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The subject of this bulletin, or Part IV of the survey of land-grant
college education, is Engineering and Mechanic Arta in Land-Grant
Colleges.

The other sections, published sepirately, are as follows :

Part I. History Rrid EductitiCnal Objectives of Land-Grant Col-
lege Education.

Tart II. The Liberal Arts- and Sciences and Miscellaneous Sub-
jects in Limd-Grant Colleges.

Part III. Agricultural -Educatim in Land-Grant Colleges.
Part V. Home Economies in Land-Grant Collegeg.
Me subject of 'agricultural engineering htis noe been 'included in*

this section, hut is found in the section on Agricultural Education,
`or Part III.
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LAND GRANT COLLEGE EDUCATION .

1910-1920

'PART W. IN---ENGINEER G AND -MECHANIC ARTS

4.

Assi

Chapter I
a

SURVEY OF ENGINEERING EDUCAVION IN THE LAND-
GRANT COLLEGES

"t1
By A. A. Parr=

Delsi of Engineering and pireator of the EsOisterisg Bilterisamt 8moN, Purdue
Undveroity

,
e

All educational institutions went through a severe strain during
thei.war, but, notwithstanding this fact the smaller institutions of
the South and fpf the West made notable progress during the period
from 1910 to 1920 by( advancing their requirempnts for admission
and for graduation, by improving their standards of teaching, by
adding to their material equipment, and by greatly increasing their
enrollment.

Ile, following figures show the growth pf the engineering divi-
sions of 42 of the Most prominent land-grant institution's during
the years 19104920:
1. Enrollment; regular collegiate engineering students at 42 land-grant Witt-.

tutions: .

1910-11 .
, Ic 14 374

*492021 r "....... .............. ... ...... 23,686
Increase from 1910 to 1920...... ........... .........per cent.. 65.1

2. Gross enrollment, includini regular collegiate, graduate, specialti and non-
collegiate engtneering students: ,

1910-11 .. 16
1920-21 26, 912

Increase from 1910 to 1920.........._......._............per cent.. 75.5
8. 'Teachers giving Instruction in engineering subjects at 42 land-gran inftif-

,

...,. tutiong: 416 ,
.

.

1910111 . 'ow'
.

1 131
_

,
A

1920-21 . .14 670
**4 Increase from 1910 to'1920 per cent__ V. 5

Thepe figuAs show that while the gtoss enrollment in 42 land-
grant institutions has inéreltied from 1910 ty920 about.70.8 per
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LAND-GRANT COLLEGE EDUCAT;ON, 1910-4920

cent, the numbqr of teachers giving engineering instruction has in-
creased only about, 47.5 per ceRt. Also, large numbers of .engineer-
ing teachers left the ed'ucational field on [Fount of low silaries, and
in many cases their places had to be 6lled with less capable meu.
The 1-ii1gp !lumber of ineAperienéd- teachers; the increased teaching

ad, the fait :dint and/equipment
have net kept pace with the Ipowth, of the- enrollment have influ-,
enced the quality of instr.uction. A

-Mudi pr9gresse hpxyvero, has 4e.en. made in engineer eJugation
AM/Dui:1e hidst impont .iaetors in irnpro.virig ;engi-
neering education has been the stimulus to self-analysis on the part
of ingtitutions and teachers. camel's the result of the " Study of
Engineering Education " by IDr. C:`11: Minn, of the Carnegie Founda-
Ainnifor iiß Adcanvernett of Tqachilic.-Thil stfic67 ot engineering
education was made at the request tif.ajoiut committee on engineer-
ing education representing the Principal engineering societies. Much
credit should_ also be given to the Sotiety for. the Promotion .of
Fidgineerifig tducation for britging about in the engiheeribg schools
of the country greater interwt in good teliching.

The. engineering curricula of 49210 in the land-.grant., institutions,
11' comPar'ed . with those of 1.91.0, .shòw the following. iinportant
chapg*: ,

1. "More- *ilniforin' entrance req,uireinenis; Practically -all engi-
neerin'g. oilliges rig* require 15 elitrance units, including 3 units,

of and 3 Tlits of Eliglish, $

2. Greater tittention to English. The demand for better train-
ing in .Enklish is being met by iinquding in engineeiing curricyla,
most 6Lses, tw.o' yetiro of revired work io English.._ In some insti-
tutioil's the insfruction 'in English is cariied on tjuoughout the en-
tire four years. The attitude of engineering students toward the
.4.wiy-of English has also improved.

gdimination of the required foreign language. Very few Insti-
tutions require a forèign language for entrance. Nearly all of the
engineering colleges have either elimipated- the .requilied foreign
language from- the curriculum or mule it electist. Engine:éring
eduqatOrs favor greater attention .to toiagin languigé study before

he.#)stiidtnt enters the efigineering college; biit feel that. the time
4%7Qtecl in, theApgibeerilig college to,the study of a foreign language
tiny be more-profitably 'spent in .broadozing the student's ttairiing
t)3T required or =elective courses in, English, history, psychology,
eco'xior,nics, and dlnilar subjectA.

.;t ,Mpre..attenOon is -given -to economics ..and business, administra-,

tion., ly all ipstitutions 'require for-graduation at least a three-
ecòno;niciii. fleqúirei or .elective Ourses .are
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SETRVEY OF EÑOINEERiNO EDUCATION

offered to an increasing extent in busiiless administration, including
corporate organization and finance, business law, patent law, aci.

"counting and cost keeping, banking, and salesmanship.
5. Courses in highway engineering; automotive engineering, heat

treatment of steel., radio, and industriil engineering have beeti added
to the curricula of many institutigns. The increásed "attention to

. highway and wutomotive engineering instruction and_ research is
most niarkeii

6. Decrease in specialization. The tendency has been to broaden
the training by liberalizing the curriculum-by decreasing specializa-
tion, making the first year or even the first two years common to-all
engineering students, and by giving, more attention to dip thorough
training in the fundamental subjects.

Increase in electives. In order to broaden thé student's train-
ing, several of the larger institutions allpw a limited choice of
technical and nontechnical elibctives during the_ junior and senioi
years.

8. Congestion in curricula reduced. Sonic' progress has been made
in reducing the congestion in engineering curricula. There seems
to be a general tendency to keep down the required credit hours per
semester below 18.

9. Shop praCtice instructiim changed in character. The amount
of required shop practice has been-decreased in most institutions, but
the character of such instruction has: been Improved by .pa¡ing
less atténtion to manual skill and 4y devòting more time to modern
production problems.

10. Greater attention to' freshmen. Much attention has been given
during the past 10 years' to the orientation of freshmen. jn mkt
institutions freshmen orientation lectures are offered. In several
land-grant institutions the engineering Is introduced during
his freshma'n- year to.concrete engineering problems! This also gives
him an opportunity to come in _contact with the best trained and
most experinced engineoting teachers' during the early part of
his-course.

11. Greater attention jto objective tests._ The success of the Army
inta1igeli4ce tests has resulted in iiiuch interest on the paq. of engi-
neering educators in objective tests. Nearly all Wad-grant institu-
tions are rating their students not only on academic performance
but als6 óbjectiyely. Several institutions-have developed aily sue-%

cessful personality rating systems. All ,such riting systems- are 'If
aid in discovering the students' talents-.

12: Gteat9r interest in acivh-nded training fin'engineers.
of an engineering school, "at 'One of ,the roost' prominent land-grant .

eoliges.,w makes the follgwing statement concerning this subject:
m I believe that the time .4T now irrivk when the engineging
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'4 LAND-ORANT COLLEGE EDUCATION, 1910-1920

. schools .of the country -should-seriously co zid4r some real advahoe
in engineering education, such as can be :. ured only by increaairi,
the length of time provided for the college'training of engineers.'
An iricreasing number of edgineeriftg gradnates are pursuing gra

. tutte study leadifig to advanikqi degrees.
. -13. Cooperative system extended. The coopt;rati-ve system formu-

lated by Dean Schneider, of the University of Cincinnati, has been
introduced, with slight changes, at the Massachusetts Institute of

. Technology in connection Nyth the courses in electrical and chemical

41.

engineering.
14. Increased facilities for training chemical engineers. The in-

.

creased demand, on account of the war, for tibchnically trainea
chemical engineers has -resulted in increased facilities for such train-
ing in a large number of enginthéring colleges. At least eight land-
grant institutions have added curricula in chemical .engineering
since 1910. Iv

15. More attention to architecture and architectural engineering.
Several lancr-gr¡Int_institutions have added curriculA in architMure
and in architectural entrineiiring.

16. Training of voNtional- teachers. Several institutions 'level-
oped courses- fpro the training of teachers for trades and industries
to meet the needs -bf the Smith-Hughes Act. These courses attract
very few students.

17. littered. in 'agricultural engineering. *The increased use of
'mechanical power aild of machineiy on. American farms has resulted
in greater attention on the part of land-grant colleges to the engi
nearing problems of the farm: In all land-'grant institutions Ibis
braRch of instruction has been greatly stmigthefied:during the past
decade: In several cases courses bIett-alhil to degrees in ,agricultural
engineering are offered. In -most casesc° isuch insteuction has been
under the direction of the_ agricultural division et the lapd-gilint
college. Theiendency is now to Place such .courss of study under
the engineering divisions of the institutions.

That engineering éducation. has made.. ma.rked progtess during the
past decade is evidenced by the fact that technicaily.trained engi-
neers tare not only- welcome in industfy but are being sought Men
of affairsfrealize.thar technically trained engineers are particularly
well fitted for positions .of responsibility. in connection with the
solution öf problems which aré related to the broader .4tiestions
alfectIng industry and Oublic life.- The technically traioed ngineer
is now an indispensable factor in evety important industry and the
appreciation of his valué to the communitris increasing.

Besi4és training engineers the- land-grant institutions have also
girn greater attention during the past. decade to research and
ottettsioa activities in engineering.
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CIVIL ENQINZERING

In 1910 only the Upiversity of illinois. and the Iowa State Came
maintained engineering experimeit stitions' supported by State
funds. In 1920--421.' 19 land-gra.nt institutions were reported as
having engineering experiment stations. The staffs-of these dations
iricluded -53 full-time and over 300 part-iiine research workers:
These- experiment stations have available aboal one-third of a mil-
lion dollars per year for engineering research- and arv giving -valu-
able service to the industries of the country.

18. More attention to engineering extension.' In 1910 only the
University of Wisconsin gafi; much attintion to engineering exten--
sion activities. 191O more than half of 6e land-grant institu-.
(ions were carrying on some form of extension ser.vice*a benefit
to their States. This oxtension service lAts been in the form of _short

a courses, technical institutes, correspondelice study courses, evening a

classes in industrial centers, package )ibrary service, tedinic41 lee-
tures and conferences, visual instruction service, and tngineering
publications. A

The engineering diyisions o#1 the land-grant institat ions have made
marked pit.ogress during tite past decade -by improving their coursès
of study and teaching methods, by carrying on more Le.search work'
of value to. the Nation, and by.bringing the benetits 6f, their Wadi,-
ing :and reséarch work to (be people and industries Qf tirir States.

Chapter II

. CIVIL ENGINEERING

V 4.

By F. E. TURNEAullit
Dean, COW@ of Rsighseerfinit theiverilty of Wisteseik

wrap,

Systematic training for civil engineers was ,Oe earliest oiganized
braiich'of engineering education in this .country. The need fot this
training was emphasized by the develppment of anal find railroad
construction in the eaily part of tlie pineteenth century, and the value
of school trai'ning fpi Men engaged in this work was recogni?ied frone_

the very, outset. Prior tod the organkzation of ttie land-grpf col-

leges 'systematic urse civil engineering had organized îi
several institutionsnotably Rensselaer Polytechnic Institute
(1835), Union College (1845), and the .University of gfichigan

, (1852). A chair iivil.enineering- was estiblished,. oil paper, at
the University of Wisconsin in 1A50, but for lack of funds tio instrue-.

Asp, -1/

fr

Twenti-elht institutions reporttd tengineering 'experiment statIous tin Juwify 1, 1925.

e

.

s

A.

I

.-

.,

. - ),.
... .-1

.',..i
. . f ..1.: : 1

a
4 k I

O
i P

-
.

: .. . ! '' .; % 4 ik.:N(1114.
, d, ..

v. I.
I

,

IL

ee'rl



LAND-GRANT COLLEGE EDUCATION 191071920

tion was:offeeect until five or six years later. These early courses in.

is ct Droessiona1 courses
to, prepare p ung. llwe-reoognized' workmen for the of tile civil
.engineer..3

The land-grant actin 1862 gave a great impetus to the growth of
eiwineering schopls, as well as to the establishment of instruction in
branches more closely reliteci to the manufacturingjnclustries, and
many of the most Aciable schools of., engineering were established
as a result a that legislation. In many of these early landrgrant
colliges,the civil engini*ring course of study was for some time the
only course of study in engineeringlargely for the reason that
instructional Inaterial in this branch was already well organized and
the avenue -of employment well marked. In fact, if one turns back
to the catalogues of the bet63r schools of 30 or 40 years .ago, a pro-

;;;. gram of studies will be _found, four years in length, which does 'not.
1`4"g differ materially from that of to-day. e, Fundamental studies of

appliéd Mechanics, materials of construction' , and methods of field
investig;atidns'underwing-the work of the civil engineer were very
thoroughly tail& at that time ;Ind tp-day still constitute the back-
bone of the curriculum for thé engineer of construction the civil
engineer.-

Whilo the course of study fOr the civil engineer has not 'greatly
changed in; the. fundatlientOs of. ,AppliecKlience, there have been-
notable improvements an4 modific.ations, reflecting the advances in
scientific knowledge and the changes in the character of employiiient
for whicfl the young engineer. is trained. In many revects the
.developments have been continuous since the organization of the
early schools, but to a large.degree they are the result of the researches'
and the itclustrial growth of ihe past 10 or 15 yettis.
-From the standpoint of civil engineering instruction; the increased

technical information niay be considered in 'two categories: That
relating tq collateral tubjects, and that relating to this. particular .fild. As an "Austratibn of the former may be. mentioned the im-
portant §ubject ot electrkal power transmission.. The wide de-
veliTment of hydroelectric power requires th, cooperation of the

-.civil arid the electrical engineer, and such cooperation is most effec-
'five when eash has at least a good general uhtlerstanding of.. the work
-of the othei. 'The dill engineer 'xiiust alto have a *wider knowledge .

(Idle usesid various types of machfnery with wflich he..has to deal in
his construction 'problems. Such requirem'ent% lead 'to a more ex-
tended study of electric, steam,. and sit§ machiherf then was
formerly the vise.

. .

- In his gym particular field the 'civil'engineer 46 confronted with aSot amount of.. valuable ..material .developed in recent vais:
. .
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CIVIL ViTaINEERINCr

Progress in thti knowledge of =aerials of construction is especially
.noteworthy, and the results of the research of the chemist and° metal-
lurgist have a very impataut bearing upon his desigtis. Ile must
know about alloy steels for. bridges and rails, bitumens for road
bonstruction, preservatiye ptocesses for wood and metals, the duraT
bility of cement and claY prOucts, apd the propertiel of &aids and
gravels significant in their use in concrete. The -work of the ch6inist
and bacteriologist in sewage and water purification has modified
*practice in this field evlery greatly in the past few yearti The de-
velopment of this infórmution is 4ue, in part, to the research
scientists, and in part to the engineeking teacher and investigator,
supOemented by study ind application of the man in practice. A
very great acceleration has been given to work -of this kind within
the last 10 years by the establishment of engineering eiperiment
stations in land-grant institutions. These hive bpenv of great yalue,
not only in their mearch work, 'but also in providifig better in-

)structioffäl work in these schooLs. Such investigative work has also
brought. together in' çooperative effort the teacher and the practical
engineer, which is liven indicated by the vast amount of work ac-
complished by the various committees of the national engineering
societies. On most of these committees will 'be tiund, working
together, the engineer and the teacher or investigator, and their view-
points are so iimilar that it is difficult to reciagnize by the discussion
who is the practical 'engineer and who the investigator. .. Such
cooperation has been *greatly prombtéd by the land-grant collegis,
and sevéraLintgortant committees have receptly kepn headed by ipen
from these salools. 4

Besides siich investigations as the firegoing; considerable progresti
has been [Lade, 'both theoreiical and experimental, in various lines
of applied meOlanics, particularly in reinforced concrete design, in
the study of bridge stresses, stresses in railroad track, the theoretical
analyses of flat slabs and and other complex structure', second-
ary stresses in frames, arength of columns, and many probleips in
hydraulics. All of this 'work is not only ofgreat assistance to the
énginepr, but fivnishes a ba-sis for better instruction of the student;
in fact, the mass of scientific information now availbble is far greitkr
sawn can possibly be taught in the four-year courge. of study, even
if Qrganized in the best possible way, and% large put of such in-
formation is more scientific and fundamOtal than most of the
technical material which was available 80 or '44 yeirs ago.

In anotheir direqfion, also,- has_theie beenfta great development of
teaching milkial with which the* engineering sihool is, concerned.
This is iii.; the. fie41 a economics .and sociolOgy---" human engineer-4
ing,", as it is sometimes, called. To these branches may be added:
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such subjects as business law, business administra tion, and the more
ancient studies of ethics, logic, and psychologi, to which a new
emphasis is being given. Broad4y speaking, the work of the modern
engineer has come to be more and more the work of management,
not merely of the materials Eivond forces of nature, as defined by ro.

Tredgold, hut management of men, of industries, and even of cities.
, This development has been partiouIa-rly rapid In the past decade,
and engineering teachers are much Concerned with finding the best
solution. The problem of the engineeririg teacher at present ig:
Whitt subjects should be taught, how shbuld they be taught, and
what should be the length of the course so that the best results will
be secured in the various lines of activity?

From the standpoint of demand die tec-hnical requiremOnts of the
civil engineering graduate have also changed very considerably in
recent years, and this change is reflected in the curriculum: The
great field of railroad engineering, which employM go many'civil
engineers 20 or 30 years ago, has lost its relative importance. It
has been replaced, to a large extent, by reiluirements in new fields
of construction, such as reinforced concrete, and, more recently, by
an enormous expansion of highway building. -Ins fact, it is prob-
able that not less than half of the civil engineering graduates
throughout a.large portion of the country' are entering the highway
field. While thiA change has not modified the findamentals of the
course of study, it has changed the emphasis, 'and substituted, to a
large extent, highway options for railway options. In some schools
highway engin&wing is highly developed, including special courses
in highway bridges, in chemistry and geology of special materials,

sand ecohomics of highway transportation.- Other special studies
include hydroelectric engineering, advanced structural engineering,
sanitary engineering, mid engineering geology. The development of
additional instruction of this kind has led to the arrangement of
various optional groups, asmany as (Eve or six different options ,;in
civil engineering being offered in 'various institutions.

In spite of these .developments the civil engineering course re-
mains substantially a course in static structures, and beginning
positions in almost any field of civil engineering are freely open to
graduates in any of the special options now offered. Specialization
in, this,respect is looked upp.n by many as a valuable pedagogical
expedient of employing such illustrations in engineering practice
as may be of greatest interest to the student, and dividing up large
numbers of students into smaller groups, rather thati as an attempt

. to make highly trained specialists in. schools.f It is still true that a
school can not make engineers, and ban only .prepare young men in
miteknonlical and efficient manner eventually become engineers.:
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What to do with the studies of a more general character is a litore
difficillt and indeed a more important problem. Studies of this
character have become of increasing importance, by reason of the
general economic development of the country and the enlargement
of the field of employment for the civil engineer. Thi:i inclusion of
more work of this kind in the course leads, not so much to optional
grotips, as to a consideration of longer counes of study, since most
of these subjects are quite as applicable to one phase of engineering
practice as another. In fact, the discussion of engineering edica-
tion during recent years has centered very largely around the best
method of handling this material of a general or cultural nature,
which constitutes not to exceed 20 or 25 per cent of the curriculum.
One solution of this problem has been to establish special courses

in engineering adminisiration in %the seveiar tines of engineering
practice : Civil, mechanical, electrical, etc. These courses are in-
tended -for those preparing themselves for positions involving the
business element more largely than the technical. 'This is ope method

of avoiding the congestion of studies involved in a more general
four-year course or the question of a five-yeir cpurse.

The broad problein. of content of curriculum and length of cours'e

is at present underping a great deal of discussion, not only oh the
part of educators, but by engineers and committees of .engineering
societies. A large amount of cdOperative effort is being exerted aloiag

pis line, and,it would seem likely that opinion and practice will,
begin to crystallize in the near future. The problem has been madé

difficult, nof only by reason of the increase in scientific and technical
information, but, also and largely because of the greatly enlarged

scope of the engineer's activity. The range of this activity now lies

between .positions in which a high degree of technical skill and
ability is required, with little or no business contact, and those in
which thsi technical .are reducedveó a minimum, and. busines's

and administrative .80duties;constitute or 90 per cent of the activities

of the individual. Tha,t 'engineers are sought to necupy positions

covering such a wide range of talent is proof of the value of an

engineering training, fven though such training may be far short

of the ideal. However that may be, this fact makes the problem

of the engineering college cif great importance, and at the same time

more difficult than. wads former1y4he case. Tlie importan of this
question and many of the 'difficulties involved have been .set forth
in many contributions of engineers and teachers in recent years, and

particularly in the report of Dr.. Charles R. Mann, of the Carnegie.

Foundation, mid)) ,in cooperation with committees of engineering
societies.

Method,s of teaching have received their share of. discussion, ind
many phases of this subject shave been freshly considered by reason-
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LAND-GRANT COLLEGE EDUCATION, 1910-1920

of the various special educational activities of the war, period. The
ibove-mentioned report of Doctor Mann has' Also brought'. aboutmuch discussfon of this subject. The cooperative stern: has ieceivedmuch attention, and under favorable conditions has been very suc-
*cessful. It has .not been widely adopted, however, as the difficultie's
-involved in mtsi, cases are -very gfeat. ,Varly introduction of thektudent to the engineering world has b'een given ,a great deal ofattentión, and in several schools simple technical problems are nowgiven to freshman students. It wolild appear that such 'a schememay be More -readily adapted to civil engineers than to 'students ofother courses of study, and; this is exeMplified in the freshman w.orkin surveying, which has long been a part of the curriculum of manyschools. Broad educational problems tire .receiving a great deal of

,in the meetings of the Society for the Promotion of Epgi-neering Education and of the engineering division of the Land-Grani College Association. To anyone attending these meetings fora number of years, it is obvious that there has been a very consid-erable improvement in teaching stiff and in matèrial equipmentduririg the past 10 years in- practically all of the land-grant colleges,find more particularly in the smaller institutions ol the less populousStates. Standards have become fairly well equilized, and do notdiffer greatly in the various Institutions -in different parts of thecountry. Salaries of teachers were notably low tor a.time after thesharp rise in prics during the war, but in most institutions hive
4 recently been, very considerably increased, so that they. are mow on afairly comfortable basis. In 'some institutions, ho.wever, they arestill lamentably low, and the best results can not be secpred underthese conditions.

