.—The department has model bridge trusses of wood,
so constructed as to illustrate the behavior of the truss members
under strain; model bridge joints, and a collection of struc-
tural shapes and construction materials.

RerErENCcE MartERian.—In the designing room of the de-
partment there is a filing cabinet containing a number of sets
of drawings and plans for bridges, dams, buildings, sewage
purification works, irrigation and power plants, railroad maps
and profiles illustrating good practice. There are also photo-
graphs of typical and notable structures, and a complete set
of topographical maps of Southern California.

Trsrixe Mareriats Lasorarory.—(Described on page 85.)
This laboratory is used in Civil Engineering courses in the
investigation of stresses and causes of failure in full sized
reinforced concrete beams, and in the general testing of the
materials of construction.

Hyoravrics Lasoratory.—For equipment and description see
page 86.

APPLIED MECHANICS AND HYDRAULICS

251, Arrriep MEeciranics.—Analytical treatment of prob-
lems involving the action of external forces upon rigid bodies;
staties; determination of stresses in simple machines and struc-
tures; parallel forces and center of gravity; dynamics of trans-
lation and rotation; gyroscopic action, inertia, impact; work
and energy; friction and lubrication. Required in all En-
gineering courses, second semester, sophomore year. (10 units)

252. Srtrexcrm oF Mareriars.—A study of the fundamental
relations between stress and deformation in clastic materials;
strength of beams, columns, flat plates, thin and thick cylinders,
hooks and curved pieces, arches and retaining walls; deflection
of beams under various loading; propertics of the common
structural materials. Required in all Engineering courses, first
half, first semester, junior year. (5 units)
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253. Grarmrc Statics aNp Structural Desiey.—Graphical
solution of problems in mechanics and strength of materials;
determination of external moments and reactions in machine
and structural members under various systems of loading;
cffect of moving loads. Also, a short course in the praclical
application of graphical methods, in the design of steel, tim-
ber, and reinforced concrete beams, girders, simple bridge
and roof trusses, arches, floor slabs, and foundations. Re-
quired in Mechanical and Electrical Engineering courses, first
semester, junior year, (4 units)

261. Trstixe Materrans Lasorarory.—Experimental inves-
tigation of the propertics of cement and concrete, and the
commercial tests of these materials; the testing of sand and
rock, and the proper proportions for cconomic mixtures of
concrete; tensile, compressive, bending and forsional tests of
metals, timber, and other structural materials; tests of hard-
ness, fragility and endurance; determination of proper factors
of safety, especially in relation to repeated and reversed
stresses; tests of the magnetic and clectrical properties of
metals; experimental verification of the formulas derived in
the theory of Strength of Materials; calibration of apparatus.
Required in Mechanical and Eleetrical Engineering courses,
first semester, junior year. (6 units)

262. TestiNe Marerians Tasorarory.—Similar to 261, deal-
ing principally with the materials of construction. Required
in Civil and Chemical Engincering courses, first semester, junior
year. (3 units)

270.  Hyoraviies—Physical properties of water; hydrosta-
tics; flow of water in pipes, nozzles, and channels; hydro-
dynamics. Required in all Kngineering courses, last half, first
semester, junior year. (5 units)

271. Ilypraviic Motors.—A study of the factors that con-
trol the operation, design and efficiency of water wheels,
turbines, hydraulic rams, pumps, hydraulic power transmis-
sion, special machinery, hydraulic governors, and auxiliary ap-
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paratus. Required in Electrical, Mechanical and Civil En-
ginecring courses, second semecster, junior year. (4 units)

272. Hrybprauvrics Lasorarory.—Measurement of the flow of
water in open channels, over weirs, through various orifices
and nozzles, in pipes and conduits; experimental determination
of the various loss-of-head coefficients; calibration of meters.
Required in Electrical, Mechanical and Civil Xngineering
courses, first half, second semester, junior year. (3 units)

273. Hybravric Macuivery Lasorarory.—Tests of water-
wheels, turbines, impulse wheels, water motors; centrifugal
and other pumps; the hydraulic ram and other hydraulic ap-
pliances. Required in Flectrical, Mechanical and Civil En-
gineering courses, last half, second semester, junior year.

(8 units)

EQUIPMENT FOR APPLIED MECHANICS AND HYDRAULICS

The equipment in the various laboratories was selected
with great care and with a view to performing such tests
and experiments as are valuable in assisting the student
to gain a thorough understanding of the theory of design,
as well as a practical knowledge of the laws of operation
of the machines and apparatus with which he will come
in contact in his engineering career.

Testine Mareriars Liasoratory.—The equipment of this lab-
oratory comprises apparatus for investigations relative to the
strength, endurance, elasticity, and hardness of the various
metals and the materials of construction. 'The present facil-
ities include a 30,000-pound Riehlé universal testing machine,
fitted for tension, compression, and bending tests; a 50,000-
inch-pound Olson torsion testing machine, a Landgraf-Turner
alternating impact testing machine, a White-Souther endurance
machine, an electro-magnetic fatigue testing machine, a 3000
kilogram Brinnell hardness testing machine, and a Shore sclero-
scope for hardness tests, extensometers, compressometers, trop-
tometer, micrometers, and small mecasuring instruments. A
power truck provided with motor and variable speed friction
drive furnishes the power in this laboratory.
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CemMENT LaBoRATORY.—A separate laboratory room is pro-
vided for the testing of cement, with slate-top work-tables,
briquette storage tank, moist closet, a 1,000-pound Riehlé auto-
matic cement testing machine, several types of sand and ce-
ment sieves, Vicat and Gilmore needles, specific gravity ap-
paratus, microscope, analytical balance, apparatus for acceler-
ated tests on cement, flourmeter, rock crusher, bucking board,
briquette moulds, and small tools.

Hypravrics T.asoraTorY.—The hydraulics laboratory has an
elaborate and flexible installation of pumps, tanks, piping,
channels, gauges, meters, and auxiliary apparatus adapted to
the various tests relative to hydraulic theory and practice.
Large volumes of water are available from a 15,000-gallon
storage cistern to which all water is returned; an American
No. 6 centrifugal pump delivers a large flow of water at low
pressure, while a 5x10 TFairbanks-Morse duplex power pump
and a 10x8x12 Marsh steam pump provide water at high
pressure. The flow may be measured by an eight-inch Ven-
turi meter, four sets of scales and weighing tanks, and a grad-
uated 6,000-gallon cement measuring cistern. Moderate pres-
sure is maintained by means of an 800-gallon roof tank, and
for heads up to 300 feet, a 600-gallon steel pressure tank
served by an air compressor is provided; suction heads up to
20 feet are available for turbine draft-tubes into the low level
cistern; a 400-gallon steel nozzle tank with interior baffles
and screens provides attachments for various nozzles, orifices,
and other experimental apparatus; a cement channel 50 feet
in length provides facilities for measuring the flow of water
in open channels, over weirs, etc.; pressure gauges and several
mercury columns, including a 12-foot column provide for pres-
sure measurements.

Power is furnished ordinarily by a 20 horse-power direct
current motor, but for heavy demands the equipment of the
steam laboratory is immediately available for delivering power
to the line shaft of this laboratory, which brings the total up
to 50 horse-power.

For the study of hydraulic machinery there is provided an
especially designed Francis inward flow turbine fitted with
both movable guide vanes and cylinder gate, and provided with
three types of rummers for low, normal and high speed; also,
a Doble impulse wheel, with glass casing for observation of
the jet action, a hydraulic ram, a two-stage centrifugal pump,
a Gould No. 6 centrifugal pump, and several smaller motor-
driven pumps.
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CHEMISTRY

Thorough training is provided in the five main divisions
of the science: inorganic, analytical, organic, theoretical,
and industrial chemistry. Systematic jnstruction in
these subjeets is given throughout the Chemnical courscs,
and chemical research is carried on during the entire
senior year.

It is believed that the eduecation of the chemist will be
most effective if he is given a thorough and accurate
training in the elements of the science, and in research
methods; for this reason the effort of the student is
directed largely to the acquirement of this fundamental
scientific training instead of being diffused over the
purely technical sides of the subject. The graduate
should thus be able to apply his scientific knowledge to
original investigation, or to the study of chemical prob-
lems of a technical nature.

Facilities for research are offered in the various
branches of chemistry. The experience and training
obtained through research are the most important results
of the student’s course in chemistry. The scarching and
accurate methods used and the quality of self-reliance
acquired are invaluable in giving the ability to solve inde-
pendently the intricate problems sure to be encountered.

801. Inoreanic Cuemistry.—Lectures, recitations, and lab-
oratory exercises in the general principles of chemistry and
the descriptive chemistry of the non-metallic elements. The
lectures are fully illustrated by experiments. Much attention
is paid to the cultivation in the student of clearness in think-
ing, accuracy in observation and inference, care in manipula-
tion, and neatness in the recording of his work. Required in
all courses, first semester, freshman year. (12 units)
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301a. Ivorcaxrte Cuogmisrry.--Planned for those students
who do not offer chemistry for entrance or who are for any
reason deficient in the subject. The work is parallel to that
of 301; but more time is assigned to it in order to give such
a grounding in chemical theory and laboratory practice as will
cnable the student to continue with 802 and 811 in the second
semester. Required of students deficient in entrance chemistry,
first semester, freshman year. (16 units)

302, Inorcavic Cuemisrry. - .\ continuation of 301 or 301a;
consists of one cxperimental Ieclure or recitation a week
throughout the semester. Tt is devoted to the deseriptive
chemistry of the metallic clements. Required in all courses,
second semester, freshman year. 2 units)

311, Quarrearivie Axavysis.-This is a systematic study in
the qualitative analysis of solutions of inorganic substances.
Six hours a week are desoted to luboratory practice, and one
hour a wecek to a class-room discussion of the work that is
being pursued in the laboratory. Text-book: A. A. Noyes,
Qualitative Analysis. Prerequisite: 301 or 301a. Required in
all courses, second semesler, freshman year. (10 units)

312, Quarrrarive ANanvsis—A  laboratory study, accom-
panied by informal conferences, which supplements the fresh-
man course in the same subject by affording instruction in
methods for the separation and detection of certain important
elements not considered in that course. Tt includes also ex-
tensive laboratory practice in the complete analysis of solid
substances, such as alloys, minerals, and industrial produects.
Text-book: A. A, Noyes, Qualitative Analysis. Prerequisite:
302 and 3811. Required in Chemical Engincering and Chemis-
try courses, first seinester, sophomore year. (11 units)

316. Quaxrtrramive Axarvsis. Laboratory practice, supple-
mented by oceasional leetures and by personal conferences.
The course furnishes an introduction to the subjects of gravi-
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metrie and volumelric analysis.  ‘Text-book: Talbot, Quanti-
tative Analysis.  Prervequisite, 312, Required in Chemical En-
gineerving and Chemistry courses, second semester, sophomore
year. (8-11 units)

317-318.  Quavwtiearive Axanysise—\  continuation of 316,
Prerequisite 316, Preseriptive, bolh semesters, junior year.

