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GIESECKE, MITCHELL & SPENCER

The third edition of this nationally used text is up-to-date and in line with the most modern
practices. MNew matertal has been added to the basic chapters on Lettering, Multiview Draw-
ing, Sectioning, Auxifiary Views, and Dimensioning. Much useful information on industrial prac-
tices is included and the full chapter on shop practices is prepared with the advice and help
of various industrial concerns. All problem layouts have been changed to agree with the Ameri-
can Standard size of 85 x 11, 11 x 17, etc., and wherever necessary, drawings have been en-
larged to enable them to be read with ease. More than 200 new or improved illustrations are
contained in the new edition. Throughout, the text is in accord with the American Standard
Drawing and Drafting Room Practice, which is reproduced in full in the appendix. $4.50

Technical Drawing Problems —.Second Edition — 93 Sheets,
Lettering Exercises — Second Edition — 16 Looseleaf Sheets.

Technical Drawing Problems — Series 2 — Spencer & Grant — 138 Sheets.

>OA=ZITAm= .

Technical Letering Practice — |3 Sheets.

L DRAWING :rp epition o

. DESCRIPTIVE GEOMETRY W

A unique, practicable set of worksheets, Descriptive Geometry Worksheets* covers the draf-
ing and layout work of standard descriptive geometry courses as offered in departments of en-
gineering drawing. Each topic is introduced by problems on fundamental theory, fellowed by
problems involving typical engineering situations. Used and improved throughout a two year
peried at lllinois Institute of Technology and other colleges in a preliminary edition, this manual
incorporates that experience into the text and does much to enrich the study of descriptive
geometry. It consists of 24 groups of laboratory problems. Problem material is included from
many fields not conventionally covered, such a; map projection and spherical triangles, to-
gether with other material which is omitted from many books, such as shades and shadows,
perspectives, and conics. Article references to the following five texts appear in a chart in-
cluded in the Table of Contents: Hood, Geomtery of Engineering Drawing®, 3rd Edition*,
McGraw-Hill, 1946: Rowe, Enginnering Descriptive Geometry*, D. Yan Mostrand, 1939;
Warner, Applied Descriptive Geometry, 3rd Edition*, McGraw-Hill, 1946 Watts and Rule,
Descriptive Geometry*, Prentice-Hall, 1946; and Wellman, Technical Descriptive Geometry®,
McGraw-Hill 1948. Eugene G. Pare, Robert O. Loving, and Ivan L. Hill are Associate Pro-
fessors, Department of Technical Drawing, lllinois Institute of Technology. This manual is the
fruit of their combined teaching experience. It presents a lively laboratory program in des-
criptive geometry which intreduces the student to the many engineering applications of the
subject and at the same time focuses his attention and interest more sharply on the basic
thaory than does the program which deals with abstract theory alone. $2.50

PARE, LOVING & HILL

A=-ImMmINAIO

COMPANY ¢ 60 FIFTH AVE.,, N. Y., N. Y.
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DIVISION ACTIVITIES

Frofesaor Ralph 3. Paffenbarger, Chalrman
Division of Engilneering Drawing
Tne Ohlo State Univeralty

Havinz cozpleted our mid-winter ackivities
with a very fine program and excellent enter-
tainzent at Texas A.%X M. College, we ars now
ready to enter wholeheartedly Inte ocur Summer
Sehool sctivitles and the Annual Heetlnz to be
held at Michlgan State College,. Bast Lansing,
Hichigan. Our program extends fros June 21 to
June 26 inelusive, and the activities of the
Soclety continue through to the 29th.

The progranm has been completely arranged
a3 of April 1 and 13 contalned in this lasue.
There will be a few alight chanzea, bub prac-
tically everything as listed 13 assured.

HWa are to be quartersd In Shaw Hall Dor-
nitory, and an advanced rezistration ecard la
enclosed in this lasue of the Journal for your
convenlence in arranging for school and dorm-
itory reservatlions. The headquarters for the
achool wlll be Hoom 110, Olds Hall. Professor
C.L. Brattin, Chalrman of the Brzinesrlng
Drawing Department of Hichigan State College,
heads the local cozalttes. They are arrangling
the datails for this seasion In Bast Lansing.
The general aeasions of the Division for the
Sumtar School will be held in Roos 111, 0Olds
Hall. The exhlblt of the drawing eguipzeant,
under the directlon of Halph T. Northrup's
comaittes, will be lorated In Room 325, 0lds
Hall. The exhlblt of student work and englineer-
Ing drawing course outlinas, under ths dirac-
tion of Dean Jaaper Osrardi, will be located in

Room 304, 0lds Hall. The teaching alds exhiblt,
under the directlon of Harold B. Hows, will be
logated in Room 3082, 0lds Hall.

Will you kindly cooperate wlth the coze
mittess in making the displays as complete and
83 Interesting as poasible, and either bring or
aend to East Lanaing (1) tound coples of your
couras outlines and atudents' work (2) various
tsaching alds such as models, =ovles, [llmatrips,
ete., uszed in your Instructional work (3) any
unusual drawing equip=ent, new or hiatorleal.
The dlaplaya add greatly to the success of the
maeting since we have an opportunity to obaerve
at close range what 1a beling accozplished and
used throughout the various enginesring schools.

The record of the proceedings of thila Su=-
mer School will be made avallable to only those
who are in attendance. Asasabled copies of the
papera and other material will be presented at
the cloalng banguet.

A program ls belinz arranged for the ladies
as well ao that your family =may enjoy the meet-
ing along with youraelf.

Printed copies of the program will be mailed
to all menbers of the Bnzineering Drawing DIvi-
gion together with late Inatractions on Juns 1.

Thae program as worked out on April 1 1a as
followa:

PROGRAH

Themes:

INFROYING OUR STATUS A5 ENGINEERING DRAWING TEACHERS

BEEas

HWEDNESDAY, JUNE 20

4:00 - B:0) p.n. Registration
THURSDAY, JUNE 21

8:00 a.n. Reglatration
OPEN ING BESSION - DEVELOPING THE BACKGROUND

9:00 a.m.  Prealding: Randolph P. -Hoelscher,
Unlveralty of Il1linoia
Welcoza:
Lorin G. Miller,Dean of Enginesr-
Ing,Michigan State College
Reaponses
Ralph 8., Paffenbarger,Cnalrzan
Division of Englnesring

Drawing,A.3.R.E., Ohio Stats
University

Tralning and Early Experisnces of the
Engineering Drawlng Teacher:
Jarmes 5. Blackzman, University of
Nebraska
A 3tudy of the Effescta of Drawing
Tralning of High School Studenta:
Eernnath B. Parr, Purdue Univer-
ality
*Panel Diacussion:
C. Albro Wewton, University of
Tenneaasse
Frad W. Slantz, Lafayette College
Hatthes HeNeary, Unlverasity of
Haine
C.I. Carlson, University of
I1lincia, Navy Pler
Mark F. Harrla, Georgis Institute
of Technology

{Continued on page &)



2:00 p.n.

6100 p.nm.

7:30 pums

B:30 a.n.

2100 a.nm.

2100 p.m.
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(Continued from page 5)

TEACHER THAINING

Fresiding: H.C. Spencer, Illinola
Institute of Technology
Tralning High School Drawing Teachers:
Earl Badell, Vecatlonal Diractor,
Detrolt Public Schools
Drawing Courases = Technleal Inatitute
Program:
Frank Avila, Purdue Technical
Institute, Fort Wayne, Indisna
Teaching Technliquea in Presenting a
Basic Drawing Solutlon:
Lewls G. Pal=er and Robark J.
Hoora, University of Hinnesokts
Panal Discusalong
Wayne Pelbarth, University of
Detrolt
E.H. Griswold, Cooper Union
Arnold Bakaler, Illinols Instltute
of Technology
Robert R. Irwin, Oklahoma A.% H.
Stanley Hall, University of
I11inols

Dinner. Ladies ineluded - Shaw Hall
Speaker: Colonsel H.W. Miller,
University of Nichigan "Tne Sclence
of Learning®

Frasiding: Dean J.

ity of Datroit
Tour of Exhiblts:
Guestion Bax Clinle - Course Cutlines
and Student Diaplays

Gerardl, Univer-

FRIDAY, JUNE 22

Oroup Pleture - Auditorlu= Steps

BASIC DRAWING
Fraalding: Frederlek G. Highbes,
University of Iowa
Effectivenesz of Teaching Alda;
Carl W. Huhlenbruch, Northawestern
Univeraity
Color aa a Teaching Ald for Engineer-
inz Drawing
Rex W. Waynack, Univeralty of
Hotre Dame
Lecturs Demonatration = Foundry
FPractice:
P.H. Scodellaro, Univeralty of
Detrolt
Panel Diacuaalon:
R.R. Woraeneroft, Univeralty of
HWiaconsin
Robart W. Grant, Wayne Unlveraity
Frank H. Saith, Unlveraity of
Hichigan
Justus Rlslng, Purdus Univeraity
3.F. Cleary, Cornell Unlveralty
Lacture Derzonatration - Machine for
Making Perapective Drawinga:
Oliver H. 3tone, Case Institute of
Technology

DESCRIPTIVE GEOMNETHY

Fresiding: W.BE. Street, Texaa
Ak M. College

T3 pem.

2100 a.m.

Study of Descriptive Oeozetry Systens:
Irwin Wldaver, New Yorkx Unlveralty
Lecture Denonastratlion - Use of Cir-
cular Blackboard for Presenting -
Auxiliary:
Frank H. Lese, Colusnbia University
Lecturs Demonstratlion = PFerpendicular
Relationahips:
Clyde H. Kearns, Jr., Ohlo State
niversity
Lectura Danonatration -« Tangent
Planea:
Eugens Para',
of Technology
Panel Dizscussion:
Charles E. Rowes, University of
Texaa
B. Leighton Wellman, Worcester
Polytechnnic Instltute
Ivan L. Hil1ll, Illineola Inatitute
of Technology
K.G. Shiela, University of

Il1linois Inatitute

Wisconsin
J. Howard Persch, Purdus Univer-
alty
Fresidingt Harold B. Howe, Hensselaer

Polytechnle Instituts
Ralph T. Horthrap, Wayne Univer-
ity
Tour of Bxhlblts - Teaching Alds and
Inatruzents
Discusaion Clinle:
Fnilip 0. Potts, Unlverslty of
Hichigan
P.B. Hoose, North Carollna State
College
felvin L. Batterley, Illinoia
Institute of Technology
Hary Blade, CGooper Union
Clirford H. Ransdell, Texas A.& H.
College

SATURDAY, JUNE 23

ADVAKCED DRAWING

Fresziding: Charlea J. Vierck, Ohio
State Univeralty
Integrated Descriptive Geozetry with
Basle Drawing:
Lisuk. Col. B.0. McDonzld, United
States Hllitary Acadeny
Detalling DPasignt
Robert CG. Blelkamp, Washinzton
Unlveralty
Fictorlial Shading for Reprodustion:
Ira Brichta, Sander Engraving
Co=pany, Chleago, Illinols
Induatrial Application of DPrafting
Standards:
Laon DaMosa, Executive Engineer,
Cadillae HMotor Car Co.
Fanel Dlzcusalong
Guy H. Parham, Jr., Unilveraity of
Tannesaes
0.W. Palrbanka, Hichigan State
College

{Continued on page 35)
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THIS IS MICHIGAN STATE COLLEGE

by

Frofessor C.L.

HMichigan State College was a relatively
armall unliveraity before World War II,but it
atands today as the eleventh largest lnatitution
of higher education in the natlon. WNot only doses
it have the atudent body,but 1t has the educa-
tional philosophy,breadth of currlculusm, faculty
and phyalcal facllitiea to match.

Here are acze little-known factas about Hichi-
gan State College. Enrollment of atudenta
reached a poat-war peak of 16,243 during the fall
quarter of 1949, In the fall term of 1950,en-
rollment stood at approximately 15,000. Total
faculty,including teachlng,research and sxten-
alon,nunbers over 2,0200. FPhyalcal facilities on
the Spartan campus have groan trezendously since
the end of World War II through a vast building
progran. The Western Confersnce volced its ap-
proval of H3C's athletic prowesa when It voted
in May,1949, to accept Hichligan State as a mes-
ber of the Blg Ten.

The Institution has coze a long way since
1855,when 1€ was lounded as Hlehlgan Agricultural
College,firat of 1ts type In the mation. Carved
out of the pineas in Hichlgan'as Lower Peninsula on
the outskirts of Lansing, thias Institutlon haa a
tradlition in agricultural teaching and extenslon
work that can btoasat no equal, for 1t blazed the
trail for the land=grant movement which was to
follow In the 1860's., Thnese Inatitutions drew
upoen the graduatesa,educational innovatlona and
intellectual philosophy developsd at HSC. Cour-
ge3 In englneering ware opened in 18285,and by
1895 ong third of the college enroll=ant consiat-
ed of those .taking the engineering couraes.