.The future of engineering. education is ari interesting speculation.e. While the technical and scienti-kaspects do not warrant expectationof radical changes, the rapidly increasing complexity of industrialdeveloptent brings with it a ponstantly widèning demand for menwith more or less technical tiaining and at the seme time men withbreadth of understanding who will interest themselves to .a greateisextent in the social, economic, and political problems of the country.The extent to which the schooil is able to contribute toward thisrequirement will be, to a large degree, the measure of its future
.success.

I

I.

gt'

o

dis.dission

.

.

.

-

4:-
;.% .

', I' 4-

I

f

1.,!.1:,%1'. -

V ..-1..e'-; le' .. ",,...s;-. i:4..,-:,k f.,:,
; 4 ''s r..1 :

-

.- i L. . '
.

,4. i0.4 *

./
: . ,".

` . : :'1

1 ; I P. I
.

! i V
*. II

.1
),

= k 4 2. ; #: : . -. ; 1: % . . .. Ft A . I . o. r
f.t..1 -

: .111
k ...mart 'U.. -L1_ki44 s3 is

' t
. «Is .

.14
ej

=f" '"

/ *
I.



MBCHANICAL-1 ENGINtERING

Chapter III

MECHANICAL ENGINEERING

By R. A. SEATON
Dean, Division f lingiouterfing, and Director, Engineering Experiment Station, Kansas

ktoto Agricultural College

Mechanical engineering education in the United States dates prac-
tically from the close of the Civil War. Before this time the. Rensse-
laer Polyteclmic Institute and the West Point Military Acadpmy
had done valuable pioneer work in engineering education, and a few
other schools had made a start in such' work, but comparatively
little had been accomplished specificaly in education for mechanical
-engineering. Thdoubtedly the passage by Congress of the Morrill
Act in %1.862 did much to -promote this as well as other lines of engiu;

neering education. Within a few years after the close. of the Civil
War most of the States 'had established colleges of agriculture and
the mechanic arts," and in numerous other colleges. departments ol
engin'eering were.established.

The great growth in the manufacturing industries of this country
in the last 50 years has greatly stimulated :interest mechanical
engineering education and .caused. it to grow rapidly. In 1870 the
total value of the manufactured products in the United States was
only abotit $4,000,000,000; in 1919 it was $63,000,000,000. This
increase in .manufacturing made necessary a greatly increaed
number of.filechanical engineers. Fuither, while in the earlier devele
öpment of the manufacturing industries most of the iiwhanical engi-
neer§' Acquired. their triining through practical experience, in more
recent years a mu& larger percentage of the total number of engia
neers have been trained in enginéering colleges. In 1870104ere *ere
in college. only -about 1,400 studepts in all branches of engineering,
while in 1910 there were a out 43,400 mechanical 'engine.ering students
alone, and in 1922 about 41.. P I I mechanical engineering stunts in
the colleges of this country.

From its inception, education i anical en eering has
been very closely connected with that for the o anches of engi-
-neering. The fundamental principles Underlying all branch* of
engineering are the mime; the differences are chiefly in the applica-
tions óf these principles. Naturally, therefore, many of the recent
developments in mechanical engineering education bave oócurred
also in the other btanches of education; or are 'paralleled
by similar developments. Ile4c6, many of the statements with*.
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4.

paper would doubtless apply equally well to other brandies of engi-
neering education. **

Since there had agaen approximitely half a century of growth and
development in mechanical engineerin :education before the begin:-
ning of the last decade, the curriculum, the° courses, and the methods
of instniction had beCome fairly well standardized. Recent develop-
ments have not been sweeping and fundamental in character but
have generally been minor, though perhaps important, modifications
of established practice at the beginning of the decade. Probably the
most important developments have been brought abput by develop-
ments in mechanical engineering practice, and extensions .of the
miichinicaFengineering field.

The constant increage in mechanical enineering knowledge, and
in the eitent and character of the applications of this knowledge,
*has made necessary the inclusion of much new material in the curricu-
him, and the revision of couries to include the nevi appliCatiOns, with
sometimes a relocation of emphasis on matter already included.
The development and general utilization of the interim! comi;ustion
engine, the steam turbine, and the uniflow steam engine ; the great
increase in the consumption of mechanical and electrical 'power.; the
general adoption of electrical distribution of power ; ansIthe' develop-
ittent of great central powen. stations have made it necessary to
modify the courses in- power engineering and to enlarge their, scope:-..
The introdíiction of improv'ed tool steel apd of high-power 'machine
tools, and the demand .fo,g1Tater shop production and for ihe elimi
hatioti of waste in industry have called for additional attention to
these matters in courses dealing with 'shop work.' The extension
of. the field of the mechanical engineer to include -management and
sales work---industrial and commercial 'engifieering--has- called for
additional attention to economics, business 1a-w, factory oiganizátion
and management, pgychology, labor pro;blems, and similar subjects.

ngineering curricula were already 6vercrowded, and one of the
effects of the pressure .for the introduction of -this new material has
been to force the elimination from the curriculum of material not
strictly essential. Doufitlegs this is at least one of the reasons for
the recent tendency to eliminate foteign language from among the
required .subjects.. The thesis, which was formerly required of all
students, is also being eliminated, doubtless in part, at least, to the
same reason. Less time than formetly is being devoted to shop
work, drawing, and in some cases the humanities, to help niake
toom for this material.

R, Mann states ¡a his *Judy of Engineering Education:
*There is almost unanfinotv3 agreement among jiichools, parents, and practicing

engineers that at present the engineering curriculum, whatever Its organization&
18 congested beyond endurance. It Is obviously absurd to require from the
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MiCHANICAL ENGINEERING 1/1

atudent more hours of intense mental labor than would be permitted him by
law at the simplest manual labor. Yet on all sides the pressure of topics and
subjects that have become important because of the extraorilinary growth of
science and industry is constantly increasing.

Notwithstanding this crowded xondition óf the curricula-, it is
well recognized that an inadequate allowance of time is given to a
number of im.portant subjects, and others must be omitted entirely
because óf lack of time. As a 'result thero is a growing feeling that
the engineering curricula should be extended to five or six years, at
least for those whó are to become leaders in the Vroiession.

At a conference of the deans or,other representatives of 14 mid-
western engineering schools, held in Chicago in the spring of 1922,
the following resolutions were adopted:

The undersigned eggineering deans, directors, and representati;tes, in con-
ference assembled, hereby resolve' that

In order to meet the constantly enlarking responsibilities of; the engineering
profession, we favor an advanfse in engineering eddcation at this ti.me that
shall provide five years of collegiate training for those engineering students

4

whose aim is to become qualified to take positions among the creative leaders
in the profession, and that such advägee. shall be made in substantial amid-
mice with the following plan:

1. Remodel- the present four-year engineering curr:cuia by substituting a
substantial proportion of humanistic and fundamental subjects In place of
an. 'equivalent amount of advanced technical wink. It is desirable that, so
far as possible, the curricula in the différent branches of engineering shall be
suffic:ently uniform to permit students to defer their Anil choice of a specialty
at least to the end of the second year.

2. Add a fifth year of advanced work, Nostly or wholly technical, and
specialized io such an extent as desired.

3. The first four years of wòrk shall lead to a bachelor's degree and the
fifth yeár to an advanced degree in engineering.

It is too early yet 'to 'determine what the final outcome of the
movement toward a longer curriculum will be, but it is hoped that
it Will give sonie relief from the present crowded curriculum, and
at the same time permit the inclusion of some work for which time
ean not be found in four years.

The great increase in the number of engineering students in re-
celit years has made feasible a greater degree of specialization by
teachers and by students than formerly. Special courses in indus-

..trial history, English, physics, and the like have to a considerable
extent replaced the more. general courses fornierly given to all col-
lege students. Similarly, the larger number of mechanical engift
neering students has made possible the introduction of moie %Aims
in the senior ye.year, without reducing the number of students in each
sedion to too small a number for econoitical instruction. Cutricul,

. in industrial engineering, heating and ventilating, tiower engineer4
ing, ,railway :mechanical) engineeri* and the like have, &WI %been
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If

introduced in a niunber of colleges. The larger number of mechani-
cal engineeriAg teachers reqüired for the larger number of students
has inade possible thé specialization of the teachers in tho`se sub-
jects they are best qualified to handle, and has -doubtless improved
the 'quality of instruction. The growth of the physical plants and
the increased laboiatory facilities _have also been factors in permit-
ting greater gpecialization and raising standards òf instruction:

The purposes to be accomplished and the methods of instruction
used in teaching shop work have never been so fully standardized ai
have most phases of mechanical engineering education. Th Wor-
cester Polytechnic Institute has for maríy years mailitained upon its
Campus a shop for the manufacture and sale of commercial .articles
by paid mechanics. Students iork in the shop with these mechanics
and thus acquire experience similar to that which might be obtained
hithe usual cQmmercial shop. k_ recent years much of the students'
time in the shop has been devbted to, the study of shop organization
cad management and shop methods, with less emphasis on the
icquirémept of manuil skill t6n formerly. At the University of
Illinois the methods used in shop instruction were- reorgaiiized a few
years ago. No paid mechanics are employed, but all of the work
in the manufaçture of a two-cylinder gas engine is done by students:
The shop work is handled much like that in a commercial shop, all
the different positions in the opeisation and management being filled
by different sections of the classes in rotation. Emphasis is laid upon
the organization' and management and the shop processés used,
rather 'than upon the. acquiring of manual skill. The 'work is in-
tended to give mechanical engineering trainihg, rather than traininci
for mechanic& A number of other schools in rebent years have
adopted methods of shop instruction similar to thoe used at the Uni-
versity of Illinois, and the general tendency seems to be toward the
conversion of the college shops into sho-p laborlittories for illustriaing
modern methods of shop production, and of factory organization and
management.

A development which has helped t9 make possible the large amount
of work now climb in-four years is the production of a large number
of expellent textbooks coyering most phases of mechanical engineer-
ing. There has been unusual activity in this field in the last decade,
and many of the standard texts which had long been used have been
replaced by others which contain a dearer presentation of funda-
mental prin-ciples, and in which *recent developments in the engineer-
ing field are- discussed. Such 'books have made it possible to replace
a cOnsiderible amount of lecture and notebook work by the more
efficient home study- and recitation method, and have been a greatj.thcher and student. Thir lave helped also to stand
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ariize the conteilt of coOses, and probably to rids° the standard of
Aualiiy of work done.

Among the iinportint ricent devèlopments in education for
mechanical engineering, then, are : (1) Greatly inCreased enroll-
ments, keepigg pace with the .growth of the maiiufacturing indus-
tries; (2) the revision of curriCula arid courses to correspánd with
developments in mechanical engineering practice and exte*
the mechanical engineering field, with more attention to s a41 ".

engineering courses and to economic and bizsineffs problems. and less
to foreign languages; thesis, shop work, drawing and the humanities;
(3 ) renewed agitation fo e-year -curriculum; (4) .greater degree
of specialization 6y s ó defitd and. teachers; (5.) the introduction of
freshman engineerin courses; (6) change of emphasis in shop work
by acquiring manuil skill to study of shop methods, organizations
and management; and (7) thg production of excellent textbooks
covering most phasesi;)f mechanical engineering.

While several of these developmtnts are hot itommon to all schools
. teaching engineering, and some are found only in a few schools, it is
belipved that they fairly reioresent the general tendency in mechani-

+.

cal engineering education.

Chapter If
ELECTRICAL ENGINEERING

W. N. GIADSON
rke President, Odversity of Arkansas ; Dean, College of Engineering, Nivertity of

Arkansas

9-4

Electrical engineering education_ in the United States may be
considered to hive had its beginning in the Morrill Act of 1862,
which provided for more general industrial education than had pre-
viously been possibl% and emphasized the importance of scientific
study. This act laid the foundation of a new type of industrial edu-
cAtion to be fostered jointly by the State and the United States
Governments. However, electrical. engineering instruction as dis-
tinct from mechanical engineering did not take place in the Unite4
States uptil about 1885.

/. Faraday had discoveied the principle of electro-niagnetic rota-
, tion in 1821, and 10, years later the principle of electrolnagne.tic

induction. The fundamental boys underlying the future Applied
science of electrical engiqeerhig ..were, therefore; Ichowfi vihe4 tì

. Morrill Act provided. meal*. for promoting ,more. extended stut;
and research.
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IAND-GRANT Cpuzaz EDUCATIoN, 1910-1920

Electrical. engineering, as a separate *department of education,
resulted from the development of- electricitY and magnetism as'
taught in physics, and at first was often associated with t.4 study of
this science( As early as 1870 special coursts in physics for elec-
tricians were offered. Ten years later, due to improyements in the
series and shunt dynamos 'arid their application to arc- and incan-
descent lighting, as well_at; to small power, awl.* was a call 'from-the
industries for men with special knowledge of applied electricity, and
.a few colleges responded by creating departments or coume.s of-study.
in electrical engineering. 4

In .1881 interest. am* chinesalternating current was revived;
Long-distance tr-an,smission cif elect*. energy was madeyracticable,
and with the introductiim Ylf polyphase alternators in 1891 the
electric. nkor.became .a worthy rival of the steam engine and-other
forma of prime niovers in the field of mechanical power. Elec-
trical industries multiplied rapidly. Large sums of money were'
invested, and there was an ever iwreasing call for enizinirs with-
electrical training.

The Chicap> Exposition ill 1893, with its splendid display_ of
plectrical machines and appliances, undoubtedly stimufated inte.re4
in electrcal _inventions manufacture, and education. During the-
period from 1890 to 1960 many educational _institutions of higher
learning.added a departmeni of eleCtrical engineering. In the next.
decade these .departnients of leatning were enlarged arid extended
until many colleges had physical equipment and teaching Ataffs in
electrical engineering that compareA favorably with the teaching
equipint of the old( r departments of engineering. Professional
and graduate courses were introduced, and by 1910 electrical engi-
neering education was firoly established as an itegrai part of the
curricula of more than 100 schools of collegiate giade in the Vnited
States, of which more than 40 weie land-grant colleges.

-The annual enrollment *of students in electrical engineering lias
gradually and .coiisistekly ihtteased, except fJr th6 years of 1917-18
RM. 1918-19, which- were-abnormal years, 1917-18 .witnessing a de-
crease in enrollment, cauSd by large numbers of students enlisting,
or. being dratted into the-A-tiny., *hile in '1618-19 there was aPpar-
entry an abnigiiial growth, due .tti the Students Army Traihing
Corps. While exaCt figures añ difficult to obtain, information econi-

piled ...by.. the Elearical World, the Engineering Ne*arRecord, .and
other. Current -engineering publications ilidicates the' appioximate
rOgistiation of electrical engineering students in institutions of col-
legiate graae in4 the United States, as_ computed with :the total
registration ot studots in all engiheering courses in these institu-
tions'sincé 1906, to be as follows :

At
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ELECTRICAL ENGINEERING .

Registration of engineering Mutest*

1? r

.

10084
-

191041 1914-13 191940

Electrical engineering 5, Me
Per cent of increase during the period

_ . 7 ó
All engineering students iv, 723

.

Per suit of Inman (Wang tbé period 10
.

is is
& 3

$1, 409
4. I

.

',we- -

91. 7
3Z 843

, 1 78

iz us,

. ..... ..
.

I Estimated.

The increase in enrollment in Ale latter part of the period from
1915 to 1920 is undoubtedly due to unsettled conditions in the coun-
67 following the war, when a large 4umbet of young men, dis-
charged from the Army, found difficulty in obtaining employment.
As business conditions become more stable and manufacturing in-
dustries resume a, more normal pm-war status,' the- immber of stu-
dents entering college will likely decrease to such an extent that .the

-iittendance curve wait show" only a normal growth when carried on
to include 1925.

As electrical engineering is r branch of mechanical engineering,
early curricula were modeled aftlr the parent course.. The first two
years of thé four years' souese. were usually devoted. to chemistry,
physics, the languages, mathematics, and primary courses in me-
chanic arts, such as shop work ti.nd drawing. The' last two years of
the course were given over to more or less technical subjects, largely
in the mechanical engineering field, although such subjecisits ethics,
history of civilization, and business law were found in some early

-.courses. The general tendency in the late eighties and early nipeties
was, toward specialization.

Among.practicing enginéers the remark was often heard that " an
electrical engineer should be nine-tenths mechanical," and this be-
lief was reflected in the courses of study for electrical eheneers.
Aniong the first technical electrical engineering subjects whi4h ap-

...peared N4re advanced courses in physics, electricity and magnetism,
electrical measurements, and dyAmo machinery.

As the field of electrical engineering was developed, there sprang
up speciálties in such-lines as. illTribination, ion distance .transmis-
sion of power, olec,tric riil*ays, and electric ot metals, étc.,
*which colleges. iikteepreted to be a call for specializOiim along such
lines in electrical engineering. The result -was the crówding out of
general information subjects fiop the last two years of the cours.,e'
and the invasion of the soi)homore and freshman years by technical -

subjects ip many college courses.
By 1910 engineering firms and ousine*, houses that enfployed

gineeriig college graduates begiin to complain that the me4 they
received, although well trained technically, were deficient in .general

o and business education, and about this time the -educational pandit
4
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ft

cl

1.um began to.swing back toitard the side of busi% and commercial
trainink for engineers. -}Aucational institutions seem to have been
feeling their way deliberately in an attempt. to develop the best sub-
jecte matter for courses of study suited to the needs of theirpeople,
and,* although frequently . , alto serious. attempt had been
made 6) standardize cu.rricula, thus Laving' individual institutions
five to dewlop.

There were at this time in the United States 5,M)0 central stations,
representing an investinent of $1,50000,000. Of these *stations, 154
did a purely transmission business, while 300.operated electric 4re0
railways. Some 70,(XX) families weee reac1ie4 by electric service,
the old open are Ianipk were- rapidly being stwerseiled by metallic
electrode flaming arcs or metal filament incandtkent lamps, and
ornamental steeet and park lightiniewasroming.into vogue ;-while in

. the household electriciiy was being used for heating, cooking, an(t
small power, fifi well as for light Hyilroelectri?developmen6 btu.'
readied "a total of 1,90000 horsepower, and worisoridation of small
isolated plants was begun.

In the field of telephony and telegraphy wireless -telegraphic coin-
t3unication was established between the United Stat.e.s and England.
The Berliner telephone patents having expired in 1904, many firms
began the manufacture and sale of telephone apparatus, the direct.
result being- the widespread use of -the telephone. By 1910 there
.were 7,000,WO telephones in use in tlw United States, many of them
sr.roving rural communities, and the telephone was accepted I.); rail-

a3TtI for train 4ispatching..
In '1920 central0 stations were developing more than 13,000AXI

;horsepowei4; of which 6,500,600 .horsepower was from hydeoelectfic
:1;.vstations.:- Them was a total of 40,000A0 horsepower developed by,,... _.

piime movePs, awl of thili 9,500,000 was from water horse-
po*Orw, whiehltidicaiek that shydri)electric power is playing an,
-portant partlifi a primaty soutee. A total of 42,500 miles of standard
teunk4inef railways had best' electrified, power being gentirated

O

Aiefly from water. neetriti Icicornotives having a I-hour rating of
4,000 horsepower have'been built, inlet the electrification of standard

'Seam railways has proven practical.
According to United,States Geological Survey, it is estimated

there is yet 60000 horieliower of *undeveloped water power ;p
O the Uriited Sta ; abed, as there is still 25,000,000 horr4power of

steam lpspomotiv,es in use, Iihich require the burning of 150,000,000
tons of aial annually, it seems._ 1411 to predict that .the future
development in this line will result in harnesping this latent water'

O

power, tying .hydro stations together with high tefision transmission'
and stibstituting electric locsimotives 'for the Old inefficientAeam
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BIAZOTRICAL ENGINEERING 19

_machines, thus releasing ag large part of the present railway coal
consumption for other industrial purposas.

In long distance transmissions a potential of 150,000 volts has3
been reached, and 250,000 is being seriously considered. These
voltages make practical much longer linevnd re4uce the copper
invesiment.

In the field of tra4smi&sion of intelligence the telephone circuits
were improved by the device of phantom lines for multiplex tele-
phony and high frequency carrying.current# for extend¡ng dis-
(ances of clear articulation. 'There were some 13.000.000 telephgne6
in use in the United States. Automatic exchanges were improved,
and marked adyances were inade in perfecting ana ex-tending the
practical range of the wireless telephone.

The preference of the United States Navy' for electrical propul-
sion was sh-own by the electrical equipment of the t)attleships New
Mexico, California, and Tems, and rgtxr bock cruisers of 180,000
horsepower propliled by electric motors.

The demand for larger ami more raiiid production just prior to
and during the war, together with the Government's restriction %on

fuel, caused steel mills, chemical industries, Jim! manufacturing
-shops sin general to discard old equipment and install electrical
appliance's. These elianges to electrical equipulent iaxed the cen-
tilt! stations to supply power, Ana the emergency was met by tyiug
stations together to, eiwalize the load. This demand for electric
power seèms t(i continue after peace has come to the country and
indicates a still more universal use of eledricity for in'dustriat and
domestic Purposes. More than 5 per cent of the farms in the
United -States now have electric light and power, according to
inforinNtion published in the last census teport.

Engineeritig ejucation must parallel industrial developnrent.
The apprenticeship method of iicquiring engineering knowledge Is
obsolete. Thetconège course of study offers a shorter and surer
road to a knowledge of the hint' ,a1 principles on which th'e
profession is based.

