


GRAPHICS IN ENGINEERING DESIGN, 3rd Ed.
Alexander Levens, University of California at Berkeley, & William Chalk,
University of Washington

“Levens and Chalk is a fresh approach to the graphics-design scene and will be welcomed
by many of us who have been searching for this type of book for some time. There is no
question in my mind that the two authors have hit upon the right formula for a most
successful and competitive graphics design text”

Percy H. Hill, Chairman, Dept. of Engineering Design, Tufts University
“Of all competitive texts I still think this is the best.
... Sets the standard for excellence in presentation of orthogonal projection,
intersections and graphical treatment of mathematics, empirical equations, and nomography.
...many topics are treated in more detail than can be utilized in most freshman courses; |
feel this is an advantage and can stimulate some students to do a little exploration beyond
minimum requirements of a course” Duane Ball, Associate Prof., Dept. of Engineering Design

and Economic Evaluation, University of Colorado

Here's a new, highly praised and stimulating text that meets the needs of today’s students
through a planned, technical and goal-directed exploration of graphics. It lets your students
examine potential solutions of complex engineering problems as it unveils the side effects of
modern technology and vast technological problems. This edition covers man’s early efforts
and “design intent” as well as powerful modern-day applications of engineering graphics—
expanding conventional practices, computer graphics, graphical solutions, design
documentation and much more. Also new to this edition: 90% of the material is SI-Metric.

Three workbooks accompany this text: two have been revised and the third is entirely new,
with new problems and an emphasis on the design process.

(101478-8) approx. 864 pp. 1980 $21.00 (tent.)

To request complimentary copies, write to

Art Beck, Dept. 0-7410

Please include course name, enrollment, and title
of present text.

605 Third Avenue Prices subject to change without notice.

JOHN WILEY & SONS, Inc. In Canada: 22 Worcester Road, Rexdale, Ontario
New York, NY. 10016 0-7410




Time-honored texts in engineering graphics that

keep pace with the times!

Engineering Graphics:
Communication, Analysis, and
Creative Design, Fifth Edition

by James S. Rising and Maurice W. Alm-
feldt, formerly fowa State University, and
Paul S. Dedong, fowa State University
1977 /448 pages/Paper/$12.85
‘[SBN 0-8403-1593-7

The fifth edition of Engineering Graphics offers
an integrated introduction to technical drawing
as used by engineers, draftsmen, and techni-
ctans in industry today. Engineering Graphics
covers a broad range of topics in basic drawing
principles, descriptive geometry, and creative
design, with new coverage of visualization and
metrication, and many updated illustrations and
new problems. All in all, it’s the kind of text to
choose for your beginning engineering drawing
course.
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Please send me a copy of

Engineering Graphics by Rising et

al.

Engineering Graphics Problem
Book by Sanders et al.

for adoption consideration

for 30 days’ free exam. (|l understand
that | may return my copy within 30 days
without obligation.)

Engineering Graphics Problem Book
by C. Gordon Sanders, Carl A. Arnbal,
and Joe V. Crawford, fowa State Univer-
sity

1977 /126 pages/Paper/$8.95

ISBN 0-8403-16568-5

Widely adopted for almost 20 years, the revi-
sion of this popular problem book contains the-
oretical and practical application problems on
the fundamentals of graphics and descriptive
geometry. Flexible format and legical progres-
sion of material make the text a valuable prob-
lem book to be used in conjunction with a basic
graphics course for freshman engineering stu-
dents.
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Name

Dept.

School

Address

City State/ZIP

Kendall/Hunt Publishing Company
2460 Kerper Boulevard
Dubuque, 1A 52001

F79-316a
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ENGINEERING DESIGN GRAPHICS JOURNAL
OBJECTIVES:

The objectives of the JOURKAL are:

1, To publish articles of interest to
teachers and practioners of Engin-
eering Graphics, Computer Graphics
and szubjects allied to fundamentals
of englineering,

2, To stimulate the preparation of
articles and papers on topics of in-
terest to its membership.
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4. To encourage research, develop-
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sharply drawn, all notations are leg-
ible, reproduction black is used throu-
ghout, and that everything is clean
and unfolded. Do not submit illustra-
tions larger thanm 198 x 280 mm. If
necessary, make 198 x 280 or smaller
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Make sure your name and address is on
the reverse side.

6. Please make all changes in your
manugcript prior to submitting it.
Check carefully spelling, structure,
and clarity to aveid ambiguity and
maximize continuity of thought, Prool-
reading will be done by the editcrial
staff. Galley proofs cannot be sub-
mitted to authors for review.

7. Enclose all material unfolded in large

#ize envelope. Use heavy cardboard to
prevent bending.

8. All articies shall be written using
Metric-ST units. Common measurements
are permissible only at the discretion
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9. Send all material, in one mailing to:

Mary A. Jusper, Editor
P.0, Drawer HT

Miss. State University
Miss. State, M2 39762

REVIEW OF ARTICLES

All articles suvbmitted will be re- .
viewed by several authorities in the
field associated with the content of
each paper before acceptance, Cur-
rent newsworthy items will not be
reviewed in this manner, but will be
accepted at the discretion of the
editors.

DEAPLINES FOR AUTHORS ANWD ADVERTISLRS

The following deadlines for the sub-
mission of articles, announcements,

or advertising for the three issues

of the JOURNAL:

Fall--September 15

Winter—--December 1

Spring--February 15
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EDITOR'S PAGE

After having pasted up 84+ pages for
this, the first issue of the Journal under
a new editor - me - I seem to have put off
the worst job until last - writing the edi-
torial.

What can I say? Paul Dedong left me
with enough papers for three issues - more
come in every week. You don't know how
much I appreciate the former editor's help
over the rough spots. (Everything was a
rough spot!) The quality of these papers
is apparent at first glance. Again, the
internaticonal memhers have contributed some
highly sophisticated articles to these
pages - not to mention the second in the
geometry series by Land.

Gene Pare' and Jerry Henderson gladden
the teacher's heart with their articles -
one written with a student, and the other
written about student work. (Where do they
find these high-caliber students?!) In
addition, Dr. Nee™s article on the PSI
approach to Engineering Graphics should pro-
vide ample motivation for those of us who
have been considering using this method in
our own classes.

The "Puzzle Corner'" has expanded again!
Pat Kelso is doing a terrific job with this
-— one of my favorite Journal features.
From now on, "Puzzle Corner' fans can find
prohlems and solutions right at the back
of the Journal.

Last, but not least -- "done in", but
not "pushed under" by the USPS -- the win-
ners of the 1972 Creative Engineering Design
Display are very much missing. I did not
make notes on the winners, and Ed Knoblock's
package did not arrive in time to include
the listing and accompanying photographs
of the winning designs in this issue of the
Journal. However, look for a newldetter at
Christmas, with a report on the CEDD.

Even though we do not have the CEDD
winners, there are three great articles on
freshman design. Jenison and Russell have
a complete outline on how to run a creative
design project successfully. (Give this
as a Christmas present to those in your
department who gripe about the "open-end
method" of teaching designh.) Jensen of
Marquette University (winners in the 1979
CEDD - Freshman Division) bas written an
article on another means of keeping the
freshman students from going "off the
deep end' with their projects. Leuba, on
the other hand, shows us some of the pit-
falls encountered when a freshman design
course is not as successful as some think
it might be,
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DeParTABNT MesTive

The illustration on this page is a
"doodle" from one of my colleagues, drawn
during a recent department sitaff meeting.
"Reading between the lines™ will tell you
that my department (like so many others)
is undergoing some sort of change. The
Journal traditionally has been a "sound-
ing board"” for all sorts of changes.

This should not stop now. Please keep
your articles, letters and thoughts coming
in, (including doodles, if you can talk
yvour colleagues into lending them to a
good cause.)

"The Staffi Meeting Doodle Corner'.
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We'll even have a new feature



CHAIRMAN'S MESSAGE

As the Engineering Design Graphics
Division of the American Scciety for
Engineering Education starts the second
half of its first century of existence
it can look back with pride at many
things. First, the accomplishments and
performances of its individual members,
many of whom have reached the top of
their profession. Second, the perfor-
mances and achievements of the Division
as a body is second tc none. Through
the untiring efforts, devotion, and
performances of many members of our organ-—
ization an excellent Journal is published
three times a year, an outstanding Crea-
tive Engineering Design Display is held
at each annual conference, and an Inter-
national Conference on Descriptive
Gecmetry, unequaled in its field, was
held as part of the Division's 5Gth
birthday celebration. These accomplish-
ments along with the interesting work-
shops, conferences, and meetings it
sponsors have contributed to its being
an outstanding division of the A.S.E.E.

Much has been written concerning the
above. However, we as educators should
not look to the past and rest on the
laurels of others but gaze into the future
and continue to develop and build our
organization so that it will always be
referred to as "The Division.™"

Never before has the engineering
profession had such a challenging future.
It is in a period of substantial growth
and opportunity and allows thousands of
engineers to influence the private and
business lives of people in our communi-
ties. If we truly believe that graphics
professors, both individually and collec-
tively, influence future engineers by
their teaching and actions we can con-
tinue to build a strong and vital
organizatiocn.

As you can see by the organization
chart which is printed elsewhere in this
magazine the Division Chairman benefits
from the advice and assistance of cofficers,
directors, and committee members who are
hard-working, dedicated, progressive, and
understanding. They, as well as all pre-
vious persons in positions of leadership,
deserve the thanks of our members for
their outstanding work and their assis-
tance in helping to develop our organi-
zation.

The Executive Committee has supported
the new chairman in two proposals he has
made. The first is to present a certifi-
cate of appreciation from the Division to
all those who speak or give papers on our
programs at the mid-year and annual meet-
ings. Many thanks to Claude Westfall who .
designed the certificate. He did an out-
standing job. The second proposal is to
set up a "committee of authority" or re-
ferral board to provide expertise in
answering difficult guestions in engi-
neering graphics. The names of those
on this committee will be published in
the near future.

Speaking of the near future - it
won't be long until we get together at
Cogswell College in San Francisco for
the mid-year meeting. Ron Pare', our
host, will have the red carpet out for
all members and, at Baton Rouge, told
the group of the many fine things in
store for us. Pete Miller, the pro-
gram chairman has an excellent panel
of speakers lined up - 8o - between
the two they have planned a wonderful
meeting. See you there,

Past Chairman, Clyde Kearns and
Garland Hilliard, Journal Circulation
Manager and Treasurer are now putting
on a campaign to remind cur "lost™
members that, in 1978, Division mem-
bers approved by wvote the fact that
E.D.G.D. dues would be increased
$1.50 to purchase a one-year subscrip-
tion to the Journal. Thrcough an over-
sight many members did not include the
extra dues when they paid their ASEE
membership. For this reason they were
dropped from the Division roster by
ASEE. 1If you are one of our "lost”
members and receive a letter, please
be sure to pay your division dues. We
want you as a member of our group.

Make your plans now to attend the
mid-year meeting at San Francisco in
November.

Again, many thanks and congratu-

lations to all our officers, directors,
and committee members.

o,
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ANNOUNCING—-
LONG OVERDUE RECOGNITION

For Papers Presented at eog MEETINGS

The Biwigion
nf

Engineering Design Graphics

Awteriran Snriety For Engiveeriug Eduration

presents this certzfz'cate fo

In appreciation for participating in the conference program
of the division by promoting and providing stimulating ideas for
proﬁﬁiomzl dialogue among the membership.

DATE CHAIRMAN

Lee Billow has suggesbed that all conference executive camittee al the 1979 Annual Meeting in
participants who present papers at EDGD sponsored Baton Rouge and Louisiana State University. The
meetings (i.e., the "Mid-Winter" meeting, I.C.D.G., facsimile certificate plctured below, designed by
etc. ) or at EDGD sponsored or co—sponsored ses— Clande Westfall, University of Maine, is & part of
sions at the A.5.E.E. annual meetings be recog— this recognition. We believe this will encourage
nized as contributing their time and effort to more of our membership to actively partlcipate in
further the division’'s aims and goals. This sug- the meetings of our division. Thanks and "hats-
gestion was unanimously sccepted by the EDGD off" to Lee and Claude for this effort!-—Ed.
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The Division of Engineering Design Graphics
American Society for Engineering Education

has bestowed upon
Williom B. Rogers

its highest honor
THE DISTINGUISHED SERVICE AWARD

for his invaluable contributions to the Division
and to Engineering Education, and as an expression
of the high esteem of his professional colleagues.

Teacher, scholar, soldier, leader; William B. Rogers has served
the engineering profession, its students, and his country for over
thirty-five years. His achievements as an engineering educator
include being an author, lecturer, counselor, and a teacher liked
and respected by his students as well as his peers. Without
dramatics, but always with humor to relieve a tense situation, Bill
has significantly influenced the fundamental subjects inengineering
education.

Bill joined the Society and this Division in 1947. After
serving with distinction on many committees and in both appointive
and elective offices, he was elected Vice-Chairman for 1971-72, and
Chairman for 1972-73. As a Past-Chairman, Bill has continued to
ably serve the Division by serving on designated committees and 1in
dispensing his sage advice to succeeding administrators. He has
always represented the ideals to which the members of this Division
aspire.

In recognition and appreciation of his Tong service and hard
work on our behalf, and as a symbol of our friendship and high
esteem, we, his colleagues, present to William B. Rogers our
Distinguished Service Award for 1979.

Presented this 26th day of June, 1979

at the Annual Conference, Louisiana State University

C:2§19’{L€4;2F\/é;7, T;Z;;gifzzift~,

(\ChaTrman Secretary<Treasurer




DISTINGUISHED SERVICE AWARD

William B. Rogers

BOB HAMMOND'S INTRODUCTION

June 26, 1979

Bob J. Hammond
N. C. State University
Raleigh, N. C.

I think this sequence of events 1sg a first
for this division. In 1975, my dearest friend
gtood in the position that I am now in - and
presented me with that year’'s Distinguished
Service Award. Tonight it is a distinet honor
and pleasure to reverse those roles and present
the 1979 Award to William Bradley Rogers.

I have known Bill for 28 years, starting
in 1951 when we reported for duty at the
United States Military Academy. I canmot
say that I have loved Bill all thoge years.
Feor one thing, he started out by bragging
that he was the Woerld's Greatest Draftsman,
That was absurd, because T knew T was. DBut
ag I watched him work, I had to concede the
point. No - Bill has to grow on you.

Another thing - Bill is stubborn. Those
early days were when automatiec dishwashers
were first on the market. Bill claimed they
were the work of the Devil. He had been
given an excellent dishwasher, his wife.

One by one, all of us bought dishwashers.
But not Bill! He waen't going to waste his
money! But then his wife, Martha, broke her
leg. Can you guess who was the very next
person to buy & dighwasher? That's right -
Bill. 3But this proves that he is flexible
and can make an excellent estimate of the
gituation. 4nd also that he was fortunate
to have found Martha--who is likely to be
the only one who would have put up with him
all these years.

One other incident merely proves the
same qualities. TV sets were becoming popular
at this time. Bill claimed that they were
a waste of time; that a man should spend his
spare time reading and talking. So his home
was conspicuous in not having a TV antenna
sticking up from the rocf. But, his son
became ill and had to reduce hie physical
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activity. So a TV wag duly installed in the
Rogers' home. Guess who soon became the most
knowledgeable about what was last night's
midnight movie and knew what was on the next
night?- Again you're right - 1t was good

old Bill. So¢ - Bill is flexible and adaptable.

Well, Bill, I am not going tc divulge
any more ghosts from the past - we have toc
many and it would take all night. The time
has come to talk seriously about you.

William B. Rogerg recelved his B.S.
degree in Mechanical Engineering from the
University of Tennessee in 1947. Showing
his wisdem, he had participated in ROTC and
received his commission as a 2nd LT in the
Corps of Engineers and went on active duty,
serving in Europe. At the end of the war
he left the service and became an instructor
of Engineering Graphics at the University of
Florida, working with another man whom most
of you know, Jack Jacunskl. While a2t Florida
he earned a M.3. in 1951, the same year that
he was recalled to active duty at West Point.

He has certainly proven his success as a
teacher. Because of the rotation of ingtrue-
tors at Wesgt Point, there are few of you here
that have started off more people on a teach-
ing career. He knew when to compliment and
when to berate. That he did 1t successfully
is ghown by the esteem in which all of his
ingtructors held, and still hold, Col., Rogers.

While at this assignment, Bill co-authored
what I think of as still the best Engineering
Graphics text available. But, alasg, 1t was
too far in advance of the times and never made
number one. But it was a significant contri-
bution to the literature.

Bill has labored long and valiantly for
this Division. 1In addition to many appointed
tasks, he was elected Circulation Manager-
Treasurer in 1962, Secretary in 1966, Vice-
Chairman in 1971, and naturally, Chairman in
19%72. An since he retired ag Chairman he has
continued every year tc serve this Division.

So, Bill, it is a wonderful feeling to
make thig presentation to you.

WILLIAM B. ROGERS ' ACCEPTANCE

June 26, 1979
William B. Rogers
v. P, I, & 8. U.
Blacksburgh, VA

The words of one wrapped, even momentarily,
in the mantie of veneration are respected by
some asg divine reflectiong of the wisdom of
age and experience . and dismissed by
others as the sentimental ramblings of seni-
lity. TFeel free to clasgify these remarks
either way you chcose .

The presentaticn of the Division's
Distinguished Service Award has always been
a happy moment for me. It has been my privi-
lege to present this award on two cccasions

. » and I have been personally acguainted
with mest of the recipients over the past
Thirty years. To be included in this company
ig both exhilarating and humbling.

It is gquite comfortable to bask in the
glow of gelf-satisfaction kindled by the praise
and respect of professional colleagues. At
the same time, the acufe awareness of failures
and shortcomings, known or remembered only by
myself, chillsg the marrow . reducing
ego to embarrassment pride to humility.
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0f coursgse I am proud of this award. I anm
proud to have been a member of this Society and
this Divigion for the past thirty-two years.
I am proud to have contributed some small
effort to the work done by our predecessors
and our contemporaries in engineering drawing,
graphics, and design, I am indebted to the
American Scciety for Engineering Education
and specifically to the Engineering Pesign
Graphics Division for the association I have
enjoyed with the truly great people of our
profession.