(6-12 units each semester)

321, Tecuxicar, Axanysis---Combined lectares, recitations
and laboratory exercises, designed 1o familiarize the student
with special methods of analysis.  Various topics are studied,
including gas and oil analysis, assaying, and speectroscopic
analysis, The relative amount of time devoted to cach subject
nray he varied to suit the students” requirements.  Prerequisite,
316, Reguired in Chemical Engineering courses, second sem-
ester, junior year. (6 units)

322, Freursicar Axanvsis-—A continuation of 321, Iron and
steel analysis, water analysis, electro-analvsis, are some of the
topies which are studied.  Prerequisite, 316, Prescriptive, first
semester, senior year. ’ (6 units)

323-324. Foon Axarvsis—Laboratory work and conference.
The official methods of analysis of the Association of Official
Agricultural Chemists form the basis. The subject covers food
in general, and includes saccharine products, fruits and fruit
products, liguors, vinegars, dairy products, edible oils and futs,
flavoring extracts, ete. TReferences: Bulleting of the United
States Departiient of Agriculture, Tleach, Allen, and others.
Prerequisites, 351 and 352, Preseriptive, senior year, both semes-
ters. (6 units each semester)

327-828.  Ruesparcir ix Axanyriean Cuesnstry,—Original
investigation of problems in analytical chemistry. Prescriptive
for qualilied students as thesis, both seinesters, senior year.

(6-18 units cach semester)
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331-332. 'Tmurorericar, Cmemistry.— Conferences and recita-
tions in which the general principles of chemistry are considered
from an exact, quantitative standpoint. Includes a study of the
pressure-volume relations of gases; of the vapor-pressure, boil-
ing point, and freezing point of solutions; of the molecular and
ionic theories; of electric transference and conduction; of the
rate and equilibrium of chemical reactions; and of thermo-
chemistry and electrochemistry. A large number of problems
are assigned to be solved by the student. Prerequisites, 316,
403, 404. Required in Chemical Engineering and Chemistry
courses, both semesters, junior vear.

(8 units first semester, 9 the second)

333-334. Turorericar Cuemistry T.aBoraTory.—Laboratory
exercises to accompany 331-332. Required in Chemical En-
gineering and Chemistry courses, both scmesters, junior year.

(5 units each semester)

835. Timeorericar CHEMISTRY.—A continuation of 3831-332.
Required in Chemical Engineering and Chemistry courses, first
semester, senior year. (6 units)

336. Tueorericar Cremisrry Lasorarory.—l.aboratory ex-
crcises to accompany 335. Required in Chemical Engineering

and Chemistry courses, first semester, senior year. (3 units)

341-342. Researci 1N Turorericar Cuemistry.—Consists of
laboratory practice, supplemented by library work and informal
conferences. Prescriptive for qualified students as thesis, both
semesters, senior year. (6-18 units each semester)

351-352. Oreanic CmEmisTRY.—An introduction to the car-
bon compounds, giving an outline of the different series and
classes of compounds, their characteristics, and the general
laws and principles underlying the subject. Text-book: Per-
kin and Kipping, Organic Chemistry. Must accompany 353-354.
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Prercquisite, 316. Required in Chemical Engineering and
Chemistry courses, both semesters, junior year.
(8 units each semester)

353-354 Oncawnic CuEmistry Lanorarory.—l'ypical methods
of preparing organic compounds in a pure state, and a study
of their characteristic properties. Must accompany 351-352.

(6 units each semester)

855, UrmimaTe Orcaxic Anarysis.—1The study of the meth-
ods of determining the percentage of carbon, hydrogen, nitro-
gen, sulfur, and haloid clements in an organic compound. Pre-
requisite, 352, Prescriptive, second semester, junior year,

(3 units)

357-358. REsEarcH 1N Oreaxic Cuemsrry.—Opportunity is
offercd to qualified studenis to pursue research in pure or-
ganic chemistry under personal supervision of the professor
in charge. DPrescriptive for qualified students as thesis, both
semesters, senior ycar. (6-18 units each semester)

361-362.' Tecuxorocy orF Prurrorkuvm.—Consists of a discus-
sion of the origin, sources, production, and transportation of
petroleum; its chemical composition, studies of the processes
and products of the refinery, and the utilization of waste and
by-products. The proximity of the important oil fields and
refineries of Southern California makes frequent inspection
trips a valuable feature of the instruction. Books: Redwood,
Holde, Gill, Engler-Hifer, and others. Prerequisite, 353. Pre-
scriptive, senior year. (6 units each semester)

371-372. Invpusrriar Cuemistry. A study of the more im-
portant industrial chemical processes, from the point of view
of both the chemical reactions and the equipment nccessary to
carry on these reactions. The relation of raw material, sources
of energy, and standard type of apparatus is considered, and
the general field surveyed. Required in the Chemical Engincer-
ing courses, both semesters, senior year. (6 units each semester)

 1.—Not offered in 1916-1917.
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CHEMICAL RESEARCH

An unnamed friend has presented to the College
£10,000 for the equipment of a chemieal research labo-
ratory in the new Chemistry Building, and has made per-
manent provision for an annual incomce of $10.000 to be
used in maintaining it.  De. Arthur A. Noyves. Professor
of Theoretical Chemistry in the Massachusetts Institate
of Technology and Director of the Rescarch Laboratory
of Physical Chemistry in that institution, will organize
and direct the rescarch work in the new laboratory at
Throop College, dividing his time between the two insti-
tutions.

In this laboratory scientific investigations will be
carried on by a staff of rescarch associates and by the
professors and instructors of the Chemistry Department.
Its facilities will also be open to properly qualified gradu-
ate students who desire to pursue advanced courses of

study and research for higher degrees.

NEW CHEMISTRY BUILDING
The plans for a new building to be devoted to Chem-
istry have now been completed, and the funds for its
erection secured. It will be constructed during  the
coming spring and summer, and will be ready for occu-
paney in the fall of 1916.
The building will be 126 feet long

g and 51 feet wide.
In the basement will be a Iarge store room and the chem-
ical engineering laboratorics.  On the first floor is to be
located the laboratory for general chemistry, accommo-
dating 160 students, and a lecture room seating about
100. The organic division with accommodations for 22

students, the organic rescarch laboratory, and the general
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supply room will oceupy the remainder of this floor. On
the sccond floor laboratory accommodations will be pro-
vided for 10 students in analylical chemistry and for 21
in theorctical chemistry.  Laboratories for reasearelr in
inorganic and physical chemistry accommodating about
20 workers are also to be loeated on this floor, together
with the library and instrument shop.  Recitation roowms
and offices are to be conveniently located throughout the

building.

CHEMISTRY EQUIPMENT

The Chemistry Department occupies (pending the erection
of a separate building) an entire floor of Pasadena Hall. Its
laboratories, lecture-reoms and store-rooms are fully equipped
with the best and most modern forms of apparatus to carry
on all of the above mentioned courses. Insiructors arve pro-
vided with laboratories for research, equipped for work in
analytical, physical and organic chemistry.

For rescarch in inorganic and analytien}l chemistry the lab-
oratory is provided with specially coustructed quartz ignition
and distillation apparatus, arranged for clectric heating; with
a good supply of platinum and quartzware; and with volu-
metric graduated glassware of the highest precision.

A special laboratory has bheen established tor research in
petroleum and its products. 1t is well equipped with the
best forms of apparatus for ihe study of all analytical processes
and special problems in this field. These instruments have
been standardized by cither the United States or the German
government testing bureaus, and arve provided with certificates
of accuracy. Among thent may be mentioned an Atwater bomb
calorimeter with interior parls entively of platinum, an Abel-
Pensky flash-point tester, a gold-lined Engler viscosimeter,
Beckmann thermometers, various kindg of measures of volume,
hydrometers, ete. In addition there are various instruments
for testing lubricating oils, asphalts, illuminating gas and oils;
and special forms of the Wesiphal halance for the determina-
tion of the specific gravity of small quantities of distillates.

The laboratory of physical er theoretical chemistry is espe-
cially equipped for the investigalion of the properties of solu-
tions. It is provided with thermostats; with Dewar vacuum
tubes; wilh a motor-driven centrifuge and with Beckmann ther-
mowmeters standardized by the Burcau of Standards. TFor the



94 THROOP COLLEGE OF TECHNOLOGY

measurement of the conductivity of solutions there is a com-
plete outfit which includes a I.eeds and Northrup slide wire
bridge of the Kohlrausch type, and dial resistance boxes. As
sources of electrical current the following are available: stor-
age batteries, a motor generator set giving voltages up to 50
volts, and a connection with the laboratory of Electrical En-
gineering.