Electrical engineering is constantly extending and acquiring more
dignity and responsibility. It offers iniiucements to men of the
highest intellectual ittainments. In the industrrial field there it not
an important division in which iwlectrical equipment is not an im-
portant factor. Thinsmittvd electricity is more economical and
more easily directed-a4d controlled than any other souice of power
knówn to-day. The vast accomplishment of this, great applied
science in the past 50 years is unprecedented,, and each new
application unco-vprs more territory, until tilts field for hiture dent-
opment is almost limitless. The phenomenal developmerits m eleo
tricarideneering in the past decade Ittive been reflectod n Ihe
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20 LAND-GRANT COLLEGE EDUCATION, 19104920

lzolleges by a correspondingly increased enrollment: In 1910 $hete was
about. $1,500,00Q,000 invested in electricairindustries and there were
6,000 students enrolled in electriCal engineering courses., By 1920
the investment had grown to $15,000,000,060 and the enrollnient to
12,856 students: *From the best available data -on the subject, .it
appws that Approximately 30 per cent of the freshmen engineering
students graduate and 'that 20 prr cent of these graduates do nqt
follow the profession therefore we are nów sending into the elec-
tricgd industries, which employ 1,500,000 people, approximately 3,000
graduate electrical engineers annually. The above-mentioned de-
Telopments .in electrical engineering from 1910 to 1920 have had a
marked eect on the enrollment of stude.nts and on the curricula in
electrital engineering. 0.

Dvtpipg the period froin 11:010 to 1920 college courses ol stu,dy
inclugng electrical engineer'ing underwent many changes, in genetal
for their .betteimeilt.. As late as_1910 Most of the gtate universities
admitted students who had not completed four years of high-school
work and many of them maintained 'preparatory schools or depart-
me4ts. In 1920 nearly all required 15 units of high-school work
ior" college entrance; a unit being defin.ed as one-fourth of a high-
.school year. Experimental. Vvork was being done along the line of
pgychological tests, with the object of directing into engineering
courses only those high-school graduates who possessed the quality
of mind essential to the mastery of wellengiheering *problems, as
as ..of weeding out from th6 lower classes all those not likely to
succeed as .engineers. Should suph psychological tests prove a reli-
áblp guide ip selecting young meA for engineêring courses of study,
it will undoubtedly increase the percentage of .engineering students
who successfully complete their ccillege' course . and should give to
ihp industry better qualified' embryo engineers.

Electrical engineering' curriculit in the past decade have been
nlarged by adding new specialties in an attempt to keep Pace with

the growing applications of the scieuce, yet the length of time
allotted to the course a study remains four years in the great ma-
jority of colleges. These .students have for spine timb been called
upon to carry a much hè,ttvier load than is required of students in
jar*.and science Colleges, and it has become a. grave question whether
the average. student is ..getting 'a .satisfactory grounding in *funda-
mental plinciples. However, yelectrical engineering,has had the bene-
fit in recent years. of edtie*onal .qtudies, such as were initiafed by
the gociety for the Promaion of Engineering Education,
, Singe .the war there, is a demand for eligineerS with.broadek train-

business, and comiercial *subjects, Oid engineeting caws are
..rvspowling such courses as generati:..ecdnolnics, businesa
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salesmanship, business psychologyi. labor and emploiymen, trims-
portation, etc. In other words, the present-day tendency of e14460
trical engineering education is toiv.ard a broader and more general
course at the expense of 'technical subject niatter, and unlesi an
extension of time beyond four years can be4ffeete, colleges will
soon be turhing out graduates .with a geinial eduatIon but very

little actual engineering knowledge. Institutions are anxious to
meet these new demands for the coutses mentioned above, bút. 9n- the
whole they ire not convinped that the. time given to the basic mathe-
maticál, scientific, and engineering *subjects should be materiall
lessened,

Chapter. V
CHEMICAL ENGINEEPNG

By W. K. larms.
0

Professor of Chemical Engineering, Massaoliusetta Institute of Teolmology

In the industrial growth o-f a new count4, chemical industriés
other than metallurgical are the last to develop, be&use. the existeiice
of these industries is possible only where a strong transportation
system is available to supply raw materials and distribute products,
where mechanical industries can be relied upon for equipment, and
where electrical developments wrist to furnish and distribute powei
and the likp. In consequence, the rapid expansion of chemical in-
dustry in this country did not begin until the eighties. Prior to
that there was no demand for men with chemical engineerbig tÑin-
ing, but. when the delnand developed it was met primarily by the
initiative of land-grant institutions. Thils, the Massachusetts 'In-
stitute of Technology established a Course in chemical engineering
in 1898, the University of Illinois in 1895, the -University of Michi-
gan in 1898,' Ohio State University in 1902, and Me University of
Wisconsin in 1905. Available. data indicate that prior tá the last
date only one institution outside the land-grant group established
such a course. .

Since those early days .the colicept of the chemical engineer has
radically .chanked. Thus, in the announceWent of the first (course
offered in ails cduntry it was staikknhat " the .cheical erigineer is
not trimati1y á chemist, but a mechanical engineer." His function
was the ,constiuction of chemittl plants and equipment but did not
include the development and operation of ainritcal probesses.
ell case's the courses offiged w'. e undigested ni¡itures of die.mical
and en earn subjects, 043 iative Proportiops with the
judgment of those respoitgibliPiói- indt/4d4a1
did the instruction 'include the ' iubjelit éthiuni
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22 LAND-GRANT ..00IALEGE EDUCATION, 1910-1920

such,: except in name., Thwi, one school the subject of
chemical eAgineering, instruction in which was givefi during the
third and fouith years of the course, as consisting of " surveying,-
machine design, elimentary., steam .engineering, electrical measure-
ments, direct-current machinery, and building construction." Dur-
¡Jig the: past 10 years the 9utstanding development in chemical .

Gene Leering education has been the elimination of this chaos and the
.crygtallization ordefinito concepts as to the fundamentals needed in
preparation for the work of the profession. .

; The first importanf forward step in the reorganization of the sub.-
ject matter of the curriculum was.taken ini1.907, upon the iiiitiative
of Prof. W. H. Waltker, at the Massichusetts Institute of Technology.
Walker &ttlized that the chemical engineer ¡mist be primarily a
chelnist, though thoroughly trained in the fundamentals of engineer-
ing. Furthermore, he recognized tte necessity öf restricting under-
graduate instruction to a grodnding in principles, with elimination
of spétialization. The general distribution of i3structibna1 emphasis
adopted by him is bqcoming more and more widely accepted as
.sound.t.

The next important development was the establishment', in 1910,
by Prof. M. C. Whitaker, of the coure of study in.chemical engineer-
ing at Columbia Uhiversity. Professor Wilitaker -deserves especial
ciedit. for the development of instruction in the subject of chemical
engineering itself as a separate. ehtity. He emphasized the univer-
sality of its underlying principles awl. utilized and developed
laboratory instruction for the purpose 'of teachilig those principles,
rather than for instruction in tho details of a specific industry.
Xn teiliris of a phrase coined at a later date, he recognized that the
field' of clie'mical engineering covers a. liMited number orbasic unit
pperati6s: 'that instruction should develop mastery of thee
operttions rather than the details Qf váriou.s chemical industries.

Professor Whitaker further recognized that the bieadth a the
profession, requiring, as it does, a thorough foundation in both chem-
istry and engineering, makes it impossible to provide in undergrad-
uate 'courses adequate training for professional leadership. In 1916
the course of study' at Columbia was made exclusively postgraduate;
.and nonewhile of the land-grant colleges have followed this, prece-
apnt of the unksirability of excluding fioni the profession
men unable to sirnd so ma4 years in univeisity training, plost of
them are emphasizing postgraduate work. The demands of the in-
dustries for mé4 trained in these postgracitate courses are yielding

. , .

unustlly conclusive evidence of their vahie.
.

f,*ritiution,of evecial importance is thé work of the committee
.p4n#0, OgipA,".r.ing pchIcatio4i, of the American Xnstitute of
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CHEMICAL INGINEBBING (:28

of that organization, Dr. A. D. Little. This committee-,made a
survey intewled to include all professional courses ,in chemical engi-
neering given in the country. , The committee report is an ad
mirable analysis of the characterrof the courses at present offered.
The most valuable result of,the w9rk of the committee was the gen-
eral agreement it was able to secure between the educators who
traii our students and tht3 leaders in chemical industry *ho employ
them as to the fundamentals which should be included in under-
graduate instruction, namely, that " any course in chemical engineer-
ing should provide, as the background for specific instruction in
hemical engineering as such, Etrong .courses in chemistry, phyacs,

mathematics, and mechanical engineeiing." Thip report should re-
sult in greater uniformity in curricula and marked improvement in
instructional method thiouglf the focusing df attention upon essen-
tial points without danger of loss of initiative on the part of the
individual instilations. /In no other trancl of engineering is research of more importance,
and the larid-grant colleges have maintained the leadership in train-
ing men for research work in chemical industries. During the past
decade it has become clearly recognized that work of this sort can be
more advantageously pròsecuted through cooperigion with the in-
dustries themselves. While one such cooperative method in the
training of men has functioned successfully since 1907, there is as
yet no general agreement aEt to the best methods of organization.
Cooperation of this sort has been initiated in the institutions in
Massachusetts, Illinois, Michigan, and' Wisconsin, and from the
results of these various efforts agreement as to the best general
method of operation should be reached during the coming` decade.

In 1900 pean Schneider organized at the University of Cincin-
nati Ms cooperative scheme of engineering instriiction by which the
student spends part of his time in industrial plants, thereby securing
a prattcal ikperience of great professional value. This particttlitr
scheme has not been widely adopted by land-grant institütions, Wit
the proposal of Doctor Little, in which the studenel goes out, not as
an undergraduate, btit only upon completion of four years of theo-
retical training to enable him to appreciate the technical significance
of the expprience, not as an eMPloyee, but as a student whose 'ac-
tivities. are directed wholly from the educational point 'of view, and
not as a workman, but as a young engineer securing techtical
experience under the direction and guidance of members of the
university faculty,. has been adopted at the Massachusetts ihAitute
of Technology and offers great prothise of success, not only in
chemical engineering, but in» other engineering fields as well.

Thei, are in' engineering education two schools of thinke Close

-jvho believe that the sciences should be4 timiht as abstract 'entities
,
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24 LAND-GRANT COLLEGE EDUCATION, 1910-1926

unrelated toi praCtical things, and those who would teach them by
means of their applications ,only. According tc; the first sçhool, the
best possible mechanical or electrical engineer, for example, is a well-
trained physicist;' according to the second, such a man is unfit to
plactice the profession. It must be admitted that the first method
of instruction has not been siiccessful in developing the large num-
ber,of engineers which modern industry demands. In turn, one must
also confess that the second method of instruction has been reason-
ably successful in the more highly standardized branches of enginiser-
ing. Chemical engineering, however, is by no means standardiied,
but offers unusual diversity of character in a singlé field. Tó meet
the exacting requirements of this broad demand upon the profes-
sion, our institutions are developing a new standard of engineering
education, consisting of a saner balance between theory and practice.
Thorough grounding in the fundamental sciences affords the best
development of the scientific imagination and of versatility in the
attack of industrial problems. However, it will be admitted that
'during the last century and a half of industrial growth, broad, gen-
eral Methods of attack in the application of scientific prinCiples tio

the solution of the problems of industry have been developed, and
tested. The young engineer who goes out unacquainted with these
general methods of attack is obviously handicapped in his profes-
sional work. The list decade has seen the introduction, in the field
of chemical engineering, of a sounder batance betvieen'the emphasis
to be laid upon fundamental science and upton general methods of
splution of industrial problems. The next decade should witness a
consequent reaction upon instruction in other branches cif engineer-
ing which will result in improvement in the whole field of engi-
neering education.

Chapter VI
MINING ENGINEERING

By G. M. BUTLER e
Dean, College of Mines and Engineering, Director, Arizona Bureau of Mines, Univiersity

of Arizona

Thiee noteworthy things have exerted a more or less pronounced
-influence upon mining engineering education since 1910, namely, (1)
the World War, (2) the Mane repoit, and (3) the. conference on.1r ....m=orrrommsridblme.

IThp'Pereentages !even and most of tbe facts and opinions herewith expressed were,
obtained Inv means. of a questionnaire sent to the more prominent mining engineering
educatory. of the colintry. Thirty-four replies were,receivfid, and it is believed ,that the
dati 1111'1'4*ft:tined' aire sueleffnitly numerouo and reliable to make it ppatIble to generalise
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MINING ENGINEERING 25

commercial training for .engineers, fostered by the United States
Bureau of Education, which was Held in Washington in June, 1919.

All engineering courses have, of cOurse, been Ofected by the three
things j* mentioned, but mining engineering-orricula are in gen-
eral °and inflexible that they are particularly difficult tc
modify, and the fact that they have been changed is proof of the-co-m
pelling force of the factors mentioned. It is but fair to admit, how-
ever, that some significant modifiCaiions can not be attributed tb
these three causes, but are; inste;ad, to be regarded as natural devel-
opments arising from the sincere desire of éducators to impróve
courses .and to meet better the needs of the mineral indtmlitrits.

The three outstanding things that have affected engiiiiering edu-
cation will be considered briefly in the order mentioned:

The, war first threfitened to leaVe the mining schools without
students and minus many of their most capable teachers; then it
brought about a hectic few months during which cherished tradi-
tions were thrown in the scrap heap and methods intended solely
to Meet the needs of a great Nation at war were substituted therefor.

With the very welcome, but unexpectedly earbr, cessation of hcis-
tilities many educators returned with relief and thanksgiving to
long-established customs, but foulid it: impossible entirdly to .escape
serious consideration of the .echicational problems arising from the
conflict. Engineering was never so well advertised, its value and
fundamental impoytance to human hap4iness.weee never so strongly
deMoiistrated, it.; possibilities and opportunities 'were never so
plainly shown as by the " Engineers' war," and thousands of young
men who otherwise might never have thought of ¡tidying engineer-
ing resolved to.equip themselvet for the practIce of that profession.
Their ranks were swelled through the rehabilitation work of the
Government, and many engineering colleges found it extremely.dif-
ficult to care adequately for their suddenly augmented classes.

The relatively low prices at which metqs were .qiioted, and . the
resulting alucip in the mineral ihdustries tended to decrease the
number who might otherwise have chosen to- stlidy 'mining engineer-
ing; nevertheless nearly all the better mining colleges reported in-
creases in registration which were in some instances so great as to
tax seveiely the resources of such sdhòols. Then, too; for seVeral
*years the students were affected- by a strange restlessness; an appar-
ent inability to concentrate upon seriotis study, and an intolerance of
discipline and long-established modes of .doing things that proved
iiecidedly perp16xing ana trying.. Fortunately these conditions, the
natural consequences of a éatadrophe that threatened tp oblitertite
our civilizatipn, no longer prevail, but they form turi ineradicable
feiture of the, deOadiS..
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'LAND-GRANT COLLEGE EptriATIQN, 1910-1920

Numerically, the &feet effect of the war is shown -by 'the fact
that the total registration in minini in 1915 was appmdmately 55
per, owit of -what it was in 1910. -However, the total enrollment in
1922 was abod 105 per cent greater than in 191S, and 15 per cent

, greater than in 1910. From the standpoint of enrollment, then, the
mining schools barelY held ,their own during the decade following
1910, alt4ough 'the curve was ascending very rapidly in 1920.

Although the average increase from 1910 to 1922 was only 15 per
cent, several institutions experiencèd much ohigher increases, in some
instauces amounting to 100 per cent or more. Of course, 'these
schdois were the ones that found the period followhig the war a
rather severe strain upon their resources. To counterbalance' the
growth of such institutions and keep the average increase only 15
per cent, it is found that 30 pv cent of. the mining schools actually
had smaller registrations in 1922 than in 1910, and the, 10 per. cent
actually had fewer students.in 1922 than in 1915.

The second of the notable features of the decade, Doctor Mann's
report,- is filled with extremely interesting data and suggestions
which deserve and have generally received the careful consideration
of engineering educators.

Doctor Mann urged, among other things, howevér, that (a) cur-
ricula should be constructed in such a way -that the number of re-
quired credit hours per week should be less than 18-----preferably 16;
(b) that the number of simultaneous courses carried should not be
'bore than four or five at the outside; (c) that all engineering cur-
ricula should be identical through (by inference) ate least two
years; (d) that " practical " courses shoAld be introduced as early
as the freshman year and a determined effort niadti' more closely ,to
link theory and practice; !Ind (e) that `` considerable attention
-should be paid to humanistic studies like English, economics, sociol-
ogy, and histotyrand that the study of English be planned so as to
develop skill w expressionl appreciation of literature, and ä philoso-
phy of values and cost; such Li course to cover " seieratypars."

Mining engineering educators have generally Ives
unable to harmonize all ox even most of the 1011/3 the
necessarily varied and extremely comprehensive four-year course
that they feel obligated to offer. Indeed, it is doubtful if boctor
Mann wpuld have made such recommendations if he had studied
especially the problems 9f the 'mining schools and had ittempted
to formulate solutions therefor. Some of 141344:leas have been'or are
being adopted, however; and his report has certainly awakened min-
ing engineering educators to the desirability of modifying curricula,

, courses,. anti practices to meet present-day cónditio
The third especially 'noteworthy agency mentio 41:tp eXtilfcqem

04 commercial training for engineers, had a profound effed upon
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A. CLASS IN IGNITION AND LIGHTING.
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B. GAS TRAC11&R WOR-K .

MICHIGAN AGRICULtURAL COLLEGE, DIVISION OF ENGINEERING
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MINING ENGINEERING

engineering curricula. At least one-thin" of the .mining mum&
were thereafter mpdified by the addition of a greater ör lesser amoupt
of required-work In ecanomic.s, accoimting; business adiniiiistration,
etc.; and another large proportion of such ciirricula were so changed
Tas' to admit of the élection of . work in §uch subjécts.. Probably
nevei- has -so sweeping a change been made in so brief a time. It is
true that comparatively few school§ offering four-yeir 'colas,* in

require the full minimum 9f.12.11-ours of commercial subjects
recommended by the,committee that collaborated.with the Commis-
sioner of Education in calling and planning for the coilferenci,.but
deficieficies are doibtless attributable to ihe terribly crdwded codi
tions of mining curricula. It is really rrprising that so much has
been done along this line withoid lengthening courses, at least in
most instances; and it would make an intemsting study to ascertain
whether so-called " fundamentals " or " specialized subjects " were
curtailed in order to introdut*.e the new material..

. Thai mOre mining curricula were not modified by the introduc-
(ion of required conmiPrOal work is doubtless partially due to the
facts that some of them already demanded 'some study along thifi
line, and several faculties doubtless tried sincerely,' but =success-
fully, to introduco suvh courses. It is true, however,' that a few
mining educators fire still unconvinced that the change is necessary
nr even desirable. .They argue that .it is not the province of an.,
engineering school to graOuate exeCutives from a four-year course--
thai trainifig for such positions should- be left to a fifth or sixth
year and made optional to men esp-ecially qualified by ability and
inclination to pursue it. They take comfort from the knowledge
that. practically all the great mining executives of the present day.
had no formal training in such subjects while in college, and express
the belief that men qutiliOd to serve as administrators, will train
themselves for the work, after graduation. Time alone will show
whoher they- are right or *rong, but it is certainly a fact that
practically all engineering. courses hive had more economics inaor-
porated into theni since the Washington &Inference, even though
formal courses in commercial subjects flay not be requiied. While
some institutions have been only slightly mfludnced by the Wash-
ington conference, a number of leading rninié schools ..14ve swung
far to the other extreme and now offer coin,mercial options o'r dis
tinet cinticula leading to .degree s. in administration engineering;
they frankly admit that it is their hop,i' to train administrators
rather than *hnicians. This tdraissio4As charaCteristic of iichoi4s
that have courses extending oyer more than .four

Beside§ the general introdttictiQn of commerial subjects, 6utstan4,
.ing Currkulum changes made, since .1910 include the. a4ditiop
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28 LAND-ORANT COLUCIE EDUCATION, 1910-1920

more 'required English and a continuation of,the drift .away from
)foreign language work. Since 1910 more. English has beeh required
in about 25 per. cent of the mining curricula, and 10 per cent of the
schools ofering such courses have dropped foreign languages as a
required study. Sci far aa is known, ir siich school has added
foreign ianguars to its requirements during this period.

A number of new subjects-first attracted attention:or were greatly
developed during the decade following 1910. .A: list of such sub-
jects would include the microscopic studi of opaque minerals, metal-
Iography, ceramics oil flotation, eiectro-metallurtiy, the application
of electricity to mining, the standardization of mining methods and
equipment, and petroleum geology. Several of these topics have'
been incorporated as-required stIrk into most mining courses and
the remainder atT offered as electives. In a liumger' pf instance$
petroleum geoloi6--has bew elevated to the dignity of an optional
course that leads to a specific degree. This action has been taken in
response to a demand that arose as a 'result of the oil boom of a few
years ago. It is, however, undoubtedly true that so mucli attention
was in this way attracted to geology that it has become difficuk to
find satisfactory employment for the over-supply of " geologiuts "
now graduating.

An extremely interesting and iinportant feature of the decade was
the lengthening by at least two schools of the çourse of study con-
sideied necessary for the theoretical training of a mining engineer.
Time gehools seek to place mining *engineering edùcation on the same
plane as that required for She practice of law or medicine, by requir-
ing three or. four yeairs iof general college work; followed by three
or two years of professional study. It is noteworthy that in th.e
two ilistitutioni that have adopted this plan the erirollment is now
less thar. 25 per cent of what it was in 1910 when four-year courses
wewoffered. In fact, the actual enrollment in these schools is ix)
small that a decidedly, specialized engineering course which demands
the use of, elpensive equi¡nnent and the emplöyment _of well-paid
instructors can only be given at a very high cost per student. Pos-
sibly, however, the research work done .or directed by the faculties
of these schools is a sufficieort justification- for the continuation of
their present plan of operatio'n.

Even more significant than the actual lengthening of the cur-
,ricula in two institutions is the opinion expressed by 26 per cent
of the deans or prbtessors of mining engineering in other schools
that the prevailing four-year course should be extended over one
or two additional years. Several other executives are far from satis-
fied that fouryears are long enough. In several instances the tendency
to lengthen the period of pre¡nration is shown by definite catalogue
'recomMendations that graduates dt .the four-year course in mining
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engineering should continue' their study for one or two additionil
-years. Of .course suckh lengthened 'courses lead to advanced degrees.

Since a material decrease in the enrollment must inevitably follow
lengthening of curricula as long.as there exist good schools graiiting
a mining degree 'ziftor a, four-year course, it is unlikely that many
such courses will be lengthoned in the near future, 'although *several
mining collegei 'seem about ready td take that step. That the
jority of such institutions will cling to the four-year course for some
time to come is indicated, hOwever, -by the fact that 40 per cept of
the men in Om.* of mining engineering cpurs'es believe that the
work now offered is satisfactorily meeting the needteof the mineral
initlustries, and 15 per cent more are fairly well satisfied with present
ronditions.