In the 1920's, the East Lansing College,
boasting an enrollzent of nearly 5,000 students,
began to flex its muscles and prepare for blgger
and better things. After curricula In 1llberal
arts and applled sclence were added in 1921 and
1926,1t was natural that in 1925,the Aggles of
Michigan Agricultural College became the Spartana
of Hichigan State College.

tilchigan State 1a proud of 1ts herltage,and
gervice to the people of Mlechlgan haa remained
the gulding philesophy of the instltution since
ita founding aa the "atate college." Ths 15,000
atudents in the college classrooz=s are but part
of the broad service phillesophy of Michlgan State
Colleze,a program whlech extends In all directlions
to apread sclentifie knowledge to the far cornera
of the atate.

Through the Agrlcultural Experlment Sta-
tion, the co-operative Extenslon Service and the
Contlnulng Bducatlon Service,an additional
100,000 Hichigan resldents each year are glven
asaistance and tralning by the college.

Today,atudents have a cholce of approxl-
cately 70 currlcula,wlth 53 of these offering
graduate degreea. Among the coursea avallable
are agrieulture,homs sconomica, hotel adzinis-
tration, chemlatry, physles, engineering, medleal
‘technologzy, nuraing, police administration, busl-
nezs, art, pre-madicine and pre-law. The ad-
ministration of these coursez 1z divided into
elght maln schoola. They are: Agriculturs,

Hore Beonomies, Englneering, Veterlnary Hadicine,
Graduate Studles, Sclence and Arts, Busineas

Brattin

and Public Ssrviece, and the Baslc Collega, a
two-year program of general education.

The Eriginesring Drawing Despart=ment at the
present Lime employes seventeen ilnstructorsz on a
full time basails. It has its maln offlice In Room
312, 0lds Hall. It has seven drawing rooas in
01lds Hzll, four in the Wood Shop, and two 1n
bullding A-4 on Soukh Campus. Ten inatructors
are officed in 0lds Hall, two in the Weod Shop,
and five in bullding A-4. The drawlng roo= ca-
pacities ars elther twenty-four or thirby-two
atudents. In addition to teaching drawing and
deseriptive geozetry to englneers,the department
services the departzents of Forastry, Hotsl Ad-
ministration, Hoze Beonozlcs, Buslness Adsoinia-
tration, Industrial Arts, and Landscape Archil-
tacture in thelr drawing requirezenta.

Altnhouzh the school 1z in every way a unl-
veraity,offielals of Hichlgan State prefer to
keep the term "eolleze" to avoeld confuaion with
thelr sister Big Ten =azber, the Unlveraity of
Hichigan.

H3C got the Ju=mp on most of the natlon's
¢olilegea and univerasitles In preparing for the
post-war rlse in enrollment. A aslf-liquidation
program cozpleted In 1940 added slght =ajor
bulldings to the Spartan eazmpus at mo expenss to
the public.

In 1946, Michigan State launched another
buillding program, designed mot only to provide
educational fasilities for the returning veter-
ans, but also to adequately serve the Increasing
demands of Hichigan people for college educa-
tlons end nuzerous other services.

Now mearing eozpletlon 1s a post-war bulld-
Ing program which has added 17 major bulldings
to the BEaat Lansinz carpus. Also included in
the project were modernizatleon of the HSC Unlon
and Macklin Fileld Stadlum, and ersction of 11
gpartzent bulldings for marrled faculty snd stu-
dents. B51x large classsroos and laboratory bulld-
ings, including & new Agrlcultural Enginesring
tullding and an Electrical Enginsering Bullding,
a steam gensrating plant, seven dormitories and
a dormltory food service bullding have been con-
structed since the end of World War II. Ap-
proximately 60 percent of these structures were
built on a self-1iquidating baala, at no cost
to the publie.

Schaduled for cozpletlon early in 1951 1a
the rodern seven-story Kellogg Center for Con-
tinuing Bducatlon. It 1s belng conatructed
prirmarlly to accomzodate more than 103,000
Hichigan citizens who eome ko the campus each
year for the college's broad prozram of adult
education. The atructure 1s beinz Clnanced
largely througzh a grant from the Kellogg Founda-
tion of Battle Cresk.

Also Included in the post-war bullding pro-
gram 1s an additlon and extenslive renovation of
the college's veterinary medleine f(acillities.
Tne structure, belng bullt through lezislative
appropriation, fs scheduled for cempletion in
the rall of 1951.

(Continued on page 27)



Which Integrates ENGINEERING DRAWING ...
DESCRIPTIVE GEOMETRY. . . MACHINE DRAWING

Basic Engineering Drawing

WILLIAM WIRT TURNER, Professor and Head of Department of Engineering Drawing
CARSON P. BUCK, Associole Professor of Engineering Drawing
HUGH P. ACKERT, Assistant Professor of Engineering Drowing
— UNIVERSITY OF NOTRE DAME

AN UP-TO-THE-MINUTE TEXTBOOK designed to meet the needs
of teachers of cn‘fineen'ng drawing—different in scope, in content,
and in specific advances toward realization of the fullest potential

"1 is probably the best general treatise
on mechanical drawing extanmt. The

of the course.

Will help you meet the pressure-on-time problems thac beset every
engineering drawing course. Iis judiciously integrated streamlining,
developed and proved in the classroom, enables you to minimize over-
lapping in progressing from one phase of drawing to another,

BASIC ENGINEERING DRAWING will help you do a fuwe-fold
job: (1) equip the engineering student with a more thorough under-
standing of the principles of projection and descriptive geometry,
and how to use them; (2) familiarize him with the accumulated engi-
neering experience embodied in standard practices, specificarions, sizes
and details. The problems offered parallel conditions encountered in
the drafting room. '

preparatory work is invaluable for all
types of training."—]JACK SINGLE-
TON, Chief Engineer, American Insti-
tute of Steel Consteuction, Inc.

Combines Advantages of 3 Books
— ONLY 1 BOOK TO BUY

560 Figures.
&69 Pages.

500 Problems.

40 Tables. 6x9.

$4.50

FOR USE WITH BASIC ENGINEERING DRAWING . ..
2 Series of Well-Known Work Shesis — by the Some Auvthors

BASIC PROBLEMS IN
DESCRIPTIVE GEOMETRY

WILLIAM WIRT TURNER and CARSOM P. BUCK

Carefully chosen problems, classroom proved.
Series is general in character, for use with
any standard text in descriptive geometry
employing direct or auxiliary plane method.
75 sheets, 8YaxIl. 60 prablem layout sheels,
8 practice sheets. In envelope, Teacher's
Mantral available, $£2.50

Other Textbooks by WILLIAM WIRT TURNER:

FREEHAND SKETCHING FOR ENGINEERS, $2.50

BASIC PROBLEMS IN
ENGINEERING DRAWING

WILLIAM WIRT TURKER

Organized in graduated steps, with repeti-
tious types of practice eliminated. Based on
American Standard practices. Includes sug-
gestions o stadents, working instructions.
112 sheeti, 8Lax11, 74 problem layont sheets,
illustrations. 6 sheets each of practice and
tracing paper. In envelope, Teacher's Manual
available. $2.50

SIMPLIFIED PERSPECTIVE, $5.00
PROJECTION DRAWING FOR ARCHITECTS, $3.00

Examination Copies Available . . . . . . _.

THE RONALD PRESS

Fifteen East Twenty-Sixth Street

. Send for Them Today
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PERSONALITY SKETCH OF GEORGE J. HOOD

~
/

r
L]
1

|

George Jussen Hood, Professor Ezerltus of
Engineering Drawing at the Unlveraity of Kansaa,
1a an exanmple of a peraon who has succeeded in
two major flelds--teaching and inventing. Which
of thess channels has produced the most benefi-
elal results, is difflieult to ascertain. The
Padzett-Hood dermatoze, a skin-grafting machine,

A Dermatome

hasa made 1t possible for doctora to perform oper-
ationa regarded aa Impossible thiriteen years acgo.
During World War II, the army and navy used
hundrads of these Instruzenta Iin order to give
beat posalble treat=ent to battle wounds. FPro-
feasor Hood's descriptive geometry text, The
Geomatry of Ensinesring Drawing, was the firat
to utiliize the direct —ethad., Now, In 1tz third
edition, It is widely used.

Born Decesmber 31, 1277, in Chiecago,Georze
Hood =moved to Kanzaa with his parents at an aze

iy

early enouzh to attend school in Clay Center. In
1802 he was praduated with a B.5. degree in
Hechanieal Englneerlng by the University of Kan-
aas where ha was irmzediately esployed as & tea-
cher. In 1917 he earned the degree of Mechanl-
cal Engineer snd was awarded a full professor-
ship. BPBEefore graduatlon his ambition was appar-
ent. A3 an exarple, durlng the summer vacatlon
between hls Creshasn and sophozore years, the
student Hood borrdwed a ealeulus book, worked
all the problems it contained, and in the fall
convineced the mathemstles departzment that he hed
suceessfully cozpleted the caleulus requirezents
of the englneering currleculu=., He also earnsd
his college expense money by organlzing a dance
band, rentlnz a dance hall and putting on Sat-
urday night dancea. That he was able to use hils
anbition for the benefit of the graphle arts ia
nos history.

During his earlier teaching days Frofessor
Hood often alternated btetween teaching descrip-
tive geometry and designing machines. When
working at hils drafting table, he visualized the
function and shape of each machine part, think-
ing of sach view of the drawing as If 1t wers
the actual object itself. Tnen,during the fol-
lowlinzg hour he switehed to teaching projections,
according to the Honzean syatem then ln usze,
Here the drawings becams lines projected on s
flat surface, and the projected object was con-
aldered as exlsting separately from its projec-
tiona. ;

Frofessor Hood recoznized that this result-
ed in an indirect way of thinking and was in-
conslstent with the attitude of oind of the en-
Zineer. The projection of thres-dizensional ob-
Jects onto a plane by the use of diatracting
planes of praojectlion, ground lines, and tracea
of planes all conatituted an Indirect approach.
It waa thia 1ine of reasoninz which led hia to
write hia textbook on the direct method which

(Continued on page 33)
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TECHNICAL DRAWING CURRICULUM AT
ILLINOIS INSTITUTE OF
TECHNOLOGY

by: H.C. Spenter

Tha idea of tha desgres curriculum in technical draw-
ing developed from thres main thoughts = thet there is a
reed for tetter trainsd dreming teachsrs,that the dreming
depertzent in en englcsering colleze i3 the ezt plece to
get such treining, snd trat it is good for the dreming da-
perteant to provide the training.

First; there has teen no resl collegs curriculum in
exlstence for the specific end theorough training of tech-
onicel dréwing teschers, either for high schools or col-
leges. Thehigh school machanical dreming teecher hes ra-
ceived & treining in irdustrisl erts, shich inoludes &
general studies background, s group of verioua industrial
erts courezs inoludinz severel kinds of shep work mith
sone gourses in dreming, and a specified group of courszes
in educetion. Thne quality of this work variez grestly in
different instituticns, snd is often very wesk, espaoislly
in the teschers' collezes. However,excellent courses are
etvailable in scma institutionsz,inoluding Texss A.& H.
College, and the trainiog is good for mll-arcund indus-
trial arts teachers aho may be celled upon to teech mood-
mork, netal mork, generel shops or &ny one of & variety
of irdustrinl &rts subjects, including machenicsl dram-
ing.

I en not concerned with the general industriel arts
teacher, for whon edequate training is alresdy available,
But in the mediva to large high schools, the technicel
high schools, the vocstioral achools, trade schools, and
tachnicel institutes, the sechanicsl dreming teacher
tesches nothing btut drasing except in an cocesiconal eser-
gency. In such schools ke mey tesch everything from ele-
mentary drewing to erchitectural drewing, machine drem-
ing or teol =end die design., Here, the tescher ceeds to
b2 & spacinlist - & man thoroughly traiced end experienced
in the broad field of the graphic lengusge. Nesdless to
say, this type of tescher is hard to find erd ruch in de-
pand. These scheools ere quite proud mhen they can e=m-
pley & dreming tescher who has & degree in engiraering,
and soce of these teschers are ergireering gredustes. Bub
it is difficult to cbtein greduate engincers bacause they
did net prepsre thenselves to be teachers, and of course
they ere not teschers, It is nsgessary for thea to talwm
& considerable mumbter of education courses to satisfy cer-
tificsticn requiresents, and this prevents marmy enginesra
from entering teaching in the publie schools - &8 it
should.

