VOLUME XXVI NUMBER 74

THROOP COLLEGE
BULLETIN

THROOP COLLEGE
OF TECHNOLOGY

CATALOGUE

EXHIBITING THE COURSES
OF INSTRUCTION, THE RE-
QUIREMENTS FOR ADMISSION,
THE PLAN OF STUDY, THE
COLLEGE ROSTER, AND
GENERAL INFORMATION

JANUARY, 1917

PUBLISHED FOUR TIMES EACH YEAR: IN
JANUARY, APRIL. JULY AND OCTOBER

BY

THROOP COLLEGE OF TECHNOLOGY
PASADENA, CALIFORNIA

ENTERED AT 'THE POST OFFICE, PASADENA, CAL, UNRER
ACT OF CONGRESS, AS MAIL MATTER OF THE SECOND CLASS

]




Presented from the Library

of

DR. HARRY BATEMAN




VoLuME XX VI NuUMBER 74

T HROOP COLLEGE
BULLETIN

THROOP COLLEGE
OF T ECHNOLOGY

ANNUAL CATALOGUE

FOR THE YEAR 1916-1917
INCLUDING

A STATEMENT OF REQUIREMENTS FOR
ADMISSION, A DESCRIPTION OF
THE COURSES OF INSTRUCTION
AND ANNOUNCEMENTS

PASADENA, CALIFORNIA
JANUARY, 1917




Number
42

43

Cr
-2

THR0oOP COLLEGE BULLETIN

TITLES OF IMPORTANT ISSUES

The President’s First Annual Report.

Address:

Lecture:

Lecture:

Lecture:

42, 48, 53, 59, }

63, 68, 71 {
61 Address:
64 Paper:

46, 50, 54, 58, |
62,67, 70,74 §

66

68

69

<
5]

Address:
Address:

Addresses

Paper:

Paper:

The Darwin Centennial, Charles Fred-
erick Holder.

The Distribution of the Stars in Space,
J. C. Kapteyn.

A Zodlogical Trip Through Africa,
Theodore Roosevelt.

Politics as a Profession, President
Henry S. Pritchett.
The President’s Annual Reports.

Industrial Research in America, Arthar
D. Little; President Scherer’s Address
to the Freshmen, September, 1913,

Inherent Voltage Relations in Y and
Delta Connections, Royal W. Sorensen
and Walter L. Newton.

The Annual Catalogues.

“The Moral Equivalent of War,” Presi-
dent Scherer.

Forestry in Relation to City Building,
T. P. Lukens.

: What is an Engineer?—Scientific Re-

search in America, Dr. Arthur A.
Noyes.

Motor Trucks in Southern California,
W. Howard Clapp.

A “Home-Made” City Planning Exhibit
and TIts Results, Dean George A.
Damon.

Copies of these Bulletins may be had, until issues are
exhausted, by addressing

Tne RECORDER,
Taroop CorrEGE oF TECIINOLOGY,
Pasapexa, CALIFORNIA,




Contents

COLLEGE CALENDAR ..o e 5°
THE FOUNDER - ettt seneae e neeen 7
OFFICERS:
The Board of Trustees ..., 7
Administration 8
Instruction—The Faculty ... 9
Axxyars, 1916 - 16
INTRODUCTORY ... et e emieomeemie et iesaeetestenn s eern e 20
GENERAL INFORMATION:
Requirements for Admission.. ... 27
Description of Admission Subjects.. ... ... 30
Registration e 33
Regulations and Discipline e 34
Scholarships, Prizes and Benefits.......................... 39
Extension CoOUrSeS ...ooooocooeioencencan. 41
Libraries ... 42
Student Organizations N 43
Expenses . 43
Dormitory s 44
Tue CoursEs OF STUDY:
Electrical, Mechanical, and Civil Engineering.............. 45
Chemistry; Chemical Engineering. ... - 46
Engineering and Iconomics 47
General Courses ... 49
General Plan (RS .. 49
Graduation ..., 53
ScHEDULES OF COURSES:
Explanation of Terms................ . 55
All Courses, Ist and 2nd Years 56-57
Electrical, Mechanical, and Civil Engineering............. 58-59
Chemistry; Chemical Engineering 60-61
Engineering and Economies................. 62-63
DescriprioNy oF SUBJECTS AND EQUuipMENT (INDEX)........ 65
Decrees axp HowNors, 1915-1916.. ..o 118
RostEr oF STUDENTS 119

ALUDINT oottt ettt e et ee e e n e nn e e 133

INDEX oo e een 142



Caleudar

ANUARY JULY
JANUARY ﬁ;?r F[s‘ s‘l'\ImTW TS S‘M|TW;T1_FE
STM|T|W| T F|S!5 - 12345#12311%3413
- 12 3| 4 : 1/12] 7| 8] 910’
ol 3 %1%1%!131§ 8] 9110/11/12/13 14 13‘11 1818015 18] 14188 17 1811920
12181181718 16/26] 15 16/17 35(26(57 38 |l 20 21 25 25 24 38 20|21 25 25 24252627
LY b ey i FAA e i b A 27/28129 30[31 .. . . 2829\30 I )
282930i31. [P IR I IO | HESSER) K :
et UST
FEBRUARY AUG
FEBRUARY SLL L F'S IS M| T/W| T[ F[S[S M| T/W|T| F S
S M| T,W| T| F|S{ S8 | i -1~ ‘ 5023
- : I || I O O P O ‘4 7] 8] 910
123...‘..1211 45'678945 17
10] 5| 6| 7| 8 9|10 15161112131?151{6
R enl i | o B BB R
19 20,21/22,28/24|19,20 2425262728.' - 1
%§|26\27i28_,»_.,26’27‘2.8.2‘?‘?(???1“. NP0 O O DO O oo ot el
e SEPTEMBER
| TVV \ PR P N B S M M S
S| M|T/W/ T F| 5] 8 )M | ‘ 1‘ 121J 4| 5 6 7
P R e e il gl 9%9%;13;33‘%
IR 23] 4| 15:16]15 16!
R R R ;i
6171819 282930&9 o
8192021 22 23 24116/17 25129 |l 24 25 26 27, el
5526‘272839’3%31 il i! 3 e
10 Y 1O D D e L | TOBER
1L 0oC
APRIL OCT01§ERF < “l MA,I??V T| T[S (S[M] T|W| T F[S
L ML EEEE
1| 2845 67| 12345 6l l16/11/12/131 67| 8| 9101112
§ S0t 1915 14l 7l 8 10111518 | "4l 8 91101211213} 6] 7| 8| 9}t 78
glg%%%gmm 141516171819%2 %111535%4252627 20(21/22:23/2 ‘ 526
1 .o
2223 24‘25 26,27 28128 5 %g g%‘%‘zs\ 28,29@0‘ o.e]e- [27]28 78/29,30 31, ..
29 30|.. RN 4 I P PR
.. ‘ ‘ 1 ‘ L MAY NOVEMBER
May No‘;EvngB'fl;s SM[T W[ T|F S | S M| T|W|T|F|8
SMTW’T{FS_SM ; S 12 3 2 lg
—|— Tt 12 ‘81°4|'51°6"7 &
23453t al sl el 5 3 Zha ol el o B Bhohit 518
& al 3 21 4} 5] 6/ 7 8 9 18]10{111218'14h
13 11 1312 }0 };19 1112 ;3 %‘1‘ %2 %g %Z %g %g %‘11 ;g %g;;{ 25|17 12 %g gg gé gg §%
18.19/20.21 2
5913213%;%83411‘2?\?? égéemzzs‘zs}so..||26127t28‘29‘30:.3}‘-: ?4 5= j |
10 N DOC DT T I8 DU Pt | JUNE DECEMBER
T sﬁf?&ﬁ??s S M T|W[T[F|S | S[M| T|W T|F[S
1 v i
] 1|2,‘,,‘A N I ‘21'3]'4|'5; 6| 7| 8] 8| 9110 a3
S Y B Y B 23‘456’78 | 4'15]15/16/17/18 19 20
o st | shouliend sttt ne 1 et
17,18|19/20/21 2223 %g %Z;g %2 gg 28 29 || 23 24 25 26‘27 128 29 29130;31‘- -}--“-.1’:-.
525[26127‘28129‘30 22425 l‘ il it A doh




@nllege Qalendar

1917

Registration, Second Semester
Resumption of Instruction (8 A. M.)

Janvary 30
JANUTARY 31......

MarcH 24-APrIin 1 . Spring Recess
MAY 28-JUNE 2. Semester Examinations
JUNE Baccalaureate Sunday
JUNE A Commencement
JUXE Annual Mecting Alumni Association
JuxEe End of the College Year
Aveust 29-31. ... R ~Entrance Examinations

SeprEMBER 3 and 4 > ration (9 A. M. to 5 P. M.)
SEPTEMBER 5. B( ginning of Instruction (8 A. M.)
NovEMBER 29-DECEMBER 2. Thanksgiving Recess
DecEvsER 16-JANTARY 1 Christmas Recess
1918

JANUARY 2 Resumption of Instruction (8 A, M.)
JANUARY 14-19 Semester Examinations
JANTARY End of First Semester
JANTARY Registration, Second Semester
JANTARY 22, Resumption of Instruction (8 A. M.)
MarcH 23-ApriL 7 Spring Recess (Engineering Camp)
May 27-Ju~Ne o Semester Tixaminations
JUNE 2 Baccalaureate Sunday
JUNE S SCommencement (10 AL M)

{ Annual Meeting, Alumni Association (7 P. M.)



SPECIAL ANNOUNCEMENT

As this Catalogue goes to press, arrange-
ments have been made for a noteworthy ex-
tension of the coursesin Physics. Advanced
courses will be offered next year for both
undergraduate and graduate students. In-
struction will be based on the plan that has
been developed at the University of Chicago
by Dr. Robert A. Millikan, who, by a joint
arrangement with that institution, has be-
come Director of Physical Research at
Throop College. Full announcement of the
new courses, as well as of wnew advanced
courses in Chemistry, arranged by Dr. Mil-
Likan and Dr. Avthur A. Noyes, respectively,
will be published in the April Bulletin,
which may be obtained on application to the
Recorder.



Hounder

Hox. Amos. G. Turoor

Born at De Ruyter, New York, July 22, 1811
Died at Pasadena, California, March 22, 1894

Che Board of Trustees

(Arranged in the order of seniority of service.)

Term HExpires

Normax Brmcr, AM., M.D.. 1920
Los Angeles.

Hirasr W. WADSWORTH, A.B. .. 1916
Altadena.

Artaur H. FLEminG e 1920
1003 South Orange Grove Avenue.

CHARLES J. WILLETT, AMoooo e 1919
Oak Knoll.

GeorGE E. Harg, Sc.D., LL.D. e 1916
South Pasadena.

CHARLES W. GATES. .o e 1918
South Pasadena.

HENRY M. ROBINSON . cceiriaaceeaeceeecteeeeeeecesteae e ease et e eereeceseeeeeens 1921
195 South Grand Avenue.

Wirtiam H. VEDDER................. [OOSR 1920
Prospect Park.

JOHN W ADSWORTE - oeeceeetceeeceeatceetam e et sie e ee s ee et cesseeee e meace s enenans 1919
South Pasadena.

GEORGE S. PATTON .c.ovveieee IS 1921
San Marino. ’

G, ALLAN HANCOCK oo 1918
Los Angeles.

WILLIAM €. BAKER e e e 1918

501 Bellefontaine Street.



Officers of Administratinn

OFFICERS OF THE BOARD

NORMAN BRIDGE...co oo .. President
Arracr H. Frexixe I'irst Vice-President
Crarces J. WILLETT ... Second Vice President and Attorney
Jorx WADSWORTH.......c........... Third Vice President and Auditor
Epwarp C. BARRETT ... Secretary and Assistant Treasurer
Winnians H. VEDDER.....cooo e Treasurer
James A, B. ScuEger President of the College
EXECUTIVE COMMITTEE
NoryMax BRIDGE. ..o Chairman ex-officio
Arraur H. FLEMING Georcr S. Parrox
Crarces J. WiLLErT Wirriam H. VEpber

FINANCE COMMITTEE
A. H. Freaxixg C. W. Gares
Hexry M. Rosixsox

OFFICERS OF THE FACULTY

Jares A. B. Scurrer President
George A, Danox - Dean of Engineering
Harry C. Vax Buskirx : Recorder

Epwarp C. BArrETT Secretary, Board of Trustees
942 N. Chester Avenue.

ADMINISTRATIVE ASSISTANTS

James H. McBsimg, M.D. Hygienic Adviser
489 Bellefontaine Sireet.

Axprew W. Surrm, M.D Physical Director
765 8. Los Robles Avenue.

Fraxces Harsey SpPINING..... Librarian
1067 North Catalina Avenue.

Ixca Howarp....... President’s Secretary
1126 Division Streel.

GRACE B SAGE o Assistant in Secretary’s Office
337 South Lake dvenue.

Ruri BUGBEE.. o Assistant in Secretary’s Office

468 North Buclid dvenue.
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JanEes A, B. Scierer, Pu.D., LL.D.
President

Lecturer in Education

A.B., Roanoke College, 1890; A.M., Roanoke College, 1895; Ph.D.,

B.S.

S.13.,

Pennsylvania College, 1897; LIL.D., TUniversity of South
Carvolina, 1905. Teacher of English in the Imperial Govern-
ment's Middle School at Saga, Japan, 1892-1897; Professor
of Higtory in the Theological Seminar v at Charleston S.
1898-1904; President of Newberry College, S. C., 1904~ 1908
415 South Xl Molino Avenue.

GeorcE ALrrED Daxox, B.S, 1x E.E.
Dean of Engineering

in Electrical Engineering, University of Michigan, 1895.
Managing Engineer of the Arnold Company, 1905-1910; As-
sociated with Bion J. Arnold, Consulting Engineers, Chicago
and Los Angeles; Consulting Engineer, Board of Public
Utilities, Los Angeles.

: 516 South Catalina Avenue.

ArrHCR Amos Noves, PuD., LL.D. Sc.D.*
Director of Chemical Research

Massachusetts Institute of Technology, 1886; S.M., 1887;
Ph.D., Leipsic, 1890; LL.D., University of Maine, 1908; Clark
University, 1909; Sc. D., Harvard University, 1909; Yale
University, 1913. Instructor, Assistant, and Associate Pro-
fessor of Chemistry, Massachusetts Institute of Technology,
1890-1899; Professor of Theoretical Chemistry, 1849—— and
Director of Research ILaboratory of Physical Chemistry,
Massachusetts Institute of Technology, 1903 Acting
I’'resident, Massachusetts Institute of Technology, 1907-1909.
617 South Hudson Avenue.

Rowrrr AXDREWS MIirLikax, Pu.D., ScD.?
Director of Physical Research

A.B., Oberlin College, 1891, A.M., 1893; Ph.D., Columbia Univer-

sity, 1895; Universities of Berlin and Gottingen, 1895-1896;
Sc.D., Oberlin College, 1911, Northwestern University, 1913,
Lnncrsn\ of l’ennbslvama 1915. Tutor in Physics, Oberhn
College, 1891-1893, Assistant, 1896, Associate, 1897; 1nst1uct01,
1899, Assistant»l)rofessor, 1901, Associate Professor, 1907-
1910, and Professor of Physics, 1910—, University of Chicago.

!By co-operative arrangement with the Massachusetts In-

stitute of Technology.

2By co-operative arrangement with the University of Chi-

cago.
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Rovar W. Sorexsew, B.S. ix E.E.
Professor of Electrical Engineering

B.S. in Electrical Engineering, TUniversity of Colorado, 1905.
Associated with General Electric Co., Schenectady, N. Y.,
and Pittsfield, Mass., 1905-1910; Consulting Engineer, Pacific
Light and Power Corporatlon 1913

726 South El Molino Avenue.

Warter Horsroox Abawms, S.B.
Professor of Mechanical Engineering

S.B., Massachusetts Institute of Technology, 1903.  Assistant in
the Xngineering Laboratory, Massachusetts Intsitute of
Technolo"y, 1903-1905; Instructor in Mechanical Engineer-
ing, Polytechnic Institute of Brooklyn, 1905-1908; Professor
of Mechanical Engineering, Imperial Pel Yang Un1ver51ty,
Tientsin, China, 1908-1912. Xngineer, American Machinery
and Export Company, Tientsin, China, 1912.

1661 Rose Villa Street.

Fraxxuiy Tmomas, C.E.

Professor of Civil Engineering

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

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

Luciex Howarp Ginmore, 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 Un1ver51ty of Chlcago

649 Galena Avenue.

Sruart JEFFERY BaTes, PH.D.
Professor of Physical Chemistry

B.A., McMaster University, Toronto, 1907; M.A., 1909; Ph.D.,
Umvers1ty of Illinois, 1912. Chemist, Comfort Soap Works,
Toronto, 1907-1908; I‘.esearch Assistant, McMaster Univer-
sity, 1909-1910; Fellow in Chemistry, University of Illinois,
1910-1912; Research Associate in Physical Chemistry, 1912-
1913.  Instructor in Analytical Chemistry, University of Il-
linois, 1913-1914.

124 North Marengo Avenue.
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CrixtoNy KerrLy Jupy, M.A'

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

L'mversny, 1909; M.A., 1913.
55 North Euclid Avenue.

Freperick Erxest BEckMany, Pu.D.
Professor of French, German, and Spanish

A.B., University of Chicago, 1897; Ph.D., University of Chicago,
1900. Graduate work at Goettingen, 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.

Hazry Crarx Vax Buskmirk, Pu.B.
Professor of Mathematics
Ph.B., Cornell University, 1897. Graduate work at Cornell Uni-

versity.
723 North Michigan Avenue.

Fotvis Rice Barr, Carr, U. S. A, Rer.; E.M., E.Mzr.
Professor of Military Science and Tactics

E.M. and E.Met., Colorado School of Mines, 1900; 2nd Lieutenant
of Cavalry, 1899, 1st Lieutenant of Cavalry, 1901; Professor
of Military Science and Tactics, University of Florida, 1906-
1908; Graduate, Mounted Service School, 1909; Captain of
Cavalry, 1909; Graduate, Army School of the Line, 1912,
Graduate, Mounted Service School, Second Year, 1914; Re-

tired, April 12, 1915.
292 East Bellevue Drive.