It has frequently been -suggestéd that too many young men are
being encouraged io study mining engineering, and that the mineral
inaustries can..not properly absorb the proSict of the m.an¡ mining
schools. In'this connection it is interesting to note thdt 30 per cent
of the mining educators (most of them. are situated in the West)
believe that the number of students stpdying minifig engineering
should be increased, while 15 per cent (practically all of them kre
locaWi in the far East) think that it should be diminished. The
remainder believç that it is alxiut right now4hould be increased
" when, normal conditions Again prevail," or express Ole opinions
that "there is lots of room for the broadly trained mining engineer.
perhaps in other industhes," " the quantity should be a secondary
consideratioh," " the students should be more carefully selected," etc.

Many mining schools have made material improvements in plant
and equipment since 1910: In fact 60 per cent of the institutions
offering mining courses report that advances of this kind have been
made, and it is evident that the averáge student of mining engineer-
ing is now working under much better codditions than *formerly
prevailed. Even more gratifyitig is the expressed belief that 60
per cent of the mining courses are adequately* supported and
equipped, or approximately so.

a Investigation shows that there is still much diversity in the de-
gives conferred bn completion of a four-year mining course, but
about 30 .per cent of such cciurses lead to the title of bachelor of
science. in mining engineering, and 15 per cent more terminate- in
degrees that are only slightly different, stich as bachelor of science
in mining, bahelor of science in mining and metallurgy, etc.
Twenty-five per cent of the mining courses lead to the degree of
bachelor of science without modifying the phrase, while only 15
per cent of the minifig schools give. the degrep of engineet of millet;
on the completion .of a four-riar course. Atieast thrpe institutioni
that conferred the degree 'Qf engineer . of niiies, tspar toutlesi.
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teouise in 1910, no gi.ye the bachelor's ,degree, and at least one
sctioo1 does not confer the degree of bachelor of science in wining
"eivinefiring until the completion of a five-yeai course. Pe gen-

, .firal wand gr9win'g pradice is, then, to grant some form of bachelor's
,c14ree'aftei four year, and .to consider the degree of engineer of
mines a Oofessional title to tie earned only after the completion of
one ór more years of graduate work.

'One of the most gratifying.developments of the decade is the in-
creased attention that is being given to research work. Eighty-five
per cent of the mining educators report' material improyenient in
this particular and the remainder have, always emphasized research
as iiiuch as possible. To some extent this change may be attributed
to the United States Bureau of Mines experiment stations or field
offices established in about a dozen institutions since' 1910, but the
real explanation is doubtless found in the fact that engineering
educ4tors now halve aá diffeient conceptiop of their task fro& that

e.
'formerly held: At first, trade o'r industrial school ideals prevailed
t9 a greater or lesser extent even in institutions that clainled col-
legiate status, and engineering graduates-rarely exptoted 9r secured
A.stinding better than that of high-grade artisans.% With thetran-
sition of engiheering from a vocation to a profession it has been gen-
'era1IF recognized that engineers are oblipited to render service by
contributing to lium0 knowledge in accordatice,witb professional
standards, and good engineering schools are now clefinitel¡r4 com-
mitted to extensive resgarch- programs, with a consequbut revivifica-
tion. of the 4echnical courses ancl material benefit to the industries

.

concerned.
The fact that the mineral industries are bénefiting from research

carried on, in mining schools is only, one indiction .of the :ncy
shown for f'such irAclustisies and schools. to draw together and to cck
.operate more closely than in the past. This movement toward co-
operiti.on has taken various terms, such as the establishment of
research scholarships or fellowships by several great. corporations
the formiltion of experiment stations or bureaus mainly designed
to solve technical problems encountered by' the° industries, and the
¡1erfpctio4' of yrangements that give rninihg students an o'ppor7
tunity Ali gain a .va0ety of prágtical experiences during vacation
jieriods., ;So farbas this movement gone the stedgnis; of 'one
mining school who,c.hoos4 to do "sq may work two shifts each Week,
Friday and Saturday nights, in productive mines. .

Fron what has been said,* !mist be Avi4ent th0 mining engi-
wring ,ed4catipn the Vni4d.5tates, made, material Advances in
the liist eq0e and the tndi _Ions under Nyliieh Wis,eow, carried on,.
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.ARO*InCTURE, grx.

tors to modify .their. curiic.u4, to meet changing conditions awl.
'recognized né,e6 has been denciiistrated; ,and the fact that many of
them still ciiffer.as règards questions of cónsiderable invortaxise may
be acceptect as an indication of further. irnpriDvements 37i3t tò come.
Opposèd to this satis6ing outlook, however, there are a number of
disquieting fact4 which may be briefly sux4marlied

1. Foity per cent, of the mining asehools arp inadequately sup-
ported and equipped, and several of them are. badly overcrowded.,
In man'y instances the best quility of instruction can not be offeied
on prevailing. salary schedules, and goo- d teachers who may IN.

developed are sdon lost:*

2. Fifty per cent of the institutions offering- mining çosurses
have each les.8 than 75 stidents enrolled in mining, and 25 per cent..
havé éiich les§ than 50 mining students. 'With the exception of the

alfew. institutions. in which work in mining engineering is now. con.-
ducted on a strictly professi.ö.nal basis and soine rélatively young
schools that can look forward to early and notableincreases in reg7.:
istration, it it hardly conceiv4ble that the smaller mining.. colleges
can afford to provide the equipment arict.instruction that a highly
diversified t6chnica1 courie demands. Where stich facilities aie
offered, the cost per student must usually be exhorbitant, and it Ivoulci.
seem to be wise for the administrators *of these ingitutions to inves
tigate the desirability of discontinuing the .work in mining and deft;
voting the money now spent there oh work for 'which there i§ go:aster.'
demand. At least two institutions offering mining course's of study.
in 1910, havé abolished them, and it is to be hoped that Others w11,
follow their example. The figures quoted would wem tò substaptiate
the statement madeliy a co4siderable nuinbei of .mining teductitorg
that, while there ma,)r 'not' be tat') many mining students, there Op'
certainly. too many mining schools; arid it is certa.hily truò that
yming man wilt) desires to study mining engineefring should' fn ju'sdb-'

tice to himself study careful ly. the equipMent.avililable *and the ad7
vantage§ offered by several institutions before enrolling hi a mining
course,

sib

'Chapter VII ;

ARCHITECTURE AND ARCHITECTURAL ENGINEERING

By L. H. PRoviIE
Professor ,of sArelateelitral Engineering and 'Hoy; .of the Department ot Architecture,

-College. Betilineeting, Univerieity of Illinois

I

Among 'the cotirses'ol Addy. 'siiggeitted by those in charge '6i the''
organi4atibh 'of the' early lahd-gtOit 'tkivépal pi4it;044'
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LAinkGRANT COLLiGIE EDUCATION, 1910-1920

arts. However, instruction in these fields was not introduced at first.
To iheise colleges which dia incorporate such courses of study in the..
first organization, great credit is due. Sevetal departments of archi-
ftture are no* '56 years old, and eacli has contributed ith share to
the betterment of the community, the State, and the Government.

Many difficulties were encountered in the introduction of the ear-
lier courses in architecture. there were no di purses in this éountry
to pattern After; there wère but few textbooks in English; the libra-
ries, so important for a course in architecture, were not in existence;
and teachers were scarce. The pioneers in architectural education
had to'Megin 4t the bottom and feertheir way along.
44PraCtkally all of the early cotirses of study in architecture were
organized on' the premise that the architect was a builder. The cur-
ricula, therefore, included shop work and a certain amount of in-
struction now known as " manual triining." In order tò provide
textbooks for class use in these newly formed courses, those in
charge had to translate foreign books on the history of architecture,
desien, and construction. These translations were written on trans-
parent paper, and blueprint copies were furnished to the classes.

The beginnings -of the irchitectural libraries were also 'discour-
*int. Those' in charge of the earlier courses realized from the
start the iinportance of architectural libraries.. Funds for these new
laid-grant colleges were small ; imported books wete expensive, so

'that the library additions were few in .n6mber each year:
Although at the time there were architects in the country who

had studied abroad and who might have qualifiéd as teachers, those re-
sponsible for the beginning of architectural. education in the .cOuntry
were. &nerally yduhg men who, .after spending the daylight hours
it. their trade, spent those in the stillness of the night in preparation
fór the *fork which, unknown tò them at the time,' they were pres-
ently to assume. As the departments increased in enrollment, assist-
ance in teaching was usually obtained by employing upper classmen
to teach the elementary work.

The development of the curriculum is an interesting story. With
nothing in this country which would servé as a guide, the educators
studied the courses in foreigh countries ifi an -effort to adapt them
to the oinditions- in this country.- Starting with manual training
and mechanical drawing as the major work in architecture, *these
courses answered temporarily,the needs of the time, but as the duties
of the architect changed and the building of a struoture gradually
.develoliect into a separate business, die curriçula in architecture
gra4u,a117 changed. The mai!ual train4 work wits replaced, by

aesthetic Oases, given greater emphasis and: in"
course ototuay. :The, ptudy of
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AROEITECTIME 83

the oiders first introduced consisted of abstract exercises in the mem-
orizing of the profiles, dimensions, and chiracieristics, accompanied
by mechanical reproduction on paper. Later this waq changed, the
'drawing of the orders becoming exercises in original architectural
design.

From the beginning, the list of prescribed courses incliided Aot
only the technical studies but cultural studies, and while few schools
believed that the entire time of the curriculum should be spent on
architectural subjects, the older schéols felt that this was inadvis-

. able ; therefore, from the beginning cultural studies have made up a
large part of some curricula.

With increased library f4ci1ities, lantern slides, find photographs,
the older methods were replaced by better metliods. Instead of copy-
ing mechanically architectural &plates, more freedom developed in
the presentation of the student work; emphasis was placed upon de-
veloping the creative ability, thus encduraging the imagination.
From time to time the influence of the foreign educational methods
has been felt more or less in the school§ in. this country ; this is due
largely to those instructors who have been trained under foreign in-
fluence.

ARCHITECTURAL ENGINEERING

The early .cônception of the term architect Vas that of. a- master.
builder. The great painters were not *only artists but architects and
builders. This idea prevailed, as previously stated, in the organiza-
tion of th.e. early schools of architecture.in this 'county. With- the
iniroduction of steel for structural members, and a few years 'later
the use of reinforced concrete -and . the complicated. .mechanidal
installations in certain types of buildinks,, the duties and re:sponsi-
bilities of the architect weie increased. It,., therefore, became ap,
'parent to certain educators that a diyision of the coutse in architec-

N.Aure was fast becoming a nécessit* to meet the changed conditions.
In 1891, Prof. N. Clifford RiCker established at the University of
Illinois the first course of study in architeOural engineering. A
few years later a similar course was introduced at the Massachusetts
institute of Technology, and gradually other institiltions. have added
such.. courses. While many of the courses in. architectural engineer-
ing 'follow clearly the curriculum in. architecture-, diverging only at
points, Illinois and. Massachusetts Institute of Technoloe offer a
four years' course in architectural engineering which is separate and
distinct from the course in. arclititecture. The students archi-
tectural 'engineering are given -a thorough grpunding 1.frn science
.of building; which is added work *which will give;thein an ipke-
ciatiön for the tie:804k) Th.e sai)ols of sichitecture
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'34 LAND-GRAXT COLLEGE EDUCATION, 1910-4920

an architect must not only be a designer, but hae must have a ground-
:ing in the fundamentals of construction; the architectural eiigineer
must have a knowledge of the building-science, with an appreciation
for the artistic.

One of the greatest factors in recent years in stKengthening the
ardiitectural education in this .country was the organization of the
Assodation of Collegiate Schools of Architecture in 1912. Li the
early seventies there were but two or three schools of architecture ih
the country. As time passed other schools were organized until
there are now more than 40 schools giving. instruction in archittc-
ture. Prior to 1912 there was no attempt on the part of the schools
to standardize or conform to a uniform practice in curricula. As a
result one sch6o1 was giving one curriculum, another somethihg dif-
ferent. This situation resulted in much confusion amonk students
desiring to enter a department of architecture. It was quite seiious
foi-the student who wished to transfer from cde institution to an-
other; and educators, in discussing architectural education had no
starting points in common.. On December 19, 1912, the time of the
annual convention of the American Institute of Architects, those

cliarge of the older schools of architecture met in Washington,
D. C., and perfected an organi4ation known as the Association of
.Collegiate Schools of Architecture. After thorough study and in-
vestigation this association prescribed certain minimum requirements
for schools of architecture; there were certaifi minimum standards
as to the requirements for admission to the school's of arChitecture,
the recognized course in arçhitecture must çontain cettain minimum
requirements in xlesign,- 'construction, history, and drawing, as well
affi a certain amount of training' in English, fgreign lankuages, math-
ématics, science, and cultural subjects. There were 10 schools *of
architecture in 1912 whose curricula were such a's tomeet these pte-
scribed requirements. Since that time 5. additional schools have
.modified their work so as to comply and now belong to the asocia-
tion. Other tichools are using these requirements as a basis for
revising and building up their curricula. The association, at the an-
nual meeting, presents for discussion by the schools modern methods
.of teaching, careful consideration being given at each meeting to a
thorough discussion of the curriculit. .

Architectural edtication *to-day is .on a .fiimer footing, on a more
logical basis because of the work of %this association. The product"
of the schools; the graduate, is a inore uniform product , not that the

hools are out machines who do work in only one way, but
because of *the minimum requirempts of the - recognized schools the
fadupation.of; the student :has beeils along. well-defined lines &weiing
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the student, on the other hand each student is eficouraged to express
his own personality in all Asti he doe4s... !Another result of this co-
ordinition of curricula is that thé.prpfe,ssion knows that a graduate
fr6m-one of the association schools has had Ceistait training, whether
Qr not the student remembers all that he was taught. The course of
study contained certain fundamentals, and the emplopT Profits by
such. One of the great results of modern architectural education is
the áttitude of the student toward further study after graduation:
While four years seems a sufficient time to devote to the academic
ttaining, the student is now taught that the' four years in oollege is
but the beginning bf his education. After graduation comes a period
of .apprentice§hip, folldwed by study at home or abroad, to be oin-
tinued throughout the rest of his life.

From the very beginning of architectural education, research_wdrk
has been 'a. part of the work of the schools. The pioneers in eduda-
tion wére investigating and developing fuzidamental.4 and .principles.
Many of the early books published in*this country were contributions
to- the, information on architecture. As time has passed, more im-
portance has been given' to research, books have been added to -the
architectural libraries 'which perhaps were of litpe value to the
undergraduate, but which were needed for the adlianced student..
Soine schools now offer researcii fellowships. The development of

country's resourcps depends upon the research student, and op-
portunities and facilities are being offered to encourage scientific in-
vestigation along architectural lines. With regard. to the contention
th4t more architects are graduated than the needs 'of the country
justify, it may be said, as in other professions, so in architecture,
not all graduates expect to follow it as a. profession. Some:take the
course merely as.a cultural education, some expect to use the training
in architecture 'its' a background tq business, while sortie expect to
follow the profession. There is now and always will be room _for

the graduate in architecture, for the one who is willing by study and
hard work to conceive something that is useful and beautiful.

The future of architectural educition holds unlimited opportuni-
ties and possibilities. The profession is makingi an 'honest effort to
study and understahd the work now being carried-on by the schools ;-

the schools are looking to the profession -for advice .and criticism:
As yet the great field of art appreciation is alinost untouched in' the
secondary schools of this couritry, and herein lies one of the 'greatest

for the- schools of architeeture. Indeed, thischools òf
architecture'. are endeavorini to med.' a variety of social needs;
they are; keiiping their filigers on the pillse of the life 'of.thit; grestil"
Nation, aid 'are makilig an honest effort .tö prepare itudeints to ittlas
their places itleaderii in thé affairi of the wotell.-,
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Chapter yin
HIGHWAY ENGINEERING

By T. R. Aoo
ProAt000 of Highway ¡could incite College of Agriciallst0e and Ski

. Mechanic, Arta

Prior to the year 1910, highway engineerin¡ instruction in Ameri-
can colleges and universities was confined almost entirely to the
convefitional course in roácis and paveinents. A few institutions
included in the instruction in surveying certain problems in highway
or street surveying. In general, there was no attempt to differen-
tiatki highway engineering from general civil engineering.

A notable exception existed at Harvard, where the. late Dean
Shaler introduced a few elective highway courses in the civil en-
gineering curriculum. Several engineers who now hold positions
of the highest responsibility in the highway engineering field re-
ceived their training under Dean Shaler.

The reason for the relatively meager treatment of highway en-
gineering diiring the period prior to 1910 was that the highway
problem was principally one of providing for himese-drawn traffic.
While there had developed a considerable volume of motor traffc
by the year 1908, the percentage of such traffic was small and did
not constitute the controlling element in highway design or main-
tenance.

The rapidity v;ith which. the motor vehicle' increased in popularity
during the period beginning in 1908 was entirely unexpected by
highway officials and adequate maintenance developed slowly. In
colisequence, many miles of what had been &insidered substantial
roads .were seriously damaged befòre steps could be taken to pro-
vide suitable maintenance. Ari enórmous maintenance problem
.therefoie. developed Within a period of five years, and personnel .for
supervising the work had to be assembled and trained. Along with
the necessity kir maintenance, there developed an insistent demand
for bettek róad; surfaces tilan could be proyided by reconstieucting
existing Toads and for great extensions of the mileage of surfaced
.roads. These demaiids necessitated the employment of a personnel
technically qualified to supervise the construction of high-dass
types of road. surfaces.

1$y the year 1912 engineering schools had begtm to react to the
demand for 'engineers prepared. for highway, engineering by :417
Creasing the amount ol highway instruction included in the .curricula.
Since. that tible the,importánce.attached to highway engineering in-.

.446. struéti9n has steadily inoreased; despitp, the, **ant ,d1ftt8 on the.,

'desirability' of permitting specializatifjn in civil eligineering. It is
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HIGHWAY ENGINEERING 4,7

dou rue that the oppostition to the inclusion of strictly highway
,N?nghl etubjects in the civil engineering curricula arose fiom

oppositfon oil the part of educators, who feared a loss of prestige
for some of the older established lines of civil engineering, or who
doubted the wisdomoof including. options in the course of study.

A survey a the present status of highwiy engineering instruc-
tion, in the virious engineeriw schools, indicates that three general
plaiis are being followed :

1. A certain amount of general highway engineerjne instruc-
tion is. given throukh the medium of a course of the nauise of the
old taticlard one in. "Roads and pavements," the amount of such
instruction varying from two semester hours to five_ semester hours.
It appears that a considerable number of institutions follow this
plan,

2. A liniited number of schools offer a four-year course in high-
way engineering carrying a bachelor of science degree. Obviously
such a course includes many subjects that are usually iticluded in
civil engineering.

a. Many histitutions include a definite amount of required high-
way engineering instruction in the civil .engiiiéering, .course and
then ..offer a certain additional pumbe'r of subjects a! options opel
to senior students. The amount of fequired ivork varies frpm three
to eight semester hours, and the amount of optional work varies
from three to six semester hours.

Typical required courses are: Roads and pavements, highway de-
sign, road materials tesiing, _and highway bridges design.

Typical optional courses are: Highway administration, highway
drainage, highway specifications, and highway finance. In smile
schools, certain of the courses listed above as required are optional,
and likewise 'tome ,,of the courses listed as optidns are required, but
the usual arrangement is as indicated.

The content of the several courses of study seems to vary con-
siderably,' but the 4ollowing will indicate in a broad way the usual
character of the subject matter.

-Roach a1 pavement8.----Types of roads and pavement surfaces,
methods of constructia and maintenance, elements of design, and
fundamental economic considerations.

Highway design.--Problems involving the actual working out of
designs for roads and pavements, including establishment of grades,
alignment, and slab thicknesses; and the design of such details as
curves, intersections, and w,arped surfaces.

Highway drainage,--Application of the theory of land drainage
t9 highway drainage and consideration of the various accepted
methods of 4ighway drainage.
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Highway bridge8.-4pplic4ion of the principles of structural
engineering to the design of bridges and culverts for highway lbad-
ing and consideration of thp types'of structure ually adopted for
highway improvements.

Road materials te8thig8.Laboratory work, cove ing the accepted
nothods of testing nonbituyiinous and bituminous road materials:
Sometimes supplemented by lectures and recitations intended to
emphasize the significance of the results of tbe tests.

Highway administration.Highway laws, highway finance,
methods of *administration, organizatioil of municipal and. State

'highway departments, a-nd day labor or colitract construction or;
ganizaticin.

Highway4 specifications.---Critical analysis of ,current specifici-
tions for road or pavement construction and 'practice in the writing

- of spcificatiops for specific projects.
Highway finiznce.---Usually taught by the de.partment of eco-

nomics as an exposition öf the principles of public finance.

SHORT COURSES

In order to bridge over the period during which an insufficieht
number of properly trained men are available for highway' work
and to enable ambitious men to prepare themselves for advancement,
some institutions give intensive instruction in highway engineering
during periods of one, two, or three weeks. Courses of this character
meet a real need, iind when the subject matter is well chosen and
presented, with a regard to the limitations of those in tttendalice,
are of great varue. These courses must be-intensive, not too highly
technical, and must be closely correlated to current highway praC-
tice in the area from which the students are drawn. .

In some States an act of the State legislature requires that those
responsible for the building and maintenance of State. roads 13411
Wend** the expense of the State, a short course or road school
maintained ftt the land-giant college.

HIGHWAY ENGINEERING
div

GRADUVE COURSES .

A few institutions offer graduite instruction hi high;ay enghiepr-
ing, and this' field, probably is .irusCeptibli) of considerable devét6p-
ment. "Under the. *most fairorablè cohdifions' it is imposible tò
very. far into the ramificitions of highway engineering during the
undergraduate years nor is it peobably wise to attempt fo .do, só
Highwiy ivesòarch is beginning tit, iredeive deserved otteriti*: and

r presents a virgin field for' :gradinitti' ¡study. It thOrefore'f6119wi
Oat highway engineering graduate work .shànlit;''for'iria0"Yeirt

.pconei .9ffer .an attrActive field kir engineers who wish to avail
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HIGHWAY ENGINEERING SP,

themselves of the =doubted advantage that accrues -from graddate
stùdy. /

In Wider. make avtOlable to practicing engineers the opp9rtunity
for graduite stitch', some institutións offer the graduate mek during

f--11 period of six or eight iveeks during the winter. This enables en-
gineers to attend during what is usually their slack season. But in
any case the graduate courses should be available during the regular
collegiate year.

