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INTEGRATED COURSE PROBLEM BOOKS

for Engineering Drawing and Descriptive Geometry

NOW AVAILABLE

Designed for use with the Hoelscher and
Springer textbook: Engineering Draw-

Problems in Engineering Drawing
and Geometry, Series 11 and Series

ing and Geometry, but can be used

with any stondard text which includes de-
scriptive geometry. We now have two
books ready for the first semester course,

12, and one book, Series 21, ready for
a second semester course. This Fall we
expect to have one more book for each
course. List price of these books is $3.30.

THIS YEAR - 151 ADOPTIONS!

for our
Problems in Engineering Drawing, Series A, B, C and D
' and

Problems in Engineering Geometry, Series Nos. 1, 2, 3 and 4

All 8 books in stock - - solutions available upon adoption

The First Time on the National Market!

A text: Geometry for Architects and 8 problem books: Problems in Geometry
for Architects, Series A, B, € and D and Parts | aond Il of each, for a two
semester course. Authors are senior members of the staff, University of illinois, Mrs.
Dee Holladay, Wayne Shick, Sam Shapiro and Grace Wilson. With very limited sam-

pling to schools this year, we had 16 adoptions. List price text $7.50 - - problem
books $3.00.

We Invite Your Inquiry Concerning These Books!
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T EDITORIAL | .

The visual mode of thought is a characteristic engineering mental ability.
It is exercised through the study of descriptive geometry in engineering
graphics, in design drawing end sketching, and in graphic problem solving.

It is this ability to visualize and perceive spatial concepts which
particularly differentiates the engineering student and practitioner from
others and is his special province in the creative golution of engineering
problems.

There are & million practicing engineers in the United States end they
have exceptional ability to visualize. It is noteworthy that almost all of
thege men have been taught engineering drawing and descriptive geometry, so
that graphics instructors are intimately involved in the education of engineers
for creative thinking. '

Most engineering schools are selecting entering students who show acadenic
promise forecast by high-school achievement and a high scholastic aptitude
messured through analytic, mathemsbical, and verbal tests. But engineering
schools are not selecting students on the basis of their creative potential nor
do they generaily foster or nurture crestive effort. But if we engineering gra-
phiics instructors, in the first year courses, will reorient our courses to the
goal of creative designh experiences and recognize the creative student, we will
be furthering a basic purpose of engineering. '

The 0ld hackneyed and compromised problems must be thrown out, the single
ansver, closed-end problem must be imaginatively recast. The copy-book problems
ehould become part of teaching - machine procedures. Graphics teachers should
pioneer in ways to make graphics a first engineering course waich will fulfill
expectations of the 60 to 70,000 young men who are seeking engineering education
each year.

The Journsl has been featuring articles on design and on teaching with the
intent of fostering creative problem solving. This month we publish a philesopher's
view of design as well as a college course progrem for creative graphic design
problems. We also feature the engineer's use of descriptive geometry as a mode
of thought for engineering problem solving in heat transfer phenomenon. We also
give a case gtudy in the manner in which freshmen can apply descriptive geometry
to concepts of structural chemistry. With space vehicles and lunar iadles being
designed to sample & dusty moon, we must stir our students® imagination by modern
engineering problems. The principles of descriptive geometry must be illustrated
in a modern way. Carpeatry and stereotomy can no longer stimulate our students-
Moleculor interference and close packing can!-

Engineering graphics lnstructors, if we continue to teach on a college level
mist do research in modern problems, new methods and application of graphics
as powerful tools and mental aids to modern problem solving.

Yours sincerely,

iy

Mary Blade,/ editor

P.S. See you at the convention in Philadeiphia in June.
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Announcing two
important new
publications

GRAPHIC SCIENCE: Engineering Drawing,
Descriptive Geometry, Graphic Solutions,

Second Edition

By THOMAS E. FRENCH; and CHARLES
J. VIERCK, Ohio State University. 800 pages,
$9.50.

A revision of the first major publication to en-
compass engineering drawing, descriptive geom-
-etry, and graphic solutions. As before, the use
of uniform terminology throughout the three
disciplines has been utilized. Most of the revi-
sion has taken place in the descriptive geometry
and graphie solutions sections. In these sections
the terminology has been simplified and the ex-
position reworked to bring about a more direct
approach; new drawings have been included.
Throughout the book the figure captions have
been expanded and their pedagogical usefulness
increased. The appendix has been expanded to
include slide rule material and several new
tables.

PRACTICAL DESCRIPTIVE GEOMETRY
PROBLEMS, Second Edition :

By HIRAM E. GRANT, Washington Univer-
sity, St. Louis. 72 sheets, $4.95.

Designed to supplement Professor Grant’s text-
book: PRACTICAL DESCRIPTIVE GEOM-
ETRY, Regular Edition. The set also may be
used with other textbooks by teachers who
prefer problems derived from industry. Approx-
imately 509 are taken from sources such as the
automotive, food machinery, and machine tool
industries. The problem book matches the text
by first having theoretical problems, then prac-
tical problems obtained from visits to industry.
The author has visited more than 400 factories,
many of them several times, to obtain practical
material and new applications.

Textbooks, manuals
and problem books in

Engineering Graphics...

Engineering Drawing

A MANUAL OF ENGINEERING DRAWING
FOR STUDENTS AND DRAFTSMEN,
Ninth Edition -

By THOMAS E. FRENCH and CHARLES .
VIERCK. 593 pages, $8.95,

FUNDAMENTALS OF ENGINEERING DRAWING
By THOMAS E. FRENCH and CHARLES J.
VIERCK. 552 pages, $7.50. ‘

ENGINEERING DRAWING, Second Edition
By FRANK ZOZZORA. 391 pages, $7.75.

» Send for your on-approval copies now



ENGINEERING DRAWING: Combined Textbook
and Workbook

By HIRAM E. GRANT. 192 pages, $9.75.

Engineering Drawing Problems Books

ENGINEERING DRAWING PROBLEMS

By CHARIES J. VIERCK and RICHARD
HANG. (to be used with A MANUAL OF
ENGINEERING DRAWING FOR STU-
DENTS AND DRAFTSMEN, by French and
Vierck) 109 pages, $5.50.

FUNDAMENTAL ENGINEERING DRAWING
PROBLEMS

By CHARLES J. VIERCK and RICHARD
HANG. (to be used with FUNDAMENTALS
OF ENGINEERING DRAWING, by French
and Vierck) 78 pages, $4.25.

ENGINEERING DRAWING PROBLEMS,

Second Edition

By FRANK ZOZZORA. (to be used with
ENGINEERING DRAWING, Second Edition,
by Zozzora) 192 pages, $4.75.

ENGINEERING DRAWING PROBLEMS,
Series 1

By HIRAM E. GRANT. 60 sheets, $5.00.

PROBLEMS IN ENGINEERING DRAWING,
Series V -

By A. S. LEVENS and A. E. EDSTROM.
136 pages, $5.50.

Engineering Graphics

GRAPHICS

By JOHN T. RULE and STEVEN A. COONS.
484 pages, $8.95.

INTRODUCTORY GRAPHICS
By J. NORMAN ARNOLD. 543 pages, $7.95.

Graphics Problems Books

CREATIVE PROBLEMS IN ENGINEERING
GRAFPHICS

By ERNEST R. WEIDHAAS. 290 pages, $4.95.

Descriptive Geometry

APPLIED DESCRIPTIVE GEOMETRY,
Fifth Edition

By FRANK M. WARNER and MATTHEW
McNEARY. 256 pages, $5.50.

GEOMETRY OF ENGINEERING DRAWING,
Fourth Edition

By GEORGE J.HOOD and ALBERT S.
PALMERILEE, 347 pages, $5.95.

TECHNICAL DESCRIPTIVE GEOMETRY,
Second Edition

By B, LEIGHTON WELLMAN, 640 pages,
$6.75.

PRACTICAL DESCRIPTIVE GEOMETRY,
Regular Edition

By HIRAM E. GRANT, 253 pages, $5.50.

Descriptive Geometry Problems

APPLIED DESCRIPTIVE GEOMETRY PROBLEMS
By MATTHEW McNEARY. (to be used with
APPLIED DESCRIPTIVE GEOMETRY,
Fifth Edition, by Warner and McNeary) 136
pages, $4.25.

APPLIED DESCRIPTIVE GEOMETRY PROBLEMS
By ERNEST R. WEIDHAAS. 80 pages, $3.95.

ALTERNATE PROBLEM LAYOUTS FOR
TECHNICAL DESCRIPTIVE GEOMETRY,

Second Edition

By B. LEIGHTON WELLMAN. 236 pages,
$4.75.

McGRAW-HILL BOOK COMPANY / 330 West 42nd Street / New York 36, N.Y. =
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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, REVISED 1962

Work sheets covering Vertical and Inclined Lettering,
of Instruments, Engineering Geometry, Scales, Orthographic Projection,
Revolution, Auxiliary Projection, Sectlons and Conventions, Dimension-
ing, Isometric, Oblique, Developments, Intersections, Screw Threads

and Bolts, and Studies of Points, Lines, and Planes.
100 Work Sheets, 83" x 11"

Sketching, Use

$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, 83" 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, 34" x 11"

$0.50

INCLINED LETTERING EXERCISES

Inclined Lettering with instructions
6 Work Sheets, 84" 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




A STREETCAR NAMES DESIGN

It should be stated at the outset
that the headline of this article has been
selected to reinforce a fact which, some-
how, might not be gathered from the byline:
that this is not an authoritetive article.

Such a statement leads logically %o a
guestion: what 1s such an article doing in
such & periodical? A learned publication
such as this would seem to be doing less
than its best, and missing its mission, in
publishing a piece that's less than learned;
but that Ls only one way of locking at the
matter.

A journal which takes learning to the
learned 1s engaged - this must be recognized
- in & somewhat coals-to-Newcastle function;

and the editor of such a magazine who really
rates her readership will by instinct feel the
force of such a fact, and subtly synthesize a
little lighter stuff, a little less-than-lesrn-
ing, with the headier stuff which forms the
normal megsure of her medium.

One dissdvantage of the title is that it
gives, unfortunately or otherwise, an inade-
guate indication, or warning, of what is to
come. For that reason, there is introduced at
this point a statement of what Winston §.
Churchill {the English historian as distinct
from the American novelist) calls "the scheme
of the work" - a term which lets a great writer
convey the senhse of grandness, and lets & lesser
writer borrow the sound of it.

To put it bluntly, the scheme of this ar-
ticle is: A Philosophy of Design.

The original editorial requisition (which
noun is used here, not inspproprigtely, Iin its
military sense) specified The Philosophy of
Design. However, that has a certain ex cathedra
sound which, though tempting, provokeafh pru-
dent if involuntary humility, which into the
place of the authoritative The substituted the
safer and evasive A. -

By Morgan (. Thomas, Educational Director,

Keuffel & BEsser Co.

The reader, of course, is due an ex-
planation of the origins, both in time and
place, of all this; and such an explanation
follows.

In the year 1962, & great multitude of
the learned - having on its fringee the
inevitable camp-followers infiltrating from

the realm of commerce -~ assenmbled in a cer-
tain place, to the end that ¥mowiedge might
be increased among us, and all good learning
flourish and gbound. That place was - and

is - not only a distinguished institution of
higher learning in the true sense; it can
also be termed, in a still truer sense, a high
institution of high learning. And at that
place, among its many virbtures, can be noted
this characteristic: +the immutebility of the
inevitability of discussions of Design.

From those then, this now. (Following
publication - should that occur - all de-
nunciations shouid be addressed to the ediior,
not to the author; the latier, out of con-
sideration for the formey, having done all he
could to help by withholding the article as
long as possible.)

Like a streetcar, a philosophy of Design -
or an article aboul it - has to start some-
where. In meking a start, the advantages of
philosophy, as opposed to, sey, principles,
become obvious; for principles convey the re-
striction of being precise, while philosaphy
allows the latitude of being imprecise.

With that advantage, it is tempiing vo
resort to Ruskin for a start - a route that
would be as convenient as it would be obvious.
No doubt about it, however, that would be a
controversial route; and for the avoidance
of controversy (if that 1s ever possible) 1t
ig better to take the route to Carlyle.

Carlyle? Yes, for the Sartor of his
Resartus, with its antecedent meanings of

"poteh" and "patch” probably could throw

more cold light on the progress of Design
than any one or all of Ruskin's famed Seven

Lamps.

In fact, however, it seems adviseble

MAY, 1963



and approprlate to go beyond Carlyle. Keep-
ing in mind the ecclesiastical nature of

the fong et origo of this article, it is in-
triguing to start with another academic
chapel an earlier one, which brings us to
Wordsworth and which inspired a sonnet from
him.

(To identify the sommet for the benefit
of professors reading this article would be
an example of extreme redundancy; but for the
convenience of the few of their students who
might come as far as this, it is mentioned by
its title of "Within King's College Chapel,
Cambridge™.)

The often-banal, sometimes-mawkish, always-
sentimental Wordsworth can be forgoiten here;
in this modicum of verse he has concentrated
what amounts to a wealth of thought upon Design.
And 211 who think or teach or practice in Design
can find the fullness of that thought in just
four words: "...fashion'd for the sense.”

The words are almost parenthetic to the
thought; and in a symbolic sort of way, fittingly
so0. For in the long record of Design, they re-
present a concept which has often been paren-
thetic to the execution and result. For the
proof, as for Wren's memorial, look about you.

Or let Belloc look sbout for ydu, and sum
it up with sarcasm succinet:

"Awake my Muse!
sight

That meets us where they make the

BElectric Light." '

Portray the pleasing

It is perhaps unfortunate that philo-
sophilsing is like drinking. Abhorrent as
the following advice will be to professors
reading this article, it must be recorded
here as a factual basis for the philo-
sophising which follows: '

YA little drinking is a dangerous
thing.

Drink deep! or touch not the in-
fernal spring.”
Thus this philosophising of Design must
dig deeper.

Drinking ... that is to say, thinking
about Design often tends to a narrow par-

THE JOURNAL OF ENGINEERING GRAPHICS

- terest of the psychologicai.

ochialism of the mind, a sense of special-
ization whieck is restrictive in its out-
look, a convenient reliance on unitarianism
when a considerate resort to trinitari-
anlsm is reslly needed. There is Architect-
ural Design (it is inconvenient to go fur-
ther because of thus necessitating a suit-
able substitute for "trinitarianism").