RoserT Epcar Forp, E.E.
Associate Professor of Mechanics and Hydraulics

B.E.E., University of Minnesota, 1895; E.E., 1900. Associated
with Electric Manufacturing Co., Minneapolis, 1895; Consult-
ing Steam and Electrical Engineer, Minneapolis, 18%6-1897;
Graduate work at the University of Minnesota, 1900,

137 South Madison Avenue.

1Reading at Harvard University, on leave for the current
school year.
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Sewarp CHURCHYsRD Siyoxs, AB.
Associate Professor of Economics and History

A.B., Harvard University, 1911. Agdvertising Manager and Or-
ganization IExpert for various companies, 1912-1815; Secre-
tary and Technical Expert Los Angeles Charter Commission,
1915; Pacific Coast Representative, J. P. Devine Company
(machinery), since 1812,

1107 Buena Vista Street, South Pasadena.

W. Howaxp Crarr, E.M.
Associate Professor of Mechanism and Machine Design

E.M., University of Minnesota, 1901. Instructor in Mathematics,
Macalester College, 1897-1898. Superintendent and Design-
ing Engineer, Sherman IEngineering Company, Salt ILake
City, 1905-1909; Superintendent, Nevada-Goldfield Reduction
Company, Goldfield, Nevada, 1909-1910.

95 South Mentor Avenue.

Howarp Jomxsox Ttcas, M.A.
Associate Professor of Organic Chemistry

B.A.,, Ohio State University, 1907; M.A., 1908; Assistant in
Organic Chemistry, Ohio State University, 1907-1909; Fellow
in Chemistry, University of Chicago, 1909-1910; Chemist,
Bureau of Chemistry, United States Department of Agri-
culture, 1910-1912. Chemist, Government of Porto Rico,

1912-1913.
- 127 North Mentor Avenue.

James FEncar Bern, Pr.D,
Associate Professor of Chemistry

S.B., University of Chicago, 1905; Ph.D., University of Illinois,
1913. Graduate student and fellow, University of Chicago,
1908-1910; graduate student and assistant, University of Illi-
nois, 1911-1913; Instructor in Chemistry, University of Wash-
ington, 1910-1911, 1913-1916. )

254 South Mecredith Avenue.

Jasres Hawres Ernis, Prr.D.
Research Associate in Physical Chemistry

B.8. Massachusetts Institute of Technology, 1912; Ph.D., 1816.
Assistant in Electrical TLaboratory, Massachusetts Institute
of Technology, 1913-1914; Research Associate in Physical
Chemistry, Ilesearch Iaboratory of Physical Chemistry,
Massachusetts Institute of Technology, 1914-1616.

1139 T.ura Street.
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Recixarp Pore, B.A.
Assistant Professor in English

Open Musical Scholarship, King's College, Cambridge, 1907; First
Winchester Reading Prizeman of the University, 1909; B.A.,
Cantab., 1910.

Morrison Hotel, Los Angeles.

Carr Sawyer Dowxes, Pu.D.
Assistant Professor in English

A.B. Harvard University, 1907, A.M., 1908; graduate work, Oxford
University, 1907-1908; I’h.D., Harvard University, 1912, In-
structor in English, Leland Stanford, Jr., University, 1913-
1914; Instructor in English, University of Illinois, 1914-1916.

425 Qakland Avenue.

.

WirLiasr ALEXANDER ENENKEL
Instructor in Modern Languages

Student, College of Philclogy, University of Ziirich, 1908-1909;
Superintendent of Modern Languages, Public Schools, City

of Mexico, 1912-1913.
1211 .San Pasqual Street.

Freperick Huxt KExxeny, Jr., S.B.
Instructor in Drawing and Mathematics

S.B., Massachusetts Institute of Technology, 1914. Architectural
Degigner in the office of Frank A. Bourne, Boston, 1912-1913;
Assistant in Mechanical Drawing and Architectural Draw-
ing, Massachusetts Institute of Technology, 1914-1915; Har-
vard Engineering Camp, 1915.

East California Street and Sierra Bonita Avenue.

Wiriam NosrLe Lacey, Pir.D.

Instructor in Inorganic and Industrial Chemistry

A.B. in Chemical Engineering, 1911, and Chemical Engineer,
1912, Leland Stanford Junior TUniversity; M.S., 1913, and
Ph.D., 1915, TUniversity of California; Assistant in Chem-
istry, Leland Stanford Junior University, 1911-1912; Assist-
ant In Chemistry, University of California, 1912-1915; Re-
search Chemist for Giant Powder Co. Con., San Francisco,
1915; Research Associate, Massachusetts Institute of Tech-

nology, 1916,
1139 Lura Street.
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RoserT Sinporr Frerersox, B.S.
Instructor in Mathematics and Electrical Engineering

B.S., Throop College of Technology, 1915.
1640 North Fair Oaks Avenue.

Hexry Kirrrepee Nortow, B.S.
Lecturer in Business Law
B.S., Dartmouth College, 1905; M.A., TPomona College, 1913.
Graduate work in Education and Jurisprudence, University
of California. Admitted to Bar, 1908; practicing attorney in

Los Angeles, 1908——,
649 La Loma Road.

AxDREW WirLiam Smrru, M.D.

Physical Director

M.D., TUniversity of Michigan, 1912; Medical Examiner and
Physical Supervisor, City Schools, Hammond, Indiana, 1913~

765 South Los Robles Avenue.

Carrorr Davis Brrrvmyer, B.S.
Instructor in Mechanical Engineering

P.S. in Mechanical Engineering, Virginia Polytechnic Institute,
1914, With Norfolk and Western Railway, Roanoke, Virginia,

1914-1916.
75 South Michigan Avenue.

Arruauvr B. McGeg, B.S.E.
Instructor in Civil Engineering

B.8. in Engineering (Civil), University of Michigan, 1916. As-
sistant, University of Michigan Surveying Camp, 1916.
1487 North Los Robles Avenue.

WarTER WiLLiaM MarTiN®
Instructor in Wood Working

Graduate, Normal Arts Department, Throop Polytechnic Insti-
tute, 1900. With Stout Planing Mills, Pomona, California,

1891-1896.
1782 Rose Villa Avenue.
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CLARENCE ARTHUR QuIinn?
Instructor in Forging

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

Arruaur FrepeErick Hari!

Instructor in Pattern Making and Machine Shop Practice

With Sullivan Machine Company, Claremont, N. H., 1891-1894;
B. F. Sturdevant Company, Jamalca Plain, Mass., 1894-
1897; TUnion Gas Engine Company, San Francisco, 18Y8-1899;
W. P. Kidder Machine Company, Jamaica Plain, Mass,,
1899-1907.

806 West Commonwealth Avenue, Alhambra.

lAssociated with the Pasadena High School.



Annals nf 1916

January 3—Assembly Address, “Uncivic Art,” by Mr. Rob
‘Wagner, of the Manual Arts School, Los Angeles.

January 10—Assembly Address by Mr. J. D. Burks, Director
of the Bureau of Efficiency of the City of Los Angeles:
“Opportunities in Public Service.”

January 14—Concert (Pasadena Music and Art Association),
Los Angeles Symphony Orchestra, Adolf Tandler, Director.

February 2—Assembly Address by Mr. J. W. Swaren: “The
Development of Water Power on the Pacific Coast.”

February 4—Concert (Pasadena Music and Art Association),
Los Angeles Symphony Orchestra, Adolf Tandler, Director.

February 7—Assembly Address by President Scherer: “The
Pan-American Scientific Congress.” Songs by the Tuskegee
Singers.

February 14—Assembly Address by Dr. Hector Alliot, Curator
of the Southwest Museum: “South America.” Award of
prizes for essays in Economics by Prof. Seward C. Simons:
I'red L. Poole, 17, first prize; Clark E. Baker, 17, sec-
ond prize.

February 21—Assembly Address by the Rev. Herbert E. House,
of Canton: “The Real China.” .

February 22--Concert (Pasadena Music and Art Association),
Mme. Melba, soprano; Signorina Sassoli, barpist; Mr.
Frank St. Leger, pianist.

February 28—Assembly Address by Mr. Frank H. Olmstead,
Consulting Engineer, Los Angeles: “Flood Control.”
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March 6—Assembly Address by Dr. John Bates Clark, Pro-
fessor of Economics in Columbia University: “War and
the Transformation of Asia.”

March 13—Assembly: Songs by the Pasadena High School
Glee Club; Reading by Dr. Robert Freeman.

March 20—Assembly Address by the Hon. James R. Garfield:
“What this War Means to Us.”

April 10—Assembly Address by Dr. Norman Bridge, President
of the Board of Trustees: “The Rarly History of Throop.”

April 17—Assembly Address by Prof. C. K. Judy: “English,
Good and Bad.”

April 24-—Assembly Address by President Arthur Twining
Hadley of Yale University: “Audax et Cautus.” Unveil-
ing of the new Seal by the Sculptor, Miss Maude Daggett.

April 27—The Conger Pecace Prize Contest (prize awarded to
Gene B. Heywood, ’18).

May 1-—Assembly, in charge of the Throop College Y. M. C. A.
Address by Mr. James E. Sprunger: “Work in the Prison
Camps of Europe.”

May 5—Assembly Address by Mr. A. L. Rohrer: “The General
Electric Company.”

May 8—Assembly Address by Prof. Bruce Bliven, of the Uni-
versity of Southern California: “Live Hard.”

May 9—Assembly Address by Captain Tenney Ross, General
Staff, U. S. A.: ‘“Military Training in Throop College.”

‘May 15—Assembly Address by Dr. Dana Bartlett: “Facts as
to Alcohol.”

May 22—Assembly Address by Mr. Willis Booth: “Our In-
dustrial Tendencies.”
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May 25—Lecture, Extension Courses, Prof. Frederick H. Searcs,
of the Mt. Wilson Solar Observatory: “The Color of the
Stars.”

June 2—Senior Reception for the Faculty and Students.
June 4—Baccalaureate Address, President Scherer: “America.”

June 5—Commencement Day. Invocation by the Rev. John R.
Atwill. Commencement Address by Mr. George S. Patton:
“National Vision.” Award of Travel Scholarship Prizes,
Prof. Clinton K. Judy. Award of Freshman Drawing
Prize, Dean George A. Damon. Conferring of Degrees,
President Scherer.

June 5—Annual Banquet of the Alumni Association.

September 22—TFirst Assembly. Introductory remarks by Cap-
tain Ball, Mr. Billmyer, Mr. Polc, Mr. Lacey, Mr. McGee,
and Mr. Downes. Address by President Scherer: “Being
a Freshman.”

September 22—President’s Reception to the Faculty and Stu-
dents.

September 25—Assembly Address by Captain Louis R. Ball:
“What Is a Soldier?”

October 2—Assembly Address by Dr;. Albert Shiels, Superin-
tendent of the Los Angeles Schools: “A Culture Worth
Having.”

October 9—Assembly Address by Mr. John W. Hart: “The

Modern Judiciary.”

October 10—Lecture, Extension Courses, by Sir Rabindranath
Tagore, of Shantiniketan, Bolpur, Bengal, India: “The
Cult of Nationalism.”
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October 16—Assembly. Introductory remarks by Mr. Norton,
Mr. Ellis, and Mr. Bell. Political Symposium: Addresses
by Jesse P. Youtz ’17, Norman I. Prosser, ’18, Herbert J.
Bartlett, ’19, and Alexander Askenasy, '17: “The Presi-
dential Candidates.”

October 23—Assembly Report by Frank R. Capra, ’19, Travel
Prize Scholar.

October 30—Assembly Report by Arthur Stert, ’17, Travel
Prize Scholar.

November 6—Assembly Address by Mr. George M. Millard, of
Chicago: “The Saints and Sinners Corner.”

November 13—Assembly Address by Mr. C. Y. Knight, of the
Willys-Knight Co.: “The Knight Motor.” (Assembly in
charge of the Throop Branch of the American Institute
of Mechanical Engineers.)

November 20—Assembly Address by Dr. James H. McBride,
Hygienic Adviser: “The Proper Use of Leisure.”

November 27—Assembly Address by Mr. Frederick McCormick,
Secretary of the Asiatic Institute, New York: “Ihe
Asiatic Problem.”

December 4—Assembly Address (I) by Mr. Thomas D. Camp-
bell.

December 7—Assembly Address by Dr. A. H. Sayce, of Oxford
and Cairo: “Excavations in Egypt.”

December 11—Assembly Address by Mr. Gale Seaman, College
Secretary of the Y. M. C. A.: “The Influence of Great De-
cisions.”

December 18—Student Assembly: Address (II) by Mr.
Thomas D. Campbell, Carlyle H. Ridenour, ’18, presiding.

December 28—Lecture, Extension Courses, by Dr. R. Tait Mec-
Kenzie, Physical Director of the University of Pennsyl-
vania: “The Physical Education of College Men.”



Introductory

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. "But I
do think that the technical schools have a more important place.
And 1 will tell you why:

In the first place, there is no disputing the fact that the
ordinary colleges turn out excellently equipped 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 career., But we have too many lawyers in
America, too many professional men, too many men who are
trying to pursue a literary carcer.

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 need them as engineers. Simply as engineers \and skilled
workmen in our various industries, we have not enough tech-
nically educated men. We have not enough skilled “laborers”
in industry. We need engineers 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 officc end of a
great industrial concern ought to know all the ins and outs of

For historical sketch, see page 130.
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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
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. If 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.

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 business.
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 neced 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 enhances
his value to the community and State.

A boy who goes to the “Boston Tech” has to work. He 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 alto-
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 educated 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. I
cculdn’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 there 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
must be lived. He understands the relations of force to matter.
He has learned 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 educational 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 elec-
trical engineering so highly developed, especially in the trans-
mission of power from great distances. In hydraulic engineer-
ing, we are facing to-day an undertaking of enormous magni- -
tude. Eastern technical schools are far removed, those of the
north insufficiently developed and also too remote. Under such
conditions, 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 aspects
of the problem we must not forget that the gréatest 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 work,
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 con-
stant increase in the amount of detajled 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
equipment 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 site 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 complete modern
equipment. A second building, containing the power
plant, with steam and hydraulic laboratories, was occu-
pied with the opening of the new institution in Septem-
ber, 1910; a Dormitory was opened on the campus in
the autumn of 1915 (see page 44) ; the Chemistry Build-
ing has just been completed (see page 90); and the
Pasadena Music and Art Association is well advanced
with plans for the ecrection of an Auditorium. During
the last few years the Endowment has been enriched by
large gifts, all debts have been canceled, and the income
from a fund of $300,000 has been made available for
Physical and Chemical Research, as described on pages
94 and 89, while facilities for special research in Aero-
nautics will soon be installed (see page 95).
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ENVIRONMENT

Pasadena is not only one of the most beautiful of cities,
with a climate of unexcelled equality and healthfulness,
but it is also noted for the morality, refinement, and
culture of its citizens. Being notably a residential town,
ten miles from the factories and markets of Los Angeles,
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. Pasadena is known as “the city of churches
and schools,” and is also frequently called ‘“‘the most
beautiful town in the world.” To be surrounded by an
atmosphere of purity and beauty is no hindrance to a
training in utility.

The social ideal of Throop College is embodied in one
word: Democracy. Whatever savors of class or caste
it abhors. Every encouragement is given to students of
limited means who wish to labor in order to learn.

The College 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.”

The Public Works Scholarship Fund, described on
page 39, 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
sclf-support.

The Olive Cleveland Loan Fund is described on page
89. The College does not give free tuition, but does what
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is better. Out of this Fund, devised especially and

sclely 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.
Fxpenses are listed on page 43.



General Information
REQUIREMENTS FOR ADMISSION

AppLicANTS FOR ADMIsSION 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 ... et e sttt e 3
Algebra . 2
Plane and Solid Geometry e e 114,
Trigonometry - e Y
PRYSICS  ceuorremrereemerceemsesreeeerermssrareens w1
Chemistry ............ R SRS 1
United States History and Government......... ... 1
French, German, Spanish, or Latin 2
Miscellaneous Subjeets’ ... 3
Total o 15

Applicants who offer for entrance a total of fifteen
recommended units but whose list of subjects is not in
accord with this table may be admitted at the discretion
of the Faculty, but students thus admitted must complete
the preparation of the required subjects.

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-

1These may include any subjects of high school grade which
meet the approval of the Faculty.
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ish, for admission will be required to study one 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 are 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 sCcHoOLs are those that maintain a full four
years’ course and are accredited by the various Associa-
tions of Colleges, and College Entrance Certificate
Boards, or by colleges and universities of recognized
standing at which the entrance requirements are equiva-
Icnt to those of Throop College.

EnTrRaNCE ExaMINaTIONs AT THE Corimee' will be
given for those who prefer this method of admission, or
who may desire thus to supplement incomplete certifi-
cates of recommendation. The schedule for 1917 is as
follows:

Wednesday, August 29

8:00 A. M. Mathematics
2:00 P. M. English
Thursday, August 30
8:00 A. M. Physics; Chemistry
2:00 P. M. History
IFriday, August 81
8:00 A. M. Foreign Languages
_—1Entrance examinations may also be taken under the direc-
tion of the College Entrance Ixamination Board. These exam-
inations are held at various points in the United States on June
18 to 23, 1917. Applications for these examinations should be

in the hands of the Secretary of that Board by May 28, 1917.
He may be addressed at 431 West 117th Strect, New York City.
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APPLICATIONS FOrR apMIssIoN should be forwarded to
the Recorder in ample time to allow for correspondence,
so that candidates whose certificates are incomplete may
prepare for entrance examinations in subjects not cov-
eved by their certificates.

ENTRANCE 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 Freshman 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 previous 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 take examinations, for which application

forms will be sent on request.

To TeEacHERs and to persons of mature age engaged
in technical pursuits, and wishing to devote some time
to scientifie 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 Faculty that they are qualified
to undertake the work proposed. They will be expected
after admission to attend the same exercises and examina-

tions as other students.



30 THROOP COLLEGE OF TECHNOLOGY

Tue State Boarp oF Epuvcatiox has authorized the
College to issue certificates for high school teaching
under conditions described on page 104.