A few of you may know . . . . but most of
you are probably unaware that, like our dig-
tinguished colleague, CGordon Sanders, I, too,
am a closet poet. I would not presume to
carry the comparison any further, but when
other words fail me, 1 fall back on rhyming
lines. With your indulgence, I will Favor you
with the Tirst . and last . . . . public
recitation of a few short stanzas composed
especially for this occasion.



1. When told that I had won the prize,
That my friend, Bob, would sulogize

I quickly set about to write
Remarks appropriate for this night;

Remarks both clever and contrite,
But still expressing my delight

A% this unearned acknowledgment
Of my alleged acccomplishment.,
2. BSome of you might rightly wonder;

How could our Committee blunder .

Belecting such a nominee . . . .
From all the others, why choose me?

What have I done, or writ, or said
To merit your great accolade?

I'11 try to lay your doubt to rest,
Explaining why T met the test.
3. TFor over thirty treasgured years

I've gat among my honcored peers,

On committees dull and dreary,
Into many midnights weary,

Through drawing, graphics, and design,
Computers that will scribe a line,

Debating this Divigion's need
With all the bureasucratic breed.
L, My skill at teaching has been praised,

But valid questions might be raised

About how much froem talk or book
0f my instruction really "took”.

Perhaps somewhere, someone, might find
Some poor indifferent student mind,

Retaining rare peripheral facht
Residual from my classroom act.

5. My rame you'll find on textbook covers
Catalogued et 211 . . . . and others;

Feuding with co-authors many;
Sharing every royalty penny,

To all texthook writers eager:
Be zadvisged, rewards are meager;

To claim an author's wealth and fame,
Publigh under a single name.

6. From one whose head is grayed with age,
Expect you stili words deep and sage?

Words of wisdom . . . words of wonder
For the young to hear and ponder?

Or, is this mark of high distinction
A subtle symbol of extinction?

Fuphemistically entreating )
This old goat to cease his bleating?

7. TForglve me, please, my Toolish ;hyme,
A smokXescreen that I crouch behind;

Concealing with a fatuous phrase
The tears I fear will blur my gaze,

But friends, believe-me when I say
No prose, no verse, can quite convey

My deeply felt humility . .
How much this honor means tc me.

8. Thank you, patient congregation,
Party to this celebratiocon,
Witness to this presentation,

With your kind felicitatiocn,
Momentary adulation,

Without further hesitation,
I accept this fine citation;
Ending thus, my recitation.

Grateful for its termination;
Honered by your grand ovation.

R REEN RN

Rogers Recognized in Engineering Education

VA, Tech. Info. Office
v, P. I. & 5. U,
Blacksburg, VA

This tribute to Virginia Tech engineer-
ing professor William B. Rogers appears on a
certificate he received for being named the
recipient of the 1979 Digtinguished Service
Award of the Engineering Design Graphics

BLACKSEURG--"Without dramatics, but always LDivision of the American Society for Engineer-

with humor to relieve a tense situation, Bill ing Education. This award was presented at
Rogers has significantly influenced the funda-  the 2nnual meeting of the society at Louisiana
mental subjects in engineering education.” State University, Baton Rouge.
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Rogers has been in the college teaching
field since 1947, when he began as an instruc-
tor in the department of mechznical engineering
at the University of Florida. He remained
there for four years and spent the fellowing
20 years on active duty with the U.S. Army
Corps of Engineers, teaching basic engineering
gubjects to cadets of the United States
Military Academy, at West Point, N.Y.

The move to Tech came in 1971, His
children warned him it might bs a "traumatic
experlence,” working in a civilan environment
again, "but it didn't turn out that way," :
Rogers smiled. The most obvious difference
wag the presence of women in hig classes,

"but that crept in slowly," he said.

"Women have a definite place in engineer-
ing, and as a group, are probably smarter than
the men who enter the College. This is because
only women with considerable academic ability
are likely to undertake the rigorous engineer~
ing program,” he said.

Rogers, assistant to the director of the
engineering fundamentals pregram, believes
Tech's method cf introducing the entering
freshmen classes to engineering is the "best
way," since we are dealing with around 1200
students each year. The student learns about

We wrote the bogk on st_ap_d_argi_i;ed

: ghiggaimd

And we make all the special drafting tools you need
for this advanced “visualizing” type of drafting.

NN W

1970
e 110 ALLEN DRIVE, TROY, MICHIGAN 48084 B PHONE: [313] 585-4555 B CABLE: GRAPHSTAN
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euch of the 10 engineering fields in which
undergraduate degrees are offered at Tech,
and makes a choice of major just pricr to

entering the sophomore year.

"This method gives the beginning engineer-
ing student a home, a place where a freshman
ig important. In the divigion of engineering
fundamentals, freshmen don't feel like sscond
class citizens as they might in a department
concerned primarily with upperclassmen, "
Rogers asserted. "There is a tremendous
effort here to make the student feel like a
worthwhile individuzl; this is part of the
philosophy in the engineering college.”

As the student progresses through
the four-year academic program, Rogers Teels
the amount of material to be absorbed is
"really too much." He would like to see the
student concentrate more on the fundamentals
such as English, mathematics, graphics,
chemistry and physics. Asg it is now, "they
are only able to gkim these foundation
subjects, " Rogers said.

On a comparative basis, Rogers saild he
is "greatly impressed by the engineering
program at Tech. I tend to be skeptical,
but Tech has proven to be everything I
expected it to be.” o
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Many “on the line" teachers have 1deas, suggestions, techniques, problems and
questlions they would like to share with the society, *File to File® provides
the place for exchange of professional information. If vou have an item for

exchange, submit i1t te "Plle to File", EDGD Journal, PO Drawer HT, Miss State,

SAVING DRAFTING TIME THROUGH REPRODUCTION

Mark A, Kappel
Menomonee Falls, WL

Fow many valuable drafting hours are
spent on repetitive drawingst iHow many val-
uable hours are spent on revisions? How ma-
ny valuable hours are spent re-drawing old
or worn drawings? Unless today's repro-
duction techniques are utilized, the answer
could very well be far tco many. There are
a number of time-saving short cuts that will
produce as good 1f not better results than
could be achieved by re-drawing the entire
drawing.

The Tirst andé probably oldest method
is the use of opaque line %translucent (se-
pia) maper. & print of the drawing to be
revised is run in the same fashion as a
standard blueprint and on this print revi-
sions can be made.

Sepia paper comes in two varieties,
erasable and eradicable. The erasable 1s
a 1ittle easier to use. Hevisions can he
made by merely erasing the unwanted sec-
ticn and drawing in the revised section.
The sepia will then act as the new origi-
nal. 3eplasg are alsoc valuable when more
than one original is reguired for making
nrints.

The second method is much the same asg
the sepia method but produces better line
quality. Revisions to the drawing are indi-
cated on a blue print and sent with the
original to the reproduction specialist,

Fe will then block out the sections to be
revised and make an autopositive print of
the original on vellum or mylar film. The
revigion can then be drawn in and the auto-
positive become the new original.

An autonegative (reverse reading) print
can be a valuable tool when restoring draw-
ings. Swmudges, smears and tears can be
opaqued out of the autonegative and an auto--
positive made from that. This eliminates
the need to re-draw the entire drawing.

Sometimes a section of a drawing re-
appears on many drawings. In this case a
"pagte - up" method can save a lot of time,
The procedure is simple and only regquires
a palr of scissors and a bottle of rubber
cement. [lrst, make a black line copy of the
secticn to be transferred (= photoceopy will
do). Then piece together the various sections
and glue them down in position. Draw in any
additional material and white-out undesired
lines. 3Jometimes the edges of the pasted
sections will produce a shadow. This problem
can be eliminated by going around the edges
with ordinary typists correction fluid.

Cnce the "paste - up" has been completed,
it is sent to the reproduction specialist
where an auto-positive is made as described
before.

Wany companies are putting their draw-
ings on microfilm. The most common medium
is the aperture card. Revislions are an ea-
sy task with aperture cards. Simply make
a print from the original card, make your
revision on the print and from it, generate
a new aperture card. Aperture cards also
permit scale changes at a touch of a button.

These are just a few of the methods
that can save valuable drafting time. See
your reproduction specialist for the method
that begt sults vour needs.

* NOTE: In years past, a speclal section of
the Journal was devoted to the "exchange of
professional information”. Some of -this
information is of a general nature, eg. not
relative to any of the division's Technical/
Professional committees, and 'though it
might be standard knowledge to some of us,
those who have recently entered into the
teaching of engineering graphics might be
relieved to find one less question they
need to ask of the "cld grey-beards" in

their office. --Ed.
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LEAVE YOUR HEART IN SAN FRANCISCO

mid—-year meeting
NOVEMBER 14-16, 1979

"HIGHLIGHTS" AS EDITORIALIZED BY RON PARE'

Does anyone need an excuse to come
to San Francisco? For those who have
been to the "city by the bay", it doesn't
take much of a reason to get a chance to
ride a cable car again. And at the wharf
end of the Mason St. cable car line is
the unique Sheraton at the Wharf Hotel.
It has a tree-lined mini-boulevard, over-
head bridges, and wide walkways. Spacious
landscaped courtyeards are bedecked with
flowers. Inside, your senses are assailed
by the funky and the sublime, by the mod-
ern and the Victorian, by the familiar
and the unique. An unusual combination
of natural redwoods and borderboards is
juxtaposed with an industrial look of
sheet metal and rusted steel. With the
contrasting use of burlaps, trellis ceil-
ings, hanging plants and bright graphics,
the entire effect is decorative, exciting
and plush., Take the "Grand Exhibition"
restaurant - a collage of thirty distinect-
ive atmospheres, each enclosed and separate
dining area for from two to eight. As
the mood strikes, you choose from an
array of environments such as "The Wine

Cellar”, "Sultan's Den', "The Tack Room",
"Gay Nineties'", "Safari Room'", or "The
Carriage". All this plus a full-service

luxury hotel with over 500 rooms and
meeting-banquet facilities for 300.

And let's not forpet to venture
outside the hotel, into the heart of San
Francisco's Fisherman's Wharf. Aquatic
Park has its magnificent view of the bay,
city, and Marin County. The Maritime
Museum's numerous old time vessels con-
trast with the marina and the sport and
comnercial fishing fleets. Chirardelli
Square and the Cannery are former food
Processing plants restored to complexes
of restuarants, specialty shops, and art
galleries. The newest whart attraction
is Pier 39, a collection of over 100
international shops and restuarants. The
Division's Executive Committee will meet
Wednesday evening for dinner and meeting
in the "Think Tank". Thursday's and
Friday's conference will be in the
"Gathering Place'. The Bay Area and
California offer the possibility for in-
teresting and unique programs. Imagine
going behind the scenes to learn about
the engineering of a "theme'" amusement
park; a new automated wine-making process
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or other food processing machinery;

a wrist watch sized calculator; or a
state-of-the-art microprocessor graphic
computer terminal. '

Don't leave your spouse at home!
An excellent all-day tour of $an Fran-
cisco will include the Golden Gate,
Chinatown, Cliff House, Japan Cultural
Center, St. Mary's Cathedral, and the
Palace of Fine Arts. The second day
will allow for getting away from the
city on a Bay Cruise, to Alca-traz,
the Muir Redwoods Park, or the Napa
Wine country. And let's not forget the
famous San Francisco night 1ife. The
traditional can choose among the big
names at the Fairmont Venetian Room
to the yet-to-be-discovered at the
Purple Onion. For the more adventurous
there is the unbelievable female im-
presaionists at Finoechio's or the
nightelubs of Northbeach and the Tender-
loin.

The dates of this conference were
selected to allow those who attend from
northern schools with a Thanksgiving
week holiday to make an extended stay
in the west, In addition to extra days
in San Francisco, side trips to Reno,
Nevada or Southern California are
possibilities.

So: set aside November 14 - 16,
1979 for the Engineering Design Graphics
Division Mid-Year Conference in San .
Francisco.




midyear meeting

1979-80 EDGD ANNUAL MID-YEAR CONFERENCE PRELIMINARY PROGRAM

DATES: November 14.16, 1979

SITE: Sheraton ot Figherman's Wharf, San Francisco, California

WEDNESDAY, NOVEMBER 14

2:00-5:00 Regiptration
3:00 Early Bird Walking Tour of Fisherman's Wharf
6:00 Executive Committee Dinner and Meeting

THURSDAY, NOVEMBER 15

8:00-10:30 Registration
8:30-8:35 Welcome
8:35-10:05 Sepsion I
10:05.10:30 Coffee Break
10:30-12:00 Session II
12:15-2:00 Luncheon and Businesa Meeting
2:30-4:00 Session LI
4:15.5:00 Committee Meetings
5:20-6:20 Personality Adjustment Hour
6:20-unn- Dinner with Nite-Club Tour

FRIDAY, NOVEMBER 16

9:30-.11:30 Sespion IV--Oppenheimer Award
1:30--wu- Mr. & Mra. Tours: Bay Cruise, Alcatragz, etc. or
Campue Tours: Cogawell College, U.C. Berkeley,
Stanford, etc,

SATURDAY, NOVEMBER 17

All Day Toure Muir Woods, Napa Valley, etc.
SPOUSES PROGRAM Thursday, Novernber 15 Friday, November 16
City Tour with Lunch and Saugalita Tour

Dinner with Nite-Club Tour

PROGRAM CHAIRMAN: LIAISON CHAIRMAN:
Peter W, Miller Ronald Pare'
Engineering Graphica Cogswell College
Purdue University 600 Stockton Street
Weat Lafayette, IN' 47907 San Franciaco, CA 94108
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midyear meeting

1979-1980 EDGD ANNUAL MID-YEAR CONFERENCE PRELIMINARY PROGRAM

TENTATIVE SPEAKER LIST

Preeentation Title/Subject Speaker Affiliation

"What Are You Teaching In Mary Copeland Wentark Community
Graphice I, and How Are You College

Going About Tt? "

"Conjugzate Axia Block Larry Goes Indiana State

Shading for Technical University--Evanaville
Ilustration™

"Creator-its Use, Software John Dernel Texas A & M University

and Hardware!

u " n Jon M, Duff Chio State Univeresity
"Student Involvernent in Barbara Ramey ASEE National
ASEL & EDGD" Headquarters
"The Flexibility and C.W, Staples Worcester Polytechnic
Effectivenens of Mcdulen Institute
in Teaching Graphicsg"
'Teacﬁing_ Techniques Merwin L., Weed Pennsylvania State
Committee Session {Moderator) University--McKeeaport
"The Use of Modeling William G, Stenzel Sargent & Lundy,
in-Industry" Consultants

TRAVEL INFORMATION

Hotel & Meecting Site--Sheraton at Fisherman's Wharf: Magon, between Beach &
North Point Streets,

Rates: $44 single; $48 double,

Repervations: (§00) 325-3535 or wait for card in next mailing. If calling mention
ASEE/EDGD to get this rate,

Airlines--Eighteen dornestic airlines serve San Francisco International Airport with
ron-stop flights from moet cities. Super-saver fares (up to 50% of regular coach rates)
are available on mooi flights with no reatrictions on time of travel or tength of atay,
Ticlets must be purchased 30 days in advance to qualify for these rates, however,

Full refunde are available if you must cancel, even at the last minute,

Airport to Hotel Transfer--An airport bus to downtown (31, 50) and a cable car (§. 25}
to the hotel. Taxi is $15.00.

Auto Rental--There is National Auto Rental service in the hotel,
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CANDIDATES FOR OFFICE

Lgain the nominating committee has come up with a great
and impossible slate of candidates for the spring's elec-
tions. One only has to read the qualifications of the
candidates %o see that it is a great slate -- impossible
because of the apparent difficulty invelved in making
a choice. But, choose, we must! And, here are . . .

t he candidat e s!

VICE CHAIRMAN
{1980-81)

W. Huntsr Eubanks
Miss. State Univ.

Hunter joined the Engineering Faculty
at Mississippi State University in 1947.
He has been professor and head of the de-
partment of Engineering Graphics since 1960.
He has attended meost of the sectional, mid-
winter, and annual meetings of ASEE since
joining in 1930. He participated in the
first NSF-sponsored Grarphice Conference
held at the University of Detroit in 1959,
and in the Design Summer School held at
Michigan State in 1967, He has served on
geveral Division Committees and as Director
of Zones from 1975-1978.

He 18 past secretary, vice-charman,
and chairman of the Southeastern Section De-
sign Graphics Division. Hunter is a regis-
tered Professional Engineer and a member of
the NSPE. He and his lovely wife, Juanita,
recently hosted the midwinter meeting of
the Division at Miss. State Univ,

Jack C. Brown
University of Alabama

Jack is a Professor of Englneering
Graphics, Englineering Technology Programs
at the University of Alabama. He has over
twenty years teaching experience in the gra-
phies area. He holds the B.3.(CE} from the
University of Alabama, M.S, in Graphics from
I1llinoig Institute of Technology and Ph.D
from Texas A & M University. He has served
the division as program chairman (Annual
conference - 1976), Liason chairman (1977-
present), Host of the 1978 Midwinter mest-
ing and Registrar for the 1978 I1.C.D.G.
Jack is faculty advisor to the WU Chapter
of Theta Tau, and enjoys woodworking, farm-
ing and work. Jack saye that this past-year
hisg cattle herd increased significantly --
both cows had calves!
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DIRECTOR: = PROGRAMS (1980-83)

Byard Houck
North Carolina
State University

Byard weorked seven years as a professional
engineer and has taught in engineerign for
the past fourteen years. He has developed
a number of courses and programs in computer
graphics (CG). He has served two terms as
chairman of the CG Committee of the EDGD.
He is a member of two ANSI committees which
are evolving national standards for CG and
for computer generated drawings. He was
program chalrman for the EDGD annual confe-
rence in 1975, chairman of the CEDD Commit-
tee in 1978-79, and has developed several
programs for mincerities at NC State.

