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LOOK FOR THE BLUE CARTON

USE THE INK THAT'S MAD

FOR THE JOB

Expressly formulated tor use with polyester-base drafting sur-
faces, Higgins Walerproof Plastics Black lets you move over lo
film wilhout changing inslruments, techniques, or results. In
short, this specialty ink from Higgins will help you get the most
out of your media because it scores high in every characteristic
important to good film work:

Adhesion—Excellent, The homogeneity of this true carbon colloid
assures superior surface “'take’ on all drafling film surfaces.

Flow—Excellent. Built-in surface tension assures correct flow in
any drawing inslrument, from ruling pen to dotling wheel; helps
maintain definition of form, densily and evenness of line.

Moisture Resistance—Excellenl, Drawings may be rinsed in plain
waler—repeatedly—without the slightest effect on inked lines.

Adaplability—Excellent. Higgins Waterproof Plastics Black works
well with every major brand of drafting film currently availabls,
and all olher types of "'plaslic-base” media (acetale, vinyl, elc.)
intended for use as a drafting surface.
Reproducibility—Excellent. With Higgins Plaslics Black, you get
sharp, crisp, dense black lines every time—and that means
sharp, crisp copies every time.

Correctabilily—Excellent. Removable from plastic drafting sur-
faces with Higgins Eradicator. Re-ink immediately when dry.

Also available: Higgins Non-Waterproof Black (Red Carton),
wilh the same working qualities as the walerprool variely,
The more you draw on film, the more indispensable you'll find

these specfalty products from Higgins. See and try all three—
today—anywhere that inks are sold.

HIGG“IS INk GOMPANY, INC., BROOKLYN, NEVY YORK
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Editorial

In this issue of the Journsl of Engineering Graphics you will find stimulstion for better
teaching, new eaterials for the advanced use of graphics, and news about the important Graphics
Course Content Developrent Study. Our friend "vVlad" ends the Journal with an editorial conment
shich gives us a warning not to be seduced by frills snd enbellishments of nomograms & graphical
calculus which will divert us from out primary teaching mission and the concepts of descriptive
geonetry engineering drawing.

Amid the hustle and bustle of curriculum revision which is going on at post engineering
schools teday I would like to call for a comprehensive study of nationel needs for engineering
graphics, engineering draving and drafting as practiced at all levels, whether as an sid to
conceptuslization in the mind of an engineer or s the ability to make s sketch or to pmake a
conplex drawing on the board.

A few engineering schools now have no engineering graphics courses, The implication of
this type of revision of engineering curriculum should be studied in teros of its national
COonsequences.

At present the engineering schools of this country enroll about 60,000 fresheen of whom
eore then half fail to graduvate in engineering. Until recently =ll engineering schools re-
quired instruction in engineering graphics in the freshman year. This eeans that there have
been in addition to 30,000 engineering graduates, about 30,000 men every year who, although
they did not graduate in engineering, hsve some knowledge of the principles of orthographic
projection, solution of space problens, dimensioning, and at least the rudieents or preparation
of engineering drawings.

Any change in engineering curriculum should therefore be considered not only for its im-
plication for the engineering graduate but slso for those who enroll but fail to graduate. The
idea of curriculun review for the ultimate benefit of all students, whether they conplete the
course or not is a radiesl innovation. It eeens that we should be reviewing curriculs not only
in termss of that touted "whole man" who mansges to graduste but also in terms of the whole society

which 1s eade up also of the "school-lesvers'.

Frofessor Wayne Schick of the University of Illinois has been making an interesting study
of the nunber of persons who have potential ability as designers and draftsmen. He hass found
that there is a steady and significant decline in the nurber of such persons. There are
several factors contributing to the decline. Probably the most important is that the number
of young people electing to study engineering is declining. Another factor is thet eore
engineering graduates are extending their schooling and studying advanced programs in science
and engineering and therefore are not available for enploycent during these years.

When Professor Paul Reinhard with the cooperation of the Division membership conpletes
the study of course content of graphics on a college level, the Division should undertake
a national study of manpower rescurces in engineering grapliics and related gbilities, Such
problens 83 the effect of college curriculum changes, technical institute and high school
training, and the changing needs of the country for talents in graphics should be studied
in relation to the role of graphics instruction in engineering collepges.

%ﬁfaﬁé

Mary Hlade, Editor

Are there any volunteers interasted?

THE JOURNAL OF ENGIMNEERING GRAPHICS . MAY, 1942
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Ready in Ma 1y —

GRAPHICS

With An Introduction to Cmmeptual Design

By ALEXANDER 5. LEVENS, University of California, Berkeley.

Based on the author's Graphics in Enginecring and Scrence,
this book includes all of the material in the earlier work, plus

| much new material that has evolved over the past few years.
i The sequence of chapters has been designed to provide the
| student with a clear and understandable development of the
| subject matter.

This remarkable book enables the reader to appreciate the
significant role of graphics-in engineering research, develop-
ment, and design. It emphasizes the importance of free-hand
sketching as a powerful means for expressing new ideas, and
design concepts, for recording analyses of space problems, and
for effective communication among engineeis, scientists, and
technicians. Stress is laid on the fundamental principles of
orthogonal projection and their application to the analyses and
colutions of space problems that arise in both engineering and
SCIEnCe.

The power of graphical analysis and graphic methods of
computation is set forth in the material on applications of the
fundamental principles of orthogonal projection, vector quan-
tities, and graphical mathematics. While the importance of
algebraic methods in solving engincering problems is recog-
nized, it is shown that in numerous instances these problems are
best solved by the use of graphical methods.

The projects in this book are designad to show that there is
often more than one workable solution to daily engineering
problems. This serves to stimulate the creative potential of the
student and calls forth all of his background in engineering
and related studies. The result is that the student gains a very
practical approach to solving the real problems of engineering
as they ocour on the job.

CONTENTS:

INTRODUCTION. TECHNIQUE OF FREEHAND SKETCH-
ING. FUNDAMENTAL FRINCIPLES OF PROJECTION.
VISIBILITY. INTERPRETING ORTHOGRAPHIC DRAVY.
INGS. APPLICATIONS OF THE FUNDAMENTAL PRIN-
CIPLES OF ORTHOGONAL PROJECTION. ANGLE FROB-
LEMS. DEVELOPMENTS. INTERSECTIONS, VECTOR
QUANTITIES AND VECTOR DIAGRAMS. ANALYSIS OF
EXAMINATION-TYFE FROBLEMS. GRAFHICAL PRESEN-

1962

TATION OF DATA. GRAPHICAL MATHEMATICS —
ARITHMETIC AND ALGEBRA. GRAPHICAL MATHE
MATICS — CALCULUS. EMPIRICAL EQUATIONS. FUNC-
TIONAL SCALES. NOMOGRAFPHY. PICTORIAL DRAW-
ING. SECTIONS AND CONVENTIONAL PRACTICE.
FASTENERS. DIMENSIONS AND SPECIFICATIONS. DI-
MENSIONING FOR PRECISION AND RELIABILITY.
COMNCFPTUAL DESIGN — DEVELOPING CREATIVITY.

In press

Reserve your exaniinvalion copy today.

JOHN WILEY & SONS, Inc.

440 Park Arenue South

New York 16, N. Y.
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Basic Graphics

by WARREN ]. LUZADDER, Purdue University

BASIC GRAPHICS, the New edition of Graphics for Engineers, is
designed to fulfill today’s needs of engineering and technical educa-
tion. This text presents the fundamentals essential to graphical solu-
tions and communications. Each basic concept is discussed clearly
and in detail, anticipating difficulties commonly encountered by the
student.

BASIC GRAPHICS features: freehand dralting and pictorial Sketch-
ing — three new chapters — revised material on multiview represen-
tation and conventional practices — expanded coverage of descriptive
geometry, engineering geometry and graphical calculus — larger page
size — and new reproduction plates of both old and new illusirattons.

1962 713 pages Text price: $2.75

Fundamentals of
Engineering Drawing, 4th

by WARREN J. LUZADDER

Designed for the beginning swudent, this book is based on a "sell-
teaching” approach that makes it uniquely easy to use as a guide
through all phases of engineering drawing, regardless of the student’s
biackground knowledge. This time-tested approach, proven through
years of usage with students of all levels, incorporates the ASA and
SAE standards and practices to provide the student with a solid basis
for understanding.

The author lucidly presents the use of instruments, lettering, en-
gineering geometry, and multiview drawing. He carefully follows
with the all-important tool of any trade — language. Upon this bed-
rack foundation, subsequent knowledge and understanding are built
throughout the text.

1959 720 pages Text price: §8.75

Problems in Engineering Drawing, 4th

by . J. LUZADDER and . N. ARNOLD, both at Purdue University, and
F. H. THOMPSON

A manual of laboratory practice material written specifically to ac-
company Fundamentals of Engineering Drawing, 4th. It may be used
with equal eflectiveness to parallel other standard textbooks, Solu-
tions free upon adoplion,

1959 72 sheets Text price: $3.95
Far approval copies, write: BOX 503

PRENTICE-HALL, INC.



Fundamentals of

Engineering Graphics

by MYRON G. MOCHEL, Clarkson College of Technology

A stimulating text for courses in your modern engineering curric-
ulum — bringing the field of graphics into line with the latest trends
in engineering instruction. Prepared by an engineer of many years'
teaching and prolessional experience, this text represents a unique,
class-tested approach, It emphasizes [reehand drawing as a means of
communication and offers a wealth of engineering problems for stu-
dent solution. The book has been designed to coordinate with con-
current courses in mathematics and physics.

1960 379 pages Text price: §8.50

Elements of

Descriptive Geometry, | and |l
by LEWIS O. JOHNSON and IRWIN WLADAVER,

both at New York Universily
Here is a book that offers the futore engineer the basic material to
help him direct the work of others and help himsell put his own ideas
into tangible form. Stressing underlying principles, the book familiar-
izes the student with the equipment he will need to understand and
interpret what he sees on a blueprint. Part I includes the textual
material with numerous illustrations. Part 1I provides over 70 prob-
lems. The two parts may be used together or separately — with any
other workbook or text.
Part I. 1953 73 pages Text price: §2.25
Part 11 1953 71 problems Text price: $.50

E.I. T. Review

by VIRGIL M. FAIRES, U. 5. Naval Postgraduate School, and

JOY 0. RICHARDSON, California State Polytechnic College

For students preparing to take their state registration examinations
for Engineering-In-Training, here is a complele review in one vol-
ume. It offers the primary technical subjects of the undergraduate
enginecring course, The book includes mathematics through Caleu-
lus, kinemalics, statics, thermodynamics, short statements of scienti-
fic laws, typical problems, and examples taken from state engineering
registration examinations throughout the country, May be used in
both class instruction or for sell-study.

1961 256 pages Texi price: §6.75

Englewood Cliffs, New Jersey



THIS PROVEN TEXT, NOW EXTENSIVELY REVISED, MAKES EFFECTIVE USE
OF THE DIRECT METHOD

ENGINEERING e —
DESCRIPTIVE mmmms@
GEOMETRY < eI

by CHARLES ELMER ROWE, Professor Emeritns of Drawing, : '7' _--H_H

University of Texas, and \
JAMES DORR McFARLAND, Professor and Chairman, : [‘[“MHR [ 3' N

Depariment of Drawing, University of Texas,
Registered Profersional Engineer

The Rowe and McFarland text is widely used because of ils clear treatment of the direct
method. In its extensively revised Third Edition, many new illustrations and problems have
been added, the trealment of cerlain subjects has been expanded and portions of the book
have been rewritten. Examination copies are now available.

| All problems are considered as
OVER 1,000 PROBLEMS—HALF OF THEM NEW-— three-dimensional space relation-

HELP STUDENTS MASTER DESCRIPTIVE GEOMETRY . ships and solved direclly from
the data given.

Praclically all of the student’s

Dmant ‘obiotiive o descintive | VISUALIZATION AND ORIENTATION ARE EMPHASIZED
space. [

F FOUR SUPPLEMENTARY BOOKS ASSURE VARIED PROBLEMS '

r | FOR EVERY SECTION |

[

Four workbooks of Engineering Descriptive Geomelry Problems
provide an impressive variety of problems in layout form.

D. VAN NOSTRAND COMPANY, INC.

120 Alexander Street, Princeton, New lJersey
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I AN INTEGRATED PRESENTATION OF

ENGINEERING DRAWING AND
DESCRIPTIVE GEOMETRY

L

| Hasieoto ) ENGINEERING GRAPHICS

by CARL LARS SVENSEN, Consulting Engineer,

and WILLIAM E, STREET, Professor and Head, Engineering
Graphics Department, Agricultural and
Mechanical College of Texas

From its inception Engineering Graphics was planned fo integrate engineering drawing
and descriptive geometry. Designed fo serve as a basic text for students in engineering
schools and colleges, it draws illustrations and problems directly from the practice of engineers
and engineering companies. The 1300 practical problems, arranged in order of difficulty,
insure an understanding of basic theory, fundamental principles, and applications of graphic
methods essential to the practice of engineering. Any chapter may be omitted without affect-
ing the continuity, thus allowing a teacher to present the subject matter in the order which
he prefers.

Only one system of notation is used throughout the book for point, line, plane, and refer-
ence plane line designations. 1200 line drawings, 140 halftones, 1300 problems, 650
pages, April 1962, $9.75.

'D. VAN NOSTRAND COMPANY, INC.



A Backstage { genius

By Kenneth E. Lofgren

What's the difference between a product that
displays creativity and one that doesn't? How do
we rocognize it when we see it, and what's the
difference between & person who 1s creative and
one who isn't?

These are soce of the questions that bother
many of us and unfortunately there are no absolute
answers. There are degrees of creativity, and by
and large, every person from a baby upwards dis-

plays evidence of it. Children invent gawmes and
toys; students invent scheees to dodge work; pro-
fessors devise disbolicel problems to excite the
thinking processes of their students, and all of

us manage somnehow to solve many intricate pro-
blens by being creative.

As educators, we try to bring out the crea-
tivity in our students, be our classes in art or
in engineering. We thrill to solutions which we
¢lain display origineslity -- others fail teo stir
us, Of the latter we sgy the solutions are hum-
drun, imitstive, uninspired. Undoubtedly all of
us have the necessery perspicacity to tell the
difference. We generally recognize the bizarre,
the unusual, the really "nifty" solutions.

Narrowing our thoughts now, to considerations
of design we pight well ask: Is 1t necessary for
a solution to be blzerre, or unusual or comnplex in
order to stir us? If an ordinery screw will serve
adequately to hold two pieces together, wouldn't
it be s5illy to hunt for other schemes -- just for
the sake of providing uniqueness?

If the goal sought 1s nothing beyond unique-
ness, then probably we sre indulging in a ques-
tionsble luxury. But suppose our aim is to reduce
production costs. One hes only to conpare elec-
tronic equipzent made today with the radio sets
made thirty yesrs ago to get & striking answer.
Then, alwost every coanponent was fastened down
with numerous nuts snd screws {(to the delight of
those who loved to tinker). Today, rerely does
one find screws and nuts in such equipzent. In
their places we see cheap rivets, bent-over tabs,
steples, parts crimped together with sieple gram-
cets, interlocking schemes, snd emany other stunts
which eut down production costs. The switch from
screws in many csses entelled much creativity.
This impllies that creativity, in order to be de-
sirable, must serve a useful purpose. Frequently
it is needed in order to produce devices which can
conpete with those already on the market without
infringing ¢ patents and copyrights.

¥ho is creative beyond other people? Can we
spot this ability in our students? Certainly we
can; it's right there for us to see, and there are
pany signs. In order to be creative, a person
prust want to be, and it must not be merely an idle

wish. He pust work at it. Artists, pusicians,
writers, all bespeak an inner urge -- frequently a
fury == which burns within sand clecors for release

in the form of a pasterplece. Engineering design

THE JOURNAL OF ENGINEERING GRAPHICS

hardly begets frenzy of this sort, but socething
related to it is nevertheless a factor,

The creative student (a future design engi-
neer), has a deep searching curlosity to find out
how things work. He's the boy who nakes 8 pest of
himself at exhibits and demonstrations with his
eass of meaningful guestions. Frequently he
displays more knowledge of the exhibit than the
booth attendant. When this brash individual grad-
uates from an engineering school he has elready
ampssed a formidable and valuable substitute for
actual professional experience. Because of his
persistent search for answers his brain is a store-
house loaded with concepts of mechanisms, kinematic
chains, gear trains, as well as an intimate know-
ledge of force, friction, velocity, acceleration,
pass inertisa, thermal and electrical relationships,
and electronics.

Ancther facet of this picture of the creative
engineer, is to py mind, of extreme importance.

I have never seen a person skillful in design who
was not also skillful with his drawing pencil,
particvlarly in freehand sketching.

While to 8 semall degree I was involved in the
following story, I was not present-at the actual
birth of an idea which solved a critical problen
in aerial photography some years ago, This nonob-
stetrical delivery occurred, of all places, in a
church while ny co-worker Frank was supposed to be
paying devout attention to his pastor's sercon.

In those days we did not have the fine grain
photographic film available today, and in order to
get the detail nesded for serial papping at slti-
tudes up to 40,000 feet we hsd to have massive
caeeras with focal plane areas as large 88 &n
opened tabloid newspaper. The problen of keeping
the film flat sgainst the back plate was nicely
solved by making this plate hollow. Drilled
through the optieally-flat surface of the plate
were hundreds of small holes leading into the
opening inside the plate. A hose connection to
this opening then led to a Venturi tube held in
the slip stream of the airplene. This provided a
vacuun which sucked the film tightly against the
focel surface. Caceras of this size were not held
in the hands of the photographer but were mounted
in suitable fraces snchored to the plane. They
were massive and awkward snyway, and the encum- .

brance of the Yenturl tube and attendant hose line
were accepted, although bothersorme, adjuncts,

For spaller and core portable ceceras (large
by today's standerds), this solution was not prac-
tical and simpler means were sought. Frank had
been placed in cherge of the design of a new line
of spaller capmerss and sgain the problem of flat-
ness arose. The usuval cethod of relying on taut-
ness of the film was quite unsstisfactory. Frank
kept saying that someday somebody was going to make
a "killing" with & novel device.

And so, he wes In church -- and restless. His
fretting could be eased only by having pencil and
paper in front of him, so out ceme his little note-
book and pencil.



Let's see. He pused. How do we get a vacuum?
A vacuum tank? That's no better than the Venturi
== tubes all over the place and & big can besides.
No good.

His pencil drew a rectangle. Suddenly it be-
caee a cylinder with a piston inside. A punp! He
thought. Well, why not? We could have a cylinder
right inside the capera. Maybe it wouldn't have
to be so large.

But how do we drive it? Can't expect the
photographer to eove it manually. Those priea
donnas; they just wouldn't do it. 1It'd be sinmple

though. All it would need would be one push -- cne
push for each picture., Even so, we can't ask them
to do it. Forget to do it just once and a whole

flight might be ruined. Could we have the shutter
button push the plunger? HNo. Not fast enough, and
it would necd a resl fast snap; like a spring would

give it. Wait! A spring! Sure, of course. The
spring could be energized in the film wind-up. The
photographer has to do that anyway, snd that's
sonething no pro would ever admit forgetting. Then

when he snaps the shot, automatically the spring
lets go and we get our wvacuum.

But whet about timing? Will the vacuum cone
on in time for the shot? If we increase the stroke
length of the snap button, we cen pake it release
the spring before the shutter trips,

Kow to get the paximum vacuum effect we
better put the cylinder smack up against the back
plate in order ic keep the connecting tube real
short. By golly! Let's do away with all tubes --
we'll make the cylinder integral with the back
plate itself,

"Bureka!" He cried out loud. "I'wve got it!"

To give en idea of how compact the finsl re-
sult was, the bore of the cylinder was eight inches
in diameter but the stroke was only one quarter of
an inch in length. The cylinder was nothing more
than a shallow recess in the focal plate, and sur-
prisingly, only poderate precision machining was
required, The duration of the suction effect
never needed to exceed one quarter of a second.

What are the "behind the scenes" factors in
this 1little tale? Frank brought a vast eental
library to this problem., First of all he knew like
few others the intieste detsils of camers design,
His brain was cranmed with release devices, dedents,
ratchets, delayed motion eechenisps, and countless
other gadgets that are found in complex caceras.
Second, he had been living with this problen for a
long tice. Undoubtedly a part of his subconscious
nind was approaching a coup de maitre. Then too,
his skill in visualization, and in putting on paper
with magic lirmes, the fruit of his brain, made the
brilliant solution alwost inevitable.

One finds creativity in eany places, in eany
people, but while wild flowers grow in rude fields,
the flowers that win prizes for exquisite beauty
are those on which endless toil and care have been
lavished. We who are graphics and design teachers
have an opportunity to till the soil of genius
which lies in many of our students. Like pany pro-
fessors who have had hundreds of students, I re-
celve numerous visits by graduates who enjoy show-
ing ee some particular design achieverent of which
they are justly proud. Frequently, I an forced to
conzent --"I don't believe I could have worked that
out,” But then, after all, one doesn't expect the
gardener to be as beautiful as the rose.

PROBLEM IMN DESCRIPTIVE GEOMETRY

m

Assume you have a box which is 6 inches wide, 10 inches high, and 5 inches deep.