Tre engloeering graduate is not only deficient in
matheds of tesching, end I think this goas for collegs
tzeching &8s wall as high school teaching, but he is moa-
fully short on treining in draming. In Chicsgzo, high
scheol dreming teachars frequently cozma to us for edditica-
8l courzes in dreming so that they can qualify for per-
manant esploymnent. This is psrticulerly tree of engineer-
ing gredustes who went to enter teaching.

The enginzering gredusts may Ymow scmathing about
s0il machanies, the theory of indaterninste structures,
ultre high frequency waves, elestronics, thermodynsaics,
Jjet propulsicn, eor spectrescopy, but he protably has had
no more then 6 or 7 secaster hours of dresming. His Jmew-
ledge of axcnomatry is limited to a few sinple isccetrics,
&rd he protably had nothing on tepeographic dreming or
structurael dreming, to say nothing of machine design or
architectural dreming. IT he is & chealeel er mn electric-
el enginser, he may not have hed more than 3 or 4 sezastar
heurs of dreming. He night not have hed any descriptive
gecoatry which is abeolutely basic to ell dreming courszes,
erd protably he mouldn't know & topographic dreming from
& nonographic chart,

This presents an entarresing situation in recrviting
young teschers for cur cwn college draming staff's - Most
of our teachera ara racesssrily engireering graduates,
mhile so=e Bré iodustriel arts majors cor erchitects, It
is diffieult to find & young engineering gredusts with
nore than & B8, dezree, becsuse if & man goss beyond that
in his chosen engineering field, he is likely to be inter-
ested in that field and not in draming. We uaually tske
thea as yotung instructors with the B.S. degree and then
ancourage them to get m Master®s degree &5 s0on &8 possi-
bla. In the nesntice we epcoursge thea to take scoe cours-
g3 in education, to take courses which will broaden their
kncwledge in diflerent espects of dresing,end to get soms
industrisel experience. Finally,this process may produce
rezlly excellent man, tut it dess not alter the fact thet
it mould heve bteen much better if they ecould have taken &
collage courze which was specifically desigred to train
thea to be dresing tsachers.

My seocond resson for suggesting & specislized degres
curriculua in technical dresicg is that engirsering col-
leges are ideslly equipped to provide the basic enginssr-
ing treining required; snd the drewing deparimant is wall
equipped for such & job. It iz the buszirsss of the en-
gireering college 4o train technicsl pecple on a high
level, and the [irst two to three yesrs of that b=sle
technicel training is just what the drawinz teacher needs
if he is to b2 reslly mell-grounded in fundezentals, For
exenpla, If ke is to have machine design, he must hsve the
mathezatics, mechenics and pecheniszn that precede it,

Hy third reescon for suggesting thet & dezree curricu-
vz in technical draming mould te & step forward is that
such & curriculim is just what the college draming ds-
partzent needs for its own professicnal developoent. We
brlieve that dresing should be taught in s feparate dspart-
mznt - separate from the ME, CE, or smny other departzent -
wheréver the sire of the school mill permit it, or where
the sdninistration cen t= convinced of it, It is ergusd
thet when the departzent is set up &s an independent unit,
it hes & chence to obtain salaries end expenses especially
for its work, sand not es & step-child of some najor da-
partesnt, The departzent can then be fully represented in
the high councils of tha univereity where its needs end
aspiraticns may ba presented, explsined, ard {f necessery,
fought fors

Bowaver, il such a deparizment receives equal treat-
mant, it deoes 50 83 & result of umisusl azzressiveress ard
against certein chatagles thet ere inherent in the set-up.
The dreming depert=ent finds itself claszsified &5 a tool=-
subjects departzent, like cheaistry, physics, eccnomics,
or pathematics. It is not quite in the sese clsss,pres-
tige-wise,ss the major engineering departzents. In fack,
tre dreming depsriment may even find itself at m dissdvan-
tege conpared to other tool-subjects departments, as wall
a5 the msjor enginsering depertments, tecsuse the draming
departnent mlona does not grant degrees and in fect ususlly
teaches little if anything beyond the freshaen year., In
wathenatics, chealstry, plysics, economics, mechanical en-
girzering, and all the rest, the student cen specislize
in his chosen field snd obtain & bacheler's degres or even
continua to tha Ph.D. degree.

Scme illminating reflecticns cen te mada froa this
situasticn thet are szain e little eatarrasing to us. The
teacher of cheaistry,biclogy,English,electricel engimser-
ing,mathezatics,or any of the rest,must be & specinlist.
They are oxpected to heve, not just the B.5. degree,but st
least the Mester's degree and often tha Fn.D. degres,

{Continued on page 10)
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Recently I checked the degrees of the staff of cur Cheai-
cal Engineering Dopartment end found that seven ocut of ten
had Fh.D.degrees. I haven't checked other depariments,ard
this may not b2 reprezentative but 1t is cleer that as
regards dogreee our drewing teschers ere at a definite dis-
sdveantage - sinply bacsuee other depart=ents regulsrly
grant degrees and we do not,

This 1s not to belittle the Job performed by the
draming departzent in teaching the graphic language to
all enginssrs,or to say thet this functicn sheuld oot be
regarded as inportant By cur collesgues snd adainistrative
officiels. PBut we ars equippad to do m grester Joband T
talieve wa can do it.

In addition to the service me can render in training
tzaokars of dremicg,and in additicn to the sdninistretive
edvantages to the depart=snt ftszelf, sucha curriculun is
of great wvalua in the professional developeent of cur staff
meaters. In dreming,it kas been the rule to t:ach over
end over two or thres basic geperal courses. W enjoy
teaching thea,and they &re very importent. We have crgan-
irad them to such m degres that other engimsering teachers
polnt to theam es molels of organiration end presentatica.
However,sa have time for only a few parlcds of technicsl
gketching, & fem more oo multiviem projection,s few on
pictorisl draming,e few cn dimenzloning,snd so0 ca. You
know heom the time edds up, We have time only for a brief
ganpling of btasie fundementals, and many importent things
rust ba mmitted sltogather. Since it is not necesesry for
instrustora to lesrn s great desl mora then they teach,
eary are icclided to "get in the rut” as me say. Let us
hopo there are not too many in thet catagory.

(n the other hend,if the dreming depsrtment can offer,
in eddition to the usval brlef &nd elezentary courses,s
emplets curriculim including m coaprohensive varlety of
draming ooursas,the teschers in that departsent will have
cpportunity to tesch not only scoe differsnt courzes,but
advanced courses as well. This is bound to heve m brosd-
ening erd stinulsting effest,snd should zake teaching
dreming more challenging snd interesting.

8o much for the geraral lice of reascning that led
to the degres curriculum in technicel dramlpg. Host of
thezs idess had besn in 5y mind for many yesrs,snd it was
with soza surprise mhen it occurred to me last spring that
at our instituticn wa were in a pecuwlisrly favorable posi-
tion to start eo=ething. The question, "Why doa't we of-
fer & degree in teshniesl drawlingi™ had been asked many
timas by students who didn't dmow mny better, and by tesch-
ers mhen they mere in en imagicative mood,

We alreedy had in cur catalog a ratherextensive list
of coyrées in technical dremipg. In the Chicago eres,thera
is prectically every kind of industry and there is a consid-
erable dezard in cur evening clesses for & wids wariety
of courses. Conseguently,most of thesze courses have been
offered in the evening,with relatively fem atulents taking
them in the dey olesses,excapht for the thres major required
eturses, It ocourred to us that i€ might be possible to
build & curriculim in technical dreming mhich would Eake
use of the courses we already hed,plus & few additional
ném courses es needed. Wo already hed in the collegs of
ergicsering all the tésic engiceering courses meeded in
such a currlculum; and wa had a depart=ent of educatlon
which ocould supply all the edesation courses oecded to
maat certificaticn requirezents.

Thie general idsa was fully discuszed at ooa of our
mzakly depertmantal ataff maetinga,ard everyooa mas en-
thusiestically in faver of tryleg to put it over. A com-
nittes was then appointed composed of Frofessors I.L. Hill,
Bugere Pare',ercd R0, Loving,to prepare a tentative currl-
eulua mhich mould ioeluds the first t=o btasioc yeers of en-
glesering,the sequence of courses leadicg to michina de-
sign,m mide variebty of technicel dramlng ccurses,and all
the pacessary courses in education. This was quits a job,
iovolving not coly msmy courses in othar dapartzments,the
creatica of four new courzes in technleal dreming,but also

stats and oity high scheool ard vmior college certifica-

tion require=ments. The curriculum they prepsred 1s essen-
tially the coe ipally sdopted,as shown inm tha folder. In-
oidentally, the folder was izsued by cur Public Relaticns
Dopartzent,and I kope you mill not be frightened by =y ple-
ture or offendsd by the flomsry statements whioh publicity
ron seea to think necessery.

The rext step mas to coatect the Chicago Supsrvisor of
Drafting with whom cordlal relaticns slready existed,and
gsk hin to sit in with us in Steff meeting and give us the
tenefit of his advica. He pads geveral good supgesticons
end mhole-hesrtadly mpproved the curriculum, I had the
privilege of presenting the proposed curriculum tefere the
Chicago Drafting Teachers' Section which met with us es
cur gussts,and the ides was very feversbly received. Chi-
cago school authorities mesured us that our greduatss mould
have no trouble finding eaployment in the Chicsgo scheool
systen.

The npext step wes to cootact the Stats suthorities st
Sprirgfield to ses if they would epprove the curriculus.
The Secratary of tha Board of Exenioers paid our depart-
mnt & personal visit snd mssured us of stete certification
for the high schools of the State of Illinols.

Tou might think that we were through by this tims,but
sctually the big test was yet to come., We still hed to get
the spprovel of Illinois Imstitute of Technology,which mema
the pomerful Currleulim Committes composed of tha Fresident,
the deans,end ell dapart=ont hesds. Wa had doma the spadae
mork,the curriculum wes in as perfect shape as wa could get
it,end we hed the sdvance approval of olty and state suthor-
ities. Tha Curriculum Cocmittes approved the curriculum
unaninoysly,snd directed thet it be published in the neat
issus of the catalog.

Atheugh the next catalog does not appesr until maxt
April,the progrem was started lest fall with ebout & doren
students, OF course it is too eerly to predict the demand
for thia nea curriculum,cspegially In viem of unsettled
world conditicos. Nevertheless, wa sre golog shesd.

It 15 n 4-year gurriculim lesding to m B.8. degree in
tachnical dreming, The first t=mo yesrs are practicelly the
sane as mechanical enginsering,inoluding the mathezatios
through the celeulus. In tha lest tmo years,the machenical
engineering courses are conticued that lead to sachins de-
algn,inoluding dynsaics,mechenics, mecheniens,snd matallurgy.

Cutslida of the machice design sequence, speolslized
courses in mechanical engintering,such es thermacdyrsmics,for
exenple,are oalttad snd & wide varlety of draming courses
era addsd,including technical slmtching,lettering,erohi-
teotural drafting,pictorisl rapresentation,advanced tsoh-
nical dreaing,prodect deaign,structural dreming and topo-
graphie dremicg, Also,to provide basic methods of tenching
end to meet certification requirezent for high schools,cer-
tain courges in educstion are glven,including methods of
teeching in high echool,public speaking,practice taaching,
visual aids,and mathods of tesching technical draming.

Tre curriculun is intendsd pricarily to trein tech-
nlcal dreming teschers for high echoole, junicr colleges,
technical institutes;trads schools,sard universities. Sec-
opdarily,slece the curriculun contains ebout tmo thirds of the
nork for & B.8, dagres in machanleal enginsering,the gred-
uites ars expasted to ba in demand in industry in the areas
of drefting end design,and in company training progrems. IF
a graduste decides not to go into teschiog he can,mith about
throe sezesters' additional work,obtain a B,5. degree in
machenicel englosaring,

The curriculum ie now aveilable in both day and eve-
ning clagses during the year and in summsr school. At pre-
gont it is given entirely on a continucus tasis whera the
student contiooes in mehool until gradustlon. Beginoning
next Fall,the curriculum mill also ke available on the co-
op basis in which the student may earn his way through
sochoal by merking in Iodustry ore semester and golog to
school the followlng memester. This will take about five
yedra to greduste but he will have ovar twmo yeara of

{Continped on page Eﬁs
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ouiside
normal channels

THERE are times when communication via ordinary channels

is inadvisable or even impossible, and extraordinary means
must be used. During war for example, secret ship-to-ship or
ship-to-shore conversations are held by means of an infrared
lamp which gives off invisible light. Its beams are modified by the
current set up by a voice speaking into an ordinary microphone.
These “modulated” but invisible beams are picked up by a de-
tector photo tube as far as 10 mites away and transformed back
into the voice again! .

