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HEARLIHY & GO

" e wwe BB WHATS NEW
| FOR 19857

@ Diaze Paper & Fluids
& Ploiter Vellum & Bond Paper [
B Throw-away Pletier Points |
& low-cost Graphics Sofiware

.. from Hearlihy's!

B Design and print cards, banners, let-
terneads, and more on your Apple or
Commodore computer with the Print
Shop. . 4885

8 Initiate CAD at your schooi using your
Apple computers and our simple, yet
versatile, CADDRAW software. . .59.50

B You can expect perfectly proportioned
CAD printouts from your Apple every
time with our Graphtrix Screen Dump
...85.00

B Average, record, and print your grades
on vyour Apple with the Adelphian
Gradebook Program. . .39.50

Write or call today, 1-800-622-1000 {Ohic call
collect 513-324-5721), for your FREE '85 com-
puter drafting/design cataiog.

Hearlihy & Co.

714 W. Columbia St.

P. O. Box 889
Springfield, Ohio 45501

75 Years of Clarity Drawn From Your Specifications

ENGINEERING DRAWING AND
GRAPHIC TECHNOLOGY, 13/e

The late Thomas E. French; the late
Charles Jd. Vierck; and Robert 3. Foster,
The Pannsylvania State University.

1986, 752 pages. (0-07-022161-8)

GRAPHIC SCIENCE AND
DESIEN, 4/¢

The laie Themas E. French; the late
Gharles J. Vierck; and Robert 4. Foster,
The Pennsyivania State University

) 1984, 592 pages. {0-07-022307-6)
... 7hyears of sound information on the .. .Another success from this author
‘science of graphics. Readable. Succinct. team. Arranged around four areas: basic
Error-free. A model of clear style and out- graphics, space geometry, graphic solu-
standing draftsmanship. Cpen it up and ticns, and applications of graphics to
see how seven decades of experience design. A fourth edition that meets your
pays off. tough standards.

COLLEGE DIVISION/MeGraw-Hill Book Company 1221 Avenue of the Americas, New York, NY 10020  smssmsmmmma

Applying the Basics
ENGINEERING GRAPHICS
FUNDAMENTALS

Arvid R. Bide, Roland Jenison,

Lane H. Mashaw, Larry L. Borthup,

g. Gordon Sanders, all of Jowa State
University

1985, 502 pages (0-07-019126-3)
Engineering Grapnics Problems Book
(0-07-019129-8)

Merges traditional graphics with new com-
puter graphics technology. Students learn
basic sketching technigues, and learn how
to apply graphics and graphic theory. The
problems book features applications of
computer graphics, and plates and prob-
lems coordinated with all text chapters.
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The newest edition of ENGINEERING GRAPHICS is, as always, a motivating, concise, reada-
ble, and readily adaptable textbook. Material has been updated wherever necessary, and the
many beneficial suggestions of past users have been incorporated.

NEW MATERIAL

Computer Graphics and its associated technologies are discussed in relation to their increasing
importance as a drawing and design tool.

Metrication is emphasized even further in this edition. The proper use of the SI system is
stressed, and fasteners are treated as the focus of many areas and supplemented where necessary
by their common-unit counterparts. Metric dimensions and units are used as the basis for
illustration and problem layout.

Standards Changes are included whenever possible, especially in the area of dimensioning.

New Hilustrations and Problems are introduced (o help students [earn the material.

CONTENTS

Tools of Communication/ Orthographic Projection and Space (Geometry,/ Presentation of Data/
Description of Parts and Devices/ Pictorial Drawing/ Design Synthesis and Graphical Applica-
tions/ Advanced Graphical Topics/ Reference and Data/ Appendix/ Bibliography/ Index

ENGINEERING GRAPHICS will help your students develop the professional literacy every engi-
neer needs in making clear sketches and using and interpreting drawings. Order your complimen-
tary copy for adoption consideration and you will agree. Just complete the attached coupon and
mail it today.

Yes, picase send me a complimentary copy of ENGINEERING GRAPHICS: Communication,
Analysis, Creative Design, Sixth Edition, by Paul S. DeJong et al. 2043

Course No. & Name Name
Affiliation
Enroll./sem. /qtr. Address

City
Mﬁ Kegndall/“Hunt Publishing Company~

2460 Kerper Boulevard - 2.0, Box 539 - Dubugue, fowa 52001 State
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OBJECTIVES OF THE JOURNAL
Tha objectives of The Journal are:

1. To publish arlicles of interest to teachers and praclitioners of
Enginsering Graphics, Comguter Graphics, and subjects allied to the
fundamentals of sngineering graphics education and graphic iechnology.

2. To stimulate the praparation of arlicles and papers on topics of
interast to its membsership.

3. To encourage teachers of graphics fo experimenl with and Lest
appropriate teaching techniques and tepics o further improve the quality
and modarnization of instruction and courses.

4. To encourage research, development, and refinement of theory and
application of enginsaring graphics for understanding and practics.

DEADLINES FOR AUTHORS and ADVERTISERS
The Tollowing are deadlines for submission of articles, announcements, and
advertising: FALL-September 15; WINTER-December | ; SPRING-February 1.

STYLE GUIDE FOR JOURNAL AUTHORS.

1. All copy is Lo be Lyped, double spacad, on one side anly using whils
paper with btack ribbon in standard Englisk., Dot matrix copy is acceptable
if high quality.

2. Al pages of the manuscript ars to be aumbered consscutively.

3. §IX copies of sach manuscript are required.

4. Refar 1o all grephics, diagrams, photographs, or illustrations in your
text as Figura 1, Table 1, elc. Be surs to identify all material. lilustrations
cennol be redrawn. Accordingly, be sure that all linework is black and
sharply drawn and that texi is iarge enough to be legible when reduced o
425" inwidth, Good quality photocepies of sharply drawn itlustrations are
acceptable.

5. Submit a recent, glossy black and white photograph (head te chest).
Mske sure thal your name and addrass is on ihe back. Pholographs,
illustrations or ather submitted materials cannot be reiurned withaut
poskege prepaid.

6. The editorial staff will edit manruscripts for publication after return
from the board of review. Galley proofs canncl be returned for author
approval. Authors are encouraged Lo seek editorial comment Trom their
colleguss before submission.

7. Enclose all material, unfolded, in a large envelope. Use heavy
cardboard to pravent bending.

8. Al articies shall be written using Metric-51 units. Common
measuremenis witl be accepied at the descretion of the edilorial staff.

9. 3end 2l material in one mailing to:

Joa M, Duff

Editor, EDGJ

355 Knoy Hall of Techaolagy
Purdue Univarsity

West | afayette, IN 47907

REVIEW OF ARTICLES

All rtictes are submitted to the EDGJ Board of Review for blind reviaw.
This board represents national authority on graphic technology. engineering
aducation, and technical specialties within engingsring and technalogy.
Authors wili ba nolified as to the results of the review. Manuscripts may
be accepted as submitted, sccepted with provisions, or not accepted for
pubiication.
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ERDM THE DESK F THE EDITOR

He was ap American boyg
with his hands on the
wheel,
of a dream that was made
of Hmerican steel...

The iyrics seem to play over ahd
over, partly because of fgcecss Aa
Antatiagrapiy, portly because of my
memarfes of & 1985 Ford  Yicloria
{iwo-tang black and white with @ green
interiory, and partly because of thinking
of what we dream Tor our purselves as
educatars. The 1985 ASEE  Mational
Meeting in  Atlants pointed o the
dunamic yel heterogeneous makeup of our
socfely  and  the  strengthe  and
weakhesses because of L

Howe can we teach the  s&me
subject and yet leach widely differing
sub ject matter in widety differing waus?
Introduciory graphics {or gnginesring and
technology students runs the gamut from
traditional  graphic  technology o
graphics prograraming, te wisuslization
and guick-sketch techpigues. Sirende,
there is no unified graphics curticulurm o
@ profession who's accreditation is
rigidiy controtied. We do net present a
unified Tront and receive an approprials
FESRONGE,

Sew Lettfers 1o the
£ditor of Page 21
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Five or six gears ago, to &b
audience ! can'i recall, | warned that
those individuals who were surfacing as
“friends of graphics” were in fact
gnarmored not by the importence of the
subject  matter, but by the new
pleciromc iechnolegy. | warned thet
these people wowdd be the first to turn
wher the glow of the new technology had
woaned. | think we ore sterting 1o see
that right nov.

Events of recent months  have
pointed out just how wulernable teachers
of praphice are, especialiy if they are not
involved in o degreg-granting program.
Even with such a program, the packing
order  remains  engineering  first,
engineering iechnolegy second, and the
ather technologies (read thot graphics)
lost. 1t points ouwl that there iz no
ieng-term  professionat Twlure iR
teaching qraphics es & service course to
engineering ard technology.

what are our dresms? Do we have §
vigion greater then jusi meeling our
classes this term ond finishing  that
current project?

SGEDRGL

Graphics Students Today

Mas i1 pyar seermed to you that spatisl sbilities
of the fnceming freshmen have samehow  dropped?
Data from  the FEducational Testing oService
released this swmmer makes a startiing cofmiment on
thiz. Comparing the scores oh the spatial perception
part of the SAT, they have Tound Lhat on this part of
the test the average coliege frashiman naw scores the
same as high schacl freshmen did in 1962 Of
course there are still bighly qualified students
ehiering engineering and technology bt the pool of
enHege-bound students has widened, meaning the gool
of students thet we see In our grapimcs courses has
also widened, 1t iz nol suprizing that the sttrition
rate is so high, and difficulty in visualization so
CANHNa.

A 1o this snother factor--reading level The
yasl majority of coilege Treshmen read st bejow the
i2th grade level, meny ag low a2 the Bth, Byt teats of
reading level onnary of the well-knomwn lexts roves!
reading levels as high as the ITth grade level We
have been criticized Tor writing Tor each other and it
sppears to be troe Johnnyg can't read the grapos
Tents, and won't, uptif they are writlen for students,



A ES&GE FROM THE THAIRMAN

Cur Division heging & new academic year. It iz a
plegsure ond honar to work this geer as your
chatrman. The task hos keen made easier with the
gxcellent guidence given me during the year just
concluded by Garlend Hitifard, outgoing Chairmen.
He stressed communicetion among members, and
rightly so. In the satre vein | hope to keep all afficers
well informed so thet with teamwork we may have a
constructive year.

wWithin these poragraphs it might be well 1o
review the Division's activities st the June
conference in Atlants. Also, it could he hetpful to
look &l needs and concerns of the Diviston as noted by
this one chserver. in lhis way, the membership mey
have s sharper focus an the mission of the division

The confergnce in Atlante had as its theme
SMComputer-Aided Engineering.” Qur Division responded
with & session “"Computer Graphics in Freshman
Engineering  Education” and  another  session
“Compuier-Aided Graphics and Design”  These two
solid events and others were well received.  In
addition, the Division sponsored the annual Creative
Engineering Design  Display (CEDD) under the
teadership of ferry Veland. He also orgonized for
the first time o compelition sponsored by the
Maticnal institute for Gocupational Sefely shd Heaith
[NIOSH). ‘Winners of the CEDD were from ¥illanovg
Universitu, The winner of the NilSH compatition wes
from Texas A&M  University. Maintainirg  and
expanding these Important activities will te the
priority of Tom Baker who succesds Darty Yoland
Qur Thanks go to Gerry for his {wo years of effort,

The awerds for the CECD/HIOSH winners were
made at the annual awsrds banguet, Also of great
interest was the sonouncement of the recipient of the
Distinguished Service sward, Klaus Kroner, who has
given considerable service (or many, many years.

The Executive Commiltee in its deliberations
received and discussed reports from the various
officers and members. L is heariening to see how
seriously people discuss issues, even when they don't
abways agree. It is safe to sey that in ali coses the
good of the Division wag at the forefront of
discussion. The recently elected officers
participated  alse;  Barry  Crittenden  os
aecretary/Tressurer, RoHie Jennisen &3 Yice
Chairmet, ond re-elected Jon Duff as Director of
Publications. The core of a hord working group is in
piace for the year to come.
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ROBERT J. FOSTER
Chairman, Engineering Design Graphics Division

The membership st large was informed al the
Business Luncheen of news coming out of the
Executive Committee meeting. Special mention was
made of the Mid-Year HMeeting to be &t Purdue
Novemnber 24-26. Mike Khonseri and Pete Miller
are involved in working to make this a fine meeting.
also, & fresh new brochure is being resdied to
gescribe activities of the Division. Additionally, &
third international conference is beirg plenned for
Vienna, Austria in 1988, This should be popular
indeed| Cleser and pearer is the 'BO  Annual
Conference in Cincinngti with Framk Croft as the
EDGD program chairman. Your active participation can
help boih yow snd the Society. It iz those who get
invelved in an activily thst derive the most
satisfaction from that activity. This truism holds for
tnost aspects of Hie, nit suprisingly

Can we aszwmne from the comments so far that
we can be conient and complacent sbout the strength
ahd health of our Division? Are ther problems? Gre
wishes there were indeed no problems or concerns,
However, anl arganization has ils chaflenges and the
ENGY i5 no exception.

Internatly, there iz the probiem of  week
cermmittiess which remain inactive year after year
Thought shauld be given to etther strengihening such
committees, making them inactive, or dissolving
ihern. & commiliee which exists anly on paper and
hes no activity is in a sense dishonest,

Continued on p. 22
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NEWS OF THE ENGINEERING DESIGN GRAFPHICS DIVISION

ENGINEERING DESIGN GRAPHILS DIVISION
Americon Jociety for Engineering Education
Organization Chart 1985-1986

CHAIRMAN ® #
Robert J. Fagter |77 :
Penn Stote
PAST CHARMAN & CHAPLAIN
Gariond K. Hilliard Jaok €. Brown
North Cot-oling Stote Univ of Alabarna
SECRETARY-TREASURER *
Borry Critienden VICE CHAIRMAN  *
Virginia Palytechnic Univ. Foltie Jenison
lewa State Univ
|
| 1 ]
DISTINGUDHED ELECTIONS NOMINATING
SERYVICE AWARD ; i :
INTERNATIONAL Arv Eide Rollie Jenison Arv Eide
CONFERENCE lows Siate Univ lovwra Titote Univ lawra State Univ
Steve Slaby
Princeton Univ FOLICY
William Rogers
Virginia Poly technic
LIBISON # TECH & PROF # ZONES # PROGRAMS * | [PUBLICATIONS = CELD RESOLUTIDNS
Merwin Yeed Robert Lang Retha Groom Ron Barr Jots Duff Tom Baker Robert LaRue
Fenn State Rlortheasters: Tewas A Univ of Tenas Purdue Univ Willanewa Lindr Ohio State

Ed Relations Comaputer Grophiss

ED. Golbraith Robert Wilke
Cal State Poly Ohis State
Membetship Enig Design Edue
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Frosh Programe  Teaching Techniques
LL. Northrup Jon Jengen
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Charles White iing Lond
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Membership in our Division comes with that of our parent Society, The American Society for

Engineering Education.

We encourage you to join ASEE and asscciaie with EDGD to promote

engineering and technical graphics as a field of study; if you are a member, encourage cthers to join.

AMERICAN SOCIETY FOR ENGINEERING EDUCATION
Suite 200, Eleven Dupont Circle, Washington, D.C. 20036
{202) 293-7080

hd INDIVIDUAL MEMBERSHIP APPLICATION

Date
N . hereby apply for membership in the American Society for Engineering
(siunature)
Educationandenclose __________ as my annual membership dues for the year. $16.00 and $5.00 of this amount are for a year's

subscription ta Engineering Education and Engineering Education News respectively. The undersigned member of ASEE stands as
my sponsar. (If ASEE sponsor is not readily available, application may be submitted to ASEE Headquarters for continuing action.}

{print name of sponsor) {signalure of sponsor)

Please complete the application form below, hand-lettering or typing all entiies. Enter one letter or number per block, leaving a
blank box for normal separation ot words. Use standard abbreviations where possible,

MAILING ADDRESS

Namaea (title, first, middle. last)

Institution (if applicabie {o
mailing addrass)

{it applicable)

City (if served by
U.S. Post Office)

City & Country

Street Address and/or Deparment l
{International Appticants only |

PROFESSIONAL DATA (As it will appear in ASEE's Individual Member Direclory}
Protessional Poston ‘IIIII]HIIIIIHIIII!I\IIIIHH

institution/Company Name

LS. Post Office)

City & Country
IInlernational Applicants only}

City {if served by |
Telephone (nclude Arsa Code) |

DIVISION/COMITI'EE MEMBERSHIP

Anindividua! ASEE member may become a member of six (6) divisions/committees. Three {3) non dues paying affiliations are allowed.
If a member desires to join more than three (3) groups, the additional ones must be dues paying. Payment for dues paying affiliations
must accompany this application. A fisling of ASEE divisions/committees and their respective dues are
listed on the back.

{0 Please check if you have chosen dues paying u—l L'E'—] I—]—] u—] [—I—l l—l—l

division/committee afiliiations. Enter your divisions/committees in order of preference

Date of Birth

idanth) (Year

In order for ASEE to quality as a society member inthe American Association of Engineering Secieties, we must verify that 50% of our
members are gither Professional Engineers or have degrees from ABET/ECPD accredited institulions. Will vou please help us by
marking the appropriate box below and returning this sheet with your dues payment.

71 Professional Engineer [l Degree from accredited institution 21 Meither
FOR ASEE - .
USE ONLY Institution Code Section Code Country Code

84 o i

(OVER PLEASE)

ENGINEERING DESIGN GRAPHICS JOURNAL 7
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MEMEBER DUES
[T $40 will supply one full vear of membership for REGULAR MEMBERS.

O $15 willsupply one fuli year of membership for STUDENT MEMBERS. Student members must be full-ime students at ane of the
educational institutional members of the society. Verification of student status MUST accompany application and sub-
seguent renewal notices.

Send check for new member dues to ASEE, Eleven Dupont Circle, Suite 200, Washington, D.C. 20036. if an individual desires
special mail service, or wishes to affiliate with dues paying divisions/committees, the extra costs MUST be added to new dues
nayment.

OPTIONAL MAILING SERVICES

Newsletter; $850 O
Newsletter: $20.00 O

Jourpal: $13.50 O
Journal: $42.00 O

First Class Mail (U.S,, Canada & Mexico)
Alr Mail {All Countries except U.S. Canada & Mexico}

NOTE. ASEE publications will be sent via second class mail unless otherwise stipulatad. Payment for the above optional mail services
must accompany this application.