RiSULTS AND PROBABLE DEVELOPMENTS
e

From time to time, various organizations engaged in the promotion
of highwAy: have urged the educational institutions of
the Unitp&:States to train men for b: Away work. .-There is 4mple.

4. .%evidence t at the requirements or.s in t e lig way. erigineer-
ing field will mat rigid ie pra ce conforms t:o the undfitr-.

lying basic iri.nciples involved. This ..iAndicated by, the fact that
notable progress has been tinkle in ihe &fence of road uidiñgsiiìc
trained engineers hive beOn placed in ,iiii\-ponsible. positions..

The conchision is reached that the rot6 progrtini of the
United States will require a large numbe Qf new engineer's ttitnually
for many years and that the field is a omising one for ambitious
men. Consequently, educational instit ions will do well to plan to
meet this need for properly trained

SUMMARY
w

The trend in highway engineering instruction seems to be- towiird
a system where4 certain fundamental courses are required of all
civil engineering students. _In general, this amount4 to about five
semester hours. Supplementink the required work there is offéred
about

qP

an equal amount of optional highway engineering instruction
, for men who wishl to specialize in the, subject°.

It seems to be assured that the need for additions to the supply
of trained highway engineers will continue for a long time.

Short courses to fill a present need have been successful in many
institutions and may extend through a week or through as many as
three or fizi-ur weeks. e

Graduate work in highway engineeHng is being developed rapidly
and affords a- real opportuniiy for educational Progiess.

alo

41'

: . .

.
.

, ,

..

# I
1 a

;

.. tIll'ii.,;
_ ....

s

a

.

-

.

p

, t

a

e ,

. . .,
.

.

. _,. . ,.
: 1, I . .

..

i

.

. ,.- : : r'

. . . .
,

:.',.

- (.* A ;
. ,1.. .4

. ;

. , ",

; t

t

1
I.

. :
AIt , *I t

1'. .4%

4
I

. I

e ,

)

P'

;

., :

.4-
a.

;

,

a,

IC

;1

'

.

. ; ' ,
; ; Jtke.:_.! - . .

- , 41;
..

- '
g .1 ' :15.. Á .1.. .;; '4.Y .; 4.

- . . . .

I.:, et 6 , t
7 t .

: . . . a . 4.: r,4.1"re;
.

. ;rp. 6 efti
4-,kat ' A

a :¡ .
s

, :
.

e- 4 e*.' *.V

. . . . ,
\ z P. ', , ;;;,,

MW.
.a

t, At:. -
V- -!.. ,.

4 t .1t 7.424.Fhr:e

1:!
*11? r*.

. ,.. .
,: .

S. , "- 4i -kot. .-'..t.' :1.40 ..6"¡ . ,t. s
::.!

. . .16
t

..- a

14 /a .

I.. .1 ! a,',1444/1..N-6k4"
.ft

'

, . a .

74!;'1¡;41'1; .41...1!-..c. '



J
.

LAND-GRANT COLLEGE EDUCATION, 1910-4920

Chapter IX
HYDRAULIC AND SANITARY ENGINEERING

By IL L Sulam
Mot 'et the School of Engineering, Direr of the Engineering ttperiasomt Station and

of Engineering Estension, Pennsylvania State College

A
HYDRAULIC ENGINEERING

Ile mechanics of fluids was a part of early instruction in physics.
The development of meChanics as an advanced subject, including the
experimental tteatinent of fluids, followed, and hydraulics became a
pa,rt of the pioneer engineering curriculá, though not necessarily as
a s'eparate subject.

The earliest course aiu hydraulics as a separate subject, so far as
inquiry has Aisoovered, was at the Massachusetts Institute of Tech-

. nology; where, in 1864, "the first courses in hydraulics were intro-
duced.' In 1867 the subjects of "supply and distribution of water"
and "drainage" were added.

The development of laboratories fòr the study of the flow of .

wSer is much more recent, although pumps were operated ahd
pump tests were frequently made before separate 11;boratories had
been built.. Irrigation, hydroelectric powerand tLe more scientific
study given *water distribuiion and friction in pipes led to the devel-
opment of distinctive or separate hydraulic laboratories. The first
instruction given in hydraulic laboratory experiments, at the -kassa;
chusetts Institute of Technology, appeirs to have been in the year
1871. Says Prof. G. E. Russell:

At that time, in the Rogers Laboratory of Physics, experiments to deter-
mine the coefficients of efflux of weirs and orifices were made ; also experi-
ments dealing with flow twder pressure.,, In 1885, there was installed in the
laboratory of mechanical engineering a $34nch Swain turbine, together with a

4114 steam-driven pump, 'and in 1889 or 1890 there were added to the laboratory a
pressure tank, a standpipe and apparatus for experimenting with flow through
orifices, mouthpieces, pipes, and over weirs. 1 should say that this latterdati marked the real beginning of laboratory instruction in hydraulics.

In general, instruction in hydraulics was given in the landgrant
colleges having engineering çourses before 1890. Laboratories were
built at Iowa State C6llege and at Purdue University in 1998 and
at Illinois_Nniversity at an .earlier date. Says Dean E. A. Hitch-
cock: -" Instruction in hydraulic machinery, including chiefiY pum
ing machinery, in a two-hour semester course since 1896, at least,"
has been -given at Ohio State University. _Some instruction " in
hydiaulic laboratory experiments 'was given aii,1 early as 1895 and to

early all engineeiing students in 1897."
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HYDRAZLIC AND SANITARY ENGINEREINO
411%.

41

A number of.. land-grant colleges offer courses in irrigation or
hydraulic engineerIng. as tlectives in the -senior yeat of the civil
engineering coursez or offer a year's consecutive line of courses or a
mirriculum as an option in the senior :year. The latter has been the
plan at the Massachusett; Institute of Technology since 1886; of
Purdue Vniversity since 1908 .or perhaps 13dg:ire; and several others
offer options for a semester.

A number of textbooks (in hydraulics or hydraulic engineering
suljects have been written by members of the faculties of land-grant
institutions.

Mechanics, by Prof. Irving Church, of Cornell University, was
one of the first to contain a thorough- treatnient of hydraulics. Other
and later texts have been written by Professors, Daugherty, of
Cornell ; Russell, of Massachusetts Institute of .Technology ; and
Mead, of Wisconsin

Among the earliest texts are Weisbach'i; Mechanics, Hydraulics
and Hydraulic Motors, which was translated into English in 1877.
Hydraulics, Weirs, and Orifices, by Hamilton Smith, was published
in 1886; Bednei's Hydraulic Motors in 1897; Hydraulics and Water
Supply Engineering, by Fanning, in -1899, followed closely bynumera
ous others.

At thé present time, practically all the land-grant colleges give
instruction in hydraulics, both theoretical and experimental.

The engineering research laboratories of these institutions have
made very considerable studies and have published valuable bulletins
'on the following subjects:

Iowa State College

Field measurements of IC in actual titi drains. Iowa Engineering Experiment
Station. Bulletin no. 4, vol. 4.

Gauging e flow of sanitary sewers. (Engineering thesis prise, 1896.).
Gaugings of flow of sanitary sewers. Engineering News, 1896.
Marston, and Anderson, A. O. The theory of loads on pipes in ditches and

tests of cement and clay-drain tile and -sewer pipe. Bulletin, vol. 81,
February, 1913.

Measurements of coefficients of friction K Cutter's formula for drain tile
in actual drains.- (About 1908.)*

Measurements of coefficienti of friction K In Cutter's formula for sanitary
sewers. (About 1909.)

Memo of run-off from drainage ditches and outlets of larre tile drain.
age systems. 1918 to date.

Measurements of run-off drains 'from tile drains from heights of ground water
at diffeient distances from tile drains. 1908-1916.

Measurements of run-off from tile drains and level *of ground water. Iowa
Engineering Experiment Station. Bulletins nos. 50, 51, 52.

Photographic studies of Are atk*eams. Bulletins 1898..
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42 LAMD-GRANT COLLEGE EDUCATION, 1910-1920

Photographic study of tire streams. En Iowa itngineerinT society. , Proceed-
ings, 1899. (Also the same data bare been used in Turneaure's and Rus-
sell's "Water supply engineering.") e-

'Kansas Agriouitural College

Walters, John D. The water supply for country homes. Bulletin no. 45, vol. tp

t.

42, January, 1916.

Massachusetts Institute of Technologi

A determination of the coefficient of discharge of the Charles River Dam at
Newton.

Comparative studies of the weir formulae of Francis, Stearns, and &min.
Discharge through a trapezoidal weir; with side sloping at 00 degrees with the

Experiments on Herschel's mund crested weir.
Experiments to determine the Velocity of bodies drolpped in water.
Inveattgations of the coefficient to be applied to the use of Pitot tubes of

Gregory's design.
Studies of the measurement of streams by the chemical dilution nietbod.
gtudy of a turbinè draft tube model to diAermine the effect of -bottom clear-

ances.
Study of discharge through diverging tubes.
The determination of orifice coefficients.
The effect of viscosity on the flow of flulds through pipes.
The laws of hydraulic similitude applield fo models.
The .measurement of streams in rectangulait channels by means of a moving

screen.
The reactions from bose nozzles.

a

Ohio State University

Boyd; James E. and Judd, Horaie. Pitot tube applied to water tube.. Engl..
neerIng News, 51: 318, 4903.

Judd, Horace. Research in progress on effect of Pulsations on fluid flaw.
The orifice as pipe diaphragm. A. S. M. E., 38: 831, 1916.--and King, R. S. file frictionless orifice for water flaw. Engineering

News, 56: 326; 1906.

Purdue University

Ewing, O. D. and Blalock, G. C. Electric.- driven water works in Indiana.
Bulletin o. 3, vol. 3, December, 1919.

Give, Fred W. Plow of water through 1%4nch pipe valves. Bulletin no. 2,. ..vol. 2, July, 1918.

University of Illinois

pavis, R. E., and Jordan, U. H. The pipe orifice as a means of uting the
flow of water through Nape. Bulletin no. 109.

.F. B. The effeCt. of Anti] piece. on .t.4 flow of water ih ug4 a sub-
merged short pipe. Bulletl,n no. ;96.

Vn4t7t4ititv of !wallow.
tid wood stave pipe and Its effect upon water tor domestic nd irr

tion use). Aulletin no. L
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HYDRAULIC AN,D SANITARY ENGINEERING

EI4NITART ENGINEERING

48

The work of Putenr and Koch necessarily preceded the develop-
ment of sanitary engineering. It was not until the ca-usee of epi-;
demks were discovered that preventive medicine and sanitation
becanie such important factors in community life and health. The
application of sanitition to cities receive& a great impetus in the .

nineties, with an agitation for better sewer construction, drainage,
and later cami the science of treatir* sewage by -chemical, then
biological methods to reduce odors and the danger from sewage.
The study of water filtration began to be followed by investigations
in storage and sterilization, and the use of ozone, chlorine, and
ultra violet rays, in an attempt to find the best and--cheapest meth-

.ods of priAecting water supplies.
One of the earliest experiments on the tank tzeatment _of sewage

was made at, the Unifersity of Illinoitis Various types of spray
nozzles and alters were tésted at the same instiiution.-

More recently the use of chlorine, either as hydrochlorite qf lime
or,as liquid chlorine, has been experimented with Ñ determine the
advantages of each-. Studies of \creamery and canning plants for
the purpose of reducing or overcoming odors and of the clogging of
sewers and filters have beeri made.

A number of land-grant colleges hatl organize4 'courses in sani-
tary engineering before 1900. They generally include the funda-
mental subjects of civil engineering plus bacteriolon, water. and
sewage analysis, the study of sewerage, sewage treatment, and water
purification.' In some instances a ,curriculum is organized in this
ubject, and in other institutions the civil engineering course permits

of specialization in sanitary. engineering subjects during the senior.
year.

Caplonel Mare, an EngliMiman . in hik preface to Sanitary Engi-
- neering, published in 1898, says: " Considering the grave importance
of.sanLtary engineering, it is remarkable that no book dealing %With
the -subject as a whole has hitherto -been issued." The Elements of
Sanitary Engineering was published by Mansfield Merriman in the
same year, which indicates what has frequently oc;curred, viz, a
recognition 9f a need on two continents at about the 6me time.

Thé first instruction in sanitary engineerink at the University' of
Illinois was giifen in 1889, whiph is probably the earliest formal or
.ganized instruction in that subject in a landlgrant college. A course
iñ drainage was offered at the-Massachusetts Institut* of Technology
in 1867-08, abdiplke m sewerip,of citie.4 and Owns in 1881--82. A
course in sanitary engineering was first offered there in' the academic;
rear 188444, and in 1889 a four-year curriculum in sanitary .engi
nearing, 'leading to :the° degree of bachelor of science . in sanitary

31$155,--021
411.
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;

'4engineering, was first offered. This is the oldest four-yetir çurri-ctilum of this title so far *as the apthor has been able to disc,ver.
. Iowa State College had organized °nurses in saniiary eugipepring"long prior to 1890.2'

Experimental studies have been made of a wide variety of Ab-jects related to drainage, water supply, water purification, the treat-ment of sewage and related subjects. The most important bulietiñson these subjects are as folloivs:

Iowa State College
Barr, V. M., and BitAanan, it. E. The production of excesshte tvdrogensuiphide in. sewage .disposal plants and consepient disintegration of INconcrete.. Bulletin, vol. 26, Januser, 1912.

lifirston, A., and Okgy, F. M. Se*age disposal plapts for private homét3.4.letin, "W. 4.-6, December, 1909.
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Part 1,WalOnan, E. F. Rural sanitation. Water supply. Tralletlii no. at

It

Perdue University ;.!/
Grave, . Ft. W., 'Jr., and Stanley, .W. E. Cc;efficient of discharte otosewitge. sPrinkler. dozzle. Bulletin no..2, vol. 11, Noven4nr, 1919.. k.
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CERAMIC ENGINEERING

By ARTHUR S. WArrs
14ofeeeor of Ceramic lingineeting, College of Engineering, 0Mo State University

45

Ceramic engineering education began tits a result of the eflorts of
Edward*Orton, jr., a graduate of the School of Mines at title Ohfo
Statiliniversity, who5 witk the' aid of the clayworking industries of
Ohio, secured the passage,. & a special act tty the State legislature in
1894, crdating the department of clayworking an cerimics at ttle
Ohio State University. This was the first sch6b1 of ita kind in the
United States, and probably in. the world, althbugh a ceitimic cburie
of study i,s reported as having bben provided at the University cif:
Tokro, Jaian, about this time.. Profwaor Orton wis placed
charge taf thig oiigina1 sch.00l and remained its head until 1914, '-
when hp retired from the tinivirsity staff. .r

The telin " was understood as covering crude and
decorated clq wares. -

. There was very little ¡iterature on the subject published in Eng-
lish, and .the theoriös 'governing the behavior of such silicates were
found to apply seldom to the cases' under consideration. The early
conception of silicate control was by application of chemical prim
ciples, but the fact was, soon established that ceramic bodieg *AKere
not homogeneous mixturies and did not respond to the treatments
applied. The losses in the maitufactull bf all kinds of crude clay
wares were so frequently traced to mechinicil difficulties that for
the first few years Professor Orton gave special atfe'ntion to the
preparation of crude days and their forming, dryilig, and burning
into crud:5 ceramic wares. ,

4
-This work was highly successful and the reputation of the depart-

ment in producing men fot technical. control of heavy 'clay vi.lates,
.suat as brick, sewerpipe, hollòW building, and drain tile was estab-
lisli(;c1 and has been enjoyed ever since. The investigations con-
.cernirig ,the rôle .of parboil and sulphur in crude clays during the
burning process eliminated eAoiemous financial losses- in estklblishpd 7"
industries, and made the use of many extensive clay deposits

.bpreviously considered wo Mess.
.

4

The early study of clay *are decération, was çonfined chiefly. to
. the simple glazes -used on stoneware and gommon páttery. Mete

Ow*, rárely intaréd: to. a. state of compléte iwiion during the i#ring
ind the ,principal .,effprt ,of ,early biyeotigat9r8,...i rag to

pixiducé 'kitties whailng....albligertongi of teturwithniohtIw
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they were commercially satisfactory. Much was accomplished from
-a commercial.' viewpoint along thit line; .but vety little was learned
of the basic principles tint control silipate fusions.

In 1898 the AmericA eeraiitic Society vats founded for the en-
couragement 6f ceiiamic research through the efforts of Prof. Ed-

Orton,ward jr., 'who for about 145 yeArs was its secretary and editor.
The researches and other contributions to the society were pub-:
lished for 20 years in an annual volume. In 1900,a portion of the
annual was devoted tó Ceramic Calculations," a brief treatise on
methods ofsolving-§imple ceramic problems and a proposed uniform
system of expressing chemical compositioris of ceramic bodies and
glazes. This was, used. as an elementary textbook for many years,
but the edition was exhausted and not reprinted. In 1902 the mem-
bers of the American Ceramic Society translated from the German
and published in English "'The Collected Writings of Hifrman A.
Seger," at that tinle the foremast authority on cëramics. This
publicatkin and the Ceramic Calculations referred to above are the
only books that hip ever been used as textbooks in ceramics. Up
to about 1610, chemistry was the foundation of all ceramic remarchi
on the theory that the composition, as indicated by éhemical analy-
sis, furnished all the :neéessary införmation foi. contra The be-
havior of all silicates under heat treatment was believed, to be
dependent entirely on the elements present. About 1910 the appli-
cation of physical *chemistry to the solution of certain ceramic

- problems. was found to have definite r Its, an ina course the
fundamentals of physical cheniistry duced 'into the''teramic.,
'curriculum:

/
As this science has com: öre thoroughly under-

.

tood, it continues Co increase in its importante.to the ceramié field.
Another' important step in the development 6feritmic knowledge
was, the introduction of " mineral constitution " instead of " chemiCal
composition " as the basis for "study of ceramIc bodies. Data. had

. been' pr4Itice1 to prove that clays of the same chemical composition
but of different mineral sources pOssess widely different properties.

, A careful survey of available data indicated that the mineral consti-
. tution ot both natukal and artificial ceramic bodies is a very import-

'. ant factor except iri.the. fevi cases where complete and prolonged
fuesion/ accomplished and entirely new chemical compounds are
formed. This indicatécl the importance to the ceramic student .of a
knowledge of minpralogy, .and in 1913 a course in the fundamtintals
of mineralogy and the efféct 'of heat On: ihe ceramic minerals vnts
added the ceramic'curriculum., ;.

The, use 9f the n4eroscope inosludyin¡ the progress of futiions ahd
ttim..rtisulting chatgeswits lotind very .valuable, and .such ,a coureti

baude.: Lola tc 'the:student by. *dim). .;. This .coOrse :has.
. .

e icy44::import
.
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The industry.. of clayworking, which was the 'basis of ceramic
engineeritA is one, of the oldest known industries,- but up to .about
1909 it was recognized as one of the least progressive, not only as
regards a 4nowledgq of,Op means of control but especially as regaids
apparitur or machines e4np1iqed.

The call ter trained men in the Oeld oPf mariufagture had exceeded
the supPly froin thé beginning, but 'instruction in the design . and
arrangement of certimid machinery for best results was not attempted
until 1911, when a lecture and laboratory course in the design find
construction of ceramic machinery and plants was introduced.'

The progress in the control of drying' and burning processes, made
in the past decade, is equal if not greater than that in any other
branch of the ceramic incluser3i. 'The development of systems of
draft and ,humidity control during the drying process has reduced
the losses in ceramic wares to a fraction of former figures and at
the salne time reduced the time required to about (ine-fifth that
required in-early practice. Many products heretofore considered im-
possible are ilow made with complqte success.

The development in the design of kilng for burning ceramic ware
has undergone equally important changes. The contiimous tu*nnel
kiln through which the ware travels on insulated cars Itas revolu-
tionized the firing process in many branches of the Ceramic industry,

kw and as yet is in its infancy of -industrial application. The problems
of placing or setting the ware, which was álways a source of dia-
culty and loss in the old type of kiln, have been largely eliminated
and the fuel consumption reduced to approx 204 per. cent
of that required. with the older types of kilns.

The devel9pment of the reording pyrometer, by which the devel-
opment of temperature in the kiln çan be accurately récorded and the
value of each addition. of fuel obserVed, 'has contributed enornyptisly
to the success pf kiln firing. A course of .instruction in the operating
prinCiples of these instruments was .found necessary arid introduced
in 1918.

The most recent addition to the ceramic curriculumeis a course
designated as " refractories ahd furnaces.". t, The field of refractories,
'in .190Ó, included only clay and ,silica brick, and the latter bad ¡only
a limited use. The developments of metallurgy ,and the intrgductiop
of th'e electric ftrnace for the production of high temperature's hom
encótiaged. research in special refractories. These superb& refrac-

the 'applicatiori oft .th ..various roichei of' iefri*
tdri z, i)!p .i4,. prodwtio4 .of, fipttgradelwei

thi4' Aéid wits 9unid.*essary. *This cOurse, introduce4 in ..1918,

r. r; , t.

tories being produced for definite service demand tedinical

congpts of a study.of. the laws goverAipg,the various 444ws of refraPP.

in op. various p ockssim of manufacture, . and special preparation
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service, and espeeially . the design and construction . of high-tempera-
are furnaces.
-The original ceramic department at the Ohio State University pro-

vided for two courses of study, one a regular four-year course leading
. to a degree in the school of mines, mining engineer in ceramics, and

the other a two-year course provided for men of practical experience
who sought only a lifilitéci training in the principles controlling
ceramic operations. Students in the two-year course rarely had the

-elementary preparatiiin necessary for admission to the regular engi-
neering courses, and therefore° it *as Mund necessary to prepare spe-
cial simplified courses for this class of students. After completing
this short course of simplified study, the student -so frequently
elected to proceed with more advanced work leading to a degree
that the adjustment of credit for this short. course in the regular
engineering curriculum was a constant source of controversy. From
1906 to 1912 the number of stfidents terminating their Aniversity
studies at the end of the two-year course was so small that this
short course was abandoned and a special curriculum arranged tq
meet any case arising. Such a course does not lead to a degree, but
the subjects covered are those provided for regular students, and
*the credits aref therefore, easily adjusted in case the special student
deOdes later to work for a degree.

The curriculum, as originally outlined, cOnsisted of 50 per cent
fundamental and cultural, 30 per cent ceramics, and. 20 per cent
other advanced engineering subjects. This ratio has never been
mattrially altered. All changes made or new courses introduced
have been by substitution in- kind. This has necessitated abbrevia-
tion of some ceramic courses not considered fundamqltal, but the
course has from (he beginning been recognized as covering fiinda-
mentais essentially, any special courses given being treated in an
introductory manner. To obtain a thorough knowledge of any spe-

. Ad branch of ceramics the student must devote a period of appren-
TAship in that special industry after graduation or take a
po_stgraduate course on the subject.