There are times when educators have to use extraordinary
means to communicate with their students. Moest of the work of
education consists of just such “communication outside normal
channels.” This is the communication of ideals, enthusiasm, am-
bition, the idea of disciplined work toward a goal. Mot in the
curricufum, yet the most vital part of the educational process,
when you have given a boy thesze, you have given him the foels
to work with and all elze is but the material he will work upon.

How give him these tools of the spirit? Not by saying: “Boys,
let’s be enthusiastic; let’s have high ideals" Instead, example

Phote ecuriesy Weatindbouse Electeic Corp.

does it. One way is to make sure of the material fools that will
be provided him . . . to make sure for example that the drawing
tools used by a student of mechanical drafting suggest, reflect and
do not confradict the ideas you are trying to communicate to
him. Let careful craftsmanship here commuhicate the idea of
careful craftsmanship there, in classroom work. Let the realiza-
tion . . . that fhese instruments /f of professional quality are
used by great engincers . .. communicate the idea of greatness to
the youngster. Example, not confradiction. And anything less
than fine tools will contradict all you are trying to say.
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GRAPHICS IN RESEARCH

ALS, lpETE:'.-B-z

Comyright 1960 by

It is wall recognized that graphica is ore of the
inportsant lengusges of the enginser and scientlist. Cre
reed not dwell wpon the usefullmess of graphica in the
preparaticon of engineering dremings, vector disgrens,
charis, ipdustrisl illustretions,plotorisls for texts,
coomaraial brocchures,eto.

Many escientists who were engeged in the lest world
wer effort have realized ths I'IPthi'ﬁ.CE of developing
fecility in preparing gocd,understandable,frechand sketch-
€5. Hezesrch personnel also spprecists the importent part
ttat graphics plays in the snelysis end presentaticn of
experinental deta, end in the preparation of ides sketch-
es for the design of equipzent srnd messuring instruzents,

It is therefore most essential that instructors in
tha field of engineering graphics should participate ac-
tively in research projecta erd eeek every opportunity to
dexcastrate the effectivensss of graphio metheds in solv-
irg problenas that arise in this field,

If this is dens, & brosder interest in grephic ma-
theds and a fuller sppreciation of their uses will ba
stimulsted, Arnd whet is equally inmportant, s nuch better
Job of teaching wlll result. Both students acd instruct-
ors will experience groster enthusiess for grachios end
8 desire to explore tha wider scope of the spplication of
furdenental principles snd the further develepoent of
enalytic power.

Recent research studies et the University of Cali-
fernis heve afforded the writer en’ opportunity to par-
ticipate in problezs concerced with the deteralraticn of
megnituies of roteticn, displecesant, velooity ernd mccel-
eration, Reference Is made to the Prosthetic Davices
Rezesrch Project® which wes dlscussed in a paper "Hew
Aorizons in the Field of Graphics™" presented at the su=-
mer school for enginsering dreming teachers -iurlr.g the
5.F.E.E. esoting et St.Leuis in 1948,

This resesrch project,which is still asotive,eabraces
the following:

(&) studles of husan leccmoticn - tha machsnies of
notion of the legs, cessurezents of the ranges
of motion in space,inoluding rotations of the
major segnants of the legs during locomotion,
end in particuler,the study of the setien in
the major joints of the lomer extreaity, e.g.,
the hip, knee, and ankle joints;

(v) studies erd analysis of the phese and sction of
the nisculatura;

(c) studies relating to fscters contributing to tha
confert of the saputes;

{d) muscle erargy cutput in reletion to locomotion,
energy chsracteristics for design of srtificisl
limbs,

{e) structursl enslysis,design,snd ezcelerated test-
ing of waricus types of leg prostheses.

A mmber of problems that arose in the stpdies of

lecemotion mare best solved graphically.

Exsnple 1.

The paper referred to above irclveded & deseription of
the technique used in deteraining the horizontal transverss
rotstion of the tibie (largar shin bone) arcd the fezur
(thigh bona) at the ke joint. Briefly stated, this
consisted of plscing 2la, stainless steal pirs into the

A.3. levens, ._.r::ela,:. Cslifeornia

bones, etiaching tergots to the pins, snd than phote-
graphing the motion of these pins durinz locomotion by
e=an3 of three 55 ma, potlea pieture cameras, so posi-
tionad as to obtain horizeoatsl, verticel ard profile
viens. Furnda=zentally the problea reduced to "the deter-
nination of the engle batween two skew lines.™

Exanpls 2,

Another probles consisted of the detsrmination of ths
Teibic-femcral® angle. It was found pecesssry to zsesure
the magnitude of the angle betwzen the "tibia-plare®
(defired by the axia of the tibim snd the pin in the
tibia) ard the Feaur. This problen was solved by finding
"the sngle tetssen & line snd & plens.”™ The solutien is
shown in Fig. 1, The tibia-plere is definsd by points

~ [n.u: PARMLEL TO "N&th PLNE®, cda,

FiM N TigA

Figure 1
Determination of Tibio-Femoral Angle

c,e,d,end the femur by lire &b, Lire of is instroduced
parallel to plere Il and in trisngle eda. The trus

langth of lire of is shown in the projecticn cEfz.

{Continued on page 14)

IPaper pressnted at A.5.E.B. resting, Seattle, Washinzbon, Juma 18-23, 1950,

fProfesaor of Enzineering Design,

certain cherts thet eppesr in this psper.

In charge of Engimeering Grephics, University of Californle, Berkeley.
12 suthor is grateful to the Technicsl Director, Professor H.D. Eberhadt,

for peraisslon to use photographs and

“publisted in the Mey issus of the Journsl of Enzineering Educaticn, 1%4B. & more cozpleta coverage appears in tha
Proceedings of the Engineering Dresing Division sumer School, MoGrem-Hill, 1949, pp 583-500.
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Kow, if plezma III is introdused parpardiculer to both
II aod lice of,the "tibis-plane®,ced, will sppesr 85 a
lire, snd the ;rﬂj&ﬂtlﬂﬂ of "Pemur® &b, will sppecr &=
6zbz. The required sngle will B2 s=en in the projectica
on plam 111, whera line &b sppears inm true length end
point "a” iz in & plane perallel to the "tibia-plans®,
ced. The trus enzle, ¥ is szbzsz. The pethed E‘plc,’ei
in the solutiea is well known, yot it is m striking ex-
aaple of the applicatica of the fundementsls of ortho-
gorel projection, coupled with correct enslysis, to s
problea quite remote from those ordinerily experiencad
in enginsaring.

Exanple 3.

During the esrly stages of the prosthetic devices
rasasrch prograa, 1t mwes realizsd that studies of gait
both in nerzals ard in maputess would throw scce light
on walking patterns. It wes felt that theess studles
mould halp deternin® normal or everage geits, and dsvis-
tions froa the normal,.

Displscezsnts in the verticel plsre of progression
of zalient points of the lez were determinsd by sn "in-
terrupted light technique®™. The subject malked in front
of the open lene of & cewmera which rhotographed smsll
light.bulbts placed &t the Llisc creat, the grest trochank-
er, t¥s centers of rotation of the ke and the enkle,
anl the hsel &nd tos of the shoe., The field of view of
the ce=ers mwas interrupted by a slitted rofteting disc
g0 that the displece=zent pattern appoared to be snall
lights moeving eleaz the paths of the joints. A& Eodetren
gpeed lanp was used to obtain an exposure of the subject
at nid-fleld for purprses of identification, Fig. 2
shows the results of this techniqus, and elso, points
Joined to delineste the pattern of walkinz.

Figure 2
MNormal subject, level walking -
Locomotion Study using interrupted
Light Technique,

Crce the dlsplacezent-tirma deta mere avallsable, it
wes then possible to computs velcooities and accelerations.
Yelocities mere calculated by messuring the distences
tatmeen consecutiva dota, corrscting for tha scsla fagtor,
and then daciding by the time interval 1/30 zecond. Ade-
ce¢lerations were caleulatsed by differsntisting the velo=
city-tima curve, i.e. by dividing the difference betmeen
consecutive velopities by the tine interval, Fig. 3 ghoas

resulting curves for horfzentel velooities and agcelere-
tions of jolnts of the leg.
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of joints of the lef = normal level
walking.

Another technique uzel consisted of photographing
the subject with & 25 mm. moticn picture cesmera while the
individusl progressed with snall targets attached to
gallent points of the leg. In this case the targets com-
slated of so0lid black circles glusd to B ome inch squere
white edhesive tapa, This is ghown In Fig. 4. It mes
quite spperent thet b2csuse of the relstively large tar-
gets, the numerics]l method of differentisticn eculd not
be eaployed satisfactorily., Ihe displscenant dats,
therefora, were plotted as s functicn of tizme, sand a
g200th curve dresn through thzse points. The methed of
graphical differentieticn wes then ezployed to obtain
the welocoity-tine curve which, likemise;, was differen-
timted graghicelly to obtsin the gcceleration-time rele-
ticnchip.

Essentially, the methcd of graphicel differentistion
consisted of the folloming procedure:

(a) Suppose s displscement-tiza curve were glven as

shomn in Fig. 5.

(b) Assu=2 a pole distance, OPF, of four units (eor

ary convenlent distance).

{c) Introducs reletively shork chords which closely

. approximate parallels to the tangents to the curve st

points sidasy between the ends of the chords; e.g.,
chord AB closely spproxizates the direction of the tan<
gent to the curve at point C. It zhould te noted thet

the chord lenzth zelected is & function of the redius of
curvature.

(Contirusd on page 16)
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Figure 4
Subject with targels attached to salient
points of the leg

Figure 5
Graphical Diferentiation

{Contirued fros pege 14)

{4) ¥ow, & lire is dresn through point P oparsllel
to chord AB, intersecting the crdirete exis st point D,

(e) Tre intersection of & herirontal lire through
peint D with e verticel line dresn through point © lo-
cates point B, a point on the veloolty-time qurve., The
glopa of the curve.et point € is one as read on the right
hend scsle. Gradustions on this scals ere equal to the
values of the graduations cn the displecerent scsle di-
vided bty the pole distance. As & cheok on the valus of
the targent at point C, note thet in triengle AEF, the
tangent of mngle B A F is on=,

(f) Other points ere located in a similer mannsr,
ard & snooth curve dresn through thea to esteblizh the
veloaity-tins curve.

If the veleaity-tine curve mere differentinted we
would then obtsin the ecceleration-tize curve.

Exanple 4.

The relaticnship betwszen enkle angle, Oy , srd an-
gular velocity is shown in Fig. 6. Data were plottsd for
enkle engla va. tima, The curve dremn through these
points wes differentiated grephically to establish ths
velosity-tine curve. The cethod enoployed was the sesa
a5 shown in exsnple 3,

Exemple 5.

ine enployment of the methed of graphic integretion
is wall illustrated in the deterainsticn of the verticsl
and horiecntal conponents of ecceleraticn wara obteined
from & force plate record of vertical floor reacticns,
&rd fore and eft sheera.

Vertical mcceleration is equal to the vertical floor

resotion minus the body weight dividsd by the body mass.
Hathenstically the expression is

F =X
v

[\ e

(LR EEETE T

-3 PRI T b ET )
ANHLE ANGK AT 8LKL

i EfaTEZY

g Figure &

F] Ankle angle and angular velocily vs.

M masaws e s

time for one stride, during level walking.

{Continusd cn page 17)
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(Continued from page 15}

Polnts on the vertieal acceleratlon curve wers
obtained froz the verbkical force carvesz shown
in Flg. 7. At point & of the vertlecal force
curve, the value is spproxirately 1854; and tha
body welght is 1860#. The value of polnt A' on
the verktical acceleration curve ia

185 5
B, = 32.8| — ~1]| =z 5 +faai:, .
169
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Figure 7
Mation of center of gravily of a normal
subjecl during level walking, Data ob-
tained from vertical floor reactions.

In a sirilar manner other points were located on
the vertical aceceleration curve. The third and
fourth curves - vertical veloelty and vertleal
displacerant - were obtalned by graphie inte-
gration; 1.e., the velceclty curve was determined
by integratin: the acceleration ecurve, and
similarlly, the displacezent curve was attained
by intezrating the velesity curve.