These three Forms of Desigh are each
and all Design itself; and among them-
selves they are both disparate and "par-
ate", 20 to speak. The one relates to
being sheltered; another to using; the
third to being clothed. On the other
hand, all have a central theme in com~
mon: all relate to covering. And that
is what all Design accomplishes: the
providing of a covering for something;
that which is tangible, and that which
is intangible; that which is physical,
and that which ig psychological or of
the spirit.

Part of Design's problem, of course,
lies in the fact that the physical is
easily dilscerned and defined; but the
psychological is so intangibie that its
discernment and definition are apt to
generate more disagreement than agree-
ment. The result 1s not surprising if
Design tends to protect the interest
of the physical and negiect the in-

It is
intriguing to speculate on how many
Chairs and Endowments, Foundabtions and
Projects owe their existence to the in-
tellectual, economic, politicad, and
soclological impacts of the resulting
imbalance.

In these more recent times, Design
is possibly, even probably, more a mat-
ter of cause and less a matter of eff-
ect then it was in former times. The
understanding of the doctrines and tech-
nigques of constructing and artifacting
has progressed from explorstion to sop-
histication; but for most of its record,
Design has operated within the restraints
of cauiious trial-and-error -or as some-
one has said of the history of building,
it is a history of progress from timid to
courageous construction. With the advent
of sophistication, Design has burst from
old restraints. The old bonds have been
broken - but sometimes it seems that new
ones are being forged.




Even the newest trend, of course,
nurtures on the old. And this is where
the streetcar of Deslgn enters the pic-
ture. The rails are firmly fixed, and
lesd logically from cne place to another;
but the streetcar Design runs back and
forth in Time from here to there; head-
ing now in one direction, now ln another;
now Pacing forward, now facing back. And
the more sophistication which Desigh
acquires, the more the frequency with
which the streetcar makes its runs,
and the faster it moves.

Not, of course, that there is anything
inherently and intrinsically wrong with all
that; but the questicn does creep into the
mind whether the frequency of the car's
trips does not possibly constitute a ser-
vice in excess of the needs of the traffic.

What is involved here is not the cur-
rent question of"isn't it time we had a
one-class service! but rather 'isn't it time
that the streetcar gave o service that con-
gidered the customer rather than the com-
petition?”

All this leads to & possibility of
the existence of a conflict between Philo-
sophy of Design and Principles of Design.
Such & conflict could be the cause or the
reason for the dilemma of Design today.

The dilemmz is almost as easlily defined
as dlscerned: the more Design progresses,
the lass Design pleases. The more the
practitioners of Design give, the less
the patrons of Design get - a paradox
with only one virtue, that it is in tune
with the times.

It is a truism that present Prin-
ciples of Design have evolved from past
practice of Design. If much of past
practice was more intultive than in-
formed, the results were no less sa-
tisfactory, or in many aspects grat-
ifying - even when viewed from this
modern point in time.

The Principles of Design which
have evolved from the past are de-
finable ~ and debatsble - in various
ways. The following, therefore, will
serve as well a&s any:
&) The exterior shape should
indicate an article's purpose.

b} The design of aun article
should permit its performance of its
purpose.

¢) The design of an article, to
be modern, should be original.

10

d) Design, to be modern, should dis-
tain historic forms.

The latter two axioms are probably
the roots of present problems, and res-
ponsible for the streestcar aspect of
Desigu in its modern era. True, they
involve ~ or should involve - a re-
Jection of reproductionism, replicaism,
and copyism; but the modern scene pro-
vides much room for suspielon that much
criginality is but copyism disguised.
Among much that is refreshing, there is
too much that is repulsive; or if not
repulsive, then repetitive. And more and
more, one gets the form but not the sub-
stance.

The ingquirer into the reasons there-
fore might well conclude that in modern
Design, as in sll other things, there
are too few leaders and too many followers.
In essence, then, the practitioner is
dominant and the philosopher is dominated
- and the philosophy which should be in
Design is largely subjected or rejected.

one result of the foregoing situation
is to reduce much of Design to the sta-
tus of what Carlyle calls an unwise science
which: '

"By geometric ecale
Doth take the size of pots of ale.”

That is the very role which Wordsworth

is condemning when he writes:
113

", ..high Heaven rejects the lore
Of nicely calculated less or more.”

True, Design must have a lot of nicely
calculated less or more if it is to
function; but that is practice, not
philosophy. To flower, as distinet
from merely functioning, Design should
contain the element of phllosophy in
order to be what 1t ought to be; each
aspect and expression of it being, as
Wordsworth puts it:

"...this immense
And glorious work of fine intelligence."

Too much of Design today is an ex-
pression of the familiar concept of
"Porm follows Function." The validity
of the concept can not be disputed;
what can be questioned is whether, as
a concepht, it is sufficient or complete.
Tt can be grgued that at least the ex-
pression of the concept is incompiete;
a better expression of it wmight be this:
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"Form follows Funciion" - and Feeling
follows Form.

That is where the basis for com-
Pplaint seems to lie. A1l too often,
Feeling is just not allowed to follow
Form; and as a result, too much in De-
sign fails to recognize that mere satis-
factlon of the need does not always meet
the need of satisfaction. In other words,
outer Punction does not necessarily equate
with inner Feeling.

Interview with Prof. Wilson Tripp,
Kansas State University

Engineering Graphlcs and
Descriptive Geometry are often used
by engineers and scientists in their
research studies when they are vis-
ualizing or conceptualizing a problem
and its method of solution. One
interesting example is the research
of Professor Wilson Tripp at Kansas
State University. He has published
a regegrch report "Radlation Shape
Factors for Plane Surfaces ahd
Spheres, Circles or Cylinders."

K.5.U. Bulletin Vol 46, No L.April
1962, Kansas Bngineering Experiment -
Station, Manhattan Kensas. In an
interview with Professor Tripp he
stated, "I beliieve that without
knowing descriptive geometry, it would
not have been pogsible for me to have
set up the equations thait are required
for the final solution in the research
on Rediation Shape Pactors. This is
particularly true for the figures in
Appendix I, which deal with the case
of the radiation shape factors between
& Finite sphere and a rectangle.”

In radiant heat transfer we want to
know the net rate of flow of heat (energy
[time) from one surface at higher tem-
peragbure to another surface at lower
temperature. Thig radiant heat flow rate
will obviously depend on the gsurface
temperatures and physical properties such
as emissivity and on the geometry. Con-
gider, for example, a small hot surface
exchanging radiation with a cooler and
large parallel surface st some distance.

The net amount of radiation trans-
ferred to thé large surface/time will

THE JOURNAL OF ENGINEERING GRAPHICS

And until that corollary of Feeling
is more adequately linked to the basic
Tfacts of Form and Function, the streetcar
named Design will continue its coming -and
going, its backing and filling, its move-
ment from older to newer and back again -
and it will leave along its way few things
that will give proof "that they were born
for immortelity."

Descriptive Geometry and Heat Transfer Studies

clearly be a function of the distance
between the plates since as it is in-
creased the large plate "sees" a smaller
percentage of the heat flowing out from
the smeller plate. If the cooler surface
completely surrounded the hot surface ali
the heat emitted by the swaller surface
would be incident on the larger and the
heat transfer rate would be high for any
given set of temperatures and surface
emissivities, for a given geometry.

In general, then, the heat transfer
rate depends on the areas of the surfaces
exchanging radiation and on how well the
two areas can "see" each other. These
are all functiong of the relative geo~
metries of the surface and hence are con-
stant for a particular configuration. The
effect of the geometry is given as the
shape factor which 1s defined by the ratio
(rediation emitted by surface A] that is
intercepted by surface Ao): {total radia~
tion emitted by surface A;.) For the case
of a completely surrounding collector
(the case of an infinite separation of finite
plates) the shape factor is O.

While Professor Tripp states that the
radiation shape factors have been worked
out for an infinitesimal sphere, he
believes his solution for the finite sphere
is the first and he further believes the
principles of descriptive geometry aided
him in this achievement.

In engineering education we often -
talk about teaching our students to think.
An illustration of the use of graphics
28 a method of thinking illustrates one
of our goals in graphics education.



CREATIVE DESIGN IN ENGINEERING GRAPHICS

Nobe: This paper is a summary of & presenta-
tion at the ASEE graphics division midwinter
meeting, Janusry 1963.

Bngineering graphics has long occupied
a unigue position of responsibility in
the development of the fiedgling engineer.
In nearly all engineering schools, graphics
is the Tirst professional level course
offered the undergraduate student. This,
coupled with the close personal contact
between student and teacher in drawing
laboratories, sets the pace for the ad-
vanced design courses which follow.

How best to meet this responsibility
has been the subject of recent studies.
These studies show that the design ele-
ment should be included with the various
graphical processes tradlitionally teaught.
This design element {from simple design
decisions o truly creative design)
serves to place graphics in proper focus
-~ asg an ald in engineering design and as
8 megns of communicating that design to
others. In addition, it encourages the
latent creative talents of these future
engineering designers rather than stifling
thenm.

The problems that follow are examples
of the type that have heen used success-
fully here at Penn State for the past
three years. They are planned to in-
clude the design element without sacrificing
‘the many graphical processes and attitudes
traditionally presented. Crestive design
decisions are required throughout so that
the student must repeatedly go through the
sequence: idea, design sketch, design
drawing. We fogter the student's ability
to approach fearlessly a brand new problem.

{reativity can be a Major Objective of
Graphics. A list of the ten objectives
of our introductory graphics course

is given below. Upon study it can be
seen that creative approaches to design
problems will reinforce each objective.

The Objectives of Introductory Engineering
Graphics
Develop an understanding and apprecis-
tion of the role played by the graphic
language in contemporary engineering.
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Teach the student to exercise his
constructive imagination so that he
will be more competent in engineering
design.

Develop an attitude of criticail and
orderly thinking in solving graphical
problems.

Appreciate the uses and limitations of
graphical problem solutions.

Commnicate graphically - reading as
well as writing the graphical language.

Make legible and neat graphical
descriptions of three-dimensional
problems.

Use freehand drawing and pictorial re-
presentation as a quick and specific
means of communication.

Acquire fundamental knowledge, app-
reclation and ability in standsrd
drafting practices as a means of
communicating engineering intent.

Understand various types of reference,
sources and use them effectivély.

Prepare for advanced studies requiring
graphical communication.

Answers to some objections to our
gpproach in fostering creativity are
suggested as follows:

- A creative teaching goal uncovers
more course content.

Since creative design problems do

not have a unique "right answer”,

they are diffilcult to grade. How-
ever, they are more interesting and
challenging, and certainly more
realistic, since practical engineering
problems seldom have a single best
solution.

We have found that staff members muist

be carefully selected. Practicing
engineers with a broad background of
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design experience to draw upon make
the most successful teachers.

The objection most often raised is
that the freshman engineer does not
have sufficient design background

to do a presentsble Jjob - that he

mist learn to walk before he can run.
If the problems are carefully selected,
this objection can he overcome. Cer-
tainly a start must be nmade somewhere,
and mary responsible educators believe
that the freshman graphics course is
ideal for this start.

A few of our problemes are presented
to indicate our teaching approach.

INTRODUCTORY PROBLEMS (FIG. 1, 2, 3)

Thege problems introduce the students to
the use of instruments; at the same time
it encourages original solutions. TFor
example, some students lay out a multi-
level parking lot or specify smaller re-
served spaces for compact cars.

Design the layou! for o public parking ot using the minimum dimensiens below.
Consideration shouid be given to both convenisnce and efficiency.
attendant’s sheiter.

lnclude on 8" by 15'

1

el

TURNING RADIUS

PARALLEL 45° DIAGONAL,

PERPENDIGULAR

(MOTE | THIS SoWUTION NoT uni@ui )

L —]

gﬁ%ss%%’%%%%
W2222422%2

"é@) OUT

Z NN\

R,

.85

Properfy Lins
Fdpe of Stras

Fult Capecity = 33 Vehiclss

Notice the instructioms in Fig. 3
concerning the revolved section are .
stated, "showing your design”.

The open end wreanch could have
rectangular or elliptical sections
as well as the H section shown.
These early problems are not creative in
the expanded sense of the word, but
they do minimize copying and encourage
individuality.
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1 2

2

o} Draw the pion for a clover -leaf latsrsection affowing exit enly fram an 80 wida
furnpike 1o @ SO wide highway. The 20 wide exitramps dre to be circular orcs of (50"
insids radius. The furnpike bears due North; the bighway N 60°

B} Sgme as above, but assume the wasterly portion of the bighway curves untll /t beors
dug wesl. The canter of tha 400" inside radius highway curve fies 260' o the wast of
the turnplke's centerfine.

7
7/
%
7,
Seatar "= 160"
OPEN END WRENGH A
! 3
) i
L I
]
[
A

F-NEF-N
2-B
Draw the indicated removed sections fwice size, showing your conception of a
wall dasigred wranch,
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DESIGN PROJECT

The introductory problems culminate in
a design problem in which no information
of any kind is supplied to hint at a
golution. The only instructions given
to the student are:

Your instructor will assign a design
project. You are to create an original
design and present your seolutlon in the
form of standard working drawings. Bud-
get the time allotted to each phase of
your project asccording to this schedule:

IDEA {1 hr). Think through verious
solutions - eliminating
the impractical, trite,
or costly.

SKBTCH (1 hr.) Begin to solidify your
best ideas into workable
solutions. Pay particular
attention to: (1) simplici-
ty of operation (2) rugged-
ness conbined with compact-
ness, {3) use of a mini-
mm number of parts, (4)
ease of menufacture, assem~
bly, and servicing.

DESIGN ASSEMBLY (2 hr.) Although this
ig drawn without em-
phasis on drafting
technigue, scale all
parts so that worka-
bility without inter-
ference is mssured.

FINISH DETAIL DRAWING {4 hr.) Fully
detail all paris, chang-
ing the deslgn sssembly
if necessary for manu-
facturing ease. Add
a parts list or present
this informstion under
the title of each part.

FINISH ASSEMBLY DRAWING (2 hr.)
Trace the design assem-
bly {in pencil or ink,
as assigned) adding
ballioons and a parts
list.

One design project is ass follows: -

A toy manufacturer is introducing a new
line of toy-train components to be at one-

ik

eighth full scale.
ings for
() the wheel and axle assembly
(b) the coupling emssembly

Design a set of cast-

Rapld-Sketching Design Project

Occasgionally the regulirements of
industry do not allow time for a care-
fully studied design. Students are

encouraged in exercising flexible
work habits by doing assigned rapid-
sketch projects using rapidly execu-
ted, legible lines, engineering lett-
ering, and a proper language of lines.