The

lower right forward corner is to be cut off so that the corner edge on the 6 x 10 face is

4 inches long, the corner edge on the 6 x 5 face is 3} inches long,
Draw the box with.the out corner in two adjacent views.
First and best received will be honorably rmentioned in
{Editor's note: this is really a device to find out when you

This issue is being sent to press today, April 2, 1982,

the 5 x 10 face is 3 inches long.
Send your solutions to the Editor.
the Novenber 196% issue.
receive the May Journal.

and the corner edge on

If Cir-

culation Manager Bob LsRue is circulating on tiee and he has no trouble with his IBM machine
you should receive this journal on the first of May.)

S

MAY, 1962
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Part 1=

TEACHING ENGINEERING GRAPHICS W1TH COLORED TRANSPARENCIES--AN EVALUATION

By Clayton W. Chance, Assistant Professor of Drawing

The research reported herein was supported by a
grant fron the United States Office of Educetion,
Department of Health, Education and Welfare

Engineering Descriptive Geormelry courses are
taught by the lecture-deconstration method together
with supervised laborstory work. The many drawings
eade now on the chalkboard should be skillfully
constructed, visible to all students and conpe-
tently explained. Objections to this rcethod are:

1) teacher has his back to the class; 2) figures
on the board are too small to be seen by all stu-
dents; 3) time required for making drawing linits
the acount of materisl covered; 4) cost teachers
use white chalk, thereby only ene color is viewed,

A 15 month research study recently conpleted
at the University of Texas proposed that approx-
irately 200 drawings with some 800 scconpanying
overlays requirad in the lectures for one secester
in Descriptive Geometry be pade in 2 professional
canner on colored transparencies and projected onto
a screen by emeans of the Overhead Projector. These
transparencies show a specific problen setup, then
progressive overlays reveal subsequent steps in
different colors leading to an ultimate solution to
each problem, A large image at a short screen dis-
tance in a semi-darkened roon permits use of the
projector in front of the class, thus enabling an
instructor to face and spesk directly to those in
attendance. This will lead to core effective
teaching and hendling of larger lecture groups of
students.

This new cethod of presenting lecture-decon-
strations used in teaching Descriptive Geonetry,
when placed at the dispossl of an "average" teacher
{young or othervise), will increasse the effective-
ness of his classroom lectures and chalkboard

deconstrations eany fold., This course is taught

to all second secester Freshmen Engineering stu-
dents and lectures contain nucerous type problems,
illustrated on the chalkbosrd utilizing basic
fundawentals, FEffectiveness of chalkboard deron-
strations is reaterially affected by the skill of a
teacher in eaking them. Therefore, by adopting the
Overhead Projector-transparency rmethod of teaching,
an "average to good" instructor will be much more
capable of beconing an "excellent" teacher in pre-
senting subject matter in a core interesting,
better organized and understandable manner.

Five OBJECTIVES were setup at the beginning
of this research study and these questions will be
discussed one by one in this paper today.

Approximately 1,000 masters were drawn, inked
and lettered in a professional sanmer, and uti-
lized in developing 200 colored transparencles and
800 overlays, These were used in the fall secester
last year with two additionsl instructors viewing
the lecture demonstrations. During the spring
secester these two instructors, A & B taught four
controlled classes totaling 104 students, two by
the overhead projector cedius and two by the chalk-

THE JOURMAL OF ENGINEERING GRAFPHICS

University of Texas, Austin, Texsas

board eethod. These classes were nade up at regis-
tration. Organized on a randon basis as equally as
possible with the teaching cethod being the only
known variable, Results on s student gquestion—
neire and Fora A of the Space Relations Differan-
tial Aptitude Test were used by Instructors A & B
and myself in setting up s verticel rating scale
with the rank of each student in the two sections
of the conbined controlled classes, After com—
pletion of this ranking froam top to bottom, a dis-
tribution into the "transparency” or "blackboard"
class was accoaplished by purely randon casting of
the lot. Daily information on these four classes
was tsbulated covering some 10,700 daily drawing
grades, 500 quiz grades, 100 final exan grades and
100 finel course grade averages.

It was originally the responsibility of the
project director (myself) to set forth anssers to
the objectives of this research study. Becasuse it
was felt that answers would have a stronger signi-
ficant value if the opinions of the two instructors
were taken into account, they were consulted in the
organization of the following and agreed in essence
with their wording.

1. CAN THE LECTURE-DEMONSTRATION PERICD
BE REDUCED S0 AS TO ENABLE THE STUDENTS
TO EXPERIENCE LONGER SUFERVISED LABORA-
TORY PERIODS?

If the amount of lecture material being viewed
by students could be kept equal for conparison pur-
poses, the transparency medium would very definite-
ly provide a shorter lecture period. 1 utilized a
stop watch while visiting several lectures of both
eedia. This revesled an average of 5 minutes per
lecture longer duration for the blackboard over the
transparency lectura. This period of 5 minutes
would be even longer if the instructors would have
covered an equal arount of deponstration material
on the blackboard that was already prepared for
viewing on the colored transparencies. Also, it
was felt in the transparency lectures too much
problem construction detail was pointed out by the

instructors. After instructors becore rore
fapiliar with the transparencies, overall lecture
tice in the transparency class could be reduced,

hence allowing even more tiee for a longer super-
vised laboratory period, 1 believe an average
approxicated figure of 10 minutes per 50 minute
lecture could be saved by the transparency rediunm
over a conparable blackboard lecture which (if ny
slide rule didn't slip) would acount to & 20 per-
cent saving of the students tiee in & Descriptive
Georetlry lecture. An additionsl advantage could
be stated which might be clearer -- Instead of
saving tiee -- we could be showing our students
gdditional problen solutions which we have had to
exclude from our contact lecture-deconstration
tica.

2. WILL STUDENTS' KNCWLEDGE OF THE



FUNDAMENTALS INVOLVED IN PROBLEM
SOLUTIONS BE INCREASED?

This objective with reference to the student's
daily work can probably be answered best by com-
raring class averages over the dsily drawing grades
which is a2 measurement of drafting skills and five
quiz grades which ceasures the effect of learning.
The transparency group average was 83 percent con-
pared te the blackboard group sverage of Bl per-
cent, a difference of 2 in favor of the trans-
parency wedium. In conparing group averages for
the five quiz grade totals, the transparency group
averaged 78 percent to a 75 percent for the black-
board, a difference of 3 percent in favor of the
transparency group. Although neither of these
differences is large enough to be statistically
significant, both of them are in the sace direc-
tion--i.e., in favor of the transparency group.

In coaparing group average for the Finsl
Examination Grade, which supposedly measures
retention, the transparency group sveraged 76.9
percent in contrast to a 71.2 percent for the
blackboard group. This figured a 5.7 percent dif-
ferential in favor of the transparency group., In
conparing group averages for the Final Course Grade
which is indicative of a students level of attain-
cent of Descriptive Georetry, sgain the trans-
parency group led the bleckbosrd group, 79.3 per-
cent to 74.9 percent. This supplied an average
differential figure of 4.4 percent or practically
a8 one-halfl grade point beltercent.

Both of these differences were statistically
significant at the ,05 level of confidence.

3. WILL THERE BE MORE TIME DURING THE
LECTURE FOR THE STUDEXTS TO ASK
ADDITIDNAL QUESTIONS?

Fron answers supplied for nusber cne objec-
tive, it has been ascertained that asccording to
the clock there is more tiee available if the stu-
dents wish to ask additional questions and indulge
in eclass discussion for the purpose of a better
understanding of problem solutions. A randon se-
lection of various lectures along with & tabula-
tion of total nuceber of questions asked in each of
the two media groups, reveals a surprising fact.
0Of the total nueber of questions ssked in these
lectures, 70 percent were in the transparency
group. One idea which I eay express in trying to
supply a reason for this fact, is that the trans-
parency cedlun provides sn eassier way for an
instructor to teach this subject. Therefore, psy-
chologically students feel that problem solutions
are easier to understand, hence, their attentive-
ness is greater and they realize sconer when a
question cozes to mind.

4. SHALL THE FACULTY FREFER TO ENGAGE
IN TRANSPAREKCY DEMONSTRATION IN CON-
TRAST TO THE TIME PROVEN CHALKBOARD DRAWINGS?

Before any instructor can express an opinion
on this cobjective, he pust actually experience for
himself this newer method of teaching by utilizing
an overhead projector and colored transparencies,
Observation of another instructor using this pedium

is not convincing enough, Because of contrasting
differences involved, an instructor should teach
wore than one class before he starts feeling at
egse with the transparency eedium approach. 1 have
used this in four of my classes this past school
year and found several techniques which could be
used after famillarity was gained with the projec-
tor, semi-darkened room, transparencies and projec-
tion screen. Both Instructors, A k B thoroughly
enjoyed the experience of using this trensparency
wmediua and after observing the final results of
this research project join with ce in sn affirea-
tive vote in favor of the transparency method of
teaching Engineering Descriptive Georcetry. Ome
additional factor in favor of the transparency
medium approach to teaching was voiced by several
faculty viewing this research project, that it
allowed for a more professional appearance to lec-
ture deconstrations. This fact is one which I
personally subscribed to and presume that many of
you agree, that at all levels of teaching, we
teachers on a national scale oust gain a core pro-
fessional stature.

AFTER COMPARING STUDENTS IN FOUR COXN-
TROLLED CIASSES, WILL THERE BE A NOTICE-
ABLE IMPROVEMENT IN THE FINAL GRADES OF
THE TWO THRANSPARENCY TAUGHT CLASSES YER-
SU8 THE TWO CHALEBOARD TAUGHT CLASSES,

As indicated esrllier in this paper, students
that participated in this project were ranked by
ke, three instructors on a vertical ratiog scale and
distributed into four equal sections. These were
then cast into & transparency or blackboard group
by the toss of 8 coin. A later review of the Space
Relations Pre-Test scores indicated that the four
classes started out at the beginning of the seces-
ter with a5 even a distribution as could be ex-
pected. All known variables were taken Ilnto ac-
count, nacely, a) difference in instructors,
b) difference in scheduling time of classes, and
¢) difference in teaching methods. At the con-
clusion of the course, and sfter final grades were
tabulated, graphs were conpiled which showed con-
parisons of the two teaching methods in each of the
grade categories,

5.

GRAFH I

COMPARISON BETWEEN TRANSFARENCY AND BLACKBOARD
TAUGHT CLASSES MEAN DEVIATIONS

HMEDIA SEC.1 SEC.5 BSEC.T BEC.9 GROUP AVE,
Trans-

parency T7.3 81.3 79.3
Blackboard 76.7 73.1 74.9
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This graph supplies a conparison between the two
cedia by class divisions. Sections 1 and 5 were
taught at 8 o'clock and Sections 7 and 2 were
taught at 10 o'clock, Instructor A taught Sections
1 and 8, Instructor B taught Sections 5 and 7.

GRAPH 11

COMPARISON BETWEEN TRANSPARENCY AND BLACKBOARD
TAUGHT CLASSES 104 STUDENIS

FINAL COURSE GRADES

MEDIA A B C D F RoP QUTS
Transparency g 18 12 & 3 3
Blackboard 5 20 12 3.9 4

In this praph notice differences in the extrene
ends of the grade scele., Of the total nucber of
students that made an "A" in the course, 64 percent
were in the transparency sections. Of the total
nucher of students that made an "F" in the course
75 percent were in the blackboard sections. Notice
in the middle grade scale (¢} both pediums produced
an equal nueber of students.

GRAFH III

COMPARISON BETWEEN TRANSPARENCY AND BLACKEQARD
TAUGHT CLASSES-INSTRUCTOR A

FINAL COURSE GRADES

MEDIA A B L D F DROP OUTS
Transparency 4 T 8 3 1 1
Blackboard 3 10 6 2 5 0

GRAPH 1V

COMPARISON BETWEEN TRANSPARENCY AND BLACKBODARD
TAUGHT CLASSES-INSTRUCTOR B

FINAL COURSE GRADES

MEDIA A B C D F DROP QUTS
Transparency 5 11 4 3 2 2
Blackboard 2 10 6 1 4 4

Graphs II1 and 1V allow for a conparison between
Instructors A and B in the obtained Final Course
Grade results. HKote that both instructors had a
better teaching effort utilizing the overhead pro-
Jector transparency cediunm,

In conclusion, I wish to discuss some personal
Reconrendations which have stemned from experience
on this research project. If an individual hes not
experienced the use of an overheasd projector, one
should becone famlliar with it and gain expoerience
not by observing, but by actually working with it,
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One price advantage as listed in advertising
literature is the fact that it can be operated in
broad daylight. Experience on this research study
shows this socewhat of a false statement. Because
of the nature of our Descriptive Georetry problens
colored lines projected on the screen are washed
out unless the room is darkened down approximately
80% of its broad daylight reading. This allows for
deep color differentiation and @ much more pro-
fessional presentation.

This overhead projector is designed to allow
the lecturer to stand or sit facing his class
while at the same instant turning overlays or writ-
ing, sketching, or drawing on an acetate roll
stretched over the projection light table, It is
through this new approach that an instructor still
feels this equiprent is an asid and that he retains
full control of his student audience regardless of
class size.

Transparencies that are prepared previous to
the lecture derconstration allow for two very im-
portant features to transpire., First, a ouch im-
proved presentation in color over s blackbosrd-
white chelk method will increase students' stten-
tiveness many fold, Secondly, because students
actuazlly are not learning anything new while the
instructor is drawing lines which form the end
result, colored overlays indicate subsequent
theoretical steps to a problem solution and save
puch of the students concentration time.

The audio-visual csediun is based on three
psychological bases which are especially important
in education. They are 1)} sight-amindedness,

2) reinforcecent, and 3) repetition. The first
of these concerns the fact that cost of man's
learning is scquired through a sense of vision.

Authorities state that approxieately HU percent

of our knowledge is acquired through eyesight
while less than 15 percent is lesrned through a
sense of hearing. In regards to retention of this
knowledge, the following chartl should prove the
necessity of not only speaking to the students but
allow them to view probleam solutions large encugh
so that all cen "get the lesson,”

GRAPH ¥

RATE OF RETENTION OF ENOWLEDGE LEARNED THROUGH

TWO SENSES
Senses 3 Hours Retention 3 Days Retention
Ear 70 % 10 %
Eye 72 % 20 %
Ear & Eye 85 % 65 %

Through some nine years teaching experience, eight
of them being in the area of college teaching, I
believe that the present size of Engineering
Drawing clesses is based on three reasons -- 1)
ilsboratory facilities have been controclled by the
viewing size of a blackboard lectura section; 2)



students of 25 or 30 are enrolled presently be-
cause it has been done that way for years without
any known statistical research to back it up. 3)
Since most drawing instructors feel that s good
share of their student; knowledge is gained thru
grading, we have reluctantly pressured administra-
tions for additional funds to pay student assist-
ants.

Therefore, I recomcend through experience
gained on this research study, that formal lecture
seéctions be enlarged to contain 75 to 90 students.
This would be possible because of a large image
controlled by the overhead projector and cost
important would autonaticelly allow for better
staff utilization of professional teaching person-
nel. This would not alter my present philosophy
that a large share of teaching of this basic engi-
neering subject 1is accomplished after the lectura
in smaller laboratories of 20 te 30 students.

Lastly, I would like to list here the most
cutstanding advantages of this cedium of comnuni-
cation. But first let's view 8 half dozen of our
transparencies which I picked out of the teaching
file. The transparency-overhead projector epethod
of teaching is better than the blackboard-white
chalk method because:

ADYANTAGES:
1. Larger viewing image-more profession-
al presentation.

2. Addition of 6 colors.
3. Inmproves student attentiveness

4. Allows pore tice for students to
ask additional gquestions.

5. Review fundamental steps to problem
golutions by turning overlays eassily.

As scientists and engineers are constantly
searching for new and better ways to improve man's
stendard of living, we professionsl educators who
are involved in the education of young minds in
this curriculum area, nust not dismiss newer teach-
ing techniques which are beginning to gain national
attention.

1 Taken from taped speech and prepsred slides by
Lloyd Trunp, Director, Cornission on Staff
Utilization, Presented at the 1860 Worshop on
Staff Utilizatlon for Secondary School Princi-
pals, University of Texas,

PART 11

TEACHING DESCRIPTIYE GEOMETRY WITH COLORED TRANSPARENCIES

In this article, information pertasining to the
production schedule will be provided, slong with an
acconpanying cost analysis which is necessary for
anyone who wishes to devise a curriculun file of
colored transparencies.

As the preceding article stated, approximate-
ly 1,000 dravings had to be drawn, inked and let-
tered before colored transpsrencies could be pro-
duced, During the summer of 1959 when the re-
search grant financing this study was estsblished,
there was no literature available which described
a8 similar problem. Therefore, it was decided that
a production schedule and cost analysis would be
paintained for future reference. These are tabu-
lated here with the hope that after reading both
articles other teachers will develop an interest in
this mediun of comsunication and will be sble to
ralse the standards of lecture demonstrations in
their areas.

PRODUCTION SCHEDULE

Following sre tabulations and time sequence
break-dosns based on an average tiee limit of the
steps which were followed in this study.

1.. DrailnEs
New drawings were made covering each problen

area of the curriculum, Upon conpletion of an ac-
curate pencil master, a series of color sepsration

sketches (C85) were traced freehand off the master
drawing. These were used not only to determine the
serles of overlays desired but indicated the exact
information needed on each subsequent step of the
overlay pattern and supplied the total number of
overlays needed to explain each problen thoroughly,

Aversge Tive Consuped:
Problem Sketch First Layout Master €S § Total
1/2 11/4 1 1 3 3/4
All figures based on hour readings.

Material:
Ozalid Tran-econ OE master paper 8} x 11 or equsl.

2, Nunmbering Systen

At this point in the production layout a
f111ling system was inaugurated corresponding with
the chapters of the course textbook and workbook,
A file number was stemped on three items: a eanils
file folder, the master drawing and the color sepa-
ration sketches (C88), This beceee the hasis of a
easter filing system for all the drawings and trans-
parencies.

Average Time Consumed: } minute per set.

Material:

Justrite BN2-6 Numberer or equal,
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3. TyeinE

At this steage, typing on the easter drawing
should include all the information found on each of
the CS58 sheets. It was not necessary to back up
the pmaster drawing wWith carbon paper.

Average Tiee Consuced: 12 minutes per easter.

4. Printin

The original paster drawing was used to make
as pany non-reproducible blue line intercediate
prints as there were pages in the stapled color
separation sketches. (C83) It was determined to-
ward the end of the reproduction process that one
gdditional blue line print should have been run
off at this tiee in case an error had occcurred in
inking or typing of the other prints or if a fur-
ther change should warrant its use. Note: With the
file nucber already stamped on the original master
drawing, all the intercediate blue line prints con-
tained the correct file number autozatically.

Average Time Consurced:
Material:

6 ninutes per transparency.
Tecnifax Texray 214T or equal,

5, Inking

EEEE_Ebn—reproducihla blue line print was
inked secording to the inforemation contained on
each of the C55 sheets, A distinct difference in
the weight of lines (i.e., object lines, hidden
lines, and sight lines) was enphasized rore than
usual,

Average Tice Consuced;
drawing.

Materials: Peliksn Drawing ink or equal,
Graphos ruling pen set or equal.

11 winutes per blue line

Pelikan

6. Typing

When typing the necessary inforeation on each
of the blue line drawings it is necessary to use at
least & pica size type and back the drawings with
either a black or orange colored carbon paper.
This function allows for a good grade of opacity.
Orange carbon has less tendency to scear,

Aweragg Tice Consumed: 3 minutes per drawing.
Vaterials: Ozalid Opaque Carbon Paper--Orange or
equal,

7. Checking

This is best acconplished by use of & light
table, After checking the blue line drawings
against the master drawing and also the color sepa-
ration sketches, they should be "placed in registry"
on the light table. This will reveal any dupli-
cations of effort on core than one overlay and
will also show lines passing through letters or
words, This is a vital check on drawings in the
subject matter ares of descriptive geometry and
will allew for a wore professional presentation,

Avargge Tiwe Consuced: 1 oinute per drawing.
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Upon completion of the preceding steps in the
production process, each master file of drawings is
conplete, The manila file folder contains: {(a)
master drawing, (b) color separation sketches,

{¢) blue line prints, which in essence becoze knosn
as the paster blue drawings.

8. Printin

In this subject area of curriculum where sight
lines are parallel to object lines and object linpes
becore lines of intersection, registration of the
overlays is of a vital concern in the developcent
of the colored viewfoils, Considerable production
time was lost at the beginning of this project be-
cause of inferior equipment. However, this problen
has since been overcome and two types of eguipment
were utilized on the project. The Tecnislider de-
vice works well as an attachment on 2@ high speed
Ozapatic copying machine or equal. Another ef-
fective pethod of printing viewfolls was the Slide-
master system, which utilized the Protoprinter.
While the latter cethod is sonmewhat slower, it is
possible, with some experience, to print a large
voluee of viesfoils. There are several variables
(age of viewfoils, age of photofleod bulb, and
strength of apronia) which, when coupled with
inexperience, will increase the waste file., Om
this project wastage of viesfoils acmounted to 19
percent, which was lower than originally antici-
pated, Spoilage of the nonreproducible blue line
paper was somewhat lower--10 percent.