The horlzontal acceleration surve was deva=
loped from the fore snd aft shear curve. Soe
Flg. 8. Horlzontsl accsleration 1s aqual to the
horlzontal force divided by the body rasa.
Hathezatleally the expresslon 1a

FHg
Hg

At polnt B of the "fore and aft" shear curve,
the value 1s approximately 10 lba. f7ne valus

of the corresponding point B' on the horlzontal
accaleration curve Ia

10 x 32.2 o
8y = ———a . =:2l/aan
180

Onece the curve for horlzontal acceleratlon has
been establlaned, it ia a slople matter to
develop the horlzontal velozlity curve by inte-
grating the acceleration curve. This 13 the
third curve of Flg. 8. The latter could be
integrated to deteralne horlzontal displace-

menta; however, this was not regquired in these
atudies of locozotion.
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Figure 8

Motion of the center of gravily of a nor-
mal subject during level walking, Dala
oblained from fore and afl floor reactions,

Exarple 6.

A very 1ntare§ting phase of the project
dealt wilith studles' relating to below-elbow
armputess.

fFor rany years it has been considered
lozlesl snd ideal to pewer and artiflelal hand
or hook by mesra of voluntary contraction of re-
aidusl muscles of the arm rather than by body
movements such aa the shoulder shrug. Tne pro-
ble= of a durable and efficlent linkaze betwsen
the musele and the moving mechanlsm of the pros-
thesis appears to be solved by the conatruction
of a rmusels tunnel. This 1s a surgleal pro-
cedure to provide a skin lined tunnel throuzh
the musele, into whiich a pin 1s inserted with
cables attached. Contraction of the musels
displaces the tunnel and the pin tranasitting
force for prehension to hand or hook.®

"ine bilceps rmsecle tunnel 1s of greatest
value in the below-elbow amputes. In this type
of smputatlon the entire length of the bleepa
13 avallable and provides adaquate sxcursion to
acktivate the proathesis.m

(Continued on page 27)

Ipatails appear In a brochure, "Biceps Glneplasty and Prosthesis for Below-Blbow Anputations,"
prapared by Prosthetlc Devlces Rasesrch Froject, Unlversity of Californla,Berkelsy or Los Anzelas,

California.
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DRAFTING PROBLEMS ENCOUNTERED IN
STRUCTURAL STEEL FABRICATION

by

R.if. Sherzan
Executive Ernziresr, Central Texas Iron Works
Weco, Texas

The title of this papar "Drafting Froblesns Encount-
ered in Structurs) Stesl Febtrication” lends itss1f to
rora then one interpretaticon ms to the contaxt of this
nriting. I shell trest this subject from the stendpoint
of the drafting dspertmant of & structural steel fabrica-
tor ceonsidered a3 & dafinite unit of the busziness and shell
discuss the many problens involved in the cperation of
this unit. In prepering this psper, I want to acknosledgze
the helpful advice and eouneil of Mr. M.R. Van Valkanturgh,
whose many years of exparience in this fleld have nade
hin & rezognized suthority,

Since strustural steel in its firsl febricated fern
iz alntst invarisbly incorporeted in structures mhersin
public sefety or publie heslth is imvolved, it becomes
racesgery to provide thet its design,febricaticn end ersc-
tion be dome by or supervised by Professiconel Enginsers.
L1l Torty-eight States heve statutes which gererally plscs
this responsibility in the hands of Registered Profession-
el Engineers. In this three-step process of design,fabri-
cation and erection,ths structurel stesl febricator holds
& key pesition. 1t is his responsibility to feithfully
cerry cut the requirezsnts of the design dresinzs through
his ovn processes,mhich substantislly econsist of two
stepsj the emsking of shop deteils end actusl shop fsbri-
caticn., For fesr of over-simplification of this procsss,
let it be stated that the entire structure of e strustural
gteal fabricetors orgeanization is cemplex erd intricots,
requiring major finsncing,much experiernce acd the sppli-
cation of professionsl knowledze end specianl skille.

The purpose of the preceeding cbservaticns is to
plece the makicg of shep deteils - the drafting dapart-
mant in this erganizstion - in its proper mnd vitally in-
portant place fn this procses of design,febricaticn and
erecticon of structural steel. In its own orgenizztien,
the drefting depsrtzmant,to quots froa tha revent hardbook
on. Structurel Shep Drafting published by the A=cricen
Institute of Stesl Construsklen,is "the hub arcurd mhich
all operations turn”,

The one purpose of the drafting depart=ent is to in-
tzlligently interpret plens snd designs prepared by preo-
ticing Professicnsl Engirsers &nd to comvey these inter-
pretetions into structural shop detsils,shich when uzed
to procass strustural steal shapes,will resvlt in s
strusturewhichwillte & faithful reproduction in steel of
the designing Engineers plens.

Tre conventionsl orgeniration usunlly consists of a
Chiefl Engireer, a Chiel Drafts=an,checkers and datailers,
wherein the Chiefl Enzireer is the geraral executive di=
rector of the drafting depsrtment as well es the Engirazr-
ing Executive for the entire orgenization,with tha Chief
Drafts=san in direct charge of the mensgement of the draft-
ing departeont and scheduling the work so that orders ere
procesged in the propar sequence and in sush A manner thet
the talents of his nen ere used to the best sdvantsge, It
ie under the direction of the Chief Draftscan that sll
shop details &re mads srd it naturslly follows that he is
responsible for the ecourecy of the dremlngs,maintsining
of stenderd procedures,snd the solution of technicel ard
pathezsticel proble=ms.

It meuld sppeer that s drafting depirlsﬂnt,tu op=rete
with the most efficiency,should be sanred by Enginsering

ing gredustes mith yesrs of experienca, Homsver,froa an
overell starpdpolnt,the tesks to be performed wary froa the
nest neniael end relatively simple to the moat intricste and
involved, and therefors, undar professicnsl supervision,

it is possible from & standpoint of eccnomy to use men of
lesser education snd experience im the lowsr bBracket mnd
ren of nore experience end education inm the upper bracket.
Cne of the problezs of & drafting depertment is proper
talence of experiences to inexperience end a balarce in the
verious levels of education.

It would be possible to operate a sizable structural
drefting depart=ent ctapoced of draftszen shose education
extendad very little pest high school,provided the ex-
perience fmotor wes in the proper proportion,but very few
fabricators would went swvch en crgsnitaticen. Structural
steal 18 purely en enzinsersd product and ora of the mncoat
inportent points of control,tha prepsrlingz of shop details,
cannot b= entrusted entirely to the layren, Therefore it
t=ocmes recessary to heve in the drafting departasnt or-
gonieation a sufficient nmtsr of ey personnel who sre
Profezsicnal Enginesrs end who have suffiecient experienca
to give then &n easy snd reedy imowledge concernins the
enginssring plans with which the depsrtmeént is morking.
These men are wsuslly esslstents to the Chief Draftsman or
ars checkers or squed lesdera. The Inportarss of engirser-
ing knewledgs and experience in the drafting depsrizent
esnnot ba overastimated,for it is essily possible for
gsricus weeknesses in the finishsd atrugture to develop
through ignerancs of engirsering primciples whils tha shep
dramings are bolng rade. It is true that it iz custozary
fer the designing Engineer to check the shop dramings upon
completion to ses that sll connecticns sre sefe mnd that
811 freming is hardled properly tefore the dremings ere
placed in the shop for fabricstion, Such checking, how-
aver, iz a tedious chore, end many designing Engirsers
enly give tha dremings & rether rough chack snd rely upon
the lebrleator to have a drafting departzent of high
entcugn professionsl level to elininate connection and fres-
ing errora and et the sze=e tinme poseibly cetch soze errors
the Enzlneer hinself night heve nade. Such practicss are
pretebly fromned wpon by the elite in the Consulting Bn-
ginzering fleld who operste lergs orgenizetions, but =till
& lerge mumter of sasller cperators Lo so=e extent raly
upon the professicasl knowledgze ard intezeity of the steal
fabricator. BSince the stesl Pebricating business ss an
industey is solidly founded end relstively free of "in &nd
cutters”, most febricators have tuilt thelr drafbing de-
pertmants aleng guch lipes thet they are capable of assum-
ing the responsibilities just deserited. The excaptions
gre s=all shops which have sprung up gith the advent end
universal use of electric arc melding whereln the equipment
rzeded, if the projects ere chosen for the purpeose,is
herdly rnore than mecetylers torchss ard electric maldlng
rachires, This is not at all intended to be & eriticiza
of these processes but shops cepsble of fabricating only
by these methods kave s relatively s=sll- ficanciasl invest-
rant end have gemarally been cperated without professicosl
services. I the elerent of enginsering is elinlpated,
such organizeticns are wholly incapable of being entrusted
with the febricsticn of structural steel,

In order to maintain such an organiretion,many steal
Peitricaters follow the practies of eapleying young Collegze
graduates just ocut of zchool to bezin work in their draft-

(Continued on page 1%)
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(Continue=d from page 18)

inz departments, Experienca erd the normal turncver in
peraonnel which cscurs In any organlzation generslly allow
thasge men to edvence to positions of responsibility in &
fem years. At the sens tins,it is gererally necessery to
enplay young men of lesser educaticnel beckground who gen-
erally come under the direotion end supervisicn of the
Professional Engineers in the orgenlistion. Engloeerircg
graduates mho eventually intent to go into the Consulting
field can find no better beckgrournd for their future pro-
fessiconal life then & nuaber of years in the drafting de-
pertment of & structural steel fabricstor. Cne consult-
ing Engirser Jmown to me, who maintsins 8 sizable orgeni-
teticn, will not eaploy & young engineering gradusts un-
lese he has served several years mith s strustursl steel
fetricator,snd this point is made to further eaphesite
the exlstence of englrsering practics, reapcasibilities
and stnosphere that exist in the mecing of shop dramings.

The structurel steel fabricator dces not object too
strencusly to providing & training field for engineering
greduates who intent to go into Consulting Enginsering
work erd other allied fields provided ke can have these
pen long encugh to recover some of the investment ha puts
into thea durlnz the Cirst year or yesr-snd-ora-halfl of
their enployment. It is difficult to zet a time linit
which differentiates btetween inexperiernce and experience
in the field of struvotural drefting &rd ratursally cpinions
very. Howover, it is gererally felt by canmy steel fa-
bricators that a college graduste after ome yesrs employ-
wment is then resdy to abtsorb good solid expesriencs st a
repid rate end eculd b2 considered an experierced detsiler
et the end of two or three years when urder tha supervi-
sicn of Engirsers who have teen in the brziness & consid=
erable lenzth of tima. For the non-college greaduste,the
time sckedule mould have to bte nultiplied by two or three
plus cutsida study end such perscarel would generally not
b capable of rising sbove & certain level., Heeds of En-
girzering Departzents in colleges and univerzities szoce-
tices ndvise their students in structurel dezign to get
their first eaperience with s steel fetriceting compery.
I know of or2 Individusl in his capecity who has followed
this practice for mamy years.

In treining engloeering greadustes, the fabricator is
confronted with & mmber of problens, One of thea which
iz slngst ircedlete is toelininate froa the nind of the
r=n enployee any idea that he is expected to knmow anrthing
about the stesl febricating businessz in gersral of ebout
structural drefting in particular. 1 lave found that it
is & good iden to edvise hin that his engineering degree
is evidence encuzh that he hes studied and hes tean fourd
proficlent in the besio courses of pathe—atica, phyaics,
nechenics and the basis courses of this engineering msjor.,
It is glso wall to edvise him thet these courses comprise
his formal education erd thet the febricator is not egquip-
2d to cerry these on eny further cn & forzsl basis, but
that his education has given hinm the capseity to properly
absorb and benefit by the expsriences which will come to
hin. A surprieingly lerge romber of gredustes will te-
cooe discouraged and change to some other fleld if they
era not given mssurance such me described; that their in-
ebility to produce irmedistely after gradustion is ratural
and expected, As sn overell average, a young engimeering
grodusts can te expscted to turn out structural shop dram-
ings profitably &t the erd of * ome yesr. Even zo,he would
te linited in the type of deteilinz ke cculd do, If the
rork of the Pabricetor With whom he iz connscted is of a
generel mature and covers moet typ2s of structures, he cen
b= expacted to become rathsr expart st the end of four or
five years. To the uninitieted, it dees not scen resscn-
able thet so much tize should be requirad, but as pointed
cut esrlier,the steel business if of a conplex rature end
in order to resch msture experience,it is pecessary to ab-

gorb many intangibles in sedditicn to mastering the concrete
operetiong. Although I em sure thet the engineering
schools endsavor to teach thelr engireering studente ame-
thing sbout the steel business as & whole, I still run in-
to gradustes now end then who do not heve & very olesr coo-
ception 85 to tha difference between & steel Tabricator
end & steel nill. Cf course,misconceptions such as this
night be corrected by s mord or tso, tut there ere liter-
8lly hundreds of such situsticns end mirutise where coly
time end exparience cen glve to & peraon & quick and eesy
¥nowledze, Field trips in the senior yesr in college sre
& great help in fixing in the students mind the resulis of
englreering practice and its contributicn to scoleby,but
it is equslly inportent that these trips be planned very
carefully, The tire alloted to these trips, from my ob-
servetion,is ususlly short end e5 & rezult,plant or pro-
ject visitation is hurrled end somewhat insffective, Plent
or project officials are vauslly milling and cooperetive
in giving their time to these [ield inspschica trips,but I
know of seversl irdividusle including myselfwho heve felt
that tha hurried atzmosphere csused by s crowded and tight
tice zchedule,did not permit s thorough brieficg on the
project or process end Bs e result,the knowledgze geined
wis too gursory to be of much valve. It is of grest in-
terest to structurel englreering students to sce enzine-
ering structures in the process of building, tut sinte
stesl is the besic materisl mith which a structursl en-
ginear works, I feel that it is most inportent thet a
structural engineering cajor have in his field irspection
sehedule an whurried trip through & steel nill to gee
where &nd how steel is rade into ussble shapes,srd then go
through a steel fatricating shop ineluding the dreftinog
departoent,spending encugh time to sctuslly sece how theze
shapes ere pade into usable struotures, I feel that such
inspection trips ss just described are sctuslly mors im=
portent to the structural enginesering student who doas nob
intend to work for a astrustursal steel febricsetor,for If he
does not aveil himself of this epportunity wmhile in en-
gireering school, the chences are that he will not do so
leter.