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:

Ex~euisu.—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 general or for
intensive study, with some knowledge of their authors, and an
acquaintance with the character and tendencies of the more
important literary epochs. (8 units)

GermaN.—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 langunage, covering
two years of daily recitations. This should include a knowl-
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edge of the forms of the language, the elements 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 English and to turn
simple English intp French. (2 units)

SeaxisH.—The elementary study of the language, covering
iwo years of daily recitations. The student should have a
knowledge of grammar, including a mastery of the common
irregular verbs. He should be able to pronounce correctly and
to translate ordinary Spanish into English, and English into
Spanish. 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 Casar, and some practice in com-
position. The study of Latin is deemed valuable for students
planning to take scientific work, as it not only facilitates the
acquisition of modern languages, but gives a better understand-
ing of scientific terms. (2 units)

MaTtHEMATICS.—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
Jjust 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, evolutiom, irrational numbers, simple quad-
ratic equations. (1 unit)

Higher Algebra: Theory of exponents, complex numbers
with graphical representation, simultaneous 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: The 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 accu-~
racy of statement, as well as on the acquirement 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. (%4 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)

Hisrory Axp GovERNMENT oF THE UNITED STATES.—A knowl-
edge of the outlines of American 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)

Prysics.—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 one-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)

Cremistry.—Preparation in chemistry can be obtained only
from a year’s course including both class-room and laboratory
exercises, based upon any of the recognized texts. About four
hcurs a week should be given to individual laboratory work.
The course should present an outline of the fundamental prin-
ciples of general chemistry. The laboratory note-book should
give special attention to the record of facts observed and in-
ferences drawn, and the written equation by which the reaction
is represented. (1 unit)

REGISTRATION

Registration for the first semester will take place on
September 8 and 4, 1917, and for the second semester
on January 21, 1918, 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
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.
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Any change of schedule is made by the Recorder, and
after the first week 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 excluded shall be recorded as having failed in the
subject from which be is excluded.

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

V denotes Marked Distinetion,
IV denotes Above Average,
III denotes Average,

IT denotes Below Average,

C denotes Conditioned,

T 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 subject.

Failed means that credit may be secured only by re-
peating the subject.

Semester examinations will be held in all subjects
unless the officer of instruction in any subject shall
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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 count as a failure in the subject.

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.

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 subject must repeat every such subject with the
class next taking it, and such subjects will take prece-
dence in the student’s time over those that 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 each semester. These
reports are sent either to students themselves, or to
parents and guardians, as arranged.

Students who do not maintain a passing grade in at
least thirty units of duly registered work in any semester
(exclusive of Military Science and Tactics) will be
dropped from the roll. Reinstatement is thereafter a
matter for special action of the Faculty.
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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 exer-
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 are organized into an Association to con-
trol matters of general concern, and to deal with such
subjects as may be delegated to them by the Faculty.
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-
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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 oceasion. 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:

For 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-operating with the President and Dean in mat-
ters touching student relations. For the purpose of pro-
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
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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 SUPERVISION

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
vear on personal hygiene. He may be consulted by
students at assigned hours without payment of fee.

Dr. Andrew W. Smith, of the University of Michigan,
wag chosen for the position of Physical Director as being
both a competent supervisor of athletic activities and an
accredited Doctor of Medicine; the object of the college
authorities being to make the good health of all the stu-
dents a matter of scientific care rather than the special-
ized development of intercollegiate athletic “tcams.”

Under the system of Military Instruction recently
introduced, all students take adequate outdoor exercise
daily (See page 116). Every 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 each
semester, and at such other times as the Director may
indicate, that they are physically qualified to carry the
work for which they are registered. Anthropometric
charts are drawn in each instance, and kept for future
comparison. The Freshmen take a course of lectures on
“How to Live.” 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
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record of individual students. Should a student invite
the impairment of health by neglect of prescribed physi-
cal exercise, the Faculty will use its discretion in limit-
ing his assignment of courses of study, since a sound
body is regarded as being usually fundamental to a
sound mind and subsequent success.

THE CLEVELAND LOAN FUND

This Fund was established by Miss Olive Cleveland,
now deceased, for the purpose of aiding students to
obtain an education. The income is lent without interest
to worthy students who may need such assistance. Appli-
cations for loans may be made to the President of the
College, or to the Secretary of the Board of Trustees.
Loans are authorized by the Executive Committee of the
Board of Trustees upon recommendation of the President
and the Committee 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 a limited num-
ber of students in the various departments of municipal
work. Under the provisions of this Fund, students
approved by the Faculty are employed in the Municipal
Lighting Department, the Department of Streets, and a
number of other departments of the city of Pasadena,
thereby gaining valuable experience in practical business
and municipal affairs.

The total earnings of students in the Public Works
Scholarships and at the College during the academic
vear 1915-1916, not including the summer vacation, was
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$2740.68. The various kinds of student employment
with earnings are classified as follows:

Work at the College:
In Chemistry Laboratory ... . ... . $605.36
In Civil Engineering Work. ... 48.01
In Electrical Engineering Laboratory......... 165.96
In Mechanical Engineering Laboratory........ 126.03
In Materials and Hydraulics Laboratories.. 27.34

In Physics Laboratory ... 57.36
In Library ... 104.31
Janitor Service 134.59
Miscellaneous work about the College............ 369.90
Total from direct employment by the
College —— §$1638.86

Employment in the Municipal Light Plant
and other City Departments (Public Works
Scholarship) 1101.82

Grand Total $2740.68

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. v

The Junior Prize is awarded at each commencement
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 1916 it was awarded to Mr.
Arthur Stert, who spent the vacation visiting the Panama
Canal and other points of special interest in the United
States and Canada.

The Freshman Prize, consisting in full provision for a
journey through the Eastern United States, over a route
recommended by the Faculty, is awarded on each com-
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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. The winner of this prize
in 1916 was Mr. Frank Russell Capra.

The Faculty, in making awards, take into account
considerations of deportment, or good manners, and
ability for original work. They also determine the
regulations affecting the use of the prizes; and may in
some instances permit the Freshman 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, established 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 semester of the Sophomore year, as described on
page 106. The winner of this prize in 1916 was Mr.
Gene Bryant Heywood.

EXTENSION COURSES

In co-operation with the citizens of Pasadena, the
College offers each year Extension Courses in science,
literature, and other branches of knowledge, the scien-
tific series being given in conjunction with the Mt. Wil-
son Solar Observatory of the Carnegie Institution of
Washington. These courses now have the invaluable
assistance of the Pasadena Music and Art Association.
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WEBB LIBRARY

The tower room of Pasadena Hall, designed especially
to accommodate 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
collections include files of the leading engineering, chem-
ical, and other technical 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 Loan 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 exercises 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
current issues of the technical journals, including many
foreign publications, with a careful selection of the
leading reviews.

Class work in Current Technical Journals is described

on page 115.
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STUDENT ORGANIZATIONS AND SOCIAL AFFAIRS

The Associated Students exercise general supervision
over matters of undergraduate concern, in co-operation
with the Faculty (seec page 86). Fraternities are de-
barred. One or two clubs founded on the principles of
good fellowship and mutual helpfulness have been organ-
ized under authority of the College. There is also an
excellent glee club. A student branch of the American
Institute of Electrical Engineers was organized in 1911,
a similar branch of the American Society of Mechanical
Engineers in 1914, and a Chemists’ Club in 1916. “The
Throop Tech” 1is issued monthly by the Associated
Students.

EXPENSES

Tuition is $150 a year, payable 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 fee of $10. There are no other fees,
but a deposit of &5 is required each year of students in
Chemistry, to cover breakage and loss of laboratory
materials.

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, nor is any refund
allowed for attendance equaling or exceeding three-

quarters of a semester.
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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 about $60 for the academic year,
the minimum being $45 and the maximum $85. The
cost of table board is about $4.75 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.

Each student in the dormitory is expected to provide
for his own use the following articles: Three sheets, 1
bed spread, blankets (for single bed), 8 pillow cases,
8 hand towels, and 8 bath towels.

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



Beacription of Courses

The courses offered by the College include Electrical,
Mechanical, Civil, and Chemical Engineering, Chemistry,
Engineering and Economics, and General Courses, all
leading to the degree of Bachelor of Science. For grad-
uate work, see pages 89, 94, 95.

ELECTRICAL, MECHANICAL, AND CIVIL ENGINEERING

Nearly a century ago Tredgold defined engineering as
“the art of directing the great 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 engineering. 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, French or Spanish,
the student may differentiate according to his aptitude
and ambition. Students whose chief interest is in the
applications of electrical energy will take Electrical
Engineering; those who are interested in other forms of
power and in the design of machinery will take Mechani-
- cal Engineering; those whose aptitude lies in the field of
construction will take up Civil Engineering. The pro-



46 THROOP COLLEGE OF TECHNOLOGY

fessional courses in these three branches necessarily
diverge more or less in the later years, each laying par-
ticular emphasis on problems peculiar to itself. On the
other hand, there are many engineering subjects in the
advanced years common to all three branches, for the
Electrical, Mechanical, and Civil Engineering students
all take courses in Surveying, Mechanism, Applied
Mechanies, Strength of Materials, Hydraulics, Struc-
tural Design, Electrical Engineering, Heat Engines, City
Planning, and Public Utilities. It is the aim of the
curriculum during the last two years to link up and defi-
nitely correlate the different fundamental studies with
their varied applications to engineering science. Sched-
ules of these courses are printed on pages 56-59.

CHEMISTRY AND CHEMICAL ENGINEERING

The courses in Chemistry and Chemical Engineering
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, paper, soap, fertilizers, leather, drugs, and chemi-
cals. The courses include, in addition to the usunal studies
in the humanities and in physics, mathematics, and draw-
ing, 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 Electrical,
as well as Chemical Engincering, while the Chemistry
course affords a more thorough knewledge of chemistry
and physics, and gives a somewhat more extended train-
ing in chemical research. The studies in Mechanical and
Electrical Engineering included in the Chemical Engi-
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neering course give the graduate a knowledge of the
fundamental principles of machinery used in the chem-
ical industries, and 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 addi-
tional 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 research which is essential to the develop-
ment of chemical industries.

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 are given
on pages 84 to 89 inclusive. For the language require-
ment in the chemical engineering and chemistry courses,
see foot note (1), page 56.

Bulletin No. 61, on Industrial Research in America as
illustrated especially by Chemistry, may be had on appli-
cation to the Recorder.

ENGINEERING AND ECONOMICS

This course should not be confused with the courses in
commerce offered by various universities and colleges.
Engineering is its basis, students taking four-fifths of
the subjects offered in the Engineering courses described
on pages 56-59, the remainder of their time being de-
voted to a scientific study of the principles of commerce
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
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which fit them for positions on the business side of manu-
facturing and transportation enterprises, rather than for
specialized engineering.

The course includes (1) the instruction common to all
courses, in literature, science, and mathematics; (2) an
assignment of engineering studies in one of the three
groups: Electrical, Mechanical, or Civil Engineering;
and (8) a selected group of subjects in economics and
business. The subjects in group 8 may be briefly
described 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 effecting 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
Banking and Securities, Accounting and Statistics, Trans-
portation, Taxation, and Cost Accounting deals thor-
oughly with the broad outlines and fundamental principles
of these several subjects. The work in Commercial Organ-
ization aims to ground students in the principles under-
lying modern business as illustrated by concrete 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, together with a critical study
of the recent applications of system. Students will be
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required to inspect well-organized factories and business
establishments and to prepare written reports thereon.
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-
fect honesty is the only basis of real success.

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

The schedule of this course is given on pages 62 and
63, following.

GENERAL COURSES

General Courses are provided primarily for those whe
may desire a thorough collegiate education in which
science predominates, but with a generous admixture of
other cultural 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-
come teachers of science, and those who may desire some
scientific preparation for a business career.

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 undergraduate courses, but surrounds these with the
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more essential humanities. Architecturally, this emphasis
is expressed by Alexander Stirling Calder’s heroic figures
of the Humanities, grouped with Energy and Science
over the archways of the main building. The College
holds that certain so-called “cultural” studies are indeed
most practical and needful. Tt believes that the English
language is the chief tool in the engineer’s kit; and re-’
quires four years’ study of it, instead of the one-year
requirement of most engineering 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
unusual opportunities—as a “civic engineer,” as has been
said. It has no electives, but many “prescriptives,” ap-
pointed according to individual talents or needs. It has
one instructor for every group of six students, and gives
much attention to research. It requires fifteen units for
admission and four years of hard work for graduation..
It is not a place for boys to play, but for men to work in.

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

It is a practice in which educational critics sometimes in-
dulge, to contrast science and art as opposed by their very
nature to one another. Secience 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 {o condense the mystery
of poesy into a formula, by substituting for the Parthenon an
analysis of its curves: in short, by a universal process of dis-
section and destruction which would leave nothing for the
imagination to enjoy.
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But such views are based upon a superficial estimate of
science, which has much in common with art. Its highest
conceptions and its greatest pleasures are equally those of
the imagination, the indispensable source of all great advances.
Its modes of progress, though they may seem mechanical
and formal to those who do not look beneath the surface, are
not more materialistic than the brush-work of the painter or
the stone-cutting of the sculptor. Its results, so often re-
garded 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 primeval
nebula, condensing toward the central sun, and giving rise
to the planets of the solar system. The Parthenon itself, even
before its walls were demolished and its sculptures remeved,
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 con-
ceptions of science are merely expressions of natural phe-
nomena, 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 perception and enlarged
our vision. In distant space it has found luminous clouds of
exquisite spiral structure, globular clusters of tens of thou-
sands of stars, and revolving systems indirectly pervceptible
by the influence of their motion on the nature of light. It has
transformed the mud from the bottom of the sea into forms
as perfect as snow crystals, the skeletons of microscopic be-
ings of former ages. It has revealed beneath the green scum
of stagnant pools the infinitely varied and delicately beautiful
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,
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may yield beauty, and he who penetrates to the heart of na-
ture will find the powers of his imagination and his pleasure
in all forms of beauty—not least those of literature and art
—expanding as he goes.

PLAN OF INSTRUCTION

Graduate courses in Chemistry and Physics are offered
in connection with research directed by Dr. Arthur A.
Noyes in Chemistry and Dr. Robert A. Millikan in
Physics (see pages 89, 94).

All of the undergraduate 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 expres-
sion and design in the drafting room; the use of instru-
ments of precision in the laboratories; training in accu-
racy 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 mate-
rials; and the impetus for original work as emphasized
in the experimental laboratories. The student is encour-
* aged to use the libraries to the fullest extent, and partic-
ular stress is placed upon acquaintance with contemporary
progress and practice through a study of catalogues and
by special courses in current technical journals. To
develop expression and breadth of view, advanced stu-
dents may be required to prepare and deliver before the
student body stated reviews of recent developments and
tendencies in their fields of study. Before the completion
of his course each Senior prepares a thesis representing
the results of his own original thought as applied to a
concrete problem.
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The College has been peculiarly fortunate in securing
the presence of eminent engineers and other specialists
to address the assemblies, as the influence of leading
personalities is an invaluable supplement to its cur-
riculum. The rapid development of a great industrial
environment about Los Angeles affords unlimited oppor-
tunities for visits to all kinds of engineering 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 examples of the
methods used in drilling for oil, in refining petroleum and
other typiecal products, in making cement, in pumping,
and in developing power by means of hydro-electric

plants.

GRADUATION

For graduation, a total of 898 units is required.

Each candidate 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 Faculty 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
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
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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 of Courses

" EXPLANATION OF TERMS

The “subject number” in the following tables refers
to the description of subjects beginning on page 65.

The number of units given in each semester 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 Faculty to determine the specific
direction of some of the courses. For 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
English 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 January. The normal work of a semester
amounts to about 48 units in Engineering and General
Courses (exclusive of Military Science and Tactics), 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
! Subject Hours per Week
SUBJECTS Number Labora-| Prepa- |Units
Class tory ration
I. FRESHMAN YEAR
1sT SEMESTER
REQUIRED
English.......coooeivun.. 601 3 0 3 6
French, German or Spanish|| 655, 675, 695 3 0 4 7
Advanced Algebra......... 453 2 0 2 4
Computation............. 452 2 (1] 2 4
Inorganic Chemistry...... 301 3 6 3 12
Mechanieal Drawing and
Descriptive Geometry. . 701 0 5 0 5
Freehand Lettering....... 721 0 2 0 2
General Problems ........ T 1 0 1 2
Shop Work...... e 741 or 742 0 4 0 4
Military Seience and
Taeties .............. 1 2 1 4
PRESCRIPTIVE
Plane Trigonometry . 451 3 0 38 6
Frenchl....... PPN 651 3 0 4 7
Germanl.... 671 3 0 4 7
Spanishl..... 691 3 0 4 7
Chemistry 301a 4 6 6 16
Freehand Sketching...... 723 0 1 0 1
2ND SEMESTER
REQUIRED
English.........cc0v0ent 602 3 0 3 6
French, German or Spanish |656, 676, 696 3 0 4 7
Inorganic Chemistry. .. 302 1 0 1 2
Qualitative Analysis. .. 811 2 6 2 10
Analytical Geometry 454 3 [} 6 9
Mechanical Drawing and
Descriptive Geometry. .. 702 0 6 0 6
Freehand Lettering....... 722 0 1 0 1
Spherical Trigonometry?.. . 455 2 0 2 4
General Problems3 ....... 772 1 0 1 2
Shop Work............... T41 or 742 0 4 0 4
Military Science and
Tacties ............o0et 1 2 1 4
PRESCRIPTIVE
Elementary Analysis...... 456 2 0 2 4
Frenchl,.........eoovi0an 652 3 0 4 7
Germanl.. 672 3 0 4 7
Spanishl, . .............. 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 Engineering 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.
3—Not required in the Civil Engineering course.
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ALL COURSES
SECOND YEAR

b Hours per Week
Subject .
SUBJECTS Number Class Labora-{ Prepa- Units
tory ration
II. SOPHOMORE YEAR
18T SEMESTER
REQUIRED
English.......oo0vvvnnn.. 603 2 0 2 4
French, German or Spanish||657, 677, 697 3 0 4 7
Caleulus,.......oovvunnnn 457 3 0 5 8
Physics...coovvanennennas 401 3 1} 5 8
Physical Laboratory....... 402 0 4 0 4
Mechanisml1234,........ 150 2 2 3 7
Surveyingl 23............ 201 2 3 2 7
Machine Drawings . ...... 703 0 3 0 8
Shop Workl12............ 743 0 4 [1] 4
Qualitative Analysis 45 ... 312 1 9 1 11
Military Science and
Taceties........oovvuinnn. 1 2 1 4
PRESCRIPTIVE
enchs, .... . 653 3 [ 4 7
Germans, .. 678 3 0 4 7
Spanishé 693 3 0 4 7
Ameriean Government. . ... 588 2 0 2 4
Special Composition....... 611 1 0 2 3
Machine Drawing......... 705 0 3 0 8
Freehand Sketching...... 726 0 1 0 1
2ND SEMESTER
REQUIRED
Argumentation and Public
Speaking.....o00cvnnen. 604 2 0 2 4
French, German or Spanish||658, 678, 698 3 0 4 7
Calculus ......... i 458 3 0 5 8
Physics, .ooovernnerinnnn. 403 3 0 [ 8
Physwal Laboratory. PPN 404 0 4 0 4
Applied Mechanics1 234, 251 5 0 5 10
Surveying8............... 202 2 3 2 T
Machine Drawmgl 2...... 706 0 3 0 3
Shop Work12,........... 744 0 4 0 4
Quantitative Analysis4 5., . 316 1 6-9 1 8-11
Military Science and
Tacties...........covuen 1 2 1 4
PRESCRIPTIVE
Frenchs,..... 654 8 0 4 7
Germans, .. 674 3 0 4 i
Spanish$. .. 694 3 0 4 7
English,.....ooovvinnen. 609 2 0 2 4
Special Composition....... 612 1 0 2 3
Freehand Sketching...... 726 0 1 0 1

1—In Electrical Engineering Course.
2—In Mechanical Engineering Course.
3—In Civil Engineering Course.