STATIONARY JANY

MOVABLE JAw \

wWaoasSHER

NV ,)‘

— = o I

HEX SO SET ScREW

UNIVERSAL ¥-GROQVE PULLEY

Problem: To develap 8 broamdar range of pulley sizes
than e posaibla by use of a stepped pulley.

FIGURE 4
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5‘ HOSE COUPLING
.

Problem: To design & gqulck~connect hese aoupling with
identical mating parts,

Doy

A

BODY

NEOPRENE O-RING
/_ FASTENING RING

2" FLEXIBLE TUBING

One of our instructors, Harold L.
Dillenbeck, requires the student
to supply both the need for a desigh
and a solution. Above (Fig., % & 5)
are typical freshmaen design solutions
to such problems. They are included
here to show that creativity in grsphics
is limited only by the instructor's -
and the gtudent's - imaginabion.

The following probem assignments
demonstrate that the creative approach

is applicable to speciaiized topics
such as electrical drawing.

- ELECTRICAL CIRCUILTRY

To supply inexpensive DC electrical
energy to the magnetic coil of an
glectrodynamic audio speaker, design
an electrical circuit capsble of convert-
ing 110 volt, 60 eps AC to 107 volt. BC.
Components to be used include resistors,
paper capacitors, selenium half-wave
rectifier, choke coil, s.p.s.t. toggle
swlteh, fuze, two-prong receptacle, and

3" x 4" x 5" mounting case. Cost must
not exceed $8.00.

THE JOURNAL OF ENGINEERING GRAPHICS

FIGURE 5

- CHECK VALVE

Design a self-operating one-way check
valve for low-pressure lliguids. Operat-
ions are through a 2 1/2" nominal size
40 schedule steel pipeline. Flow should
be axial with no flow area less than the
pipe inside area when the valve is full
open. The pipes are to taper thread into
each end of the wvalve. Specify cast and
machined bronze for major parts. The
total length may not exceed T";: the dismeter
{or width) may not exceed 5",

1



‘Editor's Note: -

In November, 1961 the Journal carried an
article on geometry and chemistry by Leonard
Kaplan. Some of the Journal readers wrote to
the editor to complain that the suggested ap-
plication were too difficult to use in Fresh-
man classes. Your editor therefore assigned
two freshmen to study the article, carry out
the solutions and make illustrative models.
The following article is the result of their
study which is an exeiting new approach to the
use of descriptive geometry in todey's scilence
and technology.

Geotnetry plays a big role in chemistry.
Often geometrical factors will determine
whether or not a reaction will take place,
what the products of a reaction will be, some
physical properties of a substance and the
chemical bonding of a compound, especially or-
gonic compounds. There is a branch of chemistry,
crystallography, which is entirely devoted to
the geometry of chemicals.

A propossl for the application of Des-
criptive Geometry for solving problems in chem-
istry is given by a chemist, Leonard Kaplan in
the November 1961 Issue of the Journal of Engineer-
ing Graphics. In his article on "Chemistry and
Geometry" he mentions (although fails to illus-
trate) how elementry descriptive geometry can
be employed to solve three problems in organic
chemistry. These problems are: 1) interference
of groups om & compound that allows rotation
around a single bond, 2} determination of the
most stable conflguration of a cyclic compound
and 3) determination of rate of reasction based
upen geometric considerations.

The firgt of these problems is based upon
an interesting chemical phenomenon. When &
single bond exists between two carbon atoms
that are not in the same ring, one of these
atoms, and the groups attached to it will ro-
tate in relation to the other carbon atom.

-If atoms or groups are attached to these car-

bon atoms, two different chemical compounds with
different properties are produced. For example,

if we take the biphenyl moleclue and put & chlorine
on one side of the single bond and & bromine on
the other side, two distinct compounds can exist.
Pletorially they are

Ct

Br
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by Steven Vizner and Alan Repko, The Cooper
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Br

{Wote-In all diagrems and models the hydrogen
atoms are omitied. The effects of these atoms
are considered insignificant and if put in only
add to the confusion).

The first of the two compounds is known as
the cis form because both atoms are on the same
side of the carbon atoms with the single bond
while the second form is known as trans, obvious-
1y because the atoms are on different sides of
the single bond. It is conceivable that either
one of these can rotate relative ‘o the other.

By the laws of chance one half of the molecules
in s guantity of the chemical whose formula is
CioH10BrCl are in the trans form and one half in
the cis form, all outside factors disregarded
(as it heppens this 30-50 situation is not true
in the resl chemical because outside factors such
as temperstures do affect it).

Now let us suppose that instead of a Br and
a Cl attached in the positions shown we added
chains of carbou stoms or for that matter chainsg
of any atom or group of atoms. Let us call these
added groups groups A and B for the time being.
Now it is possible for A and B to be so long that
a8 they rotate they hit each other. Now if we
add two more groups, groups C and D, to the bare
carbon atoms adjacent to the single bonded carbon
atoms, they too will interfere with the rotation.
The problem of seeing whether or not these groups
will bump intc each other can he solved by Des-
criptive Geometry.

The procedure given here can be followed
on the model problem following thils page. The
first 'step is to accurately draw the biphenyl
ring (or any compound of interest). With the
biphenyl ring nature has been kind to us in that
it appears to lie in one plane. Also, the dis-
tance between centers of the carbon atoms in the
ring is three units while it is four units be-
tween single bonded carbons. Now once we have
the biphenyl molecule we must Graw the side chains.
This step 1s somewhat harder. In the first place
a ring of more then one carbon atom can exist in
several ways. Por example, with the propyl chain,

we can have
or \._. or J .

r——
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Given a diphenyl moleculé with ethyl groups on
both the one and five carbon atoms and free
rotation about the bond connecting carbon atoms
three and four.

Find-If the two ethyl groupse interfere with each
other. If they do, find point P, the point of

intersection.

ﬁ_—/

.
~_. __—

MODEL PROBLEM

THE JOURNAL OF ENGINEERING GRAPHICS

Since #ll would exist theoretically, we must
determine the longest possible one. Also since
the carbon atoms in a side chain are bonded te-
trahedrally, we must determine how a space ang-
ile of 109928' would affect the eppearance of &
bond in a given view. This can be solved with
slumple plane gecmetry.

A11 that is required to solve this problem
is the top and front views of the model of the
molecule, The top view will represent the mole-
cule as a true view and the front view will re-
present it as an edge. :

If the groups interfere with each other the
lines will appear as if they are lntersecting
in the top view. However, it is possible that
rotation about the single bond ls neccessary o
find the point of intersection or, in the examp-
le, if they intersect at all. In the example
we revelve the right-hand ethyl group 180° be-
fore we get the point of imtersection. Since in
the front view all points along the two ethyl
groups appear as intersection points the spparent
point of intersection in the top view is the true
polnt of intersection. In some cases the groups
may be skew and we would have Lo rotate one
group. This fulfills our qualifactions for ln-
tersecting lines.

There is one obvious fault with this method.
The side chains are solld, not lines as they are
represented in a solution. If & pair of chains
appesr as if they sre missing in the drawing, they
mey interfere in reality. Thus the foregoing is
an approximate method.

In the second part of hisg article, Mr.
Leonard Kaplan geeks to use the methods of des~
criptive geometry in order Lo show the geometry
of & certain class of compounds known as the cyclo=
par-affing, These cyclo-parafiins are hydrocar-
bons in which the carbon atoms are arranged in the
shape of & closed ring.

In his article, Mr. Kaplan neglects to men-
tion the factor which is most responsible for the
geometry of the cyclo-paraffins. This important
factor is that carbon atoms possess four chemical
bonds which are directed from the center to the
corners of a regular tetrahedron. The chamical

" bonds therefore form an engle of about 109 1/2°

with each other. Figure 1, below, 1ls a drawing
of & tetrahedral carbon atonm. y-
s
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Now, the most stable arrangement of the car-
bon atoms in a cyclo-paraffin is that arrangement
which produces bond angles closest to 109 1/29,
All other configurations tend to change into thi
more stable arrangement, :

Such 1s the case with cyclo-pentane,
CgH1p. One arrangement of the carbon atoms
in this cyclo-paraffin has them arranged at
vertices of a plane pentagon. This configura-
tion is quite stable for the bond angles are
108° - very close to the tetrahedral angle.

In theory, there is no limit on
the number of geometric shapes possible for cyclo-
paraffins. However, if we choose to observe
reasonable suppositions then the number is
drastically reduced. Thege suppositions are that:

1) all the bond angles are identical
2) all the bond lengths are identical

( Dist. B ,

- tance.
.- between the two atoms marked is the form
. having the lesser force of repulsion.
| form A is more steble than form B.

Another cyclopareffin discussed by Mr. Kap~
lan was cyclchexane, CgHio. At first thought,
it might seem that a regular hexagon would do for
& structure of cyclohexane. However, the bond
angles in a hexagon are 120° - far from the des-
ired 109 1/2° tetrahedral sngle. The two possi-
ble structures of cyclo-hexane which utilize
109 1/20 bond angles are shown in figure 2

Flgure 2 clegrly shows that forms A and B of
cyclo-hexane fulfill the two conditions set Forth
in the previous paragraph. That is, the two Torms
have equal bond lengths and equal bond angles of
109 1/2°

Now that we have arrived at two stable struc-—
tures for cyclo-hexane, the problem arises as to
which of these is the more stable. Tt turng out
that form A is the more stable of the two. Thig
ils explained in terms of the force of repulsion
that the hydrogen atoms of hydrocarbons have for
each other. Because of the nature of the chemlcal
bond vhich joins carbon end hydrogen, the hydrogen
atoms have a slight positive charge and thus repel
each other. This force varies inversely with dis-
Thus, form A which has a greater distance

Therefore,

Another cyclo-paraffin of interest is cyeclo-
octane, 08H16‘ This cyclo-paraffin also has two
stable forms. That is, it has two forms which

| have equal bond lengths and bond, gngles of 109 1/20
~ the tetrahedral angle.

THESE TWO FORMS ARE SHOWN
IN FIGURE # 3. The problem as to

which of these is the more stable is tackled in s
menner similar to the method in the paragraph above.

Thus, figure 3 shows that form A has & greater dig-
tance betwzen the two atoms merked than form

B HAS. Form B therefore has greater forces of re-
pulsion and therefore is less steble than form A,
See figure 3 on the following page.

FIGURE 2 - CYCLO-HEXANE

Forms A and B are shown on
the same drawing.

Notice that DISTANCE A>DISTANCE B,
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Distance A

Now, if one of these three organic groups
must be produced in order for a reaction to
occur, then the reaction's speed depends upon
the ease with which the reacting chemical can
obtain the organic group's configuration.

This principle is shown by the following re-
action:
CH3 CH

! + ' +
E:C—~-C~=Br + Ag - K. C-(C = +AgBr

(1) CHy (2) (3) CHs

In this reaction, tertiary butyl bromide
(1) readily reacts with the silver ion
(2) because the tert. butyl bromide can
easily attain a planar configuration and
thereby form a carbonium ion™(3).

Distance B.

Dist. A > Dist. B

In the third part of his article, Mr.
Leonard Kaplan discusses the relationship
between the geometry of chemicals and the
speed with which they react. Mr. Kaplan
uses orgsnic {carbon) compounds as his ex-
amples and we shall use them also.

) Organic reactions often produce either
a carboniumion, a carbanion, or a fres rad-
ical. These three organic groups are drawn
in figure 4, below.

carbonium ion carbanion

free radical
‘planar tetrahedral

structure ynknown
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Another reaction which shows the principle
stated above 1s the following:

d

\>

+Ag“'-—>

Br (2) +
[+ b

+ Agbr

FIGURE 3 - CYCLO-OCTANE

Forms A and B are shown on
the same drawing.

In this reaction, l-bromobicyelo-{2,2,1)
heptane (1) remcts with silver ion (2)
only with great difficulty, for it is
extremely d&ifficult for the carbonium lon
(3) to form. For (3) to form, the points
a, b, ¢, and d would h&ve to be coplanhar.
This can not occur without straining the
entire molecule.

Thus, in order to predict the speed
of such reactions, 1t would be necessary
to use descriptive geometry to discover
the amount of disftortion of bond lengths
and bond angles that would be needed for
the molecule to become a planar carbonium
ion.
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A SURVEY OF UTILIZATION OF TRAINING IN ENGINEEING

DRAWING BY ENGINEERING GRADUATES EMPLOYED IN
WEST COAST INDUSTRIES

It should be mentioned at the outset that
the survey was subjective in nature, rather
than statistical. The companies to be visited
were selected from a total of about 300 engin-
eering establishments in which the engineering
graduates from California State Polytechnic
College have beem employed. Approximately 80
of these organizations were contacted con-
cerning an iavitation to visit their engineer-
ing facilities, with approximately 50 res-
ponding with a desire to cooperate in my pro-
posed project. Since my method of procedure
entailed an extensive study to be conducted
during visite covering one or two weeks at
each company visited, it was necessary to
select approximately 20 organizations to ac-
commodate the time available for my tour.
Companies were selected primarily to provide
the most representative sample possible for
the engineering activity in this area, with-
in the confines of the invitations which had
been received. The companies finally selected
for the survey included:

AiResearch Manufacturing Company, Los
Angeles, California

Autonetics Division of North Awerdican
Aviation Ine., Downey, California

The Boeing Company, Seattle, Washington
California Division of Highways, San
Luis Obispo, California

Missile and Space Systems Division,
Douglas Aircraft Company, Santa Monica,
Calif.

Federal Aviation Agency, Los Angeles,
California

Ordnance Division, Food Machinery
Corporation, San Jose, California
Hewlett-Packard Company, Palo Alio,

California

Jet Propulsion Laboratory, Pasadena,
California

Litton Systems, Inc., Woodland Hills,
California

Lockheed Missiles and Space Company,
Sunnyvaie, Californis

U.S. Naval Ordnance Tegt Statiocn,
China Lake, California

IBM Corporation, San Jose, California
Owens-Corning Fiberglass Corporation,
Santa Clara, California
Owens-I1linois, Pacific Coast Division,
San Francisco, Californis

Pacific Missile Range, Point Mugu,
California

Bouthern California Edison Company,
Los Angeles, California
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California State Polytechnic Cotlege
San Luls Obispo, Calilfornias

Sylvenia Electric Products, Ine.,
Mountain View, Californis _

U.5. Electrical Motors Ine., Los
Angeles, California

Los Angeles Department of Waber and
Power, Los Angeles, Californig
Western Gear Corporabion, Lynwood,
California

Westinghouse Electric Corporation,
Sunnyvale, California

Due to necespary adjustments in the schedule,
the Owens-Corning, Owens-Illinois, and
Westinghouse companies had to be eliminated
from the trip. All of the other facilities
were visited for periods of either one or two
weeks, In a majority of the cases, the or-
ganization visited provided financial ald in
the form of per diem and travel expense dona-
tions which made the study finsncially Ffeasible.
In all cases the hospitaliiy and cooperation
on the part of persomnel in the facilities
visited was splendid and indicative of the

very helpful attitude toward engineering educa-
tion on the part of the organizations which
use our "products”.

