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technical drawings look |
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Rk o ~ | technical drawing system for Ameri-
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i » ” UBARL reliability and peiformance.
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Once the theory of stereograhic drawing has been
presented, these underlay guides simplify the application.
Tracing paper is placed on the matched-pair grid charts
and perspective drawings are constructed for both right
and left eyes. Simply, since all horizontal planes are
orthographic. The combined drawing made with orange
and green pencils is then viewed through the bi-colored
viewing glasses to produce the 3/D desk-top image. The
resulting graphic structures ‘built’ with the aid of the
Phantogram Perspective Charts help three-dimensional
graphic understanding and perception. Reduced class
time, improved preliminary visualization for the student,

and standard reference grids for checking construction
all increase the practical scope of the subject.

Seven stereo-pair perspective charts provide a full range
of viewing angles. The package also includes color-
reiated drawing pencils, bi-color anaglyphoscopes, and
example/instructions. 10" x 13”. $8.65.

Fullinformation, accessories available. School discount.

P. O. Box 509, Westpori, Conn. 06880 (203) 325-3470



This Book
an Save You
ime&M

oney

Geometric dimensioning and tolerancing
ensures maximum producibility of parts through
maximum production toferances. it communi-
cates design dimensional and tolerance require-
ments Clearly and specifically, which helps make
sure that they are carried out accurately. It max-
imizes uniformity and convenience in drawings,
which minimizes guesswork and mistakes. For
all these reasons, every engineer and technician
involved with drawings should have a working
knowledge of geometric tolerancing techniques.

Addison-Wesley has just published the most
up-to-date and comprehensive book available on
this subject — Geo-Metrics il: The Application
of Geometric Tolerancing Techniques (Using
Customary Inch System) by Loweli W. Foster.

Geo-Metrics Il covers rules, symboiogy, appii-
cation, datums, and meaning of form, run-out,
and focation tolerances. It conforms to the prin-
Ciples of the most recent USA standard —
“Dimensioning and Tolerancing for Engineering
Drawings” (ANSI ¥14.5-1973). It emphasizes
international methodology, as contained in ANSI
¥14.5-1673, to achieve maximum harmonization
of USA and ISO practices.

Geo-Metrics Il is based on Mr. Foster's widely
used and acciaimed texts Geo-Metric Dimen-
sioning and Tolerancing — A Working Guide
and Geo-Metrics. He has revised, expanded,
and updated material from them and added new
material. The book is ideal for teaching, both in
the classroom and on the job, and it is aiso a
complete and handy reference.

Geo-Metrics li focuses on the need for clear
communication of engineering design require-
ments and for advantageous production and
inspection follow-~through. it can mean significant
savings in time and money for you.

(01936) 296 pp. $13.95

If you wouid like to examine a complimentary
copy of Geo-Metrics Il for possible course
adoption, please write to us. Be sure to include
your course title, enroliment, and text now in use.
This book is also available for a free ten day
examination.

\d 4

Business and Professional Division
Addison-Wesley Publishing Company, Inc.
Reading, Massachusetts (11867



“Levens and Chalk is a fresh approach to
the graphics-design scene and will be
welcomed by many of us who have
been searching for this type of book for
some time. There is no guestion in my
mind that the two authors have hit upon
the right formula for a most successtul
and competitive graphics design text.’
Percy H. Hill, Chairman,
Dept. of Engineering Design,
Tufts University

“Of ail competitive texts i still think this
is the best. ... Sets the standard for
excellence in presentation of
orthogonal projection, infersections and
graphical treatment of mathematics, |
empirical equations, and nomography
Duane Ball, Associate Prof., Dept. of
Engineering Design and Economic
Evaluation, University of Colorado

Already highly successful since ifs
publication in January of this year, the
third edition of this stimulating text meets
the needs of today’s students through a
planned, technical and goal-directed
exploration of graphics. It lets your
students examine potential solutions of
complex engineering problems as it
unveils the side effects of modern
technology and vast technological
problems, This edition covers man’s early
efforts and “design infent” as well as
powerful modern-day applications of
engineering graphics. Also new fo this
edition: 0% of the material is S-Mefric.

(1-01478-8) 736 pp. 1980 $2495

GRAPHICS IN
ENGINEERING
DESIGN,

3rd Ed.

Alexander Levens, University of California at Berkeley,
& William Chalk, University of Washington

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

In addition, the following topics are
available on cassette tapes to
supplement the text: 1. Fundamental
Principles of Orthogonal Projections

2. Visibility 3. True Length, Grade &Bearing
of Line Segments 4. Intersecting, Skew,
Parallel & PerpendicularLines 5. Point
View of a Line & Applications 6. True
Shape of Plane Surfaces 7, Angle
Problems 8. Developments

9. Intersections, Pt. 1 10. Infersections,
Pt.2 11.VectorQuantities & Vector
Diagrams. For additional information
about these cassettes, write to Art Beck.

WKBK IA—(1-03133-%) 130 pp. 1980 $9.95
AS. Levens, FH. Schneider & L.C. Waiter

WKBK l1A—{1-03214-¥) 125 pp. 1980 $9.95
AS. Levens & FH, Schnelder

WKBK II1A—(1-03215-8) 132 pp. 1980 $9.95

AS. Levens & W.Chalk

To request complimentary copies, write
to Art Beck, Dept. 7196

Please include course name, enroliment,
and fitle of present text.

JOHN WILEY
' & SONS, Inc.