Roland K. Jenison
Iowa State University

"Rollie™ is an Associate Proefessor in
the Department of Freshman Engineering at
Iowa State University. He received a B.S3.
in Aercspace Engineering in 1961 and a
M.S. in Aerospace Engineering in 1965 from
Iowa State University. He has taught 18,
years in the fields of graphics, design,
engineering problems, computer programming
and mechsnical technology. In addition,
he ig the co-author of a new engineering
problems textbook. He has served the divi-
glon as program chairman at the 1979 ASEE
Annual Meeting, and has presented six papers
at regional and national ASEE mestings.

DIRECTOR: LIASON COMMITTEES (1980-83)

William F, Eiwood
University of Alabama

Bill is Assoclate Professor of Engi-
neering Graphice at the University of
Alabama. He received his B.8. in 1959 from
New Mexico State University, M.S. from Brad-
ley University in 1965 and Ph.D from the
University of Alabama. Bill has spent 11
years in the U.S. Navy on active duty; upon
discharge he joined the community college
system in Florida and ccordinated engineer-
ing related programs. He is currently
chalirman of the EDGD Industrizl Relations
committee, past chairman of the EDGD Graphic
Technology committee and has assited in the
"Instructional Moduleg" workshop (I.C.D.G.-
1978). Bill's majer academic intersst is
Engineering Graphics and the application
of educational techniques %o engineering
education.
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Merwin L. Weed
Pennsylvania State
Univesity

Merwin is Asscciate Professor of Engineer-

ing in the Penn State Univergity System. He
recieved his B.S. in engineering from Ceneva
College, B.5.C.E. and M.S.C.E. from the
University of Pittsburgh. Merwin is current-
1y chairman of the Teaching Techniques com-
mittee of the EDGD and has authored numerous
papers for the EDG Journal =nd the ASEE Jour-
nal. Besgides his academic interests of gra-
phics and basic engineering courses, Merwin
is active in church and community activities,
receiving the Jefferson Award - Recognition
of Outstanding Public Service by the Ameri-
can Institute for Public Service - in 1979,
His hobbies include real estate and wood-
working, and he was host-father for a Ger-
man student for the year 1978-79,



OIRCULATION MANAGER ~ TREASURER
Engineering Degign Graphics Journal

John Demel

John received his B.S. in M.E. at
the University of Nebraska at Lincoln, and
his M.S. and Ph.D degrees in NMetallurgy
from Towa State University. He is present-
ly a Associate Professor of Engineering
Design Graphics at Texas A & M. John has
taught in the mechanical engineering tech-
nology program at Savannah State College.
He is the co-author of an Engineering
Graphics text bock and a computer graphics
book. In recent years he hag obtained se-
veral NSF grants to develop computer soft-
ware and integrate mini-computers into the
CG program at TexXas A & M. He hasg given
several papers at EDGD/ASEE meetings and
won the Oppenheimer Award this year at
Misg. State (Midwinter - EDGD - 1979).

(1980 - 83)

Texas A & M University

Francis A. Mcsillo
University of Illinois
at Chicago Circle

Francis is a graduate of Illinois
Institute of Technology. He hag twenty-
one years of teaching experience there in
addition to experience in industry and uni-
versity administration. He has published
papers on design graphics and computer
graphics, as well as a text-workbook cover-
ing engineering drawing, descriptive geoms-
try, design, and computer graphlcs. He has
been a member of the ASEE and EDGD since
1955 and is currently serving as chairman
of the Divisicns's Computer Graphics
committee and its Zone II Committee.
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Gramercy Professional Drafting Machine GPT-3242
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Gramercy’s answer to
“The Modern Drafting Room "
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controlled board. Angle adjustment 0° to 80°, Board
height adjustment 8"
Storage Unit GMG
Gram-o-tec Professienal Drafting Machinae

12" apd 18" Scales
Student Ghair G-811
Complete Package
Price . ............ $1080

Gramercy
Student Chalr
G-611

Saating with durenitiry, comtort
and good Ioaks. AMEly propar-
tioned and cushiened for proper
support and 10 minimize fatigue
Avaiiable in 4 brawn vinyl Back
Bnd exost nylan fabric saat.
$rr.o0

Storage Uil GM-6

1. Individually cylinder lagked slorage for 6 studsnts,

2. Exclusive multl-student drawer,

3. Washable nan-glare walnul plastic tep,

4 Flgor levellers with 1° adjustment.

5. Atlractive sheroaal brown and white ensmal finish

Drawer size; 2-34" & 20 12" x 27-1/2".

Individually locked and mesler keypoed drawers.

Atlractive WAL QAN LOP .- v e T 5205

PLEASE WRITE OR CALL FOR BID INFCRMATION:

GRAMERCY CORFQRATION
6750 East 46th Avenue » Denver, Colorads 80218
CAlLL TOLL FREE: 1-800-525-1343

/
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HO
INDEED!!

Ed.Note: PBorah Kreimer, on leave this last year
in Israel, answers Dean Karl Brenkard (EDG Jowrnal
3 '79, p. 19) and supports Bill Rogers' “Comment
(Ibid, p. 20) with the following article. An
interesting Comment with an intermational flavor!

During the period between March and July
of 1979, I spent my time at the Technion in
Haifa, Israel., Although two other universities
in this country have engineering schcols,
Technion is known asg the Israel Institute of
Technology. There 1s much that can be said
for the various curricula but for our purpose
it is enough to know that there are about 2500
students studying for all degrees in thirteen
different engineering faculties, physics,
mathematicsg, chemigtry and other sciences.

Whenn T had the chance tc read the
ENGINEERING DESIGN GRAPHICS JOURNAL, which
comes to Israel somewhat late, there was one
article and its rebuttal that seemed to relate
to what I have secen here. The article is
entitled "Who Needs Graphics" by Dean Karl A.
Brenkard, dean of engineering at the University
of Migsisgippi. The rebuttal was written Dby
Professor William B. Rogers of V.P.I.

In 1971, I had the opportunity to visit
Israel as a tourist. At that time my activity
as editor of the ENGINEERING GRAPHICS JOURNAL
served as an introduction to several Technion
faculty members who had submitted articles
to the publication. This gave me the oppor-
tunity to visit with them as well as with others
from degree granting faculties (departments).
The cry of despair that our colleagues at the
Technion had was the game as our cwn. They,
toc, were looking for ways and means to
increase the involvement of graphics in
engineering curricula. In 1971, 1t seemed
obvicus that this department, within the
Mathematics Faculty, was on its last legs.
Yet, in 1979, I saw a complete reversal of
the previous situation. In fact, it would
not be at all surprising that more staff will
be needed in the Descriptive Geomelry depart-
ment within the next year.

It was expected that my visit to Technion
would ineclude a seminar and informal discussions
on the teaching of Creative Enginesering Design.
The seminar was held as were the informal dis-
cussions. These sessions were more revealing
to me than to those with whom I had the pleasure
to work. Not only will there be no need to
worry about losing the department, but there
is some concern about staffing future reguests
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DS GRAPHICS?

Borzh L. Kreimer
Hortheastern University
Boston, Massachusefts

for the teaching of engineering graphics. As
a matter of fact, these people are not interest-
ed in the teaching of design to freshmen since
there is no time for it after the required
graphics is done. This situation did not
"just happen". The members of the Descriptive
Geometry Department took every cpportunity,
that was made avallable, to talk to their
opponents. Little by 1little trial courses
were developed for some of the engineering
faculties, usually for a pericd of two years,
after which an evaluation of the particular
course is made, One of the principal reasons
for permitting the development of graphics
courses was, probably, the fact that students
had no idea as to how to properly illustrate
their thinking concerning required projects
during their junior and senior years.

During my wvisit, the course that has
been given to Aeronautical Engineering students
was evaluated. The instructor, Yehuda Charit,
had tc present his case to a committee of three
Aerconautical Engineering faculty members. At
a gocial gathering, T had the opportunity to
speak with one of the members of this committee
who informed me it was determined to cut the
time for the graphics course from two semesters
to one. However, the presentation made by
Professor Charit convinced them that the
present course is the minimum that should be
given to accomplish results that are required
by the degree granting faculty., Evidentally
the program is doing its job well, especially
in view of the fact that the Agricultural
Engineering people requested the exact same
course for their freshmen, from our friends.

Another example %to indicate the realiza-
tion of the need for more graphics is shown
by the requests made of Yaacov Arwas who
instructs the Industrial Engineering students
in the required graphics. The dean (depart-
ment head; of the faculty wanted more subject
material to be included in the course., BSince
it is only given during one semester, a program
is being developed, to be presented to the
Industrial Fngineering faculty, for a two
semestier course.

It is worthwhile mentioning that although
Dr. Louisa Bonfiglioli has been retired she
has been asked te return tc assist in covering
graphics sections in Architecture. This permits
the regular graphics instructor for these
students, Professor Friedman, to work with the
students of Moshe Bolesglavski, who was on
sabbatical leave in West Germany.



Other graphics courses that are now
required of students in Mechanical Engineering,
Civil Engineering and Chemical Engineering are
firmly included in their corresponding curri-
culum, In addition to these courses, another
ig offered in Descriptive Geometry to seniors
majoring in mathematics; as was requested by
the Mathematics Faculty {less the Descriptive
Geometry Department). The "culprits" who
brought back, to the various areas of engineer-
ing, courses in Engineering Graphice {(including
Degcriptive Geometry) are Professor Yehuda
Charit who is presently the chairman of the
department, Professor Friedman who was chair-
man for many vears, Moshe Boleslavski, Yaacov
Arwag, Avram Banal who will spend the 1979-
1980 school year at the Ohio State University
and Josepha Stoessel. These instructors have
assistants, who are from industry, %o conduct
the laboratory sesslons. One of the leaders

in the continuing process of convineing graphics

opponents, i1e a retired young lady in her 70's
who many of us know -- Professor Louisa
Bonfiglioli.

Quoting from Bill Rogers' commentary on
Dean Brenkard's paper "With a fixed amount of
time available, it must be carefully apportion-
ed to favor the most essential elements of the
tetal program at the expense of the merely
desirable. And this is what bothers me.
Engineering Graphics, along with mathematics,
phygics and chemistry, is one of the four
cornerstones upon which a sound engineering
education is based." I wonder whether this
concept has hit its required mark emough so
that we, too, will regain our position in
engineering education. I doubt that anyone

can express this concept as well as Profesgor
Rogers. However, I algo believe that it is
being wasted if the only people reading or
hearing these words are all concerned with
the teaching of our discipline. The Inter-
national Conference on Degcriptive Geometry
was a good example of successful futility
gince we were all talking to ocurselves. We
all agree that Engineering Graphics is one

of the "cornerstones" of engineering education.
However, of what value is our opinion -----
ag right ag we may be ----- unless we can
convince policymakers of that fact?

To prove the statement "Engineering )
Graphics along with mathematics, physics and
chemistry, is one of the four cornerstones
upon which a sound enginesring education is
based", and to convince those with influence
that a sound engineering education is what
our students should be getting, we must talk
with those who believe differently. It is
best, of course, to do the necessary campalgn-
ing at our own institutions; yet, what can we
do if our local colleagues will turn a deaf
ear? Perhaps a conference entitled "Graphics?
Whe Heeds It?" would draw those who believe,
as does Dean Brenkard, that graphics is
necegsary but only for one semester, one
hour -~ or perhaps two hours -- per week.

It would alsc be attractive to theese who want
to completely eliminate the course from the
curriculum. Perhaps such a meeting would
interest some industry people who would want
to show the value --- pro and con --- of .
graphics in industry. Once this heterogeneous
group is together, 1t seems logical to afford
them the pleasure of Professor Rogers and
others like him.

Copyright C) Borzh Kreimer 1979
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ASEE ANNUAL CONFERENCE

Somewhere between Nississippi State University and Iowa
State University there is a large brown manilla envelope con-
taining, among other things, a very complete and well-written
"recap"” of the A.S.E.E. Annual Meeting held at Louisiana State
University June, 1979. Rollie Jenison (I1.8.U.-Freshman Engineer-
ing) did a great job in planning the program for this meeting.
The seaslions were interssting, entertaining and informative.
Perhaps if the USES finds this package before the deadline for
the Winter, 1980 Journsl, we will be able to include some of
the highlights of L.S.U. in that issue. But, a8 you can see,
Margaret Eller's 1little camera was very busy, and thanks to
her, we do have some "copy" for thig Journal.

The following collage of photographs is left without the
usual and appropriate captions. For those of you who attended,
recall, if you will the fond memories of "Bayou Country".

For those of you who were not there, just try to guess what
was going on!

AT THE BANQUET . . . .
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Louisiana State University & Baton Rouge

AT TEE CREATIVE DESIGN DISPLAY . . . . AT THE SESSIONS . . . . . ..
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Design '79
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WINNING

FRESHMAN DESIGN

Roland D. Jenison, Alan M. Russell
Department of Freshman Engineering
Towa State University

Ames, IA

BACEGROUND

In 1974 Towz State University's Col-
lege of Engineering reorganized the De-
partment of Engineering Graphics to form
the Freshman Engineering Department. This
reorganization broadened the respongibi-
lities of the department to include:

-- advising freshman students who
have not yet declared a major in
an engineering specialty

-~ conducting orientation programs
for new students

-- teaching a freshman computations
course in problem-solving proce-
dures and calculator programming.

-- teaching an introductory course in
engineering and the design process,
which includes an open-ended stu-
dent design project.

Approximately 100 freshman students
enroll in the freshman design course each
academic year. The course evolved from the
design unit previously taught as a part of
the freshman graphics courges; it has heen
expanded into a separate course in hopes of
better meeting the department's goals in
teaching design at the freshman level.

The prime objective of the course is
te familiarize the students with the engi-
neering design process and to develop a gen-
eral appreciation for "what a design engi-
neer dees." In addition, the act of fol-
lowing a design problem through to comple-
tion gives the students experience with
information research, ideation techniques,
team decision-making, technical report wri-
ting, and oral presentations.

CURRENT COURSE

The students begin their design pro-
Jjects on the second day of the 11-week quar-
ter by selecting design problems and forming
teams of four to¢ six students. Most fre-
quently students suggest the design problems
themselves, although the instructor some-
times offérs problems from his experience or
from communication with local industries
and agencies. The instructor must oversce
the clase’ selection of design problems to
assure that they are of suitable nature and
gcope for a one-quarter freshman design pro-
Jject. When the class has selected four or
five problems, every effort is made to allow
each student to work on the problem which
most interests him/her.
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Once degign preblems have been selec-
ted and student teams formed, each team is
asked to study their problem area briefly
and write a description of the problem
characterizing what change a successful
solution will be expected to effect. This
preliminary analysis is contirmed by listing:

-« The criteria which would be used
in judging the relative merit of
different soluticns to the problem

-- The restrictions which laws, codes,
and other circumstances will place
on the nature of any prospective
golution

-- Subject areas in which the team
ngeds more information in order
to develop and evaluate solution
ideas for the problem -- often
called "ignorance areas"

The teams then contimnue the design
process by using the 1list of ignorance
areas as a basis for the team's problem
research. Typliecally, a team will assign
a certain number of ignorance areas to each
team member as a research assigmment. The
desired information can then be found through
the appropriate averues of inquiry, such as
library references, manmufacturerts cata-
logues, letters of inquiry, personal inter-
views, and consumer gurveys.

Usually about three weeks are devoted
to the students' research work; at the end
of the research phase each student submits
copies of a written report to the instruc-
tor and to the team on his/her research
findings. With this research information in
hand, the team may then wish to revise the
original problem analysisg to reflect their
improved understanding of the problem area,

Following the research phase, each team
works to generate ideas for problem sclu-
tions. Both individual home assignments
and team discussions are used to produce
soluticn ideas by utilizing both systematic
and random ideation techniques. With the
aid of a simple decision matrix, the teams
evaluate the ideas generated with respect
to the criteria in the revised problem ana-
lysis te¢ choose the n best ideas (where n=
the number of students on the team.} Each
student then takes one of these chosen
ideas to develcp in more detail as an
individual assigrment. The form and furic-
tion of each student's assigned ideas is
described with a series of concept sketches
and explanatory notes. Students are allowed



about cne week to complete thelr concept
sketches for submittal to the instructor
and the team.

At this point the team faces the task
of choosing the solution idea which best
meets the criteria set forth earlier by the
team, after first satisfying themselves
that each student's proposed concept meets
the problem analysis restrictions. The team

makes this cholce with a more elaborate
decigion matrix, which allows them to gom-
pare the various concepts numerically with
regard to the eriteria. The team may then
let the decisicn matrix direct them to
specify one of the concepts as the prefer-
red solution, or they may chcose to deve-
lop a "hybrid" solution which combines fea-
tures from two or more concepts to form a
new scilution.

The remaining weeks in the term are
uged in preparing a final written report
on the entire design process and in giving
an cral presentation to the class and to
invited faculty members from other Engineer-
ing college departments. The final report
describes the actlvities accompanying each
step in the degsign process and contains a
written description and design drawings
Tor the specified final solution. On the
penultimate day of class each team gives
a 20-minute oral presentation on their de-
sign problem and specified solution.

PRODUCTING A WINNING DESIGN

Iowa State has enjoyed moderate success
during +the past several years with student
design projects in the national Creative
Engineering Design Display (CEDD) competition.
This success can be attributed to the benefits
gained by both instructoers and students in
the freshman design course. During an aca-
demic year, some 150 student teams are in-
volved in the development and presentation
of a soluticn teo a design problem. Instruc-
tors benefit by the judging of the oral pre-
sentatlons of geveral teams and students be-
nefit by studying the efforts of teams that
preceded them in the course. In additiocn,
instructors nominate each spring the twb
best sclutions, in thelr estimation, for
entry into the national competition. Know-
ledge of the past winners in the national
competition also assists greatly in the
selection of future team entries.

It is important here to emphasize that
Iowa State does not teach its freshman de-
sign course to develop excellent projects
for naticnal recognition. Instead "a win-
ning design" is one in which the students
gelect a meaningful problem, execute the
design process, develop a viable solution,
communicate the solution in g professional
manner, and leave the course with a sensge
of accomplishment.