The nature of the activities while in the
plants visited tock verious forms depending on
the circumstances present. Generally a schedile
was arranged which provided an cpportunity to
view a representative seampling of the engineer-
ing work in progress. In general, time was about
equally divided between congultation and ob-
servation with supervisory persomnel, and engin-
eering employees in the lower levels of respon-
sibility. A limited amount of time was spent
with personnel who had achieved some smount of
engineering training, but did not posses engin-
eering degrees. Also, in most cases a portion
of one day was spent in a tour of the product-
ion facilities, when such were a part of the
orgaaization. In all, I talked with approximate-
ly 350 engineering personnel.

While the organizaticnal setup varied
widely, most of the facilities visited had some
type of project arrangsment, with project teams
assigned to the various products on which the
company worked. The team generally consisted
of a project engineer, a number of supporiing
engineers in the lower classifications, and the
necessary designers and draftsmen. In most
cases, a majority of the personnel classified
as designers were men with some engineering
training, but without an engineering degree,
while a smaller portion of designers were de-
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gree holders. In some plants all of the
designer positions were held by degree engineers,
while other companies had personnel rulings
which did not permit this title and rating to

the holder of an engineering degree.

In addition to the project groups, or teams,
most companles had staff groups such as strength
(or stress analysis), weight, thermodynamics - -
or, more likely astrodynamics, if the company's
chief products were misiiles and space systems, -
reliability, value engineering, celestial
mechanics, technical illustration, data pro-
cessing, data retrival, reproduction (of
engineering data), testing, tooling, pro-
cess engineering, etc. The size, complexity
and semsntics of the organizationad chart
varied widely with the size of the organization
and. their field of engineering activity. In
& few of the companies observed, the entire
orgenizational structure was based on various
phases of engineering work, rather than on a
project basis with each group handling a
certain phase of the work on all products
being designed.

In about one-third of +the organizations,
the drafting services are entirely provided
by a drafting group or "pool" which produces
the necessary drawings for all other engineer-
ing groups. In some-cases their output was
limited to working drawings, with design
drawings and layouts being prepared within
project groups, but in other instances the
design as well as production drawings were
made by the drafting pool. In such instances
the design data was delivered to the drafting
group by means of verbal data and rough sketches.

Though more difficult to support with sta-
tistics from my two-inch stack of notes, I came
back to the campus with a general impression
that engineering personnel, viewed as a whole,
in the plants I visited could be separated into
two categories. One would contain primarily
the older employees, who recelved theilr enginee-
ing training prior to 1945. It would Include
many with some formal engineering training but
no degree, as well as many with formal training
in other fields, or litile formal training bui
a wealth of parctical experience. These men
are frequently in supervisory positions, as well
ag technician poslitions. Thelr common denominator
is a "practical” or empirical approach to all
engineering problems. They often produce geod
engineering designs, but they do it the hard
way. It should be added that this category
included, a considerable number of engineers
who received an engineering degree since 1945,
but went through the preseribed courses with-
out & high degree of comprehension of the
finer points of theory.
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The second category is composed mainly of
younger men who have obtained an engineering
degree since 1945, Frequently they have, or
are about to possess advanced degrees. The
category contains a few older men, usually in
the higher levels of supervision, and who
frequently have their academic background in
the field of physics or other areas of the
natural sclences -« or belong to the ranks of
a gifted few who attained s high degree of in-
sight in the theoretical aspects of pre-World
War IT engineering courses.

I think it might be reasonable to estimate
that those in category one will be able to
"phase out" in & dignified mamner, but few
will be left in this category when another
20 years has gone by. What does this view-
point mesn to our program of graphics instruc-
tion? To most of the engineers in the first
group, the drafting courses were the founda-
tion for thelr basic method of engineering
procedure. To the "new breed" the instruc-
tion in drawing is simple, elementary, and
something which should be picked up in high
school, or can be mastered to a sufficient
degree by an "apprentice” type of exposure
after one goes out into the engineering
profession.

Baged on the cbservations during my
survey, the situastion in most engineering
organizations at the present time, is a
workable halance between the two categories.
The outstanding weakness of the second group
is their lack of knowledge about the factors
which are conducive to "design for producibili-
ty" -- or, in the worst cases knowledge of
any design whilch gets beyond the "systems
and princlples concepts". This shortcoming
is supplied by men from the first group who
can often produce good "hardware" but who
realize their limitations in proceeding with
efficient and precise methods cf the analy-
tical approach. Human progress being what it
ig, I feel certain that category one will
"phase out". The task for englneering edu-
catlion is to insure that the present balanced
team is replaced by newer generations of
category two who have gained une necessary
intent and ability to efficiently design
hardware which will Implement thelr pre-
cigsely defined and theoretically polished

. systems. .

Since the heart of my study was the
method and amount of utilization of train-
ing in engineering graphics, the data T
acquired is mostly aimed toward this deter-
mingtion. In those departments and posit-
ions directly concerned with design of
product or "hardware" - and for the bene-
it of my collesgues from points east of



the Rocky Mountains, the engineering and
industrial activites on the West Coast

are not entirely of the "think factory™
configuration - the use of graphical me-
thods is essential and the common medium
of procedure. The reaction of individuals
in these areas of engineering was almost
unanimously in agreement with the basic
Ppremises mentioned at the beginning of this
paper. If the graduate engineer cannot read
drawings accurately and with facility, and
convey his engineering concepts to others
with sketches that do not require extensive
oral. explanations before they can be used,
he is still technically illiterate. At
least in the field of mechanical design,
the novice engineer who cannot product a
regsonably correct layout drawing, utili-
zing the common graphical techniques for
the solution of spatial problems, lacks a
very basic gualification required of those
who traverse the road to success in engin-
eering work at the present state of the art.

From the list of companies visited, it will
be noted that a substantial portion, including
the Govermmental facilities, are not primerily
concerned with the desigh of mechanical devices.
In addlition, in all of the companies I mede
special efforts {0 observé the activities in
staff groups such as siress analysis, themo-
dynamics, weight, planning, data reduction,
etc. Again, the reactlon was almost universal
in the opinion that facility in reading all
types of engineering drawings, which requires
a thorough knowledge of the standard project-
ion systems, is essential in the engineer's
background. In a large majority of the cases,
the personnel in these groups work directly
with men at the drafting board in utilizing
the results of their staif function. In
of these groups require standard types of
drawings and illustrations which are an in-
timate portion of the report, and cannot be
efficiently delegated to a drafting group.

In view of the shifting emphasis on
course content in many of our engineering
graphics courses, I made congidereble effort
to determine the opinion concerning the value
of training in nomography, graphical mathe-
matics and similar areas of the graphics con-
tent. The very general reaction %o such ine-
quiry was that the preparation, including the
necessary calculations was properly a Jjob for
mathematics groups, or individual specialists
within the engineering organizations. While
engineers within the staff groups were generally
aware of the potentialities of nomograms and
felt that information in this respect should
be included in the graphics training, the op-
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inion was stromg that this area of graphics was
a speclalist activity which 4id not merit in-
clusion on a problem solving basis in a basic
graphice course.

As stated before, this survey was more sub-
Jjective than statistical, In nature. I have
made no attempt at numerical comparigons of the
bundreds of comments and observations received,.
1 am convinced that such summarization would
fit the following pattern:

1. A fthorough understanding of the basic
projection systems used for engineering
drawing is essential. This would in-
clude multiview projection, and iso-
metric projection. If time is avail-
able, a working knowledge of obligue
and perspective projection, especially
as adapted for freehand sketching, is
desirable. If time available is at
the minimum, muliiview projection in-
cluding the ability to make accurate
views from any position is the bare
essentilal.

2. Knowledge of the principles involved
in the proper selection of dimensions
for production drawings is second in
importance, and is slso the outstand-
ing weakness 1ln recent engineering
gradvates. This comment was cited
wmore often than any other. It was
agreed by many, especially among re-
cent graduates, that this phase of
drafting might well be taught with a
"print reading" or lecture type of
instruction which would permit cover-
ing more material in the time avail-
aeble.

3. Opinions concerning the importance
of drafting technique, especialiy
freehand lettering, were freguently
very emphatic, and widely separated.
Again iack of skill at lettering was
a very frequent criticism of recent
engineering graduates. With respect
to line technique, compliance with
conventional practices, ebc. the
opinion was often that is was im-
portant for the engineering graduate
to have a keen apprecisgtion of the
quality required in order to ingtiil
these features into his supervisory
relationships with the draftsmen.
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It was generally agreed that much more
emphasis and practice at freehand
drawing is desirable. Many engineers
whom I contacted feit that much of

the instruction in the descriptive
geometry applications could be taught
by this medium.

A very large majority of the commenta-
tors felt that rigorous treatment of
descriptive geometry was essential for
the proper insight and "feel" for the
three-dimensional spatial problems en-
countered in engineering work, and was
Justified for its value in promoting
the necessary insight for many prob-
lems which require an analytical app-
roach.

There was considerable expression
that:

a. The basic operations and applica-
tions of descriptive geometry should
be closely integrated with the first
study of miltiview projection so that
the student does not look on descrip-
tive gecometry as a fearful mental
stress which has little application
to the other phases of the graphics
courses.

b. Some of the more specialized
applications of descriptive geometry
could well be ignored in order to
spend more time on other portions

of the content.

c. That graphical solutions for
descriptive geometry problems
should be checked by mathematical
methods in order to integrate the
two approaches

Comments very generally agreed on
the need for college graphics instruc-

tion to provide more up-to-date and
reglistic tools and technigues. Most
engineers interviewed felt that the
use of drafting machines, availabie
templates, and similar equipment in
college graphics courses was highly
desirable and of some imporiance.

8. There were frequent comments that
text materials and references by
instructors in graphics courses
should reflect more attention to
MIL and ASA standsrds, particularly
in areas such as geometrical tolerances,
checking practices, standardization
of notes, ete.

9. Many commented to the effect that
graduate engineers frequently sulfered
from an unflexible attitude and app-
roach to problems in this area of en-
gineering work.

I feel that the important im-
plication here for our graphics in~
struction is 1o properly separate and
ldentify the factors involved, so that
the gtudent will have the correct idesa
about when to conform, and when to be
different. o

I hope, that this report and the survey on

which 1t was based will be a useful "nibble"

at the problem of correlating cur graphics in-
struction with what the engineering graduate
needs. As a mamber of the Relations With In-
dustry Committee of the Graphics Division I
would urge that similar studies be made in other
areas of our country, and that they be corre-
lated wherever possible through the facilities
of the Graphlcs Bivision. If it has achieved
nothing else, it should show that industry is
ready and eager to join our efforts to find
and solive their probiems in this area of en-
gineering enstruction.*

* Presented at ASEE convention June 1962.

NETHWORKS OF HEXAGONS AND NON-HEXAGONS.

Readers of the Journal mar read an interesting application of geometrical constraints

in nature in the article, "Radiolarians: Construction of Spherical Skeleton" by English
author L.J. Smalley, Department of Applied Chemistry, Northampton College, London, E.C.1,
England, in the magazine SCIENCE, Vol 140, No.35565, April 26, 1963, Pp 396-7.
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WHAT CAN THE HIGH SCHOOL DRAWING TEACHER

DO TO HELP THE FRESHMAN ENGINEERING STUDENT? H. P. Dale Walraven, Professor of Engineering Graphics
T : . ) L e L and Assistant to Dean, College of Engineering,

ST University of Illinois, Chicago, Illinois.

To get the best answer to this guestiom,
I proposed the same question to approxz-
imately one hundred Deans of Engineering
and Engineering Professgors who are nat-
ional ieaders ian Bngineering Bducation
and Engineering Graphics.

A careful study of the remarks made by
these engineering educators reflect
thelr judgment of course content and
aims of the course as designed specifi-
cally for the pre-engineering student.

SUGGESTED COURSE CONTENT FOR HTGH SCHOOL
DRAWING FOR PRE~-ENGINEERS

1. Theory of Orthographic Pro-
Jjection
Sketching
. Geometric Construction
Awdliiexry Projection
Sections and Connections
Bagic Dimensioning
Pictorial Projection {Isometric
and oblique)

SOV W

It should be remarked that practically
8ll replies stressed the same areass of
study and in the given order. Inter-
section and Developmeni was mentioned

only once.

SUGGESTED AIMS FOR HIGH SCHOOL DRAWING
COURSES
1. To develop within the student
the ability to think and communi-
cate through the medium of draw-
ing.

2. To develop the abillty to re-
present three-dimensional space
objects ot paper.

3. To develop a knowledge of the
elements of accepted practice
in making working drawings and
an ability to read and inter-
pret them.

L. To teach the ability to follow
accurately both printed and
spoken instructions.

5. To provide an appreciation of
the need for intelligent and
careful planning.

6. To provide a means of explora-
tion of his italents and to inter-
pret some of the work done by an
engineer.
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T. To develop speed and technigue
in dgrafting procedures and %o
develop sh appreciation for
doing the task correctly the
first time.

8. 'To develop speed, good technigue,
habits of neatness, and skills
in the use of the drawing instru-
ments,

Some comments from the engineering educa-
tors are llsted below, as suggestions
to high-school teachers,

I would like to offer you the men who

are carrying the torch and heading in
high-school "more ammunition" if

needed,. This so-called "ammunition"

ig in the form of guotes from the college
professor who works with the boys from
your high school.

Please let me make it clear that the follow-
ing remarks are offered in good faith.
Let me also make it clesr that I person-
ally know the engineering educstors who
have made these comments. I respect them
highly: they are some of the best in the
field of Bngineering Graphics, =-- not
only professors, but excellent teachers
as well. T have asked them to be frank,
but falr, and to the point in their com-
ments.