605 Third Avenue., New Yark, N.Y. 10158
In Canada: 22 Worcester Road, Rexdale, Ontario

Prices subject to change without notice. 1-7196
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ENGINEERING DESIGN GRATHICS JOURNAL
is published - one volume per year,
three mumbers per volume, in Winter,
Spring, and Fall - by the Engineering
Deslgn Craphics Division of the Am-
erican Soclety for Engineering Edu-
cation, for teachers angd industrial
practicioners of Enginesring Graphiecs,
Computer Grephics, and Design Graph-
ies, and Creative Design,

The views and opinions expressad by
the individual authors de not nee~
essarily refleet the editorial policy
of the ENGINEERING DESIGN GRATHICS
JOURMAL or of the Engineering De-
sign Graphics fMvision of the ASEE,
The editors make a reamsonable effort
to.verify the technical content of the
materinl published; however, final
responsibility for opinions and teohe
nicel accuracy rests entirely upon
the euthor,

YEARLY SUBCRIFTION RATES:

U,3., Mexico, Canada

ASEE-EDG members . . . . , , , . .$1.50
ASEE but not EDG members . . , . . 3.00
Nen-members, . . . ., , . . . e o« 5:00
Foreign subseribers., . . . ., . . $10.00

SINGIE GOPY RATES:

U.5., Mexico, Canada

ASEE-EDG members . . . , , . . . W$1.00
ASEE but net EDG members e w1050
Nor-members. . . . , . , . . ., . 2.00
Foreign subsoribers. . . . . ., . , $ 3.30

Back issues(are ava%lable at single
copy rates (prepaid) and are 1imited
in general to rumbers publiched
within the past six years.
Subgeription expiration date (last)
issue) is printed in upper right
corner of mailing label, W79 for
Winter 1979, 580 for Spring 1980, etc.

ENGCINEERING DESIGN GRAPHTGS JOURNAL
OBJECTIVES:

The objectives of the JOURNAL are:
1. To publish articles of interest
1o teachers and practitioners of Engin-
eering Graphics, Computer Graphics
and dubjeots allied to fundementals

of engineering.

2. To stimulats the preparation of
articles and papers on topics of in-
terest to its membership,

3. To encourage teachers of Graphics
to innovate on, experiment with, and
test apprpriate techniques and topins
to further improve quality of and
modernize instruction and courses.

4. To encourage research, develop-
ment, and refinement of theory and
applications of engineering graphics
for understanding and practice.

TDEADLINES FOR AUTHORS AND ADVERTISERS

The following deadlines for the sub-
mizgsion of articles, announcements,
or advertlsing for the three issues
of the JOURMNAL are:
Fall . . , . .. + September 15
Winter . . ., . . . . December 1
Spring . . . » « « February 15
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STYLE GUIDE FOR JOURNAL AUTHORS

The Editor welcomes articles submit-
ted for publication in the JOURNAL. The
following is an euthor style guide for
the benefit of snyone wishing to contri.
bute material to the BNGINEERING DESTGN
URAPHICS JOURNAL. In order to save
time, oxpedite the mechanics of publi-
eation, and avoid confusion, plsase
adhers to these guidelines.

1. All copy is to be typed, double-
#paced, on one side only, on whits
Faper, using a black ribbon.

2. A1) pages of the menugcript are
to be consecutively numbered.

3. Two ooples of each manuscript
are required.

4. Refer to all graphs, diagrans,
photographs, or illustrations in your
text as Figure 1, Figure 2, etc,

Be zure to identify all material
accordingly, either an the front or
back of each,

Illustrations cahnot be redrawn; they
are reproduced directly From submithed
matsrial And will be reduoed to fit

the columnar page.,

Accordingly, be sure all lines are
sharply drawn, all notations are le-
gible, reproduction black ig used through-
out, and that everything is clean and
unfolded. Do not submit illustrations
larger than 198 x 28¢ mn. If necessary,
make 158 x 280 or smaller Dhotaocopies
for submission, ’

5. Submit a recent Thotograph (head
to cheat) showing your netural poge.

2ke sure your name and address is on
the reverse side. Photo, aphs, alon
with other submitted matorip) gannot

be returned, uniees Postage Is prepaid,

6. FPleace make all changes in your
manuscript prier to submitting it.
Check carsfully spelling, structurse,
and c¢larify to avoid ambiguity and
maximize continuity of thought. Proof-
reading will be done by the editorial
staff. Galle Toofs cannot be sub-
mitted 1o authors for review:

7+ Enclose all material unfolded in
2 large size envalope. 1@ heavy card-
board to prevent bending.

8. All articles shall be written
using Metrie-SI units, Common mea-
surements sre permissible only at the
discretion of the editorial starlf.

9. Send all material, in one mailing
tos

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

Miss. State University
Miss. State, MS 3762

REVIEW OF ARTICLES

AlL articles submitted will be re-
viewed by several authorities in the
field associated with the content of
€ach paper before aecceptance. Gur-
rent newsworty items will not be
reviewed in this marmer, but will be
accepted at the discretion of the
editors,

The editer, although responsible
for wopy as i1t is published, begs for-
givenesa Tor al typographical mistskes,
mig-gpelled words and any goofs in general .,
Typing is done mostly by non-professional
word processors who either are still in
high echool or are net trained in profes-
sional word processing., Thank you far
your patience.

NOTE :
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Chair’s Page

This first issue of the academic year
always includes an organizational chart of the
Pivision, and I am again - as always - impressed
by quality of the officers whose names appear
tnere. I conslder it an honor to be surrounded
and working with such fine people., The Division
is fortunate to have them, too, because they are
and will be needed. 1980 and the next few years
hold great potential for change and could very
well be pivotal for the Divisioen.