The cethod of development found to be cost
productive was to sort out B or 10 master blue
line drawings from the manila folders which call
for the sace color view foil; run this number
through with one setting of the tieer; and then go
on to another color and tice setting. This allows
for core efficient handling of the opened viewfoil
packages. Amconia fuces should not be allowsed to
contact open packages of film. They should be
taped shut after the day’'s production run is
finished or the package should be placed in a clear
plastic bag. Caution should be stressed in ob-
taining the exact exposure of the viewfoils, This
film is very sensitive, and one-guarter of a minute
cakes a difference in the printed results,

Average Time Consured: 4 minutes per drawing.
Materials: ODzalid Viesfoil and Projecto Foil or
equal, Technifax Diazochrome film or equal,
Technifax Slidemaster Systea or equal,

8. Borting

This is an automatic operation which herdly
needs discussion, but it does take tice on the
production run. One fast way followsed on this
study was to lay out on a long table all the manila
file folders that were involved in the day's run
and then sort the viewfoil and easter blue line
drawings onto the proper file folder, making sure
they coincided with the correct esster pencil draw-
ing and CS5 inside the folder, This was difficult
because of the close identificetion of sore pro-
blens. Once all ecaterial is returned to the file



folder, it is tice-consuming to try to locate a
nisplaced viewfoil,

Average Tice Consured: 1} minute per drawing,

10. Assepbling

ITEEET_E?EEy project will entail soceshat
different problems regarding this area; however,
the author will go into some detail describing wshat
was practiced on this project. The procedure
followed here will not only enable a reader to sug-
cent his osn ideas but will offer socme new thoughts
which only experience can supply.

In this project the first "visual" to be at-
tached to the cardboard count was called the given
information and was always in black lines usually
on a tinted base viewfoil. Because of the close
registration which was required and the totsl nun-
ber of problems invelved, a Slidemaster Systen was
utilized 1o advantage.

The cardboard mount was placed upside dosn on
the pins with the visual (given information) next.
Only two of the four sides were taped down in this
position; one long side (pins) and one short side
{staples) were omitted. This subassembly was re-
coved and placed right side up on the pins again,
If all subsequent overlays sre to be hinged from
one side, they should be aligned one at a tice on
the pins and eetallized Mylar hinges attached. The
three hinges should be positioned as far on the
overlays as possible leaving only enough roon for
the staples and an equal asount both topside and
underneath. If this is not adhered to accurately,
after sore usage, the overlays will "sag' out of
registry. In this project most of the trans-
parencies averaged five overlays and the visgual
(given inforcation)., Two staples were placed in
each section of hinges; the two remaining pieces
of tape wmere then applied on the back side of the
pount. The ends of the staples are thus covered
up, which permits easier filing. Finally, three
snmall pieces of opague tape were applied over the
registration holes, and the file nunber was stanped
on the mount, Any titles or lectures cues can be
added if desired.

Averq;p Tive Consuced: 15 minutes per Ltransparency.
Materials:; Technifax Slidenaster System; Tape,
Translucent, 4" matte-surface 3M-B10; Techinges,
1}" square Mylar pressure-sensitive; Stapler,
Bostitch Model P6; Tape, Chart-Pak, }" #2512
Silver. Above materials or equal were used,

11. Filing

On this project the transparencies were
filed in a vertical position in sliding file
drawers. After a short tiee, becouse of the many
overlays per transparency, they all started segging
out of registry, which required the tige-consuning
process of rehinging eany of the overlays. Hence,
a horizontal storsge cabinet with each slot holding
gpproxieately eight transparencies has been uti-

lized with success. Finger pmarks, grease,pencil or

first

dust eay be rezoved from transparencies by rubbing
or wiping with & soft lintless cloth.

Avcrage Tiee Consuced: i pinute per transparency.

TOTAL TINE CONSUMED

Following is a tabulation by separate opera-
tions involved in the complete production of each
of approximately 150 transparencies:

1, Drawings ..ccasrrensnansnnconsanns 225 Minutes
2. Kumbering system ...... R e ) G
3. Typing of masters ...uivsnsssesss & "
4. Printing of blue line prints ..., 12 "
5. Inking ..... T e 66 "
6. Typing of blue line prints ...... 18 "
7. Checking ..oecicesnnsanrnonnssss wani i, B sy
8. Printing of Viewfoils ........000 24 "
B, Sorbing i, cvasevarninerviarisne - "
10. AsSenblifNg ..ccaeeses i |
11, Filing ...... LV e P, I ¢

TOTAL 373 minutes
O 6 hours and 12 ninutes per transparency

{Average = 5 overlays and 1 visual per transparency.
Kote: This tiee schedule is based on notes of each
operation maintained during a production line
operation. Probably eight hours would be closer
to actual tiee mecessary, if a single transparency
problen were to be constructed after the individ-
ual had some experience in each operation.

COST ANALYSIS

When this research project was in the planning
stage, it was impossible to sscertain a cost analy-
gis that entailed one person’'s efforts in develop-
ing and printing his own transparencies., Therafore,
a8 close anslysis of material costs was maintained
during the study and is broken dosn as follow:

Iten Cost Per
Transparency
Mounts - 50 8 $10.00 ....cuvrvnnennrnnss .20

Diszochroze Filn B% x 11, 25 sheeat
package B $6.20 ,...ceeriirnnanannns 1.50
Tracing paper 8} x 11, 500 sheets

B T R S e N L s e .04
Texray paper 8% x 11, 100 sheets

R PR e e e R R S .18
Tape, 4" wide x 40" long translucent,

26027 @ 83 2) L e .03
Hinge, Mylar 11" square, 200 package

R B B R e .11
Staples, Box 5,000 B $2.70 (6 per

transSparency) ...ivecccsssssaansnns .01

T 205
This is an approximate {material cost figure only)
for a transparency which contains 5 overlays and
1 visual.

Miscellaneous Supplies:
Erasers, pencils, black lead and colored
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leads, Ink & .35 bottle, #4 Photoflood bulb, maxi-
gum 1ife 10 hours @ $1.60, and acrmonia, 1 gellon
g $1.25

Operational Costs:

Designed and constructed for a research pro-
ject the transparencies described here have been
utilized in teaching nine classes in descriptive
georetry during the school years 19592-60 and 1960-
61l. No expense whatsoever has been involved in
the maintenance of the transparencies themselves.
However, below is a breakdown on the Transpague
Junior Projector bulb usage for the first year,

Sterted using projector Septerber 14.
Fall Serester: Two classes - lst bulb burnt out
on December 17,
Five classes - Znd bulb burnt
out on February 8, 3rd bulb burnt
out on March 16, 4th bulb burnt out
on April 27,

Spring Semester:

The last day the projector was used, May 17,
the fifth bulb was still in use, From this record,
one pay arrive at a fair spproximation of the num-
ber of hours a projector bulb night last. Seventy-
five clock hours is &n average operational figure
for a 500 watt bulb. Care should be exercised in
cooling the bulb icpzediately after use with the
twin blowers of the projector for about four or

five minutes. This allows the filarent to cool
before being moved, and the figure of 75 hours can
be paintained.

CONCLUSIONS

In addition to the initisl cost expenditure
for transparencies a Transpague Junior Overhead
Projector was used which gave excellent service
and proved to be one of the best projectors on
the market. A projection screen was constructed
out of tempered masonite sounted in an B ft.
squara frace which was designed to roll in the
chalk tray. The screen leans cut at the top to
allow light rays from the projector to strike the
screen at s 90-degree angle which eliminates any
keystoning effect. These two items represent an
ipnitial outlay of epproximately $450.00,

¥hen one contemplates raising the standards
of lecture deconstrations in curriculuns which
heretofore have required much blackboard com-
runication, such as engineering descriptive
geomatry, the ultimate guestion to be considered
is whether the costs described in this study can
be compared favorably with the initial expenses
of 150-175 square feet of slate, instsllation cost,
continuing costs of chalk, blackboard ergsers and
dailly custodial eaintenance.

|CH Graphical Methiod & IWorRing wilhi Binary Nowbers
By Charles J. BHaer

The nature of the circuitry of a digital con-
puter requires an internal nunerical system other
than the decimal system, with which we are familiar,
One of the most popular systees used is the binary,
of which there are several variations, (Sece
Table 1.)

A person who works with & computer should
know sorething sbout the internal nueerics of the
pachine because he will occasionslly find it neces-
sary to read the lights on the console of the ma-
chine., These lights usually read in the binary,
or whatever other internal code the conputer uses.
It is an axionm that a program never works the
first tice it is put into a computer, When the
program stops, the lights (or on some machines, an
oscilloscope) on the console show exactly where
the progranm stopped and often give a clue as to
what the error is.

One who is new at working with binsry numbers
may find it quite easy to make mistekes in addi-
tioen, multiplication, and in reading these num-
bers. The aligneent chart {Figure 1) will provide
considerable assistance to such a person in check-
ing his aritheetic, Although the numbers on the
two side sceles do not go very high, it should
still be of value becsuse the novice would prob-
ably want to work with nuebers within this range.
A similar aligneent chart for the addition of such
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nunbers would probably be of equal value.

The chart of Figure 16 was designed for the
pultiplication of conventionegl binary nucbers from
one to sixteen, For its top figure, the center
line of the chart has the binary nuober 100000000,
which is the equivalent of decimal number 256, the
product of 16 times 16. Such a (binary) number
cay seen large and unwieldy but it can be handled
very nicely by a computer designed for this type
of binary systen,

An exanple follows. Let us sultiply 1010
{binary representation of decimal 10} by 1110 (dec-
imal 14.) Using the sligneent chart, we obtain
the number 10001100 for the product. This number
is the binary representation of decimal 140. The
actusl multiplication of these nusbers would be as
follows: 1010

x 1110
10100
1010
1010
10001100

Note that in adding the fifth, sixth, and
seventh columns from the right, we had to carry
This follows the rules of addition for
Thus: 100 -+ 10 = 110

ones.
binary nunbers.



presents no cerry-over problem but 1004-110=1010

requires a carry-over in the column that is third
from the right.

The construction of this chart is quite sic-
ple. It is merely a chart of the form UY = W,
having each exterior scale a little rore than one
logarithnic cycle long. The main problem was in
deciding how to subdivide the center scsle, par-
ticularly the upper part. In the final design,
tick marks are positioned to give binary numbers
whose intervals represent 10 decimal digits from
10 through 100 {1100100). Beyond 100, these marks
are positioned to give numbers representing 120,
140, 170, 196, 225, and 256. There are also tick
marks to represent 16 (10000) end 64 (not nun-
bered). Although this arrangesent is not 100 per-
cent satisfactory, it is asdeguate for cost checking
PUrposes.

To assist the person who is interested in
binary arithretic, we have prepared Table II.

[ 7 et dod [~ 10500
= - Yi1coocon L
He - ~ 11esico L 1110
. - wotomo -
150 - - wosion - 1100
= (RE R Loielv] e
W - HODICD _ g
1o — (L [ el ] - oo
5 — rooonio -
i i L
7 1 oo 1000
" —| noole L 111
F — 1o1agd
110 - L 1o
= - 111i0
10 - - 101
- - 10100
100 | —~] 10000 L 100
—f 100
1 — — 101 -
2 - 1o
— —
3 - no -
- a1
10 — 1D - |0
Tl -~ "1 -
11
—1 10
g 110
gl - tj
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Encovrnging Creativity InEnguneering Grophiics

by llareld L. Dillenbeck

An engincering nraduate is not an engineer un-
til he can create. The dictionary says that crea-
tive is synonomous with productive, and while this
is partially true, ereativity rmeans mare to an
enginecr. He must be able to bring forth new
ideas, adapt old ideas to new products and prac-
tices, in short he must cultivate original thinking.

In The Report on Evaluzation of Engineering
Education® "The first objective, the technical goal
of engineering education, is preparation for the
performance of the functions of analysis and erea-
tive design.... The capacity to design invelves
rore than mere technical competence, It involves
a willingness to attack a situation never seen or
studied before and for which data are often in-
complete. This portion of many engineering curri-
cula demands close scrutiny and continuous active
change.... The emphasis should be an spatial
visuvalization, experience in creative thinking,
and the ability to convey ideas, especlally by
free-hand sketching, which is the normal mode of
expression in the initial stages of ereative work,"
“{Journal Eng. Ed., Vol 46 Sept, 1955 P. 23-50)

Enginecring Sraphics courses are among the
First courses that engineering students take,
hence they are in an excellent position to start
the student in his creative thinking, Frequent 1y
freshman draving courses consist of many plates of
pure copy work where it is hoped that the student
learns by copying the work of others., With the use
of creative design problems, however, the student
can learn the usual techniques of lettering,
dirensioning, sketching, visvalization, sectioning,
cte., in their true context, He can see why cer-
tain conventions are used, how they simplify the
vork he is doing. He can see that drawing is a
tool of engineering, that its use is necessary in
rakinz a design, and that it will be used in all of
the steps of creating an object or design., He can
see that drawings szre a rmeans of communication and
if the draving is poor, it is as bad as a poor tele-
phone connection or a loose tube in a radio or tele-
vision for it does not and cannot tell the whole
idea, and, as a result, the idea is lost.

Hith creative design, we have an opportunity
to show drawing in its proper context in the field
of engineering. Drawing is a tool, a very useful
and necessary tool, and in this tvpe of situvation,
the Instructor can show how it is used and, at the
same btime, make the whole course more reaninzful,
The time spent on creatiwve design should approach
the real life work of an engineer. The more that
can be dons to make this realistie, the better the
students can carry over their learninz te their
later life,

During the time spent on creative design,
the student can be introduced to engineering
ethics., He can be shown that he is to create, not
copy someone else's work - shown that his work is
his own and must stand or Fall on his own knowledge
and ability. The fact that most work of englneers
is of a professional nature and is directly con-
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cerned with public safety can be shown with
examples. Here, too, the student can see that the
engineer must work for his company, must feel that
the men, materials, ete., are his to use in the
best interests of hils employer, rust deplore waste
in all respects, such as time, effort, and raney .,
In short,; he can begin to understand the meaning of
ethics and professionalism.

Creativity can be introduced from the be-
ginning of the student's First drawing class. He
can be asked to make a geometrical design in his
first practice with Instrurents rather than
copying one from the text. He can be asked to
draw a door stop, a wrench, or sorme simple object
rather than copy a multilated block from his book.
As the course progresses, the instructor can ask
the student to design a screw jack or some other
assecbled object. The most interesting results
come from asking the students to "desipgn something",
pick their own problems of something relatively
simple - say not over six parts - and make a new
or better design,

After the studeats have made their desizgns,
their work can be posted with their names covered
and the rest of the class can study the work and
rate the drawings, This gives the students prac-
tice in reading drawings and judging the work of
others, and it lets them see how drawing errors
affect the ideas that they were trying to present .,
The courses most vividly reresbered are those
courses where the student is allowed to be original,
on his own, and where the results give him pride in
his own accomplishments,

Heedless to say, problers will arise as a
result of asking the students to do independent
thinking. The Instructor will have ta study each
student®s work and each will be different,
Assigning a grade will be more difflcult. Some
students will say that they have no ideas, but in
these cases, the instructor can lead the student
toward rore independent and ereative thinking.

Creativity is simllar to any complex tool.
The student has to learn how to use it, and the
rore that he does use it, the easier it becores
For him. Once a student's imagination is released,
he finds that there are endless possibilities for
its use and he will work harder, and will do and
learn more than the instructor thinks possible.

In general then, I believe that the student
does his drawing and learns his lettering, line
work, sketching, etec., In an atmosphere of cnergy
and thouzht. HMe sees drawing in the correct con-
text and when he is done, he will resmccher what
he has done long after he has forgotten prepared
sheets and copy problems, He will also have
learned a great deal about such intangibles as
ethics, professicnalism, and independent work.

As a preparation for his future work, both in
college and later in the industrial world, the
early release of creative thought must be fostered.



S0LUTION OF

By Michael P. Guerard

Many of the "classical” and purely academic
problens of gecmetry can be solved by the prin-
ciples of intersecting loci. Solutions for which
the loci in question are straight lines or circular
arcs are cost widely sccepted, since they can be
gccopplished through the use of Euclidean geosetry,
i.e., with straight-edge and conpasses,

Presented herein is a possible, though admit-
tedly tedious, solution to the cold problen of find-
ing the centers of all circles tangent to three
glven circles, The solution proposed uses not
straight line or circular arc loei, but hyperbelic
loci, which, however, pay be constructed with
straight-edge and conpssses, It turns out that the
centers of all circles tédngent to two given circles
lie on a pair of hyperbolas. The two hyperbolas
arise from the two possible cases: one, that the
required circle either contains or does not contain
both given circles (Case 1), and the other, that
the required circle contsins cne of the given
circles, and not the other (Case I1). The proof
that the loci are hyperbolas begins with a geomet-
ric definition of a hyperbola:

A byperbols is the locus of a polnt
coving so that the absolute value of
the difference between the undirected
distances from the moving point to two
fixed points remains a constant.

In Fig. 1, |d; - dp| = |d3 - d4] = constant,

A and B are the foci of the hyperbela, (There is a
conjugate hyperbola associsted with the one shown,
but is of no consequence here.) The application

to the problem at hend 1s as follows:

Consider Case I, which in turn may be broken
down into two parts, Case Ia (required tangent
circle contains neither given circle), and Case Ib
(required circle contains both given cireles), For
Case Ia, refer to Fig. 2. BShown are the two given
circles, with centers at A and B, and radil rq and
Point C is the center of a typ-
Drawing AC and

rn, respectively,
ical tangent circle with radius re.
BC, we see that

jAC - BC| = l(rg + re) - Gy ¥ 1)l = |ry - el = K

‘ Circles Tangent ﬁ’)mﬁ’i"ﬁﬁ C_I_ﬁ‘{i‘@)‘ PROBLEM BY HYPERBOLIC LOCI

AC and BC are the undirected distances from point C
{a movable point) to points A and B (fixed points).
Thus point C satisfies the locus in the definition
of a hyperbola. A coopletely analogous situation
exists for Case Ib. The reader nay easily verify
that for this case, the constent is |r, - r | =

Irs = ru| = %y

The analogy continues for Case II, which also
pay be divided intoe two parts, Ila and IIb, de-
pending upon which of the two given circles is con-
tained in the required tangent circle. It can be
shown that for this case, the constants are
lr, + ry| = Ky and |- ¥y = rb| = tra ""bll = Ka.

The constants Kl and KE show that there are two

hyperbolic loci for all possible circles tangent
to two glven circles, and the proof is complete.

The esethod of solution to the main problenm,
then, involves finding the hyperbolas for each of
two different pairs of the three given circles,
The intersections of these loci (discriminately
chosen, as will be shown later) give the centers
of all circles tangent to the three given circles,
It can be deduced thet in general, there are eight
such circles possible: one containing all three
given circles, one excluding all three, 3 contain-
ing one and excluding two, and 3 containing two
and excluding one, making eight in all.

It receins to find 8 pethod for constructing
the hyperbolas, or vore specifically, to find soze
paraceters such as axes, asymptotes, and vertices.
The steps in the construction are as followss, il-
lustrated in Fig. 3!

’

/

W
1. Bisect AB st point O. AB and its
bisector are axes of both hyperbolas,
and 0 is the origin.
2, Draw tangents en, op, qr and st,
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3. Through 0, draw perpendiculars to the
four tengents, These perpendiculars
are the ssymptotes of the hyperbolas.

4. Bisect cf at V and de at ¥', ¥ and V'
are the vertices of the Case I hyperbols,

5. Bisect ce at ¥'" and 4f at ¥''', ¥''
and ¥''" are the vertices of the Case II
hyperbola,

Having found the focl, axes, asymptotes and
vertices of the hyperbolss, sny convéenient sethod
eay be used for constructing them; however, the
eethod illustrated in Fig. 4 is ressonably rapid
and accurgte provided the circles are sufficiently
different in size. Csse I and Case II are shown
separately for clerity. For Case I (Fig. 4(a)),
locate point G by drawing the outside tengents to
both circles as shown,
secting both circles in points w, x, ¥ and =,
Radii Ax and By extended intersect at P,, and Aw
and Bz extended intersect at P;. HNote that APgBP,
is a parallelogram, and that Py end Py are syo-
metrical to the origin. More points may be found
by drawing other secant lines from G, &nd pro-
ceeding as before.

o) Case [

(bY Caose I
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Draw any secant, M, inter-

For Cese II (Fig. 4(b)), locate point Q by
drawing both inside tangents as shosn. Draw any
secant, RQ, intersecting both circles in points a,
b, c and d. Radii A= and Bc extended intersect at
P, and Ab and Bd extended intersect at P,. The
sane symzetry is evident as for Case I, and core
points may be found simllarly.®

It is suggested that some form of notation
be used to lebel each curve found, so that discrimi-
nate choice of curve intersections may be made; not
all such intersections are valid solutions. For
exsnple, suppose the three given circles are la-
beled A, B and C. Each locus satisfies the re-
quirecents for two cirecles, say A and B, with four
possibilities; the tangent circle mayj

1, Contain both A and B {lahel Iab}' or
2, Contain neither A nor B (label Eab}’ or

3. Contain A but not B (label Iaﬂh), or

4. Contsin B but not A (label IhE;].

These four possibilitles represent each branch of
the two hyperbolas, with "I" eeaning "tangent
internally” and "E" meaning "tangent externally".
iI?E_TFTE_hotatlnn, if the second pair of circles
chosen is say, B and €, the intersection of curve
Iab with curve Ehc’ for exenple, is not a valid
solution, since this combination represents locl
for circles that are tangent to B both internally
and externally at the sgme tice. Only corbinations
such as I,y with E_I,, or E,, with By, are valid.
A partial solution is shown in Fig. 5, with con-
struction for the hyperbolas onitted for clarity.

<-TFyure 4 Fipuires o=

*3pace does not allow including the proof of the
validity of the foragolng constructions, but the
author will be happy to provide them on request.
Write c/o Departeent of Graphics end Engineering
Drawing, Princeton University, Princeton, New
Jersey.