The research laboratories are well supplied with the best
and most recent books bearing on the fields of research. New
sets of journals are being added from time to time to the
chemical library. The reading-room contains the current num-
bers of the leading American, English and German chemical
journals.
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PHYSICS

The courses in Physics have been arranged with
especial regard to the needs and interests of Engineering
students, but they may also be taken advantageously by
students pursuing General Courses, or those who expect
to specialize in Physics. An attempt is made to base the
work as firmly as possible on the every-day experiences
of the student, and to develop in him the ability to inter-
pret the phenomena and solve the scientific and technical
problems with which he may come in contact. The chief
function of the laboratory is to give a more complete
understanding of physical principles and quantities than
is possible by mere lecture-room or text-book exercises.
The use of instruments of precision is taught in experi-
ments which illustrate or verify some fundamental prin-
ciple.

401. MzcuANICS, MoLECULAR Puvsics, AND Hear.—Empha-
sizes the important principles of energy and motion and the
application of these principles to familiar phenomena and
simple machines. The topics covered comprise kinematics;
simple harmonic motion with especial reference to the later
consideration of wave motion; the general properties of matter
and such special properties (particularly of liquids and gases)
as correlate with the later work and give the student the idea
of the essential unity of the subject. Heat is considered
qualitatively as well as quantitatively, and the theory is con-
nected with the measurements of temperature and heat guanti-
ties as made in the laboratory. Required in all courses, first
semester, sophomore year. : (8 units)

402. Pnysican LaBoraTory—MEcmaNics, MoLECULAR PHYsICS
AND Hr:‘\'r..—Includes experiments dealing with acceleration,
the laws of forces and moments, hydrostatics, capillarity, laws
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of gases, thermometry, and expansion. Required in all courses,
first semester, sophomore year. (4 units)

403. Souwxp, Licur, Eiectrictry, axp Mac~NETIS:.—Based
upon and forming a continuation of 401; begins with a careful
study of wave motion. The consideration given to sound
includes its sources and transmission and the application of
fundamental principles to the musical scale and musical in-
struments. Light treated as a wave motion, applies the laws
of reflection, refraction, and interference already studied. The
nature and laws of electricity and magnetism and the phe-
nomena of electric currents, including induced currents, are
carefully considered. Required in all courses, second semester,
sophomore year. (8 units)

404, Puysicar LaporaTory—Sounp, LicaT, ELECTRICITY, AND
MaagxErsMm.—Includes experiments on the focal length of lenses,
indices of refraction, elementary spectrum analysis, theory of
optical instruments, and the elementary principles of electricity
and magnetism. Required in all courses, second semester,
sophomore year. (4 units)

405. Tiecrricrry ANp MaenerisM.—A more advanced and
detailed treatment of these subjects than is given in 403. Re-
quired in Electrical and Mechanical Engineering courses, first
semester, junior year. (3 units)

406. ErecrricaL MEeasuREMENTS AND Mermons.—Deals with
the theory of various electrical measuring instruments and
methods, with especial reference to convenience of use, pre-
cision, and possible sources of error. Required in Electrical
Engineering courses, first semester, junior year. (2 units)

407, FEiecrrical, MEASUREMENTS—LABORATORY.—Supplement-
ing 406. Required in Electrical Engineering courses, first
semester, junior year. (2 units)
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410. Arpriep Hear.—I.ectures and laboratory exercises deal-
ing with heat as related to various industrial processes, as,
for example: methods of heat transfer, radiating and heat
conducting properties of materials, refrigeration, production,
regulation and measurement of high temperatures in kilns and
furnaces, calorific cfficiency of fuels. Prescriplive, second semes-
ter, junior year. (7 units)

412. Averiep Orrics.

T.ectures and laboratory exerciscs on
optical instruments, refraction and its use in determining
properties of materials, color and illumination, radiation and
its use in determining high temperatures, polarization and
its use in determining properties of materials, interference and
its use for purposes of measurcment. Prescriptive, first semes-
ter, senior year. (7 units)

PHYSICS EQUIPMENT

William Gaertner & Company of Chicago have fur-
nished much of the general laboratory apparatus, and
the Leeds & Northrup Company of Philadelphia necarly
all of the electrical measuring apparatus. The follow-
ing pieces are representative of the equipment:

Becker, Staudinger and other balances; micrometer and
vernier calipers, aneroid and mercurial barometers, spher-
ometer, polar planimeter, measuring miscroscopes with micro-
meters, reading telescopes, optical lever, linear and angular
acceleration apparatus, inertia apparatus, Kater and coinci-
dence pendulums, ballistic pendulum, metronome, force table
with Tisley harmonograph and other attachments, Young’s
modulus apparatus, torsion apparatus, torsion pendulum, Jolly .
balance (Kohl), centrifugal table, harmonic motion apparatus,
“Geryk” air pump. Boyle’s law apparatus, air thermometer,
mercury cistern, hydrometers, Mohr’s balance, Bunsen’s ice and
other calorimeters, Alluard dew point hygrometer, anemometer,
electrically driven tuning forks, spectrometer, Norrenberg polar-
iscope (Kohl), optical bench (Kohl), interferometer, induction
coils, dial, decade and other Wheatstone bridges and resistance
boxes, ballistic and other galvanometers, condensers, quadrant
electrometer, standards of self and mutual inductance, electro-
dynamometers, I.eeds & Northrup potentiometer, standard re-
sistances for use with potentiometer, Weston and Carhart

standard cells, Kelvin composite balance, electrostatic volt-
meters (Kelvin & James White).
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MATHEMATICS

The work of the engineer is so largely mathematical
in character that too much emphasis can hardly be placed
upon the necessity of a good foundation in mathematics.
Care is taken to present both underlying principles and
a great variety of applications, thus connecting the
mathematical work closely with the professional studies.
Students are advised lo arrange for additional courses if
possible.

451, Praxe Triconomerry.—Especially adapted to students
of engineering, so arranged as to prepare for the practical
work of computation and for the applications to the more
advanced courses in mathematics, physics, ete. Prescriptive,
first semester, freshman year. (6 units)

452, ComrurarioNn.—Designed to give practice and to pro-
mote accuracy in the solution of problems. Attention is given
to percentage errors and the checking of results. Short meth-
ods of computing, by means of the slide rule, tables, etc., are
used whenever practicable. Required in all Engineering courses,
first semester, freshman year. (4 units)

453. AvvanceEp Avcesea—Includes determinants, inequali-
ties, irrational and complex numbers, with graphical represen-
tation of the latter, limits and indeterminate forms, convergency
and divergency of series; indeterminate coefficients, with appli-
cations to integral functions, partial fractions, expansion of
functions, and summation of series; theory of equations, in-
cluding the plotting of entire functions of one letter, Des-
cartes’ rule of sigus, the solution of higher numerical equations,
derived functions, etc. Required in all Engineering courses,
first scmester, freshman year. (4 units)

454. Axaryric GEoMETRY.—Plane and Solid Analytic Geom-
etry, devoted chiefly to a study of the straight line and the
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conics, with a few curves of especial interest in engineering,
such as the cycloid and catenary. Solid Analytic Geometry
includes a brief discussion of the straight line, plane, and quad-
ratic surfaces. Required in all Engineering courses, second
scmester, freshman year. (9 units)

455. SrpmEericAL TricoNoMETRY.—Arranged to meet the needs
of students of civil engineering. In all extended surveys in
which the curvature of the earth is considered, and for de-
termination of latitude and longitude with the help of solar or
stellar observation, a knowledge of spherical trigonometry is
necessary. Required in Civil Engineering courses, second semes-
ter, freshman year. (4 units)

456, ELEMENTARY ANArLYsis.—A continuation of 453, designed
to present portions of advanced algebra of especial interest in
engineering, including work in permutations, combinations,
probability, continued fractions, solution of equations, empirical
equations, and an introduction to Vector Analysis. Prescrip-
tive, second semester, freshman year. (4 units)

457-458. Cavrcurus—The aim of this study in Differential
and Integral Calculus is to familiarize the student with the
processes and methods that are continually applied in the va-
rious branches of engineering. Required in all Engineering
courses, hoth semesters, sophomore year. (8 units each semester)

459. DmrrerexTiaL Equations.—Especially designed to be
helpful in the problems of physics, mechanics, and electrical
engineering. Prescriptive, first semester, junior year. (6 units)

460. DirrereNTIAL Equations.—A continuation of 459;
treats the following subjects: linear differential equations, in-
tegration in series, equations of the second order, differential
equations with more than two variables, partial differential
equations, geometrical and physical applications. Prescriptive,
second semester, junior year. (6 units)
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461. LEeast Squares.—Much weight is given to this subject,
which aims to enable the scientific worker properly to judge
and improve the accuracy of his work. Numerous problems
are given to illustrate the methods of adjusting observations
and determining the precision measures of the results. Criteria
for the rejection of doubtful obscrvations are considered and
methods of representing the results of approved observations
by curves or equations are given. Prescriptive, second semester,
junior year. (5 units)

463-464. Apvaxcep Carcurus.—DPlanned to extend the knowl-
edge gained from the previous studies in Calculus and Analytic
Geometry and lay a better foundation for advanced work in
mathematics and science. Preseriptive, both semesters, senior
year. (6 units each semester)
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GEOLOGY

The courses in Geology and Mineralogy arc arranged
to emphasize the application of these subjects to engi-
neering problems, and to furnish that knowledge of the
economic value of rocks and other earth resources which
will meet the needs of the Civil and Chemical Engineer-
ing student.

Especial emphasis is given to the nature, mode of
occurrence, and cconomic importance of those resources
of our own state, such as gas, oil, clay, materials of con-
struction, and the metals, and to that knowledge of rocks
and stratigraphy neccssary for the construction of dams,
aqueducts, tunnels, and other engineering works.