4—In Chemical Engineering Course.

3-——In Chemistry Course.
6—See note 1, page 56.
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ELECTRICAL, MECHANICAL, AND CIVIL ENGINEERING
THIRD YEAR!

. | Hours per Week
Subject |
SUBJECTS Number | Labora-| Prepa- |U its
] Class tory ration
III. JUNIOR YEAR
18T SEMESTER
REQUIRED
All Courses
English..oovnennenvennn, 605 2 0 2 4
Economies............... 551 2 0 3 5
Strength of Materials. . ... 252 4 0 6 6
Hydraulies......oco0venn. 270 } 4
Materials of Construction. 260 1 0 0 1
Direct Currents....coo.u.. 100 3 0 4 7
Direct Current Laboratory 101 1] 3 1 4
Engineering Journals. ... .. 751 1 0 1 2

Electrical Engmeermg
Electricity and Magnemsm 405 1 0 2 3
Eleetrical Measurements.. 406 1 0 1 2
Electrical Measurements.. . 407 0 2 0 2
Testing Materials Labora-

BOTY. st vveerenannnnnns 261 0 5 0 5
Graphic Staties........... 253 [} 4 0 4

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

LOrY. . ovvrnnnens e 261 0 5 0 5
Graphxc Staties........... | 253 0 4 0 4
Valve Gears and Governors! 152 1 2 1 4

Civil Engineering
Highway Engineering..... 205 1 0 2 3
Theory of Structures...... 217 3 3 5 11
Testing Materials Labora-|

BOTY. tvvrnvveennnannnns 262 0 3 0 3
2ND SEMESTER
REQUIRED
All Courses

English.............. ceen 606 2 0 2 4
Economic History......... 552 1 0 3 4
Hydraulic Motors 271 2 0 2 4
Hydraulies Laboratory. . .. 272 0 6 ) 3
Hydraulic Machinery..... 273 3
Alternating Currents....,. 102 3 0 4 7
Engineering Journals....,. 752 1 0 1 2

Electrical Engineering

Alternating Current Labo—
103 6 0
160 2 0 2 4
153 2 4

Mechanical Engineering

Alternating Current La.b-

oratory........... -~ 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 0 5 8
Railway Surveying and

Engineering............. 206 3 3 ) 11

Electrica! Laboratory..... 143 0 b 1 4

1—For prescriptive subjects see page 64.
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ELECTRICAL, MECHANICAL, AND CIVIL ENGINEERING
FOURTH YEAR!

. ! Hours per Week
Subject
SUBJECTS Number Labora- | Prepa- |Units
. Class . tory ration
IV. SENIOR YEAR
1sT SEMESTER
REQUIRED

All Courses i
English, .veveeervnvineens| 607 1 0 2 3
Education ................ 590 1 0 2 3
Business Law............. 575 2 0 2 4
Publie Utilities. . ... 225 1 0 1 2
Engineering Journals 763 1 0 1 2
Thesis......oovivennnn . 800 3

Electrical Engineering i
Alternating Current Analy-

SIS, s s bt 104 3 0 6 9
Alternating Current Labo-

TALOLY . ee e vt v vnanns 105 0 6 0 6
Induction Machines...... 110 2 0 4 6
Electric Lighting and Power

Distribution............ 112 2 0 3 5
Steam Laboratory........ 175 0 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 0 6 2 8
Electric Lighting and

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

Civil Engineering
Reinforced Concrete...... 219 | 2 [ 4 6
Structural Design......... 221 i ] 9 0 9
Irrigation and ‘Water

Supply. .. iea e 215 3 0 5 8
Sewerage and Drainage.. .. 209 2 0 4 6
Mineralogy....cevuvnnnn. 525 1 2 1 4

2ND SEMESTER
REQUIRED
All Courses
English.,..ooviieennnnn.. 608 1 0 2 ]
Modern Europe........... 587 2 0 3 b
Accounting......... ey 561 | 2 0 2 4
City Planning............ 226 1 0 1 2
Engineering Journals, . . J 754 1 | 0 1 2
Thesis..........cou iut. 800 | 9

Electrical Engineering ! .

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

oratory..........o.. ... 107 Q 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. ,.oooovvvin... 155 1 4 1 6
Mechanical Engineering

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

OTALOTY. o ee i e e nannn., 166 0 3 0 3

Civil Engineering
Masonry Structures. ..... 220 2 0 3 5
Civil Engineering Design 222 | Q 9 0 9
Heat Power Engineering. . 168 ; 2 0 2 4
Geology. v ovueennninnn... 526 | 2 0 2 4

1—For prescriptive subjects see page 64.
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CHEMISTRY AND CHEMICAL ENGINEERING
THIRD YEAR!

Hours per Week

Subject
SUBJECTS Number ! Labora- | Prepa- | Units
Class 1 tory ration
III. JUNIOR YEAR
1sT SEMESTER
REQUIRED

Both Courses
English.................. 605 2 (1} 2 4
Economies............... 551 2 0 3 5
Organic Chemistry........ 351 3 0 5 8
Organic Chemistry Lab-

oratory.......... ..., 353 0 6 0 6
Theoretical Chemistry. . .. 331 3 0 5 8
Theoretical Chemistry Lab-

Oratory....ovevvennan.n 333 0 3 2 5

Chemical Engineering
Strength of Materials. . ... 252 4 0 6 { 6
Hydraulies............... 270 4
Materials of Construction. 260 1 0 0 1
Testing Materials Labora-

tory. .. oiiiiiiiii 262 0 3 0 3

Chemistry X
Electricity and Magnetism 405 1 0 2 3
Electrical Measurements
and Methods........... 406 1 0 1 2
Electrical Measurements . . 407 0 2 0 2
PRESCRIPTIVE
Quantitative Analysis..... 317 0 6 0 6
Mineralogy....cccvvevnnn 5256 1 2 1 4
Research Reports......... 391 1 0 0-1 1-2
2ND SEMESTER
REQUIRED
Both Courses
English.................. 606 2 0 2 4
Economic History........ 552 1 0 3 4
Organic Chemistry........ 352 3 0 5 8
Organic Chemistry Labora-

TOTY . v it 354 0 6 0 6
Theoretical Chemistry. ... 332 3 0 6 9
Theoretical Chemistry Lab-

BOTY . oot 334 0 3 2 5
Industrial Chemistry...... 372 3 0 3 6

Chemical Engineering
Machine Drawing........ 706 0 3 0 3
Heat Power Engineering. . . 168 2 0 2 4

Chemistry
PRESCRIPTIVE
Geology...oovvnisiininnn, 526 2 0 2 4
Quantitative Analysis..... 318 0 6 0 6
Organic Analysis. ........ 355 0 4-6 0 4-6
Special Topics in Physiecal

Chemistry............. 338 2 0 2 4

Research Reports......... 392 1 0 0-1 1-2

1—For first and second year schedules of these courses see pages 56, 57.
For the language requirement see foot-note (1) page 56.

For other prescriptive subjects see page 64.
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CHEMISTRY AND CHEMICAL ENGINEERING
FOURTH YEAR!

: Hours per Week
Subject
SUBJECTS Number Labora- | Prepa- |Units
Class tory ration
IV. SENIOR YEAR
15T SEMESTER
REQUIRED
Both Courses
English..............c000 607 1 0 2 3
Fdueation............... 590 1 0 2 3
Business Law. ........... 575 2 0 2 4
Theoretical Chemistry. ... 335 3 0 4 7
Theoretical Chemistry Lab-
oratory.....c..ooea.n 336 0 2 0 2
Industrial Chemistry 373 3 0 3 6
Technical Analysis. 321 1 6 2 9
Research Reports. ... 391 1 0 1 2
Thesis. . oo.oveieennrenn. 800 4-6
Chemical Engineering
Direct Currents, . ........ 100 3 0 4 7
Direct Currents Laboratory 101 0 8 1 4
Chemistry
PRESCRIPTIVE
Quantitative Analysis..... 317 0 6 0 6
Direct Currents. ......... 100 3 0 4 7
Direct Currents Laboratory 101 0 3 1 4
Food Analysis............ 323 [} 6 0 6
QOrganic Chemistry Labora-
OTY o vt v cavenecnenannn 357 0 3-6 0 3-6
© 2ND SEMESTER
REQUIRED
Both Courses
English.................. 608 1 0 2 3
Modern Europe 587 2 0 3 5
Accounting. ...... 561 2 0 2 4
Research Reports......... 392 1 0 1 2
Thesis...........ooovene. 800 12-18
Chemical Engineering
Alternating Currents. . .... 102 3 0 4 7
Electrical Laboratory. .... 143 0 3 1 4
Chemieal Engineering. . ... 378 2 6 2 10
PRESCRIPTIVE
Special Topics in Physical
Chemistry............. 338 2 0 2 4
Chemistry
PRESCRIPTIVE
Alternating Currents...... 102 3 0 4 7
Eleetrical Laboratory..... 143 0 3 1 4
Food Analysis............ 324 0 6 0 6
Technology of Petroleum, . 362 1 3 2 6
Special Topics in Physical
Chemistry............. 338 2 0 2 4

1—For other preseriptive subjects see page 64.
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ENGINEERING AND ECONOMICS

THIRD YEAR?

Subject

Hours per Week

SUBJECTS Number Class | Labora- | Prepa-
tory ration
III. JUNIOR YEAR
1sT SEMESTER
REQUIRED i
English............ PR 605 2 0 2
Economies............... 551 2 0 3
Strength of Materials...... 252 } 4 0 6
Hydraulies............... 270
Direct Currents 100 8 0 4
Direct Current Laboratory 101 0 3 1
Materials of Construction. 260 1 0 0
Testing Materials Labora-
tory...... 262 0 3 0
Accounting . 563 3 0 3
Statisties.......ovouiennn 553 1 0 1
Engineering Journals...... 751 1 0 1
PRESCRIPTIVE
Electrical Engineering
Electricity and Magnetism 405 1 0 2
Graphic Statics........... 253 0 4 0
Mechanical Engineering
Valve Gears and Governors 152 1 2 1
Graphic Staties........... 253 0 -4 0
Civil Engineering
Highway Engineering . 205 1 0 2
Graphic Staties........... 253 0 4 0
or
Theory of Structures. . .... 217 3 3 5
2ND SEMESTER
REQUIRED i
English................ .. 606 2 0 2
Economic History......... 552 1 0 3
Hydraulies Laboratory.. .. 272 0 3 0
Alternating Currents...... 102 3 0 4
Electrical Laboratory..... 143 0 3 1
Thermodynamies, ........ 160 2 0 2
Banking.......co00vennn. 565 2 0 2
Securities.............00. 566 1 0 1
Business Law............. 576 2 0 3
Engineering Journals...... 752 1 0 1
PRESCRIPTIVE
Electrical Engineering
Machine Design.......... 158 2 4 2
or
Hydraulic Motors......... 271 ’
Hydraulic Machinery...... 273 } 2 3 2
Mechanical Engineering
Machine Design,......... 153 2 4 2
or
Hydraulie Motors......... 271 % 2 3 2
Hydraulic Machinery...... 273
Civil Engineering
Theory of Structures ,.... 218 3 0 5
or
Railway Surveying and
Engineering............. 206 3 3 5
or !
Hydraulic Motors......... 271 g 2 3 2
Hydraulic Machiner; 1 278

I

Units

o R W NNGOW =IO ote

DO TTRD s i s =300 e i

11

1—For first and second year schedules of this course, see pages 56, 57.

For other preseriptive subjects see page 64.
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ENGINEERING AND ECONOMICS
FOURTH YEAR!

Hours per Week

|
|i Subject i i
SUBJECTS l Number Class ‘TLabora- | Prepa- Units
“ | tory ration
[l i
IV. SENIOR YEAR 1 |
1sT SEMESTER i
R%ﬁgﬁsﬁ? “ 607 1 0 2 3
Edueation ... i s90 1 0 2 3
Public Utilities 225 1 0 1 2
Commereial Organization I 581 2 0 3 5
Industrial Management. 583 2 0 3 6
Business Law. . 577 2 [ 3 b
Transportation. . ‘ 585 2 0 2 4
Engineering Journals H 7563 1 0 1 2
Thesis. ..o eenenns 1 800 3
PRESCRIPTIVE
Electrical Engineering ‘
Alternating Current Analy-
BIS. .. ieni i e 104 3 0 6
Alternating Current Labo- -
J 1703 0. 2 I 105 0 6 1] 6
Mechanical Engineering
Steam Laboratory........ 165 0 6 2 8
Thermal Prime Movers... ., 161 4 1] 6 10
Civil Engineering
Irrsigation and Water 015
UppPly .. oo : 3 0 5 8
Sewerage and Drainage.. .. 209 2 0 4 6
or
Reinforced Concrete....... 219 2 0 4 6
Structural Design ........ i 221 [ 9 0 9
2ND SEMESTER
REQUIRED
English....e.co0vecinnnns 608 1 0 2 3
Modern Europe .. 587 2 0 3 b
City Planning.. 226 1 0 1 2
Commerecial Organ zation.. 582 2 0 .8 5
Industrial Management.. 584 2 0 3 5
Taxation............o.... 554 1 0 1 2
Cost Accounting. ......... 564 2 | o0 3 5
Engineering Journals..... . 754 1 0 1 2
Thesis...... Carreer e 800 10
PRESCRIPTIVE
Electrical Engineering
Power Plant Engineering. . 163 3 0 3 6
Electrical Engineering Lab-
[0)£:370) 'SR 107 0 3
[Mechanical Engineering
Mackhine Design.......... 153 2 4
or i
Mechanical Engineering ‘ .
Design..ooeverenaennns ‘ 155 1 4 1 6
Civil Engineering
Power Plant Engmeermg H 163 3 0 3 6
Railway Surveymg and ;
Engmeermg ....... - I 206 3 ’ 3 5 11
Hydraulic Motors . ; 271 } 2 3 2 7
Hydraulic Machmery. el 273 1

1—For other prescriptive subjects see page 64.
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PRESCRIPTIVE STUDIES!

THIRD AND FOURTH YEARS

Subi Hours per Week
SUBJECTS Nlllmll%cei Labora- | Prepa- |Units
Class tory ration
III. JUNIOR YEAR
1ST SEMESTER
Differential Equations.. ... 459 2 0 4 6
Municipalities. ........... 589 1 0 1 2
Advanced French II....... 659 2 0 3 5
Advanced German Il...... 679 2 0 3 5
Advaneced Spanish II...... 699 2 0 3 5
Eighteenth Century Litera-
ture......coviiieinnn 609 2 0 2 4
Mineralogy........c.o.o.. 525 1 2 1 4
Chemistry (see pages 84-89)
2ND SEMESTER
Applied Heat............. 410 1 3 3 7
Differential Equations..... 460 2 0 4 6
Least Squares............ 461 2 0 3. 5
Advanced French II, 660 2 0 3 5
Advanced German IL 680 2 0 3 5
Advanced Spanish II. . 700 2 0 8 5
Geology. ....covvvennnn .. 526 2 0 2 4
Chemistry (see pages 84-89)
IV. SENIOR YEAR
1sT SEMESTER
Applied Opties........... 412 1 3 3 7
Advanced Calculus........ 463 2 0 4 6
Advanced French IIlL...... 661 2 0 3 5
Advanced German III.,... 681 2 0 3 5
Electrical Communication. 108 2 0 3 5
Geology. ..cocovinninannn 527 2 0 2 4
2ND SEMESTER
Advanced Caleulus. .. . 464 2 0 - 4 6
Advanced French III. . 662 2 0 3 5
Advanced German IIL..... 682 2 0 3 5
Advanced Electrical Engin-
eering......oovveuuinn 109 2 0 3 5

1—Any study not required in a course may be treated as prescriptive.
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Bearription of Subijects

INDEX
Subject

Subjects Numbers Page
Electrical Engineering 100-149 65
Mechanical Engineering 150-200 71
Civil Engineering 201-250 76
Applied Mechanics and HydraulicS . oeoeeceeec... 251-299 80
Chemistry; Chemical Engineering. 300-400 84
Physics 401-450 92
Mathematics 451-500 97
Geology 100
Economics and History. 101
English Language and Literature 105

Argumentation and Public Speaking.... 106
French, German, and Spanish 108
Drawing 112
Shop Instruction y 114
Collateral Subjects 751-790 115
Military Instruction 116
Thesis 800 117

ENGINEERING

The work listed in the three branches of engineering
described in the pages immediately following is de-
signed to give the student sound training, both theoretical
and practical, in those fundamental subjects 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. Dmecr CurrEnts.—Theory and practice of direct cur-
rent machinery, and measuring instruments. Numerous prob-
lems are solved. Text: Elements of Electrical Engineering,
Franklin and Esty, Vol. I. 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. Direcr CurreExt LaBoraTory.—Uses of measuring in-
struments, determination of direct current machinery char-
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acteristics, efficiency tests, and the operation of direct current
motors and gencrators, singly and in multiple; are lamp opera-
tion. Required in Elcectrical, Mechanical, and Civil Engineering
courses, first semester, junior year, and in the Chemical En-
gineering course, first semester, senior year. (4 units)

102. FiEMENTARY ALTERNATING CurreNTs. — Elementary
study of alternating currents by analytical and graphical meth-
ods. Measuring instruments; inductance and capacity, har-
monic electromotive 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 Engineer-
ing, Franklin and Esty, Vol. II. Required in Electrical, 3Me-
chanical and Civil Engineering courses, second semester, junior
year, and in the Chemical Engineering course, second semester,
senior year. (9 units)

103. AvrerxariNe 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, sccond
semester, junior year. (6 units)

104. Arrervatine CurrexT ANarnysis.—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 CorrENT Lanorstory.—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. ErrcrricaL ExcineeriNe.—The electric 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; elementary transient phenomena; corona. Re-
quired in Electrical Engineering courses, second semester,
senior year. (10 units)

107. Eiecrricar Excineerive LaBoratory axp Destex.—
The design of some electrical apparatus, the data for which
are obtained from tests made on machines in the laboratory.
Required in Electrical Engineering courses, second semester,
senior year. (8 units)

108. Errcrrican CommunicatioN.—A study of the elements
of telephone, telegraph, and call systems. Prescriptive, first
semester, senior year. (5 units)

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

110. IxpvcrioNn MacuHines—An advanced study of the sta-
tionary transformer, with special emphasis upon problems of
multiple operation which involve problems of polyphase polar-
ity, together with single and polyphase multiple circuits; theory
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and operation of the induction motor; single phase alternating
current motors. Required in Electrical Engineering courses,
first semester, senior year. (6 units)

112. Exiecrric LicaTiNG AND Power DisTRiBuTioN.—Electric
distribution and wiring; calculation of simple alternating cur-
rent circuits; installation and operation costs and selling price
of electric power. Required in Electrical and Mechanical En-
gineering courses, first semester, senior year. (5 units)

143. Eirecrricar LaBorarory.—Abridged study of alternat-
ing current laboratory similar to 103, but adapted to the needs
of Civil and Chemical Engineering students. Required in the
Civil Engineering and Engineering and Economics courses,
second semester, junior year, and in the Chemical Engineering
course, second semester, senior year. (4 units)

[See arso Sussecrs 150, 153, 160, 163, 171, 115, 201, 225, 226,
251, 252, 253, 261, 270, 271, 272, ANp 273.]