ASEE DIVISIONS AND CONSTITUENT COMMITTEES

ode Code Code
DIVISIONS

10 Aerospace

*23 Liberal Education (Economics,

English, Histery, Languages,

*60 Biomedical Engineering F2.00
52 Ccean and Marine Engineering

- . Psychology, Specify Other) 5200
11 Agricultural Engineering . . 54 Energy Conversion & Conservation
12 Architecturat Engineerin *24 Computers in Education 5,00 ]
ol 2 . . ) . 56 Engineering and Public Policy.
+3 Chemical Engincering 25 Materials (Mineral Engineering} $2.00 . A
26 M - *57 Engineering Management $1.00

~t4 Civl Engimeering (Canstrugtion, Hydrautics, athematics i :

P . . . " 58 Design in Engrneering

Sanitary, Soil Mechanics, Structural *27 Mechanical Engineering Education {DEED}

Surveying, Transportation) §200 {Maching Design, Thermocdynamics, 53 Hon &

s ortnation Systems

*15 Continuing Professional Power) s2.00 9 ystem:

Development 8500 28 Mechanics 5200 g1 gx?erlmdegt‘agm arsdE tgbsomlorv

. e es
18 Cooperative Education *30 Nuclear Engineenng 52,00 tenie udes | !

*17 Educational Research & Methods  $1.00 31 Physics COMMITTEES
*18 Electrical Engineering 3100 32 Relations with Industry 55 Enginesring Acoustics
*18 Engineering Economy $2.00 *33 Engineering Technology £5.00 *80 Construction Engineering $2.00
*20 Enginesring Design Graphies $1.50 34 Environmental Enginesring 82 Women in Engineering
21 Graduate Studies 35 Instrumentation 84 Manufacturing
*22 Indusirial Engweering S2.00 *36 Engineering Libraries $1.00 B5 Mingsities In Engineering

*Include division/committess duyas with payment

37 International

8 ENGINEERING DESIGN GRAPHICS JOURNAL
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BYLAWS
_ for the
ENGINEERIING DESIGA GRAPHILS
DIvVISIOn
of the
AMERICAN S50CIETY FOR
ENGINEERING EDUCATION
(1984)

Article 1
NAME AND OBJECTIVES

Sgetion 1. The name of this Division of the Section 1,
American Society far Engineering
Education shall be the Engineering
Design Sraphics Division
Section 2, The purposa af this Division shall be
to promote the scfence and practice
of graphical representation,

comraunication, desigh, and enalysis

o
Iy}

ection 2,

Section 3. The cbjestives of the Division shali

be 1o

. Provide leadership and guidance
for those engaged in the teaching 2a.
of conceptual design and graphical

analysiz and their use in industry. 2a(1).

o

. Investigate matiers relating to
enginerring graphice and 1o inform
the membership of current
developments.

o

. Encourage the earty participation

af engineering students in tha 2ot

areas of graphics and design.

=

. Fromote, siimulate, and provide
opportunities for the professional

interchange of ideas amaong the 28(3).

membership.

0

. Maintain a liaison with industr)
and governmert,

Article 1l
MEMBERSHIP

The membership of this Division shall cansist of ali
thase members of the American Soctety for
Engineering fducation wha have indicated Enginesring
Design Graphics as an area of intersst and paid
Division dues for the year

2etd)

Article IH

OFFICERS AND DUTIES

The Division shall have the fallewing
afffeers whose Lars of office shahl
be 88 indicated:

Chairman 1 year
“ice-Chalrman t gear
Secretary-Treasurer 3 years
Diractors (3 3 years

The duties of each officer of the
Biviginn shall be thase usually
gssociated with his respective office
including the following:

CHATRMAN

He shall be Chairman of the Division
and of the executive cormmittee and
ey afficio member of 21 ather
cormmitiess of the Division. He shall
preside at ell business meetings of
the Divigion and of the executive
committes.

He shall be the senior member of the
Divigion on the executive board of
the ASEE Counci) for Professional
and Technical Education.

He shall review the annhuai budget of
the Divisien a3 prepared by the
Secretary-Treasurer [See ART. H,
Sec. 2¢4B)]. The Yice-Chairman shall
be consulted during this review. If
necessary, agjustments in the budget
will be made and discussed with the
Secretery-Traasurer. ‘When
finaiized, the hudget shell be
prasented by the Chairman to the
Exacuiive Cormittae for final
approwal or revision. Upon approval
the budget shall be submitted to the
Executive Director of the Society.
{ASEE).

He shall prepare a writien report,
including budget expenditures, of his
term of office and furnish copies e
the Division Secretary-Treasurer.

He shail kegp the Yice-Chairman
informed of 4l activilies of the
Dyvision and, at the end of his term,
transmit other pertinent matariol to
maintain centinuity.

VOLUME 49 NUMBER 3

There have been several changes to the By-Laws of our Division in
the past several years. The up-to-date version is presented here,

23().  He shali appoint il bilaw
corimittees except the Nomineting
and Elections Commitless,
designating the cheirmean except
where the cheirman is spacified by
the bylaws.

a7}, He shall appoint the chairman and, at
his discrelion, other members of
committees not specified by the
bylaws but considered necessery for
the afequats administration and
operation of the Division, and assign
siich committess to the
Yice-Chairmen or appropriate
Director for administrative cantrol.

28(d).  He shall review and approve the
compoaition of a1t committeas

2a(D).  He shall asaure the effective
aperation of the Division by revokiry
the appointment of any appointee
who is not, in his judgement and the
judgement of the appropriale
Director, satisfactorily performing
the duties of the position to which
the appointes was designated.

23{10). He shall, with the advice and congsent
of the Executive Committee, request
the resignation of any efficer of the
Givisfon whe is not adequately
fulfilling the obligation of Lhat
pfficer's electad affice, and shall
appoint another member of the
Divigion to sarve in that office for
the remainder of that term.

2af1 1), He shall be responsible for el
maelings of the Division and the
Esecutive Commitiee

2al12}. He shall arrange for each naw merber
of the Society, who hes indicated an
interast in the Division, to receive o
card, ar tetter, of welcome.
Information congerning the Division
and its activities should be included,

28{13). He shall be responsible for the
funciioning and performance of the
Policy Committes whose duties and
composition are defined in ART. Yii,
Sec. 1c,

ENGINEERING DESIGN GRAPHICS JOURNAL 9
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2h.

2n(3).

28(2).

2b{3).

2h{4h,

2b(5).

20(8).

Zh{3).

2B(10).

611D,

2.

2e{1.
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VICE-CHAIRMAN

He shall serve as the Yice-Chairman
of the Division for the year following
his glection.

He shall assume the chairmanship of
the Division for the year foltawing
his term ag Vice-Cheirman.

In the event that the Cheirman i=
unable to perform the dutias af his
office, the Vice-Chairman shell
assume the office of Chairman.

He shall preside over business
megtings of the Division and the
gxecutive commitise in the absence
of the chairman.

He shall be the junior member of the
Divigion on the executive baard of
the ASEE Council for Professional
and Technical Education.

He shall assist the Chairman in the
gperation of the Division,

He shail, through the Chairman, keep
informed on the current probiems and
operations of the Division so that he
rmay maintain continuity of the
activities of the Divisien.

He shali appoint the nominating
commitiee and the elections
commitiee subject Lo the approval by
the executive commitiee at its
annual business meeting.

He shall be the chairman of the
glection commitiee. He shall, with
the aid of the other members of the
glections commitiee, count the
glection ballots end submit a
confidential report of the results of
the etection to the Chairman of the
Division,

He shel! prepare a printed st of
commitlees for hiz term of office as
Chairman for preasniation to the
Division. Printed copies of the list
shall be made availeble to the
ereculive cammittes and to 8t
pérsons in attendance at the annual
business meeting.

He shall be responsible for the
functioning and performeance of the
following Bylaws Committees:
Nominating, Elections, and
Distinguished Service Award. The
duties and composition of these
commitiess are defined in ART. V11,
Sec. 1.

SECRETARV-TREASURER
He shall be Secretery-Treasurer of

the Divigion and of the executive
rommilies,

AUTUMN 1985

2c(2).

2¢3)

2elq).

2c{5).

Ze(B).

26(73.

2eld).

2d.

2471},

He shall keep complete recards of all
meetings of the Division and of the
executive committes within sixty
{&0) days follawing sach meeting or
group of meetings end shall furnish
copies of the minutes to all members
of the executive commitiee and
their proxies. He shall distribuie to
all the members of the Division who
are in attendance at the annual
business mesting in June copies of
the minutes of the previous annuat
and mid-year business meetings,

He shall receive and presaryve copies
uf a1l reparts and papers presented
at the mestings of the division and of
the executive commities,

He shall receive and transmit to the
Engineering Library of the University
of Ninais at Urbana, !1linois 61801,
such items as may be properly
deposited there.

He shall supply to the officers of the
Division up-ta—date copies of these
Bylaws with alt amendments, within
sinty (B0} days fellewing the annual
conference of the Society, provided
thet changes were made.

He shall prepars an annual budget and
submit it Lo the Division Chairman
for review prior to 113 presentation
to the executive committes Tor final
approvat or revision.

He shel} receive any Division money,
except that which is part of the
incoms of the ENGINEER ING DESIEN
GRAPHICS JOURNAL and under
control of the publicetion committee,
and shall place on deposit such
money in an account in a suitable
repository under the name of the
Division,

He shall disburse Division funds upon
the approval of the Chairman of the
Division.

DIRECTORS

Thera shafl be five Directors sach
elected 1o serve for a period of thres
years. No more than two {2)
Directors shall be elected in any
calendar year, Egch Director shall be
respansible for alt committess inone
of the Tollowing categories:

. Liaison

. Professinnal and Technical
. Progrars

. Pubtications

. Zones Activities

m o O m

2d(2).

2d0.3).

2d(3a).

2d(3b).

23y

GENERAL DUTIES OF DIRECTORS

Directors are responsible for
establishing functions and quidelines
for the operstions of sach of their
assighed commitlees. Each year,
prior to the Annual Conference, they
shatl recammeand to the fncoeming
Chairman the names of suggested
committes Chairmen and members of
committess under the Dirsctor's
direction. A Director whose term of
office iz ending showid consuit with
his elected replacement as to
committee composition. Actual
appointments shauld not be made
untid approved by the Executive
Committeg and the Divizion Chairman
as degignaled in ART. 111, Sec. 2aff)
Birectors shall meintain contaet
with the chairmen of their assighed
committees to thsure the enectment
of the committees” functions.
Directors are responsitie for the
presentation of reports en the
activities of their assigned
committess et the Executive
Commitiee meetings during the
Annyal and Mid-Year Conferences.
Directars may recommend the
creation of new committees {ar the
discontinuance of committess that
have fulfilted their function) within
the category under their jurisdiction
Recommended actions must be
approved by the Executive Committes
and Division Chairman. Directors
shall be responsible for notifying the
Divisien Chatrman of the
unsatisfactory perfarmance of any
individual under thelr jurisdiction
which could invoke the provisions of
Article 111, Secs. Zaf@) and {10).

SPECIFIC DUTIES OF DIRECTORS
DIRECTOR: LIASION COMMITTEES

DIRECTOR: PROFESSIONAL AND
TECHNICAL COMMITTEES

The Director is responsible for the
functioning and parformance of all
professional end technical
commitizes a3 defined in ART. VI,
Sec. 2a(2),
DIRECTOR:  PROGRAMS

The Director is reapensible for the
programs of all Conference sessions
during his term of office. The
Director shalt be responsible for
issuing o £all for papers to be
presented at each Conference. The
Director shall maintain a Manual of
Procedures te ald the Program
Chairmen in planning the Conference
Tor which they are responsible, as
well as keeping the Pragram
Chafrman informed of alj pertinent
information regarding thet
Canference including papers
submitied, requests to participate,
theme and general guidelines. The



2d(3d),

2d{Ze).

ELECTIONS AND SUCCESSION OF ih.

Section 1.

Director will approve a!i proposed
programs befare submitting therm for
the approval of the Divigion Chairmean
and Erecutive Committee. Hs is
respansibie far insuring that alt
Program Commitiees are properly
functioning and maintaining their
time schedule.

DIRECTOR:  PUBLICATIONS

The Director shall also serve s

Editor of the ENGIMEERING DESIGN fe.

GRAPHICS JOURNAL. He is
responsible for the effective
performance of all members of the
Publications Committee,

DIRECTOR:

The Directar shall encedrage and

suggest activities by maintsining
contact with all Zone Chainmen o
inform tham of gpecial activities

being accomplished in other Zones as 19.

reported to the Directer by those
Chairmen,

Article [V

OFFICERS

Elected personnel shall be nominatad
and elected according ta the
follewing procedures:

A slate of two candidstes, for each
officer to ba elected, shall bs
prepared by the nominating
committes. Aneligible candidate
must bs a membar of the ASEE and
the Division who has expressed a
willingness to accept nomination and
to serve if elected to the office to De
filted. The stale shall be pubiished
in the Fall isgue of the CNGINEERING
DESIGN GRAPHICS JOURNAL.

Section 1.

A randidate for an elective position
may be nominated by & writtan
petition eddressed Lo the Chairman
of the nominating committse bearing
ten 110} signatures of members of
the Divigion end sccormpanied by a
statement from the candidate
affirming his willingness to serve if
glected. The names of candidotes so
normingted shall be added to the slate

as prepared by the Secretary- 18

Treasurer under 1d belaw.

The nemination period shall elose on
January 31, A petition for
nomination received after Januery 31
canrot be accepted.

Mot Iater than February 15, and
returnable bafore March 15, the
Secretary-Treasurer shall mail to
each mernker of record {as provided
by the ASEE Executive Directer) of
the Division an election ballot
bearing the slate submitted by the

7ONE ACTIVITIES .

dmr pawe i b b oo d b b i d
IIUIIIIHULIHH camimies Lolelhed YLy
BEERLED

attitionel names Presenten oy
petitinn A candidate recefving the
largest number of votes for the
office socught shall be declared
elecled. Included in the mailing shall
be an envalope for the return of the
hallot, The envelops shiall bear the
name and address of the chairman of
the elections committes
{Yice-Chairman of the Division).

The holder of an elective position
whose term extends beyond the
current year shall not be eligibie for
nomination to another of fice or
posiiion.

Section 2.

Agsumplion of affice by newly
sigcted personnel shall be concurrant
with thot of the offices of the
American Society for Engineering

Education.

If ahy elected persen is unebls to
perform the dulies of his office,
these duties shall be assumed by s
member of the Division appointed by
the Chairmen with the approval of
the axecutive committee, far tha
remainder of the term.

2a.

In the event that both the Chadrman
and Wice-Chairman are unabis to
assume their offices, the executive
commitiee shall etect & Chairman
from ils membarship.

Section 3.

Artice V
CONFERENCES

ANNUAL CONFERENCE. There shall be S86tEn 4.
an annual conference of the Division
10 be held concurrently with the
annual conference of the Society, and
it shall include tha annual Division
dinner meeting, ane or mora
confarence eessions, and & Tuncheon
business meeting. The annual
conferance shall be planned 1o
include areas of interast to
instructors in technical education 63
well as thase tnstructing at junior
and senjor levels ang emplouers of
graduates. Joint meetings with other
Divigions and Constituent
Committees of the Socistly are to be
ancouraged,

Section 5.

FROGRAM FOR AMNUAL CONFERENCE.
Tha pruqram fnr f‘ns annual

"""""""" Sectinn 1,
executive committes at the mid-year

conference of the Division. The 13,
Chairman shall prasent the annual

conference program to the members

of the Division st the mid-year

funcheon business meeting along

with tlerns of business. Written

reports of commitiees shall he

received and distributed.

tel1).
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The Chairman shail transmit the
program for the annual conference to
the Executive Directer of the Socisty.
The tentalive draft of the program
shall be submitted when requested by
the Society subject to modificetions
enacted by the Executive Committes
at the mid-ysar conference. The
program for the anhusl conference
shall de published in the ENGINEERING
DESIGM GRAPHICS JOURNAL as &
record fer the Division.

MED-YEAR CONFERENCE, Thera shall
be a mid-year conference to be hald
on an appropriate date each year
betwean Movemnber 1 and January 31,
and shall inciude o Division mid- gear
dinner meeting, one or more
confercnces, and a buncheon business
meeting. The Executive Committee
will be responsible for selecting
sites for conferences.

PROBRAM FOR MID-YEAR COMFERENCE.
The program for the mid-yser
conference shall be considered by the
Executive Commitlee at the annuat
conference of the Division. The
Cheirrnan shall present the mid-year
conference program Lo members of
the Division at the annua! tunchean
business meeting. The program for
the mid-ysar conference shall be
putiighad in the ENGINEERING DESIGN
GRAPHICS JOURNAL ag a record for
the Division.

Perigdic Summar Schools shall be
heid at the direction of the Executive
Carmmittes.

Division members are urged to plan
group meetings of engineering design
graphics instructors in connection
+ith seclionalf conferences of ASEE,
anid are urged to make those meatings
of intarest to instructers in
technicel educetion and of junior and
senfor college levels with a view of
ingluding such instructors as
members of the Division.

Membera of the Seciety and other
interested parsons are eligible to
attend ol) open conferences and
meetings of the Division,

Article Vi

EXECUTIVE COMMITTEE

DUTIES

Tha vision shatl have an executive
committee whose duty shall be to
adminisler the affairs of the
Divigion and report to the Mivision at
the mid-year and annusl conferentes.
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1b.

Sectien 2.

Section 3.

Section 4.

Section 5.

Section 1.

The Executive Cammittee shell la.
cenvene for a meeting pricr to the

snnual and mld-year business

meetings in order to recaive and

discuss written reparts from the

Division's committees and to conduct

such other business as required.

The Executive Cornmittee shall
schedule and arrange for annual
conferances, mid-year conferences
and summar schoois. It shall
administer such ather activilies es
may be desirable for the promotion
of the objectives of the Division,
including the eppointment of special
committees,

OFFICERS. The officers of the
Executive Committee shail be the
officers of the Division.

MEMBERS. The members of the
Executive Committee shall be the
officer of the Division and the
jmmediate pest Chairman,

PROXIES. A member of the Executive

Committee who cannot attend a thit).

meeting may appoint & proxy. if he
fails to do so, the Chairman of the
Division may appoint e proxy for him.
Praxies must be members of the
Division,

The Chairman of the Division may
invite guests la the Executive
Commitiee meeting if he feels that
it 15 in the interest and to the
penefit of the Diviston. Any
members, or other interested person
having & contribution to make to the
Diviston should submit his thoughts
inwriting to the Chairman at 1east
thirty (30} dsys before & scheduled
mesting of the Executive Commities
50 that ke may de inviled if his
presence is deemed 1o be desirable
by tha Chatrman.

Article ViI
COMMITTEES

BYLAW COMMITTEES. Each chairman
of a Bylew committee is expected 1o
submit a report to the Vice~Chairman
of the Division well in advance of the
Executive Cammitiee meating at the
annual and the mid-year conferences.
The ¥ice-Chairman will consotidate
the reports of his coramittes
cheirmen inta a single report
submittad ta the Division Chairmsn,
The report shauld be available for
study, by members of the Executive
Committee, prior to the meeting of
tha Executive Committes 5o that
controversial ar ather critical issues
may be intalligently discussed and
action taken at tha Exacutive
Cornmitlee meeting.
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HOMINATING COMMITTEE. A
romineting commitiee shall be
recornmended by the incoming
Yice-Chairman to be confirmed by
the Executive Commitlee at its
annual meeting in June. The
naminating commitiee shail consist
of five members three of whom shall
be the most recent past chairmen of
the Divisien and two other quelified
members, To be qualified, the
meamber muat not hotd e Division
office at the time committee action
ts taken. The chairman of the
norninating cammittee shall be the
senior past chairmen, so appointed,

ELECTIONS COMMITTEE. The elections
cammittes for the Tollowing year
shall consist of the Vice-Chairman in
sffice and two members of tha
Division appointed by the
Yice-Chairman. The appointments
shall be subject to approvel of the
Executive Commitiee, The
Yice-Chairman shall be the chairman
of the elections cammittea.