Before delving into specific procedures
which aid in a successful team performance,
a look at the course objectives is necessary.
The objectives are quite obviously written
for freshmen students who lack technical

backbround but possess a desire to succeed
in an engineering effort. Becuase this is
the first experience in an "open-snd" pro-
bBlem for most of the students, the cbjectives
are explained carefully to the students at

the beginning of the course and throughout
the course.

-- Develop a background of engineering
design philosophy.

-~ Learn and apply principles and pro-
cedures in the engineering design
process.

-- Learn and apply varicus research
techniques to a design problem.

-- Learn how to incorporate pertinent
kncewledge and skills from variocus
digeiplines into the design prccess.

-~ 3timulate and sustaln an active
interest in, and enthusiasm for,
engineering.

—- Develop creative talents.

-~ Develop positive, prcductive habits
and attitudes.

-~ Develop the ability to work effec-
tively with other pecple.

-- Learn ard apply fundamentals of
technical report writing.

-- Learn and practice effective pro-
cedures and techniques utilized in
an oral presentation of a design
solution.

From the instructor's viewpoint, suc-
ceggful attainment of the objectives begins
with the nature of the design projects.
Generally, scluticns to a design problem
fall in three categories; devices, structures,
and processes {systems). Examples of each
of these are:

A) devices
1. a safer ladder
2. an improved bicycle brake
3. a safer electrical cord for
appliances

B) structures
1, an underground residence
2. a bomb shelter
3. a sea farm

C) processes {systems)
1. a campus traffic plan
2. a degert irrigaticn system
3. an improved baggage handling
system for airports

Experience with freshmen design at
Iowa State has shown that problems which
are solved with a new or midified device
yield the best results. In fact, the more
gpecifically the problem statement is writ-
ten at the beginning, the better the team
seems to execute the design process, thus
yielding a practical and clearly specified
solution,

It can be argued that structures and
systems are necessary for a large share of
solutions to design problems and to some ex-
tent they are made up c¢f combinations of
devices, However, in a 10-week period,
freshmen carmot be expected to complete the
necegsary detail for a structure or a system.
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In most cases a solution involving a struc-
ture or a system ig difficult to justifly
becuase of the many details left ocut due

to the time constraint. 3Student teams de-
giring to work on a large-scale problem are
cautioned from the beginning as to the
potential pitfalls.

Solutions involving devices can also
lead to team difficulties if the device
tends tc be complicated. If the solution
requires detailed mechanical linkages and/
or sophisticated electrical circuitry, the
gtudents do not possess the necessary tech-
nical background to properly specify the
sclution. Instructor experience ig very
helpful in keeping the size of the problem
reasonable.

The instructor serves a duzl role in
the course, that of a lecturer and a super-
visor. As a lecturere, the instructor out-
lines the design process, presents examples
of successful and unsuccessful design solu-
tions from perscnal experience and/or out-
gide reading, and administers homework ef-
forts and examinations just as he/she would
in an analysis course. In addition, the
instructor acts as z supervisor of the team
effors, on occasion acting as a couselor,
moderator, motivator or sounding hoard.

The assigrment sheet gpecifies strict
deadlines for the steps of The design pro-
cess. In the superviscory role, the instruc-
tor tries to insure that each team has at-
tained the optimum result for each step of
the design process. In order to clearly
delineate the instructor's role as supervi-
gor, the design steps are listed below.

Identification
Definition

Search

Criteria and Constraints
Alternative Solutions
Analysis

Decision

Specification
Communication

D QO3 O L o
et e e P e e M e et

The first two steps have Dbeen discussed
previcusly and are the most important if all
that follows 1g to be successiul. Ag the
team begins to search for information about
the problem, the enthusiasm is at a high
level., A research plan is egtablished by
the team members and each student has a
definite topic and a list of potential sour-
ces of the needed information. However, af-
ter a week, the enthusiasm has dropped mar-
kedly on most teams and the team begins to
have doubts about the problem. Research
gources have not proven as valuable as firss
thought and/or are on a high technical level;
letters that have been sent are not yet an-
swered; and the tedious work of information
research 1s now apparent to each student.
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At this point the instructor must be a
motivator. Having the team or individual
gtudents turn in a comprehensive research
report about three weeks after the search
beging helps to motivate the student fo
locate pertinent information. A brief pre-
sentation of an actual design problem by
the instruecter can also be a motivator.
Students are aften amarzed that engineers
in industry also encounter difficulties
in thelr work.

Enthusiasm picks up again as the cri-
teria and constraints are established. The
knowledge gained from research begins to
ghow in team discussions of the limitations
that must apply to the solution. The in-
gtructor asgists in assigning criteria and
constraints to insure that the problem is
not over-constrained., This is the last
time in the design process that a major
change can be made in the original problem
statement.

The instructor becomeg a moderator
during the selection of alternative solu-
tions. It is here that creativity is em-
phasized and formal idea-generating sessions
guch as brainstorming and Itemized Positive
Response (TPR} are conducted. The instruc-
tor often assists the team in these sessions
to optimize results.

During the analysis phase each member
of the team is responsible for development
of the form and function of a single solu-
tion concept. The instructor serves as a
gounding board for ideas for the students
to use in the concept development. A sug-~
gegtion of a source of new research iInfor-
mation, selection of a means or power for
the sclution idea, and graphical techniques
for presenting the solution idea are among
the items the instruector and student are
apt to discuss.,.

After the team selects the final solu-
tion,; the instructor carefully counsels the
team to be prepared to Jjustify the solution,
not in terms of the numerical decision ma-
trix, but in terms of the research and cri-
teria. Again at this point, team enthusiasm
is high but diminishes gquickly as the solu-
tion specification begins. An entirely new
set of problems ariges: materlal reguirements
that have not been previously specified,
fagteners, gpecific costs of each solution
component, standard or non-standard parts,
and the necessary drawings for complete
specification. At the same time the speci-
fication phase is ongoing, the final written
report is being prepared. This is perhaps
the busiest time of the term for the students,
and the instructor needs to be available to
each student as much as possible. As the
reports take shape, the students seem to
gsense the end and enthusiasm rises again.
This enthusiasm generally carries on through
the oral presentation.



In national competition, the key ele-
ments to success are a well-written and
organized report describing a viable solu-
ticn, excellent graphics, and a descriptive
model of the solution. At Iowa State, the
freshman design reports are organized in
the order of steps of the design process with
a table of contents and abstract preceding
the main body of the report. The reports
are typed except for drawings, sketches,
and graphs. Correctness and clarity in
writing are emphagized alcng with continui
ty from section to sectlon of the report.
The use of third person passive volce is
required. Approx1mate1y one-fifth of the
report grade is assigned for appearance,
organization, and proper use of the English
language.

An engineering graphics course is the
prerequisite to the Iowa State design course
and the graphics ftext is required material
for the course. Draw1ngs must be of high
quality, rmumbered in a logical manner, and
appropriate for what is being described.
Pictorials, assemblieg, and detail drawings,
integrated with the written material gene-
rate an impressive technical report when
organized properly.

Mcdelg are optlonal for the oral pre-
gentation. The team must decide if the time
and effort to design and construct a model
will be offset by the benefits gained. It
has been shown that good models generally
enhance the oral presentation, and, of
course, are beneficlal for any consideration
for the national competition.

Producing =z winning design cannot be
credited to the course and instructor alone.
Much of the credit must go to the students
who often exceed the basic reaquirements of
the course. The class meets three times
weekly for two hours, which, in a 10-week
gquarter (plus 1 week of flnal oxams) 1is
60 hours of class time. Since 40% of the
course grade is dependent on the final re-
port and oral presentation, this means about
2L hours of class time per student per duar-
ter is used for dezsign project activities.
In practice, somewhat more class time is
made available for thig purpese. Thus,
counting outside class time normally asso-
ciated with this type of courge, a 6-person
team will devote some 200-300 hours to a
design solution.

As in any working situation with seve-
ral person involved, personnel problems
arige from time to time. Frequently the
ingtructor is confronted by a student who
is not working well within the team frame-
work, or the related situation in which se-
veral team members are unhappy with ancther
member's performance. Since part of the
course grade 1s dependent upcn peer evalua-
tion, the instructor can track the perfor-
mance of various team members and move to
minimize conflicts within the team. As in-
dicated earlier, cne of the course objectives
is to develop an ability to work with people.

It is obvicus that a simple formula for
success in a freshman design course does
not exist. However, good planning and course
organization are positive factors for suc-
cess. The design course organization cur-
rently in use at Icwa State can provide a
sound freshman design experience for engi-
neering students.
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A LARG

FRESHMAN

ENGINEERING DESIGN COUR
PAST CHRONOLOGY, FUTURE DIRECTIONS,
AND SOME OBSERVATIONS

Dr. Richard J. Leuba
North Carolina State University

Foreword

Although this paper describes some
elements of a multi-section freshman design
course in a large engineering school, the
paper is not an extended catalcg descrip-
tion of the course; in other woerds, it is
not a thorough account of the program.

Rather, this paper is intentionally
a discussion of some aspescts of the course
with enough deseription to give the reader
a framework for compreshension. Attention
is given to some difficulties encountered
and some successes during the program’s
ten year life.

For i1llustrative teaching materials
and typical semester schedules, the reader
is invited to write to the School of Engi-
neering at North Carolina State University.

Intreduction

This paper describes and discusses
selected features of the freshman course,
E-120, "Engineering Concepts,” at North
Carclina Stzte University from the incep-
tion of the course in 19%0 until its final
year, 1979-1980.

Prior to 1970, engineering freshmen
enrolled in a required one-hour, no-credit
orientation. Responding to the 1968
ASEE Goals Study and to other concerns
for freshman engineers, the Dean of Engi-
neering appointed a faculty committee in
1969 to prepare plans for a full-fledged

freshman course, and in 197¢ NCSU -- in
common with several other engineering schools
in the nation -- placed in its curriculum

a design-oriented freshman course, E-120.
Stated course objectives were to "provide
an exciting and motivating introduction
to engineering using student involvement
in a realistic freshman design project,"
and course content should include ", .
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Editor's Note: This paper, presented at the
1979 Anmual Meeting of the American Society
for Engineering Education, held at Baton
Rouge and Louislana State University, June
25-28, addresses some of the problems
encountered in teaching a freshman design
course -- administrative problems are,

of course, a major congideration. Because
many schools are facing this same situation,
or variations of this situation, it was
felt that this paper should be included in
this issue of the Journal.

computational skills . . , the history of
engineering, societal precblems . . , and
slgnificant case studies." In contrast to

the heavy exposure to non-engineering fac-
ulty in mathematics, chemistry, physice and
English, students in the new course would
be taught by engineers.

£-120 is s three credit-hour (semes-
ter plan} requirement for all freshman en—
gineers who meet with their instructors for
two recitation periods a week in small sec-
tions of 20-30 students each and meet in
a large lecturs hall once a week for a
"Friday Lecture" session. While a body of
definable content is taught, most of the
students' time is devoted tc a design pro-
ject, from problem definition to ultimate
presentation. The project experience stres-
ses the deslign process, and undergtandably,
does not place emphasis on advanced analy-
sis. Typical preojects are listed in Fig. 1.




E-120 "Engiecerivg-Concupts" Nerth Carolina State Universfry

Civil Englneering Sections

variable depth swimming pool

route gtudics for local city tranpit authoriry
safer podeserlan cronsing et busy chnroughf are
underwater welding chaaber

Electricsl Enpinercing Secticas

velilele steering with electrenlc control system
electronic eontrol of greenhouse heating elements
digital readout display for alrport radar

HMechanlcal Engipeering Sections

toy for & blind child

game demonstratlag a seleatitic principle
mechanieal onien dicer

Bolar oven

Others

keyloas doorlock

toothpaste dispenser

devics Lo prevent electrical shock from appliance pluge
lecture hall eeat sdaprable te T=ft-handed scudents

quick access safery poneh [o hand-held cal¢ulator

learning stinwlatoxs for handienpped infants

food irradiater design (WE)

egntainer deslgnt radivactive waste storage {(NE)
spring-loaded crop aprayer bosm to rrduce orchard treg damage
putomoblile fuel rank proteccor

Figure 1. Typleal Students' Creative Deslgn Projects -- A Few Examples Caly. J

The text, Engineering: An Introduction
to a Creative Profession, by George C. Beak-
ley and H. W. Leach of Arizona State Univer-
sity, was used initially, but after two
semesters, the faculty agreed that this
S4B-page book was not Justified on the
grounds that it contained far more material
than could be used in the course, and so a
decision was made favoring locally-authored
handouts. Mimeographed materials were pre-
pared on such essentials as "organizing a
‘company'", "selecting a project", dimen-
sions and units, precision and accuracy,
ethics, fields and functions of engineering,
and a few others. The course was off to a
running start, but the terrain was rough.

Course Reviews

E-12C was, from its start -- and still
ig~~, controversial. Not every faculty
member cares to teach freshmen, let alone
teach to a project format. ©Some felt that
it was premature, in the first year, for
students to commence design without the
coursework which would come later. Few
faculty were accustomed to assigning "open-
ended" problems, Students, left to their
own devices —- or even with conscientious
coaching by the instructor -- often spun
thelr wheels, and impressions filtered
throughout the faculty that the course was
another Edsel, Some students were getting
little out of E-120, and scome faculty felt
that they ccould be better occupied with
teaching in their respective specialties.

In 1972, a faculty Review Committee was
appointed to study the performance of the
course. They drew up an instrument to ob-
tain student opinion and used it at the end
of the Spring 1972 semester. In addition,
questionnaires were circulated Yo Juniors
who had taken the course, faculty who had

taught the course, and to the faculty in
general. The Review Ccmmittee set out to
learn how well the course was meeting its
state objectives, NMeantime, over a span of
four semesters, partly overlapping the per-
iod sampled by the Review Committee, the
then Course Director performed an indepen-
dent analysis of the responses tc the stu-
dent questionnaires and prepared a report
on the course.

While the Course Director®s report
emphasized the growing student acceptance
of the course across four semesters, the
Review Committee reflected faculty disen-
chantment and pointed-up the failure of the
courge to serve its objectives., Of these
who had taught it, sixty percent or more
indicated that the course had less education-
al value than other technical freshman of=
ferings and felt that the course was too
easy. And, while about half of the faculty
who taught the course believed that the
courge did provide satisfactory exposure
to a realistic design experience, far less
felt that the course provided the students
with career information, computer introcduc-
tion, and motivation. O0f the faculty, in
general, more than B0% of those responding
{more than half the faculty responded to
the questionnaire) indicated that they
would not like to teach the course as it
was then constituted {( in some departments
the figure was 100%}. Student opinion was
hardly favorable: U42% of the respondents
labeled the course "boring" cor "uninterest-
int," and 83% said that it was either
"relatively easy" or "Mickey Mouse." On
the other hand, for the design project alone,
53% of the students responding sald it was
either "challenging" or "extremely challeng-
ing", and some interpreted the student sur-
veys, generally, as favorable.

Measures cxpected to increase tourse success!
1. Improve procedures for selection of Instructors.

2. Give inerructors ond departments greater lacitude in
chooring concent.

3. Give studenra more cholee in selecting subject matter.

4, Provide instrucetors with greater rxacognition.

Specific recommendationat

1. Appoint a steering committee to monitor any proposed furure
revigions and evolurionary changes over the life of the course.

2, Cut the number of weekly lectures in half. Retain these
which are most popular.

3. Instecd of ¢ne desipn project, uee twa, the firet to 11lurteate
project aulving methodology, the second te ba the atudents’
major project,

4, Require teaching of rhe followlng skills: computation, project
manapement, dlmensions—undCE-measurements, erhics, and written—
and-oral communication.

Course cbiectives {composed during tha Report follow-up)?

1. Incrense the student's interest ip.pursuing & career
in some field of engineeving.

2, Ynerease the atudent's understonding of eagincering by
having the etudent take purt in seme phese of engincering
work,

3. Yepin the developmont of some of the akllle regquired of
an englneer.

Figurve 2. Excerpts from Task Forea Report, Spring 1974.
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In the Tace of this, the Dean appoint-
ed a blue ribbon Task Force, headed by a
department head new to the School to pre-
pare a curricular design and produce recom-
mendations for making E-120 a success. Af-
ter several months of detailed and exhaust-
ive effort, the Task Force reported its
conclugions (Fig. 2) and these became the
policy foundation for the remaining six
year life of the course. Thus, the program
began to settle down. Responsibility was
placed with the Asscciate Dean for Academic
Affairs, to whom a newly created position,
Course Coordinatro, reported.

One effect of the Task Force' recom-
mendations was greater latitude for the
Departments. Gradually, the secticns were
controlled more-and-more by the instructor
asgigned tc that section (any by his De-
partment), and there were fewer and fewer
faculty meetings devoted to week-by-week
teaching. One department elected to prepare
its own 65-page "book", covering introduct-
ory content in that discipline. They put
more emphasis on learning a body of techni-
cal knowledge and applying it than on open-
ended probiem solving.

With the program back on course again,
let us examine some specific features.

The Lecture Program

While the design project is the cen-
terpiece of the course, the lecture program
is a border of stars. Lectures occur each
Friday morning for all students in all sec-
tions. Some lectures materially assist in
carrying cut the design project while others
gerve such course objectives as increasing
"the student's interest in pursuing a ca-
reer in som field of engineering," and

Heck Tople

1 Course Outline and Objectives
2 The Stoxy of Engineering {media presentation)
El Creativicy
4 Flelds snd Functions of Englnsering
The“Caneara of Synthesis —— Prineiples of Design

5

[ Problem Solving

7 Value Eagincaring
B

‘TT’X—II:%B--’neb“‘w John Tucas £ilm. Discussion of Impact
of technology.

g BALT Agrecment

1 Construction of Cape Kennady (Civil Engineer)

11 Societnl Medeling! 'Retail Gravitation {Industrlal Englocer)
12 Devalopment of Mexwell Houde Instant Coffee (Chemical Enpinger)
13 Golng Metric

4 Energy Crisis

Fipure 3. Friday Locture Topies. (This is from one of the
carly yoars — Spring '73.)
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helping "the student to learn more about
a chosen area of engineering.”