525. Mineraroey.—~—A study of the elements of crystallog-
raphy, and of the physical and chemical properties, uses, and
determination of the more common minerals. Required in Civil
Engineering courses, first semester, senior year, (4 units)

526. Groroay.—A general study, dealing with the composi-
tion and structure of the earth; the chemical and mechanical
work of the atmosphere; the work of water, both surface and
underground; glacial action; volcanoces and earthquakes, with
special reference to practical interpretation of these conditions.
Required in Civil Engineering courses, second semester, seninr
year. (4 units)

527, Groroey.—A continuation of 526, treating the nature
and distribution of geologic resources of industrial importance.
Prescriptive, first semester, senior year. (4 units)
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ECONOMICS AND HISTORY

The subjects in this group are designed with the two-
fold purpoese of giving the student an insight into funda-
mental economic principles, and to acquaint 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.
Some of the subjects not strictly technical are a proper
part of the equipment of any educated man.

551, GewEraL Ecoxomics.—The principles of economics gov-
erning the production, distribution, and consumption of
wealth, with particular reference to some of the important
business and social problems of the day. Required in all
courses, first semester, junior year. (5 units)

552. Ecowomic Hisrory.—This subject is illustrated con-
cretely by a course of lectures tracing the development of a
world-wide industry from its early beginnings in such a way
as to show the influence of economic factors in general history
and especially on international relationships. Required in all
courses, second semester, junior year. {4 units)

553. Sraristics.—Statistical methods with the graphic por-
trayal of results, together with their application to some con-
crete problems. Required in the course in Engineering and
Economics, first semester, junior year. (2 units)

554. Taxarion.—A study of the principles and methods of
taxation. Required in the course in Engincering and Eco-
nomics, second semester, senior year. (2 units)

561. AccounTiNng.—A study of the principles of accounting
from the standpoint of the business manager or the engineer.
Included in the work are the following topics: Capitalization,
depreciation, bond valuation, financial reports, banking and
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railroad accounting, together with a limited amount of book-
keeping practice. Required in all courses, except Engineering
and Economics, first semester, senior year. (4 units)

563. AccounTtiNGg.—Similar to 561, but more extensive in its
treatment of the subjects considered. Required in the course
in Engineering and Economics, first semester, junior year.

(6 units)

564. Cost Accountine.—A study of the methods of deter-
mining costs in industrial enterprises; of the means used to
find direct cost of material and labor, and of the methods of
distributing indirect costs or general or “overhead” expenses.
Required in the course in Engineering and Economics, second
semester, senior year. (5 units)

565. Bankine.—The economic principles of money and
banking, including a survey of the different banking systems
in operation in the United States, and of the Federal Reserve
Act of 1913. The subject is treated from the point of view of
the relations of a business man to the bank, rather than the
technical details of banking procedure. Required in the course
in Enginecring and Economics, second semester, junior year.

(4 units)

566. SecuriTies.—A study of securities and investments, in-
cluding the different kinds of securities: government, railroad,
industrial, public utility, etc.; the methods of issuing securi-
ties; rates of income; and the effect of supervision by public
service commissions. In the work of the subject one of the
leading financial journals is read and discussed, to give famil-
iarity with business usage. Required in the course in Engineer-
ing and Fconomics, second semester, junior year. (2 units)

575. Business Law.—The principles of law as applied to
business affairs, including discussion of such fundamental topics
as the definition of law, its sources, and the distinction be-
tween law and equity, and a brief study of the law governing
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contracts, negotiable instruments, agency, partnership, corpor-
ations, and cmployer's liability, Required in all courses, except
Engineering and Fconomies, second semester, senior year.

(4 units)

576-577. Business Law.—Similar in scope to 575, but giving
a more extensive treatment of the different subjects considered.
Required in the course in Engincering and Iconomics, second
semester, junior year, and first scmester, senior year.

(5 units each semester)

581-582,  Commercian OreaNiwzatioNn.—Typical forms of or-
ganization, such as individual, partnership, corporation, associ-
ation, and holding company, for the carrying on of private and
public businesses are investigated and compared. The funda-
mentals of financial reports, methods of promoting, plans for
apitalization, underwriting of sceuritics, and relations with
financiers are studied. Attention is paid to various forms of
securities, sinking funds, amortization of capital, ete. Required
in the course in Enginecring and Economics, both semesters,
senior year. (5 units each semester)

583-584. TIxpusrriat, MaNaGeMENT.—Methods in use for the

conduct of successful business enterprises are studied in their
general and particular application.  Attention is given to such
questions as scientific management, standardization, sclection of
cmployees, wage systems, welfare improvements, selling cam-
paigns, publicity, ete. Required in the course in Fngineering
and Economics, both semesters, senior year.

(5 units each semester)

585, TraxsrorraTioN.—Special investigations and discussion
of railroad rates, service, income, operating expenses, and fixed
charges; the effect of competition by land and water transit;
the decisions of the Interstate Commerce Commission, and the
policies of State Railroad Commissions; valuations, char-
acter and cost of construction and requirements for terminal
facilities. Required in the course in Engineering and Econom-
ics, first semester, senior year. (4 units)
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587, Mobnerx Kurorr—The political and economic develop-
nent of Turope from the Congress of Vienna to the present
day. Considerable library work is required, together with the
preparation of papers, maps, and Dbriefs upon subjects sug-
gested by the course. Required in all courses, seccond gemester,
senior year. (5 units)

588. AmrricaN GOVERNME

r.—A study of the American
constitutional system as shown in the working of the Federal,
State and local governments. Required of students who do
not offer United States History and Government as an admis-
sion subject, first semester, sophomore year. (4 units)

589. Mu~tcreariTiis—An examination of the origin, de-
velopment, and organization of the modern city, and a com-
parative study of municipal government in Furope and Amer-
ica. Special attention is given to a comparison of the opera-
tion of the three characteristic forms of city government in
the United States: IFederal, Commission, and City Manager.
Prescriptive, first semester, junior year. (2 units)

590, Psyciorocy aANp ErmIics.—A single course of lectures
based on the belief that a knowledge of men is the most
important element in education and that in the relations of men
perfect honesty is the only basis of real success. Required in
all courses, first semester, senior year. (2 units)
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THE ENGLISH LANGUAGE AND LITERATURE

The College requires an English course of four years
for graduation, recognizing that language, the chief
means of expression, is the most important tool in an
engineering equipment. The intention in the literature
courses is rather to familiarize students with the master-
pieces and the general history of English literature than
to attempt a close critical study. Appreciation, however
vaguely felt, is believed to be preferable to criticism.
The work in English is technical in subjects 601-602, 604,
607-608, 611-612 and 618-614, and cultural in the others.
Not that there is a distinct line of cleavage—the practice
in-writing reacts to increase the appreciation for good
writing, and vice versa. The work is organic, and will,
it is hoped, promote as a whole that intellectual growth
in the student which is the mark of the man of education.

601-602. Rmurroric axp ComrposirioNn.—The freshman course
is in English Composition, covering Narration, Description,
and Exposition, with special emphasis on the last. The work
is based on Canby’s English Composition in Theory and Prac-
tice, Bain’s Exposition, and Pearson’s Principles of English
Prose Composition. The practice of writing is carried for-
ward by the study of the examples in Carpenter and Brew-
ster’s Modern English prose, or in the Prose Selections of
Duncan, Beck and Graves, and of the simpler Biblical nar-
ratives such as those in Snyder’s Selections from the Old Testa-
ment, and, further, by the writing of weekly themes. The theme
is considered the essential of the freshman course. These
weekly exercises are corrected not only as to spelling, punctua-
tion, and grammatical expression, but also for the inculcation of
the larger principles of clearness, directness, and force, in the
setting forth of ideas. Examples of good and of bad writing
are cited before the class from these papers, without, of course,
the mention of the author’s name; by this method the students
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see that the points emphasized in rhetorics are discoverable in
the actual practice of freshman writing. In addition to a dis-
cussion in class each theme is gone over with the student, in
special conference with the instructor. Required in all courses,
both semesters, freshman year., (6 units each semester)

603. Exovrisx LiteraTuRE rRoM CHAUCER TO MirroN.—A his-
torical review of English Literature is begun; the greater works
of the period from the beginning to Milton are examined with
an aim toward the promotion of literary appreciation. Text:
Long, English Literature. Required in all courses, first semes-
ter, sophomore year. (4 units)

604. ARGUMENTATION AND Punnic Seeaxine.—The theory of
argument and the practice of speaking. The class will engage
in daily discussions of current problems. Required in all
courses, second semester, sophomore year. (4 units)

605. Tue Romantic PErlon.—Wordsworth, Coleridge, Keats,
Shelley and Byron, and the prose writers Lamb, De Quincey,
Coleridge, and Hazlitt. Texts: I.ong, English Literature; G.
K. Chesterton, The Victorian Age in Literature. Required in
all courses, first semester, junior year. (4 units)

606. AmEericaN TaTERATURE.—A brief examination of poetry
and prose. Text: Trent and Erskine, Great Writers of Amer-
ica. Required in all courses, second semester, junior year.

(4 units)

607-608. Tecunicarn Exocrisi—Composition, involving the
writing of scientific articles, the description of machines and
devices, and reports upon laboratory experiments, lectures and
engineering problems, with a view to facilitating clear, correct,
and concise expression in connection with technical subjects.
The work is conducted by regular class exercises and frequent
conferences, the actual technical work of the student so far as
possible being made its basis. Required in all courses, both
semesters, senior year. (3 units each semester)
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609. EieureENTH CENTURY LITERATURE.—A survey of this
period covers the great essayists, the great early novelists,
classical poetry from Dryden to the death of Pope, and the rise
of Romanticism. Text: Long, English Literature. Prescrip-
tive, second semester, sophomore year, and thereafter.