The chairman of the elections
committee shall trensmit the results
af the election to the Chairman of
the Division. The Cheirman of the
Divigion shall then inform each
candidate {including those not
elzcted) of the results of the
etaction for his office and shail
transmit the names of the newly
elecied officers 1o the editor of the
ENGINEERING DESIGN GRAPHICS
JOURMAL for publication in the -
Spring issue of the Journal, The
thairman of tha elections committee
shall report the results of the
election to the Division at the annual
busiress meeting.

POLICY COMMITTEE. A policy
commities shall be recornmended by
the incoming Chairman Lo be
confirmed by the Executive
Commities at its annus! maeting in
June. The palicy commitlee shall be
corngosed of three or more members,
three of whom shall be past chairmen
af the Division. The policy
eormmitize shall consider all matiers
af policy for the Division that are
assigned to it and make
recomrrendations to the Division end
the Executive Commitige. The
cammittee shall act for the Division
to approve or disapprove American
Mational Sianderds |nstitute (ANSH)
Drafting Standerds submitied to it by
the ASEE &s sponsor in acterdance
with the policy of the Socisty.

DISTINGLUISHED SERVICE AWARD
COMMITTEE. The distinguished
serviee award committee shall ba
composed of the three immediate
pest chairmen of the Division. The
senior past chairman shall serve as
chairman of the committee. The
commitiee shall consider as possible

a1,

1d(2).

1d63).

recipients of the Distinguished
Service Award those nominges
thought to be worthy of the award
bacause of distinguished service to
the engineering profession, the
Divisian, and to education. Since this
award is recoghized, also, as ane of
the outstanding awards of the
Society and the person receiving it is
honored at the annual dinner of the
Society as a persan of considerable
professional steture, the coimmitiee
need not select a recipient in any
year that none of the nominees fully
meet the requirements sel forth
nersin by the Diviston. The award
shall be hazed upon the fatlowing:

Ta recogniza and encourage
outstanding cantributions to the
teaching of students of
engineering design grephics,
deseriptive geometry, computer
graphics, and other courses within
the interests of the Enginesring
Design Graphics Division.

The Award. The award shall
conaist of a certificate presanted
st the anhual dinner of the
Engineering Design Graphics
Diwision of ASEE.

Reguiremsants, tn order to receive
the distinguished Service Award, a
person must have mads a clearly
discernible contribution to the art
and science of teaching courses in
a recognized field of graphics in
several of the Tollowing ways of
which item {e) shall not be
omitted:

{a) Success es a teacher must be
esteblished both as to
competence in a subject
matter and ability 1o inspire
studants to high achievement.

{b) Improgvement of the tonls of,
and conditions for, teaching,
Evidence of such achievement
may consist of subject matter
{texthooks, ets.), courses or
eurricula, disgrams and
madels, lataratory and other
terching equipment, and ather
similar activities.

a

improvements of teaching
through activitfes, incluging
the development of teachers in
& department or in other
schools, testing er guidance
programs, promotion of
cooperation with other types
of educational institutions or
industry, development of
testing and guidence programs,
and the coordination of fieids
of subject matter.

{d

Schelarly contributions to
Yiterature, significant honors,
ete.



1a(4).

1d(5).

1aig).

14i7).

Section 2.

2ai2),

{e) Service to the Engineering
Design Graphics Division of
ASEE as evidenced:

- by reqular attendance at its
meetings as an indication of
interast in the improvement
of teaching--

- gervice o its commitiess
or an officer with @ recard
of definite achievament--

contribution to its
publicetions or summer
zchoul grograms.

Nominations. nominetions mey be
made by any rmember or group of
members af the Division except
rembers of this Awards Commitise,

Marminatisn Form. A nomination form
shall be prepared by the
distinguished Service Award
Cammities which will outline the
qualificalions sna wili provide space

2a(3). PROGRAM. Committees inthis
category are responsibie for plenning
and implerentation of on-going
programs of the Division. There shatl
te an Ad Hoc Program Commitiea for
each Annual and Mid-Year Conference,
and it shall be responsible for ali
conference sessions sponsared
totlally or jointiy by the Division
during that conference. Each pragram
committea shall be appointed ot the
canference ocourring approzimately
1~1/2 years prior io the confarence
for which it is responsible, and shall
cease to exist follawing the
cenference for which it was formed.
A Program Commitiee shall generally
consist of the Division
Yice-Chairman, the Dirsctor:
Programs, & Program Cgairman, and
ot least one other person closely
alliad with, or especially qualified to
represent and act as limison far, the
inatitution er area in which the
particular conference 15 Lo be hetd.
This persan could also be the
Program Chairman.

for a brief outline of a nominge's 2a8(58). ZONE aCTIVITIES. Commitiees in
perfarmance in each category. This this category are Lo increase and
form shall accompany the election promaote Section and tocal activities
ballot (See ART. Iy, Sec. 1d). of Divisien members within the
various Zones, There shall oo a

The repert of this comrittes shail be commities from each of the Secliong
made ai the approprigte time and in the particuiar Zong,
place.

Section 3. COMMITTEE CHAIRMEN. Commitiee
Mominees from the previcus three chairmen are responsible for
years may als be considered for the {oVIGwWing (he guidelines sstatiishes
award by this committze. A sl of by their Direcior end for keeping the
the hames of these individuals, and sppropriata Director informed of the
ai1 supporting information, shall be activities of their committee. The
pessed on 1o the thcoming chairman chairman directs the activities of
af the commities by the outgoing 1he commities members within the
chairman of the cemmitise. constraints of those guidelines, and

he may suggest to the appropriste

HOM-BYLAW COMMITTEES. Non-Bylaw fyirecior such agditional activities as
commitiees shall ba assigned to one he desms necessary for the
of the Tellowing described categories committes's proper functioning, Each
under the supervision of the chairman shall prepare and submit
appropriate Direstor. They may be reports to the epprogriate Director in
designated by the division Chatrman time for the reports required of the
or by the Ezecutive committes when Direciors to be prepared. Requirec
such & commitiee 1s deemed reports are interim for presentation
necessary for ihe proper functicnig at Mid-Year Confarence and annusl
of the Division. Seme special for presentation at the Annual
purpose committess may be essighed Conference.
under the contrel of the Chairman or
Wice-Cheirman. 35, PROGRAM CHAIRMAN. Eech Program

LIAISON, Committees in this
category ore those whose purpose is
te provide a connection between the
Engineering Design Graphics Divisicn
and other reigted or interested
groups both within and without the
Americsn Sociaty for Engineering
Educalion.

PROFESSIONAL AND TECHNICAL. The
purpcse of committees within this
category i3 the advancement of
knewiedge in the many ereas
encompassed by the Engineering
Design Graphics Division.

Chairman shall submit proposed
programs to his Director for
approval. The Director will in turn
submit the proposal to the Division
Chairman asnd Executive Cammitties
for their appraval. Program
Chairtman for an Annual Conference
and the Divistan Chairman shatl
attend the ASEE planning meeting for
that particular conference, The
Program Chairman shall, with the
assistance of his committes,
determinge the number, type, and
specifics of all technical events,
ineluding participents and session
moterators. Although it is the

Section 1.

Section 2.

25.

20
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Director's responsibility Lo pass on
o the Program chairman all
available papers, ahstracts, program
suggestions and ather pertinent
information that he has, it shall e
the responsibility of the Program
Chairman to select and schedule the
actual events and participants after
the pragram has been approved by the
Direcior: Programs and the Executive
Cormmittee, He shell netify all
perticipants of their selection and
forward appropriate forms and
informnation to them and meka
related arrangements requested by
tha National Headguariers or the
committes.

The Prograrm Cheirman shall alsa be
responsible for preparing featurs
articles or snnouncements
pubiicizing the program in the
sppropriste Journel(s) and in other
ways sssist in the proper advertising
and promotion of the program.

Article VI
PUBLICATIONS

PUBLICATIGNS COMMITTEE. The
Publications Committes shali be
cemposed of the Director-Editor [See
ART. 111, Sec. 2d(3d)], the Circulation
Manager-Treasurer, the Advertising
Manager, and such Assistant Editors
as are deemed necessary by the
Director-Editor.

The Publications Comrmittee shall be
respansibie Tor the timely
publicstion of the ENGINEERING
DESIGN GRAPHICS JOURNAL, and any
ather Division publications, as
authorized or directed by the
Executive Committee. A minimum of
three issues of the JOURNAL shsll bhe
published each year.

ELECTION OF PUBLICATIONS
COMMITTEE

The election of the Directar-Editor is
cavered in Article Iy,

The CIRCULATION
MANAGER-TREASURER shall be
appointed by the Director of
Publications subject 1o the approvel
of the Executive Commitiee. The
term of appointment shall he
indefinite and continue for so long
as: is mutually agreeable with the
appointee, the supporting institution,
and the Director of Publications; the
responsibilities of the office are
properly served. The appoiniment
may be terminated by resignation or
death, by request from the supporting
institution, or for cause by acticn of
the Executive Committes. A
recemmendation to terminate the
appointment may be made 1o the
Executive Cammittee by the Director
of Publications or may be initiatad

ENGINEERING DESIGN GRAPHICS JOURNAL 13
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2c.

2d,

2e.

Section 3.

3a.

Jali)

3a{2).

Fal3)

Jald).

Zal(s).

=

3h.

3n(s).

by the Executive Committee sfter
suttable notification to the Direclor
of Publicaticns. Termination, for
vrhatever reason, shall consider the
best interests of the divigion and be
hendied in such @ manner as to insure
continuity of the operations of this
affice.

The Advertising Manager shall he
glected to a thres-year term in the
same mahner as presented in Article
v,

The elections of the Director-Editor
and the Advertising Manager will be
slaggered in ordsr fo provide
maximum continyity to the
Publicatigns Committee,

In the event that the Advertising
Manager is unabte to perform his
duties, the provision of Articie IV,
Section igis applicabte.

DUTIES. The duties of the members
of the Publization Cammitise shall
be as foltows;

DIRECTOR-EDITOR. He shall be
Chairman of the Publications
Cornmittee and Editor of the
ENGINEERING DESIGN GRAPHICS
JOURNAL,

He shall have the responsibility of
soticiting, selecting, and editing a1l
articles pubiished in the
ENGINEERIHG DESIGN GRAPHICS
JOURHAL.

He ghall cooperate with the Editor of
the ENGINEERING EDUCATION JOURNAL
as o articles referred o the
ENGINEERING DESIGN GRAPHICS
JOURNAL for publication and as to
articles referred to the ENGINEERING
EDUCATION JOURNAL for publication.

He shall make such arrengements ang
agreements as are necessery for the
publication of the ENGINEERING
DESIGN 5RAPHICS JOURNAL.

He shatl report on all matters
pertaining tv the ENGINEERING
DESIGN GRAPHICS JOURMAL to the
Executive Committee at all its
meetings.

He shall appoint such Assistant
Editors es he ferls are required to
assiet hiwi in his duties, subject to
the approval of the Executive
Cammittee.

CIRCUL AT 10K MANAGER-TREASIRER,
He shall be respongible 1o the
Director-Editor for all matters
periaining to the circutation end
finances of the ENGINEERING DESIGN
GRAPHICS JOURMAL.

He shall solicit subscriptions from
members and from ether sources and
shall submit lists of such
subscribers to the Director-Editor.

3bi2).

30{3).

3bi4).

3b¢5).

Fu{n).

3007}

3b(a).

3t

3el1).

32

3ci3)

3cid)

Je(S).

Je(8).
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He shall assist the Director-Editor in Section 4.

any way requesied to expedite the
mailing of the ENGINEERING DESIGN
GRAPHICS JOURMAL.

He shall handle all monies for the
ENGINEERING DESIGN GRAPHICS
JOURMAL in a standerd bookkeeping
form and deposit such monies in an
account ina suitable repository
under the name of the ENGINEERING
DESIGN GRAPHICS JOURNAL.

He shalt receive all advertising fees
from the Advertising Manager for
depasit in the acecunt above.

He shell pay &1 costs connected with
the publication of the ENGINEERING
DESIGN GRAPHICS JOURNAL as
submitted by the Director-Editor.

He shell submil reports oh the status
of all his activities to the
Director-Editor prior to the mid-year
and annual mestings of the Execulive
Committee,

He shalt present the financial
recerds for an ennual sudit by an
sugit committee designated by the
Division Chairman.

He shall, ot the end of his term and
the accompanying audit, transmit to
his successor all financial records,
together with &1l monias in the
ENGIMEERING DESIGN GRAPHICS
JOURMAL account.

ADVERTISING MANAGER. The
Advertising Manager shall oe
responsible to the Director-Editor
for all matters pertaining to
advertising in the ENGINEERING
DESIGK GRAPHICS JDURNAL,

He shail actively solicit and procure
advertisments from a1l appropriate
sourees.

He shal} conduct all business matters
with advertisers.

He shall submit &l bills for
advertising according te the current
rates.

He shall promptly transmit.such
menies received Lo the Circuiation
Manager-Treasurer,

He shall maintain logs of advertising
aceounts, contracts, accounts
receivable, and recommendations Tar
advertizing policy changes,

He shall submit reports on the status
of a1l kis activities to the
Director-Editar prior to the mid-year
and annual meetings of tha Executive
Commitlee.

ASSISTANT EDITORS. Their duties
shall be assigned by the
Director-Editor,

Section 5.

‘Section 6.

ADYERTISING RATES. The
Publications Committea shall fix
advertising retes subject to the
approval of the Executive Commitize.

SUBSCRIPTION RATES. The
Publications Commitlee shall fix
subscription rales subject o the
approval of the Executive Commitiee.

FINANCES. Tha Pubiications
Committee will conduct an arnual
Firancial review of the Journal and
gther publications financed from
Journe! funds and prepare an
operating budget for the coming yeer.
In addition to the operating fund, en
emergency contingency fund ef
sufficient amount 1o finance Division
publications for one year will,
financial soivency permitting, be
maintained in an insured financial
institution in the name of the
publication. Funds inh excass of the
operating budget and emergency
contingsncy fund may, by actian of
the Executive Committes or at the
discretion of the Fublicetions
Committee, be transfarred to the
Secretary-Treasurer for deposit in
the Division fund to be used for any
purpose the Executive Committes
may approve. Available Division
funds may, upon application of the
Publications Commitize to and
subsequent approval of the Executive
Committee, be transferred to the
Circulstion Maneger-Treasurer,
Publications Committee, to maet
existing or anticipated deficits in
sperating funds or Lo finance special
or unusual "one-time” projects. No
separate account wilt be meintained
by the Secretary-Treasurer of funds
received from the Publications
Committee, nor will funds mede
available 10 the Publication
Committee by the Secrstary-
Treasurer be limited to amounts
previously deposited.

Article IX

PARLIAMENTARY AUTHORITY

section .

The rules contsined in Robart's Rules
of drdar (Jatest edition) shall govern
thiz division in all cases to which
they are applicable and in which they
ara not inconsistent with the
Constitution and Bylaws of the ASEE,
the Bylaws of this Division; in other
casgs the Constitution and Bylaws af
ASEE shall govern,

Article X

AMENDMENTS TO BYLAWS

Section .

These Bylaws may be amended at any
annual business meeting of this
Divigion by a two-thirds majority
vote af the mambers of the Division
who are present.

Continued on p. 22



CALL FOR PAPERS

COMPUTER GRAPHICS AND CAD:
IMPLICATIONS FOR ENGINEERING EDUCATION

The Engineering Design Graphics Division of

ASEE invites papers for possible presentation

at the 1986-87 midyear meeting hosted by the
Univarsity of Texas at Austin,

Jaruary 59,1987

Possible toplcs include:
s Engineering Computer Graphics
« Computer-Aided Design {CAD)
» Automated Drafting
« Microcomputer Graphics
« Freshman Design Projects
=+ Color Graphics Applications
s Hardware and Scftware Systems
« Computational Gecmetry
« CAD Degree Programs, 2 and 4 Year
+ Graphics Programming Exerclses
« Software Exchange

Submit the title of the paper and a 500 word
abstract to the meeting program chairman.

Genseral Chairman

Rorald E. Barr

Mechanical Engineering Department
University of Texas at Austin

Austin, TX 78712

{512) 471-3008

Program Chairman

Ronald C. Pare

Mechanical Engineering Technology
University of Heuston

Houston, TX 77004

(713) 749-4652

VOLUME 48 NUMBER 3

Nem donrmal

It's always nice to note the birth
of 2 new addition to the literature of
graphice  and  graphic  education
REPRESENTATION: The Journal of Graphic
Education has released its second issue
and it provides an interesting outlet for
the architectural and design education
people who are graphically inclined. The
content is essentially an concept or
ideation drawing and though not
specifically engineering oriented, it still
makes for good reading. The editerial
board iz widely  representative
gecgraphically with  Kirby Lockard
{Drawing as a means to Architecture)
serving as managing editor. tf you would
be interested in a subscripticn contact:

Journal of Graphic Education
2901 E. Mabei, Tucson, AZ 85716

NOTICE OF AVAILABILITY OF "FREEWARE"

For copies of a listing of freeware available for MS-DOS computers

contact .
Bob Soden
3300 Stanton Street
Soringfield, 1L 62703

Send $3.00 for a listing (on diskette) of over 150 free programs of
bring blank DS DD disks to the software exchange session at the

ASEE naticnal meeting in Cincinatti in June.

ENGINEERING DESIGN GRAPHICS JOURNAL 15
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More Than a Meetin

wDusTa,

,
o

ASEE Annual Conference

%
-1
#

(CIRCIRNATD
University of Cincinnati ASEE ‘86
s Py

June 22-26, 1986

If your job involves the education of Muture enginecrs or technologists, then the 1946
ASEE Annual Conference has something for you It offers more than seminars and
exhibits. You can;

» Mingle with prominent engineering educators at many social events.

+ Establish contacts that will last long after the meeting has ended.

s Get a free copy of software developed by your peers.

* Learn how to apply new technologics in the classroom, Jaboratory er office.

» Discuss common teaching problems with colleagues.

® Tell ASEE’s elected leaders your concerns and needs.

® Learn how engineering education is demonstrating this year’s meeting theme: A
Partnership with [ndustry and Community.

EDGD SPRING ELECTIONS

Three offices are up for election in Spring, 1986. You will receive
an official ballot in the mail for your vote. Make sure you take the

time to evaluate the Tine slate of candidates and cast your votel
Here are the offices and the canoidates.