Until the 1974 Task Force report, Fri-
day lectures continued through the semester
Tor 14 weeks. Topics typical of these years
are listed in Fig. 3. Lecture substance
was information, inspiration, motivation
and project assistance. Attendance became
a concern, and more will be siad of this
in the next gection on grading (and lec-
ture attendance.)

Grading: Projects and Lectures

Students place considerable stock in
grades. The Grade Point Average (GPA} af-
feects financial aid, parental approval, job
offers and admissions to graduate school.
Grades are earned in courses, most course
content 1s fixed in content and uniform
for each student, and explicit requirements
are everywhere. Grading pressure upon the
frehman engineering student is considerable.
Then, along comes a course with its major
activity an open-ended creative design pro-
ject, and how do you, as instructof, grade
that?! So, as those in other engineering
schools have done, NCSU invited engineers
from the School and from industry to eval-
uvate the sftudents' final project presenta-
tions. Panels of jedges rendered subjec-
tive opinions on creativity, oral expres-
sion, organization, engineering judgment,
and so forth, a procedure which gives the
students a taste (nct always sweet!) of
the real world. The project, from the in-
ception of an idea, to establishment of
need, researching the problem, conceptual-
ization of alternative scluticns, decision,
detail design, and finally to report wri-
ting and persuasive presentation before
a professional panel, is one of academe's
clogest approaches to what occurs in actual
engineering practice. This process nicely
sidesteps the inpracticability of applying
objective standards to divergent procjects,

and it provides a practical basis for grading.

The lectures, on the other hand, offer
no cbviougs formula for grading what the stu-
dents get out of them. They are an ano-
malous phenomenon -- well rated by students
{see Fig. #), but poorly attended. When
lectures ran all semester, the attendance
by the end of the run fell to below half
the registraticn. With no assigrments to
turn in, no exams to take, no grade in-
volved, students stopped coming. The press
of other courses, with test grades at stake,
was too compelling as a counter attraction.
So, after the 1974 Report, the better lec-
tures were retained and the program was
reduced to six or seven weeks, and students
could work on their projects in the time
released. Student ratings of lecturers
were, on the whole, gratifying (see Fig. 5),
but attendance still &lumped, usually to
the 50% level by mid-semester.

It is difficult to integrate lecture
content with the teaching in the twenty or
more individual sections. Some instructors
encourage lecture attendance with an essay
guestion test or an assigned paper but few
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Figure 6. Attendance at Friday Lecturea: With and Without Attendante-Toking.

burden themselves with the considerable
task of evaluating such student writings.

Concerned by low attendance, the Co-
ordinator urged instructors to¢ place quest-
iong on the lectures in their guizzes and
exams, and they did this -- some of them --
but without noticeable impact on attendance.

tne of the Ltams in che Course Dvaluation Questionnalre
ig this suvitation for m free response!

"Copstructive Comnents you would like to make abour BE-120),

Among the 464 students returning the guestionnaire, onky elaven entered a
free respunse comsenting on the Jectures, and these eleven renponses sre
transcribed bolow. The semoster happened to be Fall 1977, im which the
Friday Leotures ropped out {see Fig. 4a).

O "The part of E-120 1 enjoyed the mosr was the Friday lectures. 1 was
8orrTy to see Lhem stop hali-way through the semester. All of them were
intercsting and I enjoyed listening to them.”

A "More Friday Lecrurea."

© "I believe more Friday Lectures sre possible.”

@ "I enjoyed the lecrures very much and would like to have heard a few
rore."

[}

"Fridey Lectrtes good."

©

"L want to re—emphasize how much I believe in the Friday Lecturss. They
are excellent!”

@ "The beat part where I think I learned more wan the Friday Lecture. Tt
gave 4 better underetanding of what englneering ia."

@

" really loved the lecture programs. It gor me excitad sbout enjinaering.
Almast wich you could stort the week off with the lectures, T think I
would really work harder during that week, It gave me & real idea of what
actunl ongincers were dolng in Teal life.”

[}

"1 fecl that there should be more filwe and lactures like thode given on
Fridavs."

@

"1 feel that the lectures on Fridey wers valusble,"

@

“The Fridey Lectures were the most influencing program for showlng
enginecring practices end procadures."

Figure 5. Student Evaluarions: Free Ruspomses on the Friday Lectures.

Another ruse, with more success, is attend-
ance-talkng, carried out in the Spring, 1979
gemester (Pig. 6). Whereas, formerly,
attendance sagged to half by mid-semester,
the figure held higher than 50% for ten
weeks, with attendance-taking. (For other
reasons, Tthe Spring '79 run was extended to
ten weeks.)

Thus, in practical terms, the lectures
remain one of the program's "optional" in-
ducements; there is much for the student who
attends, but attendance is sometimes secon-
dary to the compelling demands of the tra-
ditionally structured and graded physics,
chemistry, math and English.

Mini-Courses

If 1t is not an administrative trick
to schedule twenty-five sections of a course
in 16 rooms, taught each semester by "ad
hoc" faculty from eight departments and
crowned with a volunteer force of Friday
lecturers, then the addition of mini-
courses 1is!

A mini-course is a four-week period
of instruction exposing the student to a
faculty member from ancther department
in the School of Engineering and providing
that student with some experience with the
work -- and often the laboratory equipment --
in that field. Wini-courses give students
a rationale for the academic¢ curriculum, in-
gights iInto the rigor required, and a height-
ened interest in that field.

Whereas abot two-thirds of the fresh-
men take E-120 in the departments of their
choice, about one-third are "uncommitted",
i.e. have not yet declared a major, and it
is for these 150-200 students that the
mini-courses exist.
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Beginning in 1975, a four-week block
was carved out of the semester -- from the
ninth tc¢ the thirteenth weeks -- and the
uncommitted sections shut down while their
students enrolled in these short, four-week
two-classes-per-week mini-courses. Depart-
ments participating include AE, EE, IE, MAT,
ME, NE, Engineering Science and Mechanics,
and Biological and Agriculturzl Engineering.
Thus, in addition toc their section instruc-
tor, the uncommitted students were exposed
~= in the mini-courses -- to another instruc-
tor in a different field of engineering,.
Later, another mini-course was added, taught
by specialists in Career Planning and
Placement.

Students report that they enjoy the
mini-courses {Fig. 4). Whether or not the
experience hasg led to better informed
cholces of an engineering major will never
be known in the quantitative sense, but
the Intuitive feel of faculty and adminis-
trative officers close to the scene is
favecrable.

Block Grading

As explained, students' projects are
evaluated by outside judges. @rading of
mogt of the other class work is routine.
Thig leaves a difficulty in appropriately
rewarding those members of project teams
who contribute the most in time, ideas and
productive effort and of denylng rewards
to those who let others carry the load.

A project team of, say, five students car-
ries out a design project, keeps a leg,
Prepares a mock-up or model, writes a re-
port and makes a fifteen-minute presenta-
tion. The instructor is imperfectly awsare
of which team members are pulling at full
steam. Because the project effort is car-
ried on cutside of class, there is much
that the instructor does not see. There-
fore, a convenient way to assign project
grades is bilock grading, giving each member
of the team the same grade, irrespective of
individual contributions. Although incom-
patible with the usual tenets of grading,
the message in this policy is not lost on
the students. The criterion is success,
whether everyone pitches in or wheter only
two do the work and the others drift. It
is speculated that the students who hve
been through this experience one or more
times will be mere discriminating in the
future with respect to whe is and who is
not assigned to project teams with them,
buth in subsequent years of school and
after. I believe that it iz appropriate
for the engineering curriculum to sensgi-
tize students to the imperative of gizing
up the capabilities and contributions of
colleagues. The real world is closer to
this model than to the each-engineer-in-
his own-box mecdel. Fine, but: it does not
guite do justice in terms of relative contri-
buticns. Hence the Peer Evaluation.
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Peor Evaluation

At the end cof the course, each student
answers a confidential questionnaire (only
the iIngtructor sees it) in which he rates
the relative conbributions of himself and
the other team members. The essential ques-
tion is asked five different ways: Who
"did not put forth hig/her best effort?"
Who "contributed the most?" On a one-to-
five scale, rate the "value to the company"
of each member. Of 100% total, what per-
cent was "contributed by each? and "What
grade should each get?". Some students are
wary of asslgning grades to peers and will
simply list an A for each person, but they
tend to be more candid with the 'did-the-
most,' 'did-the-least' questions. An in-
structor, studying the five questionnaires
from five members of a team can usually
establish a defensible grade distribution.
The beauty of the system is that is docu-
mented; it is not instructor guesswork., Wy
own experience with peer evaluation proves
that my casual cbservations are inadequate.
Students who shirk work in their "compan-
ies” may be quite good at maintaining ap-
pearance when in the presence of the in-
structor. In meetings which I heold with
the teams, members who speak up the most
are not necessarily those who turn out to
be of the most "value to the company". ZPeer
evaluationg, on the other hand, tell me
who made the effort and who went fishing.

Student Evaluation of the Course

Each semester, students fill out a
comprehensive evaluation form of some 43
items. The questions on the form derive
from the course cobjectives and are of two
general types. The first type asks about
likes and dislikes, whereas the second asks
the student for a self-assessment of his/her
learning. The questionnaire includes a mix
of both kinds of questions, most (21) in
the former category, and (16) asking for =
self-assesment of learning {with 6 items
strictly demographic). The guestionnaire
does not measure learning; what it indicates
is the extent that students® perceptiocns of
their learning goes up or down from semester
to semester.

Of the forty-three items, I have arbi-
trarily selected five to include here for
discussion. The results of two global ques-
tions are illustrated in Fig. 7. There is
a perceptible shift during the last years
from "challenging" as a response to "rela-
tively easy" as a response, with "relative-
ly challenging" showing no pattern. A4As to
difficulty, in terms of student standards,
the course is middle-of-the-rcad, with orly
small mincrities marking either "tco dif-
Ticult" or “tco easy" (from my experience
reading students' free comments, I infer
that "too difficulty" applies as much to
time demands ag it does to intellectual
difficulty.) -
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Evidently, most students have good
feelings towards most of the instructors,
but the batting average fro the program is
far from 100% as seen in Fig. 8a. General-
iy speaking, the design project, Fig. 8b,
is regarded as a strong plus in meeting
course objectives with perhaps a slight
improvement in student opinion over the
six semesters of record.

Finally, Fig. 4a, the students rate

the Friday lectures a clearly better than
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lectures in one or other
categories, while the bottom
receive an average of less

B
20 -] / -
acively easy
10 - S S IS S
oo difflcult —
o _Em-?u};@ = i i—t
Pigure 7(b)., "I feund E-120 to be . . M
very interesting
LTI ity —— SR
percent B IR X
o fairly i
4 E —T=
30 —
1) QS SR SN
10 ~f-w o e e el ...._._;_.:.w_c:{,,i...... .
;—bm_ﬁ_H;{H_ﬂ—Mf—;,_dg;-#— [EREE
exciting|
0 H

Figure 7(a). "I found E-120 to be . . ."

Tigure 7. Studant Evaluatiens: OClobal Queastions,

The second global question (Figure
7b) shows that around seven or eight per-
cent find the course "exciting," and about
the same number find it "boring". About
85% find it "very interesting", or "falrly
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Figure 8. Student Bvaluations.

than 30%.

Although more, perhaps, could be said
about this data and about all of the other
gquestionnaire results, only two brief com-
ments will be made: The word "trend" was
mentioned but "trend* is not the right
word; the better term is fluctuations.
Climate trends, but weather fluctuates,
and this course is more like weather owing
+o the changing and unpredictable mix of
faculty who happen to be assigned to teach
it in any one semester. On the other hand,
any adverse student reactions about a pro-
gram which enjoys poor popularity among
the faculty, tend to linger and multiply,
creating a "climatic" trend. Negative
faculty attitudes carry over presumably
into the teaching and thus to the student
evaluations. The other comment is a gques-
tion: While the course does not please nor
provide the best learning environment fer
all students, can it ever? Are the dissi-
dents those who drop out of engineering?

In 1972, the Review Commlttee attempted
to get a "handle" on students' estimation
of the course in a different manner. Rather
than gathering responses to absolute gques-
tions ("The course was challenging, inter-
esting, or dull")} they learned where the
students rated the course with respect to
their other current subjects: math, chemis-
try, physics and English. The results are
given in Fig. 9. and show not only a trend
improvement for the period in question but
also show where the course rates relative
to those other courses. But, there is a
problem in thig kind of self-assessment.
Note that the question asks the student to
rark the course in terms of ". . . how much
you feel you are learning in each . . .".
From high school, students are conditioned
to relate "learning" to cognitive develop-~
ment -- particularly academic content in
the mold of math, chemistry, and physics.
In E-120, students may gain insights into
how you do and do not carry out a success-
ful group project, they may gain exXperience
interviewing experts, they learn -- perhaps
subconsciously -- about pernal management of
time, but they are un-accustomed to tally-
ing thege experiences as "learning” in the
same columns where the total up their learn-
ings from czlculus and the physical sciences.
When learning is non-traditional, the
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by how muth you Ffeel you are learning in each
coursa.”
Figure 9. Studenr Evaluations, Flactrical Engineering Sectiops Only.
Top end Middlet Early years of the courac.
Bottom: Wirh heavy EE content taught dn the EE Sectloms of E-120.

instructor has the gpecial responsibility
of opening students' eyes to what they have
learned. It 1s hypothesized that students
are less aware of what they learn in E-120
compared to, say, physics.

Next, I turn to three further factors
of the course which will be of interest
to those interested in examining the prac-
ticalities of a freshman design course.

Faculty Attitude

Most faculty would prefer not to teach
E-120. Faculty antitheeils is understandable;
they are more attracted by research and by
teaching advanced students, and they are
unfamiliar with teaching freshmen and with
open-ended problem solving. It is also be-
lieved that salary and promotion rewards
hinge lees on E-120 teaching than on other
faculty duties.

A recent (1979} review committee's
formal report states that the course "lacks
faculty enthusiasm, administrative commit-
ment, structure and specificity; discipline
on the part of the student, a sufficient
information base for implementation of the
engineering concept, and toughness of course
content.” The first two counts of the sum-
mation deal with factual matters, and few
would disagree with the committee's ver-
dict, but the remaining counts reflect va-
rious biases. For example, helping stu-
dents to become more creative is incompa-
tible with typical course "structure and
specificity", so a judgment on this count
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depends on course gcals. Freshmen "lack"
all sorts of things; writing ability and
verbal fluency, as well as an "infermation
base" and "Discipline". Some wcould argue
that part of what the design project is for
ig learning how to get an information base
and learning scme self-discipline; this re-
guires instructor skill. "Toughness of
course content" czlls for a balancing act
with the long-established goal of motivating
students. This is less a fault of the course
and more a problem of teaching. In short,
faculty attitude -- besides the reasons
already cited -- is probably darkened by the
teaching difficulty.

Student Coat-Tailing on the Design Project

Student teams carry out design pro-
Jects requiring roughly abocut 60% of total
coursge time, The teams "run their own show"
with a "Chief Engineer” selected by the
group, MNost work is done outside of the
classroom, and unsurprisingly, some members
contribute more work -- and therefore get
more out of it -- than others. One instruc-
tor analyzed his section and concluded that
15-30% of his students were not engaged ac-
tively in the work of the team and that for
them the project was an unprofitable exper-
ience. My own analysis of the peer evalua-
tions of approximately 120 students in 25
teams indicates that in only 25% of the
teams were &ll the members actively en-
gaged and that of the total number of stu-
dents about 25% were riding on the coat-
tails of others. A knee-jerk reaction to
these statistics is "something is wrong";
any program which wastes the time of a
fourth of the students is out of whack.
But, there is another view. All of our stu-
dents are nct "ecut cut” for engineering
{or even for a university education) so
it should be expected that some have little
interest in putting effort into the project,
Consider the team membere who take more
than average initiative: They are repaid
for their large efforts with experience
important to their careeers. Because so
much of academic work is a solc responsi
bility and so much of professional achieve-
ment hinges on joint contributions, some
welght needs to be given to the relatively
essentizl but unique learning for those
who take the projects seriously and who
plan, take initiative, ccoperate with team
members, and carry out the work. This is
the elitist position, Coat-tailing is
a price paid for the personal growth of
the majority -- the achievers.

Design/Graphics Sequence

This writer has observed first semes-
ter freshmen in E-120 struggling without
success to capture a three-dimensional idea
on two-dimensional paper. We teach ortho-
graphic projection and sketching in "En-
gineering Graphics”, but because of our
staffing situation, half of our freshmen
reach the graphics course after E-120,
the design course. O0Of the faculty teaching
design (E-120), and graphics, approximately
teach exclusively one or the other, but
not beth. Even if it were possible for the



several departments to gtaff the design
course in the Spring for all of our fresh-
men, the graphics staff is not large enough
to teach graphics to all of our Treshmen

in the Fall.

It would make logical sense, were it
possible to do so, to delay the design
courge until after the graphics, Some
schoolg do this with a two-semester graphics
plan in which the culmination is a design-
graphics project in the last term of the
sequence.

Future Directicns

Plans for the future of freshman engi-
neering at NGCSU have not been announced.
Change is in the air, but the direction is
unclear.

This year, 1978~-79, the faculty, threugh
their departments, has been given power to
make change in the freshman year, and they
have not hesitated: after a ten year life,
E~-120, the centrally coordinated design
course, 1s to be abolished. At issue now
ig how to employ the three credit-hours.

Each department has a different view. The
trend ig away from a common course.

A decision on a new plan is forth-
coming.