Probably the most powerful agent among the .
elements of change is computer graphics. The % _ *
explosive growth of computer graphics in indus- ; SECRETARY TR}.EAEUREI;
try and even in the home staggers the imagination. Charles W. Keit (82)
Everywhere industries of all kinds are installing Kent State University
new computer graphic equipment and planning for :
more. The capabilities of these units are impressive to say the very
least, and consequently there are those who de or will see in thoge
capablilities the total elimination of "traditional” engineering graphics.

In a limited sense, this may very well prove true., TFailure by
industry to expleoit the documentation speed and accuracy offered by such
computer graphics units would be inappropriate at best, financially
irresponsible in fact. On that basis, some industrialists and educators

CHAPLAIN
Clarence Hall
Louisana State Univ.

are now and will continue to.advocate 'conversion' to computer graphics *INDICATES EXECUTIVE
in our coursework. While this may be desirable, there are at least two
cod reasons to pause and consider carefully before entering intc any COMMITTEE MEMBER

conversion' lightly,

In thr midst of what may be a rather confusing debate, we must not
forget that the computer and computer graphics are tools, just like the
glide rule and drafting machine.

Universities do not have the financial base to suppert the purchase
of large numbers of up-to-date expensive equipment in this fast changing
technology. What a freshman can learn will be sadly outdated by grad-
uation day, and industry - while it would like to see computer graphics

experience in our graduates - typically spends much less rtime training
CG operators than it does in company orientation training. CREATIVE
Tools are not the basis of an education, Our goals must be to teach
the studenit to think logically, visualize clearly, and communicate ENGINEERING
effectively - to other people, not computers. DESIGN DISPLAY
We have learned from at least one generation that belng able to Robert J. Foster
press a button marked "log" or "cos" does not improve one's understanding P St t Universit
of the significance of the number thus gained; 1t seems to have the enn ace ve y
reverse effect. Similarly, we should have found thar gazing at a vivid
image on a TV screen does not enhance visgalization ability.
- Let'a remember that when the
chips are down, the really
lmportant communication is done
Between people and with one's
self, We can best serve our first-
year students by teaching them to
visualize and communicate cleearly. ! ’
If we fall to Tecognize this high _ *LIALSON¥ *PUBLICATIONS®
calling we may find our coursework Merwin L. Weed (83) Mary Jasper (82)
right where the Model T change-gear Penn State University Mississippi State U.
lathe is now,. (McKees Port) :
- - —— 11 Cireculation Manager
Membership Activities & Treasurer
Garland Hilliard John Demel (83)
N. C. State University Ohio State University
Education Relations Advertising Manager
Margaret Eller Menno Diliberto
Louisana State Univ. Ohio University
Ci . Industrial Relations Associate Editor
6371 LA Pete W. Miller Ed W. Knoblock
— — rrrve— Purdue University U. of Wisconsin
— — ———
% IMPORTANT ** . . _ . .
International Relations Associate Editor
ASEE has asked us to assemble a Clarence Hall Frank M. Croft
List of reciplents of the Louisana State Univ. U. of Louisville
Oppenheimer Award.
If you won, or know someone who
won the Oppenheimer Award, please Assistant Editor
send me the name and date with R. Pat Kelso
BOme dowcumentatxon if possible. Louisana Tech. U.

6 / ENGINEERING DESTGN GRAPHICS JOURNAL Fall 1930



ENGINEERING DESIGN GRAPHICS
1980 - 1981

*CHAIR* *PAST CHAIR¥
w= =4 Paul S. DeJong (81) e e o e o wee  LeOD M. Billow
Iowa State University U.S. Naval Academy
*VICE-CHAIR*
Jack C. Brown {81)
University of Alabama
DISTINGUISHED
SERVICE AWARD ELECTIONS
Amogene F. DeVaney Jack C. Brown
Amarillo College University of Alabama
POLICY NOMINATING
Amogene DeVaney
amarillo College
RESQLUTIONS
Klaus E. Kroner
U. of Mass.
*ZONEH *TECHNICAL & *PROGRAMS*
ACTIVITIES PROFESSIONAL* Roland D. Jenison (83)
George E. Pankratz (81) Larry D. Goss (81) lowa State University
University of Toledo Indiana State Univ. ‘
= —
e | Mid-Year Conference 80-81
Zone T Computer GraPhics Program Chair.
R L Fr§nc15‘M051110 . Jon M. Duff
North ang u University of Illinois Ohio State University
ortheastern U. (Chicago Cirele) | Liaison

W. George Devens
V.P.I. & 5.U0.

Zone II
Franeis A, Mosillo
University of Illinois

Engineering Design Educ.
Warren White
Centenary College Annual Conference 1981
Program Chair.
Betty Prescott
Freshman Engineering ‘ San Joaquin Delta College

Zone III
Louis G. Skubic

Blai Butl
South Dakota State e e

Purdue University

Zone IV Human Factors Teaching Techniques
R. Wallace Reynolds Francis Jankowski Retha Groom
Cal. Poly State U. Wright State Univ. Texas A & M
Metrication Theoretical Graphics
Edward V. Mochel Mary Blade
Univ. of Virginia Vancouver, B.C.
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CANDIDATES FOR OFFICE

VICE-CHAIRMAN {1981-82),

Arvid R. Eide
Towa State University
Ames, IA

Larry D. Goss
Indiana State University
Evansville, IN

Arv is a Professor and Chairman Larry served on the faculty at Okla-
of the Department of Freshman Engineering. homa State, the West Virginia Institute
He received his B.S. in 1962, M.3. in of Technology, and has been at ISU/Evans-
1967 and Ph.D. in 1973; he is a registered ville since 1975,

Professicnal Engineer in Mechanieal Engi- A member of ASEE since 1966, Larry
neering and has worked as a test engineer has been involved with the EDGD (Director
and for a heating-air conditioning firm. of Technical and Professional Activities,
He has authored various text and work bocks 1978-1981, Program Chairman for ithe Mid-
in graphics and engineering problem-solving, Winter Meeting at U. of Alabama in 1978}
and has presented papers on instructional and the FRM, conducting twelve effective
innovation at EDGD meetings. teaching institutes. He won the Dow

Arv has served ocur division well ag Award in 1971.