(4 units)

611-612. SveciaL ComposiTioN.—Supplementary to 601-602;
required of any upper class man at the discretion of the Faculty
and of the department of Inglish. Consists entirely of theme
writing and consultation; may be continued in each individunal
case as Jong as the instructor deems it necessary. Prescriptive.

(3 units cach semester)

613-614. Seeruine.—Satisfaction of the requirements in this
subjecct involves the student’s ability to spell those words, both
general and technical, that he is likely to use. Prescriptive.

(3 units each semester)
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FRENCH, GERMAN, AND SPANISH

In the work of this department two objects are kept
steadily in view: to prepare the student to use the lan-
guages in scientific work, practical life, and travel; and
to give him general training and culture. A good foun-
dation is provided by a careful study of grammar, and a
correct pronunciation is sought for by constant practice
in the class room. Most of the class work is carried on
in the foreign language itself, and writing from dictation
is regularly practiced. Opportunity is given to acquire
facility in both conversation and reading.

The advanced courses go more deeply into literature,
and aim to give some insight into the character, spirit,
and traditions of the peoples represented.

Two years of college work in German, Irench, or
Spanish are required of those who offer any one of these
languages for admission®; and three years of those who

enter without such preparation.

651-652. EremexTary I'rRENcir L—Grammar and reading;
practice in speaking and writing French; dictations. Care is
given to correct pronunciation. Books wused: Chardenal’s
French Grammar, and Bacon’s Une Semaine 4 Paris. Prescrip-
tive, both semesters, freshman year. (7 units each semester)

653-654. EremexTary Frencn II.—Continuation of gram-
mar; special study of irregular verbs. Exercises in composi-
tion and conversation. 'T'he texts used are chosen from the
more familiar modern authors. Prescriptive, both semesters,
sophomore year. (7 units each semester)

655-656. INTERMEDIATE I'RExci—Composition and syntax
are reviewed. The spoken language is freely used in the class

'"With the approval of the department, a year of one of the other
languages may be substituted for the second eollege year of the language
offered for entrance.
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room, with frequent dictation. Translation at sight from rep-
resentative texts receives stress. The following books are used:
Victor Hugo’s Les Misérables, and some French scientific reader.
Required in all courses if French is offered as an entrance
language, both semesters, freshman year.!

(7 units each semester)

657-658. Avnvaxcep Frencit I.—Plays by Corneille, Racine
and Moliere. Reading of scientific French continued. Required
in all courses if French is offered as an entrance language,
both semesters, sophomore year.! (7 units each semester)

659-660. Apvancep IFrexcu II.—Vietor Hugo and the Ro-
mantic School receive special attention in the first semester,
Hugo’s Notre Dame de Paris being read. The second semester
is devoted to the modern drama, Hugo, Scribe, Rostand, and
others being studied. Prescriptive, both semesters, junior year.

( 5 units each semester)

661-662. Apvancep FrExcu IIL.—The work is based on For-
tier’'s Histoire de la Littérature Frangaise. Special periods
are studied more minutely, and class readings and reports on
outside work are required. Prescriptive, both semesters, senior
year. (5 units each semester)

671-672, LKrearextary Gerdyaxy 1.—Vos' Fssentials of Ger-
nan, and Bacon’s Im Vaterland are used, with written and oral
exercises, and dictations. Prescriptive, both semesters, fresh-
man year. (7 units each semester)

673-674. EiEmENTARY GErMAN II.—Continuation of gram-
mar and exercises. Storm’s Immensee and some simple plays
are used. Prescriptive, both semesters, sophomore year.

(7 units each semester)

1For languages required in Chemical Engineering and Chemistry
courses, sce page 60
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675-676. InTERMEDIATE GeErMAN.—Composition and syntax
are taken in review; the spoken language is freely used in the
class room, and translation at sight is regularly practiced.
Texts: Iessing’s Minna von Barnhelm, Schiller’s Wilhelm Tell,
Wait’s Scientific German reader. Required in all courses if
German js offered as an cntrance language, both semesters,
freshman year. (7 units each semester)

677-678. ApvaNcEp GERmAN I.—An introduction to the Ger-
man literature of the nineteenth century. Novels from the
works of Freitag, Sudermann, Hauptmann, and Fulda are
used, being supplemented with Miiller’s Electrische Maschinen.
Required in all courses if German is offered as an entrance
language, both semesters, sophomore year.!

(7 units each semester)

679-680. Apvaxcep Germax II.—A continuation of 678, the
work being based upon Keller’s Bilder aus der Deutschen Lit-
eratur, Rauter’s allgemeine chemische Technologie, and
Pasdkowski’s ILesebuch zur Einfithrung in die Kenntnis
Deutschlands und scines geistigen I.ebens. Prescriptive, both
semesters, junior year. (5 units each semester)

681-682. Apvancep GermaN III.-—The social forces in Ger-
man literature receive special emphasis. The work consists
mainly of lectures by the professor based upon texts to be an-
nounced from time to time. Prescriptive, both semesters, senior
year. (5 units each semester)

691-G92. EreMENTARY SraNisi I—Grammar, reading, con-
versation, dictations. Reading commenced as soon as the first
elements of the grammar are mastered ; combination of grammar
and reading of modern authors kept up throughout the entire
course. Conversation based upon the text is carried on entirely
in Spanish. Prescriptive, both semesters, freshman year.
(7 units each semester)

'For languages required in Chemical Engineering and Chemistry
courses, see page 60
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693-694. EremENTARY SpaNisa II.—Review of grammar,
especially of the verbs. An easy novel will serve as basis for
Spanish conversation. Special study is made of scientific and
technical Spanish, the reader by Cornélius Willcox being used
as text. Prescriptive, both semesters, sophomore year,

(7 units each semecster)

695-696. INTERMEDIATE SPANISH.—A study of modern Spanish
literature, accompanied by work in composition and conversa-
tion based on the text read. Grammar is reviewed, especially
the irregular verb. Texts: Galdds’ Doiia Perfecta; Fernan
Gaballero’s La Gaviota, La Familia de Alvareda, etc. A thor-
ough study of scientific and technical Spanish is made. Spanish
newspapers and reviews are read. Prescriptive, both semesters,
sophomore year. (7 units each semester)

697-698. Apvancep Seanism IL—A special study is made
of the Spanish dramatists Calderén de la Barca, Lope de Vega,
and of the modern playwrights Zorilla, Echegaray, and others.
Required in all courses cxcept Chemical Engineering and
Chemistry, if Spanish is offered as an entrance language, both
semesters, freshman year. (7 units each semester)

699-700. Awnvaxcep SpanisH IL.—Miguel de Cervantes’ Don
Quixote is studied. Individual reports on chapters read are
made by the students in Spanish. Required in all courses
except Chemical Iingineering and Chemistry, if Spanish is
offered as an entrance language, both semesters, sophomore
year. (7 units each semester)
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DRAWING

The courses in Drawing are arranged to equip the
student with the technique of expression for his future
professional work. The preparatory instruction includes
practice to develop manual facility in the use of instru-
ments, exerciscs to develop speed and accuracy in the
application of the principles of descriptive geometry, and
instruction in standard lettering, shading, and dimen-
sioning. 'The freehand sketching of machine parts is
followed by accurate pencil drawings of details and
assemblies, which are then traced in ink and blue-printed
ready for use in the shop.

701. Meciraxtcal Drawine axp Descriprive (GEOMETRY.—
Involves the use of instruments, geometric constructions, ortho-
graphic projections, principles of dimensioning and descriptive
geometry ; including simple problems in lines, planes and solids,
illustrated by the solution of practical problems. Lectures and
recitations are used when necessary. LRequired in all courses,
first semester, freshman year, (6 units)

[Nore: Students who have had previous training in mechan-
ical drawing may be excused from the elementary work by
showing sufficient evidence of proficiency in the use of the in-
struments. ]

702. MecHANICAL Drawixe axn DescripTive GEOMETRY.—A
study in intersections and developments of planes and solids,
isometric and elements of perspective drawing, shades and
shadows. Required in all courses, sccond semester, freshman
year. (6 units)

703, Macimiye Drawing.—Detail sketching from machines in
the shops and laboratories, followed by detail drawing and
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tracing. All drawings are made with the understanding that
they must be suitable for use in the shop. Required in Civil
Engincering courses, first semester, sophomore year. (3 units.)

705. MacminE Drawine.——Detail sketching of machines in
the shops and laboratories, followed by detail drawings, trac-
ing and assemblics. All drawings are made with the under-
standing that they must be suitable for use in the shop. Pre-
scriptive in Ilectrical and Mechanical Engineering courses,
first semester, sophomore year. (8 units)

706. MacuHINE Drawine.—Detail sketching from machines in
the shops and laboratories, followed by detail drawings, trac-
ing and assemblies. Students who have already taken machine
drawing 705 are required to do more advanced work in detail
sketching and tracing of complicated machines, make layouts
of piping, and do general mechanical engineering drawing. Re-
quired in Elcctrical and Mechanical Engineering courses, sec-
ond semester, sophomore year. (3 units)

721-722. FreEemanxp LerreriNne.—DPractice in the construction
of frechand letters adapted to use on working drawings, and
the layout of titles. Required in all courses, both semesters,
freshman year. (2 units each semester)

723-724-725-726. TFrremawn SkETcniNe.—Isometric and per-
spective sketching of machine parts. Design sketching without
the usc of models. Prescriptive, both semesters, freshman and
sophomore years. (1 unit each semester)
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SHOP INSTRUCTION

The chief aim of the shop courses is to familiarize the
student with the properties of the materials used in
engineering, with the ways in which the various mechan-
ical operations are best performed, and with considera-
tions of cost in time and labor.