Bere are some of thelr comments -

1. "Do not dwell extensively
on working drawings uatll pro-
per coverage of the fundamentals
have been completed. In pre-
senting problems, do not present
them in a form to copy but teach
them to think." :

2. "Most high school drawing courses
as presented cover {00 much ma-
terial in too little time. The
high school students ordinarily
do not have the background for
assimtlating as much material
as usually presented. Again
there is copylng of things which
do not teach them in any way to
think and as a result they get
a false conception of how good
they are in Engineering Drawing."
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Equation 5

DATA

Dy /Dy

Note: A similar analysis was done for pressure
drop with very similar resulis. The maximum
in tde cruve of friction factor ve. Di/f.
oceured at the same value of Dy/by (0.27).

Bibliography
1) Colvurn, A.P. ™Trems. A.I.Cu.E." 29, 19L- Komenclature
210, (1933). , A Area, £1.°
CP Heat capacity, Btu/lb.oF
2) Jeschke, D. "%.Ver. Deut. Ing. Brgan- } ,
ztmgsheft": Eh)l, (1925). _ Dy DH - gimeter of tube, helix respectively,
. R 2
. e} Mass velocity, 1b./Tt.
3) McAdams, W.H. "Heat Transmission” . Y2
Third Bdition, McGrew-Eill Book Co., Inc., hihe hgy Flim coefficient of heat transfer for
N.Y. (1954) inner well, coil, straight tube res-
pectively, Btu/hr. ft.Z0F
X Thermal conductivity, Btu/hr.ft.2 (°F/
ft.)
Pr Prandtl number, dimentionless
physical property of fluid
Q Heat flow, Btu/hr.
tl,a Temperature at points 1 and 2 res-~

pectively, °F

Temperature of outside medium, CF
Qverall coefficient of heat transfer,
Btu/hr.ft.

Flow rate, 1b./hr.

Viscosity, 1b/ft.nr.

e/ st=hc/hgy, Gimentionless

(=

pNe=h
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This leads to ¥ =1+ 3.5 Dt/DH and a pro- x
posed increase in heat transfer With the

tightening of the coil (probably due to the Y
additional contact each particie of fluid makes
with the hot wall as a result of the fortuous
fiow path around the helix.

(Dy/2) coss3 (61)
(Dg/2) sing {70)

with the z term negligible with respect to
X and y. These equabions represent a cir-

Accordaing to (5), for D_/Dy equal to 0.285, a cie of dlameter D and, since b, 1is very

100% increase in h, is obtained. Such a large
inereage in heat transfer coefficient seems
disproportiongte to the deviation from a stra-
ight tube., The published correlation seems to
be highly optimistic for the range of more
tightly wound helices necessary in present tech~
nology. -

large in this case » any finite segment of
the circle will approach a horizontal straight
line.

Part IT FIGURE 1

Geonmetricgl Interpreta"si on §

The following investigation of the physical
geometry of a helical coil indicates that @ CASE 1 NORMAL COIL, CASE 11
should pass through a maximm and that h, should
re-gpproach hgy instead of inereasing linear-

iy with Dt/DH as predicted by equation (5).

The hellx representing the center linme of the
coil will be shown to approach a straight line
both as D /D approaches 0 andoa . The para-
metric equations of a helix are:

X = (Dyg/2) cosf3 (6)
¥ = (DH/Q) S_iﬂﬁ (7)
z = (B/2W) A (8)

where p is the helix pitch and /2 1s an angu-
lar parameter.

Ag D —>» O the helix becomes more tightly

woun& and D /D approaches 0@ . The para-
metric eq_ua%ioﬁs of the helix become:

DH 0 O<DH<OO DH -3 00
X=0 (6a)
¥T=0 (7a)
Z = (P/-?ﬂ‘)/g (8a)

These eguations represent the z-axis. The
¢oil has thus degenerated into a vertical f? therefore will be equal to . (¢ =
1

straight tube. for Di/Dy equal to both O and o .
versus Dt/DH should there-

fore curve away from equation (5) and show a

A curve of

Case I1 meximm as Dy/D increases. Figure 2 shows
As D —>3 0@ the helix becomes more loosely the curve obtained by the author for the case
woun® and D /D approaches 0. The para- of alr flowing inside several helices:-

metric eq_ua.%io 5 of the helix become:
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"Geometry and Hest Transfer”
_in a Helical Coil

- GENERAL DISCUSSION

When a fluid flows through a constriction, the
phenomena of heat and momentmm transfer are
functions of the geometry of the flow path.
In the case of flow inside a helical c¢oil,
the geometry of the path is characterized
by the ratio of the tube diameter to the he-
Aix diameter. Published studies have sugges-
ted that both heat transfer coefficient (a
measure of the ease of heat transfer) and the
friction factor (a measure of frictionsl re-
sistance to flow) ere linear functions of
Dy/Dy. If this were true, tighter winding

of a corl would result in greater heat transfer

and frictional pressure drop. This study shows
that both heat transfer and friction loss pass

through maxima, indicating an optimal coll con-
figuration to be designed.
maxima is predicted by an investigation of the
geometry of helices for different ranges of

D‘t/DH'

Part T

Introduction o Probiem

To satisfy the demands of modern technology,
size and shape of méchanical components have
become very significant. One instance of
this is the missile field where every cubie
inch is crucial to a design. For example,
longitudinal space for a straight, tubular
heat exchangermsy be conserved by coiling
the length into a helix,

The total heat transferred from a fluid flow-
ing inside a straight tube to the surrounding
isotnermal continuwum(or vice versa) is %

Q= UAATR. m. (l)

al . s
Where f.m. is the logarithmic mean
temperature difference,

(T - tj) el (T _t?.) ]

and the other terms are defined in the nomen-
clature. For many instances of heat transfer
(e.g. steam as the outer heating medium) the
inner film coefficient of heat transfer, hj,
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The existence of the

by Henry W. Sullivan, Instructor,
The Cooper Union

will be the controlling factor in U and equa-
tion (1} can be written as

Q=h, AATﬂ.m. (2)

For the case of straight tubes.

i = 0.023(Re)” ©0-2 (3)

o2/

vhere J = hi
CpG

& dimensionless para-

meter of heat iransfer gg@
Re = DG, & dimensionless perasmeter of fiow.
%

Combining equations (2) and (3); noting that
for s particular fluid and coil,
Aty Cpy Pr, and D

are congbant and G=W/A

= 0.023 Cp( 4w) ~0,2
Q 305 (Re™V*<)rp1 AT
Q=0 WReTRT,
0.84A1
Q = C,¥ f.m. (4b)

Equation (4b) can be used to find § from know-
ledge of W, &y, t,, and T. If the heat trans-
fer coefficient for a helically coiled tube,

h , could be expressed as & simple function
of b for the corresponding straight tube, a
simple equation analogous to (Ub) could be ob-
tained.

If we propose a function ¢, such that h,

¢ P straight , dimentional analysis
shows ¢ to be a fuaction of Dy / DE (the ratio
of tube diameter to coil diameter) and thus

solely & function of the geometry. The accept-
ed relatlonship batween hgy and h, is that of
Jeschke? , stated as follows in the literature
of hesat transfer:

hy = b, (1+3.5 D./Dy) (5)

MAY, 1963
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"Brief Remarks on the NSF SBupported Graphics Study"
P. M. Reinhard, University of Detroit

Distinguished Service Award

Presentation by Irwin Wladaver, New York University
Nomography Award

Presentation by J. H. Sarver, University of Cincinnsti
Descriptive Geometry Award

Presentation by I. L. Hill, I1linolis Institute of Technology

Wednesday, June 19, 10:00 = 12 Noon
Joint Conference - Engineering Graphics and Mechanical Engineering,
Machine Design & Mfg. Subdivision
Theme: Educating the Design Engineer. A panel discussion.
Presiding: J. P. Vidosic, Georgis Institute of Technology
Moderator: J. 8. Rising, Iowa State University
Speakers: "Engineering Graphics and Conceptual Design"
R. W. Mamn, Massachusetts Institute of Technology

"Design in Industry”
L. M. Forbush, Engineer in Charge, Vehicle Development Group,
General Motors Technical Center, Warren, Michigan

"The Role Material Processing Courses Play in Education
Tor Design Engineering”
N. H. Cook, Massachusetis Institute of Technology

"The Design Process in Practice" :
C. F. Hix, Valley Forge Space Technology Center,
General Electric Company, Valley Forge , Pa.

Thursday, June 20, 2:00 to 4:00 P.M.
Joint Conference with Mathematics, et al.
Theme: The Impact of Computers on Engineering Education

Tuesday, June 18, 8:00 A.M. to 9:5C A.M.
Theme: Graphics and Electronic Aids
.Presiding: A. C. Risser, University of Wichita
Speakers: "Designing Graphically by Computer"
8. A. Coons, Massachusetts Institute of T\echnology

"Engineering Graphics in Televised Instruction”
J. W. Wentworth, Manager Education Advisory Services,
Radio Corporation of America, Camden, H. J.

Tuesdey, June 18, 12:00 to 1:50 P.M.
Luncheon-Business Meeting, Engineering Graphics Division
Presiding: Matthew McNeary, University of Maine

Tuesday, June 18, 6:00 P.M.
Annual Dinner
Presiding: Matthew McNeary, University of Maine
Speaker: "Bngineering in Egypt."
J. 8. Blackman, Universiiy of Nebraska
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3. "Too many high school drawing
teachers merely have students
copy something out of a book
with no instruction as to what
they are deing or why they are
doing it. These students are
actually handicapped in our
freshman drawing course, we would
rather have the student who has
no drawing.”

Y. "High school drawing teachers
should give a course which has
a level of difficulty that
would incur the respect of high
school adwministrators so that
these administrators would not
use mechanical drawing as a
dumping ground for those poor
students that they are trying to
get out of their hair."

5. "Students would have better
background if the high sgchool
teachers knew their subject
better. A rather bold state-
ment, - but it is applicable
to my situation with many stu-
dents coming from small schools
where mechanical drawing may be
"taught” by anyone from the
coach to the English or Spanish
teacher."

6. "Too many teachers are not abreast
with changes nor do they have a
background or recent industrial
experience (if any at all).”

7. '"Many high school teachers are
too. ambitious to use exotic or
too advanced materlals as opposed
to a concentration on hasic ele-
ments."

8. ™We and the student would be in
much better pogition if his
basic procedures, standards, con-
ventions, and guality were the
objective of the high school course.”

9. "The high school ghould introduce
sketching; and I do not refer to
art." :

10. "Help students develop sbility
to visualize and understand geo-
metric forms and proportions,
space relatlionships, functions
of parts, and relstive motions
by requiring asppropriate free-

" hand sketches and by giving fre-
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quent tests to check on progress
in graphic thinking and expression
of ideas for communication to
others."

11.. "Although I do not think that
high school drawing contributes
much ascademically, in defense
of 1t I would say that perhaps
1t may be important as a means
of motivaiing the student; but
again T am fearfu} iest it con-
vey an inaccurate picture of the
profession of engineering.

12. "Por electrical-engineering-
minded freshmen, I tell them
they will need to be able to
read drawings - not just wiring
diagrams, and if and when they
have other people reporting to
them this becomes almost a cer-
tainty. Hence, there 1ls the need
to know the lenguage for visual
presentation used in relation to
enginesring eqguipment involving
mechanical parts of more sigunifi-
cant dimensions than wires have."

13. "Graphics is more important to-
day than ever before in history;
that we should strive to teach
& course bthat will prepare the
gtudent for all phases of engin-
eering whilch he will encounter
in industry."

I am sure you will agree with me that it
would be very difficult, if not impossible
and inasppropriate to arrive at specific
conclusionsg from the gtudy because of its
incompleteness, oplnlons for the most part
have been dealt with. However, I would
like to point out some general ohsgerva-
tions I have made on the bagis of infor-
mation I have submitted to you and other
information I have not made available to
you.

These general observations are as follows:

1. Majority of the Deans and
Engineering Bducators feel the
high school drawing teacher can
greatly help the student who
intends to go into engineering.

2. The value of some high school
drawing courses baken by pre-
engineering student is serious-
1y questioned.
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If the pre- engineering student
is well grounded in the theory
of Orthographic Projection, the
college graphics course can get
off to a faster start

The pre-engineering student should
develop as much skill in letter-
ing, line technigue and sketching
as possible in his high school
drawing course because skill is

an "ugly"” word in the engineering
graphics course.

Where the Bngineering Graphics
requirement has been removed in
the College of Engineering both
the student and the college
courses suffer.

Majority of the Deans of Engin-
eering and Professors of Engin-
eering regard Graphics very

highly in the engineering pro-
gram.

High school drawing teachers should
be encouraged to take additional
Engineering Graphic courses offered
by the Engineering Colleges.

The high scheool drawing teacher
should strongly consider industrial
experience along with his grad~
uate work.

Last but not least a splrit of res-
pect and willingness to cooperate
with the high school drawing
teacher on any matters dealing
with Bngineering Education was

very c¢learly brought out in the
comments of all the Deans and
Bngineering professors.

Bditor's Note: This article is a swmary of a survey conducted by Dean

Walraven and presented to the Illinois Technical Drawing Teachers Assn.
in 1961. The survey hag continued to be of wide interest to both high-
school and college teachers. There 1s a growing interest in the ASER
graphics Division, Educational Relations Commitlee proposal to sponsor a
national study of high school drawing. Anyone interested should contact
the chairmen, Professor Robert Lang, Noriheastern University.

PROGRAM - ANNUAL MERTING

Engineering Graphics Conferences
Annual Meeting of ASERE, University of Pennsylvania
: June 16, - 2i, 1963

Sunday, June 16, 6:00 P.M,
Executive Committes Dimner & Business Meeting (closed)
Pregiding: Matthew McNeary, University of Malune

Monday, June 17, 10:00 A.M. to 12 Noon
Theme: Research and (raphics BEducation
Presiding: ©T. R. Long, West Virginia University
Speakers: "The Dissemination of Research Resulits in Graphics"
R. A. Campbell, The Pennsylvania State University

"a Teaching Experiment'
A. L. Hoag, University of Washington

MAY,
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ceptualizing tool - a thinking
and talking tool.

3. Should there be graphics courses
taught at the upper levels -
if so, what ground should they
cover and what goals should they
set for themselves?

. The use of "open-ended" desigm
type problems in First Courses in
Engineering.

5. Analysis of non~iinear systemg -
such as phase plane plots, using
grgphical concepts and principles.

6. The impact of computers on the
design process.

T- Employment of graphics as an
integrating medium for applied
science and mathemagtics.

8.- A training program for graphics
personnel.

In the discupssion which took place during
one meeting of the Steering Committee

it was evident that the future efforts

of the study should wainly be directed
towards an attempt to find answers to

the items previously listed Work is

in progress in each of these areas of
exploration and some preliminary findings
are beginning to take shape.