THE FUTURE COURSE OF ENGINEERING GRAPHICS

Stom Ohe Faculy Viewpoint

By Steven Anson Coons, Associate Professor of Mechanical Engineering..Massachusetts Institute of Technology

There are certain trends and directions in
engineering, both in the profession and in educa-
tion; they are so strongly parked that it is im-
possible to ignore them, I have singled out one
strong vector as exemplary of these trends, and a
very large part of my discussion will center
around this vector. But it nust be bourne in mind
that it is only one aspect of the trend, one of
the notes that is & part of the harcony of the
whole, Based upon these trends, 1 have reached
certain conclusions and opinions about graphics,
and I shall try to display the process that has
brought me to ny position,

To say that this is the faculty viespoint {as
the title indicates) is p;EEhuptuaus. it is of
course only gusranteed to represent my viemspoint;
it also (happily) represents the viewpoint of my
division; it is likely that it is an approxieate
of the vieswpoint of my departeent; hopefully it
reflects with only minor distortions the viewpoint
of the Dean of our School of Engineering, and so
on. But if it matches the Viewpoints of Faculties,
this is an unexpected and unheard of accident. I
scarcely think I deserve such luck,

I think that in one or two instances the
reader pay consider sorme of my recarks a bit sharp,
even possibly acrid. This is too bad, but it
sonetivmes heppens that when one batters at an idea
to demolish it some innocent person accidentally
stands in the way, If this happens, please com-
fort yourself by recesbering thet I am really just
a5 kindly and well intended as you are, or possibly
even core so,

Graphics, like language and like emathenatics,
is a toel for creation, eanipulgtion, and comauni=-
cation of ideas. Evidently there are certain
classes of ideas which can wore readily be cormnu-
nicated by words than by pictures; this very para-
graph is an example of such & class, Evidently
too, there are certain clagsses of ideas that can
eore readily be manipulated (or processed) by
cathepatical synmbols than by pictures. Proofs of
general mathematical theorems are exanples of such
a class. But equally evidently, there are classes
of ideas which cen rost readily be communicated and
panipulated by eeans of picturas {or graphs, or
drawings).

The power of pgraphics as a tool for comauni-
cation (the drawing pade to inform the machinist
in the shop) was for eany years assuced to be its
only power, and only recently hes graphics been
exploited for its power to eanipulate inforeation,
that is, for its power to supplement or replace
cathematical processes, This recark is not strict-
1y accurate; it should resd "only recentlv has
graphics been exploited in this way by drawsing
teachers' because the sad fact is that graphical
cethods, where appropriate, have been freely used
in other fields than graphics. For exanple, Mohr's
circle in stress and strain analysis, vector re-
présentation of complex nunbers in electrical
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engineering and in control system engineering, flow
eapping in fluid dynapics, graphical vector analy-
s5is of kinematic systeps, are a few instances of
classical applications of graphics. More recently,
inforeation flow diagracning for digital computers,
and the so-called signal-flow graphs of cormnunica-
tion engineering are codern exanples of graphics
applied to quite abstract and quite recondite ideas.
There is today an undercurrent of interest
apong sone progressive graphics teachers to ex-
plore this conputational power {or the analytical
power, or the power to process information). This
is @ praiseworthy aim, not to be discouraged, even
though it is & trend that is appearing about
twenty years later then it should heve. But there
is a denger thet the sace rigidity that prevents

graphics teachers fron seeing beyond cornounication
as the final purpose of graphics will in the fu-
ture prevent them from seeing beyond computation

as its final purpose. If graphics teachers relin-
quish their firamly held position as proponents of
drawings-for-the-shop and eove into an equally firn
position as proponents of graphical mathematics,
then they will by this action still show thezselves
to be hide-bound, but in & different place.

Alpost all eathepatical conputation can be
recast in graphical form, and it is teopting to
eagnify the advantages of this process and to sup-
pose that here, in the well-known vividness with
which graphical pethods illuminate their subject
matter, lies the ideal substitute for blind symbol
manipulation. To sore extent this is true, but the
truth is on the wane, and the resson is the en-
croacheent of the sodern conputer.

By graphical eeans I can solve 8 second order
nonlinear differential equation in about two hours.
If I progranm this same equation for a digital com-
puter, it can process the progran and cemorize it
in about a minute and then can solve the equation
to the sace degree of accuracy in about a second,
If I increase the accuracy to a hundred tices the
graphical accuracy (which I can do by chengiog =
couple of constants in the progran), the computer
will yield a solution in about & pinute. [ do not
have a conputer in my office, but I can have the
probles solved by the conputer in the Conputation
Center. The stendard fee for computer time at the
coment is about ten dollars a minute. All I need
do is write the progranm, have it punched on cards,
and take the cards to the Conputation Center. The
pachine operator %ill feed the cards to the con-
puter, and as soon as it has finished what it was
doing, it %ill turn without any delay whatever to
my problenm, solve it, and iemcedistely proceed to
another problen proposed by soneone else, I will
obtain a table of nucbers as solution, coaplete
with headings telling what the variables are, or I
can if I wish obtain a graphical output, or both,

If I pake a nistake in writing the program,
the computer will diagnose the trouble and write
ee a note telling ce what I did wrong. In this



case the computer will not attempt to solve the
problen until I have furnished it with a properly
corrected progran,

Today prograening a digitesl conputer is a
sorewhat elaborate process, requlring a Enowledge
of a special language which lies nidway between
ordinary English and sn unintelligible foreign
conputer language, 3 knowledge of certain syntac-
tical rules (or more properly, a knowledge of com-
puter logic), #nd absolute freeden from error in
spelling and punctuation. Since the conputer is
absolutely intolerant of the human frailties that
plague us all, it is unusual to have the first
draft of & progran run without criticisa by the
conputer. But once the program is acceptable,
it is a permanent part of the conmputer mechanisnm,
a part that 1 can recove and tske hoce with ce.

If I write it well, it %ill he a emechanism that
will solve any differentisl equation, and give me
results in 8 minute or two.

Tomorrow the prograpning will be nearly auto-
matic. Already great strides have been taken in
this direction. I hsve seen the formuls for a
general second degree curve equation typed out on
the input typewriter of a computer in conventional
algobra, snd 1 have watched the curve being drawn
on the output oscilloscope the instant the typing
was finished. Tormorrow I will have direct sccess
to the conputer through a console in oy office. 1
will be able to obtain solutions to any mathemati-
cal problem that I can foroulate, using oy own
syehols, and talked about in my own language. What
ls more, I will be able to draw pictures of three-
divensional objects, and I will be able to partici-
pate or collaborate with the conputer in solving
all problems of descriptive geometry concerning the
shape of the object. When the conputer and I have,
together, decided upon a suitable shape for my
design, I will be able to ask the computer to
test the object for strength subject to the ap-
plied loads. If all is acceptable, I can then re-
quire the computer to draw ce a dimensioned three-
view drawing of the piece, with adherence to all
the drafting conventions, suitable for information
to the machine shop, or I can require the conputer
to prepare & punched tape to control an automatic
milling machine to cut out the part from a block of
gluninun or steel.

If I elect to have the conmputer prepare a
dinensioned detail drawing of a part, it will take
about a second for the drawing to be produced.
This will be the equivalent of a day's work by the
average detailer, because the machine can draw
faster, never makes nistakes, never goes out for
a coffee break, and never day dreans about how to
get even with the boss,

How soon will this opiun dreanm congeal into
an acconplished fact? The truth is that rmost of
the pieces of the systen exist right now; they
only need to be shaped to fit one another and
screwed together. I have with my own hand drasn
two-diecensional objects with a light pen on an
oscilloscope screen, snd the computer has "under-
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stood” the drawing and has deconstrated its under-
standing by drawing it back to ce, but of course
puch more rapidly, I have seen a three-view
orthegraphic drasing of an object transforced into
a perspective pictorial, and then into an axono-
cetric plctorial, I have seen the viewpoint of
the pictorial change as 1 watched, so that the ob-
ject was in effect rotated, on cormand, in space,
We already know how to perform all the operations
of descriptive geonetry on the conputer. We al-
ready know how to describe parts whose surfaces
are doubly curved, and doubly curved in the wost
general way -- not simply spherical nor toroidal
nor ellipsecidal, but sculptured. These last cen-
tioned capabilities are not yet ieplepented, but
it will be only a matter of weeks or eonths until
this will be an accomnplished part of the systen.
¥We already know how to perform stress analysis cal-
culations on general shapes, all guite automat-
ically. This is being implecented.

You are probably thinking that computers are
too expensive for sny but the most wealthy organi-
zations to own and operate. Assume that & computer
to do the things I ocutlined were to cost a million
dollars. We can sssuue that after this capitsl
outlay it costs about 20% of this figure per year
to operate, update, and eaintain the conputer.

This is @& conservative figure for what I want to
indicate and is possibly higher than need be. This
represents $200,000 per year for a facility to re-
place a crew of detail draftscen, together with the
drafting reon to house them, supervisors to adnini-
ster them, drafting tables and eguiprent and sup-
plies for them to use {end misuse) and other para-
sitic expenses., If we assuce the cost to the
cofipany for all these items including sslary to be
$10,000 per year per detail draftssan (again a con-
gervative figure) then we break even if the com-
puter can replace twenty draftscen, and we begin

to nake coney if we replace eore than twenty. But
this is not a large organization; it is only cediun
sized. Moreover, if the computer can also replace
technicians of higher ability, like stress anslysts,
we begin to reap even richer benefits. This argu-
pent seens to be applicable to medium size {not
giant) engineering offices. For the very smpall
conpany, outright ownership of a large computer

is not feasible at present {a2lthough small com-
puters are not too expensive). But it seens like-
ly that conputation centers will spring up sore

day to serve such spall companies on a8 job shop
basis, so that eventually even the secall company
%ill be able to avail itself of such facilities.
¥hen this happens, it will be cheaper to have de-
tail analyses and drawings done by machine than by
gan. The routine operations will be done, as they
should be done, by eechanical slaves, and the huean
%ill be free to perfora his proper task of creation
of ideas.

This is obviously crazy talk, like suggesting
that a pan can fly to the moon!

That the conputer will some day do the things
1 suggest in this paper is a certainty. It is as
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inevitable as was the industrial revolution, the
autorobile, and the airplsne. That it will require
major econonic readjusteents is not inevitable, but
is unfortunately very likely, because as history
shows there are too eany people who prefer to be-
lieve until the end that "the autormobile is only
an expensive toy of the rich,"” thet "if the good
Lord hed intended man to fly He would have glven
him wings," and that "the machine can never replace
the craftsean,” When subsequent events proved
these argucents false, it was too late to prepare
for the econonic upheaval that could have been
avoided. Of course, today we see that the eventual
outcore of these revolutionary chenges has been
econonically good, even though in transition it
%8s a palnful process. But in retrospect we see
thet an acceptance of these ideas rather than a
refusal to face them might very possibly have led
to intelligent action to sssimilate the new systen.
It is beconing clear thet we nust re-evaluate
what is the coaputable part of human intellectusl
activity and what is the part that must continue
to be perforced by the huecan mind., The first ob-
servation that emerges from such a re-evaluation
iz the obvious reeark that the hucan mind nust
understand the processes of the computer, even
though the performance of these processes is pe-
chanicel. This remark could have been anticipated
in a trivial case; a desk calculator can perform
arithretical operstions, but of course the operator
nust understand aritheoetic. Now let us turn to a
pore sophisticated exsnple; conputers are being
used to design the arrangement of parts, wiring,
and to sinplify the switching circuits of newser
conputers. In other words, conputers are designing
thenselves., The superficlial coneclusion could be
drawn that if conmputers are able to design systens
as elaborate as other computers, there is no need
for human brains at all any cmore, and our children
can quit school and devote all their tiwe to gaces,
But of course this is a conpletely frivolous con-
clusion; the truth is that this growlng ability of
the machine to carry out intellectusl processes of
higher and higher orders does not crowd the humsn
intellect out of business, but instead frees it to
undertake higher and higher orders of creative
activity, to invent and eanipulate grander and
larger ideas, and to leave the fine structure of
these ideas to the conputer for the drudge work of
their manipulation.

The role of graphics in the ererging world of
the computer will be no less importsnt than it is
today. We will still need to teach graphical con-
eunication, machine drawing, and drafting conven-
tions; we will still need to teach graphical com-
putation, graphical.caleulus, enpirical curves, and
the like. But pore than ever we will need to en-
phasize the role of graphics as a tool for alding
creative thought processes. The eophasis on skill
and precision will have to be relsxed in favor of
& stronger enphasis on understanding and insight,
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Even in the case of graphical conputation, the
freehand sketch can carry a great deal of the bur-
den of graphical elucidation of principle, and it
appears that in the future only elucidation of
principle will be needed by man; the actual appli-
cation of principle is a cechanical operation that
should be done and will be done by machine. Thus
the content of a good graphics course of the future
will not differ very markedly fron today's good
graphics courses, but the enphasis and point of
view will have changed. The elecents of drill and
detail will have disappeared to make roon for the
elecents of exploration, invention, and understand-
ing. We will strive to equip the student with the
sane facility in graphics that he enjoys in mathe-
eatics.It does not Tequire that a student undergo
laborious drill in aritheetiesl conputation; fa-
cility in verbal expression does not require that

a student master the skills of an expert pennoan,
nor that he be able to conpete with an expert
typist, nor, in a closer analogy, that he copy word
for word passsges from the major poets, Similarly,
facility in graphics of a kind that rmokes graphics
of equal intellectusl seight with mathematics and
language nust, for its development, require nuch
eore than rote drill, copywork, rapetition of
dreary lettering exerclses, and fussy adherence to

unexplained drafting conventions. These are the
antiquated techniques of appréenticeship training,
suitable for the developrent of artisans and tech-
nicians; but apprenticeship training is not educa-
tion; artisans are not artists; and technicians are
not engineers,

There is also the aspect of style., [ cannot
precisely define it, but it is the recognizable
attribute of good literature; it is what the rathe-
matician calls "elegance” when describing a par-
ticularly artistic and gracile proof; and it is
what we have all seen in drawings prepared by a few
of our students who happen to have a certsin flair.
In whatever intellectual forn style ranifests ‘t-
self, whether litersry, cathematicasl, or graphical,
it is the finest attribute of the artifacts of the
intellect, and it is the clearest manifestation of
the intellectusl guality of its creator.

Style bears the sace relationship to technique
that artistry bears to artisisnship. Style is the
product of a creative activity; technique is eerely
the product of repetitive training. Although tech-
nique may contribute to the easier achieverent of
style, technique by itself without disciplined,
critical, creative effort cannot achieve style.
Specifically, one way to help to achieve it is to
train ocurselves and our students to recognize it
in the work of others, to snalyze the cesns by
which it has been obtasined, and to put forth a con-
stant effort to produce it in ocur ow®n work.

There has been considerable discussion in this
paper sbout the predictable role of the computer
in our futur2 engineering life. There is & possi-
bility that the reader may infer from this that the
role of the conputer is essential te the conclusions




I an about to draw. This is not so, I have talked
at length about the computer, and 1 am afraid Lhat
I may have presented it to appear out of proportion,
larger than life. Instead, the reader should re-
penber that the trends that acconpany conputer de-
velopeent are the ssme trends that were evident
even before cosputers existed, but now the trends
kave been accelerated. When I was a practicing
designer, fifteen years ago, these trends were evi-
dent. It was policy even then for the design engl-
neer to create, or invent, if you will, the basic
design, and to turn this design over to a crew of
draftsmen working under his supervision to intro-
duce the fine structure and prepare the detail
drawings for the shop. The designer habitually
used freehand sketches for his design, and he coften
also used freehand sketches to instruct his drafts-

wen in the process of performing a graphical con-
struction of so=ze mathematical analysis. This is

very mnuch like programning a computer,

The considerations outlined in this paper lead
ee to believe that the two functions of graphics,
copnmunication and anelysis, are not the full mea-
gure of its power, but that its function as an aid
to creative thought is even core ioportant. [
would like to generate in my students a frome of
nind that would rcake them instinctively reach for
a sketching pencil wshen they wsere confronted with
a problen. I would like them to have appropriate
faith in the dependability and applicability of a

graphical sketch, the sace faith that they have in
arithmetic and cathematics., |1 cannot with honesty
recornend to them that they solve, for exanmple,
quadratic equations for both real and complex roots
by graphical means (even though this is quite pos-
sible), because it is really easier to solve such
equations by algebra and arithoetic. But there are
probless that are easier to solve graphically than
by algebra and arithoetic, and if I am scrupu-
lously honest with them about the appropriasteness
of graphics, then I will build their faith upon a
firn foundation. In the case of the creative act,
the forpation of an initiel concept, I can with
conplete honesty {since I believe it myself) assure
them that graphics he&s in many applicetions the
greatest or perhaps the only power; that words and
nathepatics are in these cases useless.

I wsould like then to use graphics as a tool
to aid the understanding. As I have suggested be-
fore, pany abstractions can be cast in graphical
form, and in this form they are best illuninated
for the scrutiny of the nind,

And last, I would like my students to form a
sensitivity for that elusive thing called style.
Once recognized and sought after in graphics, it
will be a kind of induction appearing other codes
of thought and expression, and will ultimately
ecerge in all their works as a priceless elecent
of quality.

ﬂrﬁfﬁsﬁ?gmrff‘ ENGINEERIKG GRAPHICS COURSE CONTENT STUDY I

L=
Sponsored by the National Science Foundation

This report has been prepared to infora the
Engineering Graphics Division mesbership of recent
and current activities of the Graphics Developzent
Project. It will: 1) sumnarize the results of the
Planning Seminar conducted at the University of
Detroit on the 26th and 27th of October, 2) review
discussions of the Core Comnittee Meeting at the
University of Wisconsin on January 17th, 3) elabo-
rate on plans for area workshops scheduled during
the month of April, and 4) announce a tentative
agenda for the joint Core-Steering Cocnittee De-
veloprent Seminar at the University of Princeton
on May Tth and Bth,

PLANNING SEMINAR:

To officially start the Engineering Graphics
Course Content study, a two day planning seninar
was held at the University of Detroit in October.
The first day of the senminar was devoted to a
Core Coraittee discussion of the general and spe-
cific objectives of the project,a definition of
the duties of participants, budget allotments,
probable areas for graphics study, and designation
of responsibility for subject matter developrent
in the selected areas. All eight coonittiee men-
bers were in sttendence.

Paul M. Reinhard, Project Director

A second planning conference was held the
following day with eight Core and eight Steering
Cornittee mepbers present. Dr. Richard E. Paulson,
Prograo Directer of the Course Contenl Ioprovezent
Section, represented the National Science Foun-
dation. The threefold purpose of the chrning
sessions was:

1) To orient the thinking of both con-
pittees relative to the aios and scope
of the study,

2) To discuss and tentatively select several
general areas of subject natter for explo-
ration and development.

3) To deterpine cethods and procedure for
impleeenting the initial phase of the
project.

In the afterncon, objective discussion by
Steering Comnittee menbers disclosed the need to:

1) Define clearly the subject estter of
graphics and its role in engineering
education

Identify the objectives of engineering
education that cen be served by the in-
clusion of the discipline of graphics in
the curriculumn,

2)
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3) Deternine the cost effective manner by
®hich the student can be instructed,

4) Provide for adequate training and up-
grading of faculty mermbers responsible
for a scientific oriented graphics
progran.

5} Establish leadership in the conparatively
new field of automatic processing of graph-
ical inforpation,

6) Explore the utilization of graphics as a
tool in the solution of non linear systens.

7) Consider grades of curricula with codifi-
cations for particuler engineering disci-
plines,

B) Differentiate between the scientist and
the engineer and exanine the duties of
the engineer at various levels of his pro-
fessional developzent.

9) Enrich engineering graphiecs courses at
freshean and sophomore level.

10) Enphasize the value of a knowledge of all
aspects of graphics to the engineer,

By joint comnittee action, it was decided to
concentrate praject efforts in four broad aress of
graphics developrent. Core Cocoittee responsi-
bility was also deternined to provide leadership
in each of the selected areas.

1) Automatic prucessinﬁ of graphical in-
formation inclusing anslog simulation.
{Dean Carson P. Buck)

2) Creative Engineering Design.
Matthew McNeary)

3} Research and Industrial Applications,
(Professor Alexander S. Levens)

1) Graphical Analysis and Computations.
(Lt. Col. Robert H. Haemond and Pra-
fessor lewis G, Palrer)

(Professor

CORE MEETING AT MADISON, WISCONSIN

The eeeting of the Graphics Core Cornittee
at the University of Wisconsin on January 17th
was devoted to:

1) A review of the six ronths Progress
raport

2) Presentation of representative pro-
blens for each of the four major areas
of the study

3) A discussion of the graphical ocutput
of digital conputers

4) The role of creative design in codern
engineering education

5) Implementation of the developzent as-
pects of the project.

5ix menbers of the Core Comnmittee together
®%ith Professors Steven A, Coons of Massachusetts
Institute of Technology, Edward M. Griswold of
The Cooper Union, and Forrest M, Woodworth of the
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University of Detroit attended.