Closure

E~120, unlike the majority of univer-
gity offerings, has asked students to reach
for new heights, Only some faculty can
teach it well, and perhaps fewer still
teach it with special enthusiasm. Not
cast in the usual mcld, the course asks
gtudents for performances unlike much
of what:they have previously experienced
in high school. Thére is daring in asking
a five-member student team to scout their
worlds, come up with a problem and write
a development proposal, carry ocut the
steps to a solution, and write an engineer-
ing report and give an cral presentation.
Things go wrong. Sometimes the students
themselves will dig themselves cut of a
hole. The instructor counsels them, with
facte, with leads to information, in sco-
ping the problem and -- rather often -~
helping students pare downh the project to
within manageable limits. E-120 has been
a daring adventure -- something like the
practice of engineering -- but it does
not it too well into the typlcally pre-
dictable patterns of engineering education.
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Design ‘79

Jon K. Jensen
Margquette University
Milwaukee, Wisconsin

Introducticn

At Marquette University engineering
design is introduced in two consecutive one-
semester freshman courses; Introduction to
Engineering I & II. Introduction to
Engineering II incorporates a team design
project in addition to engineering design
graphics.

Introduction to Engineering I

The purpose of this first semester %
credit course is to intreduce engineering
ag a career, involve students in the design
process and to begin developing their skill
with computers. This is composed of two
lecture hours, a two-hour design laboratory
and a one-hour computer laboratory per week.

As a part of the design portion of the
course an attempt is made to gain as many
outside speakers ag possible. This brings
the real engineering world into the class-
room. These speakers address wvaried topics
from case studies to ethicsg and product
liability. The design laboratory gives the
gtudent an opportunity tec utilize the design
process both ag an individual and in group
situationg. Creativity is stressed as stu-
dents attack two-hour mini projects. The
optimum solution to a problem is seldom the
true goal. Rather, emphasis is placed upon
understanding and organirzation of the problem
at hand. Under these conditicns students
most always arrive at a more creative solution,
when a solution i1s requested.

High points in this half of the course
are achieved when gtudents are given the
opportunity tc compete against one another.
Several projects can be employed at this time
usually on a rotating basis. Examples are
{1) building a toothpick tower using a set of
criteria that define function and performance,
{(2) constructing a useful device from a given
get of materials, eg., a mousetrap, (3) a
carrier or package to transport an egg three
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storiess tc the ground without brezking the
egg. Projects such as these are helpful in
enhancing creativity and develcping self-
confidence in students' abilities.

Work on a semester-long design project,
which beging in the second semester, has its
origin in the first semester. In conjunction
to their study of the design process, students
are agked to identify the needs of society.
This stage often fosters scme rather bizarre
ideas and almost always requires some toning
down, eg., & device to neutralize nuclear
weapons. Then through an iteritive process
involving individual evaluations and group
discussicns, a list of projesct titles is
obtained. From this list, esach student se-
lects a project and teams of 4-6 students are
formed. In December, the listing of team
members is published. This enables students
to begin their information retrieval during
semester recess.

Introduction To Engineering IT

The purposs of this second semester %
credit course is to understand the theory of
basic engineering graphics, o develcp the
abllity to graphically express oneself, and
to provide an opportunity tc plan, organire,
and complete an engineering project. Thisg
is composed of twe lecture hours, a three-
hour graphics laboratory and a one-hour
design seminar per week.

The team design project involves the
formation of & fictitious company in which
the principal ingtructor bescomes the "Presi-
dent” and other involved staff become . "Vice
President” and "Contract O0fficer"”. Each
project group first identifies the problem
they intend to work on, then a Design
Proposal and Contract are drawn up. The
Contract binds the team to develop a solution
and outlines deadlines for progress. During
the project, four formal engineering reports



are submitted to the cempany (1) Feasibility
Study, (2} Preliminary Design, (3] Detailed
Design, and (%) Final Design Report. Each
written report is accompanied by an oral
report to the rest of the class. At the
beginning of the semester both written and
oral reports seem pocr at best, but as students
progress, more pride is taken in their output.
Perhaps this is due to the pressure that is
placed on students in the form of progress
report grades at this precise time.

The high point ¢f the semester is a
freshman design competition which is held
each spring. Specifically for this three-
day competition, groups of practicing engineers
from the community are invited to participate
as judges. Fach successive day cf competition
involves a different group of engineers. Last
year approXimately 68 outside enginesrs parti-
cipated in the competition. The organizational
problems ‘with this type of program at times
become a loglstieal nightmare, however, the
results have been worth it. At the end of the
final competition, two projects are selected
ag winners. The two winning projects are then
gubmitted to the annual Creative Engineering
Display sponszcred by ASEE.

Observations and Recommendationsg

The following are observations and recom-
mendations for improvement based on the
experience with freshman engineering so far.

1, Many students felt that they were being
underestimated in terms of the first
semester creative projects. MNany stated
they were a waste of time. I remain in
telief that most of these small projects
{eg., toothpick tower, etc.) are most
valuable when used properly. The solution
lies in an appropriate student orientation
to the objective of that particular project.

2, A considerable portion of the first semester
evaluations indicated that many students
considered studying the design process to
te a waste of time. By the time the
second semester wag Tinighed mest of these
students had completely changed thelr
minds. However, some students remained
discouraged because an attempt to solve
the energy crisis or eliminate pollution
from the earth was no made.

3. Approximately 1/2 of the second semester
team project reports were peor in terms
of structure and style. The purpose of
the team projects wag not to improve
writing skills. However, communication
in engineering is a must and this became
one of the hurdles in the course. This
emphasis paid off in the long run with
better organized and clearer engineering
reports. In most cf these cases sketches
and drawings were satisfactory.

4. The majority of the oral progress reports
were satisfactory to begin, btut increas-
ingly improved. Thig also prepared students
for the design competition zt the end of
the semester. Oral presentations during
the competition allowed students to not
just present & project, but to present
it in a most relevant way--to a group of
practicing engineers. Many of the students
dressed fTormally for the occasion, although
net required to, and the quality of many
of the final presentations were in the
very good to excellent category.

5. There were sgeveral times when 1t seemed
that the benefit from organizing a
complicated competiticn would be minimal.
However, 1t seems to have been worth the
trouble, and many of the guest engineer
judges enjoy participating and reguest to
be invited again. There is an obvious
advantage to being leccated in an industrial
area in terms of arranging for this type
of experience.

&. Perhaps 2/3 of the groups chosge team pro-
jects that were toc complex in terms of
the objectives of the course. A more
thorough critigue of project proposals
is needed at an early date. This is not
to say that 2/3 of the projects were less
than satisfactory when completed. But
rather that some of these project groups
required many extra consultation and
regearch hours in areas beyond thelr
immediate capabilities. This was really
incempatible with realistic course objec-
tives. After a final judging session
last semegter, a visiting judge was over-
heard saying to another "If these kids
would do something like redesigning the
paperclip, they would have every engineer
here in their pocket." His statement is
perhaps an exaggeration of the problem,
vet 1t deserves some strong conslderation
when evaluating course objectives.

Conclugion

The purpcse and format of the freshman
Introduction to Engineering courses have been
discussed briefly in the preceding sections.
As with any other course, a certain amount of
gsuccess is achieved along with some dissatis-
facticn. One can only improve with experience.
A major point to be made is that instructors
must at all times have a clear unobstructed
view of what is to be achieved by students
during & course, and the mannsr in which it
is achieved. Thig goes beyond the stating of
valid and worthwhile instructional objectives.
1t may mean--taming the freshman project.
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RECOMMENDATION FOR AN INTERNATIONAL STANDARD
IN DRAWING HEXAGON-HEAD BOLTS

AND HEXAGON NUTS, BASED ON
THEORETICAL CONSIDERATIONS

H. Niayesh
Arya-Mehr University of Technology
Tehran, Iran

For Hexagon-Head Bolts and Hexagon
Nuts, the hyperbolic curves formed by the
intersection of the six faces of the hex-
agonal prism with the chamfer cone at 307,
as shown in Fipgure 1, are normally approx-
imated by circular arcs which are much easier
to draw. In the following elaboration, the
radii of curvature for different projections
of the hyperbolas are calculated at their
vertices for that approximaticn.

The equation of the right circular cone,
having its vertex at the coordinate origin,
with base radius r and dltitude h is known

o2 2 2
from analytic geometrvy as being “?1’15_ MEZD.
rroor h
For the 30° chamfer of the hexagon head in
Figure 1, with the distance across corners

. co " V3
being e, it 1s r=re and p= %_
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Consequently the equation of the chamfer

cone is:
2
or 22+y2-322=0
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Plane T in the top view, with the equa-

tion ¥-= ﬁ% & cuts the above cone, and the

intersection curve 1 in front view has the
equation:

2 2
33’0 or .. ,/i =1
()2 (e

This is a hyperbola with half axes

3

ISP

a= 4 and b= e,

|

Tt is again known from analytic geometry
that the radius of curvature of the hyper-

bola at its vertex is R= — . So for

Yige ] e

the hyperbola 1 in front view:

_3¢?

.16 R,=
Ry” = or 1
A

oo
1%

Plane II in the top view with the equa-

or y=_/’§x+§é—e

; X
tlon )
2

. s 2 ,
cuts the chamfer cone WP +y?-3z2 =0 in a

curve with the equation resulting in:

%24 (/T x+ g§<e)2-322=0 or
X2 +3x°-3ext %—ez—e22=0,

resutting in :

3 e)z 3 2.3 .2 or

(X—-B* +€Ee-1

Figure 2
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The radius of curvature at the vertex of this
‘hyperbola 2 in front view is:

3e2
_ B - e
R= 3 or Ry= —1%
T

The equation for the projection of the
intersection curve of plane II with the
chamfer cone in the right side view can be
obtained by writing the equation of plane II

and determining its

in the form x= ;Z+'%

intersection with the chamfer cone by elinin-
ating %

2 2
(% + g— )24y?-37%=0  or —%— - -/-gj ¥t E—- +y?o3z°=0,
resulting in:
VY3 \2
2 {y-*gel
Y3 42, 9 2.9 2 S 8 _
(.V'_'B"E)"'ET_E-EZ—O or . (ge)z 1
() 8

This is the equation of hyperbola 3
in the right side view. Consequently the
radius of curvature at the vertex of hyperbola
3 is:

[=a]
o
[e']

%]

= = 3
R3= or Ry 15 ®

EST

It is very easy to approximate the
hyperbolas 1, 2 and 3 by three circles with
radii Rl’ R2 and R3 respectively, as shown in

Figure 2, because Rl = = e 1is directly obtain-

able from the front view. Halving Rl twice
. X 3 _39
graphically gives bhoth R2 = 1 and R3— ¢ ©

also shown in Figure 2.

The following table gives a comparison
of the radii of cireles, as used in U.S.A.,

U.5.5.R., U.X. and Germany with the theortically

calculated ones. For this purpose, most of
those are calculated from the conventional
graphical constructions.
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Origin R1 R2 RS
U.S.A, 13 een.87¢ 3 010,220 T
3
U.5.5.R, 2 e=0.75¢ 325 ee0, 190 1 e-0.500
UK, 2 e=0.60e T e0.1% Z e0.380
Germany 7 e=0.75¢ ﬁ:§5 2-0.1%0 3 e=0.500
Theory 7 e=0.75e 12 est.19 o e=0.56e

The same table, calculated with respect to
the width acreoss flats w instead of e, is as

follows:
Origin R1 R, Ry
R W ¥ -0.25w 2 we0.67w
U.5.5.R. 5 0,07 35 e 2o LRy
273 3
UK, L}q w=0, 6% 3 wW=t), 22w 3 =0, 430
[ ] 4
Germany ‘Lg w=0.87w 3—"{5 w20 22w a0, 58w
1% 7
Theory f«g w=0. 87w f’% W=, 220 38 wel), G5w
B
As known, for drawing purposes, in the

above countries e or w are chosen as follows:

U.5.4A. w = 1,50

U.S.S.R. e = 2D

U.K. e = 2D

Germany w from tables for

different values of D.
where D is the major diameter of the thread.
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ST

PARAMETER

Y. Charit

Technion-Tsrael Inst. of Technology
Technion, Haifa

Israel

Any textbook of perspective drawing con-
taing recommendatiens on choice of view angle,
i.,e., the apex angle of the vision cone sub-
tended by the viewed object. Most authors
restrict this anglg, without any theoretical
basis, to 28° - 37, noting that a wider
angle makes Tor digtorted perception. On the
other hand, the desire for & perspective from
an accessible center {as e.g. in the case of
large bullding in a relaztively narrow street)
necesgsitates wide-angle viewlng.

The problem in a nutshell is as follows.
Wnen centrally projected {(center Z, Fig. 1)
on a plane screen, objects subtending equal
angles v are enclosed within segments of
different length on the screen. If the viewer®
ig also situated at point Z, the vision rays
coinecide with the projection rays and the
objects are perceived in their natural propor-
tions. If, however, the viewer isg at gome
other peint &, the segments of The screen
corresponding to equal angles 7 subtend vary-
ing angles ej at A, and the pencil of
vigion rays is distinet from that of the
projection rays; as a result, the represented
objects are perceived in distorted proportions.

A very interesting study of this problem
was made by Hauchk {1), with the conclusion
that compromise is necegsary between the
requirements of collineation and conformity.
Accordingly, he proposed the so-called "sub-
jective" perspeciive, based on development of
circles combined with collineation of the
of the vertical lines (2). ILater publications
proposed auxiliary curves and surfaces (8),
{10), (12), and steresographic (3) and carto-
graphic projections (9), as means of achieving

#Monocular vigion is assumed throughout.

PERCEPTION OF
ERSPECTIVE REPRESENTATIOI

< N S A
// '
o,
A
Tz
Fipure 1.

"digtortion-free" perspectives. A comprehensive
review is given in Bartel's textbook (4).
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In contrast to the strictly subjective
approaches in all the above methods, this paper
puts forward a quantitative parameter for eval-
uating the distortion. This parameter - derived
Trom the principle of angle-oriented estimation
of proportions, as practiced by a painter draw-
ing from nature - is the change of the viewing
angle as function of the projection angles:

d
U=y (1)

In the above case of central projection
on a plane, we have (Fig. 2):

b X
f
4 e,
ty o
[ ™)
Q
& -4
A -
zZ
Figure 2.
x=¢ tan ¥y , xtb = a tan(a+a,)
- (2)
u = a !

2 c b 2
cos™ v + (-E-s:Ln"r +-a-cos ¥ )

which in the particular case b+) (10) reduces
to:

1
u +
c R
8. cosfy + 2. sin®y
c a {2a)
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As a second

Figure 4.

example, we consider Mchrle's

adaptation {8) of Hauck's idea of development

of the principal
ary curve. Here
segment is equal
part, i.,e. xmcvy
a tan@1+ao), and

circle with aid of an auvxili-
{Fig. &) the rectilinear

in length to its arc counter-
, and as before x+b =
we have:

Fig. 3 and 5 show, for the above two cases
8O-
triaxial diagrams of u as functions of

respectively,

c/a.
value of b, with

the desired interval set for

Mo (mo
pa

Dl

called "distortion surfaces”

Y and

These surfaces are c¢btalnable for any

the aid of a computer. With

u, they can be

used in finding the domains of optimal,

satisfactory and

unacceptable perception.

10°

30¢ 2

So= 2.5

Figure 5.
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The above analygis is of practical use,
for example, to movie theater designers, in
that it provides a reliable criterion for seat
rating. TFig. 5 shows the scheme of a cylin-
drical secreen with the projector at £ and
the viewer in set A. According to Fig. 7:

x=c¢ ginvy

f

x+b = (a-e) - tan(a+ao)

g = c(l-cos¥ )

da m* cogy +n * sinvy
i = — =
+ 2
dy m2 n
(4
where
a
= < - +
m 5 1 cos ¥y
b .
n = - + g8invy

The resulting disteortien surface (Fig. &)
permits optimization of the hall layout.

hig

Figure 7.
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Ming H. Land

Industrial Education Dept.
Miami University

Oxford, Ohio

To preoduce an axonometric projection, it
ig necessary to place the object so that its
principal edges make certain angles with the
plane of projection. In Figure 1(a) ig shown
g2 multiview drawing of a cube. At (b}, the
cube is shown revolved a certain angle about
an imaginary vertical axlis, and then tilted
forward about an imaginary horizontal axis.
The front vlew thus obtained is a true
axonometric projection. 8Since the prineipal
edges of the cube are inclined to the plane
of projection, the lengths of the axonometric
axeg are foreshortened. Let the three fore-
shortened scales be d, e, and f respectively,
for the depth, width, and height axes, and
thelr respective angles with the plane of
projection 8 , ¢ , and w . Then the
degree of foreshortening of any axls depends
on the cegine of its angle with the plane of
projections the greater the angle the greater
the foreshortening. This relationship can be
expressed in the following mathematical forms:

d = cos @

cos ¢ e e e (1)

IH

=

f = cogw

Since the angle between each principal sdge
and the plane of projection is equal to the
angle between the edge view of its opposite
plane and the line of sight, these equations
can be utilized to determine the latter angle,
which is the angle used for ellipse guide iIn
axonometric projection. In other words, if
we know the foreshortened scales 8, e, and f
of an axonometric projection, then the ellipse
guide angles are ¢ , ¢ , and @ , for the

front, right side, and top planes, respectively.
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IEW APPROACH TO SOLVING

LLIPSE GUIDE ANGLES
\ XONOMETRIC PROJECTION

Ed. Note: This is the second in a series of
articles by Dr. Land on the deseriptive and
analytical geometry of graphic principles. The
third and fourth articles will be published
in succeeding issues of the Journal.