741. Woon WorkiNe.—Instruction in the care and use of
the ordinary woodworker’s tools; training in sawing, planing,
chiseling, and the commoner processes of the art; joinery,
framing, fastening, glueing; staining and finishing. Wood
turning, care and adjustment of the lathes, use of tools; orna-
mental turning. Required in all Engineering courses, first
semester, freshman year. (4 units)

742. Torcine.—Instruction in the mechanism and care of
the forge, operation and handling of fire, heating, drawing,
bending, upsetting, beading, welding, punching, clipping, rivet-
ing, drilling, and grinding. Working of steel, hardening, tem-
pering, and refining. Structural and ornamental iron work.
Required in all Engincering courses, second semester, freshman
year. (4 units)

748. ParrerNy Makine.—Instruction and practice in the mak-
ing of patterns for iron and brass castings; the principles in-
volved in the construction of patterns and the allowance for
draft, shrinkage, cte., are given practical expression. Instruc-
tion in the use and making of core boxes, composite and ribbed
patterns is given. Bench molding of students’ patterns. Re-
quired in Electrical and Mechanical Engineering courses, first
semester, sophomore year. (4 units)

744, Macuine SHop Pracrice.—In bench and vise work the
student takes up chipping, filing, scraping, polishing, laying out
of work, ete. As a preparation for work on machines, a careful
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investigation of each machine is required, to familiarize the
student with its construction and various motions, the office
of each bolt, nut, handle, gear wheel, etc., being determined,
and the general design being compared with other machines.
The care of machines is considered at this point, and a sys-
tematie study is made of the nceds of the machine for successful
and rapid operation. Machine work is begun with a series of
exercises illustrating the principal processes, as plain turning,
facing, thread-cutting, inside boring and threading, turning of
tapers, hand tool and chuck work of all kinds. At different
stages of the course, work is given on the planer, shaper, drill-
presses and milling machines. Students are expected to provide
themselves with calipers and scale. Required in Electrical and
Mechanical Engineering courses, second semester, sophomore
year. (4 units)

SHOP EQUIPMENT

The shop equipment formerly owned by the College is now
the property of the Pasadena High School; it has been installed
in the new High School shop buildings and many additions and
improvements have been made. These shops are easily accessible
from the campus, and the College has exclusive use of this
equipment and the services of the instructors on certain days for
College students. The wood working, pattern making, forge and
machine shops are all amply equipped to carry on the College
work outlined above.

COLLATERAL SUBIJECTS

751-752. Ew~orxeerine Jouvrwars.—Recent developments and
noteworthy achievements in engineering practice are observed
and discussed; the student is required to report in abstract on
articles of interest appearing in the successive issues of the
particular enginecring publication assigned to him; and is ex-
pected to keep individual abstract files of such articles as
promise to be of value for reference in his later professional
career. A short paper covering some notable development, or
the year’s progress in some line of enginecering work, is required
of every student at the close of each year’s course. Required
in Engineering courses, both semesters, junior year. (2 units)
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753-754. ENGINEERING JoURNALs.—A continuation of 751-752.
Required in Engineering courses, both semesters, senior year.
(2 units)

761-762-763-764. Researcu Rerorts.—Weekly reports on re-
cent research appearing in English, German, and French chem-
ical periodicals will be given by members of the chemical
Faculty, and seniors and juniors taking their major work in
that subject. Prescriptive both semesters, junior year. Re-
quired in the Chemical Engineering and Chemistry courses, both
semesters, senior year. (2 units each semester)

T71-772. Trcixicar ProBrEms.—A descriptive study of the
results which should follow the practical application of scien-
tific principles. Recognizing that the first two years of the
undergraduate courses must necessarily be devoted chiefly
to the fundamental essentials of mathematics, the natural
sciences, and language, it is the function of this branch of
instruction to furnish a perspective view of both the past and
the future of technical development, in order to show the rela-
tion of fundamental training to engineering methods. Recent
developments in electrical, mechanical, civil, and chemical en-
ginecring are discussed by competent instructors, and, in
addition, successful technical men are invited to-describe their
personal experiences to the class. Required in all courses,
both semesters, freshman year. (2 units)

THESIS
800. Tiresis.—As noted on pages 57, cach candidate for a
degree must submit a thesis on some subject related to his
course, devoting such amount of time as may be necessary to
secure the desired result. Required of all candidates for a
degree, senior year. (12 to 20 units)
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Begrees Conferred June ¢

BACHELOR OF SCIENCE

Harorn ArsworrH Bracxk
Roserr Aryordp Winriam BurtMany
EArrte ANDREWS Burt
Rayyoxp Furier CaLyn
Raymoxnp Oscoon CATLAND
VerNE Donarp Evviort
RoserT S1innorRF FERGUSON
Wirriam Mowry Horyes
Herserr Bravroxn Horr

CrarLEs HErBerRT WiILcox

Hrizes

TRAVEL SCHOLARSHIPS

Junior Prize

RosERT NoRMAN ALLEN
JEssE Wionniam MoNroE DuMoxp

'reshman Prize

Recinarp CorLes

CONGER PEACE PRIZE

ALEXANDER ASKENASY



Rogter of Students

Abbreviations:; K., Electrical Engineering; M., Mechanical
Engineering; C., Civil Engineering; Eng., Engineering, undeter-
mined; Ch.,, Chemistry; Ch.E., Chemical Engineering; Eng.Ec.,
Engineering and Economics; &., General Courses.

SENIOR CLASS

Name and Home Address Course T.ocal Address
ArLEN, Roserr Normaw C. 2139 Canyon Drive

Los Angeles, California Hollywood, Los Angeles
Carsox, Max Howarp C. Dormitory

Pasadena Pasadena

CrAaMBERTAIN, BERNARD Erron C. 842 Maple Street

Pasadena Pasadena
DuMoxn, Jesse Wirrniam MoNRoE Dormitory
Monrovia, California E. Pasadena

Farmer, VErDINE ErrswortH M. Dormitory

Burbank, California Pasadena
Hagrris, Tom JoHNsON C. 138 N. Hill Street

Los Angeles, California Los Angeles
Mosuer, Ezra Davis M. Dormitory

Qlendale, California Pasadena
Rica, Kennera WurriNe E. Dormitory

Pasadena Pasadena
SuuearT, HarRoLD EMERSON C. 144 S. Gramercy Place

Los Angeles, California Los Angeles

JUNIOR CLASS

ASKENASY, ALEXANDER C. 917 W. Fifth Street
Los Angeles, California Los Angeles
Baxer, CLark Epwarp E. Dormitory

Santa Ana, California Pasadena
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JUNIOR CLASS-—Continued

Name and Homg Address
Brarme, Joserin ANDREW
Liollywood, California

Essick, Louis FREDERICK
Needles, California

Kenp, ArcHIE REED
Pasadena

Mevrr, Harry PENDLETON
Pasadena

Poore, Frenv Lroyp
Covina, California

Ricuarps, Roy Tmonas
Tempe, Arizona

RipENOUR, CarLyLE Howe
Altadena, California

Searr, SipNEY RiIckEy
Los Angeles, California

Sorp, Craube WELLINGTON
Pasadena

STERT, ARTHUR

Oklahoma Cily, Oklahoma

Yourz, Jesse PavL
Pasadena

Course
M.

B,

Ch.

M.

M.

Local Address
800 S. Mentor Avenue
Pasadena

249 N. Oak Avenue
Pasadena

381 IFranklin Avenue
Pasadena

181 S. Catalina Avenue
Pasadena

Dormitory
Pasadena

201 N, Michigan Avenue
Pasadena

Mariposa and Marengo
Avenue Altadena

Dormitory
Pasadena

112 Hammond Street
Pasadena

Dormitory
Pasadena

334 W. Green Street
Pasadena

SOPHOMORE CLASS

ArMsTRONG, OLIN LEwis
Whittier, California

BJerkEe, CLARENCE MARTIN
Los Angeles, California

E.

C.

210 S. Hudson Avenue
Pasadena

Dormitory
Pasadena
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SOPHOMORE CLASS—Continued

Name and Home Address Course Local Address

BorkexooceN, Earn Vance L.

South Pasadena, California

BroapwELL, SAMUEL JONATIIAN

Covina, California Ch.

Bunrys, Bruce M.

Alhambra, California

CarxarayN, Staviey Crosson  C
Los Angeles, California

Crark, Oriy Jupsox Eng.
Pasadena

Corrs, Rearxarp M.
Los dngeles, Cualifornia

Coomus, Fraxk PERITAM Ch. E.
New York City

Dowp, Mux~soN JuLtus C:
Pasadena

Grow, Wirrian Doxatn  Eng. Ec.
San Bernardino, California

Harris, Harotp Ross M.

Los Angeles, California

Harrison, Kennerr Josernm  C.

Eagle Rock, California

Heywoop, GExe Bryant C.

Pasadena
Hisikata, Kurazo

Hogr, Epison RawwniNes
Pasadena

1014 Magnolia Avenue
South Pasadena

Dormitory
Pasadena

21 S. Almansor Street
Alhambra

1816 Hobart Boulevard
Los Angeles

44 Mary Street
Pasadena

815 I&. Jefferson Street
Los Angeles

Dormitory
Pasadena

123 Elevado Drive
Pasadena

975 N. Raymond Avenue
Pasadena

623 S. Bonnie Brae
Los Angeles

227 Stanley Avenue
Eagle Rock

963 Galena Avenue
Pasadena

370 S. Marengo Avenue
Pasadena
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SOPHOMORE CLASS—Continued

Name and Ilome Address
Huser, JorrN JosgrH

Mesa, Arizona

Tnner, FuceEne HeExny
Tropico, California

Jacrson, HARLAND
Pasadena

JornsoN, WatracE Bayarp,
Colton, California

LavaeNino, Jou~x Fraxcis
Pasadena

Lawson, Tver Norman, Jr.
San Diego, California

Lirry, MErvyY~N GEORGE
Long Beach, California

MexpeEnTIALL, EARL
Los Angeles, California

Mosuer, FraNk REerp
Glendale, Culifornia

NersoN, CLaRENCE EMBERT
Farmington, California

Nurr, DovovaN
Pasadena

Ocier, WArLTER WIirriams
Pasadena

OverstroM, CONRAD
Pasadena

PeasE, Francis MAYNARD
Alhambra, California

Course
E.