Director of Programs (1977-1980) and has Larry is involved in Graphic Consul-
won two Oppenheimer Awards, as well as ting activities with Industry, and has
being the Dow Qutstanding Young Faculty a on-going interest in geneclogy., In
Award in 1974 addition he tunes pianos and repairs
small gasoline engines -- for fun and
profit. -

DIRECTOR OF ZONES
ACTIVITIES (1981-84)

Peter Miller
Purdue University

Jay 3. Abramowitz
Indiana University- Purdue
Fort Wayne, IN

Jay is an Associate Profesgsor of Mech- Pete is an Assistant Professor
anical Engineering at the Indiana-Purdue of Engineering Graphies at Purdue Univer-
campus in Fort Wayne. He received his B.S.E. 81ty. He received his Bachelor's Degree
from CONY, M.5.M.E. from the University in Visual Design and his Master's Degree
of Bridgeport and his Ph.D. from ‘the Univer- in Industrial Design -- both from Purdue.
ity of Arizona. His teaching responsibili- Pete was Program Chairman for the 1980
ties are in mechanical design and his research Anmual meeting in San Francisco, and
interests are directed toward computer analy- has prezented papers at various EDGD
sis of mechanical system vibrations. meetings.

He served as an exchange professor with Pete is interested in Photegraphy,
Trent Polytechnic in England and has tra- Woodworking, and does free-larce design
veled extensively in Furope. He is active work. In addition, he is a licensed
in the Industrial consulting field and has real-estate breker,

authored papers primarily in the Ffields of
mechanical design and education.

In addition to the zbove activities,
Jay runs an average of six miles a day!

B / ENGINEERING DESIGN GRAPHICS JOURNAL Fall 1980



DIRECTOR OF TECHNICAL AND PROFESSIONAL ACTPIVITIES: {1981-84)

William A. Miller
Western Carolina University
Cullowhee, NC

Bill is Associate Professcr in the
Department of Industrial Education and Tech-
nology, and is in charge of the manufacturing
engineering technclogy curriculum. He his
Bachelor's Degrees in Vocational Fducation (168}
and M.E. Technology {'75), and his Master's
Degrees in Vocational Education {'70) and Indus-
trial Engineering ('79), all from the Univer-
sity of Cincimmatti

He is a Registered Professional Engineer
in the State of Kentucky, and has been president
of the Chic Association for Engineering Graphies.
Bill is active member of S.M.E, and A.I.I.E.
and has served on various EDGD committees.

His hobbies are temnnis, racguetball, camping
and hiking.

Larry Northup
Iowa State University
Ames, IA

Larry is presently Professor of Fresh-
man Engineering at Iowa State. His degrees
include a B.S. and M.S. in Aercnautical En-
gineering and a Ph.D. in Aeronautical-Mech-
anical Engineering. He is a registered
Mechanical Engineer in the State of Iowa.

In 1976, Larry recelved the Dow Award
Tor Young Engineering Faculty. His contri-
butions to ASEE include writing for the ASEE
publicaticn, "Teachling Aids in the College
Classroom". He is the immediate past-chairman
of the Freshman Engineering Curriculum Commit-
tee for the EDGD. Larry has also co-authored
Engineering Fundamentals and Problem Solving.

One of Larry's favorite past-time is
tending and riding hie {pet) motorcycle,

ADVERTISING MANAGER-EDG JOURNATL: {(1981-84)

Frar . Croft
U-.iversity of Louisville

Frank is presently on leave from the
University of Loulgville and is at Clemson
University studying for a Ph.D. in Transpor-
tation Engineering. At U of L, Frank is
an Assistant Professor of Engineering Gra-
phics and Civil Technology. He holds a 2.5.
in Aerospace Engineering and a Master's
Degree in G.E. Frank is a registered Fro-
fessional Engineer with industrial experience
and has had consulting work in the graphics
aris area.

An active member of the ASEE and EDGD
gince 1973, Frank has presented papers at
midwinter and annual meetings and currently
serves as Assoclate FEditor of the EDZ Journal.

Robert P. Kelso
Louisiana Tech. University
Ruston, LA

Pat left the presidency of his stock-
brokerage firm to begin teaching in 1973.
He is assistant professor in the De-
partment of Computer Science and Indus-
trial Engineering at Louisiana Tech,
with a B.A. in physics and math and an
M.A. in art. His teaching experience in-
cludes four courses which he developed per-
sonally. _

He is a reciplent of the Distin-
guished Engineering Service Award from
LA. Tech. Engineering Foundation, has
received several grants and engages in
professional business consulting and text
reviewing. He has had a number of arti-
cles published in the EDG Journal and is
currently Assistant Editor of the "Puzzle

Corner".
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The Division of Engineering Design Graphics
American Society for Engineering Education

has bestowed upon

Hary Plumb Blade

its highest honor
THE DISTINGUISHED SERVICE AWARD

for her continuous devotion and service to
her students, her colleagues, the Division,
and engineering education in general and as
an expression of the regard and respect of
her professional peers.

Mary Blade has an amazing number of diverse interests. Her nmany activities since she
became the first woman electrical engincering graduate of the University of Utah include
work as an engineer and designer! mountain climbing: etching and printmaking: and the
establishment of a small press which has published several books.