Vice Chairman Director of Director of
Programs Liaison

Ronald E. Barr Josann Duane James Leach
Associate Professor Associate Professor Assistant Professor
University of Texas/Austin Ohio State University Auburn University
Merwin Weed Jerry V. Smith Billy H. WGod. -
Associate Professor Associate Professor Lﬁ?\fg‘;g?f%ﬁﬁi;‘;/
Penn Siate University Purdue University Austin Y

16 ENGINEERING DESIGN GRAPHICS JOURNAL
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ASEE OFFERS COMPUTER DISCOUNTSH

ASEE  has expanded its program to assist
enginearing facuily buy personal computers hardware
and software. Companies Teatured are:

e Zenith models 7-100 and 7-150 {40% off)

8 AutoCAD (35% off)

e Texas instruments 71 Professional (30-35% off}
@ Heath low profile kit computer (38% off)

interested?  Contact ABEE headguarters to
verify membearship and receive forms,

RO DREESSESERTERNAHEIM

Two addresses of interest to engineers will
keynofe the winter Design Engineering Show and
Conference at Anaheim, December [1-13, 1983,

John J Clancey, president of cConneil
Dougias Manufacturing and Engineering Co. will speak
on "The increasing Role of Engineers in Corporate
Decision Making”, and Robert 3. Ozaki, Schoo! of
Business and Econemics, Cal State University, will
discuss "A Propossd Industrial Policy Relating to
Government and Private Sector.”

The conference is sponsored by the Design
Engineering Division of ASME and features 11
sessions devoted to CAD/CAM/CAE.  The show
features 200 exhibitors from ali areas of design
engineering. List of speakers ana their topics can be
obtained from: Show manager, Winter National Design
Engineering Show, 89 Summer Street, Stamford, CT
06305 (203) 484-8287.

1985 ASEE/EDGD MIDYEAR
Movember 25-26, 1980
Hosted by PURDUE UNIVERSITY

VOLUME 49 NUMRER 3

NOATH CRAROULINA STHTE UNIVERSITY
HONORS TWO

A P A e et B s D A Py Ay P e e At T P P T i A B T T P e el Pt Rt B Pt

The Department of Occupational Education in the
Schael of Educetion honored iwo long-time graghics
teachers with THE OATHOGOMAL HMEDAL, o
recognition of their dedication lo the sdvancement of
knowledge in the graphical knowledge. The medal was
cast with the likenesses of four individuals who
historically serve as models for the development of
Graphic Science as a field of study: Euclid, De Yinci,
Monge', and Jefferson.

Febert H. Hammond who taught grephics at The
Military Academy and North Caroling Stete University
and the author of several texts in the field, and
wWarren J. Luzadder, formet professor of engineering
graphics at Purdue Universily and noted euther each
received the medal. Both are Professors Emertitt of
their respective universities.

At the presentation, FProfessor Luzadder
addressed the gathering as the 1985 Distinguished
Lecturer in in Graphic Communications at The North
Carolina Stale University.

PEe———p e AL S S S g et el Rt

Ifl PASSING

Thoedore T. Askhus, 88, retired professor of
Engineering Mechenics &l the University of
Mebrsska-Lincoln, Died Jenuary 28, 1985, al hig home
in Lincoln. The igle Professor Askhus taught at the
University of Nebrasks from 1926 until his
retirement in 1964, Ag Professor Emeritus, he
continued to teach evening classes unlif 1972

He was 8 former Chairman and Vice-Chairman of
the Engineering Drawing Division (earlier name of
EDGD) of the American Society for Engineering
Education and the fermer editor for a number of
years of the Journai of Engineering Drawing (eariier
name of the EDGJL In 1963 he received the
Distinguished Service Award from ihe Division. The
membership of the EDBED mourng his passing.

I AR Rt AR G U e e i S8 T T SU 8 D I W IR D S S U T T S S U SU Ik W
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The 1386 Annual
Conference will again
present an opportunity
- — B tounits within ASEE
L0 exchange information by providing a forum for
computer software exchange. The exchange will be
organized as poster demonstrations with presenters
displaying their software. All software will be public
domain and presenters must sign a release. Contact

Frank Croit at Ohio State

Fundamenials of CHD

Gaiy R, Bertoline
Delmar Fublishers Inc, 1985

Eundements!s of CAD by Gary Bertotine offers &
solid introguction to computer-sided drafting. The

text progresses graduaily from a general discussion
of CAD topics to specific techniques for creating
drawings with 8 computer. To a&void  being
system-specific, the discussion of CAD commands 18
based on generic terms. Therefore, the emphasis iz
on LAD capabilitiees and procedures that ere
transferrable to aimost any system. The text is
intended ta supplement system-specific menuals for
instructionat use. It would be appropriate for
teaching CAD “on paper” without the use of computer
hardvare.

The content of the text can be divided into two
categories--CAD topics and CAD drawing functions.
The sections on genersl CAD topics include the
definitfon, advantages, development, and components
of CAD. Descriptions of various hardware devices
and how they are used to inpul, output, snd store data
are also covered. In addition, current and future
appiications of CAD are discussed.

..... an excellent supplement to an
introductoryg CRD course

18 ENGINEERING DESIGN GRAPHICS JOURNAL
AUTUMN 1285
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The portion of the text devoted to crealing
drawings covers the basic functions of computer
sysiems.  Each function ig introduced through
examples and disgrams.  Some of the functions
included sre creating end editing geometry,
manipwlating images, dimensioning, and inserting
tewt.  After each drawing is introduced, it is
foliowed by & step-by-step procedure of how o
implement the task with the computer.

The text ts well-orgsehized and written in a
language which is appropriate for an intreductory
level text. As CAD terms are introduced into the
discussion they are explained and 1isted ot the end of
the chapter in a glossary format.  The entire
oiphsbetized glossary is included at the back of the
text. Each chapter includes objectives and review
questions to aid instruction and the drewing sections
are prefeced with o tist of prerequisite knowledge
thet must be mostered before attempting the nesxt
sel of commends. These sections slso include
drawing exercises in additien to review questions.
Anather pius is the appendix which includes a listing
ond description of CAD sysiems, a vendor
questionnaire to assist in purchasing decisions, and a
listing of CAD periodicels and confersnces. Overall,
the text would serve as an excelient supplement to
an intraductory CAD course.

Reviewed by Judy A. Watson, Purdue University



VOLUME 49 NUMBER 3

GR P
e l{n
.\AD‘Q,?"»,

THE DIVISION OF <
ENGINEERING DESIGN GRAPHICS S s AN |
|

AMERICAN SOCIETY FOR
ENGINEERING EDUCATION

bestows upon

KLAUS E. KRONER
its highest honor
THE DISTINGUISHED SERVICE AWARD

Klaus E. Kroner has been an untiring staunch supporter of the Division. His work in
metrication includes service as chairman of the Division’s metrication committee as well as
the presentation of numerous papers-‘on the subject.

Klaus worked on the 1967 Division Summer School which resulted in the establishment of
engineering design education at the freshman level. Also, he was one of the first to recognize
the importance of computer graphics and introduced this subject at The University of
Massachusetts. He was involved in the planning of computer graphics workshops presented
at this university.

For his dedicated service to the Division and engineering education, his devotion to students
and colleagues, and as an expression of admiration and respect by his professional peers, the
Division proudly presents this award.

Presented on this day June 18, 1985

at the Annual Conference, Atlanta, Georgia

ST arlanil & gt d

Chairman

ENGINEERING DESIGN GRAPHICS JOURNAL 19
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1985 EDGD/NIOSH COMPETITION

Awarded at Atlante, Georgia June 18, 1935

PR P S P P P P INE P P R P P Pl T S S b n it e it DB ot B A D INE N A Pt T P

FIRST PLACE: SAFETY ENGINEERING PROGRAM
INDUSTRIAL ENGINEERING DEPT.
TEXAS A&M UNIVERSITY

“Engineering Contral of Asbestos Fiber Hazards During
Debagaing end Beg Disposgal Operations”

DESIGHERS: Keren Carter, John Frey  waune
Grarillion, Darten Martin, Jan Simaon

FACULTY ADVISORS: Richard Konzen, Harry Suggs

1985 EDGD CREATIVE
ENGINEERING DESIGN DISPLAY

Awarded ol Atlants, Georgia June 17-19, 1985

TS o P P B P U P VS O o o T P P R U B i 88 o P Bt B BB A 0 00

FRESHMAMN AWARD: VILLANOVA UNIVERSITY
“The Dream Retrieval Systerm”

DESIGNERS: Michele Davis, Dariene DeMalte, John
Ditullo, Charles Fignn

IRSTRULCTOR: Thomas B, Boker

P8 A P B it P2 B D P P B £ P P P2 ) P 5 P B P S b b P D P PA O AL B B i Pl 8 P

SENIDR AWARD: VILLANOVA UNIVERSITY

“Design of & Lifting and Rotational Mechanism for &
Wheelchair”

PESIGKRERS: Don Dinells, Chris McDormel!, Steve
Sharbaugh, Caraiyn Zima

INSTRUCTOR: Kenneth A. Kroos

A S A AL B A AL D PE RS D I RSB S P R B I P B Il P Bl P o O T Y P P S e
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Message continued from page &

Externally, the Division needs grester interection
with other divisions of ASEE sharing common
intereste. Groups such as the Enginzering Technology
Division, Design in Engineering Education Division, and
Freshman Programs have something to offer us, and
we them. How to effect inlersction is the chalienge
Wwhat suggestions do yeu have? Let us know!

Size-wige, the Division is reasonsbiy healthy.
while at one time EDGD was the largest within ASEE,
that time is lost in history. Membership is now about
550 persons, & reasenable gize, thaugh far befow such
groups &8s Computers in Education(1059) and Relations
yrith Industry (1661). We need always to be aclive in
seaking new membears.

Fresh heod is vitel toc & vigorows division.
Gometimes we end up talking to just ourseives. The
maost recent business luncheon, for exemple, sew only
27 atiendees. Une can recall fairly recent years when
over 100 participated. What dees this trend say to
us?

Let it not be said that we are ne longer relevent
to engineering educaticn, thet other divisions have
assumed  ouwr  responsibitities  and  functions.
Engineering graphics is still a unique emphasis within
educsiion ohd industry. The woys to express the
graphics  evaive with  time. Certainly  the
computer-generated format for drawings is & valid
format. Our division hes heeded the challange of
camputer expression well, bul again, complacency can
be fatal. 11 might be useful, for example, to include
computer garphics within the Crestive Engineering
Design Display.

The Division has a strong past. This past can
serve a8 o springboard to carry our traditions into the
future in fresh formats with new members, all
serving the uitimate product, cur students

Looking forward to o good year,

W% Tor

Rabert d. Foster
Chairman

SEDGJ



Editor's response on p. 22

I have just finished reading the current igsue of
the Journal. | fail to get excited over the difficulty
of filting eliipse templates onto & perspective grid
They do nol need to be fitted so corefully except in
the case of o large cylinder which might need to have
outside fittings plotted accurstely and even these
coutd be "fudged” in many cases.

| don't believe the ellipsicom could be used at
all on an illustration contsining dozens of ellipses.....

The author seems to think that buying, storing,
and paying for a set of templales is @n unnecessary
probiers. & set of templates iz the busiest piece of
equipment in & drafting room.

-H.%. Blakesiee
Oriandao, Fiorida

i am puzzled by the "Editor's Note™ (EDGJ, Spring
1985, p.19) an Professor Moore's paper £4%igse i
Perspecitive
t. The nole implies exisience of two kipds of
elliptical cuwrves, orthogonal and  perspective,
differing_in their progperties, The properties of &n
gllipse do not depend on the method by which it was
obtained.

2. The note claims that the method described in
Moore's paper approximetes a perspective ellipse. in
fact, the paper describes an gzggt method of
conslruction...

3. The note refers to the perspective ellipse, which
is not & symmetrical ellipse. In fact gyery ellipse is
symimatricai; it hes two planes of symmetry and atso
an axts of symmetry

-Abe Rotenbery
Parkvilie, Australis

This is to express admiration for Charlie Moore
of Morthern Arizona University and his paper Pelfing

Fhe Fifipse in Perspective (EDGJ; Spring, 1985)

Judging from the Edilor's note, the Journhal and
Charlie . may have different approsches to
perspective. The following is in defense of Charbig's

approach:

VOLUME 49 NUMBER 3

i. The orthographic projection of an obligue
gllipse -in-space may be accomplished by projecting
ils rectanguiar envelope on to a plane of projection
where its imege will be core a rhombotd and then by
duty constructing the eflipse using any of & veriety
of methods. Or by projecling peinls from the
ellipse-in-space onto the plane of projection.

ii. The perspective projection of eh obligue
etlipse-in-space may e accompiished by projecting
its rectanguler envelope onlo a surface of projection
where its image witl become & trapezium--but only
if the surfece of projeclion is a plane. If the surface
of projection is taken to be & sphere, thot is if the
projection is taken to be "what the eye really sees,”
then the image will be beheld from the station point
as @ rhomboid and the etlipse in space will be beheld
as gh ellipse in projection. Or, the ellipse may he
found by plotting, not projecting, the poinls of
tangency on the trapezium, thereby defining @
discrete ellipse, or by placing an elfipse as
accuratety as possible within the trapezium by trial
and error using a template. Charlie’s paper, for the
first time to my knowledge, eliminales guesswork.
0r, finatly, by prejecting points on to the plane of
projection.

The Journal’s interpretation of Chertie’'s paper
gs an attempl te fit en orthegonal ellipse into the
perspective envelop differs from myu own and the
suggestion thal its is more accurate to project
individual pointe than to project the envelope is not
necessarily the foregone conclugion which seems to

be imolied. . o
{1 iz acknowliedged that & perspective projection

of an ellipse-in-spsce on t¢ & plane of projection
will be distorted with respect to that which the eye
reatiy sees, and therefore should not appear as a&n
eilipse at all--no matter how it is done, be il by
projecting points or by projecting the envelope. This
being so, the question becomes: which is the most
sccurate way to perspectively project the feast
distorted ellipse--or, rather, o perspectiveiy
project  an  ellipge-in-space inta  the least
distortion? It would seem that in order to achieve
the accuracy method mentioned in the Editor's Note,
Charlig's true ellipse (2 distortion of planar
perspective projecticn but a truer image of that
which the eye sees) might be preferred over the
projection of poinls, @ true planer perspective
projection but with greater distortion thet that
which the eye sees. | say truer "image” because the
construcied ellipse will not be the same size ellipse
85 the eye sees, bul ot least hoth will be true
eltipses whereas the projection of points will not.

-Patl Xelsa
Rusten, Louisiana

ENGINEERING DESIGN GRAPHICS JOURNAL 21
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Jurely we choose the most accurate and
reproducshie method for producing graphics.
Most circles in perspactive gre delineated by
using ellipse guides. The point is, corcessions
have to be made to fit a symmeirical eilipse
into @ nen-symmetrieal perspective envelope.
These concessions increase the further out in
the cene of vision you go. Remove the circle
far enough from the central vision line and an
ellipse will not work, peripd,_ Possibly the
confusion, for Abe Retenberg at feast, would
have been removed by a more judicious use ef
terms. | suqaest: ke circ/e ip perspeciive’
FELSEr Wit BrApse " Wwhesy 18IATRG S parapeciive;
use Tellipae” Wi 1afRing shawd &t & trire canic
sacting aF A aon-naTnsl view afl & ookede ik
GBI

-Edilor

SEDGS

Bylaws continued from p. 14

Section 2. These Bylaws may also be amended
by & Tetter baltot of the members of
thiz Divisinn as recorded in the
office of the Amarican Society for
Engineering Education, mailed by the
secretary-Treasurer of the Division,
the amendment tetng approved iT
twao-ihirds of the tallots returned
within thirty {307 days are favorable.

Section 3. Proposed emendmants mey ba
submitted in only four ways a3
Tollnws:

a. By s majority vole of the
Executive Committes.

o

. By petitions te the Chatrman
signed by rot less than fifiy (50}
individus) merhers af the
Division.

Bu recoramendation to the Division
Chairrnan by the Canstitution and
Bylaws Committee of the Society
through its execulive direcior

o

=

By unanimous vole of the pelicy
gommittee of the Division.

HrEnsS
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American Jociety for Engineering

Educmiion

Enginesritg Design Graghics Division

Blid-Year Meeting
Purdus University

West Lefayatte, Indiana
Newamber 24-26, 1935

ScheduleRo R ¥ e nts)
Sunday, Bovember 24

1 30 pro
500 -
500 pm
4:00 prne
&0 pm

200 pr

Hotel Check-n

Computar Workshop

Conference Reqistration
Executive Committee Drinner and
Meating

Moderstor-Robert Fester
Hospitality Hour

AN registranis and spouses
invited

HMonday , Movember 25

200 am
2:15 am

SESSIDN 1

230 amn

2:50 am

Q10 am
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U REVIEWED TECHRICAL PAPERS

INTERNATIONAL CONFERENCE

HYPERGRAPHICS

Hartiet E. Brisson
Prafessor
Ehode |siand College
Providence, Rhode islang
United Siaies of America

"Hypergraphics” is a term which was coined by
my husband, David Brisson, to describe grephics that
transcend traditional means. 1 iz a8 term that
eombines the meaning of hiper (above, supsr, extrs,
beyond! with the meaning of graphics (writing,
drawing, printing) to define a concept of work that
exignds  beyond the traditional methods  of
image-making, In very specific terms, it ts relsted to
mathematics of n-dimenzional descriptive geometry,
but in the broad sense in which it is defined above,
any system of thought, tfechnical process or
philosonhical attitude thet extends axisting methods
of wisualizetion would fall into the category of
fypergraphics.

Over the past several uyesrs an increesingly
targe group of artists, scigntists, mathematicisng and
engineers have gathered to participate in symposia
and exhibitions devoted io the ewamination of the
latest findings and crestions in this area of concern.
They started with a talk given by David Brisson at
Harvard University in 1973 The follewing year
Toshihirs Katayama of the Carpenter Center at
Hervard organized an  exhibition called Virtus]
Realities congisting of the work of the Spanish
painter Jose [urralde, who iz investigating
impossible geometries i two-dimensions, David
Briggson's four-dimensional anagiyphs and projections
and my tensegrity figures of close-packing forms.
Computer generated films made by Thomas Banchoff
gnd Charles Strauss of Brown University wers
included in this exhibition as well
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This exhibition stimulated an interest on the
part of artists, mathemaiicians, and scientists to
collaborate on a variety of projects which evolved
into five more exhibitions: in 1977 the Hyperaraphics
cxhibition and Sumposium ;. Yisualizing  the
Impossibie Throush art and Technolegy at Princeton
University, in 1980 "Hypergraphics §11" Exhibilion at
Newepart Art Museuwm in Newport, Rhode Isiand and in
1981 the "Hypergraghics ¥ Exhibition ard Conference
at Rhode tstand College.