In 1908 the degree conferred was changecl to ceramic engineer,,and
in 1915 it was again changed to bachelor of ceramic engineering.

The object of the curriculum is strictly professional. It does not
give or pretend to give manual skill in any of the .practical arts of
modeling, forming; or decorating. It is a study of the technology
thlr engineering, both civil, mechanical, and chemical, which is used

4.. I
,in the clay and allied silicate industries.

.No special consideration was given to ceramics as- a postgraduate
subject until 1917, when several special ceramic courses wets addeci
to., ths), graduate school catalogue. These tour* çoi,er a. -brio.ii4

,:ttiab 'i4he studia.t4 devO9p go IA '141.. '' I '''' : 4. rvi e'
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gar

the field of ceramics, special encouragement being, given .to those
branches most closely ,related stakapplied -sciences. Since the intro-
duciion of postgraduatesilAes, the -department has never been
without these postgrachra'tò studenes, and much progress his betn
made in this department toward the solution of problems which are
retarding the progiess of ceramictil.

The popularity of ceramic engineering was soon evidenced by the
creation of similar departments in other universities and colleges.

In1.900 the New York State School öf Clay Working and Ceraihics
was created largely through the efforts ofo PresidéDt B. L. Davis, ef
Alfred University, and this department was established at Alfred,
N. Y. It provided two courses, one consisting largely of art and
design and the other containing a considerable afriount of engi-
neering.

The first 1q4id-grant college to follow the, Ohio State University
in creating a Tfepartment .of ceramic engineering was Rutgers Col-
lege and.the State University of New Jersey, where such a depart-
ment was created in 1902. This department created and still
proyides a short course in clay working and ceramics. It also
provides a regular four-Year course leading to the degree of ceramic
engineer. This courie at present consists of about 64 per cent fun-
damental and cultural, 22 per centdceramics, and 14 per cent advanced
engineering. The ceramic courses are the same as those offered .at
the Ohio State University, the difference being in the time allotted
to each subject.

The University of Illinois created, in41905, a course of ceramics as
a special branch .of the department of geology'. Two courses of .

study were provided, one majb-ring in sCience and one majorhig in
engineeriAg,-both in the college of liberal arts. In 1912 the ceramic
department was transferred to the college of engineering.

The course in ceramic engineering was considerably changed 'at
this time to provide for much more chemistry than was included in
the curriculum up to this time. There is but one course of study
provided at present. -This requires four yeark and 'leads to the
degree of bachelor of science. Th'e subjects covered are not ,dis-
similar to those of other ceramic schools, buts a large 4iumber of
special ceramic courses not schedukd in the regular Cdrriculum are,
available to advanced and pos*raduate itudenti. These iliclude
glass technology, cements, and metal enamels, which are

.

treated, in
a mòre' complete manner than is provided in the curriclik of the

Pk

other ceramic schoolq.
41 1906 a course in ceramic engineering was authorized at Tow*

State Coileii by. the Iowa 'Legislature. The ,course did 4ot find
.a ;1.iminédiaie favoi; and the first studelit wu enrolld hi 1 1914

4

3. 1111Alil

,

..'s;.; .,'L

, 1 -
P

.
4

n
...

,

.

.

.

.

.

.
.

A

t ,
,

.
.

..
:

, . '1. 114

, è,

-

I

E . .
. 4 a

Ial:.!;:'.f

. 4 A0_141.. . ..

. , ..
e - ' ' ...... ..

-7 4'; =;` ..?.',.4144.6

*a .¡:,

L1-1.t0i \041
,s, t . J t . t ,; ;: te '

.11e: , . i- ' Ns. 414"' .17. -

I. . . ; ' " --Vi,,,:e.ik "1:0
Y!.. . ;

.:;, i. 7:-. 1.-: *-:.1.;:13..;.' .441-21,' r*!: "! '' tt: 'V al 't t4' r " ' '.."/S.% i.Nr
b. 1

-

. I . .
. .4 .

.4 >:-.; ;";'.*:::::'1,81'.:
,.1":1814,1)0;t1,..%.:.,.(4:1:::4'..;.,.1.1 t 1.1%, I.)

N.' -

.



MP

50 LAND-GRANT COLLEGE EDUCATION, 1910-4920

the course proposed consisted of four years of mechanical enginep
ing, to be foll6wed by 'one year of special study in ceramic's: In
1915 a course similar to that provided at thee,Ohio State University
was introduced and four students enrolled. The present curriculum
consists of 60 per cent fundarnntals, 10 per bent ceramics and 21 per
cent advanced engineering. The ceramic industries of Iowa produce
chiefly _heavy clay wares. The course of study has been 'devoted
chiefly to brick and heavy clay products, although courses are also
provided in the 'proflems connected with fineis -ceramic wares.

The tal:cly development of the ceramic department at Iowa *State
College led many to ii61i"eve that the demand for ceram-ic education
had been fully provide& fpr, and no additional ceramic departments
have been créated in land-ii-antsolleges.

In 1t18 a ceramic department wa:s=.creatM ih. tbe College of Mines,
UnivfOrsity of Washington, through a cooperative..,agreement be-
tween the university and the United States Bureau of Mines.,

in 1921 a ceramic department was created at the Univ'ersity of
Saskatchewan, Canida.

The progress made during the past 10 years in the knowledge of
ceramic engineering has made it impossible to cover the entire field
'in more than a general manner in the time available in a four-year
coursd. The early conception of the subject limited it to claywares,
but its expansion has divided it into at least six fairly, weWdefined
gr6ups, as follows: (a) Crude ceramics; (b) architectural and ma-
jcilica ceramics; (c) fine ceramics and ceramic colors; (d) refrac-
tories; (e) glass and enamels; and (f) cenients.

Crude ceramics ipclude wares made from a single clay or a blend
of two chip, as common and paving brick, sewer pipts, and dime.
ware.

Architectural cervnics include all types of terra cotta bodies,
vitreous coatings, and enamels.

Majolica includes all types of colored glazes on both natural and
artificial bodies.

Fine ceramics include both bodies and glazes of all the white
wares, i. e., earthenware, china, and porcelain for tableware, art
ware, sanitary ware, electrical ware, And ti1e.

Ceramic colors *include all artificially made colors for overglaze
and underglaze decoration and for body coloration.

Refractories include nob only all the regular refractory wares, ouch
as clv, silica, magnesia, chrome, bauxite, and zirconia, but' also
the special refractories, such as spine's, sillimanite, dolomite, carbo.,
runchun, and alundum.

.

)Qiliduates in ceramic- engineering hay9 never lytd." any dif*ul
s pivfitable ,émploymeilt, ,t4,11.1(4strif's .4avé. .
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TEXTILE ENGINEERING 51

more men than have been graduated each year. Theie is, however,
little calr for men lacking energy and resourcefulness, and such raen
are_ from taking the course. .

The distribution of ceramic graduates of the Ohio State Univer-
siry in the different branches of the industry is is follows: Of 166
-graduates, 53 (32 per cent) are, in crude ceramics3 23 (14 per cent)
are in architectural ceramics; 34 (20 per cent) are in fine ceramics;
21 (121/2 per cent) are in refrac4oriess; 13 (8 per cent) are in cement,
glass, and enamels; 13 (8 per c'tnt) are in teaching or GovernInent
research; and 7 (51, per cent) are not foillowing ceramics.

Regarding the salaries received by ceramic graduates, an estimatis
oTuputed in 1915 indicated an average salary of $2,667 for a ceramic

engineer seven years after graduation. Recent incomplete data indi-
cate that graduates from 1916 to 1920, inclusive, are receiving an
average of $2,844 four years after graduation.

The probation salary of graduates in 1921 and 1922 averaged
$1,850, against $1,050 in 1912.

Of 81 graduates'from the University of Illinois, 16 (20 per cent)
aze in crude ceramics; 4 (5 per cent) are in architectural ceramics;
11 (14 lier sent) are in fine ceramics; 12 (15 lw cent) are in refrac-
tories; 9 (lieper cent) are in glass or enamels; 2 (21/2 per cent) are
in teachiiig Cr Governinent research ; 23 (28 per cent) are not fol-
lowing ceramirs so far as knowri'; and 4 (5 per cent) are deceased.

Ceramic enkineering is firmly established as an applied science.
Its influence upon the clay industries of the United States is more
prònounced each year. In the minds of discerning observers, this
branch of engineering will kave a place in the engineering world of
increasing. importance..t.:,

°Chapter XI

TEXTILE ENGINEERING

a

By CHARLEs S. Downy
Director of Tewtile Department and Professor of Textile Chemistry and Dyeing, Gjensactp

Agriciaturai College, flooth Carolina

In this country instruction in textile subjects is given in two types
of schools; viz: Ip independent textile schools, and in some of the
land-grant cOleges pf the Southern States. In thc latter the textile
course of study is one of several engineering courses offeted.

rn 1884 the Philadelphia Textilv. School was opened, .but the real
era of text4e schools started, fotu- or Ave yeam later with the textile
ophool, At as1 1010, toxtiilo 4partmeuts oii. the ,landftgrani
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52 LAND-GRANT COLLEGE EDUCATION, 1910-1920

colleges of North and South Carolina, and the A. Fre nch TextileSchool as a part of the Ge9rgia School of Technology. Later fol.lowed the building of the textile schools at Fall River and NewBédford, Mass.; and the State, agricultural and mechanical collegesiof Mississippi and Texas also added textile departments. The tei Itile schools at Putnam, Conn., Providence, R I., and New York areof qpite recent date.
In the textile schools thorough courses of study in textile subjectsare given; regular three and four-year courses, and shoker ones forspecial and evening students. , A limited amount ofitime is also givento related subjects, such as mathematics, mechanics, and English. ,The land-grant colleges having tktile departments,are : NorthCarolina Agriculiural find °Engineering College, Raleigh, N. C.;The Clemson Agricultural College of South Carolina, Clemson Col-lege, S. C.; Agricultural and Mechanical College of Texas, CollegeStation, Tex.
The textile departihent ot the Mississippi Agricultural andMechanical College was closed about a dozen years ago, the Machin-ery sold, and.the building used for the institution's school of com-merce. While the A. French Textile School, Georgitk School ofTechnology, caneinot be classed as the °textile department of a land-grant college, the courses a study offered are essentially identidalwith those .of the land-grant colleges. This khool, the three land-grant colleges,wand the Lowell Textile School confer the degree ofbachelor of science upon those completing the four-ydar textilecourse. The other schools referred to in this article do not.The dégree curriculum in textile engineering, as given in thetexta departments of the land-grant colleges, consists of generalcourses in Eiriglish, higher mathematics, economics, and history.Free-hand and mechanical drawing,.descriptive geometry, surveying,shopwork, mechanical engineering, electrical engineering, and theliboratory work in connection therewith are considered as funda-mental subject& About one-half of the time during the junior andsenior years is devoted to purely textile subjects;theory and practice.All 9f these colleges are fu !,,IT equipped with textile machinery.

O These land-grant cone Ì also give special textile courses... Theseare designed for young men of limited education who already have,hid some experience in mill work. As no one of these colleges issituated in apill center there is no opportunity to conduct eveningor. part-time classes.
These special textile,courses cover two years pnly. Under existing

conditions the -number of students must be limited, as the college
curriculum is'not designed for any who are not graduates of a high

IschoolAll In -general, the twolear courses are the same as thai taken
candidátes for a déitee, but in Sher respecte, the.individtas
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needs are met so far as possible; elementary mathematics and Eng .

lish, high school chemistry, 'and physics being thi subjeas pursued.
There is a wide field of usefulness 'open to the agricultural and

engineering colleges .having textile departments somewhat along the
lines of the extension work of the agricultural department of thew;
colleges. textile schools, specially planned to meet the local condi-
tions of the larger textile centers and supported by the industrial
establishments but closely articulated with the State college, would
afford mill opeiatives the opportunity for getting_the same type
of textile training as given in the evening,and short-term courses of
the texti1e Ahools in the Northern States and very generally what
England offers to ter workers:

At the present time no close connection exists bet7een the textile
departments of these colleges a'nd the manufacturing establishments,
but if these schools are to serve the purpose 'for which they were
established and the manufacturers' '&)eure well-trained men for their
more important positions, there must be such, cooperation. With
the rapid development of the tetile industry in the Southern States,
especially in the manufacture of fine goods, men of technical traitn-
ing will be needed as foremen, overseers, and superintendents.

A testing and research laboratory for the textile industry come§
naturally within the province of an engineering college. In fact,
the textile department should be expected to serve the 'industry in
settling disputes, making impartial reports, and carryifig on research
work mere fully, and for the benefit of the ,industry at large, as,
perhaps, but few manufacturers could or *would. A laboratory of

...this, character, serving the industry as a Nyhole, should be 1i6eia1ly
supporteA, not by the State ip general, but by the industry itself.

One of the needs izi textile engineering, as pointed out by num-
bers of successful .mill executives, is training in the handling of Moil
human factor. This is' not peculiar to textile engineering, but is
general in all engineering courges. In the textile industry, more so
perhaps than in any other industry, the item of labor is relatively
high in proportion to the cost of materials and the output. Conse-
quently, the human factor is a very vital quesiion. 4 While there has
been considerable, discussion on the need for this type of training in
enginee rising courses, especially, textile, it is to bei doubted vhether
it can ever be given with any degree of success, as a subject, and
must be obtained by actual contact with the working people in their
daily employment and home life.

By the employment of textile-engineering graduates as teachers
ofrelated subjects supplementary to the* daily employment of op-
erativet!. in the mills, opportunity, is afforded. thesà gtadutto of
learniAg. first hand this huj-nan factor. The. extent of 'this dpporp"
tuuity is shown in the number. et Sinithollughes class* that are
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4..

operated in the mill villages of the Southern States. These classes
have grown in number to 400 doing the past year, affording tó some
4,000 operatives opportunities of promotion which they had lacked
because of early educational handicaps, though skilled in daily pro-
duction work. The Smith-Hughes dasse§ .are under the- direct
supervision and control of the Sfate boards of vocational education
and are carried on in close cooperation with the textile engineeTing
schools.

The lánd-grant co are not " trade" or " vocational" scholks,
but becoming more ai more (as they should) articulated with the
leading occupations of the citizens of their respective States. Their
textile departments should develop and carry on 'some type of textile
education for the operatives in the -cotton mills. In some way the
educational work of the even* classes in the textile centers of
New tngland and Great Britain should be duplicated by these land-
grant college's.

Chapter XII
di SHORT COURSES IN MÈCHANIC ARTS AND INDUSTRIES

o

By ADOLPH SHANE
PrOtessor of Trades owl fisduatries, Iowa State College of Agriculture awl Ow

Meohanio Art*

The rise of ,inechnic-arts instrution, or that relating to the
trades and industries n the United States, took place coincidently
with the development of industry itself. School training for
pupils in handcrat or \manipulative skill was advocated as early
a's, the beginning of the nineteenth centuryalmost in the lifptimeof Washington. But support of this form of education at public
expense did not become popular until after the passage by Congressof the first Morrill Act, which movided Federal aid, through landgrant, for each ,college established by the States, " to teft0i such
branches of learning as are related to agriculture and th% mechanic
arts * * in *order to promote the liberal and practical educe,*
tion of the industrial classes in the several pursuits auji professionsin life.".

While the develoment of the principal cpurses in our-landwgrant
çolleges .has been collegiate in c;liaracter, the; act itself did not
specify this should .be so; .and fr9m the beginning to- the present
day, shorter counes, principally iioncollegiate, have been offered

), by many,of these State instituticins. Whereas thelour-year engineer-it not actually stand t am; nevothelessv now,
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fairly uniform in content and more or less common to all 1an4-gAint
colleges; on thé other hand there has been little uniformity ,in the
number or character of the short courses given nor has thete been
virtually, up to the present time, any well-defined tendency that way.

It is true that some of these colleges, especially those of later birth
in the less-developed sections of the country, elhphasized in the be-
ginning those courses in which manual skill played a prominent
part. Indeed, some of their engineering courses at inception were
little more than wh.L we naw conceive to be vocational courses--
using the word " v9cational in its more restricted sense as dis-
tinguished from " professional." But as the States developed, their
colleges advanoed with them, and it was not long beforethe cours'es
in the newer colleges became definitely prof6ssiona1 in charactei-.
As the engineering courses d6weloped, the practical mechanic arts
courses assumed less prominence, although they were not entirely
abandoned.

The lance-gia.nt c911eges of the East, particularly those situated
in the industrial séctions, have never been, and are not.now, identi-
fied to any extent u;ith short ourses relating to the trades and, in-
dustries. This is also partly true of those located in -the North
C-entral States ind the far West, .These sections have developed
otational schools u.nder public and private ,puppolot, which have

taken over the responsibility of educating and training workers for
industry. The principal devebipment of the.courses has been in tile
State college§ of the Wea and to some-extent of the South. -At the
present writing about one-third of tht Colleges coming under the
Morrill Act 'offer short courses of some kind in engineering or the
mechanic arts. Several have dropped them and several have taken

/them on in re.cent years. Naturally, where they have been- given
with success, the offering of noncollegiate instruction alongside of
the collegiate is approved; where suCcess has not been pronounced,
or wheré the shorter courses are not given, the teaching of the two
together is fiot approved. Excepting the State Colleges for the
colored in the South, the-degree a contact whiçh the land-grant
colleges as a witole have had with the shorter mechanical çouises
has beeii so smáll relaiively that it has exertpd a very minor in.
fluence on their development. Even the collekes for thp cóloréd
people show 49me tendency to become collegiate in the character

1

of courses given.
The princimil industry in most of the \States where the. short /

courses are( offered is wriculture. The farmers'. needs, therefore, /
were from the' first,. and 'still are afi important influen91!( on *VP,
of work, glyep o.evera1 pollqges. ,,Theqe ;were of 1,71m, 4ays, 9r

feW..*ekte.. 41F4001,01:2114....generalfr; c°!?asistoOd acti , .04
courses that weikbe intended to aid the man .who hid to d pend laFtely»
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on his own skill to maintain his buildings and eqiiipment. Theywire given during the winter when the farm labor was ,i,t . a mini- 1

mum and were of a "rough-and-ready" variety for which there was
little or no amounting, educationally. There were isolated excep-
tions.to this. .,

About 15 years ago the extention service in the mechanic arts be-
gan to assu-me some importance. Correspondence instruction and
class instructkin cirried to industrial1 groups served spread tile
influence of the . State college. This particular. fiel f service
which is no part of this expositionhas been piken up seriously -by
the majority of the land-grant còlleges, and a real' development in
tiiis phase .of education may be pointed. out One of the regults has
been to bring thiN colleges into closer touch with industry and the
educational needs of industry. This fact and the,rapid growth of
iiniustry kself begaii to influence smile of them to consider the sit-
fiation and to broaden the range of short courses offed. It is diffift
cult to_place any approximate date for the occasion when the formal
short courses, itgulatkly outlined in the catalogues and educationally
accounted for, began to assume something like general importance.
But perhaps the past decade fairly represents the principal period
of this development._

karly in 1918 the resources of the country were taxed to 66 limit
to obtain.iraining facilities necessary for the gréat Rimy of young
men enrolled in the Army training courses. Naturally, the kgri-
cultural and mechanical colleges, with their extensive shop and
laboratory equipments, were important factors in this training pro-
gram. But, when a single training quola numberid hundreds and
iren t4ousands, against an ordinary shop accommOdation of 20) or
30, it.becain necessary to enlarge very greatly the existing facili
ties. This wits particularly true of the equipment necessary to irain
the automobile mechanics and truck .drivers, who representhd by
fir tile lariest training grotTs. The way these colleges carried
'forward th.its tier-nendous res ibìlity was an inspiration l..to all,
eten in the days when patrio zeal was at its height. l'eor the
list time, short-course work h , top place on the- program. To
win the war was first---everythinilse was secondary to hat.

Immediate.17 following the wait the disabled soldier 14c1 to be
rehabilitated. The larid-grant college has Aerved, and is
m .g, an important ro e this
-organized and fitted to the needs o the
mice with the aptitudes and phy
Much of the vgar training materia

t. Special courses had to be
different,groups in accord-

1 handicaps of the, disabled.'
as put fo use wain for this

pii.r0s01 but vilier6as the war tra sing work was dot* through
short intensive 'but -'-ina courses, thp postwar traiging ten&,,. 4 11,

.tor*. tod. This necessitated ..wore .dellibeste -and;
L i "4 ).. iq ! 4 kt.t r .; t ;; ji. .
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MECHANIC ARTS \AND INDUSTRIES 57

carefully thought out programs of organization, administration,
and execution.

While, doubtless, some of the training courses for the disabled
4teran will be dropped after their special purpose .has b4.n ac-
complished, others bear the earmarks of permanence and are open
to any student qualified- to enroll inVilieme, With the experietice
gained from the war and. postwar training-, lind a realization cin
the part of. the college authorities of what may be accomplished 1
through a short course intelligently organize4,a4d enthusiastically /
administerod, it does not seem likely that all the -fruits of this ex- ;
perience are destined to be lost.

Aside from the negro colkges of the South, we find at the pres-
nt timse a wide range of the shorter courses offered scatteringly

among the institutions orkanized for the sérvice. They vary in
length and cover periods of 1, 2, 3, 4, or 6 .wq:eks; 2 or 3 months;
and I or. 2 years. With a few exceptions in the 2-year group, all
ire noncollegiate. In the I to G. weeks' group we find courses in
gas engines and tractors,' dyeing and cleaning, printing, electric
meters, filterfplant operation, mining, telephone practice, baker's
short course, road building, etc-. Among the 2 or 3 months' group we
find carpentry, inachiiO3 shop, automobile mechanks, blacksmithing,
tractor(or a combinátion of blacksmithink and tractor) ; electricians',
foundry, printing, farm engineering, and drafting courses.- The
1 or.2 year gróup comprises courses which 'are semitechnical to a .

greater or less extent. They appear formally outlined in the col-
lege catalogups; generally students tintering them must- met 'cettain
defiiiite educational requirements;- especially in the 2-year work,
groundwork in mathematics, physics, mehanics, and English of
secondary school grade is ificluded in the outlines. These_ include
electrical and mechaniCal courses or ombinitions of both, power
machinery, machiniste, automobile mechanics, automobile electrics,
building construction, carpentry, mining for foremen, textile, print-4F
ing, road building, and architectural courses. The 2-year collegiate
courses are .rarely found in our land-grant college& Among the
several colleges offering 1 of the 2 courses last named2j coarse 4:1
road building was found ti.) be collegiate and 1. course irkrehltecture
to be noncollegiate. One 4-year course in printing
and one 3-year noncollegiate course ics relipectively are
given by 2 of bur. westerntitutions.