Professor Woodworth presented several pro-
blens which correlated graphics with computer
programning, research, design, and the compu-
tationsl aspects of engineering education, Pro-
fessor Coons explained the increasingly inportant
role of the computer in engineering design in

these words; "I can require the conmputer to draw

a dicensioned three-view drawing of the plece, with
adherence to 811 drafting conventions, suitable for
information to the eachine shop, or I can require
the sapme conputer to prepare a punched tape to
control an automatic milling machine to cut out

the part fron a block of sluninun or steel." Prob-
ably the most pertinent observation made by Pro-
fessor Coons was that "Graphics'strongest contri-
bution is as a tool for aiding creative thought
processes’,

To accelerate the developrment phase of the
project, it was decided to schedule five area
workshops prior to the Seninar at the University
of Princeton in May. Each workshop would be at-
tended by six or eight engineering educators re-
presenting disciplinary and degree granting depart-
cents of the engineering curricula, The purpose
of these sessions would be to:

1) Define the specific areas of develop-
cent and indicate what each includes,

2) Clearly show how all facets of graphics
Bay serve as an integrating cmedium for
other engineering courses.

3} Prepare subject matter and typical
problens which will illustrate the
general content of the several units
of instruction.

The Core Leader, who is responsible for
directing the workshop, will present to the Steer-
ing Conmittee at Princeton a detailed resure of
work in progress for the comnittees objective
evaluation. With the presentation of tangible
useable material, the development phase of the pro-
Ject will be under way.

DEYELOPMENT WORKSHOPS

During the month of April, engineering edu-
cators and industrialists have been invited to
participate in the following workshops:

CREATIVE EHQLEEEHIHG DESIGN at Massachusetts

Institute of Technology on April 27th

Professor Matthew McNeary, Director
University of Maine

Professor Joseph E. Shigley
University of Michigan

Professor Kenneth E. Lofgren
The Cooper Union

Dr. Robert W. Mann
Massachusetts Institute of Technology



Professor B. Leighton Wellean
Worcester Polytechnic Institute

Professor Percy H. Hill
Tufts University

ANALOG COMPUTER SINULATION at Michigan State
University on April 13 & 14

Professor Japes R. Burnett, Director
Michigan State University

Professor Javes E. Stice
I1linois Institute of Technology

Dr. Gerald M. Soith
University of Nebraska

Dr. Robert M. Howe
UIniversity of Michigan

Dr. Japes 0. Osburn
University of Iowa

Professor Earl C. Zulauf
University of Detroit

GRAPHICAL ANALYSIS at the University of
Minnesota on April 26 E 27

Professor Lewis G, Paleer, Director
University of Minnesota

Professor Ernest F. Manner
University of Wisconsin

Professor Frank Reley
North Dakots State University

Professor M., W. Almfeldt
Iowa State University

Professor Frank M. Harchovsky
Il1linois Institute of Technology

Professor Richard D. Springer
University of Minnesota

GRAPHICAL OUTPUT OF DIGITAL COMPUTERS at
Massachusetts Institute of Technology on
April 2 & 3

Desn Carson P. Buck, Director
Syracuse University

Professor Steven A. Coons
Massachusetts Institute of Technology

Frofessor Myron G. Mochel
Clarkson College of Technology
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Hr. Sapuel Matsa
IEM Corporation

Professor Jeaces 5. Rising
Iowa State University

Professor Forrest M, Woodsorth
University of Detroit

GRAPHICAL COMPUTATIONS at the United States
Military Acadeny on April 18 & 19

Lt. Col. Robert H, Ham=zond, Director
United States Military Acadeny

Professor Steve M. Slaby
University of Princeton

Professor Jacob H. Sarver
University of Cincinnati

Professor Ernest R. Weidhaas
Pennsylvania State University

Professor Mary F. Blade
The Cooper Union

Frofessor Klaus E. Kroner
University of Massachusetts

PRINCETON SEMINAR: May 7th and 8th

On May Tth the Core Cormittee met to:
1) answer questions raised by the Steering Con-
mittee at the October Seainar, 2) review reports
of workshop accomplishments, and 3) prepare a
logical presentation of develop=ent work in pro-
gress for the advisory meeting. Plans for con-
tinuation of project work during the sumzer months
were fornulated. A report supsmarizing the first
feark progréss will be prepared for distribution
by the Project Director prior to the next joint
ceeting of the comnittees. An invitation has been
extended by Professor Edward M. Griswold, Chairpan
of the Engineering Graphics Division, to hold a
fall seminar at The Cooper Union,

The second session was a joint ceeting of
Core and Steering Copnittees which heard a re-
view of proposed graphics course subject matter,
a presentation of typical problems, and a general
inforzsational description of the key role of
graphics in wodern engineering curricula. The
advisory group has been asked to objectively
evaluate the presented material and reconzend
where to expand and concentrate further develop-

eental research studies., Guided by their direction
and observations, it is anticipated that future
workshops will reflect the thinking of this in-
fluential cormnittee.
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By C. E. Howe, Professor Emeritus of Drawing, The University of Texas

This article presents some unususl and inter-
esting applications of descriptive geometry. A
high school student, Robert Osendoff, selected for
his Virginia Acadeny of Sclence Project a study of
golar shadows. He suggested thst many of his ob-
gservations could be checked by descriptive georetry.
One of these was the deternmination of true north
by using the method of equal shadows of 3 vertical
rod on a horizontal plane,

This article depls with the following:

1. To find graphically the tip-shadow curve
at any latitude for any day of the year, and to
find true north.

2, To construct a sundial, and to check the
tip-shadow curve,

3. To find graphically the tice and direc-
tion of sunrise and sunset, and the length of day.

The following solutions have been developed:

1. Heferring to the drawing, 8 verticael rod
VR is shown at 40° north latitude in the right side
vies of 2 miniature earth. It is desirable to
think of the sun &8s moving sround ¥ as a stationary
point. The sun's rays generate a declination cone
with its exis parallel to the earth's axis, The
declination used is 20°% as found in & solar ephen-
eris for a certain sumzer day (ond is assuced to be
constant for the day). A ray from the sun passes
¥ and follows the second nappe of the cone, which
is the sace as the south declination cone, and
casts its shadow on the horizontal ground plane G
for latitude 402, The front auxiliary view is a
noereal view of this ground plane, and the rod
shadows and tip-shadows are shown on it, The
curve is a hyperbola,

If the declination of the sun is 2095, the
second nappe of this south declination cone is the
sace a8 the north declinstion cone and the hori-
zontal plane G intersects its elecents at the tip-
shadows of the rod., In the auxiliary view this
winter tip-shadow curve is a8 hyperbola. It should
be noted that the bsse circle used for each cone is
that for its second nappe, and it is divided into
24 parts for the hours of the day.

After paking the proper set-up of the decli-
nation cone, the solution for the tip-shadow curve
is that for a conic, which is usually a hyperbola
but is an ellipse at latitudes greater than 90°
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ninus the declination. At the tiee of the equi-
noxes it is the straight line ef found by passing
a plane through ¥ and perpendicular to the earth's
axis,

True North is found by bisecting the angle
between two equal rod shadows., In the field a
tip-shadow is found in the eorning, the arc is
drawn, the second point is found when the tip-
shadow crosses the arc in the afternoon, A bead
on a plunb line may be used instead of the tip of
a rod.

2, For the construction of a sundial in this
case a8 section of a transparent right cylinder is
used. The eylinder is coaxisl with the cones and
its diaceter is the sace as that of the bases of
the cones. The cylinder has 24 elements correspond-
ing to the elezents of the cones and they are num=-
bered likewise for the hours of the day.

A vertical triangular piece VRS is used on
pany sundials, The edge V58 is called the style,

which is parallel to the axis oY the earth, and it
casts shadows on a horizontal graduated dial plate.
The point 8 and the elliptical section of the
cylinder are shown in the auxiliary view for hours
5 to 19, Since thestyle V5 is the axis of the
cylinder, it will cast its shadow on the elecents
of the cylinder regardless of the declination.
Instead of using the cylinder the dial plate at

& receives the shadows of ¥5 on the dial marks 85,
&7, etc.

Since the rod tip is at ¥V on V5, the shadows
of ¥V will fall on the sundial marks for both decli-
nations used, and for any other declination at this
latitude for which the sundial was constructed.

3. To find graphically the tice and direction
of sunrise and sunset a horizontal plane H is passed
through the vertex of the declination cone for the
day. This plane intersects the cone in the ele-
eents Yo and Vd at the tiee of sunrise and sunset,
and it intersects the second nappe of the cone in
the infinite shedows of the rod Vb and Ya, which
are parallel to the asynptotes of the tip-shadow
curve. For clarity, since the normal view shows
the elecents for both 2094 declination and 2075
declination, these elerents are redrasn parallel
to the original soc as to show the sum=er and win-
ter results separately. The times are local sun
tices.

See i)z’ngmm ——
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M. N. Besel and E. W. Enoblock
University of Wisconsin, Milwaukee

INTRODUCTION

In the past decade, educators have made
greater use of conventional coznunication cedia
such as radio, eovies, slide and overhead pro-
Jector systenms and tape recorders. During this
sgre period, much effort has been directed toward
the developrent of equipzent and techniques for
educational television and teaching machines.

What is a teaching machine? The phrases
"teaching machine”, "prograpzed learning”, "self-
tutor', ete, are all terss used to deseribe 8 de-
vice which has the following operational charac-
teristics: (1) It presents probles eaterials -
questions - to the student. {2} the student i=s
required to respond to these eaterials by soce
overt behavior and (3) the pachine provides the
student with knowledge of the results of his be-
havior, normally ivcediately following each re-
sponse, This knowledge of results, which is
corzonly called reinforcezent, consists of telling
the student whether his response was correct, or
of providing the student with sufficient inforpa-
tion from which he can evaluate his own response.

DEVELOPMENT OF TEACHING MACHIKES

The original teaching machine was an out-
growth of Professor Pressey's work, in 1924, on an
autozatic testing device. This was a sinple drunm
type arrangecent which allowed the student to re-
spond to pultiple-choice test guestions, A score
was sutoratically kept on the nusber of choices
the student took before answering the gquestion
correctly,

Reparks pade by students taking the testing
program indicated that they learned nuch of the
subject matter from the tests. This led Professor
Pressey to change his basic machine into a teach-

ing device.

Although controlled expericents conducted by
Prof. Pressey showed the value of the machine as

a self-tutor, it crested little interest acong the
educators or psychologists. Peterson, a forzer
student of Pressey, did sore work in the 1930's on

a quick-scoring punch card device. The Arced
Forces, in the early 1950's, expended a consid-
erable effort in developing teaching machines for
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their training progrens. This effort, with the
results it produced, was responsible for the in-
terest shosn by educators and psychologists at the
present time. However, the work in this area was
sporadic from the tice of Pressey's original ex-
paricents until 1954. The research that did take
place was conducted by psychologists whose priecary
interest lay in understanding the human learning
process rather than in the applications of the
pachines for classroonm use.

In 1954, as a result of his studies of
pigeons, Professor Skinner applied his theory of
seall step learning to human learning. Basically
he postulasted that sepall S-R (stimulus-response)
steps with imzediate reinforcecent lead to the
quickest learning, At the present time cost
everybody asgrees to the short step - iccediate
reinforcecent procedure; however, there is con-
siderable dissgreement as to the type of response
that should be required of the student. Pressey,
in his original works and Crowder in his scrambled
text hook are the chief proponents of the oulti-
ple-choice response; while Skinner and his follow-
ers require the student to write in his asnswers,
Conparative studies have indicated “that, among
college students, it makes little difference what
type of response is required; both groups do about
egually well on post-program tests, The advantage
claired by the advocates of the multiple-choice
responge is that the student cen conplete the pro-

gran in less tice. Other studies favor the com-
pletion type response., This apparent difference
can be attributed to the difficulty in isolating
the variables in educational research; a factor
which often leads to conflicting results.

TEACHING PROGRAM
¥ost progracs take a Socratic approach to

teaching, that is, they begin by asking questions
which the student should be able to answer from
his present knowledge and then through the use of
pronpts which are illustrated here, lead hinm in
such a manner that he can answer succeeding ques-
tions successfully, You will note that in ques-
tion #2 part of the word telescope is capitalized,

1. "TELE" rcegns "at a distence', "SCOPE"
reans "seeing”. An instrucent for "seeing things
at a distence” is a ;

2. Which part of the work TELEscope ceans
"at a distance''? 5

3. Which part of the word TELESCOPE ceans
“"seeing''? i

4, MICRO ceans wery small . An instrueent
for "seeing things that are very spall” is a

(1)

(Dfron "Introduction to Word Building”,
Teaching Mach. Ine, 1961, Albuguerque,
Kew Mexico.



this is a proppt that leads the student to enit
the correct response. You will also note that the
sequence of steps is such that the student should
be able to answer all questions as he proceeds
through th&‘progran. Again, one nust recenber that
the students enswer is reinforced at each step so
that he knows the correct response. To our know-
ledge, little work has been done on the lecture-
question type program such as we are using in our
research progran, From the foregoing it can be
ascertained that the eost important probleam con-
cerning teaching machines is not the machine, but
the prograos that are put inte it. This is enpha-
sized by the fact that there are nucerous pieces
of hardware, but very few comrercially available
prograns, At last count, there were sore 81 pro-
grans on the market, but about 70 of these are
only to be used for research purposes,

UW-M TEACHIKG MACHINE PROJECT

Our program is based upon the classroom
lectures, given by our engineering drawing in-
structors, which are broken down into logical self-
contained units. We feel that the advantage of
the progranaing lies in the illustrations that go
along with the taped lectures. The progran is de-
signed for the student who is having difficulty
with the course and who will use it for review
purposes, It is intended to design prograns for
the advanced students at & later dete, Eventually
we intend to have a complete set of prograns de-
signed to present the theory of engineering draw-
ing to all individuals of a class, Our present
time schedule pight then be revised so that the
students could spend an hour or two each week
working through the prograpms, the repainder of the
tiee would be spent in supervised work and dis-
cussions,

The machine that we are using is a prototype
developed by the Lectron Corp. of Acerica,
Milwaukee, Wisconsin, It consistzs of a four

channel tape play back unit hooked up to a 36

slide autozmaticelly controlled projector. One 31
channel of the tape is used for controlling the
glide changer; the other three channels are used

for presenting the eaterisl and reinforecing the
students! anssers,

The sequence of events are as follows:
The student inserts the tape and slide cartridges
and starts the pachine. By pressing either but-
tons A, B or C he will hear the presentation
through his earphones, since the presentation is
taped on all three channels. After the conpletion
of the presentation, a guestion appears on a slide.
Since the tape keeps on running, the student is
given a predeternined length of tice to answer.
He responds by pressing the button conforming to
the choice he has made, This changes the pick up
of his earphones to channel 2, 3 or 4 where, after
the timed interval is up, he is told whether his
response was correct or not and rost ioportant,
why he was right or wrong in his choice. The next
question appears on a slide and the sequence is re-
peated until the particular program is conpleted,

TYPES OF TEACHING MACHINES
We feel that our machine has an advantage

over post of the other pachines on the marketl be-
cause it is pulti-sensory. The student hears and
sees the eaterisl being presented. The eajority
of teaching machines presently available are rcono-
sensory, requiring the student to read through the
progran. Houever, there are other oulti-sensory
wachines; rore refined and more costly than ours.

Figure 3 shows a Skinner type device,

It is eanually operated with a typesriter roller
action to advance the program and the separate
answer tape. In this case two questions appear at
the sace tiee, The top question is the one the
student has just snswered, with the correct answer
revealed above the step in the mask and the stu-
dent"s answer hidden under the plastic cover so
that he cannot change it. The botton question is
the one the student is answering, with the answser
hidden under the mask,

The Atronic Tutor is shown in figure #4 and
is 8 nultiple choice type machine. Preéssing the
correct button allows the test page to drop by
gravity and reveals the next guestion. The test
page does not drop until the student has pressed
the correct answer button.
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The film tutor in figure #5 presents its
pProgran on a screen, The student has a typesriter—
like keyboard with which he eskes his response.,

The answers are sutopmaticelly evaluated and the
correct answer revesled on the next frace. This
machine does not have an audioc unit insteslled.

o

i =%

|

[—

S
=

i

Figure #6 is an illustration of a machine
that uses film strips. In this case the student

responds to multiple choice questions.

THE JOURNAL OF ENGINEERING GRAFHICS

The Williaes "Science Desk" seen in figure
#7 is a pulti-sensory machine, with vidio and
audio units, The filn can be coded for automatic
scoring and the pachine is adjustable,

ADYANTAGES OF TEACHING MACHINES

It is too early in the history of teaching
pachines to make any positive statepments as to
their advantages. However, expericental evidence
shows that they will increase in the amount of
knowledge or skills learned over a given time
period or conversely that it takes about one third
less time to learn a given acount of materials
with this emethod conpared to conventional presen-
tations., In addition, the material that the stu-
dent learns can be mcre ceaningful because he can
be shown practical applications of what he is
learning. Prograns can be used to introduce the
students to a given subject area so that all stu-
dents will core to class with a comzon background,
The greatest asset of programned machines are
their provisions wshich allow a student to progress
through 8 course at his own rate and the variation
of course coverage that can be progranced. Thus
a progran covering the minipum course requirements
could be designed for the slow learners and various
degrees of expanded course covergge prograns de-
slgned for the average and asdvanced students.
Another slternative would be to have one set of
prograps for all students and considering the
course work completed as soon as the students have
satisfactorily completed the programs. Whatever
approach is taken, the instructer would be assured
that each student completing a series of programs
end the related post-prograno tests, would have a
nastery of the subject matter involved.

DISADVANTAGES OF TEACHING MACHINES
What are some of the disadvantages of teach-
ing machines or programced learning? One, of
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course, is the initial cost of the cachines that
would be required. This cost ranges from about
$1.50 for a card board Skinner type machine to
about $24,000 for eulti-channel, random selec-
tion slide projector to the still core conplicated
systens controlled by computors. Secondly, there
is the amount of tiee spent in developing a par-
ticular program, As an exaomple, the progran which
¥ou will see required approximately 300 hours of
sork. Although we expect to reduce this by half
in future prograns, it still represents g congid-
erable expenditure of tire.

SUMMARY

The teaching machine holds a yery contro-
versial position in education st the present tire,
Much experirental research has been conpleted and
the nusber of projects in this area are nushroono=
ing. All the research reflects a positive indica-
tion that the influence of the machines upon the
classrooms could be tremendous., But as sith all
teaching aids, there seems to be reluctance on the
part of instructors to make use of this new tech-
nology. In argucents conceérning teaching oachines,
you hear such statezents ss "they will rechanize
education”, or "you lose the traditional contsct
that the instructor has with the pupil”, or "it

¥ill tend to make educetion too uniform through-
out the country". I believe that these are the
Same argucents that are posed against any revolu-
tionary concept. Institutions of higher education
today are under pressure to teach pore content to
a greater nusber of students. Teaching machines
and prograczed learning can be a tregendous aid in
ceeting this challenge.

Professors Mayhew and Johnson of the
Departeent of Mechanical Engineering of the
University of Utah report in The Journal of Engi-
nearing Education, ¥ol.50 No. 1. that sore of the
potential advantages of the oachine appear to be
{1) Reduction of faculty lecture tice, peroitting
increased faculty-student counselling tice., (2)
Reduced educational cost per instruction unit,

(3} Freedon fron present course scheduling pro-
blems, and (4) Students proceed at their O®n pace,
Their program consisted of a unit on colusn fail-
ure. Other research prograns at universities
throughout the country are showing the sace ra-
sults, The aforecentioned argucents against the
use of the machines sieply are not valid., The
question is not whether technology will eliminate
the teacher, but rather will the teacher elipingte
technology? Here is a challenge and an opportunity
for all of us in education and it is 8 challenge
that all of us will have to face,
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June 14, 1962
Thursday

8:00 = 10:00 PM

June 15, 1962

Friday
9:00 AM - 12:00 N

June 15, 1962
Friday

1:30 - 4:30 PH

AMERICAN SOCIETY FOR ENGINEERING EDUCATION
DIVISION OF ENGINEERING GRAPHICS
PROGRAM FOR THE SUMMER SCHOOL
JUNE 14 - 16, 18952
UHITED STATES AIR FORCE ACADEMY
COLORADO

GENERAL SES510N:
Future

Engineering Graphics for the

1. "A New Role for Englneering Graphics
Education”.

2, What of the Future?
Panel: Mary F. Blade
Edward Jacunski
Jomes 5. Rising
John T. Rule

4. Discussion fron the floor.
WORKSHOP NO. 1

Elecentary Norography
Given in drawing room - limit 25,

WORKSHOP NO. 2
Basic Graphical Matherpatics
Given in drawing room - limit 25.

WORKSHOP NO. 3
Closed Circuit Television

WORKSHOP NO. 4A
Teaching Machines in Engineering Graphics

Assisted By:
Donald Dobeck
Edward W. Knoblock
Maxioum group 40

WORESHOP KO. 5
Adninistration of Courses - The Objectives
and Content of Engineering Graphics
Courses.

Recorderj

WORKSHOP NO. 6
Advanced Nomography
Given in drawing room, limit 25.

WORKSHOP HO. 7
Advanced Graphical Mathematics
Given in drasing room, limit 25,

WORKSHOP NO. 4B
Teaching ¥achines in Engineering Graphics

Assisted By:
ponald Dobeck
Edward W. Knoblock
Uaxinum group 40

THE JOURNAL OF ENGINEERING GRAPHICS

Hoderator:
Carson P. Buck
Syracuse University

Speaker: William A,
Felling, Raytheon Co.