The cohvergence of science and art is wiable,
one in which artists and scientisis are able io
fnlerast while preserving the integrity of their own
methods and attitudes. 1t transcends verbal language
in  thet communication s possible  through
visualizaticn of concepls. Histarically visualization
haz played & major role in the development of
scientific thought, However, recently wisuslization
has been increasingly excluded from scientific
exploration and similar tendency has occurred in art
which has beceme very specialized and insular,
separating itself from mathematicsl formulations and
scigntific thought. Such separalion is unhaalthy for
bath the sris and the sciences. The new field of
Hypergraphics seeks to counter that trend by bringing
tugether computer graphics, perceptual psychelogy
and modern geometry o develop new  ways of
urderstanding complex multidimensional
refationships.

I hawe been an aclive perticipent in all of the
Hypergraphics programs and am centinuing to do so,
since my  husband's desth in 1982, with the
presentation hers ai this international Conference of
Engineering and Computer Graphics and by curating a
Hypergraphics Exhibition &t the Rhode island School of
Design's woods-Garry Gallery schaduled for Gotober
1984,

I am an artist; not a mathematician. The
formal structure of my sculpture has for meny years
had as s base geometric concepts. However, it was
an intuitive use of mathematical ideas rather than
gne founded on a study of geometry. Mearly twenty
years ago | made a representation of a hypercube,
quite hy chance and quite unaware that it was 4
hypercube uniil recentiy when ! saw a reproduction of
Then Van Doesburg's "4 Mew Dimension Penetrates Qur
Seientific and Plastic Consciousness” from De Stiil,
Wil 79-84 (1927 pp 21-2251 My cubic faorm
comarises seven cubes and is close in congept o
"Eight Cubes which Can Be Folded So Az to Form a
Hupercube” from HP. Manning, Geometry of Four
Dimansions, New York, 1014, g 240, 4/




Howaver, this form was hot arrived at aurely by
chance as | ave been systematically trurcating cubes
in much the same way &3 had wentzel Jdannitzer, a
Nurenberg goldsmith who presented a sel of
perspective engravings of variations on the theme of
regular poiyhedrs in Perspactivs Corporum Requiaria
(1968). A= & result of exploring the cube through
truncation and butlding 8 model of the way in which
the five Platonic Solids are related to one ancther, |
became interested in space-Ti1ling forms. These were
Built  as  discontinuous-campression  tensegrity
structures using plexiglass, aluminum tubes and rmyton
cord. . There are ho rigid jeints in any of the
structures. They are held in position entirely by the
gectnetrical configuration of the relstionship of
compression members to each other putted together in
& parfectly baisnced marner by tension membars. The
octet truss composed of octahedra and tetrahedra, &
space-filling form so often used architecturally to
spah large surfaces without suporting members, as
wall as the close-packing of truncated octahedrs
found in crystal formations werse both famitiar to me.
Further research revealed several others which were
adaptable to tensegrity constructian,

Robert Williams in Natural Structures states
that "there is evidence that identical pelghedra can
pack to fill some kind of space, whether it be curved,
finite or hyperzpace” according to HSM Coxeter in
"Regular Honeycombs in ENliptic Space”, Proc. London
Hath. Soc.i3) v.d, ppd?1-201, Williams contimes, "In
three-dimensional Euctidean space, however, not all
packings af ideniical polyhedra will fill space, but
gvery plodhedra in combination wilh  assoried
non-retated  polghedrs  can setisfy  spacefilling
z’equérerrnams-:".':3

Tenseqrity spacafilling forms may include the
following:

{13 Truncated Octahedrs

{2} Greal rhombicuboctishadra, octagonal prisms

{3 Small rhombicuboctahedra, cubes,
tetrahedra

{41 Cuboctahedra, cubss, smail
rhombicuboctahedra

{5} Great rhombicuboctahedra, truncated,
aclahedra, cuboctahedra

{63 Truncated octahedra, cubes, great
rhombicuboctahedra

{7)Truncated tetrahedra, truncated octakedra,
cubociahedra

(8)0ctehedra, cubactahedra

{9} Rhombic dodecahedra, truncated
close-packing ociahedra, cubes
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The primary motivation Tor making these forms
wias my interest in their geometry; however, 1 was
concarned with the sesthetic and visual impact of
these forms as well. | continued my resesrch of
gspace-filling  polyhedra  and  discovered @
clage-packing which | have not seen published in any
of the titerasture on the subject. It is a space-fitling
composed  of  truncaled close-packirg octshedrs,
rhombic dodecshedra anc cubes. Mot anly is it an
interesting form, but | feel il to be g very baautiful
pne hoth visually and conceptually,

dut of this work grew the “infinity Bow”
containing necn tubes in the shape of a great
rhorabicuboctehedron and six octagonal prisms. The
zingle upit becomes an infinite structurs inside the
mirrored cube and is visually svocolive as well as
producing @ sense of mystery and ambiguity, highly
crdered, ah infinite repetition of a single unit filling
space completely.

Unfortunately, this piece could be viewed only
through iis single one-way front surface 1 wanted
the viewer to be able to walk around an infinite
space~filling form. Actually, | would 1ike to make ohe
large gnough for people te walk around IN, so that
they could maore fully experience an  infinite
space-fiiling form. However, since that was
irnpossible then, | built & second neon piece with
one-way mirrors on the four vertical surfaces of the
cube, making it possible to see into the box through
all of its sides. The form is a truncated ocishedron
repeated infinitely by the mirrored surfacesz in all
directions: up, down, sidewsys ond backwards. The
mirrored surfaces appear solid when behind the form,
bt transparent in front of the form. It becomes a
"Magic Box” which has sides thet are opague from one
view, but dissoclve when the stronger light behind
them turns them into “glass” through which the
infinite structure can be seen. | believe that the
element of mystery is essential to art ahd the
knowledge of geormetric form makes it possible o
produce this kind of magic mare complstely than
would a random grouping of neon tubes in the same
kind of apace.

the convergence of science
and art is viable....

ENGINEERING DESIGN GRAPHICS JOURNAL 25

AUTUMN 1985



VOLUME 49 NUMBER 3

In 1975 David Brisson discovered an interesting
relationship belwesn his work with n-dimensional
geornetry  and my  work, when  anglyzing my
space-filling forms  and his  work  with  the
hyper-Schwarz-surface. The following is taken from
an unpublished paper which he wrote at the time. The
hyper-Gohwarz-surface is & periodic hypersurface
that 15 the four-dimensional  analog  of  the
Schwarz-surface, & perigdic minimal surface hamed
after its discoversr, the German mathematician Karl
Hermann dmadus Schwarz £1843-1921),

The Schwerz-surface can most easily be
visuslized as described by the physicist Alan Schoen,
Imaging & jungle-gurm made of saft, hollow thin
riblber tubes.  Mewt imagine them being slowiy
inflated. At @ certain point the space inside the
tubing 15 exactiy the same as that cutside the {ubing.
in fact, it is somewhal meaningiess to identify an
inside or oitside to the space, unless you happen 1o be
in the siructure. In that case, you cowld wander
around on the surface forever and oniy be able to
investigate ore-half of the total space, because the
surface divides three-dimensions exactly in half, Yet
the surface is variable, formed of "bubbies” ihat
interlock and that is why it is called pericdic
Further, the surface iz the smallest possible that can
s0 divide the space and is thus called minimal. A
pecutarity of the minimal surface ts that elthough it
is clearly "curved”, it is @ special surfoce said to have
zero curvature, for curvature along one axis is equal
to curvetyre atong the axis at a right angle to the
first axis.

The hyper-Schwarz-surface is arrived at in a
gimilar  way in four-dimensiens,  although
considerably  more  complicated  to wisualize
Basically one starts with a four-dimensional jungle
gym such as an obligue projection of ten of the
sixteen hypercubes that fiHt around o point in
four-dirmensions.  Instead af the Hnes being iubing,
the surfaces must be conszidered to be the faces of
gach cube in the sirvcture and construcied of double
rubber sheets; the whole struciure then inflated. the
end result i eszentially & minimal “space” or
hypersurface thet is of zero curvature, not Euclidean,
that divides hyperspace inic iwo identical halves
again consisting af perindic interioced
four-dimansional "bubbies”. The mode? presented here
is, of course, three-dimensional; only & ‘real”
four-dimensienal  jungle gum  would make it
hyper-Schwarz-surigee. Perhaps a simpler way of
understanding the hyper-Schwarz-surface is to start
with & model which is a close approximation of the
Schwarz-surface. With & 1ittle imagination 7t will b

26 ENGINEERING DESIGN GRAPHICS JOURNAL
AUTUMN 1985

seen that another one just Tike it can fit right next to
it (Figure 1},

FAGURE 1

Suppose this unit is slowly maved to the right
or to the left and as this ig done, it i3 inflated or
deflated so that it becomes puffed out or shrunksn
inward. Thiz iz cortinued until o puffed out
gctehedron is produced on one end of a continum and @
shrunken cuboctshedron is produced at the other end.
These can be fitted together to completely fill space
and this is true of any given interval to either the
right or the laft of the hyper-Schwarz-surface in the
middle of the continum. Thus, as the figure i3 moved
in one direction, it s actually describing both sets at
the same time. Starting with the puffy oclanedron
ahd inflating it, then deflating, it will pess through
all of the siages until it arrives at the octahedron
ggain. This kinetic structure just described is a unit
of the hyper-Schwarz-surface. 1t hag the property of
being abie (0 be nestisd next to another unit in the
seme  way as were the twa units of the
Schwarz-surfaca,

The praciical sigrnificance of the
hyper-Schwarz-surface  would appear tao rest in
structural anatysis, for it serves as a periodic index
to all of the possible configurations of the
close-packing of threg-dimansioral solids that can be
related consistently to a cubic latlice. Especialiy
significant 1is iz function as  an  index of
three-dimensionel  close~packing Consider the
notation of a mathermatical epproximation. A triangie
is the simplest possible spproximation of a circle
The square is a closer approximation of the circle, the
regular  n-sided poiygor i an  even  closer
approximation of the circle. in fact, the circla may be
cangidered to be the limit of regular poiygons
Simitarly, the tetrahedron and cube are different



approximations of & sphere.  Thers is abwags @
cohhected set of faces in any close-packing, such as
in my tensegrity structures, that is an approximatioen
of one of the surfaces generatad by the
Schwarz-suriace as it modifies its form to describe
the unit of the hyper-Schwarz-surface. Consequenily,
within each close-packing configuration there is an
approximation of a three-dimensional cross-section
of the unit of the hyper-Schwarz-surfacs.

This collection of planes always forms two
yolumas that completely enclose each othar, even at
the extreme case of the octet truss which meay be
understood to be a callection of tetrahedra connected
by their edges to surround an isclaled oclahedron
Wiy i1t is not constdered the other way around will be
realized when it i5 recognized thet every such lattice
exists in three-dimensional space that may be
described by a point with three tines passing through
il at right angles tc each other. Each one of these
close-packings must conform to the structure of that
space, and there must elways be & way of dividing
such @ system by a relationship of six of the
close-packing units to a seventh unit that connacts
them, ar soma composite form of the same structure.
Figure 2 shows this relationship for the octet truss
Note the six tetrahedra connected to a seventh in the
senter and note where the octahedron may fit. The
shailed areas show which surfaces will louch sech
other when the two forms are Yitted together

FIGURE 2

The c¢lose-packings are grouped in three
categories (A) the group that aproximates the
Schwarz-surface, (B) the group in-between the
Bchwarz-surface and the final type of surface, () the
close-packing of octahedra and cubuctahedra. Al of
these figures are in the Appendix
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Quite  recenily, | construcied  the
Schyrarz-surface out of eight units which were
formed by pressing clay on plaster of Paris moldz
These surfaces were fired to high temperature in a
woed-burning kiln. | have made a second set of those
pight forms and displayed them on a wall to show the
network of the Schwarz-surface when unfoided. The
intent here wes to make a visually pleasing or
aesthetic statement utilizing cloy, the dizcipline that
| have most thoroughly researched, and firing it in &
wood-burning kitn te catch the fly-ash on the surface
of the clay. This produces true uneven coloration and
matt to gloss by the witrification of the clay. |
wanted to integrate this random texture and color
with  the highly structured geemetry of the
Schwarz-surface. This hag been a major concern to
me for soma time.

initialiy | believed that random patierns were
totally the result of chance relationships, but | have
since realized thet they are the result of a sel of
evants which have as real a mathematical definition
as close-packing structures. The difficulty Hes in
understanding these mathematical relationships with
the same clarity as that of the more obviousty
oridered geometry of the close-packings. it must be
understoed that the random patierns are dependent
upon several variables: form, surface coating, Tiring
technique and fuel, alt of which are instrumental in
producing randotn paiterns due to various phenomena
pcourring in & specific predetermined sequence. it is
necessary to determine the set of events that produce
the desired effect, through testing, in order to
duplicate the results with a high degree of
predictability. The wariation on the surfaces
demonsirates the paramelsrs of the particidar set of
gvents, i the clay, wood as fuel for firing to high
temperature and so farth. They are the result of
mathematical relations which are just as subject to
lsw &5 those wused to  produce cloge-packing
structures, Dut they are hot as sasily grasped.

During the process of making these forms, |
found that this minimal surface is extremely strong,
never treaking in the farming process, the drying or
firing of it. | have drawn the conclusion thet since it
is & minimal surfacs, having equal curvature along
przes ot right anples to enz anoiher, its strength is
increased greatly due to the stress on the form being
equalized throughout the surface. |f this is the case,
then ather minirmal surfaces should be investigated as
well, for iU can be a significant discovery for the clay
industry as @ whole, as well as for the individual
potter. | am presently in the process of carrying out
thiz exploration in my research of Torm.
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in conclusicn, | believe that the besic quality
which sets my work apart from other sculpture af the
past and the present is my concern with transcending
sculpture conceived of as an abject.  The common
aesthetic glemeant shared by 2il of my work is that it
uses segments of infinite structures that iranscend
the clagsical "object” of sculpture: all can extend
infinitely in three-dimensions. In pach case, | have
given the viewer & sample unit, the objective is to
extend the viewer's concern to infinity. 1 believe that
it truly brings together geometric concepts,
scientific technolegy and visual imagery in a very
exciting form.

Far those interested in the work and ideas of
the othars who have perlicipated in the Hypergraphics
Exhibitions and Conferances, you will find that the
book edited by David Brisson containg articles by
tmany of those who tock part in these events. Its itle
is Hypergraphics: ‘isualizing Complex Relationships
in Art, Science and Technology It was one of the
American Association for the Advancement of Science
Selecied Symposia Series of 1978 and-was published
by westview Press, Inc.
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APPENDIX
Group {A)

Truncated Octahedra

Great Rhombicuboctahedra, octagonal prisms
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Group {C)

Truncated Tetrahedra, Truncated Cctahedra, Cuboctahedra Rhombic Dodecahedra, Truncated {lcse-packing Getahedra

and Cubes

Octahedra, Cuboctahedra

@S
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{RTERNATIONAL CONFERENCE

GENERALIZED METHOD FOR
MULTI-DIMENSIONAL DESCRIPTIVE
GEOMETRY

BY
L. Ernesto and S. Lindgren
Universidade Federat Do Rio De JaMeiro/Superior war
College

Rin De Janeiro, Brasil

ABSTRACT

It the firsi hatf of the 20th century, several
attempts were made io devise g method of graphics]
representation of geometric figures embedded within
multi-dimensional Euclidean hyper-spaces, an gffort
parallel to that accornplished in analutic geometry
threugh direct exienaion of the Cartesian methed.
Evan though some progress was made, the resulting
proposed  methods proved to be cumbersome  in
addition to presenting certain difficulties in relating
the methods for sach of the scalating numbst of
dimenszions of the hyper-spasss.

This paper presents a concise discuasion of a
generaiized Mongean-type method, deyeloped as &
rezylt of rasszarch  done  in four-dimensional
descriptive geometry. It shows that the basic
difficulty and that proved to be the most probable
cause of the failure of earlier attempts to
generalizetion, resides in the necessity of properly
and exactly defining the system of refsrance to be
used at the dimensionaglity of the huyper-space in
consideration. |t shows also that the method of
representation at & given dimension {n) contains the
system of reference and the method for the dimension
in-1) and so on. Consequently, one needs to wark anly
at the level of the representation itself, being
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unngcessasry to pre-denine the relation among the
bazic geometric elemetts at a given dimensioh. in
fact, those properties are perceived through analysis
of the graphic reprasentations.  Thiz scelating
relation among the systems of reference and methods
of represeniaton st successive dimensiocns, in
addition to the advantags above menticned, alzo
mekes it possible  direst  generstion  of
representations  through  computsr-aided graphics.
This means that existing software is sufficient for
the construction of the projections of geomeiric
ferms at any dasired dimension and idantification of
their characteristics and properties.

FROM ONE TO n-DIMENGIONS

& usual formet to indicate the possibility of
extansien from one to two 1o three to four o
n-dimensions has been, in the figld of the anslytic
geometry, to add one more varisble in the equation of
the geometric element from which ore starte the
reasoning.  Thus, the equation of the straight line
az+by+c=0 is used to oblain awsbyrcz+d=C (plane),
awtpyroz+dure-0 (3 D spgoe), axrbyrczrdurew+f=0
i4-D space) and so on. This format readily permits
gne to observe some basic charscieristics of
relations and properties among and of geametric
elernents and geometric forms at a given n-space 45
wall as the number and arrangement of the system of
reference used.

& second manner to achieve the conceptlion for
spaces with higher than three dimensions is to
describe each geometric formt as a projection af @
form of higher dimensions ov a3 g view of this form
a8 it is frontly observed. Thus, a point is seid 1o be
the orojection of a line on a plane or the frond wiew of
that line; a line is the projection of a plane ona 2-D
space or oh @ 3-D space or the front wiew of that
plane; & plane is the projection of a 3-D space on &
3-0 space or an & 4-D space or the front view of that
space; and 3o on. One is induced, in this form of
gbstractioh, to conceive spaces of higher dimensions,
gaining in detail as one combines geveral of the
geometric forms to be admitted as the process is
repeated.
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Thus, one would be ebie to conceive ceriain
ralations amang point, Time, plane and
three-dimensional  space a5 these forms  are
considered to be projections or views of geometric
glements and  formg  embedded  within &
four-dimensional space. This process is, no doubt,
useful in the development of the synthetic geometry
ani is ihe one to which some privileged individuais,
as reported in several publications  th the ares,
appeal in  order to manage to describg  the
arrangements of geemetric forms of higher dimengion
which they are capable of tmagining.