{a)

S

FIGURE 1




Development of the Equatlions

By the Method cf Descripfive Gegmetry

The conventional method of Finding ellipse
guide angles for axonometric projectiop re-
quires the construction of auxiliary views 1n
which the principal planes appear 28 edge
views as shown in Pigure 2 (Earl, 1977, D: 550,
The ellipse guide angle for each pringipal
plane iz the angle motween the sdge view and

In Figure 2, 1%, can be
LT 00 R =

the 1line of sight.
w in the right side view.

proved from plane geometry that
Gy =

L0y Dy

FIGURE 2
Since 0, F/ =0, F ccos L F/ 0 F
then 0O, F} =0, F| <cos o is obtained.
Since OF = 0, F/ , we obtain OF = 0, T+
cos w . Assuming that 0, F, (true length
1line) is egual to 1 in scale, we obtaln the

foreshortened scale for OF asg follows:

f=cos w.
Similarly, we can obtain d = cos 4 , and
e = cos ¢ . From these equations, we obtain

ellipse guide angles for axonometric projection
as follows:

§ = cos” d {(for frontal plane)

¢ = cos! e {for profile plane)

w= cost T

(for horizontal plane)

By fdaka's (1978) Egquations

Let's assume a given dimetric projection
of a cube as shown in Figure 3 where g=7Y

FIGURE 3

The angles that the three axes 0D, 0OF, and
OF make with the plane of projection are § .

¢ , and ® , respectively. The following
QDdakz's (1978) equations are found:

5 cos a
cos ™ # =
cosa - cosfg cosY
2 cos B
cos ¢ =
cosB - cosa cosY
2 cos Y
cos8 w <
cos ¥ - cosa COEB
Since B=Y , cosg = cosY ,
- cos a
cos # = 5
cosa - cos g
cos a
. 0%-a 42
cog a - (cos Qﬁér_iLq
cos a

a .2
cos a -(—cosT)

cosa
= : S 5
cos g - (T CO8EG )
2
2 cosa
cosa -1

2 cos {90° + N}

cos (90° + N} - 1

- 2-8in N 2 sin N

- sin N - 1 gin N + 1

Substitute sin N with Niayesh's (1977, p. 27)
equation IX,

2 2
cin N = (1 - e) (1 - 1% and e = T,

e £

2 (1 - 62)
2sin N e” _2-2¢"
sin N + 1 (1 - e2; s 1 1

eZ
=2 - 2 92
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From Niayesh's eguation VII,

Practical Applications

Fguations (1) can easily be applied to
determining ellipse guide angles in axcnometric

a7 +e” + f = 2, projection once the Foreshortened scales are
known. Together with Niayesh's equations VII,
> 2 2 > 2 VIII, and IX, all scales and angles data can
2 -2e"=d" +e” + 1" -2 e easily be obtained.
Tsometric Projecticon
e d2 + e2 + e2 -2 ez 1
In izometric prejection of a cube where
2 d e f = 1 + 1 ¢ 1, and frem
= d Niayesh's equation VII, we obtain
Similarly,
e
cos 8§
2. 2
cos” ¢ = 34 = 2
cosg -~ Co2a cosY '
2
2 —
cos B d = T3
- cos g - cosacosf 5
a = '——3— = 0.8165. (In practice
1
= it is takend = e = f = 1)
1 - cosea
From equation (1), & = cos # = 00,8165,
. 0
1 we have ¢ = 35%15°" ¢ = 35 16"
= 3 o, .
1~ cos (90° + M) w = 35 16 + (Isometric)
Also from Niayesh's equation VITTI and IX,
1 PR
- VT - %) (1 - )
1 + gin N sin M = "
af
) VIT - &%) (1 = £y
_ - e gsin N = °
- 1 e2 ef
1+ —
e
]

. 2 2 R .
Similarly, cos” w = T we have gin M = gin N = 5 = —;”
Thus, dZ = 00529 3

e? = c0s2¢ (2)
f2 *-coszm :
= thus, M=1N= 30 (See Figure 4)
Since 4 <90, ¢ <« 90° , @ «90° , we
obtain equations (1) as follows:
d = cos @
. 359
e = cos ¢
o o
f=rcosw 30 30
i o }

Cross-Validating Niavesh's and (Cdaka's Equations

Frgm Niayesh's

equation VII, we have, a? + K\:> (i/)

e? t % = 2., Since d = cos? g , ‘e =
cog® ¢ , and f?* = cos?® w , we obtain
2 ) 2
coszﬂ + cos ¢ + cos w = 2

which is an 0Odaka's

FIGURE &
(1978} equation.
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Dimetric Projection

Tn a dimetric projecticn where d : e ¢
f = H 1 1 as an example, we obtain
42 + o2 + 1?2 =2,
S 2 2 2
—_— e + e + e = 2,
16
2
i e = 32,
32
e = Th s
e = 0.,8835.
f = 0.8835
3
4 = 0.8835 x [~ = 0.6526.

{In practice the dimetric drawing is made

@ = 2, & = £ = 1)

From equations (1), we obtain

4= cog § = 0.6626, & =#48°30",
(Use 500 ellipse in practice)

e =noos ¢ = 0.8835, ¢ = 277 56 ¢
(Use 300 ellipse in practice)

f = cosw = 0.8835, w = 2?0 56"
(Use 30° ellipse in practice)

Also from Niayesh's eguations VIIT and IX, we
obtain

m= 36" 50"
- 16° 20" . (See Figure 5)
“ <
T 37°
16
\ }
L]
50
ap®
FIGURE 5

Trimetric Projection

In a trimetric projection where d
e + £ = .6 : .9 : 1 as an example,
we cbiain

d=0.5760, @ =34 50°
0
(Use 55 ellipse in practice)
e = 0.8640, ¢ = 30° 1.
o . . .
(Use 30 ellipse in practice)
£ = 0.9600, @ =16 16"
o
{use 15 ellipse in practice)

Also from Niayesh's eguations VIII and IX, we
obtain

= 240 17 .
= 9%k
4 15",
10° 24
i
\
. 30
50
Figure 6

Foreshortening Scales and Ellipses

We have already observed that an axono-
metric projection and an axoncmetric drawlng
in practice differ in size. In the isometric
drawing a unit cube is drawn with unit lengths
drawn along the three isometric axes with
scale ratios of 1:1:1, which are called the
relative ratiocs; while in an isemetrie pro-
jection the edges of the cube are drawn with
foreshortening scale ratios of V273 0 V2/3

V273 , which are called the absolute ratios.
Therefore, ths isometric drawing is an enlarged
picture of an actual igometric projection,
and the enlargement factor, E, in the isometric
drawing is a constant and equal to V372 or
1.2247. Accordingly. when we draw any circular
features in an iscmetric projection, the iso-
metriec ellipse template whese sllipses_have
been enlarged 1.22&7 times are used. IT we
use the 3 —ellipse template whose elllipses
are no enlarged, we have to choose ellipses
with dizmeters $% times larger than the actual
diameters.

In the case of a dimetric drawing with
the relative ratios of 3/4 ¢ 1 1 and a
dimetric projection with the absolute ratios
of 0.6626:0.8835 1+ 0.8835, the enlargement
factor would be 1/0.8835 cr 1.1319. As
ancther sxample, 2 diametric drawing has
valative ratics of £ :1 :1, and the same
dimetric projection has absolute ratiocs of
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OM714 5 0.9428 5 0.9428, the enlargement
factor would be 1/0.9428 or 1.0607. 1In the
cage of a trimetric drawing with the ralative
ratics of 0.6:0.9:1, the absolute ratiocs are
0.576:0.864:0,960, and the enlargement factor
would be 1.0417. Thus it can be seen that
except in the isometric drawing where the
enlargement factor is 1.2247, the enlargement
factors, E, for dimetric and trimetric draw-
ings vary and are equal to

Relative Ratic (any axis)
E =

Absolute Ratio {corresponding axis)

Since it is not feasible to have all the exact
size angle-ellipses, approximate sime angle-
ellipses are generally employed for dimetric
and trimetric drawings.

In a previous Engineering Design Graphics
Journal article by the author (Land, 1979), it
was stated that an enlargement factor of 1%
should be used for drawing ellipses in all
axcnometric drawings. Obviously thiz state-
ment should be applied to the isgometric
drawing only. For each dimetric or trimetric
drawing a different enlargement factor should
be determined by the formula given above.

It should alsc be noted that the three
absclute ratios 4, e, and f for an axonometrie
projection are not independent, but are deter-
mined by the angles of ratation and tils.
Since d* 4+ e®* + f* = 2, the numbers, 4, e,
and T, are always less than 1. Accordingly,
the three ralative ratios for an axonometric
drawing are not wholly unbounded in range.
However, we may choose two of the three
ralative ratios, the third ratios is then
determined by the twe given ratios. Assume
that the twc ralative ratios X and Y are
given, then the third ratic 7 must fall
wiéh%n the following range (Rule & Coons,

1961 ):

VIE + Y2 > 7 > VI L vE

where X &> ¥

For example, let us consider the ralative
ratios 1, 0.75 and Z for a trimetric drawing.
Then Z lies between the range:

Y12+ 0.75% & z > Vi g.us

or 1.25 -7 e L6614
Thus if we choose Z to be .5, which is smaller
than .661%, and, therefore, it should not be

used.
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Let's consider another example of a
dimetric drawing with relative ratios of 1
1+ 2. Z will range between:

Vie 11t ez b VT D {2

or VE = 72 > o0

Thus, we can have dimetric drawirgs with various
different ralative ratios such as 1 : 1 1 3/8,
11 01/2, 11 : 3%, and 1 : 1 1%,

but not 1 : 1 : 1%,

In sum, the Equations (1) deseribed in
this paper, together with Niayesh's equations,
can be used to determine angles for axcnometric
axes and ellipse guldes for any combinations
of foreshortened scales in axonometric drawing.
With these equatiocns, the engineer and illus-
trator has a much more flexible selection of
proper viewing angle for each object than with
other conventional approaches in producing
axonometric illustrations.

Copyright (€) Ming H, Lang 1979
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PICTORIAL PARALLELISM

Eugene G. Paré&
Washington State University

K

=
O
3
2 /
=
=)
s
FIGURE 1
| 2
-
Over the past several years, my students which will be included in this presentation.

and I at Washington State University have
had a great time developing and testing a For the first project, Figure 1, let us
variety of descriptive geometry projects assume the following specificatioms: 1In
in pictorial rather than the traditlonal the isometric pictorial, locate a line
orthographic format. Previously we have through peint C that is parallel to plane
considered intérsection and shadow problems MNK and that intersects line CE. First,
in Isometric, Oblique, and Perspective pic- a plane parallel tec MNK through point O
torials. Just this past year, pictorial is needed. This new plane will contain all
material has been expanded to include lines parallel to plane MNK. Then the

pictorial parallelism, two examples of Copyright © 1979 Eugene G. Daré
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intersection of CE with the parallel plane
is required. A line through this inter-
section of CE with the parallel plane is
required. A line through this intersection
point and point O completes the solution.
For the isometric solution, the following
procedure may be employed. A plane through
0 parallel to MNK requires the following
construction, In the top horizontal sur-
face of the pictorial, a line 0S8 is drawn
parallel to MK which also exists in this
same top surface. In the isometric plane
1, 2, 3, 4, a line 84 is provided parallel
to MN which lies in an isometric plane
parallel to plane 1, 2, 3, 4. TFor sub~
sequent use, line SA is lengthened to

point 7 on base line 3, 4 extended. Then
line 7B is added parallel to 0S providing
an enlarged plane 0S7B parallel to MNK.

The cutting plane methcod is next used
Lo secure the intersection of CE with plane
0S7B. This cutting plane which must contain
line CE could take several directions; but
in this example, the cutting plane C5E6 is
used. This cutting plane not only contains

52 / ENGINEERING DESIGN GRAPHICS JOURNAL Fall 1579

FIGURE 2

line CE but conveniently consists of hori-
zontal lines C5 and E§ and vertical lines
5E and C§.

Now, the line of intersection of the
cutting plane and plane 0S7B is needed.
Since lines 0S and C5 both lie in the same
top surface of the pictorial, they inter-
sect at point 10. In the lower horizontal
surface of the pictorial, lines 73 and E&
extended intersect at point 12. Line 10-
12 is now the line of intersection of the
cutting plane and plane 0S7B. The inter-
section of CE and 10-12 establishes the
piercing point P of CE with plane 0S7B.
Line PO is the required line parallel to
plane MNK and intersecting line CE.

For your entertainment, the following
project, Figure 2, is presented without
solution, although I trust your JOURNAL
editor would welcome solutions for a
subsequent JOURNAL issue. Project spec-
ifications: Show a line parallel
to line MN and intersecting skew
lines 0K and AB.




ANGLE BETWEEN
AND A

A SIMPLIFIED APPROACH

Cynthia M. Stewart
Undergraduate Enginsering Student

Jerald M. Henderson
Profesgor of Mechanical Engineering
University of California, Davis

The rotation method of finding the true
length of a line and the angle the line makes
with a plane iz presented in most textbooks
on descriptive geometry and/or engineering
graphics., A typical problem is shown in
Figure 1. End B moves in a plane parallel
to projsction plane 1. While the line sweeDs
cut a conical surface the angle with projec-
tion plane 1 is maintained.

By
AL x — B}
1
Ay 2
Angle with Plane 1
True length
of line AB

Figure 1 — Typical Rotation Problem

If the 1 and 2 views of line AB were
givern and one wished to find the angles line
AR makes with each of the six projection planes
ghown in Figure 2 the use of the rotation
method would suggest first obtaining the 3, %,
5, and 6 views of line AB. The rotation

method requires the rotation of the line in
the view corresponding te the plane with which
the angle of interest is to be measgured.

By
6/1
1|5
A
1
7
Ay
Bz
2/3
4 \2

Figure 2 — Two Yiews of Line AB and Six Projection
Planes
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But note that once the true length of the
line is known the angles with the various pro-
Jection planes in Figure 2 can be obtained by
8imply using the true length of the line and
the fact that when the line is rotated the
point (end) being moved takes a path parallel
to the plane of interest. For example, in
Figure 3 the angle 0 ) between line AD and
projection plane % is obtained by finding the
interssction of a line through B parallel to
the infersection of planes 2z and 4 (the 2/L
fold line) and the arc centered at A& with a
radius equal tc the true length of the line.
A11 six angles line AB makes with the projec-
tion planes in Figure 2 are shown in Figure 3
using this simplified approach.

Figure 3~ The Method

This technique alse simplifies finding
the angle between & line and a plane that is
not a projection plane. Consider the 1 and 2
views of plane ABC and line m shown in Figure 4.

Copyright €) J. M.
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Hendergon and €, M. Stewart

Figure 4— Angile Betwesen Line and Plane

In these coriginal two vlews line CD in the
plane 1s introduced so it shows in frue length
in view 1 and the ftrue length of 1line m ig
determined using rotation. Then by taking a
point view of line CD projection 3 gives an
edge view of plane ABC. Now the rotated
position of line m can be determinsd by the
intersection of a line through one end of line
m parallel to plane ABC and the arc having a
radius esqual to the true length of line m,.
Thus, the usual second auxiliary view in which
the rotation of the line is shown is eliminated.

The study of engineering graphics, in
particular descriptive geometry, serves two
purposes in an engineering curriculum. The
bagic principles and techniques are important
as analysis and synthesis tools as well as
background for related subjects such as
mechanical drawing. In addition, descriptive
geometry problems serve ag excellent mental
exercises to help gain spatial wisualization
gkills. We suggest that this alternate
method of obtaining the angle between & line
and plane be included with future presentations
of the "rotation method". This method is
beth a useful tool and a useful mental execrcise.

1579




THE PSI APPROACH

TO TEACHING

ENGINEERING GRAPHICS

An important objective of engineering
graphics education has been the improvement of
instruction. This need becomes very apparent
as we study professional journals ‘and note
the increase in subject matter content with-
out an additional increase in instructional
time allotted. Thus, engineering graphics
teachers continually gearch for the effective
means to maintain standards and include the new
ideas constantly appearing.

Individualized instruction can increase
the teacher's perscnal contact with the students.
The self-paced feature of individualized instruction
{each student proceeding at his own rate) can at
least partly eliminate the problem of the slower
and faster learners who cannot adequately be taught
by presentations designed for and aimed at the
middle of the group.

What is PSI? PST is an instructional
system, an alternative to the uszual lecture-
demonstration-recitation method of teaching,
which permits an instructor teo give personal
ingtruction to as many as 100 students at a time.
It achieves greater teaching efficiency without
increasing the cost of instruction in most cases.
Perhaps most imprtant of all, it ig a system
which makes instructicn more humane to the student.

The principal feature of PSI is that each
student works independently from carefully written
study guides which state specific objectives and
suggest a procedure of accomplishing them. These
may include reading in conventional textbooks,
working problems, using computers, programmed
instruction, viewing films, or doing experiments.

teaching methods

Dr. John G. Nee
Central Michigan University

The five "distinguishing features™ of PST
and their rationales are linked together logically
by deriving each from the mastery learning approach:

1. You want everyone to master the material
{the unit-perfection requirement - individual stu-
dents stay with a topic until it is mastered}.

2. Therefore, you have to let the zlow
student take longer than the fast students. This
is self-paced.

3. If students are moving at different
paces, you cannot use lectures to dispense critical
information, since that would set a pace. Lectures
and demonstrations are to be used as vehicles of
motivation rather than as sources of critical in-
formation.

4. Ifvyou do not use lectures, you must re-
place them with something, such as written study
guides or other carefully prepared software.

5. With lots of units and a test on each
one,  you need a corps of in-class peer group tutors.
The use of tutors permits repeated testing, im-
mediate ncoring and a marked inhancement of the
personal-social aspect of the educaticnal process.

The three essential parts of a PSI unit
are the objectives, the procedures (both in
a study guide) and the test. PSI, just as with
any effective teaching method, requires that the
objectives, the procedure and the test must be
consistent and the procedures must be adeguate
to accomplish the objectives.

The objectives state precisely what the
student is able to do upon completion of the
unit while the procedures tell specifically what
to do to accomplish the objectives.

The following explanation of how PST
works at Central Michigan University might be
used as an introduction of the method to students
in engineering graphics.
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Introduction. The method by which this
course will be run is not typical of most courses
offered at Central Michigan University. It has
been used widely at other colleges and universities,
and students generally prefer it. wWe hope you, too,
will like the approach.

We have prepared detailed study guides for
each of the 12 units of work for the course. Thesa
study guides tell you just what YOU are respons-—
ible for and how to go about learning the engin-
eering graphics concepts. You can work on units
at home as well as in the drafting classrooms
where there will be pecple to help you if need it.