As Professor of Mechanical Engineering at Cooper Union, Mary was deeply interested
in her students. Her courses incorporated innovative teaching methods. She did not slip into
the practice of giving the same old problems year after year, but presented her students with
new and challenging material to develop their ability to apply fundamentals. Model building
when appropriate, use of the computer &s an engineering tool, use of both graphical and
numerical methods charactlerized her courses.

Mary joined ASEE in 1949. Her activities in the Division include Chairman of the
Theoretical Graphics Committee, Division Secretary, and EBditor of the Journal of Engi-
nieering Graphics. She has presented nuinerous papers to the Division and has directed sev-
eral workshops for its members,

In additicn to her teaching duties at Cooper Union, Mary directed the school’s summer
camp for twelve years and became Associate Dean of Engineering a few years before her
retirement. On that occasion, the title Professor Emerita of Mechanical Engineering was
conferred upon her. However, as mentioned in one of the numerous citations she received,
retirement was just one of the nileposts in the continuation of a long and distinguished
career. -

The Division proudly presents Mary Plumb Blade its 1980 Distinguished Service Award.

Fresented this day June 24, 1980
at the ASEE Annual Conference, University of Massachusetts

Farw Zoe @) S o (o U Pty

Chairman Secretary-Treasurer
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1980
" DISTINGUISHED SERVICE AWARD

Editorial Note: Although I have attended
ASER anmual meetings since 1972, I did not
hear of Mary Blade until 1973, when, after
the meeting at RPI, one of my colleagues
asked me if I had "met Mary Blade”., In
retrospect, I can only ccmment that one
does not "meet” someone like our honored
1980 D.S.A. reciplent, one "encounters”
Marys and having done s0, the experience
becomes a "Close Encounter of the BEST
Kindt™

The short remarks here do not do justice
tb the extemporanecous presentation by
Robert LaRue =zt the 1680 EDGD Awards Banqust,
at Amherst, MA. Nor do they begin to re-
count the ingpiraticnal message which Mary
Blade gave as her acceptance gpeech. Per-
haps the Journal readers will understand
that sometimes speeches, such as these,
cannot be written nor repeated. Speeches
like Bob's presentation and Mary's
acceptance are written 1n the hearts of
those of usg who listened.

Mary Blade is now, and always has Dbeen
an "activist" for causes, both social anq
academic. Her contributions to Engineering

Fducation are numerous -- as are her varled
interests. She contributes to the fine
arts -- talents and time -- as an author,

publisher, painter and sculptress. Her
contributions to the study of theoretical
graphics are legend, but she has also
Fielded design teams which have won awards
in the EDGD Creative Design Display Compe-
titions.

She has been Editor (1961-1964) of the
Journal of Engineering Graphics, and has
contributed many articles to the EDG Journal
since her tenure in that office. At present
she is a2 review critic for the Journal

In 1978 she led a workshop on Theore-
tical Graphice during the Intermational
Conference on Descriptive Geometry neld
before the ASEE Anmual Meeting in Vancou-
ver, British Columbia. She is immediate
past-chairman of the Theoretical Graphics
Committee of the EDGD.
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at the awards banquet

Margaret Eller, who took all the
pictures on these pages, is so talented.
With one "snap", she recorded all of the
head table at the Awards Banquet.

Above, L to R; Klaus Kroner, Judy deJong
Bob LaRue, Katie Billow, Paul deJong,
Helen Kroner, Lee Billow.

On the right, L to R; Mary Blade,
Ed and Helen Knoblock, and El1lis Blade.

The passing of power(?) from Lee to
Paul (or vice-versal)

Mary Blade reflects on Engineering
Graphics.
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at the business luncheon
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Something to whet your appetite for
the Winter Journal -- more compleate
coverage of the Creative Design Display.
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IIDYEAR MEETING—

COLONIAL WILLIAMSBURG

*A Note from the Host”

Dear Colleague,

The Anrual Mid-Year Conference of the
Engineering Design Graphics Division, ASEE,
will be held in Colonial Williamsbureg,
Virginia, from Sunday, November 23, to Wed-
nesday, November 26, 1980C.

Accommodations have been reserved in the
Williamsburg Lodge and Colonial Houses. Confer-
ence events will take place in the Lodge. All
rooms are $60/day single or double. Some cf
you traveling alone may wish to make prior
arrangements tc share a room with another
member. Reservatlions for roomg after the end
of the eccnference at noon on Wednesday should
be reguested immediately on an individual
bagsis from the Reservations Manager, P.0. Drawer
B, Williamsburg, VA 23185 or call toll-free
1-800-446-8956, The Conference Rate is valid
only for the nights of November 23, 24, and 25.

W. George Devens

Professor and Director

Division of Engineering Fundamentals
VPI & 3U

Blacksburg, VA

The registration fee of $50 for members
and $40 for spouses includes your "Williams-
burg Ticket" {entry to all exhibits and free
local bus transgportation}, two lunches and
two "Hosplitality Hours" at the Market Square
Tavern, plug guided tours for spouses and
memberg. You may also wish to visit nearby
historie Yorktown, Jamestown, and the famous
Williamsburg Pottery Factory.

Williamsburg should be its finest for
this pre-Thanksgiving meeting. We look
forward to sseing you there.