The utilizstion of "open-ended" type
problems hes led to the consideration
of the content of a first course in
engineering at the freshman level.
This was approached by noting that a
feellng for applied science and engineer-
ing must be developed in & student as
soon as possible. The most effective
time seems to be during the freshman
year in college. At this state, the
student should sense that he is parti-
cipating in ah engineering environment.

A careful evlauation is being made of

the intellectual aspects of the science

of graphics. TUnlike other sclences,
graphics generates visual thinking,

vigual expression, and visual inter-
pretation. fThisz visual nature of graphics
opens up a direct path to enlighten-

ment and understanding. Imstead of using
symbols and numbers, graphics pictures
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relationships by means of lines and geo-
metric constructions which facilitale
meaningful analysis, synthesis, and de-
gign. The versatility of graphic ex-
pression mekes it an ldeal means for
investigating, interpreting, and develop-
ing scientific theories in many fields.
The inherent advantages of graphics in
giving an accurate sense of direction
and the best choice of a point of view
enhance its value in science and enginger-
ing. As it can be applied effectively
to non-linear processes which follow no
law or regular pattern, graphics be-
comes a useful complement fto mathematics
in a wlde range of scientific studies.
The small amount of work being done in
developing new graphic solutlons for
importent current problems ln the con-
gquest of space points up the need for
competbent graphics teacher-scholars

who could achieve the high potentials

of graphics as an applied science in
space technology.

It is the intent of this study to examine
the role of graphics in the "new look"
gpproacih to engineering education, and to
make the experience of forward looking
engineering educators available to mamy
who wish to avail themselves of the find-
ings of the total.gtudy. Accordingly,

g series of devailed monogrephs will be
published, based on specialized aspects
or. areas and prepared by competent writers
who have extensive working information.
These monographs will be designed <o im~
prove graphics instruction by making new
concepts lmmediately availsble."

The Department of Engineering Graphics at
the Pennsylvania State University has
received approval for the re-eguipping
program of the laborstorles st the
University Park Canpus.

All laboratories will receive tilting top
drafting tables and metal drawer-type
cabinets for student storage. A variety
of new drafting machines and X-Y plotters
have been specified to he placed one per
lab to allow future student and faculty
evaluation.

In addition, & mjor effort is being made

to improve and lncrease the instructional
eids used in the Baccalaureate and Associate
Degree programs at the various Penn State
Campuses.
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ENGINEERING GRAPHICS DIVISION - A.S.E.E.

- PUIVRE DEVELOPMENT COMMITTEE - INTERIM REPORT 1962-1963

In preparing this report the Committee
wishes to reiterate that ii iz not practical
to aettempt to uphold any one possible future
development as being "the" Drobeble course of
action that will occur. It might be easier to
say what graphics "will not" be rather than
whet it "will" be, but even this, of course,
can be subject to uncertainty.

In keeping with this statement, the
Committee wishes to present this current eval-
uation from the standpoint of several separate
observations.

I. Fundamental Graphic Concepts

It appears that, in so far as the forsee-
able future is concerned and undoubtedly be-
yond, there will be a continuing need for the
engineer to have a fundamental knowledge of
spatial concepts and the ability to relate such
three-dimensional concepts to a single plane
of presentation. This ability 1s a discipline
of the mind and will, therefore, continue to
require fundamental training in understanding
of the concepts involved.

It 1s possible that Engineering Colleges
may increasingly give recognition to adequate
high school treining in technical drawing.
This recognition will, of course, be based on
validaetion procedures determined by the respec-
tive colleges. Furthermore, it is also to
be anticipated that engineering colleges may
increasingly impose minimum entrance regquire-
ments for graphics. Despite these observa-
tions however, fundemental appreciation of the
application of spatial concepts to engineering
design, through analysis and synthesis, and
as a means of communicetion will need to be
developed early in the Fformal educationsl por=-
tion of an engineer's career. This fact will
continue to require the formal education of
the engineering student on the college level
toward a comprehensive understending of the
effectiveness and place of graphical methods
in engineering design snd research,

To this end, there is & definite need at
present on the part of many engineering educa-
tors who are responsible for congtructing and/
or approving their respective curricula, for
an understanding of the advaances in recent
years in the field of application of engi-
neering graphics and of the overall contribu-
tion of the science as a tool of the engineer
in analysis and synthesis as it pertains to
research and design.

IX. Graphics and Design for the Future

Ad. Graphics should be considered in ite
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role as developing the visual mode of thought,
Graphics has for years been considered &s the
visual symbolic languasge of the engineer, but
mist also be considered as vital in the create
ive and innovative phase of engineering design.

2. In teaching graphics we should be
stressing fundamental spatial and geometric
concepts which will aid the engineering designer
in solving his problems involving whole con-
cepts - not just details or embellishments.

3. Graphic measns to logical analysis of
design problems should be taught but not to the

“exclusion of innovative explanations which will

leaed our engineering students to solve the un-
known problems of the future.

4. Computers, Models, and Visual problem-
solving devices as well as the fundamental
theorems of orthographic projections and des-
criptive geometry are all toole of the engineers
which graphics may use in his design problem
solving.

ITI. Graphical Analysis

Anglysis 1s a basis for forming an engin-
eering judgement. The traditiocnal tools of
analysis have been analytical geometry and the
ealeulus. However, for anything but simple
cases reduction can involve transcendental
and non-analytic functions. Traditionally,
the engineer overcomes these by resorting to
& host of approximations: rotation of axes,
trangformation of coordinates, power series
expansions, ete. By such means he attempts
to £ind & manageable equation. Even going

to the computer with its hours of programming

generally becomes just a more accurate method
of approximation.

The engineer needs, especially in the conw
ceptual and design stage, & number of first
order specific scolutions to establish the basic
parameters for three or four dimensionsl im-
plementations. Descriptive Geometry plus the
Theory of Scales and good layout drafting techw
niques can constitute a self-consistent, easily
visualized, rigorous logic to effect all import-

ant primary analyses.

Nomograms, wetwork charts, and special pur-
pose slide rules can also aid in securing ball
park figures in the process of developing &
concept. The latter can be particularly help=
ful.

Machine reduction layouts of working
drawings in the future will only serve to in-
crease the need on the part of the eagineer
for a better understanding of and capability
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in the use of gra.phics in ana.lysis. Formalized
training in depth in the construction of work=
ing drawings will not be needed. Such in-
formation can be easily acquired as needed by
the engineer snd will depend largely on areas
of performance in which he is located.

The problem of the engineering student
todey and in the future is the reduction of
methemstical Fformulation from text to drawing
board. In educating engineers, "slope-line"
integration and differentiation is & powerful
means for increasing comprehension and underw
standing of analysis involved. Knowledge of
auxiliary views is also invaluasble as a tocl
of variable elimination by the rotation of
axes.

IV, ‘The Concept of the "Graphic Mind"

Every intellectual discipline by painful
trial and error develops over the years success-
ful modes of attack on the problems with which
it deals. These modes of atback gradually set
up a pattern of thinking within the minds of
the menmbers of the discipline -~ a pattern
which has proved successful. Thus those
practicing the discipline aecquire ways of
looking at problems, a "state of mind" which
eomes into operation whenever new problems
arise.

Bach discipline is in effect a mental
culture which operates much in the same way
as social culbures. It 1s somewhat esoteric
in nature, has ite own vocabulary and tends
to circumscribe its members into a limited
pattern of thought.

The physicist does not think like the
biologist. The former in general thinks in
terms of interrelated forms - the latier in
termg of cycles of growth and decay. These
are, of course, only syumbols for the process
is built deeply into the mental associative
patterns of the individual's mind.

Mzny other exsmples could be given.
The behavioral scientists exhibit their
own mode of thought either “statistical"
or"motivational™ in nature.

In the development of engineering and

science, parbticularly in this country, we
have gredually developed the "functionsl"
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mode of thought - that is we bave strongly
developed a functionzl mathematical approsach
to engineering and scientific problems.

Our engineers faced with a new problem tend
instinctively to enmesh it in mathematical
terms. The point is that this is quite an
unconscious process and the individual is
in general quite unaware that other approaches,
that is, other "states of mind", in many in-
stances would prove highly illuminating and
frequently more creatively productive.

Buropeans have much more training in
geometric thinking than Americans snd exhibit
a much more natural tendency to think in
geometric terms. This is the begimning of
the "graphics mind".

With the recenit growth in graphilcs of an
awareness of the power of graphical modes of
attack in three-dimensional visualization,
space manipuiation end analytical solubion it
has hecome increasingly obvious that there is
such a thing as the "graphics state of mind",
the graphics mental culture. Its possession
adds ancther powerful string to the engineer's
creative bow. It consists in thinking not only
in terms of pictures but also in terms of lines
as the symbols for all dynemic processes. Its
processor lnstintively and automatically enmeshes
a problem in graphical processes. He may and
should also emmesh it in functional mathematical
processes bub the graphical mind feels more at
home in the graphical mode.

A problem posed to the engineer may be
attacked in many forms, but if the engineer
fails to rather instinctively employ the grapi-
ical attack he is lacking a major tool.

The function of any graphical department
is to instil the graphicel mind into its stu-
dents. If it does this the details of how it
was achieved are of no importance. If it
fails to do it, then, however practical the
material it teaches may be, it has failed in
its main mission and it has furthered the fu-
ture of graphics as a purely pedestrian pursult.

To succeed in establishing the graphical
mind the student must be given materisl which
excites his curiosity and which through em-
ployment in problem solving gives him s sense
of power and, if I may say s0, a sense of es-
thetic satisfaction. Only in this way can it
built into his instinective thought pattern.

The opportunity to develop this state of
mind is before us. Let us not get lost in
the curricular morass of detailed subject
matter but attend to the higher challenge of
developing intellectusal excitement about a
powerful mode of thought.
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A NEW APPRCACH TO TEACHTNG GRATHICS

The greatest and most common problem beginning students of engincerw
ing graphics encounter seems to be the development of the ability to
visualize in three dimensions objects shown in two dimensions, Conse-
quently most instructors of enginsering graphics find that their meost dif-
ficult task with begimming students is the teaching of vigsualization; for
once the student is able to wisualize "two dimensionzl" objects in r.hreé
dimensions, he is able to move quite easily into more sophisticated types
and methods ‘of drawing, e.g., descriptive geometry, vector analysis, etc.
It would, it seems, be easier to teach engineering graphics and more sub-
ject matter could be covered if another method or a new approach could be
developed that would reduce the amount of time now used in developing the
ability to visualize.

Over a period of time and after a pumber of talks with other instruc-
tors of engineering graphics, the conclusion was veached that perbaps a
new approach could be used, one that would be different from the one being
used at most institutions. Most institutions follow the same general se-
quence, i.e., graphical comstruction, lettering, etc.; and they generally
follow chapier by chapter a textbook, and virtually page by page a labor-
atory manual, which in turn follow the chapters in a textbook, Now
questions arise about whether this is the best approach or are we, as in-
structors, doing this merely te follow the path of least resistance.

Some solution must be obtained te help the student visualize eazier and
faster.

Now it is common knowledge that man’s first efforts irn making pic-
tures was to make drawings of animals on cave walls and he progressed
farther as time went on; nevertheless three dimensional pigctures have
always been the easiest to understand. Exploded isometrics and perspec-
tives were used extensively during World War II because it requiréd less
time fo train men to understand these. Why have instructors shied away
from this area of instruction until later in the semester? Is this a
sacrad area because of its clapter location in textbooks? Why mot let
students try this area first?

80 it was determined that this should be the new approach, Why not
have students start im this area, where they can make isometric drawings
from multiview drawings so they can actually see how each lime Iies in
space, or why an obli.que or slanted line must be placed in such 2 wamner
as to touch the correct end points. Then after drawing these isometrics,
go back inteo missing line, missing ﬂriew, and multiview problems,
emphasizing pictorials strongly in each area. After all, if a student is
stuck on a problem, do not all of us as instructors tell the student to

sketeh a rough pictorial of the cobject sc he can better wvisualize it?

After determining that this should be the new approach, it was de-

cided that new exercises should be drawn since most lab manuals have only
three or four pictorials in them. So enough exercises were drawa to pro-
vide at least three solid weeks of work; also new plates were drawn For
the remaining weeks, as each ¢ne had to be keyed to pictorials, The next
problem thét arcse wag how could this improvement, 1f any, be measurad,
Some test must be found to measure this improvement.

After consulting with Dr, Linquist of Iowa, The Psychological Gorpo-
raticn, and several other people in the field of testing, it was deter-
mined that perhaps the Minnescta Paper Board Form Test would be the test
to use to measure improvement in the ability to visualize, Students were
divided into two groups, contrel and experimental, using the split halves
method based on the scoras attained on the first test. This was done to
insure uniform groupings. The control group was administered engineering
graphics in the customary manmer of most institutions. The experimental
group was glven pictorials first, After s period of eight weeks the test
was given again, Several statistical devices were set up to determine if
there was any difference between the two groups. A frequency polygon
showed that the experimental group had improved 75% over the control group;
but when statistical methods were used to find if this had any significance,
it was found to bave been chance. Further correspondence with The Psycho-
logical Corporation indicated that the test only measured the ability of
the student to visualize in two dimensioms,

So the results of that semester's worf had to be thrown out, but
valuable information was gathered from it. It was found that lecture time
could be cut in half and that linework improvement was better than under
the previous system of starting with graphical construetion. It was also
found, but could not be proved statistically, that the visualization was
greatly improved and that less time could be used for-“isometrics, missing
line, and missing view problems.

Again The Psychological Corporation was consulted and it was found
that the only tests that they had were ones that measured aptitudes. So
a test was designed that could measure the student?s ability to visualize
in three dimensions from two dimensional drawing., This test consisted
of two views glven, with the student to select the correct third view,
The students for this semester’s work were divided into two groups, by
random selection. When they were given the test at the £irst class
meeting it was found that their scores were 33.5 for the control group
and 34.00 for the experimental group. Both groups were almost avenly
divided, as the average score indicates, Initially there were 39 gtudents
in the experimentai group and 41 in the contwxol group. Several drop-cuts
were experienced in both groups, therefore for purpose of the experiment

only 33 students were used., The average scors for both groups did not
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“| DUNNO, THEY RUN SOME KIND
f 3
cfF TESTS OMN EM.

For the meaning of this cartoon by Prof.
Kenneth Lofgnen, see Professor Tripp's article
on shape factors in heat transfer on page 11.

Come to the Annual Meeting of ASEE in
Philadelphia. Chairman of the Graphics
Division, Proi. Mat McHeary has
scheduled an excellent program.