In starting en eagineering greduste in structural
drafting,cte of the probleas is to teech him to resd en-
gineering erd erchitectural plans. Unforturstely this
cennot b deose In three eesy lesscns,end as a matter of
fect, this night bte the crux of the whole mattar of struc-
tural drafting, for if s person can interpret ecouretsly
end in detail ergineering end srchitectural plens, it is
puch less difficult for hin to convert these interprete-
ticrs Into shop drewmings. Soce of the most costly errors
rade on shop drawinzs erd not discovered until the stesl
erector has endsavored to put the stsel togethar on the
Job, have btesn csused by & nisinterpretation of the engine-
ering plerns. Scoetines this is carelessness om the psrt
of several poople, but manmy tizmes it is dus to ignoramncs
of plers. Mark Twain is ssid to heve reserked that "a man
erdoned with ignorence &nd self-confidence is sure of supc-
cass", This of course wes esid facetiously and may even
have eoma degree of truth for scze lres of endsever, but
in structurel drafting such & philcsophy is certsinly
felee, In fsct, ignorance or imeaperienca will cooe out
quickly in the draefting room, erd the ranwho tries to
bluff his may will be ceuzht before sunset. Stsrting st
the teginnirg of &n enginsering educeticn, the fourndstion
of resding plens sod meking understsndsble drewings is
1aid. I spesk of such courses es englosering drawing, des-
oriptive geczetry and the besic courses in mat¥eratics,
(ften these courses mra touched wpon caly lightly during
the recainder of an engirceritg curriculun end &3 & result
ere lergely forgotten by the student by the tice he grad-
ustes, only to suddenly fird upca obteining eaployment,
that the ghost he rid hinsell of many years belore has ni-
racucusly coze to life sgein. (Continued on pege 23)
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ENGINEERING DRAWING. 7th EDITION =

By TroMmas E. FRENCH. Revised by CuarLEs J. Vierck and Associates of the

Department of Engineering, The Ohio State Universily. 694 pages, 54.50 Sﬁﬂﬂfﬁﬂﬂ[zy dEng”

An established leader in the field of engineering drawing texts for
students in colleges and technical schools and a valuable reference in
the engineer’s library. It presents the penmanship of orthography.
With emphasis in recent years on pictorial drawing, the seventh edition

needs of students

includes new and expanded material in the areas of illustration, per- engineering draw

spective, and dimensioning. Over a million copies of this famous

encyclopedia of engincering drawing are now in print. materials ﬂffﬂ?’

PROBLEMS IN ENGINEERING DRAWING III

By A.S. Levinsand A. E. Epstrou, University of California. 78 sheets, $4.00 comprehensive cov

A complete revision of this set of engineering drawing problems

keyed to French’s Engineering Drawing, 7Tth ed, with a greatly strength- ﬂf the su b.f ect.

ened treatment of the important subject of dimensioning.

ENGINEERING DRAWING SHEETS—Series F
By THosmas E. Frexcd and H. M. McCulLy. 54.25

Compels student interest by careful arrangement of lesson sequence,
increased attention to reading drawings and technical sketching, time-
saving layouts of problems in projections, etc. The material is covered
in much the same order as that in French’s Engineering Drawing.

ENGINEERING DRAWING PROBLEMS

By CHariLes D. Coorer, CHARLES J. Vierck and Paur E. Macuovina, The
Ohio State University. Series 1. $3.75

Practical, direct, and thorough, the authors present a series of prob-
lems in the most logical and usable order for first-year classes in
engineering drawing. Arranged for and correlated with French’s
Engineering Drawing, the workbook offers many time-saving features
and a flexibility in its broad content.

Send for copies
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LESSONS IN LETTERING. New 3rd Edition

By Trowmas E. Frexcn and WiLuiam D. TurseuLL. Revised by A, ), PriLey,
The Ohio State Universily.

Book 1. Vertical Single Stroke 40 pages, $.60
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NOMOGRAPHIC CHARTS

By C. ALBerT KuLmasy, 245 pages. Ready in May.

This volume is a collection of charts found by the author to effect
considerable savings in time in routine work. Not intended as a hand-
book or a text, this book instead offers the engineer valuable charts
in many topics which eliminate the necessity of looking up in tables
the values of the various items that enter into a problem. Charts
cover: Function Scales-General Charts-Hydraulic Charts-Mechanics
Charts-Thermodynamics Charts-Electrical Charts.
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GEOMETRY OF ENGINEERING DRAWING

By Grorce J. Hoop, University of Kansas, Third Edition. 365 pages, 53.50
Two decades of widespread distribution and use have definitely
established this pioneer work as one of the leading standard texts in
the subject. It was the first text to introduce an entirely new method
of teaching descriptive geometry. This was the *direct method™ as
opposed to the older method using projections and planes of projec-
tion. The **direct method” adopts the procedures, vocabulary, and
attitudes of mind used by the engineer when he visualizes and designs
structures. This book explains the basic theory and principles of the
relations between adjacent views, and of the geometrical relations
between the elements of structures. Essential techniques are also ex-
plained, rules avoided, and the need for visualization continually is
stressed. Problem sheets for the text are available for $2.00.

TECHNICAL DESCRIPTIVE GEOMETRY

By B. LEiGHToN WELLMAN, Worcester Polytechnic Institute. 308 pages. $4.30

This popular book provides students and industrial draftsmen with a
complete up-to-date treatment of the important subject of descriptive
geometry. Written in simple language and generously illustrated, the
book covers the subject thoroughly, beginning with the most elemen-
tary concepts and progressing by easy stages to the complex inter-
section and development problems found in modern applications. The
whole approach to the subject is new. By classifying all views simply
as “adjacent” and “related,” and emphasizing the direction of sight
for each view, the author develops the entire subject simply and

logically without reference to imaginary planes and projections.

APPLIED DESCRIPTIVE GEOMETRY

By Frank M. Warxer, University of Washington. Third Edition. 238 pages,
$3.00

This widely used standard text is well liked because it presents de-
scriptive geometry from the point of view of practical drafting-room
use; because it emphasizes the direct view method; and because it

~includes a wealth of illustrative problems covering all branches of

engineering with engineering settings and data as they occur in actual
practice. This edition also incorporates a new and improved method
for finding an intersection of cylinders. An Applied Descriptive
Geometry Problem Book, containing over fifty excellent work prob-
lems, presented in an oversized format with folding sheets to fit the
standard-sized notebook, is available.

McGRAW-HILIL
BOOK CO., INC.

330 West 42nd Street
New York 18, N. Y.




BRADDOCK LETTERING ANGLES

DESIGNED FOR STUDENTS, ENGINEERS,
DRAFTSMEN AND ARCHITECTS

THE BRADDOCK LETTERING ANGLE HAS THREE USES:

1. As an ordinary standard triangle, it is exceedingly accurate.
2, 1t is used to obtain uniformly and accurately spaced lines for lettering.
3. It is used to obtain parallel lines at uniform spacings.

MARK

0—BRADDOCK—U&
LETTEHIIilG ANGLE g

EBRADDOCK LETTERING ANGLE—VINYLITE
STYLE “A" — 5" — 45° SPECIAL CORNER

Our Braddock Lettering Angles are designed to give a quick and easy method of making accurately
spaced guide lines for lettering drawings, ete. The simplicity of their application permits the subject to
be presented accurately and intelligently. The instrument illustrated above is made specially for sev-
eral of our large technical schools who use the SPECIAL 674 degree corner in preference to our regu-
lar slotted Angle. The special corner can be made on the 57, 67, 7" and 8"—45. We also manufacture a
complete line of Braddock Standard Triangles Vinylite, employing the same high degree of guaranteed
accuracy and workmanship as has been maintained through our years of service.

Write to us for Descriptive Circulars.
Your YWholesale Dealer will supply you,

BRADDOCK INSTRUMENT COMPANY

PITTSBURGH 18, PA.
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(Contirued fro= pags 19)

I krow theat educators ere hard put to aqusere into four
year: the bare necessities of an enginsering educgtion,
but sooe mesns should te found to keep freah these tasio
COUrses.

A stesl fabricetor hes & problea when it cozes to in-
terviening with reference tg eaployenent a youngz man who
is about to greduste, I have interviewed many of theass
students,;who at the time of the intervlea mere finishing
their senior year end were involved in intricate engineser-
ing probleas shich later would only be entrusted to those
of long experience, I en then conflronted with the un-
plessent tesk of informing them that to begin in the stesl
busiress it is necossary to go back four years end take up
drefting egain, I &n eepious when I say thet this comes
&5 5 shook to four cut of five students,end more often
then not céuzes the student to search in other fields for
ezpleyment. Some people consider drafting cns of the
neniel tesks of engintering and if followed without pro-
fessicasl Imowledge,the person Eay be no more then & steno-
grapher of the drafting board,merely putting down whet
others dictate, If this be true,it must be stated however,
that such dictstion is not dooe crally,but is transmitted
through dramings,and I sutmilt to you that &n engineer who
cannot express himself through intelligent and legible
dresings is in no better positicon than & dector who could
not put down in writing cne of his prescripticns for others
to £ill,tut would heve to go to the drugstore ard mix it
hinself.

In treining for strustural drafting,the best tescher
is expsrience although books of sternderds end cutside resd-
ing are sids. Cna of the moat prevelent shortecaings in
individusls in this work centers around thoze things taught
in descriptive gecmetry snd similer courses. The Encyelo-
pandin Eritsnnics in dissertating on the subject of des-
criptive gaonstry states that "it is the means by which the
desigrer conveys his idess to the builder or mechanic,znd
hes boen called the universal larguege of the enzineer®.
Further then that,it tends to develop in an individusl &
gense of perception which makes it pessible for him to
forn snd visuelize in his mind three dicensionsl ohjects
taken froo whet he sees drewn oo two dinensional paper.
dome psople have this ability ms & paturael sptitude end
others have to davelop it through study ard prectice,but
whether scquired or netursl,the structural draftszan must
eccshod &chieve sn essy and comforteble use of this feculty

Tre more mdvenced structural shop dremings ere con-
sidered such bacsuse they incorporate scce of the more in-
tricate phases of descriptive geozetry. Under this hesd-
ing is included hip end valley work,bins and heoppers,
various typss of storege tenks spd nuzercous other situs-
ticns mhere steel menbers are frening at angles with esch
other ard in seversl different plares. The ususl procedurs
in treining draftezen is & block on top of block process
taginning mith the siople ard elenantsry and progressing
towards the intricate and cosplex, Soma Pebricators how-
ever mho do &8 specialized line of work, ere eble to get
cut rether involved workutilising draftszen of linited
overall experience by having experienced ergineera to
tresk the mork dewn into componsnt parts which &re then
dotailed slong foraulated lines, Deteilers thus trained
ara often of very little valus except to these speeifie
types of work.