Conception of higher dimensions
a projection of a form of
higher dimensions

& third approach was proposed by this author
through the application of the princinle of geometiric
duality =fter s basic fyclidean postulate was
gxigndad th order to relate geometric elements in
defining three-dimengional zpace. The Droposal
gyolved after naticing that in Euclid's Elaments, the
sequence obtained is ag follaws:

a. Two pofnis detsrming a line Lo which they
helang.

b, Thres points not of the sama line determine
4 plana,

£. Twuo tines helonging to the same plane

determine a noint.

d. Two planes determine a line to which they
beleng. 1t iz possible to extend these
Euciidean postulations and notions to state:

- Four points not belonging 1o the same plane,
determine g three-dimansional spece io
which they belong.

f. Twoplanes determing a three-dimansional

space to which thay belong.

o

It appears to Le evident that it could be
specutated that Euclid himsaelf would consider such
extensions if he had included as & geometric element
the three-dimensional space into which point, line
and plane, obiects of his considerstions, are
grmbedded. As it happens Ruclid deall in terms of a
solid, thal body which has "length, breadth and depth”.
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it followrs, from the Tast postulate above thet
peint, ling, plane and three-dimensionel space are
ermbedded within a four-dimensional spacs. This line
of reasoning, with slight differences as to the order
of propesition of the postulates obtained was
presented by Lindgrer and Slaby (19AR).  ‘what is
desirable 1o notice is thet this third format teading
to the consideration of a Euclidean four-dimensional
space can e extended to higher dimensions, az is
evidenced whan each new space is considered as &
gearetric element and grouped with the geometric
glements of lowsr dimension. Thus, paint, line, plane,
three~dimensional space and four-dimensionat space,
ag georneiric etements, ere simultenecusly embedded
with a five-dimensional space.

&t each dimension, the several possible
combinations of the elements yield the propositions
that would be besic for the development of the
related synthetic geametry.

The next focug in this process would be to

- develep manners of objectively representing the

retations among elements and among geometric forms
obtained through asszociations of the elements. One of
these manners, as firstly described, is through
appropriate  extension of the analytic geometry
methad of righer dimensions.

An alternative way s the exiensfon of the
Mengean-type method of repressntation proposed by
Maurin 11948} and Lindgren (1955) and describad in

Lindgren and Stawy (1968) for the four-dimensional

descriptive geometry  This extension iz the central
theme of the present papsr.

4-D DESCRIPTIVE GEOMETRY: HMORGEAM-TYPE
METHOD

The rethod svolved from the following steps*®:

1. proper identification of the systerm of
reference cansisting of four mutually
perpendicular 3-0 spaces which intersect
atong six planes, two by two perpendicular
at a point; each line ig the intersection of
the 3-0 space taken three by threa

a point in 4-0 space is referred to these
glements, first projecting it in each 3-D
space and next abtaining the projections of
these projeciichg on the planes; it can be
obrervad that the sustem of referance thus
considerad and the process appliad in the
reorasentation, invaslves four independent
sisiems of reference used in
thres~dimensional descriptive geometry,
thedr assoctation being established by a
zommon plane. (Figurs 10

b2
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FOINTS IM HIGHER-DIMERSIDNAL SPACES

Once  the reprezentation of the point  is
abtained, the renrasentation of the athsr elements
raturally fotlow. What appeals fo the imagination is
that it appesrs that the proper extension of the
system of reference would yield similar resuits for
the representations of geometrie elements embedded
inty higher-gimensional spaces. This iz so and, for
spample, the system of reference for a 5-D
descriptive geametry would be five 4-D spaces
belonging toa line Since the distance from the point
in 3-0 space s measdred on a line parailel 1o that
common 1ine, the supsrimposition of the 4-0 spaces
would uisld & regresentation similar to the one shown
in Figure 2 where {1 would appear one more
projection. Conseguently, it cah be concluded that the

A

tal : pointin 4-D space

(aiy, Caly, Caby, Layy (Pr)o-l,(c,;on? of (a) o I, 3, 3, 3, projections of an element in n-space containg of i3
ay, oy, @y ; Projecti f (al; } - e i T = - :
(mtmn s rance o Gt va mp R composed of pf D]e;twn... of the zams e%em&nt‘whﬁn
{,m;-mm : di”“"“’?om w)? fo gz amhbedded howreyer in (p—1) - space. in fact, as it can
L2l () 0 digrag 1 ; . , o re . :
ooty | et rom (ol 1o 0 be shserved in Figure 2, the projections of a noint in

n-space is composed of {n-11 projections of {n-1)
point in (n-13, (n-13 - spaces.  {in Figure 2, the
prajgctions of the point in 4-0 space is composed of 2
projections of T paints embedded i three 3-D
SPACAS )

FIGURE 1

L

. Considering thet the distance from the point
in 4-D gpace to one of the 3-D spaces of the
system of refersnce is measured along a

Hne which ig parallel 1o the intersection of BENERALIZED PROJECTIONS OF 2D, 3D, 4D,..nD

the other three 3-0 spaces, ss these spaces - SPALES

are rotated about their common ine until The most striking feature of the possibilities
superimposed, the final represantation is suggested above 12 the easily oblained projections of
obtained as indicated in Figure 2. any n-dimensional space in such & way that from it

ghe can arrive at the projections of any space of
lower dimengionality, The procass used io achieve
this is sustematic in its construction, which means
that it can be simply programmed Tor computer-—aided
descriptive geometry constructions,

au Lindgren and Slaty (1958} have shown that the

+ Y L projections of & plane embedded ina 3-D spacs which

8 E f:} in turn is embedded in 9-0 space are obiained dirsctly

~§¢ % from the relations emang prints and Yines of the 3-0

1(s) ‘(a) L St space, in respect to all gonditions of Belonging,

Z‘Eexs % g.pg - gffraﬂgham ant.l.p_a‘r;:fendicula_r?tg‘ a3 e:igrezsaﬁ in the
e LS' proiecions. Thiz is repeated in Figure 5

as e 4.8 o The reader is invited to verify the conditiong of

pistance From = belonging, by exercising in higher-dimensions the

g canstructiohs cerresponding fo the conziderstion of a

4% v ling (B} in Figure 4, whose projection where dravwn

&FTER the representation was compieted.  In other

CIGURE 2 wards, the projections of Hne (b ought to contain the

projection 2, and &y, being By parallel to the

Iy

raferance ling and B, parailel to 2
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iy

FIGURE 3
CONCLIESIONS

From the studies carried out in the lesi 30
gears  with  the  Mongean-type  methad  for
four-dirmensional descriptive geametry and
gxperiments ai higher dimensisns, smong other things
we can state that

8. the method is extendable to any dimension

desirad;

booall conditionz of belonging among  the

geoimetric  elemants, as  pepresenied  in
projections ara systematically maintained;

C. propositions relating Lo geometric forms and

to synthetic geometry can be  derived
directiy from the projections;

4 The atove possibility is perhaps the most

trrportant consequence of the mathod since
1 has been customary to derive a method of
graphical  represeniation  hased on  the
propasitions stated in synthedic geometry;
the steps are thus reversed.

e, The systematic relations and mainiafnance

of  grephical  properties makes the
generalized method suitable to
computer-gided n-dimensional descriptive
panmetry
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INTERNATIONAL CONFERENCE

DEVELCPMENT BY TRIANGULATION
AND CONSTRUCTION OF WARPED
SURFACES

Kenjirg SUZUKI, Tateuhika A1ZAWA and Hiroghi 1SDDA
Department of Graphics, Callege of Arts and Seignces,
Univeristy of Tokyo
3-8-1 Komaba, Meguro-ku, Tokyn 153, Japan

INTRODUETION

- Curved  surfaces are classified  into
single-curved, warped, end double-curved surfaces.
Of these surfmces, only the singie-curved can be
doveloped  theoretically, Fracticably, howevar,
warped  surfaces  are  sometimes developed
approximataly by triangulation (in which, the warped
surfaces are assumed to be made up of & large number
of trianguiar strips). Odska pointed out that the area
af the development by trianguialion is larger than the
surface ares of the originsi warpad surface’ !/

wWarped surfgces are always developed by
triangulation on flat planes. Therefore, the surfaces
constructed by rolling the deveiopmente without
folding become single-curved surfaces, which are
diffarent from the original warped surfaces (fig. 11

The degree of approximation  in these
proceduras, e, the develgpment and construction of
warped surfaces, is not exactly clear

tn thig paper, we report the resylis of the
agtimatian of the degree of approwimation in the
develonment By trigngulation and construction of
warped surfaces, Camparison has besn marde hetween
the warped surfaces and the single-curved surfaces
whaose restriction conditions are similar to each
ather,

VOLUME 49 NUMBER 3

_ - different —_ _
& -
warped surface (development) convolute surface

N _—

develope roll

by triangulation without
folding

Fig. 2. Develcpment by triangu-
lation and construction of warped
surface

WARPED TRANSITION SURFACES

Fig. 2 shows a 4-branched warped iransition
plece connecting the lower large circle 9y with the

upper small  circle Oy, snd  its  approximats

development by trishgulation. Assume thal we can
make A surface which passes through the zircles oy

and 0, Therefore, it is necessary that the

deveioprment of the warped swrface e similar o
that of the convelule surface, for the developmert
by trianguiation and coastruction is of practical
usa.

Fig. 3 shows the developments of the warped
surfaces ahd those of the conwolule surfaces for
various angle of axis and axial length, These {igures
have been drawn by using an A-Y plotter and 4
computer The locstions of the elements are differant
between the warped surfaces and convoluie surfaces,
especially for small axial length and targe angle of
axis. The exiernal shapes of the developmenis are,
however, similar to each ather

ln order to  compare  the  developments
gquantitatiealy, the areas of the developments have
been numerically calculested. Fig. 4 shows the area of
the development of the warped surface (S, ) and

that of the convolute surface (5) a5 a function of the

murnber of dwvigtons (N} for & typical 4-branched
warped Lransition.
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Fig.2. 4-branched warped tran-
sition and its development ?

L g

Aﬁ
are
CONVOLUTE S,

%
(R /Rg=0.5)

WARPED S,

=307, LRy

Fig. 3. Developments of warped
transition and cenvolute surface’
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AREA OF DEVELOPMENT, S

The area of the development of the warped
surface is larger than thet of the convolute surface
fur every N, For large N, the aress Syyp &nd Sy

coverage to different values. Fig. S5 shows the ares
ratio (S, p - 5plfSy 8¢ 8 function of the angle of

awis with the normatized axial length as g parameter,
Thesg vaiugs have been caloytated for suffictent large
M (=200). In this figure, are alse plotied fhe area
ratio {S.gp - Sy Sy, where Sy is the surface

area of the warped surface, and has been caleoulated
by dividing the gquadrilaierais made up to two
adjacent =lements into a large  number of
subdivisions. As the sngle of axig increases or the
axial length decreases, the area ratios increass.

A3 shown in fig. 3,

S’W’.D.> 5;_';)'3’ S'W'_.
(S p.-SolSg ~ 01674,

and (S ~Sul# S 001077,
wW.D. Sl Sy

in the parameter range L/Ry22, o 402

ft should be noted here that the trisngulation
makes the area of the development larger than the
surface area of the original warped surface and it
approaches o that of the dewelopment of the
onwnlute surface.  These results show that it is
possible to construct convelute-like surfaces by
rolling the developments of the 4-branches warped
transitions.

Similar resylts have been obtained for
2-branches warped transitions.
T T I T T
SHIDI(WARPEI} s.} - b
5,90 4
SO(CONVOLUTE)

5,85+ _
5.80- .

{ 1 ! ! I ] P

0 20 0 60 80 100 200

NUMBER OF DIVISIONS,

Fig. 4. Area of developments



AREA RATIO, (Sy p-Sg)/5p

x1073

=
w

bl
[==]

o
A%

.G

ANGLE OF AXIS, B (*)

Fig. 5. Area ratic between warped
surface and convolute surface

%1072

AREA RATIO, (Sy p -S)/Sy

=AM/2T = - -
Rop =AM/ 2% By =Ry (RyoR))

Fig. 6. Right helicoid and its
development <
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HELICGIDS

Fig. 6 shows a right helicoid which has an ihner
helix of lead L. Fig & also shows the develonment by
trianguiation and the approximate developmant
proposed by Hara? ,. in which, the development is
approxirnated to be made yp of cencentric circles
whose auter snd  inner-radii  are AM/Z2 and
AMI2+(Ro-R ), respectively. Assuming thet we can

conrstruct & surface which passes through the inner
helix of the helicoid by rolling the development
without folding, the surface constructed should
become a single-curved surface which paages through
the inner helir. Since any of the helical convolute
surfaces whose direcirices are the helices of lead L
and of radius 1ess than Ry can pass through the inner

helix, there are infinite numbers of gingle-curved
surfaces ihat pass through the inner helix. In these
surtacas, the helical convolite surface  whasa
direcriz is the inner hetix of the helicoid iz most
similar to the origing! hetieoid. [t should ba noted
here that there are no single-curved surfaces that
pass  through  the  dnher  and  ouler  helices
simultanecusly Therefore, it is necessary that the
davelopmant af the haelicaid ig simitar to that of the
helical convolut? surface, for the development by
triangulation and construction of the helicoid is of
practical use,

Fig 7 shows the davelopments of the helicoids
and the helical convoluta surfaces whose directrices
are fdantical to those of the helicoids. Although the
focations of the alements are differant between the
helicoids and the helical convolute surfaces, the
axternal shapes of the developments are very simitar
to esch other for small L/Ry. Far large L/Ry, the

developments are, hawever, cornpletely different.

I order to  compare  the developmenis
quantitatively, the area of the development of the
helicoid (S) and that of the helical convolute surface
{SpJ have been numerically calculated. Fig. 8 shows
itha area ratio (Sgwa,‘n’E{, as a function of the
narmalized lead with the wormalized radiug of the
oguter limiting cyiinder as a parametar. When the lead
or the radius of the owter Himiting cylinder increases,
the ares ratio increases. &% showh In Fig. 8, the sfes
ratio (5,-51/S; is less than 1672 in the parameter
range REL.“'R"12£3. Paper-craft models constructed
fram the developments show that we cen make
convolute-like surfeces by rolling the developmentis
af the helicoids smoothly in this parameter range. it
i, howavar, impossible to congtruct a gurface
similar o the criginal heliceid for large RoLAR 4

ENGINEERING DESIGN GRAPHICS JOURNAL 37

AUTUMN 1985



VOLUME 49 NUMBER 3

CONVOLUTE

CONVOLUTE

!
{ | R/, U0
L : !
i

Fig. 7. Developments of right
helicoid and helical convolute
surface,

it should be noted hers thet we can construct a
cenvolute-like surface by rolltng the developrment of
the teliceid for any Ry, By and L. The lead or the

radius of the Hmiting cylinder of the surface is,
howsever, completely different fram the ariginal
helicaid for large RoL/R (2.

CONCLUSIONS

Since  the warped surfaces are always
feveloped by trisngulation on flat planes, the
surfaces constructed by rolling the developments
without foiding become single-turved surfaces. e
studied the degree of approximation in these
arocessss, 1.8, the development by triangulation and
the construction of warpad surfaces. Compariscn has
besn made batween the warped surfsces and the
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%1072

i5

—
o

wn

AREA RATIO, (54-8)/Sq

Fig. 8. Area ratio between right
helicoid and helical convolute
surface

S :Triangulaticn

—————— S :Approximaticn

corwvolute surfaces whose resiriciion conditions are
similar to each other. The principsl results are as
follows:

warned Yransition Surfages

In the parameter range in usual desigh, the ares
of the davalopment of a 4-branched warped transition
becomes nearly equal to that of the convolute surface
whose directrices are identical to those of the
warped transition (SW_D_—So}f’SO{IO“d, Sip: orea

of the development of the warpad transition, Sq: ares

of the development of the convaolute surfacel [t
shows that it is possible to construct convolute-iike
surfaceg by roliing the developments of the warped
transitions without falding,

Simitar results are obtained for Z-branched
wearped transitions.

Continued on p. 43



ENGINBERING GRAPHICS INSTRUCTION USING
APPLIED COMPUTER AIDED DRAWING:
STATUS REPORT

by

William A. Ross
North Carolina State University

INTRODUCTION

The "evolution of microprocessor iechnoiogy
and resulting developments in computer graphics are
rapidly expanding ihe field of engineering graphics
and merging it with design and manufacturing, The
unique ability to create, modily, manipulate and
‘simulate’ three-dimensional models of objects with
computer graphics allows the creation of new
instructicnal methods for assisiing engineering
graphics students in developing their visual and
spatial thinking. To put the importance of enhancing
clear visual and spatial thinking in a betier
perspective, two mathematicians, Senechal and Fleck
have cbserved that "both the natural werld and ihe
world created by technology abound with geometrical
ferms that must be both seen and understood by
anyone who wants to deal intelligently with these
worlds. Yet, ighorance of the efementary properties
of spatizl geometry is profound. We teach our
students a great deal abouti triangles but almosi
nothing aboui the tetrakedron, a principal building
block in constructions from the atomic structure of

metals to the supports of giant bridges.”3

“The importance of ihree-dimensional
structures and forms increases as our culiure
hecomes more complex. But college studenis find
themselves handicapped in calculus, chemisiry,
engineering, and art courses because they have had
little experience with three-dimensionst shapes. The
took, blackboard, tefevision screen, video game, and
artist's canvas all present (wo-dimensional
abstractions that can, of course, be represented on a
drafting board or a computer monitor. But rep-
resentations, no matter how excellent, have littie
meaning uniess they call forth from the imagination

previous experience with 0bjects.“3

If we are to assume that one of the major roles
of engineering graphics education is to promote clear,
logical visual-spatial ihinking, then there are two key
guestions which must not be overlooked as we
frantically scramble to develop computer based
graphics instruction. Ficst, What should we teach?

VOL.LUME 49 NUMBER 3
Should we teach two-dimensional, three-dimensional

or both systems of compuier aided drawing? To
what extent should progratming be introduced to
freshman and sophomore students? Second, How
should we teach? What methods and techaiques can
best be used io deliver instruction? In order to
insure effective planning and professionally sound
development of computer based instruction these two
issues must be continually addressed.

PLANNING

A long range pianZ was initiated in 1982 by
Engineering Graphics Faculiy ai North Carolina Siate
University to develop and incorporate interactive
applied computer aided drawing instruction for
engineering graphics students. The ceniral phase of
this plan consists of developing and implementing an
experimental course followed by establishing a
formal undergraduaie course in applied computer
aided drawing. The focus of this paper is to highlight
the rationale, methods and instructional technigques
underlying our approach to instruction of engineering’
graphics using computer aided drawing.

IMPLEMENTATION

The Graphic Communications Program,
formerly Engineering Graphics, installed its First
CAD/D system in 1983. Following a vear of inservice
faculty training and curricuium development, an
experimenial course was offered in the Fait of 1984
for 12 students. The only prerequisite required was
successful completion of GC 101, BEngineering Graphics
I, a required course for all engineering students.
Since its initiat offering as an experimental course, GC
200, Applied Computer Aided Drawing has been
officially approved by the University and 2 sections
of this new course are being offered for the Fall 1985
semester with a toial enrollment of 36 students. To
accomodate the increased enroliment, 2 additional
systems have been acquired and a 4th sysiem is
currenily pending approval.