M.

E.

E.

Ch.

Local Address

Dormitory
Pasadena

Dormitory
Pasadena

919 E. Villa Street
Pasadena

Dormitory
Pasadena

595 . California Street

Pasadena
Dormitory

Pasadena
Dormitory

Pasadena

3813 Hobart Boulevard
Los Angeles

319 Ceniral Avenue
Glendale

206 N, Chester Avenue
Pasadena

185 Marion Avenue
Pasadena

162 Oakland Ave
Pasadena

251 S. Hudson Avenue
Pasadena

907 N. Wilson Avenue
Alhambra
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SOPHOMORE CLASS—Continued

Name and Home Address
Peacock, Howarp GREENWOOD

Long Beach, California

PERRY, SAMUEL SALISBURY
Los Angeles, California

PerERMANN, PHiue J.
Los Angeles, California

Pixe, NoEL ALEXANDER
Los Angeles, California

Prosser, Normaw IssrrL
Pasadena

RASMUSSEN, SAMUEL
Selma, California

Rry~orps, MAYNARD STUCKEY
Alhambra, California

Smirir, Avvery Kxox, Jr.
Los Angeles, California

Tayror, Rarru Towrr
el
Pasadena

Towxg, T.roynp ENsiaN
Corona, California

WacaTELL, JosSEPH Bavrpwix
San Bernardino, Calif ornia

Course

E.

E

Local Address
Dormitory

Pasadena

Dormitory
Pasadena

2704 Tllendale Place
Los Angeles

410 Lucas Avenue
Los Angeles

1101 Charlevoix Street
Pasadena

Dormitory
Pasadena

907 Stoneman Avenue
Alhambra

3523 Arcroyo Seco Avenue
Los Angeles

966 Elizabeth Street
Pasadena

Dormitory
Pasadena

210 S. Fludson Avenue
Pasadena

FRESHMAN CLASS

AvrTer, RETLA E.
Long Beach, California
Barsour, CoNway BERRY Ch. E.

Los Angeles, California

Dormitory
Pasadena

1179 W. 28th Street
Los Angeles
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FRESHMAN CLASS—Continued

Name and Home Address Course

Barkacar, JoirN JosepH E.

Santa Monica, California

Bercaw, Corriss ArtTriur Eng. Ke.
Whittier, California

Brsr, Virarr. TTormrs K.
s

Pasadena
Bickern, Jouun Ebpwarp C.

Whittier, California

Bixciram, Ilarorn FARNUM
South Pasadena, California

Eing.

Burrarp, Hoyer LEE M.

(lendale, California

Bugaristir, Crarence Amannus C.

Pasadena

Buryister, DoNALD C.
Pasadena

Carnra, Frank Russern E.

Sierra Madre, California

Case, 1Ienry Ruceres
Pasadena

Eng.

CriamsErLarY, Asmrricir K. @.
Pasadena

CiAMBERLAIN, CLARENCE W. C.
Pasadena

CremENS, Trromas BRACKEN-
RIDGE
Lios Angeles, California

M.

Local Address

Flectric Avenue
Alhambra

426 N. Newlin Avenue
‘Whittier

1767 San Pasqual Street
Pasadena

Dormitory
Pasadena

2054 Milan Avenue
South Pasadena

Dormitory
Pasadena

435 N. Fuclid Avenue

Pasadena
435 N. Ruclid Avenue
Pasadena
Sierra Madre
188 S. Catalina Avenue
Pasadena
377 N, T.os Robles Ave-
nue Pasadena
377 N. Los Robles Ave-
nue Pasadena

1970 T.a Salle Avenue
Los Angeles
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FRESHMAN CLASS—Continued

Name and Home Address Course

CowLry, Crate E.
Pasadena

Doxacrior, RosERT M.

South Pasadena, California

Frory, RosErr Wrvericnit  Eng,
Pasadena

Foss, Evererr Crark E.
Los Angeles, California

Gurrox, LLEoNARD ALBERT E.
Wilmington, California

GurLEY, Joiry ADDISON M.

San Diego, California

Ilakrrey, Joserir Freperick Ch. E.

Pasadena

Havener, Joux LEE Ch. E.
Alhambra, California

Havymonn, Wirnian H. B. E.
Riverside, California

Hisparp, Cuarres HeENny K.
Pasadena

ITosLer, THoMAs REED M.
Los Angeles, California

House, HARVEY WALTER Ch.
Los Angeles, California

Isurrvama, Eursu E.

Taisho, Shimonoseki, Japan

JoxEs, JouNn KENNETH
Los Angeles, California

Ch. E.

Local Address

San Rafael Heights
Pasadena

714 Electric Avenue
South Pasadena
Reinway 15
Pasadena

1612 Edgecliff Drive
I.os Angeles

Dormitory
Pasadena
Dormitory

Pasadena

509 Jackson Street
Pasadena

920 N. Olive Street
Alhambra

Dormitory
Pasadena

156 Bellefontaine Street
Pasadena

6922 Sunset Boulevard,
Hollywood, Los Angeles

395 S. Marengo Avenue
Pasadena

139 Mary Street
Pasadena

711 Westlake Avenue
Los Angeles
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Name and Home Address Course

KeNDALL, JACKSON Eng.
Pasadena

Kirscirman, H. Darwin E.
Los Angeles, California

KraemER, Lroyp WILLIAM E.
Pasadena

Lacy, Wiriam Gorbow M.

Los Angeles, California

Lavene, CravroNn CuanprEr Eng.
Pasadena

M.

Lxe, Smrra
Alhambra, California

Lirreegonw, Orvitie Derano L.
Monrovia, California

Tove, I'rRaNk MANN M.
Los Angeles, California
Maxosky, Frank Cmarres Eng.

Santa Ana, California

MarsuarL, Frep Avcreert  Ch. BE.
San Marino, California

Murrirey, Marcus DEWrirT 2
Pasadena
Murpuy, DupLEy Bowres E.

Winchester, Massachusetlts

NAmRN, TERRY JULE M.
El Centro, California
NorpeenN, Iouvis Howarn E.

Venice, California

Local Address

210 S. Los Robles Ave-

nue Pasadena

254 S. Hudson Avenue
Pasadena

627 S. lL.os Robles Ave-

nue Pasadena

Dormitory
Pasadena
465 N. Marengo Avenue
Pasadena
603 N. Wilson Avenue
Alhambra
266 Arcadia Street
Pasadena

2212 West Boulevard
Los Angeles

Dormitory
Pasadena

California and San Ma-
rino Sis., San Marino

481 Center Street
Pasadena

1139 Lura Street
Pasadena

San Pasqual and Michi-
gan Avenue, Pasadena

Dormitory
Pasadena
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Name and Home Address Course

Ousox, Verxe LrRov B,
Los Angeles, California

Paryerre,. Fopwarp WirsoN .
Pasadena

Pavxe, Ivax Leroy C.

Santa Barbara, California

[Tow.rp MERLE E.
Adlhambra, California

Prase,

Porrock, Rowert M.

Los Angeles, California

Pree>an, MonseE Marmrnanp Ch. E.
endale, California

Ruoors, Wirtarn Frower {7
Pasadena

SCITERER, PAUL ARMAND E.
Pasadena

Scrnroeper, WarTer 1. E.

Lincoln, Nebraska

Sitvrr, Harorn Pimvie Eng.
Pasadena, Californic
Sere, Bert KVERETT E.

Los Angeles, California

Saytrrir, Mewriry Borperre  Ch. E.
South Pasadena, California

Staxrorp, EvERETT RUSSELL C.
South Pasadena, California

Sticut, Ropert Cari, JRr. Ch. E.
Queenstown, Tasmania, Australia

Tmonas, Bevaxy W,
Imperial, California

Local Address

2413 Manitou Avenue
Los Angeles

235 South
nue

Mentor Ave-
Pasadena

196 N. Chester Avenue
Pasadena

907 N. Wilson Avenue
Alhambra

3979 Brighton Avenue
I.os Angeles

1431 'W. Third Street
Glendale

Dormitory
Pasadena

415 S. El Molino Avenue
Pasadena

80 S. Catalina Avenue
Pasadena

330 E. Walnut Street
Pasadena

1184 N. Hobart Boule-
vard Los Angeles

1815 Bushnell Avenue
South Pasadena

1106 Windsor Place

South Pasadena

Dormitory
Pasadena

1149 San Pasqual Street
Pasadena
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TorcersoN, TuvrNEr Wirniax Eng.
Pasadena

Turrre, Lyn~x BuUrDETTE Ch. E.
South Pasadena, California

Vax DeuseEn, Epwanp TIirraNy

Pasadena Ch. E.
‘Wakrn, CLARENCE NORRIS M.

Los Angeles, California
WELDON, WALLACE E.

South Pasadena, California

WareLock, DupLtey Brooks C.
Riverside, California

Wircox, Pavr Bruxe
Long Beach, California

Eng. Ec.