Sincerely,
W. George ﬁevens

Professor and Director

for your Host Committee
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TECHNICAL PROGRAM

Jon M. Duff

Program Chairman
Chic State University
Columbue, OH

SUNDAY AFTERNOCN, NOVEMBER 23

3:00-5:00 REGISTRATION-East Gallery
Member Fee: $50.00
Spouse Fee: $40.00

7:00 BXECUTIVE COMMITTEE DINNER
Room A, Lodge
{For Fxecutive Committes Members,
Spouses, and Invited Guests)

8:00 HOSPITALITY HOUR
Market Square Tavern
(A1l Members, Spouses and
Guests)

MONDAY MORNING, NOVEMEER 24

8:00-9:00 REGISTRATION-East Gallery

9:00 GREETINGS AND WELCOME
Room DEF
W. George Devens, VPI & SU
Conference Chairman

9:00 INTRODUCTIONS
Jon M. Duff, Ohio State Univ.
Program Chairman

@:30 SESSION ONE
TRENDS IN TEACHING GRAPHICS
"Computer Graphics in Undergrad-
uvate Engineering and Technology
Education”
Daniel I, Ryan, Clemson Univ.

10:30 COFFEE BREAK

11:00 "Bagic Graphics in the Eighties -
EDGD Gives Its Input"
Peter Miller, Purdue University

12:15 BUSINESS TUNCHEON
Room B
Presiding: Paul S. DeJong
Chairman, EDGD
Iowa State University

MONDAY AFTERNOON, NOVEMBER 24

143 SESSION TWO
THE QUESTIONS OF TEACHING
GRAPHICS
Room DEF
"Teaching Graphics®
Robert Kelso, Louisiana Tech

University
2:15 "legt We Lose Sight of the
Goals . . , "
Paul 5. DeJong, Iowa State
Univergity
3:00 COMMITTEE MEETINGS

{To be Ammcunced)

18 / ENGINFERING DESIGN GRAPHICS JOURNAL Fall 1980



TUESDAY, NOVEMBER 25

8:30

9:115

ILY

10:30

11:00

11:45

SESSICN THREE

THE BUSINESS OF MAKING GRAPHICS
Room DEF

"Gonsuliing in Graphics-Good for
the Instructor and Geod for the
Studentn

Larry Goss, Indiana State Univ.

"Research in Graphics - Regearch

Using Graphics"

Herbert H. Gernandt, Jet Propul-
sion Laboratory

"Computer Graphics - The Full
Range of Services"
George M. Lotz, The Bendix Corp.

CCFFEE DBREAK

"Commente on Automated Graphics

and the Role of the Teacher,

Engineer and Operator"

Talat D. Itil, Itil Interactive
Associates

"Report to the Conference-EDGD
Survey"”
Peter Miller, Purdue University

12:30

1:30

2:15

6:00

7100

TUNCHEON (with Spouses)
Room AB

nArchaeology in Williamsburg"
Ivor Neoel Hume
Group Photo

Walking Tour of Williamsburg

HOSPITALITY HCUR
Market Square Tavern

ANNUAL BANQUET

North Baliroom

Pregiding: Paul 5. DeJong
Chairman, EDGD

Iowa State University

Presentation of the Oppenheimer
Award

Closing Remarks

WEDNESDAY MORNING, NOVEMBER 26

Contirnue Tour of Colonial Williamshurg
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EDITOR'S PAGE

EDGD COMMITTEES NEED YOU!!

S0 many of our membership are not aware
of the objectives of the various committees
of the division. Our chairman is certainly
aware of this as are each of the past-chairmen
because sc few of EDGD members "sign up" for
any of the several interest areas included
with the ballots for each year. FExcuses
range from, "I'm on too many committees on
my home campus now!!" to "What is that com-
mittee trying to achieve? I might join
if I knew what the committee objectives were!”

To the former “excuse-maker" we say
that most committee business is handled by
mail, If you azre fortunate enough to be
able to attend a midwinter meeting, a
time "block" is usually set aside for
committes meetings.

Tor the latter "excuse-maker", we pre-
sent the following pages of the division
publicaticn.  Committee objectives and
membership are listed along with the
recent accomplishments where these have
been made available.

Why not join one of these groups by
letting the chairperson {or the Directer
in charge) know of your interest. His/her
name and address are iisted with the com-
mittee membership in most cases.

AWRIGHT, ALREADY!!

-....An Editorial

The most important reason for being in-
volved in one of the division committees is
that each cne of us believes. that Engineering
Graphice (either with or without Design) is
basic to the educaticn of Tuture engineers.
The'exchange of ideas, goals and methods
of implementation is accomplished by these
committees. Anyocne who attends a session
sponsored or co-sponsored by the EDGD at
eithgr an annual conference or mid-winter
meeting can tell you that new ideas abound,
and.that nebody goes away without a few
notions of improving their own classroom
imzge.

. _But, committee membership needs indus-
trial input, too! What industry wants and
needs is vital to those of us who teach
engineers and technology majorsa. Therefore,
those who read this and who are involved
elther in full-time or part-time industrial
work, be advised that the EDQD committees
NEED YOU, TOO! ! ¢

Mary A. Jasper-Editor

You talked me into itll

PLEASE sign me up for the following committee(s):

LIAISON DO

Membership Activities O
Educational Relations Ol
Indusgtrial Relations OO
International Relations 3

TECHNICAL AND PROFESSIONAL O

Cemputer Graphics [0
Engineering Design EducationO
Freshman Engineering(d

Human Factors

Metricationd

PUBLICATIONS X

Teaching Techniques O1

Theoretical Graphica O

ZONE ACTIVITIES O1

Zones 10 , 20, 20 , 43

PROGRANS T

MY NAME

MY ADDRESS

MY CITY,STATE,ZIP

MY TELEPHONE /
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COMMITTEE REPORTS

LIAISON

Jack C. Brown
University of Alabama
Tuscaloosa, AL

In the past, the organization of the EDG
EDG Division has functioned well in certain
areas. However, this past year, certain de-
ficiencies were noted in the areas covered
by the Liaison Director. The problems were
discussed by the Executive Council and some
changes in organization were implemented.
In addition, the director and each committee
chairman were asked to detail specific charges
or taskdg which will be used tc focus the work
efforts of the committee. The following
report represents the fruit of this effort.