The larger steel fsbricatora,especislly thoze of ra-
tionsl seope, have very definite standerds which form ernd
control the methed of preparing shop details. These stand-
erds will vary from one coopany to another, srd sltheuzh
none of the besie principles of engirsering dreming will

ba violated, certain conventicnal mathods will te set down
which cannot be fourd in any textbook. Smaller fabricators
heve generally taken cce of three routes; follomed the
standerds fot out by ore of the larger fabricetors; de-
veelopad at Qquite sooe expense a book of standards of their
owm; used & hodgepodge of matheods with every rnewly ex-
ployed drafts-an who hes eaxperlence brirglng idess of his
own,. Smaller fabricators in the last category sre quite
rmmarous apd the hardships worked on their shops by not
having definite stenderds is considerable. The busipess
of cparating independent detsailing offices for the pur-
pose of preparing shop drealngs for & nuster of different
fabtricators is on the ircresse. Febricators who use thege
cervices gererally meintain & tasio drefting departzent,
end then "fera cut®™ to these independent egencies guch
shop dremings which are ebove the capecity of their tesic
drafting unit, &uch services are & convenienca to ths
fetricator ss it keeps him from heving to expand ard con-
trect his draftiong depertesnt sccording to the volume of
tusiness he is able to secure. Such "farnirg out™ how-
ever, brings up the problea of stenderds ard cethod of
detailing., The indeperndent detsiler may be working for a
doren different fabricaters and he is faced with the di-
le=ma of using his oan standerds or conforming to s par-
ticular fetricator®s standards either through study or
conference. All of this brings me to the point of making
the statezent thet the time ig full rige for the establish-
rent on a cational scale of m standerd prectica of da-
tailirg structursel steel ard the conventions pertaining
therato, The Ezerican Instituts of Steel Construction
has recently published a book entitled "Strustursl Shop
brafting, Voluze I" which is & step towerds stendsrdiza-
ticn on & rmatiopsl scsle, This bock is called a "text-
bock™ end it is intended to mssist in treining men in the
field of structursel drafting, but it dees not get down
deteiling prectices except in a gemorsl way., It is my
understanding that a Volu=a II is to ba published leter
mwhich will esteblish starndards end procedures. The suc-
cess of such & move will depend lergely upon the dezree

of seceptence by the industry, end eapsciel 1y by thoze who
have for years rollgwed wall established standerds of
thair own. Volume I is suthoratetively written and con-
tains enough materisl on etructural design to wWarrarct it
taing used s8 & supplezentary textbook in sendor struc-
tural design courszes,

In ctoolusion it can b2 sald that the stesl fsabricat-
ing businese ccouples one of the pivotsl points ebout
mhich the construction irdustry revolves ard it is gocd
that the fabricators kave crgeniretions directed lergely
by Hegistered Frofessioral Engineera who sre cepable of
teking fine engireering designs prepared by Consulting
Engirters and converting them feithfully into steel
strustures. Such work is very satisfying srd chellenges
the test engircering talents, Tra steel febricating bu-
siness offers the yourg greduste en suthcoritative eeatin-
ustion of his engincering education,end thouzh it doos
not promics hin a disproportionats copensetion,it doas
hold fer these with ebllity end & desire to work pany op-
portunities for advsncesent into the exesutive field.
The steal tusiness reeds snd dezerves the sherpest men
the englreering scheols can produce and although the in-
dustry can conpete for these men on en equal basis with
othar fields,students heve too often teen edvised that
other divisions of erginesring were more lucrative. It
is hopsd thet throwgh the medium of such groups es this
one, that suthoritetive inferzaticn concerning varicus
branches of industry cen te dissenicatsd to the stulents
g0 that they night make their decisions mithout prejudica
or false inpressiona,
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SLIDE MAKING AND ITS USE AS A VISUAL AID

Thomzs Hingsberg
Kew York University
Nex Tork, H.Y.

The full use of the slide is naver attaired unless
the teschar "mskes his om”., The filn and censre manufac-
tursrs heve cads the process very sinple. The 35 = cen-
era is meost efficient for it hes quite m dapth of field,
To the &0 n.n. lens cany supplezentsry lens2s ray ba ad-

ded for elose work,

A device to support the cerera and lights, which slso
frezes ths ploture csy be msde of furring strips or of
stook ¢xlg or so. All jolnts may ba housed or half lapzad,
glusd,nailed,and fastensd with serems and strengthensd
with metel straps or angle irons.

L "u" frere is mede, To the ends of the "u", two
strips ere fastenzd at right angles, A crosstar is ed-
ded to the ends of the strips to support the cesmera mnd
lights. The "u” fra=s is made the fisld size or object
size to be photographed. The strips attsched to the "u”
&re cada long encugh to provide for the cemera to ohject
distesnce, The crozstar is built out to bring the center
line of the camsra in line mith the center of the object
photographed, A circuler mirror may ba used to check this
elign=zsnt. If it is placed on the object center it ra-
Plects the terrel of the lens sbove it. When the izage
of the terrel is cescsntrie mith ths oirror edge, the
elignment is coaplete. The camsra is held with & 1420
thuab screm which will fit inte the Camara's tripod sock-
et. Two lights ome on either side are clesped to the
ends of the crossbar., Tre lenps sre reflector Ploods or
100 watt bulbs placed in reflecters. The subject, whather
light or dark, mill dictate the typs of illumirstion 5
rzedad. The lights ere pointed et the object at ebout 45
to the camsra exis to evold reflecticns into the cerera
lens, Thay eare hung &t or sbove the ce=ara level.

The "u” frame is rade equsl & bond sheet 83x11, A
supplezantary lecs of 2+ dicpters is placed in a Series
VI ring over the cemsra lens. The lights end the nesrsids
of the supplementary lens are pleced 18 inches from the
object, The ceimers is focused at 15 fest. IF Panstonic
X filn js used, black and whita lire work is exposed for
1/10 sec, at F8, snd developed in D11 for five minutes
end fixzed end washed as uzusl.

A kit for a half a bond sheet, £1x&l nay be mads to
fit mithin the "u" fra=e., Typing dene on thia size mill
show up well on the soreen. It is mall however,to back
the sheet with a carbon papar to make tha typing maore
cp=que. A 3+ lens is needsd for this size. The feca of
the ring is set 12" ebove the ebject teken, A sepsrate
erosstar mey ba mads to hold the ce=era, Fzep focus at
15 feet, stop st F8, and exposs for 1/10 second.

If two supplezentsry lenses, & 2+ ard & 24 &ra com-
bired in sn sdepter ring,the object site is = quarter bond
sheet,or sbout 4"x57. The ce=mera is placed with the adap-
ter ring at 8" froa the object taken. The dimznsions
given are to ba used caly es & guida, A test filn should
t2 peds to make necesssry edjustzents in exposura &nd
disteancas,

Yany lecturers rapsat the text assigr=ent so well
thet the trighter atudents need mever "ecrack the bock”,
All except the interestsd student wsit until an exanins-
tion ie scheduled and then "plug”.

It is better to motivate the student to an eotive
participation mith "heert end nind” is the subject cattar,
Trers can te no genuine lesrning without &n enotional
szttling. The irherent quelities which motivate the lesrn-
ing process ere, the desire for epprotation, to excsl,

prestige, scolsl epprovel, curiosity end discovery,srd that
interest shich bepats mork and that sveocessful mork which
tagets interest. The atudent must te encourangad to plan,
to seek, discover for hinself, to chellenge snd to be
challenged in his ressoning end coralusicns.

The slide &3 &n aid cen help., It can poise m probles
to stinulste interest end curlcsity. It can pleturs the
historicel develepoent of the subject shealnz the challen-
ges which led to trisl and error spprosches establishing
hypotheses end mhy §ome proved false, It can dezonstrate
with step by step procedures. Chsrts, graphs, formales
and thelr derivation worked cut and hend book uses in de-
sign nay ba shown, In fect muoh of the blsckbeard mork
usually donz during the lecture may ba dore batter ard in
grester detsail ca bond paper and phobozraphed. Much class
tics is saved therely.

The thoroughness of the student's preperstion on tha
text assignuent ray be tested mith ohjective test methods,
A fem questions may b2 fleched on the screen erd arsmered
on squared paper. Tins for ersmering the questlons may
te considered & factor of suscess. A slide cay be prepared
showing the correct angmers with shich the studant Ay
check his. Usually a lively discussiom pericd will follow
this procedure.

The slide pay be used to show how lecturs notes
should be taken, how the notes stress essentials for re-
view, how the student sheuld note his own critical re-
flecticns to the points given, ms w21l ms deubtful points
maich ke Will lock wp or question in the discussion pericd.

LY

The instructer msy show his own notes mhich he may
errenga_ in a logical or psycholegicel crder, Eiving mins,
objectives, procadures, and the tining set for each Fhaza,
together mith supplezentary reeding end sources of his
own éxporiancas, or thet of others used to illustrate the
mork. This mill show the student how he iz to prepars
his text mesign=ent and mritten su=—ary of his mork.

If the instructor can drem freshend with an ordipary
thick point fountain pen loaded with black ik, can mske
sketches in parspective or fsceetric,or csn illustrate a
point mwith & cartoon; and this is not difficult to leern
or to do, and will rake his dremings cnm & half bond sheet
&rd photegraph thea, will have & lot of fun deing then,
He mill find his students enjoying the merk more.

The slides nay be projested in strip filn or singly.
A deylight screen in a necessity for the best use of the
alida,

(Centinued froa page 11)

irdustrisl experience which we think the dreming tescher
naads perheps mere than erything else, All jobs era sr-
ranged and supervised by the Co-cop Office,ard mill irnolude
drafting,elezsntery dasign, nachine shop mork,&nd others
direstly releted to technicel dreming.

It is our plan to edd graduete work in the very near
future, but first we want te Tirnly establish the under-
greduats progren. Cnce this is dona, wa feel that it will

be coaparatively easy to edd graduste mork lesding to a
Hasterzs degres,
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MINUTES OF THE EXECUTIVE COMMITTEE OF
THE DRAWING DIVISION OF ASEE

C.H. Springer, Secrotary

At dinner was held at Bryan,Texas,near Col=-
lega Statlon,pravious to the Executive Cozmittes
meating.

ine meoking waa called to order by Chalr-
earn H-3. Paffenbarger at 9:056 p.m., January 18,
19561.

Thoze present wera Professors Askhus,
Hoelacher, Les, Sponcer, Brattin, J.G. HeGuire,
Porsch, ¥ierck, J.3. Rising, Lagaard, Heacock,
Svenson Rowe, Lugzadder, Poktter, HI111, Springer,
and Paffenbarger.

Chalrzan Paffenbtarger discussed the possi-
bility and dealrability of elesting a vice chalr-
EAN .

It waa moved by Aakhua and seconded by Hill
that the following amendsent to the rulea of
procadure be submlitted at the snnual =eating:

Article I¥. Ezxascoutive Co=z=ittes. The af-
failra of the Division shall be ad=ainistéred by
an executive commlttee consisting of)

{Changa) 1. OCheirzan of the Divislon-advancad
from poaltion of vice chairian.

{Add) 2. Vice Chalrman - elected for one
¥oar.

Article ¥ Dutbties of 0fflceras.
(Add) 2. Viecs Chalrman

a. He shall serve az vlce chalr-
ran of the Divialon and Exsou=
tive fomnittee for the jear
following election.

b. He shall preside over meatinga
of the Divislon and Executlve
Coz=zittes in abaence of the
chalir=an.

¢« He shall asslat the chalrzan in
the operation of the Divislon.

d. He shall kesp inforzed on the
currant proble=z and operation
of the Division so that he may
continue to carry out the work
when he becoges chalrman.

e¢. He shall assume the chalrzan=
ship of the Divislon for the
year following his term as vice=
chalr=an.

The motion was passed unanimously.

Chalrman Paffenbargzer announced the ap-
pointzent of the Following committesar

Folley Coznittec
Prof. F.O0. Hightee

Prof. R.P. Hoslachsar
Prof. Juatus Rialng

Loeal Committee for the 1851 Suz=ar School

Prof. C.L. Brattin
Frof. C.H. Falrbanka
Hr. M.R. Sedlander
Frof. R.0. Ringosn
Frof: P.0. Potts
Frof. J. Gerardl
Frof: R-T. Northrup

Teaching Alds
Same ae current,Frof. H.B. Howa,Chalrman
Diaplay of Student Work

Frof. J. Gerardl
Prof. J. Rising
Frof. H.P. Skamser
Prolf. J.G. HeQulre
Frof. T.C. Brosm

Instruzenta and Display of Instru=anta

; Prof. H.T. Northrup
Prof. R.W. Grant
Prof. Praldzan
Prof. J.H. Forasech
One othar from Hichigan State

Chair=an Palffentarger snnounced that our
budget ia a=mple to cover the expsnses for the
gurmer achool so0 that no additional fee will be
neces3aary.

Frof. Brattin reported on conditlons mt
Hichigan State for the summer school and annual
meating. There will only be one regiatration and
reglatration fee for ths suzmzer achool and the
annual maeting.