ELECTRICAL ENGINEERING EQUIPMENT

The apparatus has been so installed as to permit the
arrangement of the laboratories as a system of power dis-
tribution if desired. Nearly all the machines used for
testing purposes are of one rating, that is, the motors
are 10 horse-power and the generators have a capacity
of 714 kilowatts, these being standard commercial sizes
which are carried in stock. The pieces of apparatus are
so selected with regard to voltage and speed that nearly
all of the motors and generators may be grouped into
pairs, each pair being capable of operation as a motor-
generator set.

Power Aprpsrarus—One three-unit Allis-Chalmers motor
generator set consisting of a 75 horse-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 two-unit Westinghouse
motor-generator set consisting of a 35 horse-power, 125 volt,
1000-1200 r. p. m. motor and a 30 k. v. a., 2200 volt alternator,
both mounted on the same bed plate; one three-panel white
marble switchboard for building distribution, equipped with
knife switches, cartridge fuses, and watt-hour meters only; one
nine-panel natural black General Electric switch board arranged
as follows: Panels 1 and 6 have plug terminals by means of
which leads from one set of testing machines may be connected
to the leads of any other set or to any of the sources of labo-
ratory power supply; panel 2 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; panel 3 is equipped with a 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; panels 4 and 5 are each equipped with
field control, ammeter, voltmeter, circuit breakers and the neces-
sary switches to enable them to serve as the control panels for
the two direct current generators of the three unit motor-
generator set; panel 7 is similar to panels 4 and 5, but has in
addition a starting switch so that it may be used to control
the direct current unit of the Westinghouse two unit motor-
. generator set when it is operating either as a motor or a gen-
erator; panel 8 is equipped with alternating current voltmeter
and ammeter, two three-pole oil switches, exciter and generator
field control, and synchronizer plugs for use in the control of
the alternator of the two unit Westinghouse set when operating
either as an alternator or synchronous motor; two 7.5 kilowatt
compound Westinghouse direct-current generators, usable also
as motors; one 10 horse-power four-pole series or shunt West-
inghouse motor, usable also as a generator; one General Elec-
tric 6 3-4 kilowatt regulating-pole rotary converter, with con-
nections for one, three, and six phases, equipped with speed
limit and end play devices; one Westinghouse 7.5 kilowatt
rotary converter with connections for one, two, three, and six
phases and usable as a regular or inverted rotary converter,
double-current generator, synchronous or direct current-motor,
and a three-wire direct-current generator; two inter-pole, vari-
. able speed, 10 horse-power General Electric motors; one three-
phase, 10 horse-power, 110 volt, 50 cycle Holtzer-Cabot syn-
chronous 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 induction motor, with starting compen-
sator; one 7.5 kilowatt, revolving field, Central Laboratory Sup-
ply Company generator, with connections for one, two, three
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and six phases, and usable also as a synchronous motor; one
General Electric A.H.B. alternating current 7.5 k. v. a. labora-
tory set; one 3 horse-power, three-phase Westinghouse induc-
tion motor; one 1.5 kilowatt single-phase Central Laboratory
Supply Company generator, usable also as a synchronous
motor; one 1.5 kilowatt Crocker-Wheeler dynamotor; one 0.5
kilowatt Edison bipolar generator; one 0.25 horse-power Lun-
dell motor; one General Electric voltage regulator, Tirrill
patent; one 1.9 kilowatt three-phase induction-type feeder-reg-
ulator; one 5 kilowatt, cruciform core, General Electric trans-
former; two 600 watt General Electric transformers; two 8000
watt auto-transformers; two potential transformers; six 8 kilo-
watt transformers of special design for use in the study of
polyphase connections, including two-to-three~phase transfor-
mation; three 10 k. v. a, cruciform type Westinghouse trans-
formers arranged with suitable switchboards, as a substation
for use as a testing station or as a substation to change the
2200 volt three-phase current supplied by the Westinghouse
alternater to 110/220 or 440 volts as desired; miscellaneous
switches; circuit breakers; lamp boards; models; wiring sup-
plies, tables, ete.

Puoromerric Arparatus.—A Leeds 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.

Cavraring 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.

MeasuriNG 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 Ameri-
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can, Hartmann & Braun, Keystone, Thompson, Weston, and
Whitney; three Weston indicating wattmeters; one Westing-
house one, two, and three-phase indicating wattmeter; three
General FElectric wattmeters for low power factor measure-
ments; Stanley, Westinghouse, and other watt-hour meters;
one Westinghouse and one General Electric power-factor meter;
one General Electric synchronism indicator; one General Elec-
tric frequency meter, and also four Hartmann & Braun vibrat-
ing reed frequency meters; a permeammeter of United States
Bureau of Standards pattern, made by Throop students.

Hicu TExsioN ArparaTus.—One of the two 125,000 volt trans-
formers being constructed by the Throop students’is available
for use in the second semester work of this year, and the
second one, which will be constructed to operate with this first
unit so as to give 250,000 volts, will be ready for use during the
year 1917-1918. There is also available for use in high tension
work a Weinholtz static machine of the largest size; induction
coils, and other necessary apparatus. ’

MECHANICAL ENGINEERING

150, Mecuanrsm.—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 GeaRrs AND GOVERNORs.—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 control, 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. MacuaiNe Dresiex.—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
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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; calculations of machine fasten-
ings and riveted joints, fly wheels'and thick cylinders, shrinkage
and forced fits; shafting and cranks for strength and stiffuess
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
Engineering courses, second semester, junior year. (8 units)

154, Apvaxcep Macmixe DisieN.—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
cranes and hoists; punches and modern metal working ma-
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
steels and alloys and heat treatment. Required in Mechanical
Engineering courses, first semester, senior year. (11 units)

155. Mecuanical EncineeriNe DesieN.—A continuation of
the work in design with the principles applied to the propor-
tioning of parts for steam engines and internal combustion
motors, dynamometers, bodies with a high rotative speed.
Dynamics of machinery, effects 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 Engineering courses, second semester, senior year.

(6 units)

160. Turrmopyxamics axp Hear Excines.—Principles of
thermodynamics, discussion of properties of gases, saturated
and superheated vapors, various cycles of vapor engines and
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internal combustion engines. Required in Electrical and
Mechanical Engineering courses, second semester, junior year.
(4 units)

161, Tuaermar 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. Powrr Prant ExciveeriNe.—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
boilers, heaters, economizers, engines, 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. Power PraxTt ExciNeeriNe.—Abridged, for Electrical
Engineering Students. Relative economies of steam engines,
steam turbines and internal combustion engines, boilers, heaters,
economizers, condensers, piping, and gas producers. Required
in Electrical Engineering courses, second semester, senior year.

(6 units)

165. SteEam Lasoratory.—Calibration of instruments, tests
on brakes, dynamometers, steam calorimeters and injectors;
tests on the steam engine, steam turbine, steam 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. FuEL axp LuBricanT LaBorATORY.~—Tests of Iubricants,
investigation of friction, fuel and gas analysis and calorimetry.
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Required in Mechanical and Electrical Engineering courses,
second semester, senior year. (3 units)

168. Hear Power Exciveerine.—Principles of thermody-
namics and their applications to steam engines, turbines, and
internal combustion engines. Study of power plant apparatus.
Required in Civil and Chemical Engineering courses, second
semester, senior year. (4 units)

170. Mecmaxicar ExciNeeriNg LasoraTory.—Calibration
and tests on special apparatus used in mechanical engineering.
Visits to and reports on power and manufacturing plants in
Southern California. Investigation of special branches of me-
chanical engineering. Required in Mechanical Engineering
courses, second semester, senior year. : (4 units)

171. TaermalL Prime Movers.—Similar to 161, but abridged
and adapted to the needs of students in Electrical Engineering.
Required in Electrical Engineering courses, first semester,
senior year. (5 units)

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

[SEE arso Sumsecrs 100, 101, 102, 103, 112, 201, 225, 226, 251,
252, 253, 261, 270, 271, 272, aAxp 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
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knowledge of the laws of operation of the machines and
apparatus which he will use in his engineering career.

StEam axp Power LaporaTories.—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 Fairbanks-Morse stationary type gas en-
gine, a Kerr four stage steam turbine direct-connected to a
Ifort 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
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 steam 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.

FuerL axp Lusricaxt LasoraTory.—Ifor 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 appara-
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
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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.

LaBoraTory Smor.—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 IFairbanks-Morse
motor furnishes the motive power.

CIVIL ENGINEERING

201, Survevine.—A study of the elementan; operations em-
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 Itlectrical, Mechanical and Civil Engineering courses, first
semester, sophomore year. (7 units)

202. ApvaNcED SURVEYING.—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 engaged in field operations of triangula-
tion and topographic surveys.]

205, Hicaway ExNciNeeriNG—A comparison of various
types of highway construction; the design, construction and
maintenance of roads and pavements; methods of road improve-~
ment; financing, contracts and specifications. Required in Civil
Engineering courses, first semester, junior year. (3 units)
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206. Ramwway SURVEYING AND ENeiNEEriNG.—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 Drarnace.—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 year. (6 units)

215. IrrieatioN axp WarEr SurprLy.—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 Strucrures~—Methods used in the analysis
of framed structures for the analytical and graphical deter-
mination of stresses; the use of influence lines; graphic statics
applied to roofs and bridges. Required in Civil Engineering
courses, first semester, junior year. (11 units)

218. THEORY oF STRUCTURES.—A continuation of 217 cover-
ing the design of structural parts, connections, portals, and
bracing; a study of arches, cantilever bridges, and deflections.
Required in Civil Engineering courses, second semester, junior
year. (8 units)

219. Rreixrorcep 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 semester, senior year. (6 units)
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220, Masonry Structures.—Theory of design and methods
of construction of masonry structures; foundations, dams, re-
taining walls, and arches. Required in Civil Engineering
courses, second semester, senior year. (5 units)

291, Srrucrurar Desiex.—The design of a plate girder
bridge and a steel frame building or tower. Drafting room
practice is followed, as affecting both computations and draw-
ings. Required in Civil Engineering courses, first semester,
senior year. (9 units)

222, Crwvir. ExceineeriNe Desiox.—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, second semester, senior
year. (9 units)

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

226. Ciry Praxxixe—Intended to cover the recent de-
velopments in the science of city building, including street
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,
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etc.,, and a comparison of local developments with the best
American and European examples. Required in Electrical,
Mechanical and Civil Engineering, and Engineering and FEco-
nomics courses, second semester, senior year. (2 units)

[SeE arso Suvssects 100, 101, 102, 143, 150, 160, 251, 252, 262,
270, 271, 272, 2713, 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-
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.

Monpers.—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.

RererENceE MareriaL.—In the designing room of the depart-
ment there is a filing cabinet containing a number of sets of
drawings and plans for bridges, dams, buildings, sewage puri-
fication 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.
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Testive Materiars LaBoraTory.—(Described on page 82.)
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.

Hypravrics LaBoraTory.—For equipment and description see
page 83.

APPLIED MECHANICS AND HYDRAULICS

251, Appriep MecmaNics—Analytical treatment of prob-
lems involving the action of external forces upon rigid bodies;
statics; determination of stresses in simple machines and struc-
tures; parallel forces and center of gravity; dynamies 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. SrtrENGTH OF MatERiars.—A study of the fundamental
relations between stress and deformation in elastic 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; properties of the common
structural materials. Required in all Engineering courses, first
half, first semester, junior year. (6 units)

253. Grapmic Starics AND STRUCTURAL Drsiex.—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;
effect of moving loads. Also, a short course in the practical
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. Required
in Mechanical and Electrical Engineering courses, first semes-
ter, junior year. (4 units)

260. MateriaLs or ConstrUucTioN.—Lectures and class dis-
cussions concerning the production and properties of the ma-
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terials most commonly used in the mechanic arts and in engi-
neering construction; forestry, lumbering, and the physical
properties of wood; causes of decay, preservation processes;
protection against parasites and against fire; manufacture of
iron and steels from the ore; various conversion processes for
steel, wrought iron, malleable iron, etc.; welding processes;
heat treatment of steel; the properties of alloy steels; non
ferrous alloys; protection against rust and corrosion; manu-
facture of Portland cement, and discussion of its properties
and proper use; choice of sand and rock in concrete; water-
proofing of concrete; other engineering materials and their
proper use. Required in all engineering courses, first semester,
Jjunior year, in connection with Nos. 261 or 262. (1 unit)

261. TesTiNG MATERIALS LABonATonY.—Ekperimental inves-
tigation of the properties of cement and concrete, and the
commercial tests of these materials; the testing of sand and
rock, and the proper proportions for economic mixtures of
concrete; tensile, compressive, bending and torsional 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 electrical properties of
metals; experimental verification of the formulas derived in
the theory of Strength of Materials; calibration of apparatus.
Required in Mechanical and KElectrical Engineering courses,
first semester, junior year. (5 units)

262. Trestine MarERIALS LABORATORY.—Similar to 261, deal-
ing principally with the materials of construction. Required
in Civil and Chemical Engineering courses, first semester, junior
year. (8 units)

270. Hyoravrics.—Physical properties of water; hydrosta-
tics; flow of water in pipes, nozzles, and channels; hydro-
dynamics. Required in all Engineering courses, last half, first
semester, junior year. . (4 units)

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

272. Hypravrics LarorsTory.—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 Engineering
courses, first half, second semester, junior year, (8 units)

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

(3 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.

Trstixe MarTerisrs LasoraTory.—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 150,000-pound Olsen universal testing machine,
with automatic and autographic attachments, fitted for ten-
sion, compression, and bending tests; a 30,000-pound Riehlé
universal testing machine; a 50,000-inch-pound Olsen torsion
testing machine, a Landgraf-Turner alternating impact testing
machine, a White-Souther endurance machine, a ten spindle
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fatigue-testing machine (a recent development by this depart-
ment), 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 measuring instruments. A
power truck provided with motor and variable speed friction
drive furnishes the power in this laboratory.

CEMENT 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.

Hyopravrics LasoraTtory.—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 Fairbanks-Morse duplex power pump
and a 10x8x12 Marsh steam pump provide water at high
pressure. The fiow 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 mdlntained 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 pr0v1de for pres-
sure measurements.

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 runners 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 centrifulgal 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 instruction in
these subjects is given throughout the chemical courses,
and chemical research is carried on during the entire
senior year.

It is believed that the education 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 (see especially page 89). The
experience and training obtained through research are
the most important results of the student’s course in
chemistry. The searching and accurate methods used
and the quality of self-reliance acquired are invaluable
in giving the ability to solve independently the intricate
problems sure to be encountered.

301. Ioreaxic CuEmistey.—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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30la. Ivorgawic CHemistRy.—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
enable 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. InoreanNic CHEMISTRY.—A continuation of 301 or 80la;
consists of one experimental lecture or recitation a week
throughout the semester. It is devoted to the descriptive
chemistry of the metallic elements. Required in all courses,
second semester, freshman year. (2 units)

311. QuavritaTIvE ANarvsis—This is a systematic study in
the qualitative analysis of solutions of inorganic substances.
Six hours a week are devoted to laboratory practice, and one
hour a week 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 30la. Required in
all courses, second semester, freshman year. (10 units)

312. QUALITATIVE ANALYsis.—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. It includes also ex-
tensive laboratory practice in the complete analysis of solid
substances, such as alloys, minerals, and industrial products.
Text-book: A. A. Noyes, Qualitative Analysis. Prerequisite:
302 and 311. Required in Chemical Engineering and Chemis-
try courses, first semester, sophomore year. (11 units)

316. QuaNTrTaTIVE AxALvsis.—Laboratory practice, supple-
mented by occasional lectures and by personal conferences.
The course furnishes an introduction to the subjects of gravi-
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metric and volumetric analysis. Text-book: Talbot, Quanti-
tative Analysis. Prerequisite, 312. “Required in Chemical En-
gineering and Chemistry courses, second semester, sophomore
year. (8-11 units)

317-318. QuUawTITATIVE ANALYSIS.—A continuation of 316.
Prerequisite 316. Prescriptive, both semesters, junior year.
(6 units each semester)

321. Tecm~Nicar Awarvss.—A laboratory course desigend
to familiarize the student with special analytical apparatus and
methods used in industrial chemical operations, both for plant
control and research. Prerequisite, 316. Required in Chemical
Engineering and Chemistry courses, first semester, senior year.