The .rapid developmentT the tractor and its use on the 'farm
during the past decade has made the gas engine ands tractor course&
fairly popular.' Ho &,r, the universal use of the automoWle. in
tr2duped the aut9mo mechanits course. and ..made it the most
popular pf all. The 2-year cours,s in. gefieral, ;are the, goat,
poitant df the nonéolkigi*te' bistriction'-d:eirelóptuents ii iecent
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.6years: Ther are 16"ss specialized than a; isegular trade cóprse
"brider and more elementary 'fariii ifaVe smile resemblance to Ate
regular 4-year engineering _courses, bjit still tend to enwilhshe hand-.

craft skill. In addition at() alutornbbile riiechtiriles, the llyear e.10C.4.
trice, th.e 2-year mechanical, and a 2-year course fot" 6iik1ers ttri
gaiiiing'a degree' of poptilarity and are meeting a reat'Oed, ' Ii .ii.'.
a questicsn if the di-6ft architécturil courses are meeting, ail): denia.n4.,:.

% It Would'seem .63 the writei that0a"2-year drafting course,- incl.mdltig.:'
relited work and Omitting of specialization along architectiirat,
.michitiiical, structural lines; would open up a broader field. f' ..40iong the very reced developments is at ..3retir coure in road. . . ih.

surpassconstructiconwhich should equal or eiren the others in point
. iif. usb'fulness.. Immediafely following thè clo-se of the' World War,

a ii¡ttion-wide program of road building. was launched und6i. thé.
4. Fes : f Ac o 1916, " to aid the States in the constrùction of rural'.

. I e st roads and for other purposes." It was soon found that thee

sufficientrogram wat handicapped through the fact that a numb6r
. if trained. men Were hard to 'find. Je wa% not' so dif&bult to secure

the staffs.91 engineer, as it was to ,find thé skilled assistants to fill
thé miner position§ of timekeepers, foremeii, bridge, ageavO, and
=Aerials inspectors,' engineers' asgistiints, men for the road madijn-
eryar, etc.. The .p:urpose of thq roád cònstriict.i6n couise is to meet
thésp'needs. Ir May be either collegiate; or noncollegiate, but tlid.
tendency islowara the noncollegiate, thus iii.akirigt it a cou'rse for..

is*not. the many nither Mail for the few. -It to be considered-tem-
porary in its period a usefulnIss because the program of road con-

I .st.rtiction will- go. on fork many Yeárs, after whial. the labor a.,

1 maintaimice will employ many thowarids: **-.
v., ..

The- hear future should see a 2-yeai trade and industrial cburse-
apptear io the 'State' éollége Catalogs. The passage of the Sínith-
Hughe4 ;bcational education.al bill, in 1917, created' An .incieased
demand tor quilified teacheys in vòcationar subjects. Pour-year

)'courses of this.Class have already wpearecl, biit it is doabtful if ti
will soon become popultai. A 2-year coui:se, collegiata in. Character,)

1: prove more effective, for the time being, in pdpularizing thi.
-type.öf iraining, and still tend to* raise the quality ofti teachers going
into such 'ail importarit field of iervice. The non'coIlegiaté ;classes

; would- ptve vide excalene superviséd, teaching and observatioli éx:.'
.:..A.'peiience, and the' skops and latoratoreies the general shszip 'e:iperienCe, .

nece§sary to the teacher. ..

.

With .iegard to the general trénd of shOrt courséEr in retie
years tti inay- béliiiiáid there is a"tr6fid--there géems to be a le.an-k
ing-twinir0 thé.regtilarly. oiga.ilized

I !

and definitely outlined tw.o-year
'-- ibotii*....tho, tend t9 b6 1* of the tti* or ..yéry typ.ijie4a1ized
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"MECHANIC ARTS AND INDUSTRIES

More inclusive nature. They tend to educate as well aS train in skill.
They tend to-traiii young men along lineg of general importance -to
all sections of the country rather thltii along those of local iiiiport-
ance. 'There are sufkient exceptions to these tendencies that a
stronger statement expressing the situation would be both unsafe
and unwise. In this *connection it may be stated that the. very slicirt
coursed of from one week to three weeks' duration are also being
more generally recognized and Promoted with sonie-degree of enthu-¡
siasm. But these are m6re of the cônvention order and the per5ons
enrolled in them int regarded as visitors who enter but little into.
the life of the school. isoly

As might be expected, all is not plain sailing in the teaciOnii *of
the noncollegiate courses in institutions where the major interests
are the four-year collegiate courses. We have still much to learn
iibout the administrátive detaiN of this dual .educational program;
which Will conserve the best interests' of each class of instruction.
hp the matter of shop and laboratory instruction, for instance, both
the fotir-year and nönctIllegiaie students Iar.gely use the same equip-
ment, in order to reduce the:expense of duplication. Not infre-
quently, class instruction in some of the pilajects to noncollegiates
is. given by instructors whose principaUxperienee has been with%
collegiate students along similar lines. The' results in both instigices.
have not always been of the best. Yhese diffi.oukies, however, will
be largely reduced when t1i noncollegiate enjollment reaches a point
where it can expect to support its own equipment and complete .

staff. The present noncollegijite enrollment in those state colleges
which offer such courses vary fróm I. to 33 per cent .of ,the total,
with perhaps an average for all such coelleges of 15 per cent.

In searching for a reason why more colleges are' not offering
short courses of serious impqrt in the mechanic arts, ayery common
answer is, " There is. n.:;. demand." This- is hard to understand in
view of the fact that industilr is becoming wive *and more exaCting
in its demands for ability and skill among the employ ed. Accord-

*.
mg to the kast census, 37 per cent of all thé employed 4Pove the age
bf 10 years are in industry. Despite the great increase in enrollment.
in our engiheering colleges, their yearly quota of graduates fills but
a tiny fraction of the ,total need4 .of industry. For sivery'r profes
sional engineering graduate there shoold . be 10 graduating from
sernitechnical courss similar to the* two-year courses 'petitioned
above, unless it be the expectation that the former continue to fill
the positions which could be oCcupied by the latter. But the tent-
dency of the fOur-year engineering courses is to i;dvance farther in
its professional stinding. Al.ready fiye-year courses above the high
school are being .considered seriquslii This will leave-a wider. stkp:'
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60 LAND-GRANT COLLEGE EDUCATION, 1910-1920

thin ever between the trade and ,he profession in the field of me-chanic arts, whiçh must be met 1.)r an intermediate courge ofeducation or training. This, it would appear, is the big field formon-collegiate instruction in our land-grarit colleges arid the tendencyamong the types áf instructiiin now given, if only slight, points ihthis direction.
It can not be expected that the colleges should take care of all this7c1ass of tsiaiiing if developed to its beiit, possibilities. The undertak-ing would be tob big for that. But because of its outstanding posi-tion in education, because of its symilathetic contact' with the peopleand their practical eduAtional problems, the State collegé is inexcéllent position to take the 1eader5hip in a type of tritining -whicheihinently belongs to an industrial age.

Chapter XIII
THE TRAINING OF TEACHERS IN THE FIELD OF

INDUSTRIAL EDUCATION
By. FRANK , CUSHMAN

Chicjv Indusitial Educat(on i$errior, lecderal Board for Vocational EducationI
0

nifty-seven. of .the States ,are doing regHlarly organized work in
. teacher training for the 'preparation of new leachers and- for theprofessional improvement of teachtrs in service hi the field of indus-trial education. This work is being done under a number of dif-

fereiiti.organizations, the State board for vocational eduCation heir*:responsible for the work in each cise. The various agencies foiedoi.neg this work may be classified .6s .follows :

(1) Staie board and 14; aver&
it 19(2) gate agrieultdral arid Ipechanical colleges '19(a) State universities separately. organized from the agricultural and me-4.:

tk+Meal colleges , 4,(4) JolUtly by 'the agricultural and mechanical college and the Skateuniversity, or other State Institution
;.

i5) State Institutions other tilan universities or agricultural and me-chanical colleges ,: 4 2(6) JoIntly hy State board. and State normal schools ,(7) States having no program

2

1 %

The land.-grant colleges at this time are functioninIg officially asteacher training institutions in the field of industrial educaVon in21 of the 48 States. 'At the beginning of the development of *thenatioinal program for yocati9ñal education a much larger numb& of
In 11 of these States the A. & M. College is a ietiartment of the 'State univfrsity.
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TRAINING OF TEACHERS OF INDUSTRIAL EDUCATION 61

land-grant colleges set up training cpurses for trade and industrial
teachers, but this number has decreased 6om year to year and in all
probability will continue to do so.

Becatise of the qualifications% demanded of teachers of trade and
industrial subjects, it is particularly difficult to secure attendance
of these people in residence 'courses at any institution, especially
where the institution is located, in a- rural seçtion of the State a
considerable distance from th larger cities. The grèat majority of
men and women who have-the necessary trade qualifications to be-
(ewe canClidates for teaching positions in vocational schools must
be served, from the tstandpoint of teacher training, if served at all, in
leisure-time classes organized in cities where they live. This is due
to the fact that in most cages their responsibilities are of such a
character that they can afford neither to take the time nor to spend
the inoney necessary to secure residence% training at a State insti-.
t itt

A number of land-glint c(;11eges, however, have rendered-an im-
portant service ih the field of industrial teacher tralning through
summer courses in which provision has been made for an intensive
ptibgram of work especially designed to serve the prospective

r.

or
-employed teacher who has but a limited imdunt of times to give to

professional preparation .or improvement work. In a number of
instanct; both land-grant colleges and State universities have taken
caiv of this situadon by p'utting iheir instructors or professors out
into the field on an extension or itinerant basis. In-this\ way they .
have been. able to reach the particular -groups which deeded their
help.

To snip pp, it may be said that the deje to which the land-grant
colleges have effectivelydvancpd State programs of. industrial
tePacher training has been proportional to their willingness t4 extInd
their activities to the industrial centers of the State ancliconduct
courses of training under sucti copditiorig and atesttch time as make.
it possible to reach the people to be served. Conversely, the teaeher
Wining work at land-qant colleges has been ineffective in prvor-,
tion as continued effort has been made to secure an enrollment from
the student body with the idea of carrying on strktly rosidence
work at the institution. The number of cases. where teachers have

.

inctustrial schools
been trained in this way and have actuallyerepderqd service in the
trade and of the Statq is so .small as to. be. negli-
gible, except in one or,twocases wheyre the State lias sane way
provided' schlstosAip: So far. as ANq hive tifoopalion concerning
scholamhig fqr lormieetive industrial jeacherso; on two .States
hive trieacthis plan. In 4oth.case.s groulis prosp the teachers
wewtrainecfuilder excesedinly favorable conditic* t because of .
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62 LAND-PRANT COLLEGE EDUCATION, 19104920

die high pér capita cost it is extremely' doubtful if this plan will
ever,become widely adopted.

,

Regardless of the agency which does the work of training trade
and industrial teachers, it is probably true that the most effective
work which has been done has been characlerized by a willingness to
carry the training to the people to be served rather than to try by
some means pr other to get people to enroll in residence courses at
Stakinstitutions. As the work is now developing, it. woulcrappear
that this is the .line of development to be expected and in all prob-
ability is the sort of thing that should be encouraged.

Chapter XIV

Mk ENGINEERING EXPERIMENT STATIONS''

IL I. SACKETT
Dean of the School of Enghweriseg. Director of Engineering Experiment- titatiom, and of

Engineerfag Extension, Pents-myrrania State College

'I. INTRODUCTION

The engineering experiment stations of the land-grant colleges
are the research laboratories in engineering and industrial fields of
the colleges orgitnized under the Morrill Act of 1862. Investigations
were carried, on bT.ijurtviduals in fields of special interest to them
long before the format organizations -of these agenties was con-
sidered.

The agricultural experiment stations were organized at an early
date, and problems involving dvainage and road construction related
to engineering were referred to the engineering divi§ions of the in-
stitutions for solution. Rural water supply, concrete construction,
and electric light for farm buildings were later matters od which
advice was sought.

Inventions and improqments in ayparatus were submitted to the
. engineerizig schools for test and improvement.

kamples ofraw .materials were submitted for analysis, for advice
In methods of mandacture, and new processes for developing nat-
ural resources were Consider0, 'experimented ori, and advice given.

The publication of the resillts was in local :engineering society
jorurnals, apd occitsionally in technical periodicals of national _char-

.. tidier. tut the conchisions ofsimi5ortant tests were often not pub-
. fished, and, in consequence, problems of interest in other States and
'141;Of ksimilar eharacCer repeated.

.

The suepesS. of the agricultural experiment stations If., the land-
grant Colleges and the need 'for similar work along engineering and.
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v.,

industrial lines led to individual effort and the development of
engineering experimentil work, first, in a spontaneous movement
and later in an organized State service.

It is impossiblel to say where the development of engineering
research began; probably it grew at 'numerous land-grant colleges
simultaneously and as a result of similar causesLdemend.

The Association of Land-Gr,ant Colleges was organized in 1887 as
tile Association of American AgriculturaLColleges and Expëihokkit
Stations. The engineering diviskns (lid not have an association
until 1913, when the Land-Grant:College Engineering Organization
.,was formed. This delay, no doubt, was responsible in a theasure .for
engineering experimental work not being promoted in an aggressive
winner until about HOW. The proceellings of the -"organization
meeting" 'of that year mentions both engineering extension and the
experiment station as two important adjunct's of engineerin¡ divi-
sions.

2. EARLY ENGINEERING EkPERTMENTATIÚN

The University of Wisconstn issued its first engineering bulletins
in 1894, and so far as 4e .writer has been able to discover is the
pioneer in research and- tht publication of results of engineering
studies in the experinlental field. In the follokng year An Experi-
mental StuOy of Field kethods in_ Stadia Survelering, by Prof. L. S.

. Smith, represents an early report of field or laboraiory investigatibn
published as a bulletin of the universitY. Thirty-eight bulletins had
been published before 1910, representing_ various fields of practical
study and labóratory experiment work. The authors included 32
Aifferefit workers. Dean e E. Turneaure has been 'active in pro-mot-
ing the work of engineering research.

The Nversity of Illinois was one of the first to take an active
Part in and to orginize engineering investigations. In 19O8 the
trustees made-an appropiiation of $77,000 for apparatus and for

a ç experimentativn eligineering problems." Prof. A. N. Talbot,
who was very actiVe in promoting this pioneer work, published Bul-
Iptin No. 1 on Tests of Reinforced Cohcrete Beams, in 1904. This %

was followed by High S.p.eed Tool Steels, by Prof. L. P. Brecken-
ridge,. in 1905; Drainage of Earthworks, by Prof. Ira O. Baker, in'
1906; Tests of Reinforced Concrfie Beams, and Tests of Concrete
in Sliar and of Bond, by Erofessor Talbot, in 1906. In all, 39 bul-
letins had been, Published ...before 1910. The names of 32 different
experiment;rs and *authors appear on Oese bulletins.

At the Iowa,State College á fund ofo$10,000 was provided in1913
for engineering research. At that time the first bulletins, three in
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nuinber, were in the hands of the printer. 'The first Avis a study of
the 'Cost of producticin of power for plarit.1 of different design and
different size." The second .was the "Result of three years' work in
the study of temperatures inside the masses of.concrete in bridgesf%
and the third gave " The results of about six years' work on the loads
carried by drain pipes and sewer piOes in ditches." The above is
from a statemeht made in 1913 by Dean Marston, who has been
résponsibJe for the initiation of research work in the engineering
field at Iowa State College.

8. TRE OtMANIZATION OF ENCINEEÌUNG EXPERIMENT MTATTONS

Early investigations at the land-grant colleges in the engineering
field were carried on under Nerious difficulties. Federal funds were
not available as they were for agricultural research. The engineer-
ing faèulti
In addition
such as good
improvement

with their .

regu ar .

tede ling duties'.-ere overwor we(

y Avere asked to promote numerous outside activities,
mds movements Over the States, drainage, municipal
and to aid in the inception of engineering e.xtension,

wkrich also had.no funds and was dependent in the beginning on'the
aia'given,by the regular teaching faculty. Also much very valuabkh,
work was done by studious pr4essors Attu) wère (;verw(irked and did
not publish the results df their.studies. Erequently' funds were not
available to pay the cost of bulletins _

While a large amount of valuable work ha'd been (lone and is still
being done whe-k% an organized research staff does pot exist, still it
is generally re,cognized as desirable to organize theenliineering re-
search *ork iri order that Stich work may be urged-and so that means
of carrying on theroutine tests may be assured, thus
teactier-investigator of this burden.* I.

There was an increasing appreciation of the .importn'ce

relieving the

tb Ameri-
can industry of organized research. It. was necessary to train men
wIlo had the special qualities which an able research Ivan must have.
The function of the college experiment station is V) carry n 'certain
basic research and to train myn for this service.

The University of Illinois was the first land-grant institution to
organize au engineering experiment station. It was established by
act of the board of trustees on Derrmber 8, 1903, in recognition of
the z!eed for more itecurate knowledge of thè materials and processes
of engineering and the conservation of those resources upon which
erigineering . industries" ileper4I.

At the time the ongineering experiment station was established,
the tiustees made *an appropriation of $77,000 for the purchase of
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ENGINEERING EXPERIMENT STATIONS 65

apparatus 0 advance work in engineering research and for experid,
.mentation in engineering problems. The work of the engineering
experimtnt station wis to be under the direction of a board, con-
sisang of the dean and fortr professors in the college of engineering.

In 1905, however, Prof.-L. P. Breckenridge was appointed director
of the engineering experiment station, and filled the position with
distinguished ab¡lity until 1909, when he rtsig* 'to -weft a posi-
tion at Yale Iiiliversity.. Upon the resigiiation*of Professor Breck-
enridge, Dean W. F. M. Goss Ivas appointed director and served
from 1909 to 1917. Since the appointment of Dean Goss as director
of the station in 1909, the dean of the College of Engineering has
always served Qs the director ofthe engineering experiment station.
Dean Goss was succeeded in 1917 by Dean C. R. Richards, and when
the latter resigned in September, 1922, Dean Milo S. Ketchum "item
aopointed his successor.

Iowa State College organized its sfation in 1904. No other stá-
tion was formally fiiiinded until in 1909, whgn the Unive6ity of
Missouri organized its staff. and; in 1910, Kansas State College 'of'
Agriculture] awl Mechabic Arts created its engineering experiment
station: Then followed Ohio State Unrity in 1913. The Uni.
versity of Texas and the liniversity of Wisconsin followed in 1914;
the. University of Maine and the Pennsylvania State College in 1915.

i S66-1

or the Argil of trustees. The station had no special facilities set
aside or research bat used the apparatus of the various depart-
ments or made its own. Often there were no speAial headquarters

sand no persons giving full time to researcli. Gradually theolder
stations have justified their existence and now have equipmefit, of-
fices, special research laboratories, and fi4J4ime staffs in. addition
to the large riumb.er of teachers who direct or give part time to work
on problems of special interest. o

The following table will give information of it general character.
°It will be noticed that in January, 194, there were anhual appro-
priations amopnting to $318,760; that there were 53 fulhtime and
324 part-time investigators. Thirty-four bulletins were published
in 1921; 55 in 1922; and 332 in all had been distributed to thousands
of those interested. A
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Statistics of engineering iresearch at the land-grant colleges of Continenka
flailed States, November, 1921

(From the Engineering Experiment &Alton Record. Bulletin, January, 1922, Series 2, No. 1.1
ftftftaftftp=iftaftEmaaftaaftftaftftftwaMmafte 41=116

1

Date
station

WKS
ndeid

Alabama.
Aritona
Arkansas.
California.
Colorado
Connecticut
Delaware
Florida

'Idahodabo
Illinois
Indiana

s lows
Kansas
Kentuok-y

AO-

-lb

Maryland
Massachusetts 14ftolftftna 111
Michigan
Minnesota.. ... ft

Mississippi
Missouri
Montana_
Nebraska
Nevada
New Ilampehireo
New Jersey
New Mexico
New York
North arolina
North
Ohio

tati
Oregon
Pennsylvania
Rhode Island
South Carotin,.
South Dakota.
Tonne**

la go e

lagggft aft

None
:None
J 1921
I None.
r 1919
None.
None.
None
None
Nong.

1903
1917
1904
1910

*None.
None

1915
1920

11 1930
!None.
IiNove
None

1909
14None.
None.

1921
None.
None
None

oNone
ITN
N .e.

1913
None
None.

1913
None
None.
None

1921

Staff

Annual

search 1 Pull Part
timefunds time

engineer-
ins

3

0
-gift --ogres.

1310, 900

.....

7, 500
'Wet*.

Engineering researrb bulletins

Oo0 3j
.

0 1.. ...... 18
1 j
0 1

21

Total

4

0 .. a. ....atom
o a..

. .

2
124

14
62
10

t
?

0
0

Total

OP
ewe
ment

station

7

1'
0
0

30
0
0
0

Sta-
tion,
IWO

Sta-
tion,
1921

0

8 7
4

O
-2
0
0
o
o

o
o
o

o
o
o

11. Oft 1

o
o

o

IL

I Agricultural experiment station oonddcts irrigation retouch. State bureau of mines, with engineering
dean u dory conducts geological and ore dressi up-sward], employing 5 full-time and. 4 ball-time men.

a Division otpublications,e) ng section, publications not necessarily research.
a Branch of Colorado Agricultural ExperiMent Station. Funds givekare the average from July 1, 1920,

to July 1, 1922. .
4 Maintain road materials' laboratoor'my. Mining research is at school of mines.
a Seven or eight by Jan. 1, 1922.
.4 Four or five 11y Jan. 1, 1922.
/ Besides few. *
8 ; 1 I ing for early orgagitation. ie ...?¡ *r
so o or three by January, 1922.
'1 Mair(tain division of industrial cooperation and research, which is practically an engineering expert-mahtstation, but its reaearch Is not exclusively engineering and its functions nclude industrial cooperation.The data given bere are for staff and funds and publications devoted to engineering research. Bence the

are approximate only as no exact ivision could be made as between engineering research and general
eliriateilio research.