The Cooper Union

University of Florida

lowa State University

Massachusetts Institute
of Technology

Leader:
Norzan Arnold
Purdue University

Leader:
Robert D. LaRue
Colorado State University

Leader: Conner C,
Perryean, Texas Techno-
logical College

Leader: Michael N. Besel

University of Wisconsin-
Milwaukee

Lectron Corp. of America

University of Wisconsin-
Milwaukee

Leader:
Melvin L. Betterley
State University of Iowa

Leader:
Alexander 5. Levens
University of California

lLeader: Robert H. Haezmond
United States Military
Acadeny

Leader: Michael N. Besel
University of Wisconsin-
Hilwaukese

Lectron Corp. of America
University of Wisconsin-
Milwaukee



8:00 - 9:00 FM

a:00 - 12:00 N

WORKEHOP KO. 8
Descriptive Geometry - Some Advanced
Probless for Engineers
Given in drawing room, limit 25,

WORKSHOP KO. 9
Adoinistration of Courses - Advanced
Courses in Engineering Graphics, Objectives?
Content? For Whon?

Recorder:

DISCUSSION SESSIONS:
"What I teach about .
"How I teach .

1962

Leaders: Earl D. Black
Harold B. Howe
Edward W, Jacunski
C. Albro Kewston
Alfred J. Philby
Racorders:

WORESHOP KO, 1
Elecentary Nomography
Given in drawing roon,

1962

limit 25.

WORKSHOP HO. 2
Basic Graphical Mathematics
Given in drawing room,

limit 25.

WORKSHOP NO. 10
The Conputer and Engineering Graphics
{This ¥Workshop will begin at 8:30 AM)

Leader: Forest M. Woodworth

Assisted By: Charles J. Baer
Japes R. Burnett
Jaees Houghton
Willism J. Quirk
Earl C. Zulauf

Leader: Mary F. Blade
The Cooper Union

Leader:
Ralph E. Lewis, Duke
University

General Motors Institute

Rensselaer Polytechnic
Institute

University of Florida

University of Tennessea

The Ohio State University

Leader:
Norean Arnold
Purdue University

Leader: Robert D. LaRue
Colorado State Unlversity

Hoderator:

Ernest J. Weidhaas

Pennsylvania State
University

University of Detroit

University of Eansas
Michigan State University
University of Notre Dane
U.8. Air Force Acsdeny
University of Detroit

This program will sssume little or no exparience with computers -

Limited to 48 by equipzent.

WORKSHOP HO: 3
Closed Circult Television

Assisted By:
Lee C, Lindeneeier

Oliver M, Stone

WORKSHOP NO. 11
??E]entive Georetry in Engineering
Graphics.
Given in a drawing room, limit 25,

Leader:

Conner C. Perryean

Texas Technological
College

Texas Technological
College

Case Institute of
Technology

Leader:

¥Y.P, Borecky
University of Toronto
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WORKSHOP KO. 6
Advanced Normography
Given in drawing room, limit 25

June 16, 1962
35 Saturday
1:30 = 4:30 P

WORKSHOP NO, 7
Advanced Graphical Mathenatics
Given in drawing room, limit 25

WORKESHOP HO. 10B
The Computer snd Engineering Graphics
Workshop 10A for beginners will be
repeated for a limited group of 16,

Advanced course for those sho coapleted
the porning progran Workshop 10A and
others who have had some experience with
conputers.

Assisted by:
Charles J. Baer
Japmes R. Burnett
Janes Houghton
Willian J. Quirk
Farl C. Zulauf

Limited by equipment to 48

YORKSHOP KO, 12
Overhead Projection
Assisted by:
Richard P. Covert
Emil W, Grieshaber

John B. Hawley
M. E. Warner

WORKSHOP KO. 13
Tests and Test Analysis
Assisted by:
H, Lamar Aldrich
Wayne Felbarth
Richard C. Kohler

Raymond A. Kliphardt
Ivan W. Roark
¥illisn B. Rogers

June 16, 1962 DIKKER OFFICER'S CLUB
Saturday
6:30 PM

Presentation of Awards

Descriptive Geometry Award
Norography Award
Distinguished SBervice Award

Speaker
B. Leighton Wellman
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Leader:
Alexander S5, Levens
University of California

Leader:
Robert H. Hac=ond
U,5. Military Acadeny

Moderator;

Ernest J. Weidheas

Pennsylvania State
University

Moderator:

Jares 5. Rising

Iowa State University
Leader:

Forrest M. Woodworth
University of Detroit
University of Kensas
Michigen State University
University of Notre Dace
U. 8. Air Force Acadeny
University of Detroit

Leader:

Klaus E. Kroner

University of Massachusatts

University of Missouri

Minnesota Mining and
Manufacturing Conpany

Arizona State University

Washington Senior High
School, Cedar Rapids, Iowa

Leader:

Irsin Wladaver

Kew York University

University of Dayton

University of Detroit

University of Illinois-
Kavy Pier

Northwestern University

University of Tulsa

U.S8. Air Force Academy

Presiding:
Edward M. Griswold
The Cooper Union

Worcester Polytechnic
Institute



WORKSHOP KO. 10 ON COMPUTERS

] l_g*_-m THE WORKSHOPS WILL BE AS FOLLOWS:

Introductory Sessions - For the Beginner Presiding:
Professor Ernest Weidhsaas
Hote: While other workshops are scheduled to begin at Pennsylvania State
9:00 A. M., this cone is scheduled for 3:30 A.M, University

Participants are asked to pake suitable breakfast
arrangecents, and be prompt. The workshop is on

a first-cone, first-served basis for those expres=
sing this workshop as their preference during pre-
registration. Only 48 participants will be admitted,

8:30 A.M. Lecture I, Professor Jaces Houghton
\ Introduction to Analog Computer Prograeaing. University of Notre Dame
8:00 A.M, Deponstration I. Captain William J. Quirk

Patching a Problem on the Computer U.5. Air Force Acadeny

9:25 A.M, Break

9:30 A.M. Probles Session I, Staff
Practice in the Progranzing and Patching
of one or pore sinmple problens.

Note: Captain Quirk has offered the use of 24 spall ansleg
setups; therefore the group will work in "twos" for
the actusl patching of the probless.

10:55 A.M, Break

11:00 A, M. Symposium Professor Weidhsaas,
Moderator
Participants: Captain Quirk, on "Intro-
ducing analog Progranning™#
{In order of 11:15 A M.
appearance) Professor F. M. ¥oodworth,

University of Detroit
"Graphics end the Analog
Conputer”,

*Exact topic title to be the prerogative of speaker,
11:30 A.M,
Professor Cherles Baer,
University of Eensaz, on
"The Digital Conputer'#

L 11:45 A M,
Questions and
. Discussion
1 Hote: The purposes of the symposium are:
1. Suggest efficient ways to introduce students
to the snalog conputer {(Captain Quirk).
2, Tie the subject in with Engineering Graphics
(Professor Woodworth).
3. Draw conparisons between anslog and digital
conputers (Professor Baer).
12:00 N Lunch Note: In order to make eost efficient use of the tise aveilable,

everyone is regquested to eat promptly and be ready for the
afternoon sessions,
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= Afterncon -

Introductory Sessions: (Labelled I). Preslding:
Professor Jaces Rising,
Icwa Stete University, st

Sessions Labelled I,

98 For the Beginner

Note: These sessions will be limited to 16 participants.

Continued Sessions: (Labelled II). A Continuation of the morning Presiding:

sessions, Professor Weidhsas, at
Sessions Labelled I1.
Wote: These sessions will run concurrently with the afterncon
introductory sessions, and limited to 48 participants,.
Priority will be given to those who attended thecorning
sessions,
1:00 P.M, Lecture I Professor Houghton
Introduction to Anslog Conputer Programaming
Lecture II Professor Jaces Burnett
Auxiliary Anslog Equipzent, (Multipliers, Michigan State University
Function, Generators, etc.)
#Exact topic title to be the prerogative of speaker.
1:30 P, M, Derconstration I. Professor Earl ZFulauf,
Patching 8 Freblen on the Conputer University of Detroit
1:55 P. M. Break
2:00 P.M, Froblea Session I. Staff
Practice in the Programaing and Patching of one
or more sianple problens.
Kote: We will use 8 of the computers, 2 participants per conputer.
Froblem Session 11. Staff
Fractice in Programning and Use of Auxiliary
equipcent.
Note: Since 8 of the 24 setups will be relegated to Session I,
thus leaving 16 open, 3 participants will be assigned
oneé machine for this session.
3:25 P.M. Break
Kote: Both sessions will break together, so that sll participants
cay gather s & single group for the panel discussion.
3:30 P.M. Panel Discussion Professor Rising, Moderator
Participants: Prof. Baer
Prof. Burnett
Prof. Houghton
Captain Quirk
Prof. Earl Retledge,
University of Wisconsin
at Milwaukee
Prof. Zulauf
Topic: "Use of Analog
Conputers in Engineering
Graphics Classes”
4:15 P.N. General Discussion
4:30 P.M. ¥orkshop Ends
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By Jasper Gerardi
Assistant Dean of Enginecering
University of Detroit

In preparing this discussion on the Future of
Engineering Graphics, I was guided by instructions
from the Program Comnittee to present the view-
point of the college adninistrators and to glve a
"hard-hitting analysis or future prospects in this
field" based on my experience sas a teacher and ad-
ninistrator. To eake it clear, I cennot and do
not propose to speak for college administrators;
rather I shall express my personal opinions and
viewpoints which I believe pay be effective in the
procotion of graphics. The words "college adnin-
istrators', as used hereafter, refer to departrcent
chaircen and deans since these are the people
usually responsible for or intimately involved in
curricula or course content changes.

During the past few years there has been a
notable chenge in the type and level of papers
which heve been presented at our ceetings. In
general, these papers have deconstrated rather
specific applications and the power of graphics in
the various branches of engineering, Enphasis has
been on the versatility of graphics in engineering
and not on the techniques of drawsing. More re-
cently, our guest speakers have enphasized the
importance of graphics in pathenoatics and engineer-
ing eechanics. A few departrents are now ex-
ploring the place of graphics in conputer tech-
nology as reported at the 1851 Meeting at Lexington
and also at this Mid-Winter Meeting.

The final details regarding our next sumner
school have not been conpleted but we know that

several participantis %ill lead discussions involving

graphics as related to other disciplines in engi-
neering sciences,

It is fortunate thet this Division has been
farsighted for we are beginning to get sonme recog-
nition for our efforts,

In discussing the trends in engineering cur-

ricula before &8 group of pathematicians, Dr. Newman

A. Hall, Vice-President of ASEE Instructional Di-
vision Activities, made this statement: "Drafting
is entirely changed from what it used to be.
are a few schools which have no drafting require-
wents in their engineering curriculum, and it is
accepted. Furtherpore, there sre very few of the
engineering schools whose drafting course has not
been trezendously choanged, and in very few cases
do you have any of the enphasis on precision,
skill, and pen and ink drawing that you used to
have,” No doubt Dr. Hall used the word "drafting"
in a broad sense because the term "graphics", as
used in engineering, may not have been sppreciated
by the mathenaticians. I anm also of the opinion,
or would like to believe, that at engineering
colleges where drafting 1s not required, graphics
courses are at least offered as electives,

Dr. Hall's statepent is most encoursging and
is bound to have sone influence on engineering
college adoinistrators. It may also imply a warn-
ing to the effect that at schools where courses

How To Win Jitends and Fufluence s Profession”

There

called graphics are, in fact, only drafting
courses, there is a possibility that in tige the
courses pay disappear from their curriculun.

It is up to each of us in this Division, and
in particular up to ocur officers and comnittees,
to direct our efforts in such a manner that gra-
phics will be considered an indispensable aspect
of an engineer's training. If we accept this
responsibility and, in particular enphasize the
versatility and power of graphics in engineering

design (by this I eean engineering systens of
analysis and synthesis), it should be possible to
increase the support and encoursgecent we need fronm
adninistrators in our engineering colleges.

It appears then that we must once again re-
view and try to state the objectives of graphlcs
in a eodern engineering curriculun

Our Division's Copnmittee on Aims and Scope
has given considerable thought te this problem but
I would like to suggest that ip their delibera-
tions the Comnittee explore further the following
precepts of graphics:

1. The prieary objective of graphics is

to give students a versatile tool which
%ill increase thelr understanding of
the fundacentals of the mathermaticsl
and physical sciences as applied in
engineering design.

2., An ioportent function of graphics is
to transfer the concepts involved in
engineering problems into descriptive
graphical elecents fron which sctual
physical and geometrical relationships
can be illustrated so that appropriate
pathenatical and graphicel manipulations
cen be perforced.

3. Graphics 1s the vehicle through which
correct engineering intent can be com-
municated to draftsmen and technicians
for the development and production of
things people need and want.

This attenpt to define graphics is not all
inclusive nor flawless but it cen serve as & basis
for further discussion and exploration.

¥e might consider "graphics' as s thinking
device which is used to analyze and integrate the
fundamental principles involved in engineering
situations. Every engineering problem includes
sore mathematical computstion but this symbolie
pmanipulation is usually associated with graphical
illustration of sooe kind., Why? Because graphi-
cal representation is the only means we have to
approxinate actual conditions which clearly show
the interdependence or relationship betseen compo-
nents of a2 structure before one can produce a
mathematical eodel for further snalysis. We nust
renenber that despite the encroacheent of the conm-
puter and its effect on engineering, so well pre-
sented by our speakers this eorning, conputers
nust be prograepmed. Hence, there always will re-
pain the problea of giving proper instructions to
the machine -- either in verbal, graphicsl, or
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syebolic form, It is here too, in the art of pro-
gropaing, that graphics can play 8 new role -- to
gid in foroulating probless so that physical con-
cepts cen be readily translated to mathematical
systens,

It pay appear that what has been said con-
flicts with Professor Steven A, Coon's warning
that, "if graphics teachers relinquish their firo-
ly held position as proponents of drawing-for-the-
shop and cove inte an equally firm position as
proponents of graphicel mathepatics, then they
will by this action still show themselves to be
hide-bound, but in a different place.” Rather, I
have tried to suggest the specific objectives of
graphics as an integrating device which brings to-
gether disciplines in engineering instead of & de-
vice which shifts emphasis from a compartment of
conaunication to a8 compartment of graphical eathe-
matics. Moreover, won't this idea of translating
scientific and pathematical knowledge into graphi-
cal eodels of actual engineering problems induce
and develop creative mental activity? Does it not
seen logical to presure that courses designed to
inplerent these facets of graphics would cpeet with
adninistrative approval?

I believe so, but I know that those whose
courses sre threatened with a further reduction of
tire, in all probability are skeptical and feal
that it takes rpore then an implecentation of these
objectives to convince their administrators to
keep graphics fron being swept into the unknown.

This may be true in a very few cases, but it would
seen very doubtful that adeinistrators would want
graphics courses, which have been enriched with
pure engineering flavor, resoved from their cur-

riculum. Further, I am of the cpinion that unless
our objectives change and change fast, engineering
adninistrators may be justified in their attitude
towards graphics,

We pust rerenber thet our Division does not
have & public relations committee to extol our
virtues. There is only one way to ®%in the confi-
dence of degree-granting deperteent, and that is
to work closely with them -- to suggest and show
what graphics can do for students in the respec-
tive branches of engineering, and to be able to
adjust snd make changes in course content to con-
forn with the changing desands of the profession.

It is an adpinistrator's prerogative to set
a course of action and to use his influence on
faculty members in order to achieve acadenic stat-
ure and growth of a department or school. Admipis-
trators are usually held responsible for final de-
cisions and, right or wrong, decisions must be
pade based on judgoent of what is considered best

for the engineering profession.

A Dean usually depends on his faculty cur-
riculum comaittees to determine what is to be de-
leted or added to the curriculum. He pay oxert
his influence and help to reconcile differences of
opinion or promote those aspects of the curriculun
which put it in line with the requirecents of the
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profession but, in the long run, only those courses
which bear a relationship to rodern engineering
nethods will survive the extensive and heated
discussions comnzon to all curriculum committee
eeetings. But core ipportant, adninistrators also
can be easily, and usually are, influenced by
faculty who are best qualified to teach their sub-
ject because of extensive training, a high degree
of conpetence in thelr field, and an interest in
various aspects of engineering.

1 have a feeling that in soxe cases graphies
is unintentionally absorbed into other deparicents
because of conplacency and because we tend to live
in the cozy atrosphere of drawing as "the language
of the engineer'. It seems to me that in these 4
days of revolution in engineering education, we
should continue to show that graphics is a versa-
tile and sophisticated subject and, as such, this
subject nust be taught by competent graphicists.

We nust also recepber that core nathematlics and
gcience will permeate our engineering curriculas and
it is our job to transfer these disciplines into
graphical models in order to solve engineering
problens. You can be sure that soze form of com-
puter technology will be taught in engineering
colleges and, of course, this takes tiwe. Con-
puters can becoce our best friend. It is a2 fact
that graphical analysis can contribute to the
foroulation of problens in automated procedures
for computers and, if we are alert, observant, and
indicate a high degree of enthusiasn for new de-
velopoents of this type, %e may not only keep shat
little tiege is left for graphics, but possibly
bring about an incresse.

Hence, I believe it to be unfair
college administrators if course tipe is reduced
in certain areas, The guestion which must be ans-
wered is whether or not the course in guestion is
really college level and what it contributes to an
engineer's education. Why should drafting remain
as a8 series of tige-consuming coursesin an engi-
neering curriculun when technical institutes and
industrial in-service tralning programs produce
better draftspen than our colleges.

Granted that any similarity between many
graphics courses today and those of a few years
ago is puraly coincidental, the fact remains that
we are fighting not only tradition but an impres-
sion of long standing associated with drawing as
"the language of the engineer'. In general, the
reason that college adeministrators, snd for that
patter executive engineers in industry, associate .
graphics with drawing is that, until recently, many
of us have not given then strong reasons to think
otherwise., Note the description of graphics
courses in college catalogues. In technical maga-
zines very often problens are solved graphically,
but how often does the reader associste this with
graphlcs especlally if a few mathematical equations
are included?

Lately some of us have included a8 study of
vectors in our graphics course, but have we gone
far enough in this area. All teachers of engi-
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neering cechenics will agree that vector notation
is advantageous in the solution of some eechanics
problems, This is particularly true in desling
with two or three divensional vector quantities.
What happened to Descriptive Georetry in this srea
of engineering? Has the glaror of vector and ten-
sor notations obscured the cost powerful graphical
tool which can deal wilth spatial description of
vector quantities? Would not some research in
these areas help to break down the impression that
graphics is only a fora of comnunication?

May we not be creating an image of technical
deficiencies in ourselves and our work if me con-
tinue to make changes im our courses at a snail's

pace. Let's face it, The term "eechanical draw-
ing" has been used so long that it has created an
image which is extrecely difficult to change.
Merely changing the names of courses to graphics,
even if more emphesis in another facet of engi-
neering is involved, will not ceuse adninistrators
to sllot pore tiee to this subject.

Graphical analysis will always be a part of
an engineering student's training but, if we do
not take the initiative, upgrade our course ma-
terial, and do sore effective resecarch in graphics
as it applies to engineering disciplines, we eay
find graphics taught as fragrents in other depart-
eents of instruction. Should this happen, it would
be a sad day and would certainly slow down acadenic
progress in engineering,

In sumsing up this aspect of our discussion,
I refer to recent correspondence with Dr. R. E.
Fadum, an administrator and consulting engineer,
who clearly and briefly states our problem in this
manner: "With respect to the place of instruction
of graphics in the engineering curriculun, it
might be helpful first to outline what we conceive
to be the fundamentasl objectives of an engineering
education, Arong these I would include the develop-
eént of a student's ability to reach sound judge-
ment values, to appreciste the ipportsnce of aes-
thetics, to comaunicate his ideas clearly and lu-
cidly, to develop his crestive talents end pORET
of analysis and synthesis, and to scquaint him
%With the epethodology involved in perforning the
design funcion. Having defined the cbjectives, one
can then ask which of them can be served by in-
cluding in the curriculunm soze discipline in
graphics, and in this panner point to this subject
matter as an importsnt conponent of the cur-
riculun”,

1t appears, then, that our wark is cut out
for us in at least three areas:

1. We pust show that subject matter in
graphics is an integrsl part of engi-
neering education,

2, ¥e pust show thet graphies has an im-
portant role in the formulstion and
solution of engineering problens and
that it is essentisl to all technical
subjects in an engineering curriculun,

3. Having shosn its need in an engineering
curriculunm, we nust work with other de-
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parteents of instruction and, when neces-

sary, increase our knowledge of subject
eatter in order to teach graphies more
effectively,

It is always easy to tell another person what
to do; but to implecent a program, to coordinate
their efforts on a nationel basis, and to bring re-
sults to the attention of the right pecple is an-
other matter. In fact, it seems that nothing short
of supernatural effort could acconplish such an oh-
Jective., Well,sore extrsordinary events have token
place and we are now in position to take edvantage
of then,

About 1958 ASEE sought and succeeded in having
the National Science Foundation increase the funds
appropriated for projects involving engineering
education. As a result of this, in 1959 acong
other projects the Netionel Science Foundation
appropriated sufficient funds to support two Insti-
tutes and a conference for graphics teachers. In
1960, another two-week conference for teachers of
nathepatics, physics end graphics was approved,
Financial support was also granted for two insti-
tutes for Junior College graphics teachers, More-
over, grants have been made in the visusl sids
area. To date, 1 have not seen a report of the
gronts pade in 1961, but I an pleased to announce
that last sumzmer the University of Detroit becare
the custodien of a $68,000 grant for research to
find new applicestions of graphics in engineering.
This study is to be conducted on & national basis
under the direction of Professor P.M. Reinhard who
%illl be assisted by Professor F.A. Heacock of
Princeton University and Professor A.S, Levens of
the University of Californis at Berkeley.