Committee on Educational Relations

1. During the EDG Division conferences, hold
committee meetings to review and/or
modify the committee's charge so as to
make the committes's efforts more effec-
tive in promoting the advancement of
Engineering Design Graphics.

2. Enlist committee members who will work
toward establishing a positive program
within the committee activities: The

following activities should be considered

and addifions/deletions made in accor-
dance with the wishes of the Educational
Relations committee.

a. Generate (or cause To bhe generated)

timely articles to the journals yhicp
are of general interest to the division

membership.

b, Input to the program committee appro-

priate topics for consideration at
meetings or special workshops.

¢c. Promote quality graphies programs to
be held at each sectional meetlling.

d. Promote activities which encourage
people to become graphics teachers
and then improve themselves once
they become graphics teachers.

3. Establish lialson with ERM.

4. Submit timely reports of committee ac-
tivities to the Lizison Director for in-
clusion in the report to EDG Division at
the annual and mid-year conferences.
Jommittee organization including names,
addresses, and telephone numbers should
normzlly be included in the report.

Committee on Membership Activities

1.

During the EDG Division conferences, hold
committee meetings to review and/or

modify the committee's charge so as to

make the committee's efforts more effective
in promoting the advancement of Engineering
Design Graphics.

Enlist committee members who will work
toward establishing & positive program
within the committee actiwvities: The
following activities should be considered
and additicns/deletions made in accordance
with the wisheg of the Membership Activities
committee.

a. Promote activities which encourage
people interested in graphics to
become participating members of the
EDG Division of the ASEE.

b. Formulate and publish affirmative
action plans/statements whenever
appropriate. Serve as the clearing
house to announce available grants,
conferences, and any other activities
within the area of affirmative action.

¢, Through the EDG Journal, generate pro-

motional materisl which can be used in
the recruitment of new members.

Establish and maintain liaison with EDG
representatives in each section to pro-
mote membership at the grass roots level
by such activities ass

a. ED3 oriented programs at sectional
meetings.

b. Organized membership drives in each
state.

Sutmit timely reports of committee ac-
tivities to the Liaison Director for
inclusion in the report to the EDG divi-
sion at the anrwal and mid-year confer-
ences. Committee organization should in-
clude names, addresses and telephone
numbers.

Committee on Industrial Relations

1.

During the EDG Divigion conferences, hold
committee meetings te review and/or
modify the committee's charge so as to
make the committee's efforts more effec-
tive in promoting the advancement of
Engineering Design Graphics.
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COMMITTEE REPORTS

2. Eniist committee members who will work
toward establishing a positive program
within the committee activities: The
fellowing activities should be considered
and additions/deletions made in accordance
with the wishes of the Industrial Relations
committee.

a. Generate (or cause 1o be generated)
timely articles to the journals
which are of general interest +to the
division membership.

b. Input to the program comm!ttee appro-
priate topics for consideration at
meetings or special workshops.

¢. Promote involvement of people from
1ndustry in each secticnal and divi-
sion meeting/conference.

d. Promote activities which will encou-
rage people from industry to become
members of the EDG Division of the
ASEE.

Committee on International Relations

1. During the EDG Division conferences, hold
committee meetings to review and/or modify
the committee's charge so as to make the
committee's efforts more effective in
promoting the advancement of Engineering
Design Graphics.

2. Enlist committee members who will work
toward establishing a pogitive program
within the committee activities: The
following activities should be considered
and additions/deletions made in accordance
with the wishes of the International Rela-
tions committee.

Establish Liaison with RWI.

L.  Submit timely reports of committee ac-
tivities to the Liaison Director for
inclusion in the report to the EDG Divi-
sion at the anmual and mid-year conferen-
ces. Commities organization including
names, addresses, and telephone numbers
ghould normally be included in the report.

a. Generate (or cause to be generated)
timely articles to the journals which
are of general interest to the division
membership.

b. Input to the program committee appro-
priate topies for consideration at
meetings or special workshops.

¢. Plan conferences which would be of
such magnitude of interest that the
conferences would draw international
attendance.
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Submit timely reports of committee activi-
ties to the Liaison Director for inclusion
in the report to the EDG Division at the
annual and mid-year conferences. Committee
crganization including names, addresses and
telephone numbers should normally be inclu-
ded in the report.

The new Director of Liaison.is listed below.

Nerwin L. Weed, Director of Liaison
The Pennsylvania State University
McKeesport Campus

McKeesport, PA 15131

ZONE ACTIVITIES

GEORGE PANKRATZ
The University of Tcledo
Toledo, QH

THE ZONES COMMITTEE NEEDS HELP!

Relatively few current or prospective EDG
Division members have the opporiunity, either
because of timing or lack of travel funds, to
attend the June Annual Conferences or our
Mid-Winter meetings. Most of the twelve
ASEE sections, however, hold fall or spring
conferences which are more accessible geo-
graphically. If sessions could be scheduled
at these meetings which would be of topical
interest to the teachers of graphics and de-
sign at universities, colleges, junior colleges,
and technical institutes, attendance by mem-
bers of this group would be stimulated. Also,
hopefully, new members for the EDG Division
could be identified and enrolled o continue
to advance our proud tradition of over fifty
years of activity and service.