When you complete one of the 12 units,
working at your own speed, you will be asked to
prove that you have met the objsctives of that
unit by taking a short performance examination.

The test will take about 30-45 minutes to complete,
and you will need your standard drafting instruments
to solve the problems. Each question or problem
will be directly related to the stated unit ob-
jectives, so you should know in advance generally
what the guestions will be. The tests will be
graded immediately by your tutor or the instructer.
To pass this test you must get at least 30 percent
of the test gquestions correct! However, if you
miss more than 10 percent, it is not a gserious
matter. You will simply have to try again later
{at least 320 minutes later, in fact) on a retest.
You have up to three chances to pass, and fail-
ures will not count against yon except that they
waste your time.

START PsI
PROGRAM

The above procedure is used in each of
the 12 units of this course. These procedural
Steps are shown graphically in Figure 1, and
can be summarized asg:

1. start your PSI program by obtaining
the first unit study guide from the
student tutor or from your instructor.

2. Use the unit study guide to follow:

a. reading assignment;

b. work problems; and

¢. study guestions and check
solutions with the tutor.

3. Take the self-test which is provided
in the course textbook and is explained
in the unit-study gquide.

4. At this point you are ready to take
the unit mastery test. This test
can be obtained from the student tutor
or the instructor

5. Have the tutor or instructor check the
unit mastery test. If you pass the
test, ask the student tutor for the
next unit study guide. If you do
not pass the test, review thcse areas
not passed by restudying the approp—
riate unit segments.

Grades. You should be able toc get an A in
this course. &A1l you have to do is earn 1500 points.
You can get points by passing units, by scoring
high on the final exam, and by helping tutor other
students in the classroom. You can also get a few
bonus points by passing units ahead of schedule.
Figure 2 shows the minimum pace, and also lists
recommended dates by which to pass each unit.

1B - Study Unics

— 16 - Hasks Per Semester (4 Hours/Weok)
32 - Tuo Haur Sessions {64 Hours/Semecter)

A - Absolute Latast Completian Tme

STURENTS

UNIT STUDY GUIDE
-Reading Assignment
~Wark Problems

-Answer Study
Questions

CAK TAKE
FINAL EXAM

HITH STUDENT
TUTOR IF
NEEDED

STURENTS
CANNDT TAKE

FINAL EXAM

TAKE SELF-
TEST & CHECK
ANSHERS

P51 STUDY UNITS

TAKE MASTERY
TEST USING
ASSIGHED

FORM

WR 3 THCATHES Tk 6 TC 7 [We © [ S[wE To e TETME T2[WK 13K chl;[wme .

f——

TEST FORM - TEST FORM
A B

WEEKLY SESSIONS =

FIGURE 2

GRADING
OF TEST AND INTER-
VIEW WITH STUDEN
TUTGR

RESTUDY
REQUIRED
NI

UNIT
SEGHMENTS

FAIL ENGINEERING GRAPHICS PROGRESS AND GRADING POLICY

Less thap 90%
correct}

PASS (0% CORRECT)}

CONTINUE TO
NEXT UNIT

FIGURE1

PSI UNIT SYSTEM FOR ENGINEERING GRAPHICS
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nlthough you can get an A in this course,
you will find that the course is hard work. You
will have to establish a regular study routine.
In other courses vyou may be able to get through
by cramming just before exams; that will not
work here. You should plan on using all class
time for work and should schedule an additional
study time at home several times a week.

The details of your grade calculation are

as follows:
Each unit counts 100 points
so 12 x 100 equals 1200 pts.
(plus 5 bonus polnts per unit
ahead of schedule and 10
bonus points per unit if
tutoring)
Special handout problem counts 300 pts.
Final Exam (up to 300 points
or fraction according to score) 300 pts.
Total points{without bonus or
tutoring points) 1800 pts.
1500 points or more = A
1300 points or more = B
1200 points or more = C
1100 points or more = D
Less than 1100 = E

Progress chart. During the course your
tutors and the instructor will be using the pro-—
gress chart illustrated in Figure 3. You are
encouraged to keep track of your unit test points,
tutoring points, and points for being ahead of
schedule. B2As a result, you should be able to
calculate your own final grade.

Results. Those who have tried PSI and
have published data find an inverted normal
distribution of grades: more A's than C's.
Such comparisons are debatable and usually
do not convince skeptics anyway.

The final grade distributicn for an
entering class numbering 34 students showed
the frequency of A's and B's guite high, but
well in line with the goals of PSI. There
were nmo failures or D's and only one C. This
certainly does not represent a typical grade
distribution for an engineering graphics class.

The frequency of W's(withdrawals} and
I's (incompletes) were high. Some PEI experi-
menters advocate ignoring them, on the grounds
that surely these students know in advance what
is expected of them. If they choose not to work,
that is their privilege. Certainly if somecne has
been prodded to work all his life, it may take
some time to learn to work without the prod. TIf
we prod the student some more, he will never have
a chance to Iearn self-motivation.

Thiz policy is very hard on the instructor.
He wants his group to do well. This puts a pres-
sure on him to get in touch with slow students and
to push them on. Perhaps additicnal short-term
rewards, a clearly announced policy that I's
are hard to get, and increased guidance in set-
ting paces (calendars), could result in avoiding
large scale procrastination.

Of the students receiving W's, all with-
drew before the sixth unit and five students with-
drew upon completing just the first unit.

The majority of students receiwving I's
were committed to completing the course, but they
needed more time. Why not give it to them? One
student had completed 11 units and insisted on
completing unit 12 to finish the course.

SPECTAL
PROBLEM

FINAL

EXIT

TEST

POSSIBLE POSSIBLE POSSIBLE
UNIT TEST AHEAD OF TUTORING NAHE
NUMBER POINTS SCHEDULE POINTS POINTS
POINTS
150! -
j ey o+ {5) + _{101 = 1308 :g ?ZS; - g
2 (100) + (5) + {10} = 1208 to 1299 = €
i ﬁgg% : ggg ' (%g% . 1100 to 1199 = D
. {1y - h =
H ooy + 5} + a9 - Less than 1100 =& LETTER
5 3 E100§ + 15y + 10} = GRADE
7 100 + (5] + 10) = FOR
B {100} + (3} +_____ (10} = COURSE
g {100) + (5} + 10) =
10 (loo)  + Eﬂ + (10} =
n 100)  + 5 + {10} =
12 ElDD) + (5§ * 10) =
): OF UNIT = + ot =
POINTS Final Special Total
test problem Coursa
points points Paints
(300) {300}
FIGURE 3

PSI PROGRESS AND GRADING WORKSHEET
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The rest of the students with incomplates had
completed hetween three and eight of the total
12 uints.

The number of alternate unit tasts retaken
because of test failure was high. The high
frequency of failures upon taking the first test
for unit one would seem to show problems in
adjusting to the PSI approach and alsc the dif-
ficulties of first term freshman. The fregquency
of failures for the remzining units remaing very
low except for unit four (introduction to planes).
This signaled to the instructor a lack in terms of
materials provided the students. The unit four
materials were simply not adequate to get the
job done. Revision of this unit material is
in crder.

The fore mentioned data permits experiment-
ation in future courses. The instructor now has
a much better understanding of where and when the
course material and other related independent var-
iables are not what they should be in terms of
meeting course objectives. The emphasis of the
PSI approach is cbviously away from norm referenced
grading and toward criterion referenced grading,

The PST approach is not perfect. It
accepts a dogma presently under attack in edu-
cation: The teacher should select for the student
what the student is to learn once he is enrolled
in the course. PSI denies that having the student
bathe in the aura of the charismatic instructer is

the most effective and efficient process of learning,

If the course centers on the personality of an
instructor, the PST approach is not a viable alter-
native. But if there are specific things to be
learned in engineering education, the PSI approach
should do the +§ob effectively and most students
will enjoy it.

SUGGESTED REFERENCES :

Dressler, Alex J.,"Teaching Withcut
Lectures”, Rice University Review, 1971,
Spring Issue.

Green, B.A., "Physics Teaching by the
Keller Plan at MIT", Aamerican Journal of Phygics,
Vol.3%, 1971.

Green, B.A., "Is the Keller Plan Catching
On Teoo Fast?", Journal of College Science Teaching,
Vol.l, 1971.

Nee, John G., “The PSI Approach to Voca-~
tional Education", Industrial Fducation, Feb.,19%6.

Keller, F.S.,"Goodby, Teachear,..", Journal
of Applied Behavior Analysis, Vol.l, 19&8.

Koen, B.V., "Self-Paced Instruction in
Engineering", IEEE Transactions, Feb, 1971
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Robert F, Kelso
Louisiana Tech University

FALL '79 PUZZLE STRING '79 PUZZLE
Given: Two adjacent orthographic views oiven: Two successive orthographic pro-
of an angle of general size de- jections of two oblique limited
fined by intersecting lines of planes of arbitrary orientation
general lengths and in general that do not appear to intersect.
positions.
. . Required: «ithout determining the line
Keguired: & Non-Mormal orthographic view® of intersection between the Pl
of the plane of the angle such planes, construct a third ob-
thet the angle appears true gize. ligue plane such that it malkes
a specified angle with one of
%and, if possible, all the views such that the given planes and a differ-
the zngle appears true size as defined by ent specified angle with the
a Generasl Soluticn {see Tuzzle Corner, A#in- other ziven plane.

ter '79, Spring '79, and below) .

solutions received before November 15will
rin in the sinter issue, Flease submit
solutions to:

Robert I'. Kelso
Assistant Editor
Engineering Design traphics Journal
flepartment of Industrial Ingrg

and Computer Sclence
Louisiana Tech University
fuston, LA ?L272

A 0{

r\u.) .
SoLTIN2P 00 v - j
7/5 /’N

Figure 1 is a solution to the Spring '79
puzzlg. The épecified angles are chosen 1o
be 30° and %5°., The-Complimentary-Line-
ethod as defined by intersecting cones is
chosen ratner than the Flane-Tangeni-to-Two-
Cones-¥ethod. Uy projecting from the front
view, a line {(0-M) forming 60° 21d 459 con-
plimentary angles respectively with each of
the given planes, 1-2-3 and 4-5-5, is ob-
tained in the third auxiliary (0-M is ex-
tended somewhat o ald accuracy). It is
elected rather to construct the required
plane perpendicular to 0-1 in the auxilia-
ries, to project line 0-# into the princi-
ple views and construct the reguired plane,
Z-Y-Z, pervendicular to 0-ii in these views.

Fig. 1

4s a verification, plane X-Y-% and one of
the given planes, 4-5-6 are projected in-
to an edge view (starting from the top
view) and Tound %o form a 45% angle as
predicted by the method. Ncte that the
edges views are obtained by projecting
from the view in which one plane appears
true size and in a direction parallel-to-
a-TL-line~on-the-other-plane.
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"FERTLEXANE

iinter '79 fuzzle

Given: A"Ferplexing” Cctahedron with
all surfaces formed by right
isosceles triangles of equal
gize,

Eequired: (Construct two adjacent ortho-
graphic views using conven-
tional drawing techniques.
{(No calculations)

Bob Christenson's puzzle of the Perplex-
ahedron, Flgure 2, is another kettile of
fish or more aptly a can of worms! To
attack this problem the 'Corner elected
to attempth the "end view" from which the
geometry of the other views will follow.
As seen In Figure 3, the phernomenon occurs
af a 450 true angle in space { & BAC)
appearing as a $0° angle on the plancoof
projection of the "end view". (Another
phenomenon occurs of a true 45 angle,

& BCA, appearing as z 45° angzle al.though
the plane of the angle is not viewed
Nermally -- and this gives us the new
'Corner puzzle! )

The solution thus reduces to obtaining
a single view such that (1) the BAC
appears as 90° and that (2) line-lsngth
A-B appears egual to line-length 4-C.

This latter {2) solution may be obtained
from Abe Rotenberg's General Solution of
any-pairs~of-non-parallel-lines-appearing-
equal-length (see Winter '7% and Spring
'79 Puzzle Corner}., IFf, then, a Ceneral
Solution of-any-pairs-of-non-parallel-
lines-appearing-perpendicular may also

be derived, then the line of intersection
between these two General Solutiong
(cones) will represent the line of sight
such that the given lines will appesr
perpendicular and equal-in-length.
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The derivation (1) of a General Solution
such that any pairs of nonparallel lines
will appear perpendicular is shown in
Figure 4,

A-B and C-D are skew lines of general
lengths. In the principle views B-E is
constructed parallel and equal-in-length

to C~D. TFor simplicity C-D is not pro-
Jected into the auxiliaries but if done so
it will, of course, always appear equal in
length and parallel to B-FE ~- including the
final auxiliary in which a representative
sclution is demonstrated. The second
auxiliary, besides representing a Normal
view of plane ABE, also represents the
"triangular" view of a cone constructed with
apex at B and base perpendicular to A-R at
&, Point L is any arbitrary point on the
cone hase, therefore, any element B-1,, of
the cone will represent s line-of-sight
such that A-B and B-F will appear perpen-
dicular.



In Figure 5 the two General Solutions of
vequal-length” and "perpendicular lines"
are combined Tor a solution to the Fer-

plexahedron.
A Normal view of plane BAC from the Per-

plexahedron is shown in the top view. The
Rotenberg egual—length—appearing—pairs—of—
non—parallel—lines—General—Solution—Cone is
constructed with the apex at & and the base
perpendicular to BC at mid-point M. The
‘Corner's pergendicular~appearing—pairs~of
nonparallel—lines—General—Solution—cone

is constructed with apex at A and Dbase
perpendicular to 4-B at B. The end view

of the line of intersection, A-L, yields

the expected golution of A-B and A-C ap-
pearing equal-length and perpendicular.

The phantom lines show the "end View" of

the Perplexahedron superimposed. From this
an adjacent orthographic view may be project-
ed and completed from the other implled spe-
cifications. The completed sclution is shown
in Figure 6. A TL line has been projected
and compared to the specifications as a
verification.

FiG6. @

Although the conditions rule cut calculations,
Dick Leuba of North Carolina State University
submitted a calculated sclution based on
the geometric analysis shown in Figure 7.

FIG.7

-—?i——é———j—f"= 0.618 . . .

Notice that the calculated solution turns
out to be the Fibonacci Jeries ratic (which
gives rise to the Golden iean, Devine Rec-
tangle, et al ). Strange!

His answer was m
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AN / a
Ca \/ /
A FIig.8

Let "g" be the gide of each square of the "perplexahedron given,
1. Construct a right-angled AABC with side AB=2a and hypotenuse
BC=Ja.

2. CDh=AC

3. BE=ED

4, DFw s

%« DGLDBC; G is on a circle with EF as diameter

6. GH= a

7. GM LGH

8. KHLGH; KH=a

9. GL=GK
10. DN=DG

11. The two principal views are congruent figures.

Figure 8 (our inset) ls a "PERPEXCLUTIQN"
submitted by Abe Rotenberg of the University
of Melbourne. It appears he made a calcula-
Tion similar to Leuba's and then devised the
geometry to satisfy the calculation -- a tru-
ly piece of geometry, but, strictly spesking,
not within the conditions of the puzzle.

t#ost othere solutions submitted were based
on trial-and-error principles.

Again, thanks to Bob Christenson of the Gene
eral Motors Institute =t Flint for a real
jewel,

See ya in 'Friscao.

Robert P, Kelso
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Sponsored by fhe
ENGINEERING DESIGN GRAPHICS DIVISION, ASEE
on its 50th Anniversary

LIBRARY OF CONGRESS CATALOG CARD NUMBER 78-68611

PRICE: $15.00

The International Conference on Descriptive
Geometry was held June 14-18, 1978, in Vancouver,
B. C., Canada. The conference, sponscred by the
Engineering Design Graphics Division of ASEE, pro-
vided the opportunity for geometrists all over the
world to convene, exchange ideas and discuss new
developments and applications of descriptive
geometry,

Historically, the Conference commemorated the
Engineering Design Graphics Division's 50th year of
providing significant leadership in engineering
education, There were a total of 115 registrants
and 53 spouses and guests who convened from 11
countries, & Canadian provinces and 30 states,
resulting in a truly internatrional atmosphere.

Taking almost 4 vears from idea to reality,
the Conference was perhaps the largest undertaking
of the Engineering Design Graphics Divislon in its
long history. According to participants, the
Conference was most successful and left attendees
eager to plan a similar conference in the near
future.

The PROCEEDINGS are a completé and permanent
document of the International Conference on
Descriptive Geometry. Its 196 pages include the
complete papers of 41 authors of worldwide esteem
who participated in the Conference. Papers are

NAME

ADDRESS

Pleagse send me copies of the PROCEEDINGS:
INTERNATIONAL CONFERENCE ON DESCRIPTIVE GEOMETRY at
515.00 each. A check for is enclosed.

organized in chronclegical order as they were
presented so that the reader may experience the
Conference just as it happened. Hundreds of photo-
graphs and figures are included to illustrate the
text material, The name and address as well as a
photograph and bicgraphical sketch of each author
are included with each paper. In addition, an
alphabetical listing of all attendees with their
addresses is included in the Appendix.

ORDER YOUR COPY{S) NOW

Whether or not you attended the International
Conference on Descriptive Geometry, certainly wvou
will want to purchase a copy of the PROCEEDINGS.
Anyone teaching or doing research in the field of
Engineering Graphics will find the PROCEEDINGS a
most complete and up-to-date summary of the "state
of the art" in descriptive geometry, computer
praphics, and modular instruction in graphics.

To order your copy simply complete the order
form below and mail with your check for the proper
amcunt to:

Garland K. Hilliard, Editor
Proceedings: ICDG

510 FOE HALL
NORTH CAROLINA STATE UNIVERSITY
RALE[OH, N.C. 27&07

FORELGN ORDERS PLEASE NOTE!

Foreign orders will be mailed Air Mail, To
cover the cost of postage, please add $2.00 for
each copy ordered. Also, please send a check for
the full amount made out to be drawn from a United
States bank in US dollars.

MAKE ALL CHECKS PAYABLE TO:
Engineering Design Graphics Journal
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