Please note the words, "custodisn of a grant”,
which were used deliberately from the inception of
the idea in 1959, there never wes the recotest
idea that this is to be a University of Detroit
project. It wes intended and, for o1l practical
purposes, will remain a Graphics Division project.

Before glving further details of this pro-
Ject, may I explain the resson for not publicizing
our efforts. Frankly, our reason was selfish.
Neither Professor Reinhard nor I wanted to as-
sociate ourselves or the Division with & project
which had no possibility of succeeding without
financial support,

A proposal was subnitted to the National
Science Foundation in the Spring of 1960, and work
was to have begun in September, 1960, You can
iwagine how we felt when no word had been received
by June, 1860, for we had hoped to announce the
results of our efforts at the Annual Keeting at
Purdue. Another year rolled by. We had all but
given up hope when, a few days before the Annual
Mezeting at Lexington, we were inforeced thaet Dr.
Paulson and Dr. Whitmer of the National Secience
Foundation would be plessed to meet with us at the
Lexington Meeting, Professor Reinhard iccediately
went to work, arranged s breskfast eeeting, and
prepared an agenda for discussion. In July, 1961,
the project was approved,
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The derivation of the governing equation
(e.g. Ref. 3 pp. 654-656 is acconplished using
spherical coordinates r and w. The conponents
of velocity are as follows:

The velocity equation in terms of V. is then:

2 2 2
- &% [xe fave)® - k-1 ("’nax - Ve ] mE Ty
e [2 (dn) 2 ) 2

dVey3cot® = kY Y 2 2 2
__.r.)m r(i-".ln)_,_k 1(» ﬂ_gx-vr)x
dw [i =] 2

dVy coty L(k-1) V ('.r2 v 2J=-::n
Eﬁz - +( ) r pax" 'r

where K 1s the ratio of specific heats and Ypgy
iz the maximum velocity attainable (all fluid
energy converted into kinetic enery of flow)

This non-linear equation would normally be
solved using a nunerical integration procedure.
However, the following graphical construction
taken from Ref. 3, pp. 657-659, which was pub-
lished by Busemann in 19239, has the advantage of
retaining a8 physical picture of the flow during
the construction.

The construction of a flow field obtained
by mapping the velocity vector for various points
in the flow, Each velocity vector begins at the
origin of the Hodograph Plane. The curve de-
scribed by the tip of the vector as it rotates te
indicate the velocity throughout the flow is
called the Hodograph of the flow.

v
i 8

Hodograph of flow streamline

-
Hodograph Plane
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The construction procedure is based on the
following equation derived by Busenann giving the
local radius of curvature of the streanline hodo-

graph,

q
1 - 2he

IR'I]IV nax'vz}

where h, g and ¥ are shosn in the above sketch,

GRAPHICAL SOLUTION FOR FLOW PAST A CONE

The construction is shown in Figure 2 and be-
gins with the plotting of a shock polar for the
particular free stireanm Mach number chosen. The
necessary dats were cbtained from Ref. 5, p., 430-1,
Next the angle of the shock @ is laid off estab-
lishing point 2 just inside the shock. The radius
of curvature of the Hodograph is now calculated
from the preceding equation and & spall arec (20
arcs were used in Fig. 2) 1= drasn. A new radius
is calculated for the next small arc. Note that
the radius of curvature line, at generally angle
W, represents the angular position of the ray of
consteant properties having the properties repre-
sented by the corresponding point in the Hodograph.
The construction is continued until the radius of
curvature line intersects the origin. Thenw = s
the vertex angle of the cone indicating thet the
endpoint of the streamline Hodograph has been
reached,

The construction was made with a, the
initial sound speed represented by 1 inch in length.
The velocity vectors represented by the hodograph
are therefore Y/a, inches in length. To obtain
flow properties, the Mach number cen be found fron:

i 1
X a,m) - k-1
Wit B
where ay, is the stagnation sound speed of the flow.
Since the value of a,, is everywhere the sasce
inside the shock the value agg may be used.

Hote that

0
L)

o 1

* GIEIE)

Vx/a, is the ceasured value and alfsz and
@g/ap, are constants determined by conditions at
the shock. When the Mach number and flow angle g
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are known, all flew properties pay be obtained
fronm tables and charts for the shock flow,

The basiec results are given below:

Cone angle 36,80
Shock angle 44,750
Pressure at

cone surface 9.55 tiees

free strean pressure

Note that the construction began by choosing
the shock angle (approx, 459} and the cone surface
angle was subsequently obtained. The reverse prob-
lea can be solved but a few trial solutions may be
necessary (See Ref, 4),.

The Method of Charscteristics

The characteristic equations for axially
syecetric, nonviscous flow are {Ref., 5, p. 293):

Q. (V- 6)im i '
Ml
din o

2y L0d0) = e :

lhare"gand gara characteristic coordinates.
VYis the Prandtl-Meyer function, a dicensionless
paraneter related to speed, and © is the flow
angle, is the Mach angle and y is the radial
distance fron the axis to the polnt in question.

The solution of these equations must be done
step by step sieultanecusly with the construction
of the characteristics network. For exanple, the
flow paraceters at sore downstrean point 3 cen be
obtained from known data at points 1 and 2. If
the Mesh size is small the solution of the cherac-
teristic equations may be written:

Vo = 3(neve) 101-6)t4 (1o ZP0LAG,,
Y1

8ing o
+—slqﬁ¢ 2 ——;;—-15? Eé)

TR R R S e e R — w —— S i — ——" —— ——

g3 ¢ i(‘i’l'\"z)“' t (91*92) +1 (singg ;“e_l.ﬂ%la
1

- sinpy, sing 5

= ﬁ’iza

The construction is shosn in Figure 3. The
angle Albetveen the flow direction and the direc-

tion of the charscteristics is obtained initially
at points 2 to 6 using tabulated values (Table ¥V
of Ref. 5) corresponding to the cone solution Mach
nuchers, For later points the sape table is used
to obtain the Mach numbers (and subsequently and
desired flow proporties) fron the ceglculated
values uf1).

Hote thet the locations of the new points are
not known in advance but are determined by the
intersection of characteristics from two different
preceding pi
preceding points. Special techniques are needed
at boundary points where only one characteristice
is available. At the cone surface, e.g. point 7,
the flow is tangent to the surface, 508, is knoun.
The value uf\?f,is found from the following equa-
tion,

V7487 = Vs5t05 + sinM 5 %ﬁgh
5

Az the construction continues the net may be-
come too coarse. A new point such as 11 in Flgure
3 may be generated using interpolated properties
from points 2 and 10. At point 1%, a boundary
point on the shock front, sgain only one charac-
teristic is available. The solution is obtained
by oatching one of the possible Mach number and
flow angle combinstions just inside the shock
front (Chert 2, Ref. 5) with the resaining condi-

tion:
A%

ing
- = + sin 8 11
Viz "@12 =V “9n ast) TR etz

The flow direction at each point is shosn in
Figure 3. Also the flow direction along any ray
can be obtained from Figure 2 for the region of
influence of the cone. It is therefore possible
to draw any particle path by fairing in a curve
parallel to the flow directions which are knosn
along the rays and at the net points.

The flow solution may be continued for any
axisyometrical afterbody, but sharp edges and the
possibility of terninal shocks or vorticies re-
quire treateent.
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Figure 2 - Graphical Construction in the Hodograph
Plane for Flow Past a Cone,
=SS —= ==
'
A

FREE STREAM
J' =
=
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Fipure 3 - Detail of Cheracteristic Net
Construction and Typical Particle Path.
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ENGINEERING CRAPHICS SEMINAR

*0n Graphical Soluticns of

Firat Order Differentiial Equatlcns®

THE GEAPHICAL SCLUTION OF
FIRST ORDER DIFFERENTIAL

UATIONS

In coatenporary technologlcal werk, three methods are
commonly enployed [or oblalning solutlons to crdinary
differeatial equatices, These are: (1) forpal mathematics,
(2) numerical approximation {digital conputer), and {3)
electronle differential analyzer {analog compater). A fourth
nelhod, graphile consirocciion, has possibilities in ceriain
types of problens, The following prodlem conditions are

condacive to fta uae:

(1) A mathesatical solutica is too Involved
er §s Inpossible,

(2) Machlne mathods gra not worth the programaing

1ima required,

(3) A relatively rapid approximaticn is nesded

in order to contince a project,

(4) V¥isval representatica of the relaticanszhips

between varicus problem parameters is

desirable,
Solving differenilal equations graphically is osually not
practical for classical or often-solved problemas) these are
best solved by nomography or by laped coapater prograna,
Particular soluticns can then be obtained by simply inserting
a sat of dala imto the solutiocn device, I, hoWewdr, one
{cr more) of the above problem conditicns applies, a working

knoewledge of graphical methods will prove usefol,

Iterative procedares are no handicap to machine soluilons,
bat are awikward in graphlcal work, Progress has been made
teward elinlnating the recessity of using {teratica 1a the
graphical solutica of differential equaiicons. Seme 1ime ago,
research into thie problem elindnated fteraticn from the
integraticn proper for every case of firat erder equaticas,
More recently this Bas been duplicated, alihcagh with
coansiderably mora effeort, for all cases of second order
equaticns. Such sfeplificaticns do not goarantes freedoa from
dteration in graphical processes related to the solotien of
differential equaiicn problems, But by making the integratica
mora efficlent, they reduce the protabllitly of an iteratlve
requiressnt, The sanple problens selecied for this preseataticn
are relatively sinple and involve conly first order syatems,

All Bave non-itlecative soluticns,

Professer Forrest Woodworth
of the Univeralty of Detrolt

Let us consider the combinaticans of varlables which can
gccur in a first order funciicnal relaticoship, We shall use
ihe generalized varfables x and y; the three varlables
jnvolved in the problea will therefcre be x,; ¥, and y', the
derlvative of y with respect to x, Obvlicusly y' must be present
in 1he givén differeailel relationship; otherwlse 1he latter
cannot represent a first order system to beglo with, The
possible coabinations of x, y, and ¥" in any glven functicn
leads to four cages of first order systems. We may représent

these cases by the [uncticons

fly1) =0 {Case 1}
f{y" %) = 0 {Case 2) -
falr',y) = 0 (Case 3)
f(ryx,y) =0 (Case 4]

A coavenlent synbolisn for equaticns (1) is a Kcman numéral
irdlcating the order, and an Arabic sobscript indicating 1he
case, We woold then fdeatify 1he cases as

£, ') =1,

f{y',x) = I,

faly'yr) = 1,

f0y'.® ) =1,

(z)

Each case can be solved by a solitable method, We ahall

illustrate each of these presently, Pirat let va describe the

basic operaticn of these methoda - graphical Integratica,

Field Integration

Yarlous ways of perforaing graphical integratica are
avallable, A particolarly wseful ¢ane is a fleld method which
enploys motually perpendicolar phase, slope, and solutica
planes. These planes are shown orthographically im Flg. 1.
IT the soluticn plane is copsldered 1o be horliontal, then
slepe planes are fronial and phase planes are profile, With
First order equalicos, all plares are 2-dipensional; with
second order and higher systems, the slope and solutlon planes
are each 2-dinepsicnal, while the phase plane ia (n+#1)-dlmen-
sicnal, n baing the order of tha ayatem,

In Fig, 1, 0 is the origin, and ihe axes are oriented
according to 1he roles of 3-dieznsicnal orthographle projection,
Distance OF is considered to be onity (it may not acloally be),

and P is known as the pole, If OF 4s olher than the x axis



wnlt leaglh, the railo of unit length along the ¥ axis to woit

¥ ¥
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Flare
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Fig, 1

lengih aloog the y' axis will be 1he same as the ratlo of uait
lengih aleng ihe x axls to the disiance 0P, Therefore, if we
assure that the y' axls has been gradeated according to the
coalines of the problea, 1he gradeaticos oo the y axis will be
deternined by the selectica of P, and this In furn will be
restricted by 1he helight to which the carve rises ca the
solution plana,

Jhe ¥y' ordinate for any x is the slope value of the xy
curve at that polnt, But since ihe general solutlca of an
ordinary [irst order differential equaticn conteins a coastant

of Integration, the slope représeated by y' coald be the alops
of an infinite nuaber of curves, at ihat value of x. There-
fore, if we draw a series of slope lines on the soluilen plane,
parallel to PA ard along x = X, We ereate a [leld representing
1ke general soloticn for t:u. r&). Since there are, theoret-
ically, an Infinite nuaber of these parallel lines, a particular
soluticn which is defined for this valoe of x nust Include cre
of 1hem, Xote that every curve oo ihe slope plane will resoll

in an entire field on the solotion plane,

We pay call I, the linear case, because ita general
solution is
y=ox+h (3)
where m represenis any particular solotion of Ilfr'] = 0, and
b is the constant of integration, The method of solving this
case s shown in Fig, 2, ¥e are in effect using a 4-dinmenalenal
orihographie system in x, ¥, ¥', ard £{y'); Aiherelfore the
views shown in Fig, 2 cepreseni the overlapping 3-dimzpsicnal
¥ote that for the y'f{y') plane, y!

is the independent variable, ard the soloticns eof I1 will be

spaces xy'f(y') ard xyy',

représented oo this plane by the points at which the carve
crosses the y' axis.

Since these solutlons are valid for all values of X, they
are lines of zerc slopa oo the slope plane, The integral of
a constent is a licear fanmily of corves; therefore each
soluticn of £{¥*)} = 0 is a linear xy field, One such field

is shown (Fig., 2},

|/
77
o 0 2 RN
Ao
[{y") s x

The functica I, will ordicarily represént a single curve
on the slope plane, and can be solved by slople Integraticn to
the soluticn plane, The form of the soluticn will be
yldx + C (4)

Apy ¥neown point

-
which Implies a fanily of similar curvas,
{xa. rﬂl o lhe soloticn plane in effect selects the constant
of Integratica; this results

in a particolar sololicn, such

as the oae shevn in Fig. 3. ¥

For this case we pmake

vse of the phase plare ard f:#;éF’f

some graphical aritheaiic.

Since we shall meed to divide y!

cne erdinate by enother; let Fig. 3

g3 Invesiligates how this can

bta dooe graphically.
that F{uy) = Fyle,)/0,(u,),
where I'l and f, represent

Assuma

funcilons of scas varlable u,
In Fig. 4 the consiraclicn

for deternining F is shown,



Froa rltuo! wa draw a horizental lire to the (o) axis, ¥Fext

wa draw a 1ine at 45 degrees to the latier axis and extend the

f(a) }_\_\

45"

1ine to 1he v axls. The value

-~ - - -} [uu,tlj

—_ tu,ulfzj
A o)

oo lthe axis at the point of
intersection is fitnﬂ]-. Few
we locate the point {rl,r,}
by drawing a veriical line
frea the last determined point

to an ordinaie height of IE"
Firally, we connecl the latter

Fig, 4

ordinate point with the origin,

This 1iee (exterded if necessary) wltl intersect the 1ine
x = 1 at an ordinate value of P, since by sinllar triangles
(Fig. 4).

fg[uﬂ}ﬁ' = fltuﬂ],ﬂ (5)

froa which Plog) = folu )/l (oy),  The method, If extended over
a dozain of x, petraits the rapld dlvisien of coe curve by anolher,
We now turn 1o lhe use of the above principle in solving

the functlon Ig, The latter wiil be represenied as

¥t = y'iy) (6}

on ihe phase plane. Now mote that 1/y' is the same as dc/fdy.

If wa plot (or ceasiraet) 1/y' as a funcilen of y, we have

defdy = 1/y'(y) (7}
from which
in ﬂw,-}upc (8)
¥ ¥
iy
’-I
i T x
Fig. 5

fherafors, by dlviding ¥y* = 1 by ¥' = y'(y} ¢a the phase plane,
we can integrate with respect 1o ¥ and obfain 1he corcect fleld
As

vscal, any dmown point {:o,ru] deternlnes a pariicolar solution,

This is the geéneral case, and 18 1he only parametric

en the solution plane, The process Is shown in Flg, 5.

soloticn for the [ield method In ficst order systens, The
equation for Ii is
fr'vy =0 (2)

ard this can mormally be expressed as

¥' = y'ix,¥) (10) E

jf_ﬁr" ri

i

=

If ¥ is ireated as a paranaier,
ihe freoatal planes

¥ = ¥ga¥pi¥paenas¥y appear as

1ines of zero slopa cn lhe ’0

i

4

soluticn plane, This Is shown -

in Fig. 6. Wheén cne of these

paraneiric y valoes is sobati-

tuted into eqoaticn {10}, ilhere

resulis the transforeaticn

K

I, = I (11} i
4 2 /

{,‘_ﬂ”’_f_—l K
for that value of y, This I,

curve may be ploited ca the

slope plane, Sobsequent Fig. 6
subatitutlons of different paranzirle values will prodece other

curves of the fanmlly oa the slops plane,

When we tagin the integratica, each point on the slops
plane rapresents lhe slope for a [ixed value of both x amd y,
and 1herefore produces only cne slope line oa 1he solutica
plane, Consequently, total integraticn of the slope plane
curves ordiparily resvlis in a distinct field ca the soluticon
plane, and not fo maltiple fields; as might be expected at
firat glance., Farticular soluflons are cblained in the usual

Hashise, Sanple Froblems

¥e ghall demonstrate the use of graphical methods with
first order systeas by furning to the flelds of matheralics,

One simple exanple has been

___ Fig.7?

keat transfer, and elecironics,

selected froa sach. ¥

Exanple 1, Plot the equatica

Xy ry=x -y (a2)

for D=x=<2,

At best, equaticn (12) is awnward
to plot by coaventicnal means,
However, if we dlfferentiate
inplicitly with respect to x ard
solve for y' wa get

¥ = {2x - /(L + x+ 35°) (13)

which s a form of ¥ At x =0,

rl%-.utlon {12) shows 1kat ¥ 18
either zero or imaglrary, and we
assune that rero is 1he desired
value, The soloilon has been
carrled out in Fig. 7. Heres we




see lhe y-pararzairic slepe plane
curves, the Integraticn field cn
ihe 3uiut1c~u plane; and 1he u
required carve,

Exanple 2. Given a temperaturs 0 S
chart (Fig. B) for heat flew gy
ihrough an insvlating wall ef
thicimesa ax, and the thersal
conductivity k as a funclica of o
the teaperature o, Using the 2
glvén values of v,, u,, y and !

B., determine the nelessity oS
iflcinessax for a prescribed
allevable unit rate of heatl loss

/A, whera q s rate of heat flow
and A is unlt area, over the range 57 [ v
100 < ofa = 200, o | e .Y IR 3
e, | 285 &0 | 0%
The differential equatlion repra- i g
senting steady sfate heat flow is HE 100 'l_?i
dx = -¥A 4 (14} it il b
q s o ks
ug 631 | 300 .l'Ei_i_l
where g is expressed in BIU/hr, X 400 11223
is in BIU/br/Ttfaeg., and A is in w00 |.124
ft", Since k is a fonctica of u 3
and q is assu=ed to be constant, &00 | 125
wi have
U Fig. 8
(a/A) x '/; da {15}
! which 15 & form of I, and can be
solved for the left ﬁ;nﬁ side

ty simple integraticn of the

right hard side, The quantity
4/ {g/0) x 1s parametric in g/fA;

o by uslng & d-diménsicoal aysten
i coasisting of u, k, (gfi)ax,

; and ax, wWe can deteraine ax for

i\ a preéscrived valoe of g/fA. The
|£ goloticn is showa in Flg. 9.

b Exanple 3. For the elecircale
cirgoit of Fig., 10, assune a
resisfive lcad, having a resist-
arce r eqoal to the givea function
of the carrent 4, I e is a
foncticn of time defined by

e = 2t, delernine the carrent in
ihe circoit during the time inter.
val 0=t<5, where t is In seccadj

200 400 wu
Fig. &

jha instantanepcs voliagé-currant
relaticoehip follews Ohm's law, and
therefore is

{18} o]

wtere & 1s in volts, 1 is in saperes,
grd r is in ches, By differentlaiing
equatica {16) with respect to tima we :
get

e =ir + ir (17)

Froa the given data, o = 2. If we, 5
defice r' to be drfdi, thes r = r'i,
Suhatitating these guaniities into
eqaaticn {17) and solvieg for 1 glves S
us

i=2/(irr + r) (18)

e = ir

—a #

Since this i» I,, Wo shall need to use

ie reciprecal of 1, Therefora the
required equatica is

174 = {ir' + r)f2

Fig. 10

{19}

The expressicon {ir" + r) can be obtained as a funclicn of i by
Sﬂphio coastruction, This fs shown in Fig. 11. We obtain the
ivlielcn ®y 2 from a scallng of the ordinate axis in the right
bard diagram, Im Fig, 12 the last functicn of Fif. 11 has been

reploited with 1he axés interchanged, By integrating with
respect to 1, we can determine the required funcilca of t, and
this is shewn on the solutica planme,

T
f 1)
]
5. ]
10 f
3 5 I\ . L‘"-h
|
5L
f —3 — -4 \' -
=17 J
] =
e Et . 1 i
' 1
1 1 i
Fig. 11

Belated Construciicns
The graphical arithestic of 1he last example (Fig, 11) may

not ba obviocs to the vninitiated, Lat va exanine these opera-

tions more closely., Xote that the differenilation 1s oblalned
by the sinple process of ceonsiructing tangent lines to the r{l)

curve, and then dravwing these slope lines [rom the pole to the

r! axls, Froa the varicuos poinis of Interaeciion with thie axle,
i n i
i
.
T 5 t
Fig. 12

korfizontal lices ars dravn to the appropriate ordirate, locating
polnts ca the curve of slopes, or derived curve, The curve

itself nesd not be drawn, as the slops values are 10 be moliiplied
by corcesponding values of 1, Xow if lioes are drawn froa 1ke
origin through the intersection of 1 = 1 and each of the preced-
ing hoerizeootlal lines; and Af these lines are then extended to
ihe ordinates which the horlzontal lines extend to, the new
ordinates will be the proeduct fr?, These ordimates hava been

projected to thelr correnponding positicons on the sumsation plans
at the right, and the r values have been added by parallel
constructica, The firal curve will te properilonal to (ir! + r),
If the crdipate axis oa the sumzatica plane 1s calibrated such
that 1he unit distance is double that cn the r and r! axes, ths
effect is the divisica of the fenctlon by 2, and this is in
agreenent with equatica {19),

Firally, it may be necessary to conpensate for any error
iniroduced in ctastruciing the slopes to the r(l) curve. The
accuracy c¢an be checked by moltiplying rli) by 1(t). Resolts
of this multiplicatica should be e{t), or 2t, IF 1he ercor 1a
appreciable, a correcticon should bte applied;, ALY such opera-

tlons are easily performed graphically.
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Mr. M. E. Arthur, winner of the Division's Nomogrephy prize last year sesys that the use of
nomographs and slide rules has no bounds, Here is a slide rule for srranging, transposing and
harmonizing music, Mr. Arthur is with the Internationsl Business MNachines Corp. in Oswego, N.Y.