Instruction and student lab ezercises are
currenily  being  conducted on  MTU-140
microcomputers from Micro Technology Unlimited, a
tocally manfactured compuier designed and built by
N. C. State gradustes, {Figure [.). FEach system is
equipped with a Houston Instruments DP-11
Digitizing Pad and a special Data Mover Board with 2
Motorola 68000 microprocessor. Although currently
funciioning ss stand alope units, the sysiems are
configured for fuiure networking. For hard copy
output, each system has a dot matrix printer attached
for graphics or texi dumps and is connected through
a multiplexer switch to a central Houston
Instruments DMP-29 Plotter,

The software used for this course is [HS-CAD, a
3-dimensionally based drafting and design modeling
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Figurs i. Portable CAD Workstation

package, from B. H. Theasher & Associates. IHS-CAD
is 2 meny driven, interaciive graphics package
designed 1o simulste Computer-Vision CADDS-4
software, Although not as sophisticated as iis
indusirial counierpart, THS-CAD offers a flexible and
powerfu! merger of 2-D dreafiing and  3-D
design/modeling capabilities, at the wire-{rame level,
for insiruciional purposes. Ezamples of student
projecis produced with this software package are
illustrated in Flgure 2. We feel that students eziting
ikis course will have 2 much clearer understanding of
how to make practical and correct use of engineering
graphics through any integrated computer aided
drafting and design system. Though the course is
designed 1o take a non-programising applications
approach, the sysiem includes built-ln graphics
libraries Tor students possessing more advanced
programming skills.

During the 1984-85 academic vear, course
lectures have been held on the 4th floor of our
building while students did their lab exercises on the
3ihfloor. In order io "mobilize” instruction, each CAD
gystem hag been instslled onn 2 rolling Micromaster
cart by Inmac, for transport in and out of elevaiors.
As 4 temporary solution 1o lack of laboraiory space,
we have found thai az poriable "CAD on wheeis”
sysiem works quite well.

With increased enroliment, a special facility
has been made availabie to suppoct the course for the
coming academic yesr. All student labs will be
conducted in a climate controlied room designed for
housing and remote hookup of computer equipment.
Lectures will be conducted in a room adjacent to the
lab. Por each leciure and demonstration, a CAD
sysiem can be rolled into ihe classroom and
connecied {o an Blectrohome video projector so that
large numbers of students can clearly see all screen
displays and actions while the instructor interacie
with the CAD system as a teaching tool.

40 ENGINEERING DESIGN GRAPHICS JOURNAL
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THE ISSUE OF WHAT AND HOW TO TEACH

In order to develop computer based instruction
for engineering graphics, there are iwo funda-
mentaily related quesiions or issues which we have
previously stated.  Firsi, "What should we teach?”
and second but equally important, "How shouid we
teach i7",

What should be taughi? Should we teach iwo-
dimensiona! computer graphics, three-dimensional
compuier graphics or both? The answer to ihis
question should be obvious to any engineering
graphics educator who has ever worked with
freshinan level engineering studenis having no prior
drafting or industrial work experience. If the studeni
with & mental block to visualization is unable to rely
on his intuvilive sense of geometric shapes, then
learning the concepis of multiview projeciion and the
sysiematic visualizaiion of complex drawings can be
extremely frusteaiing, for both student and
insiructor. In this thrse-dimensional world we
should not rely on two-dimensional CAD software
alone 1o ‘help’ siudents learn sabout three-
dimensicnal objscis. Using iwo-dimensional
compuier graphics exclusively to iezch three-
dimensional concepts is simHar 1o ieaching plane
geomeiry and expecling students to be able 1o solve
solid geomeiry problems, CAD software which allows
three-dimensional inieraction directly between
student and object exposes the siudent to one of the
most powerful visualizziion tools available. Two-
dimensional CAD systems are also highly useful
provided the user is already a irained and competent
vigual thinker. To the extent possible within ihis one
course, we are aitempling to promoie the appropriate
use of both two and three-dimensional computer
graphics.

How should we teach? It has become our
coniention that a new technology demands the
exzmination of esiablished teaching methods (ie;
chailk talk, overhead transparencies, slides, video

tapes, the Goss Box4, 3-D models, etc) and the
gvolution of new methods and techniques for
delivering concepis and standards. Our approach has
been 10 experiment with iniegrating existing
methods, see Figure 3., by "using the computer to
teach” while "teaching 1o use the computer”. Using an
Blectrohome video projector and curved projection
screen and a special white gridded board, Figure 4.,
we are developing new teaching techniques which
were not possible with other teaching methods. As
iffustrated in Figure 3., the video projector can be
swiveled to project images on either the curved
screen of onto the white gridded board. As shown in
the illustration the instructor can then utilize chalk
talk methods while using the CAD system to generaie
any required multiview or pictorial required. The
relatively new technigue of integrating leciures with
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hardware and applications software have proven to
be particularly helpful when demonstrating the
construction or editing of three-dimensional chjects
during lectures to large numbers of students.
Everyone, including the insiructor, gets a clese
examination of the applications software and its
graphic capabilities and limitations.

Slides
and Film

Traditional
Instructional Media

CAD
Warkstation |

Video
Projector
(Electrohome)

Iniegrated
Instructional Media
With CAD System

Figure 3. Integration of Traditional Instructional
Methods with a CAD Workstation

Figure 4. Equipment Configuration
for CAD Classroom
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CONCLUSION

Integrating the computer into engineering
graphics education is a8 well established need. How
this is 10 be done is a subject of much debate and
concern to an expanding professional cadre of
graphics educators. There are many issues to be
dealt with; to name a few, the emergence of 32 bit
technology and neiworking; the extent and level of
knowledge of algorithms and graphics programming
required; the growing complexity and speed of
canned graphics software; a lack of standardized
methods; the ethics and propriety of using public and
private source code. From our experience in using a
packaged CAD system, it is difficuit to avoid becoming
enirenched with existing hardware and software and
very easy to develop a mindset for instruction based
on these lmits. To this extent, engineering graphics
students should atways be given clear albeil generic
exposure to the organization of CAD/D sofiware,
algorithms and hardware. If this can be done
effectively, the available hours for engineering
graphics instruction (a valvable commodity), can be
used to concentrate on the iniellizent creation and
applicaiion of two and three-dimensional computer
graphics. The compiex and iabor iniensive task of
learning to write useful source code for computer
graphics sofiware might be handled besi in advanced
coursework, after the siudeni has personal
experience with its use. The growing sophisiication
and complexity of computer graphics hardware and
software appear to support this approach.

Again, I will assume that one of the major roles
of engineering graphics education is to facilitate and
promole clear, logical visual-spatial thinking for
students who have little or no prior experience in this
area. If it is possible to do this effectively in a one
Semester course, we should concentirate our efforts in
the socund development of instructional methods
utilizing  applied three-dimensicnzi  sofiware.
Accepiance of this evolving responsibility should
continually alert us to ask two very important
questions. Whal should we teach? How should we
teach it? The need 1o share our ideas and efforts ai
the nationzl level remains essential.
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SELDEJ

Warped continued from p. 38
Relicoids

in the parameler range §2L5R12< 3 (R1: radius
of the inner limiting cylinder of the helicoid, Ra

radius of the outer limiting cylinder, L: lead), the
area of the development of the helicoid becames
nesrly equal to that of the helical convolute surface
whoee dtrectrm iz the imner helix of the helicoid
(Sa- 575107 “, 5 ares of the development of the

helicoid, S area of the development of the helical

conyolute surface), it shows that it is impossible to
construct convolute-like surfaces by rolling the
developments of the helicoids wihtout folding in this
parameter range. It is, however, impossidle fo
construct surfaces similar o the origingl helicoids
for 1arge RysL/R 2.
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ELECTRONIC IMPLEMENTATICN

GRAPHICAL SGLUTIONS OF MATHEMATICAL
FUNCTIONS: THE ANALOG APPROACH

by

B 1L Karaganakis
Austin Peay State University

INTRODUCTION

Often, those who  wishh  the  iconical
repregentation of ¢ methematical funclicn are torn
hetween plotting by hand or wsing some sort of a
digital machine. The first is usually oul of the
guestion and the second calls for the availability of
specislized equipment, =specialized technigues, or
both.  ‘while the advent of microcomputer sysiems
have inspired some axcelient work on tha plotting of
two-dimensional functions {Kelomyiec, 1983, the
generation and control of digital software is still a
somevehal formidable task  Using analeg or hybrid
computation technigues iz o yiable alternative to
digital methods. DQnee 3 problem is siafed in
mathematical terms, it can also ke mechanized in
terme of anelectronic analogy. This mechanization is
a gimple process, whose details are shown in many
good testhooks like those hy Jackson (19807 or Komn
and Korn (19720,

HEw 1T 15 DONE

Bafore we show some aciual edamples of
matherratical fungtion plotting, 1et us describe the
most important building block: the analog sine-cosing
or sinuscidal generator  Shown in Figurs 1, the
generstor consists of one  inverting operstional
amplifier finverter) At and  iwo  integrating
amplifiers {integrators), designeted as A2 and A3, If
the reader has no access 1o an analog compuier, where
integratiors  anc  inverters  are  avaiiable  as
patchoord-connected subunits, 7t ¢ easy to make
them with a few dollars’ worth of paris from the
fecal etectronic parts store. For information on the
actual censtruction af thess devices, the reader is
referred to tenk (1976), Hughes (1981) and Seippel
{1883). Readers without an electronics background
will be Brought up to speed after reading the book by
Hoenig and Payne {1873
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The sinusgidel gensrator of Figure 1 iz the
glecironic realizalion of the eguation

X+a2=g (1

whose solution is

X = Cqcos (at) + Cg sin (af) @)

FIGURE 1

Equation (2) is a linear combination, where the
C-coefficients  are  arbitrary  constants The
#inyzoidel generator consists of three operational
amplifiers (op emps).  Amplifier AY ig an invarter,
that iz, # yields an output which has a sign opposite
to that of the input. Both amplifiers A2 and A3 are
inteqratars whith produce the time integral of their
tput.  The sinustidal generator needs an inftial
condition input voitage which can be applied on gither
integrator,

Inpuiing an initial-condition signal on AZ will
resuli in amplifiers A1, A2 and A3 yiglding sin t, cos
t end -sin t, respectively  Inputing an initial
condition sigral on A3 will result in A1, AZ angd A3
gtelding -cos t, gin t and zos i, respectively. This
prours because anly the cosine can have nonzero
iritial conditions. The magnitude of the argument {at)
of the sinusoidal function for sin fatd can be adjusied
with polentiometers pleced at  the dnputs  of
integrators &2 and AZ. Then, the cutput {solution)
wilt have an argument whese t-values correspong to
the patentiometer setting.

using analog or hybrid computational

techniques is a viable alternative
to digital methods....




it should be noted that the sinuscidal oscillator
af Figure 1 is a classical design which cen be
improved in terms of stabiiity and precision. It i5
offered here as a working exampie of this type of
device. As will ke shown in the following esampies,
we can condition the outpul of & single osciilator
with some peripheral op amp components ar combine
the outpuis of two oscillators  for the purpese of
obtaining the plots of matheratical functions which
contain nanlinear terms,

S0, LET'S DRAW A CIRCLE

The circle can be represented in polar fort by
the system of parametric eguations:

X=rcost (3)

¥ =rsint (4)

In Cartesian form, the equation is:

X2+Y¥2=12 (5

Electronic implementetion of Equation {5} calls
for an initial condition voltage applied on A2, This
voltage represents the radius of the circle.  The
equations of Figure 1 have been chossn to hest
illustrate the motions of the ¥-Y plotter. Here ¥ and ¥
are of opposite signs, and the piotter pen will maove
clockwise, Wwhen ¥ and Y are of the samsa sign, the
platter pen will move counter-clockwise.  This
kecomes apparent after inspecting the sysiem of
Eguations (Zyand {d). At L = O, ¥ = Gand¥ » 0.
&lsa, ¥ becomes negative with an increasze in t while
¢ decreases, which oococurs as & counter-clockwise
plotier mavement through the second guadrant, which
beging with ¥ = 0 and ¥ = r. Using poientiometers
to introduce various initial conditions {redii) will
uield concentric circles of varicus diameters,

A4 a matter of interest io peaple opersting
graphic sutput devices, the generation of circles goes
beyond the goademic wtility of the esarsple. A
sinusoidal generator used in the above odescribed
manner can he used to check piotter aoowracy and
repeatability, which is known as the circle test’
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HOW ABOUT & CYCLOID?

A cyctoid can be described as the path of a
point lecated within a circle of radius () at a
digtance ib) from the circle’s center when ihe circle
rolls along & haorizontal surface.  The generatized
syctoid can be described by the following system of
parametric equatiens:

X=zat-bsint (6)

Y=za-bcost (7)

The electronic mechanization for the realization of
Equations (6) and {7) iz shown in Figure 2. Figure 3
ghows @ typical plotier cutput for thiz problem

cos t

Al -cos t l sin t p
= a-bcost
X =at-bsint
O

Ra

FIGURE 2

FIGURE 3
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HAYE YOU HEARD OF THE LIMACON OF PASCAL?

Tha Limacon of Pascai can be described as the
irace of & point fixed within a cirele rolling upon &
fized ¢ircle of equal radius. The generalized Lirmacon
of Pascal can be dezcribed by the following system of
aquationg:

X =4acos t-Kcos 2t (8)

Y =4acos t- K sin 2t &)

The mechanization of the above systerm is shown in
Figure 4. Let s row consider some variations on this
theme. Given Za = K, a cusp will be generated, as
showr in Figure 5. A double paint will eppear if Za <
K, as shown in Figure 6, and an indentation will be
ohserwed if Za » K, a5 shown in Figure 7. Here, we
used an initial condition voltage of 2% for the small
figures and 6% for the Targer ones.

2cosi0,51

Ad I “2eostoo) -4acosi

Z2cost

2cost -2cost

\<

=)

FIGURE 4
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FLGURE 5

>—§x
X = dacest - Keos 2t
-2sint Ip Y = d4acost - Ksin 2t

. AB >o— Y
AS Ksin2t

&

FIGURE 6
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SOME CONCLUSIONRS Ea@tan_. W FfEStDr!, 1976,
Wwe have come to the end of a brief presentation Seippel, R Operstional Amplifiers —Reston, WA,
oh @ simpie method which enables the piatiing of Reston, 1983,
mathernatical functions without the aid of digital
hardware. Using the electronic analeg approach to SEDSY
piot functions offers many adventepes over the
digital route, a3 evidenced ty the flexibility of
implementaticn and ease of problem solving.  Given
accurate electronic components, the analog method i3,
for alt practical purposes, as eccurate as the gigital.
Given the aveilability of an X-Y plotter, the
electronic analeg approach requires but e faw
corponents,  Yike op  amp  inlegreied circuits,
resistors, cepaciiors and the like. The components
may be purchased at a very low cost by the student
and breadboarded over and over apain in soiving Professor Karayanakis is currently an
different problems of mathematical function plotting. Associate Professor in the Division of
Ezzentially, the approach exploited here represents an Technologies at The University of North

ideal vehicle for making practical sense of various Florida.
pranches of mathemetics and technoiogy and for

fulfitling the 1{lusive gnat of  integration  of

electronics, mathematics and graphic technology.
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TEACHING THE SUBJECT MATTER

CAD INSTRUCTION: THE "BUDDY" SYSTEM

by
Judy A wWatson
Purdue University

Many schools  today ate  faced with the
challgnge of adding CAD courses to their curriculum,
af sonn as CAD courses are indtisted, the dermand
nuickiy surpascese the enroliment capacity & major
sohoerh 18 how o serve large number of students
without  sacrificing  hands-on  experience. The
Technicsl Graohics Department at Purdue, opted to
uge & "busdy” system as a means of increasing class

Zigw,
DESCRIPTION OF “BUDDY™ SYSTEH

Tha "buday” systam, as the name Implies, pairs
tudents into teams for tearning purposes.  Two
tudents work jointly on 8ll exercises and projects
gesigned throughout tha semesiar.  The instructor
remains responsible for fectures and lab assistance,
witle the two psrirers rely on each other for
mastering skiils and meeting objectives during the
fsh poriion of the ¢lass. Buddies cen be assigned
randomly, sefected by each oiher or a&sgzighed
arcording 1o predetermsined oriteris.  The “buddy”
systetn has roots in Ooih education and industry. in
education, it {5 the basiz for peer tesching and study
groups.  Likewiza, indugtry often reliss on project
teams of groups to perform specific tasks

)

5]

RATIONALE FOR SELECTING THE “BUDDY™ 5¥STEM

In the fall of 1984, a CAD course was added to
the curriculum of the Purdue Technical Graghics
Department.  The hardware aveilable consisted of
eight Computervision work stations. At the time,
three Taculty members were treined and available to
teach & maximum of five sections.  In order ‘o
gronomically wtilize faculty and eguipment, a class
size grealer than eight per section was necessary
The "buddy™ systern was initally considered for
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administrative purposes. It allowsd class size ic be
doubled without affecting the number of sections
offered.  In addition, this option was in accordance
with course goals which specified that the 1ab portion
winid be supervised by the instructor and inciude as
much "hands-cn" experience as pussible,

The deparimental preference was io have
schieduled labs with faculty supervision. This was
due iz the fact that the course was intended to be
introduciory and for entry tevel siudents. Therefore,
incressing enroliment by setting up -an open lab
farmat was net desirable In addition, thers was &
fack of trained monitors singe the system was sg
new. Other ways to increaze enroliment required
limiting hands-on terminal time. This was rejecied
based on the departmental policy of offering courses
which were applicaticn oriented. Once it was decided
to adopt the “buddy” systern approach, both the
sdvantages and shortcomings were congiderad in
preparation for the semester,

ADVANTAGES OF THE SYSTEM

some of the positive results anticipated were
85 fellaws: First, it was hoped that the feelings of
anxiety end iselation often experisnced by first-time
users could be lessened.  Second, studenis would
kerefil  from peer teaching ag teem membars

Gntsrected to solve lab ewsrcises.  As parthers

coblaborated on problems, they could direct guestions
and explanation to each other before comsulting the
insturctar. !n addition, aliernate approaches could be
discussed by team members while constructing
drawings.  Since it is often difficult to share
problem-solving differsnces in computer courses,
thig couid offer & unique opportunity. Third, working
as @ ieam oould  offer  subtle  lessons  in
comrmunication end cooperation skills which could
later serve the student on the job.

LIMITATIORS OF THE SYSTEM

A effort waes alse made to {rouble~shoot
problems that might arise due to implementing the
“buddy” susters. A major concern was thal one
partngr would dominats the station. To aveid this,
ong partrer would wark the keyboard and the other the
graphics tabiet. Also, pariners would have to switch
these responsibilities en a regular basis.  Ancther
concern was thet the learning pace might vary greatly
ietwean partners.  To avoid ong partner falling
behind, the class pace would be geared to the average
student =0 that the slower student could stay longer
for further work if necessary. Ancther optisn was to



provide some out-of-cless lab hours for students whe
needed additional time for mastary of concepts. This
gxtra lab time would be minimal and scheduled prior
to tests. To awoid problems due to differsnces in
pperaticngl skill levels, the majarity of the testing
wauld not be on the system. Evaluation would consist

of two writien lests and one performance test on the

system.

[

e

QUESTIONS

. The team system aided learning O &

. The team made learning les

isolated.