Toere will be ample sccoz=odatlions in dormil=
toriea,ons of which will houss 1400 and anothar
900,

The displaya will be in large drawlng rooms.

Edwarda Broa. wlill give a priee on reproduc-
ing proceedinga,but the consensus of opinlon was
that everyone presenting a paper should providse
enough coples for everyone. FProf. Svenson augs-
goated that theae coples be sent In advance so
that they could be collected into =seta to ba
passed out at the end of the meeting. Thia wWas
inforzally approvad.

Approval was glven to send coplss of the
Journal to all YViece Fresidents of the Soclety.

Profesaor Luzzadder presented a financial
report for the Journal which 1s attached to the
minutes. The report showed mll billa pald with
$1,107.34 in the bank,

Conalderable tize waa spent discussing the
progran for the su==er school and annual zmaeting.
It was decided to have panel dissusalona of the
papera definitely limited as to tice. It was
alao dsclded that thers should not be more than
two or thres papera at any one sesslon.

Professor Street moved that Professor Fafl-
fenbarger be eapowared bto proceed with the ar-
ranging of the progran,which was seconded by
Profesgsor Porsch. Thia was approved.

The meeking adjourned at 11155 p.m.
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(Continued fro= page 7)

Collega offielals polint that the currant
conatruetlon program, inpressive as it 1s, only
makes good in part the acoumulated defliclencles
of yaara. Until the current state-financed pro=
gran was undertsken in 1246, not a single class-
room or laboratory structursa had besn eracted on
tha Spartan campusa at state expense alnce 1931.

Thers ia an urgent need for many additlonal
atructures, among them a new library bullding,
and an anleal industries bullding.

Although Michigan State has greatly expand-
ed 1ta physlcal facllitisa slnce the war, the
natural beauty of the Spartan eanpus,knosn the
world over, has been maintalned. Visitorz to
the canpus are lmzedliately impressed by the care-
ful planning which has preserved the full beauty
of such natural landrmarks as the Basumont Oval--
its many varietiea of treea and expanses of roll-
Ing lawn; the Red CGedar River, which dividea
the maln campus from South Campus; the Beal
Pinetu=, just east of the campus proper; the Bseal
Botaniesl Ggardenszs; and the Horticultural Gardena.

Along with 1ts matural besauty, the Hichlgan
State cacpus has a cosmopolltan personality.
Its students cozme from every walk of 1ife and
from every part of the world. Included in 1ta
enroll=ent each year are students from every
atate In kthe nation, and fros more than 50
forsign countries and U.S5. possessiona. Even
wlth this wide-spread geographical distribution,
Hiechigan students stil11 constltute about 82 per
cent of the campua enrollment.

Hichlgan State College has always endsavored
to maintaln a top-Tlight teaching faculty to
adaninister these couraes. The Spartan faculty
1s studded with natlonal authoritiea In almost
every field.

An lmportant factor in Hichlgan State's
growbth has been the dyna=mie leadershlp of Prasi-
dent John A- Hannah. He has served the collega
since his gradustion in 1923, when he becarms an
extension speciallst. He was narmed secretary
of the State Board of Agricultura, governing
body of the college, In 1835, and president in
1941, Presldent Honnah 1s also recoznized aa
one of the nation'a top sducational leaders,
having served as presldent of the Amarlcan As-
apgiation of Land Grant Colleges and Unlverai-
tiea durlng 1948, and as chalrman of the orga-
nization's executive comnittes in 1950.

Hacklin Fleld Stadium has a seating capa=
city of zore than 50,000. Jenlscn Fleldhouse,
largest non-commercial building in the State
of Michlgzan, provides approximately 13,000 seats
for basketball games, In addition to housing
athletic offices and tralning faecllities for
other sporta.

The State of Hichigan is noted as a touriat
paradise. Flan to aspend at least a part of
your vacatlon perlod In the state elther btefore
or after the Annual MHeseting of the A.5.E.E.

(Continued

iTwo leets should be borne elearly in mind
when consldering the actions of mnuscles. An
Individual musele has a 1imited uzeful exour=
gion which is proportional ko the totfal length
of the muscle. A shorter muscle has less ex-
curaion than & longer one."”

Many detalls concerning "Propertlea of the
Muacle Easentlal to Mechanleal Deslgn, Terminal
Devlices - Heands and Hooks,™ the transnlasslen
ayatem, ete. are dlscussed In the brochure.

Tne mechanleal deslgn involves muscle forca,
muscle shortening, force ratlo, book force and
hook span (opening).

ruzele shorktening

Porce Rabio = Bff . x
hooka openinzg apan

(The force ratio 1la the mechanical advantage
of the eontrol and hand or hook systen).

Anothar relationship 1s,

Husele Tenslon x Husele Shortenling =
Hook Force
Efffciency

x Hook Span.

Tne nozogram shosn In Flg. 9 1s valuable In
aolving problems dealing with the relatlonshipa
expressed above.

fron page 17)

Suppose the ruscle tenslion 1s 20#, the
hook apan 1s 1.6", and the efficlency 1ls 70%.
It 15 desired to find the force ratloe, hook
force, and muscle shortening. Using the nozo=
gram, we procesd as follows!

(a) Join 1.6 on the Hook Span scale with
20 on the Husele Tenslon scale (line 1),

{b) The point of intersectlion of Line 1
with the diagonal Length Ratio scale is jolned
with 70 on the efficliency seale and extendsd
to intersect the Force Ratlo scale atbt polnt.
0.35 (Line 2).

{e¢) Polnt 0.35 on the diasgonal Force Ratlo
acale 1s jolned with 20 on ths Muscle Tenslon
acale (Line 3).

{d) Read 7# on the Hook Foree scale and
approxizately 13/16" on the Huscle Shortening
acale.

S0 pueh for a few exarples In thlia area
of rasearch.

Another interesting research project dealt
with an Investlgation of concrete rurways with
regard te capacity for handling very largs
aeroplanss.

(Continued on page 33)




VAN NOSTRAND
FOR COLLEGE TEXTS

Have You Examined The NEW 3rd Edition Of
' SMUTZ and GINGRICH’S

DESGRIPTIVE GEOMETRY

By FLOYD A, SMUTZ and RANDOLPH F. GINGRICH
Both of Kansas Srate Colfege of Ageiculiure and Applicd Seiepee

@ Designed for studenls of thefreshmen and sophomore level as an integral part of their train-
ing in engineering drawing.

@ Definitions, notalions and nomenclature are in accord with the recommendations of a stand-
ards committee of the Drawing Division ol the American Sociely for Engineering Education.

® Enlire book rewritten inclear and simple language, with problems rearranged in a more
logical sequence.

® Hew culs have been made for all illustrations.
® New problems have been added to replace those found to be of liltle value.

@ Application problems are designed for 8 1/2 x 11 inch drawing paper and are worded to di-
rect the attention of engineering studenls to the uselulness ol descriplive geomelry in their
training program.

® All solullons are made by methods used in engineering dralling rooms.

@ Delinitions of words that may be new to the student are conlained ina glossary for handy
reference,

CONTENTS: 1. Introduction; II. Projection of a Point; II. Auxiliary Projections of Lines; IV.
Auxiliary Projeclions of Planes; ¥. Revolution Method; V1. Non-Intersecting Lines; VII. Sur-
faces; ¥II. Tangenlts to Surfaces; I{. Intersecting Surfaces; X. Applications to Shades and
Shadows; X1. Glossary-

8pp . TxI0 ..  Cloth = . |  Tustrated . $3.00

ENGINEERING DESCRIPTIVE GEOMETRY by Charles Elmer Rowe
More than 1000 problems furnish excellent practice for the student in this text which gives
very detalled attention to shades » Shadows and perspective. Particular emphasis is placed
upon orlentation which alds the student in developing powers of visualizalion. The text fol-
lows the direct method which the author believes makes the subject more interesting.

299pp.____ 6x9 Cloth Diustrated _________ $3.50

TECHNICAL DESCRIPTIVE GEOMETRY by William E. Street

A new approach to the subject is used in this text which develops the draftsman's method of
trealment in obtaining size, shape and position of every detall of siructures and machines.
Dlustralions and problems are arranged in progressive order depending upon the method of

solution.
178 pp. Tx10 Cloth Diustrated ________ $3.00

If You Teacu or Direct These Courses, EXAMINA -
TION COPIES Are Available for You Upon Request.

D. VAN NOSTRAND COMPANY, INC.

PUBLISHERS SIMCE 1848
230 FOURTH AVENUE NEW YORK 3, NEW YORK
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Adama D.P. An Index of Nomograms 1 John Wiley & 1950 174  §4.00
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Eangon J.H.% The Blezents of Letterling 2 HelGraw-Hill 1950 e see
Caray A«
French T.% Hechanical Drawing 5 HeGraw-H1l1 1950 440 2.B0
Svensen C.L.
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Graphical integralion - method "B"
{Fig. 10 enlarged)

(Continued from page 33)

includs an introduction of problexs eaploying
graphie caleuluas and also to inoclude some ma-
terial which will 1llustrate the advantages In
applying graphic methods te the sclution of
probless arlsing In mathematlies, physics, chen-
istry, mechanles, and strength of materials.

Buring the past asveral years the writep
has made several changes In the direction indi-
cated above and hgqs obtained results that ara
most gratifying-both in the training of en-
gineering atudents to becoss "graphic literates®
and in cpening up a much broader Tfield of ap=

plication. Many opportunities pressnt thezselves
In working with ataff membera who teach statics,
dynamica, atrength of rmaterlals, and design
COUrSes.

Let us make the effort! We will discover
that our colleagues are ready and willing to
support us in developlng young men who will
be adequately tralned in the languages of the
enginesr--English in ita written and oral forms,
the language of aynbola--mathezatiea, physles,
and chemiastry: and graphles.



VEMCO sets are availoble in stand-
ard and speciol arrangemenls—in
four Jypes of cases—and in these
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duce critically accurate results in both
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FUNDAMENTALS OF ENGINEERING DRAWING, Revised 1946

By WARREN J. LUZADDER, Purdue University

Needless repetitive teaching of details in Engineering Drawing can be eliminated by
using this basic text. Luzadder anticipates many of the students' juaiﬂons and answers
them concisely. The time saved by eliminating "needless talk'" and "legwork™ can then
be used by the teacher to explain the more difficult topics in Engineering Drawing.
Many suggestions from teachers have been incorporated in this revised edifion. It can
be adapted to fit the needs of any course in Engineering Drawing.

SPECIAL FEATURES ARE:

® Trealment of the subject as a graphic language universally used by engineers.
The student is first helped in mastering the basic principles and then is taught the
“idioms" of the language.

@ Simple, concise explanations.

e Flexibility and complete coverage. It contains over 600 plates and starts with
elementary principles of drawing, and proceeds to woriin? drawings, piping
drawings, welding, machine elements, pictorial drawing, developments, structur-
al drafting, topographic drawing, engineering graphs, patent office drawings,
etc,

® Over 300 problems and 1000 illustrations, including commercial drawings and
illustrations. An appendix lists electrical power and wiring symbols, ASME and
ASA standards, glossary of common shop terms, and a bi liography of engi-
neering drawings.

® Worksheet and ftraining film aids are available.

Pubfabed 1588 & 423 Pages o £" a2 §°

PROBLEMS IN ENGINEERING DRAWING, New Third Edition

By WARREN J. LUZADDER, J. N. ARNOLD and F. H. THOMPSON

Of these 71 problems in the form of partial layouts over one-half are completely new.
Every problem used from the previous edition has been completely redrawn. Some prob-
lems are to be solved with freehand sketches, and in conformily with modern industrial
praclice.

Poltsbed Septe=bar, 1580

DESCRIPTIVE GEOMETRY

By EARLE F. WATTS and JOHN T. RULE, Massachusetls Institute of Technology

© It trains the student to solve any given problem by whatever method is simplest—
direct, Mongean, or mathematical. The speed and accuracy of graphical methods, either
to replace or to supplement numerical methods, are emphasized.

® It concenfrates on fundamental problems because, in the authors' view, "Any space
problem capable of solution can be solved by analyzing it in terms of the fundamental
problems and carrying out the constructions indicated."

Pubfsbad 15945 = 300 Pages ® &” 1 §7

PROBLEMS IN DESCRIPTIVE GEOMETRY

By EARLE F. WATTS and ARTHUR L, GOODRICH,
Massachusetts Institute of Technology

Designed to correlate with Watts' and Rule's DESCRIPTIVE GEOMETRY, these problems
illustrate the basic principles of the subject.

Pab¥abed 1948 & £4 Plgles » AT e 1™

- PRENTICE-HALL, Inc.

70 FIFTH AVENUE NEW YORK 11