Figure 1 shows the slides almost in position for a chord in the key of C for

planoc,
violin or trosbone. This latter when written in the bass clef only.
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Figure 2 shows slide 1 set for & chord in Ep and slide 2 set to transpose for
trunpet, or clarinet, when the music is to remain in the original key.
This sace setting of slide 2 might also be used to transpose one tone higher

for plano, violin, etc., or to transpose 25 tones lower for horns in F or
3} tones lower for E; slto saxophone.
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GROWN UP!
PRICED DOWNI

The all new VEMCO 33/20”. A precision drafting
machine capable of accommodating drawings as
large as 34" x 44”, Combining much of the
versatility, convenience and precision workmanship
of America’s finest drafting machines, yet Priced
At Only $59.50, subject to regular educational
discounts.

Also available —the Model 3300
with special disc brake and automatic 15°
indexing —slightly higher in price.

Write now for new 4-page descriptive brochure.

V., & E. MANUFACTURING CO.
766 So. Fair Oaks Avenue
Pasadena, California



FIVE NEW AND TESTED TEACHING AIDS
FOR ENGINEERING DRAWING

BY CARL L. SVENSEN AND WILLIAM E. STREET

FOR USE WITH ANY TEXT OR NO TEXT

DRAFTING PROBLEM LAYOUTS

SERIES D

Work sheets covering Vertical and Inclined Lettering, Sketching, Use
of Instruments, Engineering Geometry, Scales, Orthographic Projection,
Revolution, Auxiliary Projection, Sections, Isometric, Oblique, Dim-
ensioning, Developments, Intersections, Screw Threads and Bolts, Per-
spective, and Working Drawings for a Complete Course,

95 Work Sheets, 84" x 11° $3.50

DRAFTING PROBLEM LAYOUTS
SERIES C

Work sheets covering Sketching, Use of Instruments, Engineering Geo-

metry, Sclaes, Orthographic Projection, Revolution, Auxiliary Projec-
tion, Sectional Views, Dimensioning, Screw Threads and Bolts, Isomet-
ric, Oblique, Perspective, Developments, Intersections, Working Draw-

ings. SERIES C and LETTERING EXERCISES cover a Complete Course,
69 Work Sheets, 8&" x 11" $2.50

LETTERING EXERCISES

A DIRECT METHOD -- NEW AND INTERESTING

Vertical and Inclined Lettering with eight sheets of extra problems.
LETTERING EXERCISES AND SERIES C cover a Complete Course,
20 Work Sheets 83" x 11" $1.00

VERTICAL LETTERING EXERCISES

Vertical Lettering with instructions
6 Work Sheets, 834" x 11"

$0.50

INCLINED LETTERING EXERCISES

Inclined Lettering with instructions
6 Work Sheets, 83" x 11" $0.50

WRITE FOR EXAMINATION COPY OR ORDER FROM

W. E. STREET

ENGINEERING DRAWING DEPARTMENT
A & M COLLEGE OF TEXAS
COLLEGE STATION, TEXAS
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KOH-1-NOOR

FPrecision-MWatohed Snstruments

Koh-I-Hoor offers draftsmen an important new dimension
in a comprehensive line of inslruments and accessories
meticulously matched to provide new high levels of
prolessional performance, efficiency and convenience.

HODEL KO, J0E0: The regz-
uler Koh - 1 - Noor Rapids-
graph “Technical " Founlsin
Pen wilh sell-conlained
aulomalic filling system,
and packetefipis a slandard
drafing room Lol

NOW...TWO KOH-I-NOOR

RAPIDOGRAPH

TECHNICAL FOUNTAIN PENS

In 7 "“color-coded'” precision lina widlhs:
00,0,1,2, 214, 3, 4. Uses India (or regular)
ink for ruling, leltering, lracing or writing
wilh equal facility.

MODEL KO, 3085: Arcw model wilh 7 inter-
changeabla draning point sections, exch ool
coded to indicale a different lina width, Bsst
bary for Whe professionsl who requires frequent change of line
wifths, Each draaing point ssction complele with airtight
refittabla ink carlridge. Inlerchange is awompfished quickly,
clzanly. Comes in handy desic Lop contalner

(Wrile for catalig)

Two Koh-l-NHoor products designed to work together...{or greater efficiency!

KOH-1-HOOR
EIECTOMATIC LEAD DISPENSER

Avtomatically feads le2d Lo bodder without nesd
to touch Fead. Transparenl oanlainer permits

conslint |ru:"I!-hpr et i 00 lead suppty.
In 7 degrees. Widest chaica
of conlainars with 2, 6,
ard 12 feads,

I(IJH 1-NOOR ..corrornres

Bloomsbury 2, New Jersey

KOH-1-HOOR
ADAPTO-CLUTCH LEAD HOLDERS

Widest cholee of hetders, 2l metzl, per-
fectly balznced, with non-s%p, turn-proof,
repraceable clulch; bourled finger grip
With or withoul pockel eiip, fead degres
indicator, Cotor-Codad,




THE SPACING DIVIDER

This instlrument consists of eleven points so
adjusted that they divide their variable setting
into ten or less equal parls, It can also be used
inversely to give multiples up to ten and in
graphic solution of ratios. Adjustable distance
belween points on the 6 Inch Instrument is min-
imum 3", maximum %" and on the 12 Inch
- minimum %", maximum 1",

Ho, 37604 IHCH
TILLUSTRATION HALF S1IE)

Catalog on Request Covering:

Drawing Instrumenis Drafling Scales
Protraclors 5.5. Siraightedges
Relling Paralle! Rules 5.5. T-Squaoires

11 P). Spacing Dividers 5.5. Triangles

Circular and Linear Engraving
for the
DRAFTING ROOM-—PATTERN LOFT—-LAYOUT TABLE

THEQ. ALTENEDER & SONS
Makers of Fine Instruments Since 1850

1217 Spring Garden Street Philadelphia 23, Pa.

T e
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ANALYSIS, SYNTHESIS, AND EYE -WASH

By Irwin Wladaver, New York University

There is nothing like self-deception to make a
man feel he amounts to something. And self-decep-
tion is the surest road to self-destruction.

What do I mean? I mean that we can hide the
truth from others for a while and thereby live a
little longer in our accustomed style. But if we hide
the truth from curselves and thereby come to think
we can live prosperously indefinitely in our own
make-believe world, what an awakening there will be!

Let's face a few facts: During the past few

I believe our colleagues, the curriculum
makers may be operating under a temporary il-
lusion that what we are doing now is better than
what we used to do. Far worse it is that some of
us believe it.

The truth is that graphic statics was discarded
years ago. The truth is that the definitive book on
nomography is due to d'Ocagne, When? 1893 The
truth is that graphical and mechanical computation
has never, I think, been more fully nor more rigor-
ously presented than by Lipka. When? 1918,

years more and more often we began to hear the words

"analysis and synthesis." We didn't know exactly

what the words meant or should have meant to us, but ject,

I don't imply that antiquity disqualifies a sub-
But these subjects had been fading away. Today

somehow they were comforting- when they weren't an- they are far less critical than what we have discarded.

noying. Somehow we felt that if we could only latch
on to "analysis and synthesis," through some pro-
cess of absorption we would soon be respectable once
more and people would let us alone. And so we did
what they were doing in other departments. We
talked analysis and synthesis. We neither analyzed
nor synthesized. Nothing happened. How could it?

Our continuing frustration taught us precious
little. The strongest possible deputation of Divi-
sional leaders visited the then reigning monarchs of
ASEE. The ASEE chiefs were impressed with the
obvious importance of our work in the education of
young engineers and they said so. A very pleasant
visit. Any effect? Of course not, Very scon af-
ter, we found that something had happened in the
interim; our work was not important any longer in
the education of young engineers.

Then we started to make some deals. Oh, they
didn't look like deals: we claimed that our courses
were now upgraded, unquote, with the addition of
graphical computation and with the subtraction of a
variety of topics from auxiliaries to screw threads;
with an emphasis on picture drawing and a de-
ernphasis of dimensioning. We talked widely of
graphical communications. The greatest upgrading
of all came in the form of a name change to engineer-
ing graphics and now we were able to conceal the
details under a veil of generality and integration.
What a way to hide descriptive geometry, the most
valuvable tool for analysis and synthesis {there I go
again) in the entire crib!

Even so, I do assert that to present empirical equa-
tions, nomography, graphical integration and differ -
entiation in a single short semester so that they will
have sorme lasting meaning to a student is to present
arrant nonsense. But to offer these topics in graph-
ical computation together with engineering drawing
freehand or instrumental, together with the essen-
tial elements of descriptive geometry and God knows
what all else, is to build an edifice without a founda -
tion. How long can it stand? It will inevitably
crumble and perish. And it will destroy those who
built it with heterogeneity and no mortar.

Do you know the latest fashion? It's design.
Let's save our courses with design, Does this make
sense? Yes, I think it does. But how in the world
is a student going to design if he can't draw? [
believe he won't be able to analyze or synthesize or
even communicate!

Are there any remedies? There must be: we
have a crew of self appointed but dedicated and com-
petent physicians who have high hopes of making a
complete diagnosis, They are hard at work; if
solutions can be found, these people may be the ones
to find the proper remedies and dosages. Yet]
can't help wondering about the futility of trying to
cure a patient who won't admit he's sick.

This is why I say it's tempting and opportu-
nistic and maybe temporarily useful to deceive the
other fellow. But let's not fool ourselves into
believing our house is in order. It isn't.

THE JOURNAL OF ENGINEERING GRAPHICS



Letters—to-the~Editor-

UNMNWERSTY OF ILLINCES

Profeszcr Mary F, Elads Mareh 16, 1582

Ceecar Unlea
Cooger Spuare
¥ew Tork B, ¥ew Tork

Dear Frofessop Kary Elade:

In ensver to your sigsestica that I write sn article, eliler spreslirg

or dleagresing with Jeto He Ferranles, my ansver weald ba "50," I as
eayirg thie for two reascos, Firet; I do pot bmow Professor Farrandes.

I kave rever ret him perecrally, aod would rot like to rake any dsrogatery
renarks vithoat reallng him persocally, Alss, I may say scos Lhirgs in

en artlels of thile typs that may camse sooe of my very good friecds in

tha dravirg divislon to feel differeatly tovards may and since I an
getiing eless to rellremant; I wiald rot care to losa any of my close
friecds in tha divislon.

Fewever, I Bave read ke article over very theroughly, underlinicg
miny ftlexs with a red peccil; glvicg rary cormants aloog tha pargics
amd oo the page in tefwvesn colwme. T will Mist soma of these cooments
and you ray ure thea in any way yeoa wish,

First, I woald 1ike to state trat Mr, Fercandes Ras written an artiele
which ray Belp to straightea oot sone of the pacple that he soggesta
Fave shown A degrea of menteal stegrallon. Sirce I anm oot o aoy way
effested by this situstlen in my departesnt, I weas rather surprised

to baar this statessnt, as I fesl a sitzallen of this kind fs pretty
ek ke respocsibllily of 1ke perscn vho heads the departrect or
eollege in which the stagzrast pereca 1s eapleyed.

Starting from tha begirning of thie artiele, I may state that I en
very rzch feterested in RBis statesent of a merger of deparlesnts and
I wlll cormect mopa oo that as I go alecg. I w1l agree with hin that
poasibly the lack of wufficient time cazesd many of the pacple in
grajhice to fall to work more alocg ths ressarch field ikan they do
and I do sgres with him that redzciica of lesd woald be ene way of
takdrg care of thls sitoallica. To sone extent, I may szree wilk him
that rany of the Professcrs in Crazbdcs are too colloguial arnd thelr
korlions bocome 1oo rarmow. That protably stens froam the fact that
many of tha grajbdes teschera bave specialined in graphdes in college
ralker than some elber plass of tha ecgiceericg field,

Begienirg with his senfecce "Cragidcs 13 m cocessary and Ieportact
taslie ecgindering sclecca™ and coctimning co "facalties have a ten-
decey to over-specialize their ovm ares ard try to espire bolld® 1s

ot ooly Lypical of the graphics divisicn tut all departrents in Lhe
college of ergirtericg, I agrea with hin thorcoghly that the graphles
faeuelty are & dedicsted lot which fs indicated by tha fice atlenlance
at our pid-year and arccal meatingss I wlll aleo sgres with hin that

& misfit or & poor teacker 1mn't golrg to do amy battsr dn the graphicas
departesct than in any olbar departesct,

I an eot too happy over his statessst of *"glorified Bigh school teachars.”
I myrelf was cos of thoss se-called glopified hiph school teazhers for

25 years and am provd of 4%, It was oot until weny years after I started
teaching trat I dlesovered how Jttle T Jrew abont taachicg, I have coce
Lo Lks ercclasica that pany of Lhe 0,F.5,%, are siperlor a8 tesckers to
orer 755 of tha college teashers who have had po previocs teacher
tralelrg bafere enterirg the college teschircg prefessica.

¥r. Fercardea' statecsst In the cext paragraph, *First, I bslleve a
college cwes & yourg Frestean ard soptomore soce of its bost teachers,”

I agree with hinm 1007, I fesl & yourg freshzan ecgirser fo hs formatlive
Fears 1o college ceeds the very best advisors In the arglceericg field
trat wa ars able to give hie, In cor departrect, we bave a larjer
rparcintaga of cur pecole actirg as sdvisors for fresteman than any clbar

departrent in tke eollege, I believe this 1o be an indlcatiocn of tha
gppreciaticn cur Dean of Ergicesricg bas for ihae type of man we have in
our depdrtment,

In rary cases, s pareca teachirg in eollege is doirg 8o becacse ke 1s
tratle to hold his ewn fn indestry, This is also very sericas an
ipdletesct agairst the rake-up of niny of cor college of engiresrirg
degartesnts, I Jo rot fesl that this is typlcal of very mainy of the
deparlmants Io graphlcs as moat of thess ren are able to leave tha
fleld of teachirg and go inte ecgirserirg offices amd Better thazselrvas
firancially.

In Prefesscr Percardes' paxt paragzraph "The solutico I am trvicg to
L T "y I telieve is an excellect idea
arad T Bcge that ke will ba able to carry it throogh to coopleticn, Whas
e refers to thie teirg a "ckere®, I Baliere ke 1s referving to tha b7
of irdividzad that I spoke of above who Is woable to keld hs evn In
Iefeslry and does ret belocg oo a teachicg staff in tha college of
ergireerirg. This type of irdividcal is strictly an esgliresring szleciist
who Fas raver bad any experience In the ecglresrieg fleld, There is o
oottt that hde sxggestiicn that e place a persca with réal entloslssa
fer graghics amd L1ts developeent as a perwatest Professor of the graphies
divisicn is very gooda Els develeplrg of thle sitcatico in that pars-
graph §8 azcellect.

Tra eod of the paragrech in the middle of paze 21 ca the left starticg
with "Tra erd resalt 8 secrcrcrrcmensnrens " is pretably tha erux of car
viole preblen in graphics at the presest tire and his slatemzct of ir-
creasirg the atofects' wnderstanding of thae tasle coccepts of the gragiics
alrlkes a very vital polnt 1o cur fulore dzvelegesot,

Fe goas co in the mext paragraph asd Lalks adeot the conblratica of
graphles with ere of thes profesifcral ergicesring departrazts, I belleve
thig bas merit wiare there 1s ro defartrectieorricalun of Osreral
Ergloearing as w2 are forturate in kavieg at the University of Illirsis,
I also believe Lhat iFf grapddes 1s to ta coabirsed with arcolkear depart=
rect a8 Mr. Ferramdes ieplies, it shoold be with the pechanicsl
ergiceering departrent, I an sare trat this degartzsot can do an
efficient Job in hardlicg the siblect of graphics.

Ea eorpares the work of tha graphles deparirant witk the Erglish
Deperteent, Trds ecopariesn ends with the statemsel that graphles is
tra larguage of the ecgicesr. The coeparlsca batwesn the two doos
rat kold in relstica to work taken In Righ sckeol, Most Righ sclools
will require thres to four years of ecglish vhile vary few require
work in graphles. Am a matler of fackt, it 1s getting to the polnt
trat a stodent s very forturats iF he is able to get cce sesastar
of dravirg in high scheol before entering eollege. I can slats frea
perscnal experiecces that the average high sckeol plodest s oot
ralure encagh to grasp the theory of graphics.

In Kr. Fercarfes' firal sovatico; I feel trat be 18 very sound in
his propozal for & syllatus for the grajphdes program and his sog-
ge=tlen that tka hocors pregram may kelp o give oogortunitles to
the siperler stofents to cbtaln sdwveresd work bas a great deald of
rerit, I agres that ke troly Fas a crallecge before him and I
wish him all the sccess posalble,

Profespor and Evad
Coceral Ergleosering Dept,




Announcing a new book for freshmen:

DESCRIPTIVE GEOMETRY

CLARENCE E, DOUGLASS ond ALBERT L. HOAG,
both of the University of Washinglen

Every care is taken  to make the methods, principles,
and applications of basic descriptive geomelry clear to
the studenl.

EXPLANATIONS are, concise and aptly illustrated.
ILLUSTRATIONS have been arranged so that (in all but
a very few cases) the correct figure appears on the
same page as its explanatory text.

MNOTATIONS emphasize that only three types of views —
plane, elevation, inclined — are used; and call attention
to the type of view being drawn.

COMPARISONS are made simple, by using the same
data for the illustration of each different pmh!em-
solving method.

PROBLEMS are conveniently located at the end of éar:h

chapter (as well as in the Hoag Descriptive Gmnmru
Problem Books).

CONTENTS:

Orthographic Projection; Lines and Planes; Point, Line,
and Plane Problems; Revolution; Curved and Watped
Surfaces; Intersection of Surfaces; Locus of a Line;
Vectors; Geology, Mining, and Topography Problems;
Miscellaneous Problems.

19562 256 pp. £5.75 [lenlotivel

4

Descriptive Geometry Problems (by Hoag)
19462 &5 sheels £4.50 (tentalive} paper

BOOKS IN PRINT

EHGINEERING DRAWING

Eugene G. Pard, Washingfon Stale Uni-

cersily
To introduce today’s engineer to the many
facets of graphical analysds and communi-
cation. Recognizes the changing needs of
engineering education,
Contents: Exvclution of Enginecring Draw-
ing; Mechanies of Drafting; Frechand
Drafting ard Lettering; Graphic Constroc-
tions: Charts and Graphs; Orthographic
Prolection; Orthographic Reading; Ausdl-
jary Views; Scctional Views; Conventional
Drafting Practices; Instrumental Pictorials;
Pictorial Rendering; Graphical Mathenat-
jes: Size Description; Production Processes
and Precision; Dimensfoning; Threads and
Fasteners; Detail and Assembly Drawings;
Plucprint Reading and Review; Problem;
Simplified Drralting.
1959 512 pp. £6.95

ENGIMEERING DRAWING PROBLEMS
Edward V. Mochel, Unicerslty of Vir-
ginda

{Keyed to Enginesving Drawing by Paré)

Easy-to-hindle, heavy paper sheels, de-

tachable froun the manual.

SERIES A 195% $4.95 poper
SERIES B 1961 $4.95 poper

ENGINEERING DRAWING PROBLEMS
tis F. Cushman, Norheadern Uni-
verzily

Large, clearly-printed sheets, unbound in

their own folder. B4 sheets printed on one

dde; ar«d two sheets of tracing paper.

1940 §4.50

HOLT, RINEHART AND WINSTON, INC.

383 Madison Avenue, New York 17, N. Y.
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Drafting Machine
and Table

e New, compact column construction
for standing or sitting.

® Height adjustment easily controlled by
pedal brake,

® Perfectly balanced; effortless, in-
finitely variable adjustments.

Send for illustrated literature.

UNITECH CORPORATION 50 colfax Ave., Clifton, N. J.

A (ompleta line for draflismen