There are 10,800 individual members
of ASEE. We publish about 1000
Journals of Engineering Graphics.
Have your collesgues subscribe!

Prof. A.S. Levens of the University

of California at Berkeley has published

a report “"Teaching the Fundsmentals of
Orthogonal Projection - a study of the
Thought Model Method.” This report

shows that a significant improvement in
classroom performance can be accomplished
by the use of "The Thought Model", an in-
novation in teaching methods. There is

& strong indication that teaching of
teachers iu this method can be done by
below instruction. The study further
concludes that the film on "The Thought
Model” cannot replace live classroom
instruction but is useful as a supple-
mentary device. Information concerning
the six films on "The Thought Model Method"
mey be obtained by writing Professor Levens.
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Prof. Steve Slaby of Princeton University
School of Engineering and Applied Sclence
srranged an Engineering Graphics seminar
Feb. 11, 1963.

Professor Douglas P. Adams of the Depart-
ment of Mechenical Engineering of the
Massachusetts Institute of Techunology
conducted this Seminar. The subject
was:

"Countable~Bit, Nomographic Electronic
Computation™.

Mr. Joseph B, Halicki, assistant professor
of technical drawing at the Illinois
Institute of Technology was recently award-
ed a Faculty Research Pellowship for the
spring semester of the 1962-63 academic
vear.

Professor Balicki, who received a B. S.
degree in industrial engineering from

IIT, joined the faculty in 1957 as

® an instructor in the technical drawing

department. He received a M.5. degree
in Engineering Graphics from IIT in
1961. Under terms of the fellowship,

he will be given a monthly stipend and
relieved of three-fourths of his current
teaching assignments in order to pursue
his independent research concerning the
graphical analysis of rational integral
functions.

"Engineering Graphics in a Scientifically
Oriented BEngineering Curriculum”, an
interim report of a Course Content Develop-
ment Study Project on Engineering Grephics
hag been released by Prof. Paul M. Rein-
hard, chairman. The following excerpts
are from the report which msy be obtained

by writing the Dept. of Engineering Graphics,

University of Detroit.

"The study has shown that the scope of
graphiecs must be enlarged if it is to
contribute to the enrichment of the
educational experience of engineering
gtudents. During seminars of the Study
Comnittees and at study group meetings
the foliowing topiecs were considered:

L. How would graphics be taught
as separate courses or in-
tegrated parts of other
disciplines?

2. Use of graphics as a con-
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There are a number of instraments by which the unifying process
can take place and be promoted, An interdisciplinary Engineering
Graphics Division committee has been created and which bas for its

purposes the following:

1. To provide a medium for exchanging inf ormation,

2. To direct promotional activities.

3., To develop a liaison befween various divisions of
engineering fields.

4.F¥Keep the Engineering Graphics Division and its
membership posted.on recent engineering curricula
developmentis projects and siwdies.

E.ﬁJKeep the sister divisionms and its membership advised
on recent developments in engineering graphics.

S.F¥Encourage joint participaticn by ASEE members in
a) coavthoring texts and papers
bj research teaqs and cooperation
¢) membership on university and policy making

committees.

7.%fPromote the sponsorship of engineering graphics

seminars at individeal schools for the whole engi-

neering faculty.

There are a number of other interdisciplinary activities which
aie at present being undertaken by Engineering Graphics Depariments

throughout the country:

1. The Department of Engineering Graphics of the University

of Detroit is conducting a Z-year courge cantent development

study, involving engineering educators and their
counterparts from industry, under the Naiional
Science Foundatien grant.

2. The Engineering Graphics Deparﬁmeut of the
Pennsylvaniz State University is carrying on an
interdisciptinary campaign which promises 1o make
important contributions to the upifying concept
of engineering education.

3. The Department of Graphics and Engin;ering Drawing
at Princeton University is contlouing to work on
plans for an International Conference on Space
Geometry to which we hope to invite members of all
fields of engimeering, mathematicians, physicists,
and enginee}ing graphicists. [n addition engineering
graphics courses are being developed using a unified
concept approach,

4. 'The Engineering Graphics Division of the Mechanical
Engineering Department at the Clarkson Collepge of
Technology, fotsdam, New York, has developed a new
experimental #first couarse? in engineering giving
the freshﬁan student an in{erdisciplinary engineering
experience in an engineering laboratory. This course
was developed through the cooperation of the degree

granting departmentis.

The reasen for citing these activities is to indicate
that many in the engineering graphics field comsider
the problem of interdisciplinary education to be

an important problem and challenge. We invite all

the members of the Divisien of Engineering Graphics

to join in our efforts and to develop dnterdisciplinary
programs of their own since what we are doing,we feel,
is not only good for engineering graphics but is also
good and necessary for the whole field of engineering

education and engineering.

I am not sornaive as 1o believe that one course or program is
encugh to make undergraduate interdiscipiinary dinstruction complete
at this early stage. Actually the course of action I propeose is one
which dis the first step towards developing an overall consciousness
in engineering education (including the establishment of this concept
of unity in the minds of engineering educators) which deals with the

interdigeciplinary aspects of engineering concepts,

On the upper class levels, when a student reaches his professional
type courses and programs, the unifying process beginsg taking form buat
even at this stage this form tends in some cases not to be as strong
as it should be. Further work in this area 1s necessary to continue
to emphasize the interrelationships of the varilous areas of studies

a student encounters,

I have not mentioned ancther area Into which the interdisciplinary
concept enters profoundly: the area of the social sciences, the
homanities, and their relaticnship to engineering - and engineering’s
relationship to them. Xankind bas reached a peint in his technological
development where he is quite able, by design or accident, to destroy
civilization as we kmow it. His development in the area of the sccial
sciences and his appreciation of some of the work that has taken place
in this field is far behind that of the technical scientific areas.

A unifying approach between the physical sciences and engineering and
the liberal arts areas is a vital necessify today. A bridge musi be
built betwsen these two areas so that understanding can fiow from one
to the other and vice versa, 1t is important, in my opindon, that

the engineer and the physical scientist have a real appreciation and
understanding of ‘the effects that their work has on society and
civilization, It is likewise important that the social scilentist
appreciate the fact that many of the social and economic problems

that exist foday are due directly to the results of scientific and
technologlcal change, And if the social scientists are really geing
to help solve these problems in the real semse of the word, then

they will have to be familiar with the approach that physical
scientists and engineers take to solving thelr problems, Therefore,
gndergraduaie interdisciplinary instruction encompasses a vast area
and one wonders, with all this vastness, whether a complete and
adeqnate job of teaching in this context can be done in the time
limitaticn of a four-year program. These are problems which are being
studied and worked on. And these are problems which, if we are te
succeed as engineering educators, as a nation, as a world civilization,

must be selved intelligently and, we hope, therefore without violence,



through any point. This established, in effect, a concept of higher
geomietry which led to hyper-space geometry dealing with concepts of

four dimensional and n-dimensional spaces,

In reviewing the histery of space graphics or space geometry in
the practical or technologiczl fields, it is ebvious that the influence
that this field has had upon scientific and tschnological progress is
immense, Without the cuncep{s that have been developed in this area,
without the language which this area has provided the engineer and in
many cases the scientist, it is difficuit to see how science and
technology could have progressed to the point where they are today.
Therefore, io reason objectively, it would seem to me that the subject
of engineering graphics, as we call it today, would offer the possibil-
ity of beimg the vehicle I am searching for, since obviously this
discipline seems te cross all disciplines in the field of science and
technology and furthermore, it involves the scientific and

engineering approach.

On the basis of these gualifications, let us say that I, an
engineering educafor, have found the vehicle I have been looking
for, It now becomes my task to use this vehicle in the development
of a program or course involving interdisciplinary concepis. The

conlent of a course such as this could dnclude the following topics:

a) The concepts of measurement, including linear,
angular, nuimerical, electrical, measurement of
velocity, acceleration, stc.

b) Data collection and the recording of significant
data.

¢) The concepts of significant figures in computations,

d) ‘Plotting and interpreting data.

e) Numerical analysis and computation - graphical,
mathematical and machine.

£) Differentiation and integration - physical
interpretation.

g) Introducticn to principies of solid state mechanics
involving coanditions of siatic eguilibrium and
conditions of moetion,

h) Physical properties of materials - analysis of
siress sirain diagrams, shear and bending moment
diagrams etc,

i} Intredoction to a few abstract concepts of the

fourth dimension and n-dimensional spaces.

i) Special design projects - application of various
engineering and physical principles to specific
problems in the various fields of engineering,
with pariicular emphasis on the engineering
approach involving the use of mathematics, physics,

and engineering graphics on an Integrated basis.

¥} Introduction tc computer operations, amalysis and

programing using graphics as a feasibility tool.

I believe that this course could accomplish the following
objectives which are directly in line with the interdisciplinary

approach we desire:

1, Orient the thinking of the student towards
engineering, introduce the creative aspects
of engineering sclence, and help motivate the
student to concentrate on his study of engi-
neering.

2, Introduce the student, early in his educational
career to the various branches of engineering,
but more specifically to the field of engineerirg
in a global or unified sense,

3. The conrse wounld help the stadent to appreciate,
early ip his studies, that such courses as
mathemalics, physics, and engineering graphies
forn a related, integrated, unified hody of
knowledge. The integration of these disciplines
could be accomplished through project-type design
problems, helping to develop both the engi-
neering science approach and the student's
engineering kmowhow,

4, Prepare the student in a positive manner for
the successful continuance of his engineering
studies, by giving him a firm introduction to
these studies and an insight into the nature

of engineering.

Obvieusly a course of this type would have to be supported by
the varicus faculfies of an engineering schoel; this would mean
that the freshman would be exposed to the various departments
directly and thus have the effect of making him feel he is working

in an ares which is unified and not splintered,

I realize that a program such as this, of necessity, cannot be
deveioped without considerable time and effort on the part of key
engineering faculty, But I am-firmly convinced that it is not
impossible, I am also firmly convinced that it is vitally needed

now on a broad scale.

In order for the program to be adopted, people in the field that
¥we call engineering must begin to see it from a unifying viewpoint.
There is already 4 trend in this dirsection in this country. For
éxample, a few educational institutiens have reorganized their engi-
neering schools along lines which deviate from the traditiomal lines
of Founder Societies. This may perhaps be one answer to the inter-
disciplinary problem now facing us. Whatever solution we decide upon
as a group - we must be careful that we end up teaching engineering

and not something else,
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UNDERGRADUATE INTERDISCIPLINARY INSTRUCTIOY IN ENGINEERING

IT BE TRULY INTERDISCIPLINARY?

HOW CAN

Professor Steve M. Slaby
Chairman, Department of Graphics and Engineering Drawing
School of Engineering and Applied Science
Pripceton University

Webster defines "discipline™ as a branch of Ynowledge involving
research. He also defines "inter® as a prefix meaning among, between
together, Therefors when we speak of undergraduate interdiscipiinary
instruction we mean an instruction which Involves a unilying process
of the various subjects, courses, disciplines, ete,, that an under-
graduate student studies. TIf we review a fypical undergraduate progran
of study In engineering, we find that as a freshman the student's
education begins basically on non-unified interdisciplinary lines. He
takes a course in mathematics, a course in physics, a course in chemistry,
and nermally a coeurse in engineering graphics. Nowhere in the freshman
year, in peneral, is any attemp! made in a formal manner, to unify the
various concepts 1o which the freshman student is exposed, In his
physics course z siudent will use some conecepts .:anolving graphics and
geometry and some methods of mathematics. However we must realize that
the dnstructional unification of concepis which takes place in physics
courses at the freshman level, does not emphasize the engineering

approach.

Perhaps 1t can be argued that it is too early at the freshman lavel
to attempt a formal unification or interdisciplinary approach to the
education of the engineer studeant. It may also be argued that the

freshman engineering student does not have encugh background nor

enough understanding of the fundamentals presented in each discipline
in order that a real interdisciplinary approach can he ins't}i'tu'ted in
some program or some course. These I feel, are not sirong arguments
against attempting to present, at the freshman level, a course of
study which will have the beginnings of a basic interdiseiplinary
approach to the presentation of engineering fundamentals., One danger
which must be guarded against: when an attempt is made to create a
program with the purpose of unifying the disciplines, the result conld
he 2 program which is more survey than fundamental in nature. There-
fore rather than altempting tc push the student inte different areas
of engineering at the ontset, what could be done is to seleect those
basic concepts whicﬁ tend to overlap and are common to the various
fields of engineering and to weld them together into a preogram which
will not merely offer a survey of the various engineering fields but
will give the student, even with his iimited background, a basic

insight to the engineering fundamentals and to the engineering approach,

There are many different ways of developing a program of this
type. There are many probilems invelved in any approach which would
be undertaken such as time limitalion, background limitation, facility
limitation, ete. Taking all of these into account, one would probably
need to use one of the baslc engineering disciplines as a vehicle through

wnich the unification or interdisciplinary approach could be developed.

Generally, the first enginecring course taken by freshmen engineers
is engineering graphics. (Although there are other paths leading toward
a onified approach at an early stage In an engineer's education, being
an engineering pgraphics man and a gradwate mechanical engineer, it is
natural and understandable that I would approach this problem {rom
the field I lknow best. Other approaches can be taken and it is for
the engineering educators as a close knit, unified group to inves-

tigate them in order to attempt fo develop a "model™ approach).

A properly oriented engineering graphics course for students who
have been formally exposed to a few of the elementary concepts of
space and geomelry, who have learned how to letter, who have learnesd
how to make a straight 1ine with a straight edge, and who have a
reasonable {acility of drawing technique (if we conld have such
studenis prepared in these categories before they emter the university
or coliege), then the possibility of a successful interdisciplinary
approach would exist in the type of cngineering graphics course which
I shall ontline belew and which, incidently exists to various degrees
in a number of engineering graphics departments throughout the couniry.
Before I outline such a course, let us assume that X am not a2 graphics
man, and that I am completely objective, which as an engineer I always
try to be. I would still bave to search for a vehicle as I mentioned
ahove which would, in itself, contain the basic ingredients from a
historical peint of view as well as from an engineering science funda-
mental point of view, which I feel would serve as a nucleus about
which the unified approach could be developed. If one studies the
history of the general area of space geometry, starting with Fuclidian
concepts of geometry and progressing to comcepis of modern geome try,
the impact of this field on mathematics, physies, and engineering is
readily apparent, Refer to one aspsct of this historical process;
where the Russian mathematician Leobachevsky mzde a siudy of the resulis
of changing the 5th postulate of Euclid's theorem. This postulate
states that through any point in a plane one and only ome line can
be drawn parallet to a given line. Lobachevsky assumed a postulate
contradicting this 5th pestulate of Buclid, with the purpose of
trying to prove that the 5th postulate was true by the Preductio ad
absurdum” method. By this method Lobachevsky assumed that the
Fuclidian postulate was false and with this assumption he attempied
to find coniradictions in other Bucldidian posilulates and theorems.
He discovered, with this approach, that he was unhable to prove any
contradiction te¢ fhese postulates, In addition, he and other math-
ematicians later demonstrated that no contradictions were to be
expected in thie system. What they had done was to discover z new

geometry in which many lines may be drawn parallel to a given line



change significantly for either group, The test was given again after a
period of eight weeks and the average score for the experimental group
was 65.00, and for the control group was 54.24. The "T" score was applied
to determine if there was any significance between these two groups. The
"T" score for the groups was 2.34, which is at the 025 level of signifi-
cance, and which is highly significant.