(9 units)

323-324. Foon Axavysis.—Laboratory work and conferences,
in which a study is made of the analytical methods employed
in determining the purity of food products, and in detecting
adulteration. Prerequisites, 316, 352, 854. Prescriptive, both
semesters, senior year. (6 units each semester)

327-328. RescarcH IN ANALYTICAL CHEMISTRY.—Original in-
vestigation of problems in analytical chemistry. Prescriptive
for qualified students as thesis, both semesters, senior year.

(6-18 units each semester)

331-332. 'T'mrorericar 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. A large number of problems are assigned to be
solved by the student. Prerequisites, 316, 403, 404, 457, 458.
Required in Chemical Engineering and Chemistry courses, both
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semesters, junior year. (8 units first semester, 9 the second)
333-334. Tueorericar CHEMIsTRY Lasorarory.-—Laboratory
exercises to accompany 3831-332. Required in Chemical En-
gineering and Chemistry courses, both semesters, junior year.
(5 units each semester)

335. Taroretical CHEmMISTRY.—A continuation of 331-332,
dealing chiefly with electrochemistry and thermodynamic chem-
istry. Required in Chemical Engineering " and Chemistry
courses, first semester, senior year. (7 units)

336. Turorericar CHEMISTRY Laporarory.—Laboratory ex-
ercises to accompany 335. Required in Chemical Engineering
and Chemistry courses, first semester, senior year. (2 units)

338. Srrciar Toeics 1N Puysican Curmistry.—The purpose
of this course, which is conducted upon the seminar plan, is to
familiarize the student with the present status of some of the
more important problems in Chemistry and in Physics. The
topic will be varied from year to year; that for 1916-17 is
radioactivity. Prescriptive, second semester, junior and senior
years. (4 units each semester)

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

351-352. Oreanic Cuemisrry.—Lectures and recitations in
which the properties, characteristic reactions and classification
of the compounds of carbon are studied. Must accompany
353-354. Required in Chemical Engineering and Chemistry
courses, both semesters, junior year. (8 units each semester)

353-354. Omeaxic CurmistRY Laborarorv.—Laboratory ex-
ercises to accompany 351-352. Preparation and purification of
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carbon compounds, and study of their characteristic properties.
Required in Chemical Engineering and Chemistry courses both
semesters, junior year. (6 units each semester)

355. Oreanic Awnarysis.—Laboratory practice in qualitative
and ultimate organic analysis. In the former, a study is made
of the methods used in detecting and identifying compounds
of carbon; in the latter, the methods used in determining the
elements quantitatively. Prerequisites, 316 and 351. Prescrip-
tive, second semester, junior year. (4 to 6 units)

357. Orcanic CHEmisTRY Lasorarory.—Continuation of 354.
Practice in the carrying out of difficult syntheses of carbon
compounds. For qualified students. Prerequisites, 854 and 355.
Prescriptive, first semester, senior year. (3 to 6 units)

859-360. RresearcH 1N Oreaxic CHEmisTRY.—Opportunity is
offered to qualified students to pursue research in pure or-
ganic chemistry under personal supervision of the professor
in charge.- Prescriptive for qualified students as thesis, both
semesters, senior year. (6-18 units each semester)

362. Trcu~orLocy oF Prrrorevm.—Consists of a discussion
of the origin, sources, production, and transportation of petro-
leum; 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 refin-
eries of Southern California makes frequent inspection trips
a valuable feature of the instruction. Books: Redwood, Holde,
Gill, Engler-Hofer, and others. Prescriptive, second semester,
senior year. (6 units)

372-373. I~pustrisar Cuemistry.—A study of the more im-
portant industrial chemical processes, from the point of view
not only of the chemical reactions, but of the conditions and
equipment necessary to carry on these reactions. Required in
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Chemical Engineering and Chemistry courses, second semester,
junior year and first semester, senior year.
(6 units each semester)

378. Curmical. Excineerive.—Lectures and laboratory
work to bring the student in touch with modern practice and
problems involved in efficiently carrying out chemical reactions
on a commercial scale. In the laboratory, the basic operations
of the chemical industries are duplicated on a scale sufficiently
large to familiarize the student with the engineering problems
of plant construction and operation. Required in Chemical
Engineering courses, second semester, senior year. (10 units)

391-392. ResearcH Rerorts.—Weekly reports by members
of the faculty and by advanced students on recent publications
and on the progress of problems under investigation in this
laboratory. Prescriptive, both semesters, junior year. Re-
quired in Chemical Engineering and Chemistry courses, both
semesters, senior year. (1-2 units each semester)

CHEMICAL RESEARCH

An unnamed friend has presented to the College $10,-
000 for the equipment of a Chemical Research laboratory,
and has made provision for a permanent annual income
of $10,000 for its’maintenance. With these funds there
has been established in the new Chemistry Building,
described below, a research laboratory of physical chem-
istry, occupying eight rooms and containing facilities for
physico-chemical research of the highest grade. Tive
individual laboratories and one larger room afford space
for fourteen workers. An instrument shop containing a
Stark precision bench lathe, with milling machine attach-
ment, a sensitive vertical drill, a tool grinder, and a com-
plete set of mechanician’s tools, forms part of the labo-
ratory. Precision balances, a Leeds and Northrup



90 THROOP COLLEGE OF TECHNOLOGY

potentiometer, galvanometers, resistance boxes, a special
still for conductivity water, thermostats, and precision
apparatus for the measurement of electrolytic conductiv-
ity, have been provided.

Dr. Arthur A. Noyes, Professor of Theoretical Chern-
istry in the Massachusetts Institute of Technology, and
Director of the Research Laboratory of Physical Chem-
istry in that institution, has become Director of Chemical
Research at- Throop College, dividing his time between
the two institutions. Scientific investigations in physical
chemistry will be carried on by a staff of research asso-
ciates and by the professors and instructors of the Chem-
istry Department. The laboratory is open to qualified
graduate students for advanced study and research lead-
ing to higher degrees.

A new chemistry building (with a floor space of 18,000
square feet) has just been erected, providing ample room
and facilities for instruction and research work in chem-
istry. It contains a lecture room, a chemical library, two
recitation rooms, six offices, store-rooms, a laboratory of
inorganic chemistry accommodating one hundred and
sixty students, an organic chemistry laboratory accom-
modating twenty-three students, an analytical laboratory
accommodating eighty, a physico-chemical laboratory for
twenty men, an organic research laboratory with space
for four, a research laboratory of physical chemistry
accommodating fourteen workers (as already described),
an instrument shop, a storage battery room, a still room,
and laboratories of industrial chemistry, chemical engi-
neering, technical analysis, and photo-chemistry. In
addition to the general heating and ventilating system,
special hood ventilation is provided in all the labora-
tories, those of inorganic and analytical chemistry having
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individual desk hoods. Numerous outlets for water, gas,
suction, and compressed air systems are provided, and a
system of electrical distribution of direct, alternating,
high frequency, and storage battery current has been
installed.
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PHYSICS

The courses in Physics have been arranged with
especial regard to the needs and interests of Engincering
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. See the important announcement on page 6.

401. Mecmaxics, MoiLEcULAR Prysics, aND Hrar—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 barmonic 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 students 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 quanti-
_ ties as made in the laboratory. Required in all courses, first
semester, sophomore year. (8 units)

402. PrysicaL LABORATORY—MECHANICS, MOLECULAR PHYSICS
AND Hear.—Includes experiments dealing with acceleration, the
laws of forces and moments, hydrostatics, capillarity, laws
of gases, thermometry, and expansion. Required in all courses,
first semester, sophomore year. (4 units)
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403. Souxp, Licur, Erecrricity, AxD MacNETIsm.—Based
upon and forming a continuation of 401; begins with a careful
study of wave motion. The consideration given to sound in-
cludes 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. Pmysicar, LaBoratory—Sounp, Licar, ELECTRICITY, AND
Maexerism.—Includes experiments on the focal length of
lenses, indices of refraction, elementary spectrum analysis, the-
ory of optical instruments, and the elementary principles of
electricity and magnetism. Required in all courses, second
semester, sophomore year. (4 units)

405. ELectrIcITY AND MaGNETISM.—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. Erecrricar MeasureMENTS AND MEermons.—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. Regquired in Electrical
Engineering courses, first semester, junior year. (2 units)

407. Ereciricar MeasureMENTS—LABORATORY.—Supplement-
ing 406. Required in Flectrical Engineering courses, first
semester, junior year. (2 units)

410. Aprriep Hear.—Lectures and laboratory exercises deal-
ing with heat as related to various industrial processes, as,
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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 efficiency of fuels. Prescriptive, second
semester, junior year. (7 units)

412. Arrrmp Orrics—Lectures and laboratory exercises on
optical instruments, refraction and its use in determining.prop-
erties 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 measurement. Prescriptive, first semester,
senior year. (7 units)

PHYSICAL RESEARCH

During the current year a fund of $100,000 has been
provided for Physical Research, and Dr. Robert A. Mil-
likan of the University of Chicago has becn secured to
give several months of his time every year to direct this
research, with the co-operation of Dr. Arthur A. Noyes
in physical chemistry, and that of Dr. George E. Hale,
of the Mt. Wilson Solar Observatory, in astrophysies.
This fund will be administered in conference with the
National Research Council, of which Dr. Hale is chair-
man (see page 96). Three fellowships, with an annual
income of $1,000 each, have been established in the
departments of Physical and Chemical Research. Dr.
Millikan began his work during the current school year
by giving a series of six lectures, with the following
subjects: “Electricity in the Nineteenth Century,”
“X-Rays and the Birth of the New Physics,” “The
Electron—Its Isolation and Measurement,” ‘“Brownian
Movements and Sub-Electrons,” “The Structure of the
Atom,” “The Nature of Radiation.” Graduate courses
will be arranged for candidates for advanced degrees.



RESEARCH IN AERONAUTICS 95

RESEARCH IN AERONAUTICS

Just as this catalogue gocs to the press, generous and
wise friends of the College have undertaken to provide
facilities for resecarch in the science of Aeronautics, with
every prospect of the co-operation of the United States
Government. A wind tunnel will be immediately built
and equipped in the best fashion, and a graduate course
will probably be provided for students desiring to spe-
cialize in this branch of physics and engineering. A
wind tunnel consists of a chamber specially constructed
and equipped with air-current producing machinery so
as to provide facilities with which small model planes
may be observed and tested under conditions equivalent
to those that obtain in actual flight. A building 20x25x66
feet houses the wind tunnel proper, 16 square feet in
section and some 53 feet in length. Air is drawn
through an entrance nozzle and through the square tun-
~nel by a four-blade propeller, driven by a ten horse-

power motor. Models under test are mounted in the
center of a square trunk on the vertical arm of a bal-.
ance. The propeller works in a sheet metal cylinder
seven feet in diameter. By the use of rheostats the
propeller speed can be regulated to hold any wind
velocity from four to forty miles an hour, the control
being very sensitive. The aerodynamical balance con-
sists of three arms mutually at right angles (represent-
"ing the axes of co-ordinates in space) about and along
which couples and forces are to be measured. The
model aeroplane is mounted on the upper end of the
vertical arm, which projects through an oil seal in the
bottom of the tunnel.

The establishment of this new laboratory at Throop
College arosc from the suggestion of the National Re-
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search Council and the advice of Colonel Squier, Chief
of Aviation. This Council, which was formed by the
National Academy of Sciences at the request of the
President, is securing the co-operation of educational
institutions in the study of problems connected with
national defense. One of the most important of these
is the improvement of aeroplanes along the lines sug-
gested by the National Advisory Committee for Aero-
nautics.
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MATHEMATICS

The work of the enginecr 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 to arrange for additional courses if
possible.

451, Prane Tricoxomerry.—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,
fitst semester, freshman year. (6 units)

452. CoaxrpuraTioN.—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 compuling, by weans of the slide rule, tables, ele., are
used whenever practicable. Required in all courses, first semes-
ter, freshman year. (4 units)

453, Apvaxcep ArceBrRa.—Includes determinants, inequali-
ties, irrational and complex numbers, with graphical represen-
tation of the latter, limits and indeterminate forms, conver-
gency and divergency of series; indeterminate coefficients, with
applications to integral functions, partial fractions, expansion
of functions, and summation of series; theory of equations, in-
cluding the plotting of entire functions of one Jetter, Des-
cartes’ rule of signs, the solution of higher numerical equations,
derived functions, etc. Required in all courses, first semester,
freshman year. (4 units)

454, Awavvric Geomerry.—Plane and Solid Analytic Geom-
etry, devoted chiefly to a study of the straight line and the
conics, with a few curves of especial interest in engineering,
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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 courses, second semester, fresh-
man year. (9 units)

455. SeHERICAL TRIGONOMETRY.—Atrranged 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
semester, freshman year. (4 units)

456. ErEMENTARY ANALYsIs.—A continuation of 453, de-
signed to present portions of advanced algebra of especial in-
terest in engineering, including work in permutations, combina-
tions, probability, continued fractions, solution of equations,
empirical equations, and an introduction to Vector Analysis.
Prescriptive, second semester, freshman year. (4 units)

457-458. Carcrrvs—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 courses, both
semesters, sophomore year. (8 units each semester)

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

460. DirreERENTIAL 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. Leasr Squarss—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 observations 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—Planned 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. Prescriptive, both semesters, senior
year. ) ) (6 units each semester)
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GEOLOGY

The courses in Geology and Mineralogy are 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 economic 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 necessary 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. Groroey.—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, senior
year. (4 units)

527. - Georoey.—A continuation of 526, treating the nature
and ditsribution 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 purpose 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. Gexeran 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. Ecorxomrc Hisrory.—This subject is treated concretely
by tracing the development of a single world-wide industry
from its early beginnings in such a way as to show the influ-
ence 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. TaxarioNn.—A study of the principles and methods of
taxation. Required in the course in Engineering and Eco-
nomics, second semester, senior year. (2 units)

561. Accounting—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,
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depreciation, bond valuation, financial reports, banking and
railroad accounting, together with a limited amount of book-
keeping practice. Required in all courses, except Engineering
and Economics, second semester, senior year. (4 units)

563. AccouNTing.—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 AccotxtiNGg.—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. Banxkine.—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 Keserve
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 Engineering and Economics, second semester, junior year.

(4 units)

566. Securrrmes.—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 Economics, second semester, junior year. (2 units)

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

(5 units each semester)

581-582. ComnrERCIAL OreaxNizarrox.—Typical forms of or-
ganization, such as individual, partnership, corporation, asso-
ciation, and holding company, for the carrying on of business
are investigated and compared. The fundamentals of financial
reports, methods of promoting, plans for capitalization, and
underwriting of securities, are studied. In the second semester
particular attention is paid to marketing, including advertising.
Required in the course in Engineering and Fconomics, both
semesters, senior year. (5 units each semester)

583-584. InpusTRiAL MaNacEMENT.—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 factory location, building design, routing of work,
executive organization, standardization, selection of employees,
wage systems, welfare improvements, etc. In connection with
the study visits are made to the most illustrative factories,
warehouses and stores in the vicinity. Required in the course
in Engineering and Economics, both semesters, senior year.

(5 units each semester)

585, TransrorrTaTION.—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
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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)

587. Moperxy Eurore.—The political and economic develop-
ment of Europe from the Congress of Vienna to the present
day. Considerable library work is required, together with the
preparation of papers, maps, and briefs upon subjects sug-
gested by the course. Required in all courses, second semester,
senior year. (5 units)

588. AmEericaN GoveRNMENT.—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~icrparrties.—An examination of the origin, de-
velcpment, and organization of the modern city, and a com-
parative study of municipal government in Europe 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: Federal, Commission, and City Manager.
Prescriptive, first semester, junior year. (2 units)

590. Epvcarion.—A study of psychology, ethics, and peda-
gogical theory, designed for the general benefit of students,
and for the special equipment of those who wish to become
teachers in the public schools of California. (The California
State Board of Education authorizes the College to issue special
certificates for high school teaching in various subjects to
graduates who have taken, in addition to this work, sufficient
practice teaching in the subjects concerned. Facilities for this
practice teaching are provided by the College for approved
candidates.) Required in all courses, first semester, senior
year. (3 wunits)
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THE ENGLISH LANGUAGE AND LITERATURE

The College requires an English course of four years
for graduation. The intention in the literature courses
is rather to familiarize students with the masterpieces
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. Rmrroric axp Comrosrrion.—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 FExposition, 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
see that the points emphasized in rhetoric 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
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special conference with the instructor. Required in all courses,
both semesters, freshman year. (6 units each semester)

603. Excrisi Literarvre rroyM CHAUCER To MIinToN.—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 Pumric 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. i (4 units)

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

606. AmEeRricaN LITERATURE.—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. Tecmxicar Exerism~—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. (8 units each semester)
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A survey of this

609. Eicureestir CeNrtrry LITERATCURE.
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. Speciar Coxpositiox.——Supplementary to 601-602;
required of any student at the discretion of the Faculty and of
the department of English. Consists entirely of theme writing
and consultation; may be continued in each individual case as

long as the instructor deems it necessary. Prescriptive.
(8 units each semester)

613-614. Serrrixe.—Satisfaction of the requirements in this
subject involves the student’s ability to spell those words, hoth
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, French, 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, EremeNTARY IFRExcir I.—Grammar and reading;
practice in speaking and writing French; dictations. Care is
given to correct pronunciation. Books used: Chardenal’s
TFrench Grammar, and Bacon’s Une Semaine 4 Paris. Prescrip-
tive, both semesters, freshman year. (7 units each semester)

653-654. Fremextary Frexcu I1.—Continuation of gram-
mar; special study of irregular verbs. Exercises in composi-
tion and conversation. The texts used are chosen from the
more familiar modern authors. Prescriptive, both semesters,
sophomore year. (7 units each semester)

655-656. IxTERMEDIATE FrExcm.—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 college 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 Irench is offered as an
entrance language, both semesters, freshman year.