‘Woopsury, RoscoE FRRETT E.
Pasadena

Local Address

1385 N. Mentor Avenue
Pasadena

1410 Hope Street
South Pasadena

129 N. Hill Street
Pasadena

621 S. Hope Street
Los Angeles

2055 Fletcher Avenue
South Pasadena

Dormitory
Pasadena

Dormitory
Pasadena
399 5. Tl.os Robles Ave-
nue Pasadena



Kogter of Gollege Almni

Nore: Throop College of Technology was founded in the
vear 1891 by the Hon. Amos G. Throop, formerly of Chicago.
At first it was called “Throop University;” but within a year
this ambitious name was abandoned, and a title selected to set
forth more clearly the aim of the school. “Father Throop”
was a pioneer in practical education. By his wise direction
polytechnic schools have become a prominent part of the edu-
cational equipment of the Pacific coast. For many years this
institution was the only western source of supply for teachers
of manual training in the public schools, through a department
of normal arts adapted to the needs of the times. By the year
1908 the ideas thus fostered had become so thoroughly embodied
in the state educational system that the Board of Trustees
decided to devote their whole energies to the development of
the school as a college of technology. Departments tending to
obscure this aim, such as that of the normal arts and the
Academy, were relinquished, and a complete reorganization
effected. In 1913 the legal name of the corporation became
Throop College of Technology.

TFFollowing are the College alumni from the beginning:

1896

Georce F. Dory, A. B 249 East Union Street
Pasadena, California
Manager Provident Pledge Corporation.

Draxrra M. Havses, A. B . 210 North Francisca Avenue
Redondo Beach, California

[A.B., Leland Stanford Junior University, 1905.]
Instructor in Science, Redondo High School.
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1897

Josepa GrINNELL, A.B 2543 Durant Avenue
Berkeley, California
[A.M., Leland Stanford Junior University, 1901; Ph.D., 1913.}
Director Museum of Vertebrate Zoology, University of
California. Editor of “The Condor.,” Publications:
Various papers on the distribution and speciation of
animals, and (with Hilda Wood Grinnell), “Reptiles of
Los Angeles County, California” (Throop Institute Bul-

letin No. 35).

Roy Berpe Brackarax, ABo. . Dagupan, Pangasinan
Philippine Islands

Assistant Engineer, Bureau of Public Works. Publication:
“Woodworking, A Manual of Elementary Carpentry for
Philippine Schools.”

Fraxx Bavowiy Jewerer, A B 463 West Street
New York City
[Ph.D., University of Chicago, 1902.]

Assistant Chief FEngineer, Western Electric Company.
Publications: “Vapor Density of Sodium Vapor,” Phil-
osophical Magazine, 1902; “Resistance of Bismuth in a
Magnetic Field,” Physical Review, 1903; “I'he Modern
Telephone Cable,” American Institute of Electrical En-
gineers, 1909; “l.ong Distance Telephony in America,”
International Electrical Congress, Turin, Italy, 1911.

1900
Irving Cuester Harris, A.Bo ... 802 Federal Building
Chicago, 1llinois
Engineer in charge of Inspection of Materials,
United States Reclamation Service.
Arsertr Ouson, A, B... Deceased

1901
LeEoNarp E. Davipsox, B.S.............. — 3020 Deakin Street
Berkeley, California
Instructor in Manual Training,
San Francisco City Schools.
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1902
Kirxk WorrerLr. Dyer, B.S............... Middletown, Connecticul
[S.B., Massachusetts Institute of Technology, 1907.]
Secretary-Treasurer Trishie Motor Co.
Trustee Norwich State Insane Asylum,

Janes Masox Gavroro, B.S. Denver, Colorado
[S.B., Massachusetts Institute of Technology, 1907.]
Engineer United States Reclamation Service.

Mauvpe Lovise Nicuorsox, B.S. ... 1041 North Hudson Avenue
Pasadena, California

1903

Rrcuarn Woorsey Stroesraxer, B.S....7127 Merchants’ National
Bank Building, Los Angeles, California
Electrical Engineer.

1904

James Tovis Beawrpscey, B.S. ... Deceased

Hexry Crester McCurcrrax, B.S. ... 1022 Santa I'e Avenue
Los Angeles, California
With Holabird-Reynolds Flectric Company.

1906

Joux CrareNcE Gavyrorn, B.S.................. 1120 Mevridian Avenue
South Pasadena, California
[S.B., Massachusetts Institute of Technology, 1908.]
Engincering Department, Southern California Fdison Co.

Encar Scuuyier MaxoN, B.S.............. Capiz, Capiz Province,
Philippine Islands
Principal Trade School.



132 THROOP COLLEGE OF TECHNOLOGY

Frank Epwarp Norron, B.S....... I Garfield, Utah?
‘With Utah Copper Company.

Hmpa Woon, B.S. (Mgs. JosePH GRINNELL).............2543 Durant
Avenue, Berkeley, California
[M.S., University of California, 1913.]
Publications: (With Joseph Grinnell) “Reptiles of T.os
Angeles County, California” (Throop Institute Bulletin
No. 35). “Bats of California.”

1907
Jases Corrins MiLter, B.S........... Edmonton, Alberta, Canada
[A.M., Columbia University, 1910; Ph.D., 1912.]
Director of Technical Education, Province of Alberta. Pub-
lication: *“Rural Schools in Canada.”

Raraer PimexTEL, JR., B.So ... 4 Calle de Danceles No. 96
Mewico City, Mexico

Engineer, Water Supply and Drainage Project, San Sal-
vador, Central America. Decputy to the Congress of

Qaxaca.

NEW FOUNDATION

1911

Hamonty Coraers: Hen, I8 momnmmmnsmmsmemey 25 Baker Street
West Lynn, Massachusetts

Instructor to Student Salesmen,
General Electric Company.

Staxrey MorroN Lrewis, B.S......... 003 West Washington
Street, Fort Wayne, Indiana

Test Department, General Electric Company.
Rovyar Vincest Warp, B.So e West Tenth Street
Ranchman Upland, California

R ;iatest available information (1911).



ROSTER OF ALUMNI 133

1912

BeExJaMIN Fercusox, B.S..o. 1546 West Adams Streel
Phoeniz, Arizona
Engineer, Arizona Corporation Commission.

Noryvax Eepert Hunmpnirey, B.S..l 100 Ford Place
Pasadena, California
Municipal Light Department, Pasadena.

Joux Donce MERRIFIELD, B.S.. ... ... ....62 Holmes Road
Pittsfield, Massachusetts
Foreman Motor Test,
Gencral Electric Company.

Fraxk Cerr Mireer, B.S.. City Hall
Burbank, Californin
Manager Light, Power and Water Department,
Burbank, California.

2ay Gerigarr, Bos. 224 Bast Second Street

Los Angeles, California
Sales Department, International Steam Pump Company.

CuestEr Ravmoxp Hovey, B.S. ... 817 Monterey Road
South Pasadena, California
Draftsman, Department of Highways, Los Angeles County.

Louis Jacor Kocu, Jr., B.S........ .. .....308 North Soto Street
Los dngeles, California
Estimator, Thomas Haverty Co., Heating, Ventilating and
Plumbing Contractors.

Rarrn WirnLarp Parkixson, B.S..........J Maracaibo, Venezuela
Fngineer Maracaibo Electric Light Company

Hergerr Sioxey Woon, B.S. . 1611 Marengo Avenue
South Pasadena, California
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1914
Witniam Finvaw Avars, B.S.. . 62 Eighth Street
Salem, New Jersey
Assistant to the President, Ayars Machine Company.

EvERETT SoUTHWORTH GARDINER, B.S.......... . 2245 Sierra Madre
Street, Pasadena, California
College of Law, University of Southern California.

Hexry BeErnmaror GeErckExs, B.S....... 140 West Thirty-Ninth
Street, Los Angeles, California

Vircir. Franvkrix Morsg, B.S............. 385 South Chester .fvenue
Pasadena, California
In charge of Industrial Department,
Los Angeles Public Library

Warter Lams Newton, B.S.. 832 San Fernando Building

Los Angyeles, California

Engineer with George A. Damon, Consulting Engineer,

Publication: (with Royal W. Sorensen) “Inherent Volt-

age Relations in Y and Dclta Connections.” Proceedings

American Institute of Electrical Engineers, 1914, (Throop
College Bulletin, No. 64.)

Arserr Winrram Wernrs, B.S....... 21 North Ferry Street
Schenectady, N. Y.
Student-Engineer, General Electric Company.

Guy DEWirr Youwne, B.S............... 203 Maynard Building
Seattle, Washington
Student Salesman, International Steam Pump Company

1915
Harorp ArswortH Brack, B.S...32 North Grand Oaks Avenue
Pasadena, California
With O. K. Acetylene Company.

RoseErT ArNoLp Wirriam Burrmanw, B.S...... 149 East Avenue
Monrovia, California
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Chief Draftsman, American Products Company,
Pasadena.

Eart. AxprEws Burt, B.S. i Solar Observatory
Pasadena, California
With T.os Angeles County Road Department.

Ravyoxo FuLrer Carr, B.S.oie. 1622 Santa Clara Street
Ventura, California
Instructor, Ventura Union High School.

Ravaroxp Oscoop Carraxn, B.S.......... Santa Ana, California
Draftsman, Griffith Machine Works, Los Angeles.

Verxe Dowarp Erviorr, B.S....... 79 North Marengo Avenue
Pasadena, California
With Pacific Light and Power Co.

RozserT Sixporr Fercusow, B.S.....71640 North Fair Oaks 4venue
Pasadena, California
Tutor, Throop College of Technology.

WiLrtam Mowry Hornwes, B.S............. 917 North Wilson Avenue
Alhambra, California
With Los Angeles Gas & Electriec Corporation.

Herpert Bravron Horw, B.S. e 1105 Kerckhoff Building
Los Aungeles, California
With Valuation Department, Santa I'e Railroad.

Cuaries Hernerr Wincox, B.S............ 1563 San Pasqual Street
Pasadena, California
With Craig Ship Building Company,
Long Beach, California.
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