After running the experiment for two semesters twe interesting facts
were discovered. The first and most valuable fact was that students can
be taught visua}iza;ion.egsier and faster by introducing them to pie-

torials first and strongly embhasizing pictorials in the multiview area.

Also it was discovered that the time allotted each particular area {e.g.,
missing line, missing view, 'etc.) could be cut down due fo the increased
abllity to visualize, which means that more time can now be spent on areas
such as graphical analysis, vectors, ete. The second fact, which is be-
lieved due to better understanding of the subject and more pride in their
work, is that linework and lettering was much betier in the exwperimental
group. In short, the studenits spend less time developing the ability to

see (visualize) the object and more time on linework, lettering, and accu-

racy.

TABLE T
Degrees
of
Humber Freedom Mean Sum of Squares
Experimental Group 33 32 X, = 65.90 153,425
Control Group 33 32 Ez = 54,24 107,150
Sum = 64 | - % = 11,66 £x, = 260,575
82 = Zx%/2¢a-1)
S. - _ = ~as%n =
5%
t= X, -X 8. - _
1 2 T Xy
s? = 260, 575/75 = 407148
S - = +204071.48/33 = 4,07
I %

£ = 11.66/4,97 = 2,34

.025 or 2.5% Level of significance
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PRODUCT DESIGN
AND DECISION THEORY

by MARTIN K. STARR, Columbia University

Presents the nature of decision theory and how it can
be utilized to improve product design décisions. Various
kinds of design situations are discussed, extensive detail
have been foregone. Mathematical and logical methods
are employed, but the reader need have only a surface
acquaintance with these subjects. However, an ample
supply of references has been included to direct the more
advanced reader to further study.
April 1963 120 pp. Paperbound: $2.95

Clothbound: $4.95

CONCEPTS IN
MANAGEMENT SCIENCE

by DONALD J. CLOUGH, University of Toronto
This new volume coordinates various significant concepts
in management science, emphasizing the interdisciplinary
nature of the subject. Utilizing both economic and
mathematical concepts, it furnishes a logical presentation
and aims chieﬂy at the improvement of organization and
executive decision making.

May 1963 approx. 400 pp. Text Price: $9.00

RELIABILITY AND
PRODUCT ASSURANCE

by RICHARD R. LANDERS,

Thompson Rame—-Wooldridge, Inc.

Based on practical experience in military, commercial,
industrial, and consumer programs in both mechanical
and electrical fields, this book provides for the first time
an over-all-picture of the principles and practices in the
assurative fields of reliability engineering, quality con-
trol, standards enginering, maintainability, value analysis
and logistics engineering. The manual prescribes the
sequence, resource allocation, and organizational position
of each functional activity assoclated with assurance
work areas.

June 1963 Text Price: $11.25

approx. 512 pp.

INTRODUCTION
T0 DESIEN

by MORRIS ASIMOW,

University of California at Los Angeles

Develops an inclusive discipline of design. Categories of
problems typical of the design process are identified and
related to analytical techniques which can resolve them.
Cites problems in making design decisions, allocating

_available resources, estimating risks of design failure,

optimizing deterministic processes, optimizing stochastic
processes, and predicting the behavior of tentatively
formulated systems,

1962 125 pp Text Price: $2.95

TRANSISTORS: A Self-Instructional

Programed Manual

by the FEDERAL ELECTRIC CORPORATION

A self-contained book covering semi-conductor physics
and transistor application and circuits generally used in
electronics, with a special chapter dealing with computer
circuits using transistors and diodes. The student is
first introduced to the basic physics principles behind
transistors. He then proceeds into transistor theory and
circuitry. This book was prepared by trained program-

-mmers and thoroughly tested by over 300 technicians and

engineers,

May 1963 Text Price: $9.00

approx. 448 pp.

PULSE
FUNDAMENTALS

by JOHN M. DOYLE,
Consultant, Engineering Publications

A comprehensive treatment of pulse techniques used in
all the newer fields of clectronics, for the practicing
technician, the technical institute, and the practicing
engineer. Uses algebra where necessary to convey mean-
ingful information, such as in the development of tran-
sistor 1, z, and h parameters and in the explanation of
feedback amplifiers. No calculus is used. Approach is
not rigorous and largely qualitative in nature.

June 1963 approx. 480 pp. Text Price: $12.00

for approval copies, write: Box 903
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3 approaches to engineering drawing

creative design

INTRODUCTION TO ENGINEERING
DESIGN _

E. G. PARE, L. L. FRANCIS and J. T. KIMBRELL,
Washington State University

The first engineering graphics text to effect-
ively integrate the language of graphics with
important aspects of design, production, and
communication. Deals realistically with both
creative and financial considerations.

CONTENTS:
Engineering Design: Graphic Representation

mechanical drawing

BASIC PROBLEMS IN ENGINEERING
DRAWING, VOLUME | :

J. DYGDON, R. LOVING and J. HALICK],
lllinois Institute of Technology

Designed for introductory courses in Engin-
eering Drawing and Graphics in technical
insfitutes, junior, and community colleges and
brief college programs, Volume | covers fun-
damentals or orthographic projection,

Keved to leading Engineering Drawing
and Graphics texts, it:

* provides defailed instructions for pre-
paring each sheet. '

standard

DESCRIPTIVE GEOMETRY

CLARENCE E. DOUGLASS and ALBERT L.
HOAG, University of Washington

The methods, principles and applications of
basic descriptive geometry are concisely ex-
plained and thoroughly annotated, with well-
planned illustrations and a wealth of problem
material.

CONTENTS: Orthographic Projection; Llines
and Planes; Point, Line, and Plane Problems;

Revolution; Curved and Warped Surfaces; -

and Computation; Orthographic Projection;
Pictorial Drawing; Auxiliary Views; Sectional
Views; Size Specification; Threads and Fast-
ners; Conventional and Simplified Drafting
Practices; Engineering Materials; Production
Casting; Metal Cutting Theory; Production
Machines; Forming and Fabrication; Finishing
and Inspection; Component Design; Kine-
matics; ‘Design Application; Appendix.

May 1963 500 pp. $7.50 tentative

* includes guide lines on lettering sheets.

* distinguished by the high quality of both
line reproductions and the paper itself.
CONTENTS:

GRQUP I: Lettering; 2: Instrumental Drawing;
3: Geometric Constructions; 4: Copy Prob-
lems; 5: Freehand Sketching; 6: Identifjcation
of Surfaces; 7-12: Multiview Projection; 13:
Dimensioning; 14: Working Drawings.

FEBRUARY 19463' 52 plates. 128 pp. $3.75
YOLUME Il — Ready for Fall

Intersection of Surfaces; Locus of a Line; Vec-
tors; Geology; Minging, and Typography
Problems.

1942 205 pp. $5.00

DESCRIPTIVE GEOMETRY PROBLEMS,
by Albert L. Hoag

1962 128 sheets $4.00

SOLUTIONS MANUAL 64 pp. $.75

383 MADISON AVENUE, NEW YORK 17, N. Y.




LETTERS TO THE EDITOR

State University Of New York
College of Ceramics At
Alfred University

Alfred, N.Y.

Dear Mary:

In my discussions with other professors
at the recent mid-winter meeting, I found that
there are quite a few of us with the same prob-
lems.  That is; meeting our classes in sectlons

only.

This has some drawbacks when we wish to
give a gquiz on some phase of the work. It has
been difficult to design separate tests for
each section and still have them uniform., I
have had considerable success with the following
type of exam and wish to pass the ides along.

In descriptive geometry problems the attach-
ed gheet of three views of elght different points
has been very valugble as a multiple test. 3By
assigning different sets of points to each sect-
ion I bave been sble to give quizzes that are
equal in difficulty and yet different. The
attached sheet has been used to solve problems
in the areas for all sections, no two alike.

True length of lines, end view of lines,
edge view of plane, normal view of plane,
perpendicular distance from a point to a line,
Iintersecting lines, perallel lines, tetrahedron
studies; and there are still more possibilities.

Note that by connecting the points there
are four lines that show their true length in
one of the views, this is useful in many prob-—
lems. It has the tendency to make the student
think a little more about the problem.

I hope this ides may be of some help to
others in the same predicament with lab sections.

Sincerely yours,

W. A, Earl
Instructor
Engineering Qraphics
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Princeton University
School Of Engineering
And Applied Science
Princeton, New Jersey
Janugry 29, 1963

Dear Mary:

Thank you for your letter of December 18th and
the paper by C. Ernesto §. Lindgren entitled
"Descriptive Geometry of Four Dimensions".

You asked s number of guestions in your letter
and T will not enswer them in order but I'1l
attempt to answer all of them in a random
fashion,

Why is descriptive geometry of Four Dimensions
interesting to the audience of the Journal?
Briefly - it is interesting to the audience

of the Journal because 1t takes the sudience
out of the realm of the Familiar and forces
them to consider something that is unfamiliar

MAY, 1963




but related to their field. For example I have
in my pogession a masters' thegis by a student
from the Polytechnic Instit.of Brooklyn.I would
1ike to quote from the sbstract of this thesls
so that you can see the significance of the
concept of four dimensional geometry as it
relates to & specific area. '"In particular,
this thesis categorizes and defines fundsmen-
tal relationships of geometric "cubes".
It applies a four-dimensional cube for the first
time, and moreover depicts a functional five-
dimensional cube which it employs to derive
consistent sets of error detection and correct-
ion codes. Variations in the geometric repre-
sentatlion, including several new forms, and

a direction for still higher ordered represen-
tations, is indicated."” "This thesls signi-
ficantly advances the scope of problems, and
the number of variables, which can be accom-
modated by applying a geometric cube or hyper-
cube, This is significant, for no other form
of anelysis provides as effective insight to

the overall problem, and the interrelationships
between the various components, The geometric
"cube", although most limited in the number of
variables which 1t can accommodate is most ver-
satile, within its scope, in iis application

to new types of problems."

* e

As you can see this is a very real application
of what we consider am abstract concept. Your
gquestioh relative to the importance of +the sub-
Ject of four dimensional geometry I think has
been answered by the above guotations. I am
almost tempted to say that we should publish
the entire paper in the next Journal. I kuow
that many of our colleagues will not be able

%o understand all of it, including myself.

But with study and genuine interest in learning
it seems to me that we all can benefit by an
exposure to something which is slightly above
us.

The paper as written seems to approach the sub-
ject in a basic fashion and develops the ideas
of four dimensional descriptive geometry in a
systematic manner. Therefore I say g0 ghead
and publish the entire article in the next
Journal and if it turns out that this is the
only article that can be in the Journal so
what ~ lets be bold!

Recently I received a paper from'mw friend

Professor Arvesen in Norwsy which he has pre-
sented to the Royal Korwegian Society of

THE JOURNAL OF ENGINEERING GRAPHICS

7 papers?

Science this past year. This paper deals
with the sxonometric representation of fig-
ures in n-dimensions. It is written in
Trench and we shall have it translated and
when we do I shall send it to you for con-
sideration for publication in the Journal.

Sincerely,

Steve M. Slaby, Chairman
Department of Graphics

. . and Engineering Drawing.
Editor's note:
The paper "Descriptive Geometry of Four
Dimensions” has beeh recommended for
publication in the Journal by Prof. Doug
Adams of MIT snd Prof. Steve 8laby of
Princeton. ’

It is too long for publication in the pre-
sent Journal. What action do readers
recommend so that we can publish such

MEMORIAL
Alfred John Philiby
October 27, 1906 - April 21, 1963

Alffed John Philby, Associate Professor of
Engineering Drawing at The Ohic State University,
died in Mt. Carmel Hospital on April 21, 1963.

Professor Philby was an excellent draftsman
and made contributions to several editions of
"Engineering Drawing” by Thomas E, French. He
was co-author of "'Lessons in Lettering,” Books
I and I1, with Thomas E, French and William D.
Turnbull.

He was truly a devoted teacher, and his ex-
cellent classroom procedures and chalkboard
demonstrations were not exceeded by anyone at
this University. He will be severely missed by
his meny friends throughout the engineering
drawing field in the United States where he had
established a reputation through his participa-
tion in meetings of the Engineering Graphics
Division of the American Society for Engineering
Education, Three days before his death he was
notified of his election to the Executive Com-
mittee of this Division and was looking forward
to accepting this assignwent in Philadelphia on
June 18,

It is with sorrow, mixed with admiration for

his accomplishments and gratitude for his friend-
ship, that we record his passing.
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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
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Introduced less than 12 months ago, the Deci-Lon Slide Rule is already the
standard of slide-rule performance with the nation’s engineers. There are
four good reasons why: greater ca pacity, greater consistency, greater logic,
- greater speed. And that's greater everything of importance to slide-rule
function.

With its unique grouping of 26 scales, including new scales based on natural
logarithms, Deci-Lon has opened up a whole new world of slide-rule capa-
bility. With its consistent and extended use of colors, functional scale
symbois, and additional calibrations, Deci-Lon provides easier and faster
- slide-rule manipulation than many ever thought possible.

For complete details on the “next logical step'’ in slide-rule evolution, write:
Educational Division, Keuffel & Esser Co., Hoboken, N. J. We'll send you an
eight-page, fact-filled brochure.

EDUCATIONAL DIVISION

KEUFFEL & ESSER CO.
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Now available in 2 sizes.

The Decr-Lon Slide Rule is now of-
fered in a handy 5" pocket size as
well as the standard 10” size. The
standard Deci-Lok, with fine leath-
er sheath and hard-cover instruc-
tion manual, is $25. The new pock-
et size, with leather sheath, leath-
er-covered pocket clip, is $12.50.