110 Prospects fair for early organization .

11 Prospects. very good for early organization.
14 There are proppocta of early organisation.

. la One or two by Jan. 1, 1922. . .

is Cornell carries on engineering risearch actively but has no formal organization
Il Prospects good for early organization.' *Two or three by Jan. 1, lv22.
Is Onto $2,600 ., .
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ZNOINRICRINCI EXPERIMENT STATIONS I
Statistic* of engineering retearch at the land-grant colleges of Continental.. .

United States; November, 1921Continued

t

State

stet I Enginoering research bulletins

Annual
engineer-

ing re-
search
funds

Texas

VermoM
Virginia
Wi6h on
West V
wisoonsip

yoming

1- Total r

1914
1918

,nNone
oNone
*19iii

1921
1914

gsTone

e

1111011111111

Ñli Part
time time

3 4 6

Total expel-
ment

station

7

3, 000 o 11**-

/I 0 O.
1, 600 o 2

0
S, 000 1 5
6, 000 0 12
S.000 1 28

o

3111, 780

1,43

0
2
2

59

P 3

Etta.
lion,
1921 -

s

1 1
0 0 o
o 0 o
o 0 no
1 O 2

pi I i o vis

i

9 i
o
o o

o 0

Pe 34
324J 400 i 332 1 bS

" Twenty 4our bulletins publistied but only 3 of real research character.
11. Active work postponed by after-war deficits.
11 Expect trustees to organise engineering experiment st Mion in near future,

annual funds at first . Tto research fellowships of $700 and INO0 established in
" Now taking stile to begin work. Organization to be by college authorities

now in view for len
One or two by siation in 101 and one eadier.

Is Seven other States report/ prospects favorable for the early (organization
stations.

itstimatgod to Ian. 1, 1922/

4 BULLET! NA

While many ?if the' earlier publications . were library studie or-
embodied engin iering experience gained in the usual coume or prae-

N-tice or observa ion, the later ones, and, in fact, the greatoinajority
of fliem, represIent thorough study and die soundestteientific resuitt

-
with but small amount ot
19X1.
for preflent. One bulletin

of engineering tizperitnalt

. of careful invOtigation.

. Some of tlici work is monumental gnd deseryes peisonal menifion.
Prof. Arthur IN. Talbot,,of the University i.of Illinois; is. the author
of 21 bulletinf's, mid "nealrly as many »lore have been written under
his direction.; 11e is responsible for 6 of the first 14 bulletins, and

'he has contikilied to be responsible .for rwarly the same proportion
of the bulleiins which have been issued to date." (May, 19.'23.)

, . . .

experiment Universityle,,engi eaing station at Purdue was
authorized y the board of trustee§ in May, 1911, under the direction
of Pean li, njamin. The following statement by Dean Pater, direc-
tor since 12O, expkins that plan pursued there, which is somewhat
different iiiti. its details from that usually followed;.

. ,

The publiirations of the station are. of two classes, bulletins-11M circular&
The bulletin presents the results of original.investigation In the laboratory or
in the field is rather fechnical in character, god is of IntereSt usually tow' a
limited nu ber of engineers and scientists working in that particular field.

The elm lar, oti the other hand, gives alcompilation 'and discussion of exIst--
ing data., e bodying .but little original mirk, but putting ii1 a conieigent form
timely .1uf4 rmation on the subject studied. i
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The circnfars are more general,,, and popular in character than the bulletins'and sometimes reach a larger circle of readers.
The fonOwing btkllelins aild. circulars have been issued:
Pamphlet, The Engineering Experiment Station of Purdue University, 1917.(Out of print.)
Circular No. 1, Lightning protection, by C. F. Harding, 1918.
Bulletin No. 1. ,Flow of water througl one- and one-half-inch pipe and.

.valvps; bY F. W. Greve, Jr., 1918. .

Bulletin No. 2. E1tric ranges, by C.ÌV. Piper., 1919.
Bulletin No. 3. Coefficient of discharge of sprinkler nozzles ,by F. W. Greve,

Sr., and W. E., Stanley, 1919. Is

Bulletin No. 4. Electric-driven "Waterivorks in Indiana, by D. D. 'Thvingand G. d. Blalock, 1919.
Bullitinv No. 5. The carburétion of gasbline, by O. C. lier'ry and C. S. Keger-

1

4(. e

CircUlar 2.. .Prepervative treatment of wodd poles: by R. V. Achatz, 1920.
ko. ,-Sewage disposal for- residence' and small institutions, by',

R. B. Wiley,. 1920. . '

Ill

eft

reitr, 1920.

Bulletin .No. 7. Tufts' ot road mattrials, of Indlina, by testing malerials
staff, 1921. - - -6 . .

,.
.. a

Bulletin No. 8. 'Flów ,pf water
I

through spiral riveted 'titèel pipe, by F. NiV.
r

Greveond R. 4...Martin, 1921:; ..,
. , , 4i1

.

by high-voltageBul 116.°9. .The Drptit;etion of nitric oxides and o77o
electrig dischaFges,eby K..B. McEachion and R.-H. Georg h

Bulletin Truck-operating costs, by Ben H. y: tty,1823.
Thew have been 11 publications; civil engine ring

.
subjects,. 12

on . olearical en "neeri méchanical ih
vlemichl ef6ngineering isubfeets.. .

p.

The wirpcses 06 stationMat of ta-Pitimsylyania State dol-
.lege---is-stated alEr follows: I , , . i, , .... . . 1 a

make
. I i

' (a) To availelle 'data; oii subjects which wJll be of use to lhaiQP-of tin State. ; . .- . j . ..

(c) T9 establish ar bureitu, of Information. having at' Its cotind complpté

- .(b) tro investigate the inengineerii problems presentbd.
i1

r

t. data on' gresegir-cli subjegts. 1 1 -%

It-drm conskjer the In.vestigation of the specific %problems .for bwr in. con-...
noction*Fith lialustries outside.'tbe State.when proper supportis given for siich,work. . .,, . al

i .(e) To fnvesggate a "subject, in; order to *corroborate old. or.- produce nei:v.

o .

,

dam 4

(t) To train young' engineers for research work.
I

:A BRIEF REVIEW OF TFIE WORK
4

or

The. enipeerhig experiment station of, the Pennsylvania State
College bad' inception abNotit 1916" Ole desire of ..86me. of the
members of the faculty iiiiktftlit gr!mtit'srlogifibliic servic.e to th`fi
CQ ity. and' tdinhe college. With this wind they *milked,

bI
'of het teachilig sche,4ulest.

9

to devbio,tiohlt3 trili5Yresearch
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and to the presentation of the results in bulletin form for the in-
formation of the public.

I. Thirty bulletins have been issued by the station. Some of 4fhe

II. YIP

subjects relate particularly .to civil and sanitary mgineering and
others to mechanical, electrical, architectural, and industrial en-
gineering.

The following are some of the problems worked up and the
results published as a bulletin :

41. Economics in the use of coal.
2. Practical suggestions on building constructihn.
3. Mower heating systems for factorsy ahd shop buildings.
4. He4t.treatment and welding of steel.
5.*Comparison of heat insulatiné 'values of various building materials.
6. Flour niill investigations. especially those relating to grain dust explo-

pions. the results of which have been published as a builetin of the United
States Dpartment of Agriculture.

'I, Household electric light and power plants.
8. Sanitation and. sewage. /

1 WORK IN HEAT TRANSMISSION

Gin* engitieering experiment station is best known' for its work in
heat transmission, in,whkh its equipMent and 4acilities are probably
second to none in ths country. This work has beenundertaken as a
problem in sciencelbutm the ultimate purpose has !pen to adapt the
iesults directly to a useful send. With the higher cost of food prod-
ucts, cold stortige has become more and is, in part, a
question of insulation. Our, problem- has been ter aid in the stand-
ardization òf the methotl of cal*liiing and determiiling the heat
dinsmission through cola storage and other walls.

PRESEN.f PROJECTS

rojectIonder way include the following: -

J. Standardizatioh oPmethods find apimfrittus for licit ttansmission tests.
2. Comparison gof the 'results of the. oxidation. of 'sewage iil nn open ¡ilia inla closed sprinkling filter;

I .

3. The possibilities of grain dust flres Clccurring from electric lamps.
4. kelative merits of .liquid chlorine and calsium itypoc4lorite ak disinfees

_ . .tants of sewage filter eiiueni.s. , .
v h. A newilppticfrition of thv inductIon motor tb.,signalhig devices.

O. A Atudi.of creamery wastes in .cOnnection With seivage disposal.
7. Heat transmissioli and. efficiency in stehm boiler tubes.
8)The. ée:pdomics In the transport!oinn of vegetatolés aTid fruits.-v. .1

A t. ... .6.5. I PORTANT _IN4MfrlitATIO/gs UNDER WAY .
1,.. i . .. .. ,
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University of Illinois:* (1) Investigation of the laligue phenomena. of
metals.----This investigation haS been cairied on In cooperation with the Engi-
neering Foundation and the National Research Council, and the General Elec-
tric Co., and mpre repently with the asdstance of the Allis-Chalmers Co., the
Copper and Brass- ¡tesearch Association, and'other indtistiial concerns. The
results of the investigation have been 'published in- Bulletins Nos. 124 and 136.
()The contributhins for-this in:vestigation to daie approximate-

.(2) jnvestiga.tion of theostresseli.in chilled cast-iron car wheel8.This inves-
tigiitioh has been carried on in cooperation with the Assoéiation of Manufac-

. turers of Chilled Iron Car Wheels. The results of the investigation have been
published In hulletins Nos. 129, 134, and 135.

(3) Investigation 'of warm-air furpaces and furnace heating, Tilts investiga-'d.

tion has been carried on in cooperation-With the National Wain' Air Heating
and Ventilating AssociatIoll. The results of the investigation thus far have
been published in Bulletins Nos. 112, 1171 and 120. The annual appropriation
for carrying on this work is $8,000. .

(4) Investigation 4, the friCtion losses and power requirements in the pro-
posed ventilating system for .the New York and New Jersey vehicular tunnel
to be constiucted ;Ind& the Iludsou River.Thissipvestigation has been carried
on In cooperation with the °United States Bureau of Mines, the New York
State Bridge and tulnel Commission and the New Jersey Interstate Bridge
and Tunnel Commisilon. These experiments have beki -completed, and the
results will be published 14 a forthcoming station bulletin.

(5) Investigation of the coking of coak----Thjs,investigation has been carried
onin cooperation with A. T. Hert, of Louisville, Ky. fIlle results have proved
to. be of great vlilue and have been published in varinus bulletins 9f tlie
engineering experiment station under the authorship of Prqf. S. W. Parr.

(6) Investigation of coal *hangs in Illinoii9.Vhis invegtigation is darríed
on in cooperation with thipUnited Stares Bureite of Mines, and the
State Geological Survey. 'like results of investigation have been put)11.441,
In a Aeries of 41 bulletips; 15 of which lave been published by the engineering
mperiment *station, 171:by the

..
State Geological Survey, and 9 by tbe

Unitedlstales:.-Buréitu of Mines.
(7) Itivestiùation of the Manufactisre of figs taosm

tigation -is being carried on In cooperation with the Illinois Gas Xssmtation.
This alls'ociatibn contributep the .funds to pay the,salary of two research giallti;
ate assikanis in gas enginvering. 4

(8) Investigati f .the i)iscoloity awl electrical conductivity of gla8RIIThis
investigalion ha's n rrted oti in cooperation with the National Research

an4 the Corning dlass Works. The results of. this investigation Will
be publishel in a foithcoming station bulletin. . 7..*

'(9) Investigation of the stresses iballway investitation is,
eatried con in cooperation with committees of the-Americfin *Society of divil
Enepeers 'and the AmerGth Railwify Engineering Assçviittion. Prof. A. N..
Talbot Is. die Chairman of the cornmitici on track. of. each of the above-mocletfes.
The .work has been done at the engineering experiment station untiir .the
direction., of Prop!mor Talbot, with ftulds supplied by ihe two societies abve.

Pt ' 'nai;ed aiid the aikinerkiAn Also4ation. .

loom(10) Investiflation .44 3t1jireffeat oflite size of icoalwo* looOtnotive perform- .J.:

kotestiglition.;ha4 bc.ies (*tiled pa...".in fepopeiatiim. with Aim
s'. :4 natio4a .1tantvfq rwo Mf#991,11H02 Thq iesults of this 4tv.pfOgatiop. air?

1nBulletinNo.201. :t4

pitr4iief.-:11blveissity (1) rot of iad okitterids-it-iThIs 4iitestigatkm (1.W
eisted of: a survey 'pfs; th'e deposits...il road materfills Iq..tIfe vatioup countie*::
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A special series of investigations was also made for the Indiana Sand and
Gravel Producers' Association. -

Bulletin No. 7, Tests of road..materials of Indiana, ems the_results of tests
made over a period' of 20 years.

(2) Hydraulies.---Valuable contributions have be:en.maCie through research
in the hydraulic laboratory, as follows: Flow of water through 11h4nch piiie
and valves (Bulletin No. 1) ; Loss of head in 1-inch pipe; Flow of water
through spiral rlyeted pipe (Bulletin flit). 8) ; Discharge of water from sewage
sprinkler nozzles (Bulletin No. 3) ; Measuring water by a parabolic weir;
Characteristics of sewage sprinkler nozzles (now iff progrq.ss).

Many other investigations of less importance have been started. (See com-'
pleie list wider Projects.)

(3) earfitsretion.---Extensive studies are being made on problemg of car-
Intretion.

Bulletin No. '5, The mixture isequtirements of internal-combústion engines,
was the first of a series of bulletins to he published.

'the foregoing bulletin sets forth the results of hundreds'of accurate tests,
showing the cbniacter of the mixture NA:hich will give the best results in an
engine, considering its richness, its dryness, and its temperature. I

The continued investigation of the subject of carburetion involves:
(a) A study of the best mechanical means of atomizing the fuel and mixigg

it with the airto
(b) A development of the best means óf heating and drying the mixture

wilen using'different kinds of. fuel. This involve's the design of an intake
and exhaust manifOld that will accomplish the results which our long series
of-tests shows are necessary for perfect.carburetion.

(c) A study of qe fluidity of liquid fuels. .

(d)*The amount- of vaporization of liquid fuels at varying degrees of tem-a

perature.
pplletin No. 11, Effect o speed on mixture requirements, is now in pees&
(4) Tractor tiating.A well-equipped tractor testing laboratory is now car-

rying on extensive tests on tractors. At the preseAt stifne extensive tests are
. 'Ting made 9n Goveinment trictors for the Unit4 States Army, viz:

(a) Those made *Ith the tractor to be testetAhounted on the moving plat-
form and ruii in its usual manner transmittiiw its energy through the plat-
form, the wheels, and the geffed train to the generator which acts as a tfrake.

(b) Those in which the enidne and main driving shaft of the tractor are
it connected, more or less directly with the generitor, either with or without the

use of the triinarnission gears, the tractor wheels and the° moving platfortii
being " ont."

(5) High voltage amd nitropft fl.wation research.--The most important In-
vestigation undèrtglien in the electrical laborntory ls that concerning the pro-
duetiod of nitric acid from the nitrogen of the afro 'A new electrical pr
for the Ilroduction of 'Attic ácid has been expertinented upon tor several ars,
and °quite recently has reached such a point as to warrant -the publ!eation '61
a progress rOort ;villa will be forthcomini In' an eirly bulletin,

Other In6yestigations now being Cirried on are: (d) Design, c,onstruction,
and test of an eiprimetital high tendon transmission line; i,b) ogone #roduc
'don; (6) alttireating ourrent corona d*har
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areavailable tor the accurate calibration of all types of electrical instruments.An oscillograph, by meims of which the wave -form of voltage and curren't inelect*cal ariparatuft and circuits may be photograpl4d, has 'been very ex-
. tensively tised for .both outside testing and laboratory investigation.

(7) GeneralsWork is under way in a number of special investigations,while In some the data are practically complete. The following is a" partiallist of these: (a) Friction and 11(1yranct; of motor lubricating oils ;- (b) the
slipiiige and windage of high speed belts and pulleys; (c) composítkE of so-called standard liquid fuels; (d) combustioir of.crushed pu1verfzÍ(e) effect of Iona hud power factors on central station ram: (f) farm light-inriplants (g) adaptation of electrical energy for serviee In the house *and onthe farm ; and (h) electrification_of- grain elevators.---

(8) Radio communicatioi.Now that radio communication limy be under-taken without resirictiont-a 2-kilowatt licensed radio station has been, min-
pleted for' experimental itivestigation in this important field. Its .sendingràdius is approximately 1,000 miles. During the past wintv..California andthe Canal Zone r.eceived me.tesages sAft out by,the Purdue station.-

(0) Railway work.Apparatus specially constructed *for determining theimpact of flat wheels on ;ails fats alieady been utilized to measure and reroi.dthe impacts at different speeds, loails, and widths of spot. o
The resist4pce of 'steel ráils to shocks at temperatures ranging from thenormal to 24° 'below zero Is another *subject under invostigatfons
(10) Cooperative tedi.Two tests in cooperation with the Bureau:of Pub-lic Roads #re now 'beiitg carried on in ihe testing materials laboratdry.(11) Fatigue of concrete.Coperete is being subjected to alternate l9adingby meins,of a special machine and behavior .stuilled.
(12) Ball test.Slabs are subjected to loads, mud as truck wheels slitild

Muse on a pavement, and.ttie etttet of tbks load upon the concrete studied by.,_means of the pressure necessary to a sm.all tel ball fo on,e-half Its 'depth..

Iowa State College: study of existing industrial conditions in Iowa; safebearing values of large bridge rollers; culvert load investigittions; chemicaldetem¡ination Cif tbe *cement coptent of concrete; economic theory of highway%inprovement..
Kansas State Agrieuttura 1 College.: Lewis tractors for nomigndard gear.teeth; gurability of pelt lacipgs 61 fastenings.
University of. Maine: Study oth Maine sand4 as regards ceitiient necessary togive certain' tensile and compressive strengths; comparlson of 14 and 28 daytett on mortiiis.i abrasion test 'for Fortiand cement mortars; 'classifIcation.ofMaine.sands as regards mineral content 11(1 shape of particles, airfare area.and fineness modulus; a study of the yariability of different mlies of sandand cement in compression ; developnient.of a fleld and laboratory method for*determinitig the workibility of concrete.

'Univepity-.ig Nevada: Investigation of the lubricating propertiep *of oilmade from Elko, Nev shale.
New 'Me2dco College of 'Agriculture ..atid Mechanic Arts: Investigation' ofAt static Vel:trical conditions in the atniospliere, in New Mexico; adobe brick*jor. ; a study Of audjo. frequency amplIficatioi; simpleradi feeeivOrs. iJ 74,the retineyivania Staté College: Heat trauemisSop through surfaces;
Abodeloland.Staite VOlegè:';Durabilfty of belt faiteniugs,

e 'University ifighway iconomice add highway tranepoit;
inp'esecie road batibitals; tower .for coal mines.

. tYiWersh7 Alf Verdwliti: Inyeistigatioli o; the mettiodi of aiatingrrestid4Ohees.
Ot,te.) 91444r 9°44, :0 polffroo ;, eat conclUctivO. comoer-I
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ENGINEERING EXPERIMENT STATIONS
a

di

aUniversity of Georgia: The effective life of topsoil, sand, clay, and similar
roads on the State system orGeorgia ; tractor survey ofGeorgia.

University of 11 1tnoisr.: Influence Of .dissolved gases upon the- properties of.
glass; the measuiements of iviseosity,of glass at high temperatures; stresses

staticallyIndetprniinate frames; tests of reinforced concrete arch ; experi-
mehtal study of explosio`ns of gaseous mixtures.; investigation .of*tist drills; '
reheating of compréssed air; 'ait-steam mixttifes; analysis of stresses in
boiler heads; warm-air futnace research ; tunnel gps investigation no. 3, or
letemination of friction and power losses in conrrete air. ducts ; an experi-
mental investigation of the thvrintil and chemical :occurring in'the.)
cylin:der_ of Ole itikrnal comOustion en¡ine; calmcity of soil Opts and their

73

yentila,thm; test of resideiitial 'septic tank; test of cast-iron column§; stresses
in nnsymmetrieal sections ;.compression .111(1 (1.0.s-bending tests of steel col-
unIns sirengtil and action of and riveted connections; 'study of methods
'of standardizing testing machines; stresses in hungied boiler beads; strength
and ductility of 41,40e1 limier 'rapid loading; fatigue phenomena of metals--; pres&
sure through granular materials;:sreinforced concrete columns well stresses in
beams; general Invvstigation pf concrete; measurement of mobility of fresh
concrete subsidenep of surface due to coal mining; c'oil.waShing; breakage of
coal; haulage practice; Ignition whit otpfuels; Dotinaing an&w.earing of trol-
ley carK; effect vf.p*ressufe weep trolley wire anti 6olJ4ctor and ihe loss' in4

c011epting current. 'from a trolley wire; antiseplic traitment of tim4er used in
freight-car constructiOn; friction of railay car.journals; anAnyestigation of

prilper/les of chilled e'er WheAs; trdiictive effort of steam locomotives ;*tests
of road-oiling me.tliod§...

1

Uniyersy of Minnesota: Radiant heat from direct radiators; heat
missioll through; insulating matorials; value 'of marl as a binder for sand
roads. %

SO

Pennsylvania State College: Heat' transmission - mid efficielwy in . titalun
ixiiier tubes ; a newiindication of, the induction, motor to signaling devices;compnilson of the results of the oihlation of.sewage, in an open and in aanvil sprinkling filter.

Rhode Ighind State CoVegg: Adaptation of do tie
burniiig of wood:

University of Tennessee: Concretp tests (reported o(jjoi 11y as'eement tests) ;
werèsome properties of Kentt1167 Ind Tennessee ; e?ntral plants; air

rintiltratfon Napor tension ot Mixtures of volatile !Null's. fit .

irrigationState/Cóllege of:WaAhington:. Series of .street-lighting sy4emz
powerl(aiim current wheels alon¡ the Snake Lind Columbia Rivers.

heating appliances to

0

4
CONCLUSION

so.
111

The, above sketch does not do justice to party institulions and
pioneer investigators reslionsibio., for the inecbption; organiation,
arid marked grewth of research in engineerint at 'our land-grant
colleges. The results 417 tile need fot ahd thv iralue pf such work
0- scien0e and to industry. , , ,

Ai.The'nwuber oi oripilize4Asti iscertat to increase materially
n the next.few ea .'aid, the contri utions tà ¿ngipeoring knowledge

are' certain tc be.ik material aid in the e&miotnic *coif 'then o
industry. I
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