(7 units each semester)

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

659-660. Apvaxcep Frexca II.—Victor 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. Apvaxcen FrExcm III.—The work is based on For-
tier’s Histoire de la Littérature Francaise. 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. EiremenTary GeErman L—Vos’ Essentials of Ger-
man, and Bacon’s Im Vaterland are used, with written and
oral exercises, and dictations. Prescriptive, both semesters,
freshman year. (7 units each semester)

673-674. EremexTtary GerMax 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 Chemis-
try courses, see page 56.
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675-676. IxtERMEDIATE Gerirax.—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: Lessing’s Minna von Barnhelm, Schiller’s Wilhelm Tell,
Wait’s Scientific German reader. Required in all courses if
German is offered as an cntrancc language, both scmesters,
freshman year.! (7 units each semester)

677-678.  Anvaxcep Geraax I—An introduction to the Ger-
man literature of the nineteenth century. Novels from the
works of Freitag, Sudermann, Hauptmann, and IFulda 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. Apvaxceo GermaxN II.—A continuation of 678, the
work being based upon Keller’s Bilder aus der Deutschen Lit-
eratur, Rauter’s allgemeine chemische Technologic, and
Pasdkowski’s Lesebuch zur Finfithrung in  die Kenntnis
Deutschlands und seines geistigen Lebens. Prescriptive, both
semesters, junior year. (5 units each semester)

681-682. Apvanxcen Gerymax IIT.—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)

691-692. ErEmExTary Spanisu [—Grammar, reading, con-
versation, dictations. Reading commenced as soon as the first
clements of the grammar arc 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 vear.

(7 uvnits each semester)

1For languages required in Chemical Engineering and Chemis-
try courses, see page 56.
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693-694. EreMmENTARY SpanisH 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 semester)

695-696. INTERMEDIATE SpaNisH—A study of modern Span-
ish literature, accompanied by work in composition and con-
versation based on the text read. Grammar is reviewed, espe-
cially the irregular verb. Texts: Galdés’ Dofia Perfecta;
Fernan Gaballero’s La Gaviota, L.a Familia de Alvareda, etc.
A thorough study of scientific and technical Spanish is made.
Spanish newspapers and reviews are read. Required in all
courses except Chemical Engineering and Chemistry, if Spanish
is offered as an entrance language, both semesters, freshman
year. (7 units each semester)

697-698. Apvaxcep Spanism I.—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 except Chemical FEngineering and
Chemistry, if Spanish is offered as an entrance language, both
semesters, sophomore year. - (7 units each semester)

699-700. Apvaxcep Sransa II.—Miguel de Cervantes’ Don
Quixote is studied. Individual reports on chapters read are
made by the students in Spanish. Prescriptive, both semesters,
junior year. (5 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, exercises 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. MEecmaNICAL DrAwING AND DEescripTivE 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. Required in all courses,
first semester, freshman year. (5 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. MgrcaaNicar DRAWING aXD DescrieTivE GEOMETRY.—A
study in intersections and developments of planes and solids,
isometric and elements of perspective drawing, shades and
shadows. Required in all courses, second semester, freshman
year. (6 units)

703. MacuINE 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
Engineering courses, first semester, sophomore year. (3 units)

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

706. MacuiNe Drawing.—Detail sketching from machines
in the shops and laboratories, followed by detail drawings,
tracing 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 draw-
ing. Required in Electrical and Mechanical Engineering
courses, second semester, sophomore year. (8 units)

721-722. Frepmaxp LerreEriNe.—Practice in the construction
of freechand letters adapted to use on working drawings, and
the layout of titles. Required in all courses, both semesters,
freshman year. (2 units first semester, 1 unit second semester)

728-724-725-726. FreEEmAND SxETCHING.—Isometric and per-
spective sketching of machine parts. Design sketching without
the use 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 considcra-

tions of cost in time and labor.

741. Woon Workixe.—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, one
semester, freshman year. (4 units)

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

743. Parrery Maxixe—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, etc., 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, one
semester, sophomore year. (4 units)

744. MacHINE Smor Pracrice.—In bench and vise work the
student takes up chipping, filing, scraping, polishing, laying out
of work, etc. 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 delermined,
and the general design being compared with other machines.
The care of machines is considered at this point, and a sys-
tematic study is made of the needs 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, one semester, sophomore year.

(4 units)

745. MacHINE Szor PracticE—An abridged course in forg-
ing and machine shop practice for students taking chemistry
and chemical engineering. Approximately one-third of the time
is devoted to forging, the remainder being spent in the machine
shop. Required in Chemistry and Chemical Engineering courses,
second semester, freshman 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 SUBJECTS

751-752. ENeINEERING JoURNAIs.—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 engineering publication assigned to him; and is ex-
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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 engineering work, is required
of every student at the close of each year’s course. Required
in Engineering courses, both semesters, junior year. (2 units)

7563-754. LENGINEERING JoUurNALs.—A continuation of 751-752.
Required in Engineering courses, both semesters, senior year.
(2 units)

771-772. GENERsaL ProBLEMs.—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-
gineering are discussed by competent instructors, and, in
addition, successful technical men are invited to describe their
personal experiences to the class. Lectures on “How to Live”
and “Personal Efficiency” are also included. Required in all
courses, both semesters, freshman year. (2 units)

MILITARY INSTRUCTION

By direction of the Secretary of War, the Throop Col-
lege battalion is enrolled as a Senior Division in the
Reserve Officers” Training Corps, and Captain Louis R.
Ball, U. S. Army, Retired, has been designated as Pro-
fessor of Military Science and Tactics, or “Command-
ant.” Physical development is a part of the course, and
all students engage in daily outdoor exercises under di-
rection of the officer in charge. Freshmen and sopho-

32
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mores, in addition, take three hours weekly in military
instruction, as applicable especially to engineers; an ad-
vanced course being optional for juniors and seniors.
Such graduates of a four-year course as are approved
by the Commandant and the President of the College
may become officers of the Reserve Corps for a limited
period. :

This course, while contributing definitely to a prudent
“preparedness,” is of great value to the students as a
preparation for life: providing a sounder physique, giv-
ing alertness and quickness of action in emergency, and
developing such high moral qualities as self-control and
subordination to a common purpose in the "unselfish
service of society. Required in all courses, freshman
and sophomore years. (4 units each semester)

B

THESIS

800. Tuesis—As noted on page 53, each 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 24 units)



Begrees and Honors, 1916

Aegrers Conferred June 5
BACHELOR OF SCIENCE

RoBERT NORMAN ALLEN
Max Howarnp CarsoxN
Berxarp ErroN CHAMBERLAIN
Jesse Winriam Moxroe DuMownp
VErDINE ELLSWORTH FARMER
Tom JouxsoN Harris
Kex~NereH WHiTING Ricu

Harorp EMERSON SHUGART

Yrizen
TRAVEL SCHOLARSHIPS

Junior Prize

ArTHUR STERT

Freshman Prize

Frank Russerr Capra

CONGER PEACE PRIZE

GeEXNE Bryaxt HrEvywoon



Roster nf 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; G., General Courses.

GRADUATE DEPARTMENT

Name and Home Address Course Local Address
Man~NiNg, Pavr DEVriEs Ch. 1505 Ramona Avenue
A.B. Stanford, 1916 South Pasadena

South Pasadena, California

SENIOR CLASS
ASKENASY, ALEXANDER Eng. Ec. 917 W. Fifth Street

Los Angeles, California Los Angeles
Baxker, CLark Epwarp E. Dormitory

Santa Ana, California Pasadena
BeATTIE, JOSEPH ANDREW M. 800 S. Mentor Avenue

Hollywood, California Pasadena
Kemp, ArcHIE REED Ch. 3881 Franklin Avenue

Pasadena Pasadena
MevEr, HARRY PENDLETON E. 181 S. Catalina Avenue

Pasadena Pasadena
Mosuzrr, Ezra Davrs M. Dormitory

Glendale, California Pasadena
Poore, Frep Lroyp E. Dormitory

Covina, California Pasadena
Ricmarps, Roy THOMAS E. 201 N. Michigan Avenue

Tempe, Arizona Pasadena

Searr, Soxey Rickey  Eng. Ee.  Dormitory
Los Angeles, California Pasadena,

Sorp, CLAUDE WELLINGTON C. 112 Hammond Street
Pasadena Pasadena
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SENIOR CLASS—Continued

Name and Home Address Course Local Address
STERT, ARTIIUR M. Dormitory
Oklahoma City, Oklahoma Pasadena
Yourz, JEssE PatL E. 334 W. Green Street
Pasadena Pasadena
JUNIOR CLASS
AxprEws, Crark FLAVEL E. 658 W. 21st Street

Los Angeles, California

AxNNIN, WitLiam CLEMENT E.
B.S. Occidental, 1916
Los Angeles, California

ARMSTRONG, OriN LEWwIs E.
W hittier, California

BJERKE, CLARENCE MARTIN C.
Los Angeles, California

Boexe¥o00GEN, EArRL Vaxce E.
South Pasadena

BroadwerL, SaMuEL JoxarHan Ch,
Covina, California

Burws, BrRuce M.
Alhambra, California

CARNAHAN, STaNLEY CROSSON
Los Angeles, California Eng. Ec.

Cores, REGINALD M.
Los Angeles, California

Dowp, MuxsoN Jurius C.
Pasadena
Hazrris, HarorLp Ross M.

Los Angeles, California

Los Angeles

344 W. Avenue 53
Los Angeles

336 N. Painter Avenue
‘Whittier

Dormitory
Pasadena

1014 Magnolia Avenue
South Pasadena

Dormitory
Pasadena

21 S. Almansor Street
Alhambra

1816 S. Hobart Boule-
vard Los Angeles

933 N. Mariposa Avenue
Los Angeles

123 Flevado Drive
Pasadena

623 S. Bonnie Brae
Los Angeles
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JUNIOR CLASS—Continued

Name and Home Address Course Local Address
H.arrson, KExNETH JosEPH C. 227 Stanley Avenue

Eagle Rock, California Eagle Rock
Heywoon, GENE Bryaxt C. 963 Galena Avenue

Pasadena Pasadena
HVOGE, EpisoNn RawrLixes Ch. E. 370 S. Marengo Avenue

Pasadena Pasadena
Huser, JouN JosErr E.  Dormitory

Mesa, Arizona Pasadena
Imier, EveEne HEXRY M. Dormitory

Tropico, California Pasadena
JorNsoN, WALLACE Bavarp E. Dormitory

Colton, California ' Pasadena
McDoxarp, GorpoN Roy E. 85 Glorietta Avenue

Pasadena Pasadena
MeNpENHALL, EARL E. 3813 Hobart Boulevard

Los dngeles, California Los Angeles
Moore, PavL E. 116 Berkeley Way

A.B. Whittier, 1916 Whittier

Whittier, California
Mosuer, Fraxx Rem Eng. Ec. Dormitory

Qlendale, California Pasadena
NErsoN, CLARENCE EMBERT E. 206 N. Chester Avenue

Farmington, California Pasadena
Nurr, Doxovan Ch. 185 Marion Avenue

Pasadena Pasadena
Oc¢ier, WALTER WILLIAMS, JR. C. 162 Qakland Avenue

Pasadena Pasadena
OversteRoM, CONRAD M. 251 S. Hudson Avenue

Pasadena

Pasadena
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JUNIOR CLASS—Continued

Name and Home Address Course

Pease, FraxNc1s MAYNARD E.
Alhambra, California

PerERMANN, Pririe J. M.
Los Angeles, California

Pixe, NOEL ALEXANDER E.
Los Angeles, California

Prosser, Noramax IsBeL E.
Pasadena

RASMUSSEN, SAMUEL C.
Selma, California

ReEvy~oLps, May~narp Stuckey C.
Alhambra, California

Rwexour, CarLyre Howe M.
Altadena, California

Smrra, ALBERT KxNoOX, JR. E.
Los Angeles, California

Tavror, Rarpa Tower M.
Pasadena

TownNEg, Lroyp ExsieN M.
Corona, California

‘WALKER, Epwarp T. C.

Los Angeles, California

Local Address
907 N. Wilson Avenue
Alhambra

2704 Ellendale Place
Los Angeles

410 Lucas Avenue
Los Angeles

1101 Charlevoix Street
Pasadena

Dormitory
Pasadena

907 N. Stoneman Avenue
Alhambra

Mariposa and Marengo
Avenue Altadena

3523 Arroyo Seeo Avenue
Los Angeles

966 Elizabeth Street
Pasadena

Dormitory
Pasadena

4578 Santa Monica Blvd.
Los Angeles

SOPHOMORE CLASS

AxrtER, RETLA
Long Beach, California

Barsour, CoNwaY
Los dAngeles, California

Ch.

Ch. E. and E. Dbrmitory

Pasadena

1008 'W. 28th Street
Los Angeles



ROSTER OF STUDENTS 123

SOPHOMORE CLASS—Continued

Name and Home Address

BarNEs MaxToN MUHLEMAN

Monrovia, California

Barracar, JouxN JosepH, Jr.

Santa Monica, California

BarTLETT, HERBERT JARVIS
Pasadena

BEeNSINGER, HARROLD JOHNSON

Ch. E.

Los Angeles, California

Bercaw, CorLiss ArTHUR Eng. Ee.

Whittier, California

Best, Vircir, HoLMES
Pasadena

BuLLarp, HoMmer LEE
Glendale, California

Carra, FRANK RUSSELL
Sierra Madre, California

Case, HENRY RUGGLES
Pasadena

CHAMBERLAIN, CLARENCE W.

Anaheim, California

CrAaNDLER, Lawrexce F.
Glendale, California

Crark, OLin Junsox
El Centro, California

CowirEY, Francis Crale
Seattle, Washington

Frory, RoBErT WEYBRIGHT
South Haven, Michigan

Course

E.

E.

C.

E.

M.

Ch.

Ch,

Ch.

Local Address
Dormitory
Pasadena

17 S. Electric Ave.
Pasadena

R. No. 2, Box 178
Pasadena

145 E. 85th Street
Los Angeles

426 N. Newlin Avenue

‘Whittier
1767 San Pasqual Street

Pasadena
Dormitory

Pasadena
Dormitory

Pasadena

188 S. Catalina Avenue
Pasadena

Dormitory
Pasadena

349 W. 5th Street
Glendale

44 Mary Street
Pasadena

San Rafael Heights
Pasadena

Reinway 15
Pasadena
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SOPHOMORE CLASS—Continued

Course

Ch.

Name and Home Address
H.arrrs, Myrox Ryussern
Pasadena

Harrrey, Joseprr Frenerick Ch. E.
Pasadena

Havaoxnp, Wnriam H., B. E.
Riverside, California
Hieearp, Caarres HENRY, Jr.  E.

Pasadena

HorriveeRr, ABramxaym Lincory E.
Altadena, California

Hoster, Troxas REEp C.
Hollywood, Calif ornia

House, HarvEy WALTER Ch. E.
Los Angeles, California

Joxes, JouNn KENNETH Ch.
Los Angeles, California

KrxpaLr, JacksoN WARNER
Pasadena Eng. Ec.

KmscamaN, H, Darwiy  Ing. Ec.
Los Angeles, California

K~icaT, ALFRED WirgErock Ch.E.
Qlendale, California

Krouss, WiLLiaM ALTRED E.
Los Angeles, California

Lawsox, Iver Normax, Jr. Eng.
San Diego, California
Lxe, Smirmx M.

Alhambra, California

Local Address
381 S. Catalina Avenue
Pasadena

509 Jackson Street
Pasadena

848 E. Colorado Street
Pasadena

156 Bellefontaine Street
Pasadena

6550 Pine Street
Altadena

#5922 Sunset Boulevara
Hollywood
]
78 Stevenson Avenue
Pasadena

711 Westlake Avenue
Los Angeles

210 S. Los Robles Ave-
nue Pasadena

332 S. Catalina Avenue
Pasadena

317 E. 2nd Street
Glendale

1401 S. Berendo Street
Los Angeles

Dormitory
Pasadena

603 N. Wilson Avenue
Alhambra
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SOPHOMORE CLASS——Continued

Name and Home Address Course

Loto, Oriver STUART Ch.
Sierra Madre, California

Love, Fraxx MaNXN M.
Los Angeles, California

Makosky, Fraxkx CHARLES C.
Santa Ana, California

Maxrsarr, FrRep Aperserr  Ch.E.
Pasadena

Orsox, VErNE LERov Ch. E.
Los Angeles, California

Parmevee, Evcar Wirsox E.
Redlands, Calif ornia

Payw~g, Ivan LEroy C.
Santa Barbara, California

Sauvm, Doxarp B. M.
Brookings, South Dakota

ScHERER, PAUL ARMAND BE.
Pasadena

Smane, Nevix R. E.
A.B. Southwestern, 1916
Caldwell, Kansas

SILVERTHOR.:, NorTON E. E.
San Gabriel, California

STEELE, JamEs P. Ch. E.
Moneta, California

Sticrt, RoBErRT CARL, JR. Ch. E.

Queenstown, Tasmania, Australia

Tos1as, Epwarp L. Ch. E.

Los Angeles, California

Local Address
417 S. Catalina Avenue
Pasadena

2212 West Boulevard
Los Angeles

Dormitory
Pasadena

1026 L.ocust Street
Pasadena

2413 Manitou Avenue
Los Angeles

2385 S. Mentor Avenue
Pasadena

145 S. Catalina Avenue
Pasadena

472 Lincoln Avenue
Pasadena

415 S. El Molino Avenue
Pasadena

323 S. Chester Avenue
Pasadena

San Gabriel

417 S. Catalina Avenue
Pasadena

Dormitory
Pasadena

4614 Milton Place
Los Angeles
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SOPHOMORE CLASS—Continued

Name and Home Address Course
ToRGERSON, TURNER WILLIAM E.

Pasadena

Turtre, LyNN BURDETTE Ch, E.
South Pasadena, Californio

Vax DevseN, Epwarp TIFFANY

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

Los Angeles, California
‘WELDON, WALLACE - E.

South Pasadena, California

WHaEELOCK, DUDLEY BROOKS C.
Riverside, California

‘Woopstry, Roscoe Errerr E.
Pasadena

Local Address

1385 N. Mentor Avenue
Pasadena

1410 Hope Street
South Pasadena

129 N. Hill Avenue
Pasadena

621 S. Hope Street
Los Angeles

2055 Fletcher Avenue
South Pasadena

Dormitory
Pasadena

399 S. Los Robles Avenue

FRESHMAN CLASS

Awmrs, PavL Ch. E.
Los Angeles, California

AXNDERSON, ROBERT Eng. Ec. -
Santa Monica, California

ANDREWS, Horace C. C.
Los Angeles, California

ARNoLD, JESSE C.
Pasadena

Barxes, Hartwick M, C.
San Diego, California

B.arxEwoLT, JOHN Ch. Eng.