. | was more intimidated

working as & team.

| asked fewer quastions of
the instructor working
as & team.

b wee 1858 neryous workirg
as a team

The tears tsolated me mare
frum the rest of the class.

Overall, warking as a tzam
W5 § Good experience.

Hy partner dominated the
station,

The team system Hmited
iy progress.

. In generai, | did not like

the teatn exparience.

. Each partiner got equal use

af the station,

. Vwas Yess prapared for the

test because of sharing
terminal time.
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STUDENT REAETIEN TGO THE SYSTEM

At the end of the semasier, students were
given the opportunity to evaluate the “huddy”
experience.  Sixty-three students responded to the
guestiohnaire. Ower S0% of the participants thought
that the team experience made learning less 1salated,
and that each pariner had equal access to the station
The student response supporied our prefiminary
expectations and planning. The questions and results

are as follows:
e ? Continued on p. 64

RESPONSES
2B & SA
919
5
05 41 17
17 38 5 2¢
714 38 6
017 34 1%
73216 6
b5 o4 1a
12 40 1 3*
1t 31 13 8
g 3% 5.3
tg 40 1 3%
15 30 12 @

TABLE 1

* Anzwer omitied by one participant.
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NON-ORTHODIRECTIONAL,
ORTHOGRAPHIC
PROJECTICN
By
David Sanders
Robert Kelso
Louisiana Tech University

BACKGROUND

Descriptive Geometry is often poorly defined if it Is defined
at all. This seems to be due to it being equated with
"projective geometry operations." This paper defines
Descriptive Geometry as:

The Science {art?) of determining the diraction of viewing an
object such that a particular gecmetry of an chject appears in

the most descriptive manner.

Once the descriptive geometry solution, for example the
direction of sight, has been determined, then it becomes an
exercise in projective geometry to produce an image onto a
two-dimensional piane as viewed in the solution direction.
The projective geometry technique which is employed is
orthographic projection. Orthographic projection (Crtho
meaning perpendicular and Graphic meaning to draw) is
defined as a projection perpendicular to a plane of projection.
Two such orthographic views projected in directions
erthogonal {perpendicular) to one another accommodate the
three dimensions of space, thereby defining in space the
location of given geometric entities {points, lines, planes}.
Once these two orthodirectional orthographic views have
been established, additional auxiliary projective geometry
operations may be executed in order to produce the solution
image. These auxiliary orthographic projections, by
convention, have in the past zlso maintained an
orthodirectional relationship between adjacent directions of
projection to the extent that this orthodirectional relationship
has too often and erroneously become implicitly asscciated
with the term orthographic itself.
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However, this orthodirectional relationship is not
necessarily required except in the initial and location-defining
adjacent orthographic views! In these location-defining
views, the three dimensions of space may be found only in an
orthadirectional manner.

For example, if adjacent top and front views are used to
define the locations of the end points of a line, then the three
dimensions of space are represerted by the customary
height, width, and depth directions, and each dimension is
seen trug in at least one of the two adjacent views. Once the
location of the geametric entity is defined in space however, it
is no fonger essential that additional adjacent orthographic
views also be orthodirectional.

This phenomenon was first demonstrated to me by a
Louisiana Tech student, David M. Sanders, with whom | have
the priviledge of co-authoring this paper. It should be noted
that his discovbery of this technicie was completely intuitive,

y THEORETICAL APPROACHES

g

NON-ORTHODIRECTIONAL
ORTHOGRAPHIC PROJECTION

In order to explain the phenomenon of Non-Orthographic
Orthographic Projective Geometry,
general solutions are employed.

Figure 1 is a picterial and two standard orthodirectional
orthographic views of a line in space. The descriptive
geometry general sclution such that the line appears true
length is a ruled plane surface perpendicular to the given
ling, one directrix of the ruled surface being a plane curve,
here shown as a circle, and the other directrix being a point,
here the circle center, within the plane of the curve. Although
it is unnecessary for it to do s0, here the point directrix
coincides with the piercing point of the given line with the
plane. In this general solution plane, each ruling element
represents a Descriptive geometry solution {(direction of view)
such that the lineg appears true length.

m|xT




By standard orthodirectional methods, the descriptive
geometry sclution of a true length view as projected from the
front view is the line of intersection between a frontal plane
passed through the point directrix and the general solution
plane (see Figure 2). Figure 3 shows the orthodirectional
relationship between the front view sight direction and the
true length sight direction.
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Another descriptive geometry solution showing a true
length view projected from the front view however, may be
achieved by projecting in & direction parallel with, say, the
horizontal plane {see Figure 4). This solution direction is the
line of intersection between a horizontal plane through the
point directrix and the general solution plane. Note that it is
achieved by a projection from the cobject at an angle other
than 90° to the front view direction of projection, making it a
non-orthodirectional view. Further note that this direction of
view will also be parallel to a vertical reference plane (X-PL)
perpendicular to the top view projection of the given line.
Figure 5 is a picterial showing the location of the X-PL.
reference plane. The open, double type lines are used in the
orthographic projections to depict the edge views of X-PL so
as not to confuse them with a princxipal plane or the other
standard orthodirectional reference planes.
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Figure 6 shows the true length determined by rotation and
serves to verify the solution by non-orthodirectional
projection. Figure 7 is a pictorial and an orthographic
projection of the solution for the end view of a line. The line of
intersection between X-PLy and X-Plo is a horizontal line.

From the top view, a non-orthodirectional projection is made
parallel to the given (non-true length) line unfil it is projected
as a point. This direction of viewing will alsc be parallel to
X-PL2.
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Figure 8 is a pictorial and an orthographic projection of a
solution for the edge view of a plane. Note that the view
rotation is in a direction to the right of the front and goes over
180%. That ig, it represents a projection which not anly
passes over the right side view, but passes over the rear view
as well until it stops in a direction perpendicular to the line
A-B, and, just as with orthodirectional projection, the end view
of a line on the plane gives a solution view.
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% PLANE |

TL NON-ORTHO
DIRECTIONAL VIEW

Figure @ is a pictorial view and an orthographic projection
for the normal (true size) view of a piane. A
non-orthodirectional projection is made in a direction
perpendicular to the frue length view of line A-8, until the
plane is seen true size. When this occurs, the direction of
projection will be perpendicular to line A-B and also parallel
to X-PLg which is perpendicular to the edge view of the given

plane and parallel to line A-B.

Figure 10 is a pictorial showing the X-Y-Z axes in the
various views and also an orihodirectional verification of the
non-orthodirectional sclutions.

Figure 11 is a pictorial and an orthographic projection of
the solution for the true angle between an oblique line A-Y
and an oblique plane A-B-C, both in general positions. The
first step is to project a nen-arthodirectional view to the right of
the front view and parallel with the horizontal plane until the
line A-Y is proiected true length. In this view, then draw
{"paint" as | tell my classes) line 1-B on the pians such that it
appears perpendicular to line A-Y. Since the line A-Y is true
length in this view, this makes the "painted” line perpendicular
to line A-Y in space. A view showing the end view of the
“painted" line will then show the plane as an edge and line
A-Y as true length, the solution view.

Figure 12 is a pictorial and an orthographic prajection of
the solution for the shortest frontal line connecting two skew
lines in general positions. A plane, A-B-Y containing line A-B
and which is also parallel to line G-D is constructed. Line A-Y
is made to be a frontal line. Itis known from spatial geometry
that the solution line will always be perpendicular to ling A-Y.
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From the profile view a view is projected parallel to the
frontal plane until the end view of the solution line 1-2 is
achieved. [n that view, line A-Y will appear true length and
perpendicular to an X-PL¢ parallel to the solution line. X-PLq

is therefore, constructed perpendicular to line A-Y in the front
view and measurements perpendicular from this plane are
transferred to the non-orthodirectional view to establish the
location of all points in that view.

Figure 13 is a pictorial and an crthographic projection of
the solution for the shortest line of 30% grade connecting two
skew lines in general positions. A non-orthodirectional view
is projected to the right of the front view such that the two
given lines appear parallel. To achieve this, a plane A-B-Z
contalning line A-B and parallel to {ing C-D is constructed.
Line A-Z is made a horizontal line. Since a view in the
direction of the true length line A-Z will show the given lines to
appear parallel, a vertical reference plane X-PLq is

established parallel to line A-Z in the top view, and
measurements from that plane to points in the top view are
transferred to the non-orthodirectional view to the right of the
front view. [t si known that in this latter view, where the given
lines appear parallel, the solution line will appear ttue length
and will be seen to form a 30% grade with the horizontal
plane. An X-Plo is then constructed with the specified grade

of 30% in this view.
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Next, a non-orthodirectional view is constructed in a
direction perpendicular to the true length top view of line A-Z
until the solution line appears as a point. This is achieved by
transferring measurements from X-PLo in the view to the right

of the front view to this new view. Once the end view of the
soluticn is established, it is then projected back into the other

views.
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Figure 14 is two orthographic soluticns for constructing a
line which forms specified angles with the frontal and
horizontal planes, The top illustration shows the steps as
used in the classical orthodirectional solution using only the
two principal views. The bottom illustration shows another
solution to the same problem. As in the first soluticn, the first
step is to construct the general solution cone for all lines
containing point A and which form an angle of 30° with the
frontal plane. Next a non-arthodirectional view is projected to
the right of the frent view and parallel with the horizontal
plane and until [ine A-B is seen true length, In that view, the
true angle with the horizontal plane will be seen and point B
located. Point B is then projected back into the other views.
Figure 15 is an orthodirectional verification of the
non-orthodirectional solutions.
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CONCLUSIONS

Perhaps an appropriate question to ask is, " What good is
ital?" Ifit were standard to use only the non-orthodirectional
projection and somecne invented the orthodirectional
projection with its more easily expressed rete type rules, then
it must be concluded that a "breakthrough®” had been
accomplished, Since a non-orthodirectional projection offers
no advantage cver the orthodirectional projection the reverse
cannot be claimed. However, it is suggested that the
development of the non-orthodirectional method does render
a service by giving more -insightful appreciaticn for the
mechanics of the orthodirectional method.

PEBEJ
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« HISTORICAL BASIS OF GRAPHICS

HISTORY OF GRAPHICS

BY

Daniet L. Ryan
Engineering Graphics Program
Clemson University

ABSTRACT

The idea for this article came to this writer
during a recent visit to the British Museum of
Egyptoiogy located in Cambridge, England. | was
touring the Computer-Aided Design Centre in
Cambridge and mentioned that a special interest of
mine was the history of engineering graphics. My host
at the CAD Centre suggested that | spen a day at the
museum. Several days later, | was still fascinated by
the amount of graphics contained in the displays, and
at the same time, annoyed that | had not made this
connection--between Egyptian antiquities and graphic
history--during my first visit there in the summer of
1980,

Those Egyplian illustrations and descriptions
which remain outline the history of engineering
graphics and how it has influenced madern
engineering practice. Graphics has been a part of
man’s history since the earliest recorded times. Early
man painted on the walls of caves while modern man
uses photographs, video tape, or electronic storage
media. Both saw and recorded by whatever means
were available to them. Humans have always created
pictures of mental images or concepts. Because these
mental images were soon forgotten, they were
“written down." This writing process took the form
of life size drawings at first, but because wall
drawing took considerable time and skill to create, a3
smaller type of picture drawing became popular. This
smaller form was developed by the Egyptians and
others into a script-like form. In thig form of picture
drawing a combination of small pictures and symbols
were used to describe such things as road and tempie
construction, and important events of the day.
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THE HISTORY OF GRAPHILS

The history of engineering graphics extends from
classical antiquity to modern times. The exact
history of graphics i3 hard to trace as a continuous
process. There are many exmples in archeclogical
records but the actual graphics are simply not
availabe for study. This is particularily true when we
go back beyond the invention of paper. The road back
is fairly smooth until papetr or papyrus "disappears.”
Eartier than this time the documentation of graphics
history depends on images carved on temple walis or
pressed into clay tablets. And earlier that that,
natural formations such as cave walis are all that are
available for study.

if we 1imit our search to papyrus, the graphic
images of Egypt follow those of Babylonia where the
earliest records of technical graphics are found.
Egyptian origins have been investigated with
established success. English archeologists and French
explorers such as Monge are given much of the credit
for finding the keys that unlocked the mysteries of
the graphics used by early Egyptians.

For the purposes of my investigation, |
considered the classical antiquity of graphics to
include three main periods: Early Egyptian, Greek, and
Roman. A deveiopmental procedure will be used for
each time period.

THE EGYPTIAK PERIOD

The graphic system used in early Egypt was
believed to have been invented by the god Toth, who
instructed the Nile people in its use { Figure 1) It is
found fully developed on the most ancient monuments
and continued to be used until the Middle Ages {Figure
2}

Figure 1 Toth hands the graphic system 1o the
Pharaah who instructs the peopie in its use.



The individual symbels of Figure 3 illustrate a
graphic system, one of several types of ancient
hieroglyphics. This Egyptian form differed from
Mexican, Babylonian, and Chinese piciure writing in
that it was never simplified and conventionalized into
modern script. it was remarkable because it retained
the most primitive form of picture writing. The
Egyptians used phonetic signs, ideograms and
determinatives, For example, verbs of motion were
determined by a pair of legs. The prevailing
orthegraphy required that each word be written by
means of its ideogram. As in all ancient forms of
graphics except the Assyro-Babylonian cuneiform,
only consonants were used. The vowels were jeft to
the reader. Then, at a very early period, another form
of graphics called “hieratic” came into use for
graphics on papyrus.

Most of the technigues used in modern
computer graphics havetheir roots
in ancient graphic methods

11 is interesting to note that 5000 years later a
form of computer-aided graphics calied PLATO uses
simiiar picture representations. Picture formations
simiiar to those invented by the Egyptians are used
today to help elementary school children Jearn how to
read.

Figure 2 Temple at Philae.
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THE GREEK PERIOD

It was in Greece that ancieni graphics reached
its highest state of historical development. The
fragments from Tiryns and Cnossus in Crete show
that the Mycenaean Age introduced much of the
graphics developed by the Egyptians (Figure 4).

In later periods color was introduced in graphic
tmagery. Examples of the use of celor can be found on
vases and in the remains of buildings and monuments,
The intreduction of color placed graphics, along with
sculpture and architecture, among the important
contributions to Greek civitization There are
accounts of Corinthian and Sicyonian graphic artists
who drew outlines and indicated details by the use of
several smaller lines.

SIS ATHOR.

QSIRIS

-

ANUBLS PAKHT

Figure 3 Individual graphic symbols.

ENGINEERING DESIGN GRAPHICS JOURNAL &1
AUTUNMN 1985



VOLUME 49 NUMBER 3

Ctmon of Cleonae introduced correct drawing in
profile with the concept of perspective and view

THET 30 S

S
£

e D points. This advance in graphics is connected directly

with Polygnotus of Thasos, whose public works
included the portico at Athens and Lesche at Delphi.
The mest important advance was based on Cimon's
theory and Agatharchus's application of perspective
and shading. Agatharchus wrote a book on this
application, which iead Anaxagoras and Democritus to
develop and state the iaws of perspective drawing.

Therefore, within a hundred years the Greeks
discovered and perfected a new graphic technigue
which was beyond all that the Egyptians had achieved
in 3000 years. We use today many of the techniques
discovered by the Greeks. The use of the 1CON
technigue {a symbol used to represent a command on a
computer menu) can be traced to Polygnotus. Most of
the technigues used in modern computer graphics have
their roots in ancient graphical methods.

The next Greeks to advance the use of graphics
were those from the Hellenistic age. The conguests
of Alexander had opened the rest of the world to
Greek rule, thought, tife and graphic skills. At the
same time it ended the old city-state ideas of Athens.
This change in the center of focus for graphics was
one of export and import, the export of Greek ideas
and the import of Asian graphic techniques. The
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Figure 5 Influence of Greek graphics at the time of
Alexander.
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earlier Greek graphic artists depicted the needs of
the city-state, while these later Greeks were filled
with the wonders of Alexander's conqueats (Figure 5).
The use of graphics here was for recording those
conquests and for the construction of many public
monuments. In addition, the Hellenistic Age showed
two tendencies for graphics. One was for the
rendering of scenes and the other was for portraiture.
Both attained excellence during this period. The
walls of Pompeii furnish examples of this technigue,
and of special value are the portraits discovered in
Falum, Egypt, where this portrait skill was ‘exported
to cover the faces of memmies.
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'Figure 6 Example of Roman assimilation of graphic
skills.
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The Roman period of Greek graphics is perhaps
the most useful in term of historical study. Greek
graphics, in part, is still available because of @
wholesale plundering of the Greek Empire by the
Romal legions. Afterward, graphic plans were used
to construct Roman temples, palaces and villas. This,
coupled with the Roman passion for record keeping,
made it an age of copies. Much of the graphic
examples from Greece were produced during this
period. The Greeks were aiso the first civilization to
write and produce books in great numbers. Because of
this, many manuscripts have been discovered which
include the signatures of graphic artists and the
records of how the graphic techniques were mastered.
while such recorded evidence has been found, it is
difficult to determine the number of persons at that
time who were skilled in graphics. Perhaps fewer
than five percent of the population could produce
technical graphics.

One reason for this was the attitude of the
Greeks themselves toward graphic artists during that
period. In general, while the graphic productions
were highly valued, the person who produced them
was of little interest. This was due to the low
esteern in which the artisan was held: he was not a
soldier or an athlete. Because of this, graphic skills
nearly died out during the Dark Ages.

THE ROMAN PERIOD

Although modern historians have found little
proof that the Romans advanced the use of graphics,
they did develop & distinctly nationalistic style
during their late Republic and Empire. Largely under
the hands of prisoners captured from the campaigns
against Greek cities, the Roman graphic style began.
From the Hellenistic Greek period the Romans copied
the best features, inventing modifications that have
peen used through this day (Figure 6). The Roman
period of graphic history lasted untii the time of
Augustus where the century and a half that followed
was known as “the golden age of graphics” The
dectine of graphics begane before the time of
Septimus and was complete in the time of
Constantine save whal was needed for practical
construction.

$EDSS

Daniel L. Ryan has written a complete history of
graphic communication in his latest book entitied
"Modern Graphic Communication,” available from
Prentice-Hall Inc., Englewood Cliffs, NJ 07632,
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Buddy continued from p, 49°

. SUMMARY

- After the pitat 'couf'se, the hardware for the

introductory course was changed to Apple HE's. This

#as due o advance courses heing added to the

clrriculum ahd increasing the utilizatian of the jarger

sysiem. Even though the number of waork stations

increasad slightly, the ‘puddy” system has remained

intagt. The anly format change hes been the addition
- of one i) day of open lab for studenis who naed
- additional time to compliete assignments

A retrusﬂect the éwpemence was positive for -

- _the department, the porticipating facully ang the
- students.  The . "buddy" stretegy met  both
- adrrinistrative  and course goals. I addition, the
participating faculty agreed that all reservetions
ware eliminated after the pilot semester: Likewise,
students worked wall together and benafited fr&m
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