Pasadena

Pasadena
Dormitory

Pasadena
Dormitory

Pasadena
Dormitory

Pasadena

1695 N. Fair Oaks Ave-
nue Pasadena

Dormitory
Pasadena

200 N. Vernon Avenue
Pasadena
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FRESHMAN CLASS-—Continued

Name and Home Address Course

Brack, James RoserT Eng.
Pasadena

Brrrrox, Vicror G. M.
Burbank, California

BrowxN, Roy WALTER M.
Santa Maria, California

Bruce, RoBERT M ANYDIER M.
Los Angeles, California

CATLAND, ALFRED M.

Randsburg, California

CrEMENS, Trosmas BRACKENRIDGE

Los Angeles, California M.

Cory, GEORGE LEWTS E.

Los Angeles, California

CraNDELL, LESLIE ARTHUR Ch.

Los Angeles, California

Craxe, Harorp Tromanx Eng. Ec.

Anaheim, California

CrosBY, PavL NEWwWIAN E.

Hemet, California

Darsy, ALFRED REGINALD C.

Los Angeles, California

Davy, LELaxD W. C.
"Long Beach, California

Dowxacroe, RoBERT Eng.
Los Angeles, California

Dvucurp, Russerr. H. E.

El Paso, Texas

Local Address
355 N. Euclid Avenue

Pasadena
Burbank

Dormitory
Pasadena
Altadena

Dormitory
Pasadena

1970 La Salle Avenue
Los Angeles

1938 La France Avenue
South Pasadena

628 E. 51st Street
Los Angeles

355 S. Euclid Avenue
Pasadena

552 Galena Avenue
Pasadena

1148 Marietta Street
Los Angeles

1042 Delmar Street
Pasadena

1714 Electric Avenue
South Pasadena

Dormitory
Pasadena
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FRESHMAN CLASS—Continued

Name and Home Address Course

FEmerY, PavLn M.
San Diego, California

Fiisuer, Fraxx LeRoy Ch. E.
Pasadena

Tiske, Dovaip B. Ch. E.
Ontario, Culifornia

Fraser, J. HarTrEY E.

Los Angeles, California

GranayM, Samver Lowry Ch. Eng.
Sierra Madre, California

GuUrLEY, JOHN ADDISON Eng.
Alhambra, California

Harr, Auperr DuNBar Ch. Eng.
Pasadena

Hrerxpox, Arrrur H. E.
San Francisco, California

Hirr, JaMEs Ch.

Pasadena

Hoxsaxker, Horrox Howarp E.
Pasadena

Hovuxserr, E. Vicror E.
Los Angeles, California

Huryr, FARWELL M.
San Diego, California

Isurvany, Eorsu E.
Taisho, Shimonoseki, Japan

Kerre, WALTER ALLEN C.
South Pasadena, California

Local Address
358 S. Euclid Avenue
Pasadena

186 Franklin Avenue
Pasadena

Dormitory
Pasadena

2807 Elm Street
Los Angeles

Sierra Madre

Dormitory
Pasadena

665 Galena Avenue
Pasadena

196 N. Chester Avenue
Pasadena

1116 Lura Street
Pasadena

628 N. Los Robles Ave-

nue Pasadena

842 Waterloo Street
Los Angeles

358 S. Euclid Avenue
Pasadena

291 S. Marengo Aveune
Pasadena

1015 Fremont Avenue
South Pasadena
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FRESHMAN CLASS—Continued

Name and Home Address Course

Krew, Artacve Louts M.
Los Angeles, California

Krivg, CLARENCE Eng. Ec.
Pasadena

Kxare, Rosert "TarLnor M.
Los Angeles, California

Korxnorst, EnIL M.
Orange, California

I.avaegNINO, GERALD A, Lng.
Pasadena

Lavexg, Cravron Crarres C.
Pasadena

ILeve, MoRRris C.
Los Angeles, California

Lewrs, Joux CLARK C.
Pacoima, Calif ornia

Iixwmorr, Haronp R. Ch.
Pasadena

Louymax, KexxeETn ELmo E.
Los Angeles, C'alifornia

IL.uvxexs, Horace Pawrine  Eng.
Qllendale, Calif ornia

MAacpoNALD, JOHN ARTHUR C.
Pasadena

MarEr, Joserir B. E.
Glendale, Calif ornia

MALIN, ARCHIE (GARDNER E.

Montebello, California

Local Address
Dormitory
Pasadena

225 S, Hill Avenue
Pasadena

1165 Chickopee Street
Pasadena

Pleasant Street
Pasadena

593 E. California Street
Pasadena

465 N. Marengo Avenue
Pasadena

300 Centennial Street
Los Angeles

Dormitory
Pasadena

417 Winona Avenue
Pasadena

4408 Santa Monica Boule-
vard Los "Angeles

Dormitory
Pasadena

1090 N. Mentor Avenue
Pasadena

250 N. Adams Street
Glendale

Box 148
Montebello
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FRESHMAN CLASS—Continued

Name and Home Address
Maxizeron, HExrY A,
Los Angeles, California

McCoxxEL, CeciL LEROY
Alhambra, California

MircuerL, Hervey I
Owensmouth, California

Course
Ch. Eng.

M.

M.

Mrrreenortz, MirTox Axprew  E.

Pasadena

Morrison, Lroyp Erverrox

Pasadena

Ogrr, VERNOX
Pomona, California

Orris, Russern MORLEY
Pasadena

Paryeg, Dovovax E.
'pland, California

Porrock, Roserr
Los Angeles, California

Porrs, CLirrorn
Santa Ana, California

QuirmBacH, CirARLES FREDERICK

Needles, California

Revsaaw, WiLriay C.
Glendale, California

Ch. Eng.

E.

Iicirarosox, Eomuxn F.  Ch. Eng.

Los Angeles, California

IRockariern, RoscoE Rorraxo M.

Chino, California

) Local Address
2203 W. 24th Street
Los Angeles

1202 W. Main Street
Alhambra

Dormitory
Pasadena

1671 Locust Street
Pasadena

724 N. Marengo Avenue
Pasadena

Dormitory
Pasadena

1081 N. Fair Oaks Ave-

venue Pasadena

Dormitory
Pasadena

1041 'W. 48th Street
Los Angeles

Dormitory

Pasadena
Dormitory

Pasadena
Dormitory

Pasadena
Dormitory

Pasadena

1129 Division Street
Pasadenx
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FRESHMAN CLASS—Continued

Name and Home Address

RowLEy, RoBErT BLLSWORTH

Sunland, Calif ornia

SAwYER, MARK
Whittier, Calif ornia

Sarrrr, Doxarp Dewirr
Los Angeles, California

SYELLING, BUFORD Eart
Pasadena :

SraNrorp, EVERETT RussELL
South Pasadena, California

StatrFER, LEO M AYNARD
Pasadena

Sroxe, Arrisoxy KiNcam
Los Angeles, California

Srory. CHASE STIMS0X
Glendale, Calif ornia

Strawx, Doxanp Karr
Calewico, California

Starax, Georce O., Jn.
Los 4Angeles, California

TAxASHIMA, NAOCIIIRO
Tokyo, Japan

T'avior, Rea P.
Pasadena

I'ayior, RoseErT B.
Ontario, California

"TromrsoN, Gurvnox RuUssiLL

Los Angeles, California

Course

E.

M.

nl -
Eng.

E.

E.

Eng.

E.

E.

Local Address

693 S. Los Robles Ave-
nue Pasadena
Dormitory
Pasadena
Dormitory
Pasadena

1168 N. Hill Avenue
Pasadena

1106 Windsor Place
South Pasadena

155 Harkness Avenue
Pasadena

717 Parkman Avenue
Los Angeles

1720 W, Broadway

Glendale

Dormitory
Pasadena

Dormitory
Pasadena

Dofrnitory
Pasadena

966 Elizabeth Street
Pasadenau

Dormitory
Pasadena

146 N. Ardmore Avenue
Los Angeles
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FRESHMAN CLASS—Continued

Name and Home Address Course
Tuoxpsow, VERNON EveEx: E.
Porterville, California

THORNBURG, ScOTT Ch. E.
Los Angeles, California

Tysox, HowerLr. NEwWBOLD M.
Pasadena
Vazaquez, Nerrarr EXrIQUE C.

Azusa, California

Visscaer, Karr Huco Knragrmr
Los Angeles, California  Ch.E.

‘WALKER, Isaac Darras E.
San Dimas, California

‘WHiTE, PAUL MEACHAM C.
Owxnard, California

WarrworTH, GEORGE KELLOG E.
Sierra Madre, California

WairwortH, Joux CURTIs M.
Pasadena

Local Address
Dormitory
Pasadena

Dormitory
Pasadena

10 Oakland Avenue
Pasadena

267 State Street

Pasadena
Dormitory

Pasadena
Dormitory

Pasadena
Dormitory

Pasadena
Box 405

Sierra Madre

Lincoln and Ventura
Avenues Pasadena



RKoster of Gollege Alnmui

Nore: Throop College of Technology was founded in the
year 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 institution 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.

Following are the College alumni from the beginning:

GrorGe F., Dory, A. Bl 611 Santa Monica Boulevard
Santa Monica, California

Manager Provident Pledge Corporation.

DiaxTia M. Havxes, A. Bo..... 310 North Francisca Avenue
Redondo Beach, California
{A.B,, Leland Stanford Junior University, 1905.]
Instructor in Science, Redondo High School.
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Joserr GrINNELL, DB 2548 Durant Avenue
Berkeley, California
[AM,, Leland Stanford Junior University, 1901 ; Ph.D., 1913.]
Director Museum of Vertebrate Zoology, University of
California. Hditor 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 Brepe BrackaraxN, AB. Dagupan, Pangasinan

Philippine Islands

Assistant Engineer, Bureau of Public Works. Publication:

“Woodworking, A Manual of Elementary Carpentry for
Philippine Schools.”

Fraxk Bavowrxy Jewerrt, AB. 463 West Street
New York City
[PL.D., University of Chicago, 1902.]

Chief Engineer, Western Electric Company. Director of
American Institute of Electrical Engineers. Publica-
tions: “Vapor Density of Sodium Vapor,” Philosophical
Magazine, 1902; “Resistance of Bismuth in a Magnetic
Field,” Physical Review, 1903; “The Modern Telephone
Cable,” American Institute of Electrical Engineers, 1909;
“Long Distance Telephony in America,” International
Electrical Congress, Turin, Italy, 1911; “Some Recent
Developments in Telephony and Telegraphy,” Second -
Pan-American Scientific Congress, 1916.

Irvine Crrester Harrrs, AB. ... ... 802 Federal Building
Chicago, Illinois
Engineer in charge of Inspection of Materials,
United States Reclamation Service.

ALBERT OLSON, A B Deceased
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1901
LEeoxarn E. DavIpsoN, B.S. i 3020 Deakin Streel
Berkeley, California
Instructor in Manual 'Training,
San Francisco City Schools.

1902

Kk Worrerr, Dyer, B.S. Cromurell, Connecticul
[S.B., Massachusetts Institute of Technology, 1907.]
Secretary-Treasurer Frisbie Motor Co.

Trustee Norwich State Insane Asylum.

James Mason Gavyroro, B.S......... 412 Tramway Boulevard
Denver, Colorado

[S.B., Massachusetts Institute of Technology, 1907.]
Engineer, United States Reclamation Service.

Mavpe Lovuiise NicHoisox, B.S........ 1041 Novrth Hudson Jdvenue
Pasadena, California

1903
Ricrarp WooLsEY SHOEMAKER, B.S.... 7127 Merchants’ National
Bank Building, Los dAngeles, California
Electrical Engineer.

1904
James Lovis Braroseey, B.S. .. Deceased
Hexry CHEsTER McCurcuaxy, B.S......... 1022 Santa Fe Avenue
Los dngeles, California
With Holabird-Reynolds Electric Company.

1906

Jonx CrArREXCE Gavrorn, B.S............ 1025 Montrose Avenue
South Pasadena, California
[S.B., Massachusetts Institute of Technology, 1908.]
Engineering Department, Southern California Edison Co.

'Latest available information (1915).
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Epcsr ScuuyLER MaxsoN, B.S............... Capiz, Capiz Province,
Philippine Islands
Principal, Trade School. .

Fraxx Eowarp Norrow, B.S Garfield, Utal?
With Utah Copper Company.

Hips Woon, B.S. (Mrs. JosePH GRINNELL)............2548 Durant
Avenue, Berkeley, California
[M.S., University of California, 1913.]

Publications: (With Joseph Grinnell) “Reptiles of Los
Angeles County, California” (Throop Institute Bulletin
No. 35). “Bats of California.”

1907

James Corrins Mitrer, B.S........... Edmonton, Alberta, Canada
[A.M., Columbia University, 1910; Ph.D., 1912.]
Director of Technical Education, Province of Alberta.
Publication: “Rural Schools in Canada.”

Raraer PiMeENTEL, JR., B.S. 4 Calle de Danceles No. 96

Mezico City, Mexico

Engineer, Water Supply and Drainage Project, San Sal-

vador, Central America. Deputy to the Congress of
Oaxaca.

NEW FOUNDATION
1911

Harorp Curtis Hivi, B.S 24 Baker Street
West Lynn, Massachusetts
Engineer, Small Motor Sales Department,
General Electric Company.

Latest available information (1911).
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Sraxrey MortoN LEwss, B.S.. ... 903 West Washington
Street, Fort Wayne, Indiana
Test Department, General Electric Company.

Rovar Vixcext Warp, B.S.... .. West Tenth Street
Upland, California
Ranchman.
1912
Bexyarmix Fereuson, B.S........... 1546 West Adams Street

Phoeniz, Arizona
Engineer, Arizona Corporation Commission.

Normax Eeserr Huarvmrey, B.S.... 731 North Euclid Avenue
Pasadena, California
Municipal Light Department, Pasadena.

JouN Dopee MerririeLd, B.S. ... ... 62 Holmes Road
Pittsfield, Massachusetts
Foreman, Motor Test,
General Electric Company.

Frawx Curt Mivxer, B.S.... - City Hall
Burbank, California
Manager, Light, Power and Water Department,
Burbank, California.

1913

Ray Geruarr, B.S.. Pht;eniw, Arizona
Sales Department, International Steam Pump Company.

Crrester Ravaroxp Hovey, B.S..... ... 817 Monterey Road
South Pasadena, California
Chief Draftsman, Department of Highways,
I.os Angeles County.
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Lours Jacos Kocir, Jr.,, B.S............. 308 North Soto Street
Los Angeles, California
Estimator, Thomas Haverty Co., Heating, Ventilating and
Plumbing Contractors.

Rarrr Winnarp Parkixsox, B.S........Maracaibo, Venczuela
Engineer, Maracaibo Electric Light Company.

Hergert SmoxeEY Woop, B.S. Clarkdale, Arizona
Electrician with United Verde Copper Company.

1914

WirraM Frxvaw Avars, B.S. s 6 Oak Street
Salem, New Jersey
Treasurer, Ayars Machine Company.

EvERETT SouTHWORTH GARDINER, B.S.... 7051 South Alvarado St.
Los Angeles, California
College of Law, University of Southern California.

Hexry Bervuarpr GerckExs, B.S....... 140 West Thirty-Ninth
Street, Los Angeles, California
Draftsman.

Ve, Fraxxrniy Monrse, B.S............. 385 South Chester Avenue
Pasadena, California
In charge of Industrial Department,
Los Angeles Public Library.

‘Warrer Lams Newrox, B.S... ... 832 San Fernando Building

Los Angeles, California

Engineer with George A. Damon, Consulting Engineer.

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

age Relations in Y and Delta Connections”—Proceedings

American Institute of Electrical Ingineers, 1914.
(Throop College Bulletin, No. 64.)
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Arsert WirLiax Wenns, B.S. 160 Lafayette Street
Schenectady, New York
Designing Engineer Railway I.ocomotive Department,
General Electric Company.

Guy DEWrrr Youxe, B.S. Gardena, California
With Los Angeles Gas & Electric Corporation.

1915

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

Ropert Aryorp WinLisd Burrarawx, B.S. ... 149 East Avenue
Monrovia, California
Chief Draftsman, American Products Company,
Pasadena.

Eart Axprews Burt, B.S..........._. 795 Santa Barbara Street
’ Pasadena, California
Assistant Highway Engineer, County Road Department.

Ravyoxp Foreer Carr, B.S.. . 1622 Santa Clara Street
Ventura, California
Instructor, Ventura Union High School.

Raymoxp Oscoon Catraxp, B.S............ Santa Ana, California
Draftsman, Griffith Machine Works, Los Angeles.

VERNE Doxarp Erttort, B.S.. e 21 Bower's Court
Pasadena, California
With Pacific Light and Power Co.

RoserT Sixporr FERGUsox, B.S... 1640 North Fair Oaks Avenue
Pasadena, California
Instructor, Throop College of Technology.
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Wirriam Mowry Horwmes, B.S............ 917 North Wilson Avenue
Alhambra, California
With Pacific Light and Power Corporation.

Herserr BravroNy Horr, B.S............... 747 Kerckhoff Annex
Los Angeles, California
‘With Engineering Department,
Atchison, Topeka and Santa Fe Railway.

Cuarres Herserr Wircox, B.S....._ . 601 Chapel Street
Schenectady, New York
Student-Engineer, General Electric Company.

1916

Rosert Normax ALLeN, B.S......2159 Canyon Drive, Hollywood,
Los Angeles, California

Hydraulic Engineering Department,

Pacific Light and Power Corporation,

Max Howanrp CarsoN, B.S.............. 7699 East Walnut Street
Pasadena, California
Surveyor, Transmission Department, Pacific Light and
Power Corporation.

Berxaro Errox CmamBERLAIN, B.S. . 56 Elgin Park
San Francisco, California
With Engineering Department, Atchison, Topeka, and
Santa Fe Railway.

Jrsse WirLiam MoxroE DUMoND.............. 902 Campbell Avenue
Schenectady, New York
Student-Engineer, General Electric Company.

VerpiNe Eriswortin FARMER 785 State Street
Schenectady, New York
Student-Engineer, General Electric Company.




ROSTER OF ALUMNI 141

Tom JorxsoN FLarmis 138 North Hill Street
Los dngeles, California

With Commercial Engineering Department,

Pacific Telephone and Telegraph Company.

Kexxern WririNe Ricm.. .. Nordhoff, California
Instructor, Nordhoff High School.

Haroro EMERSON SHUGART............. 144 South Gramercy Place
Los Angeles, California
With United States Reclamation Service.
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