What the Zones Committee needs, therefore,
are volunteers from each area of the country
to work with the section meeting planners
to make sure that subjects of suitable interest
are included in conference programs, and to
help disseminate invitations to these meetings
to as large a potential audience as poseible.
IT you have an interest in doing liaison work
of this kind, please communicate with Pro-
fessor George E., Pankratz, EDG Zones Committee
Chairman, The University of Tcledo, Toledo,
Ohio  436C6. Our current four zone sub-chair-
men are:

Robert Lang - Northeastern Univ.

Francis Mosillo - U. of Ill.-Chicago

Louis Skubic-South Dakota

Wally Reynolds - Cal Poly-San Luis
/0bispo



These men are capable leaders, but they need
more grass-roots coverage Lo carry our message
to all parts of the UBA.

Along this line, Ohio -- for 20 years --
has had an Association for Engineering Graphlics
which spcnsors anmual meetings for teachers of
drawing and design with nearly 200 names on its
meiling list. An article about 0AEG by Prof.
Charles Keith of XKent State appeared in the
Spring 1978 issue of the EDG Journal. Anyone
who might desire more information about the
formation or cperation of this organization
may contact Prof. Keith or Prof. Pankratz.

PROGRAMS

Arvid R. Eide

Towa State University
Amegs, IA

Present and Future Programs

June 23-26, 1980

Current WMeeting

University of Mass.

Arvid Eide - Program Chairman - I.5.U.
Committee: Billow, DeJong, Eide

November 23-25, 1980

Mid-Year Meeting

VPI & SU - Celoniel Williamsburg
Jon M. Duff - Prog. Chmn.-Ohio State
W. G. Devens - Liaison - VPI & SU
Committee: Billow, DedJong, Jenison

June 22-25, 1981
Anruual Meeting
Los Angeles, CA

Recommendations and Requests

It continues to be difficult, if not im-
possible, to receive voluntary program parti-
cipation. When individuals do submit papers,
they seldom can be categorized into a common
gession,

It has been my philosophy to ask Techni-
cal and Professional Activities Chairpersons
to act as "Session Coordinators". These com-
mittees at the present time consist of:
Graphics Technology, Computer Graphics,

Human Factors in Design, Theoretical Graphics,
Engineering Design Education, Metrication,
Teaching Techniques, and Freshman Engineering.

PLEASE NOTE:

The incoming Program Chalrman, Rollie
Jenison, and myself have considered the pro-
gram for Los Angeles, and we have selected
tentative areas:

A. Engineering Graphics
1. Computer Graphics (Instructional
methods for freshmen)
2, New teaching techniques.

B. Design
1. Creative design projects
2, Innovative freshman courses

C. Freshman year activities
1. Accreditation processes
2. Innovative freshman programs

D. Effective teaching
1. As applied to any of areas A, B, C
2. Handling large classes (250)

TIf you have ary interest in participation,
please contact Rellie at the address below.

Program Direcior
Réliie Jenison

Iowa State University
Freshman Engineering
112 Marston Hall
College of Engineering
Ames, IA 50011

Ph. 515/264-8355

Papers for the Anrmual Meeting are
due to the Program Director by November 15, 1981

TECHNICAL
& PROFESSIONAL

Larry Goss
University of Indiana/Evansville
Evansville, IN

The following repert represents the
activities of the variocus Technigcal and
Professional Committees, under the able
leadership of Director Larry Goss, during
the past year.

Teaching Technigues Committee

Sponsored a paper segsion at the 1980
{Nov. 1979) midyear meeting.

Committee members have had articles
pubtlished in the EDG Journal.

Committee members have been responding
to media questions put to them by mail.

ENGINEERING DESIGN GRAPHICS JOURNAL Fall 1980 / 23



COMMITTEE REPORTS

This committee is presently in need of a
Chairman. Current membership:

HAILU BOGALE-Prestonburg Commnity College
MARY COPELAND-W.Arkansas Cémmunity College
AMOGENE DEVANEY-Amarillc College

GEORGE DEVENS-VPI & SU

WILLIAM EIWOOD-University of Alabama
MARGARET ELLER~L3U {retired)

HOWARD HEDINGER-Florida

LESTER JOHNSON-Savannah State College
ROBERT KELSO-Louisiana Tech .

LOuIs SKUBIC-South Dakota State Univ.
HENRY STARKEY-Permsylvanla State Univ.
DEAN STEWART-Miss. State University
VMERWIN WEED-Pennsylvania State Univ.

P.J. ZSOMBCR-MURRAY-McGill University

Freshman Engineering Committee

Sponsored two sessions at 1980 Anmual
Meeting.

Possible co-sponsor of mini-plenary at
1981 Annuz! Mesting.

Currsntly examining accreditation guide-
lines for the freshman year.

This committee is currently in need of a
chairman. Current membership:

BLATNE BUTLER-Purdue University

ROBERT FOSTER-Pennsylvaniz State Univ.
HOGH KEEDY-Vanderbilt University
WILLIAM LEBOLD-Purdue University
WILLIAN ROGERS-VPI & SU

DONALD COLE-University of Louisville
CLARENCE HALL-Louisiana State Univ.
LARRY NORTHUP-Iowa State University
GEORGE EEAKLEY-Arizona State University

Human Factors Committee

Francils Jankowski, Chairman
Department of Engineering
Wright State University
Dayton, CH 45b3sg

No report.

CSmpufef Graphics Committee

Computer Graphics Workshop held after
1980 Annual Meeting, UMASS.

Paper session sponsored at 1950 Annual
Meeting, UMASS.

Scheduled committee meeting at 1980 an.-
rual meeting, UMASS.

Francis A. Mosillo-Chairman.
systems Bngineering Department
Univ. of Illincis at Chicago Cirecle
PC Box 4348
Chicago, IL 50680

Ph. 313/996-2260 or 34il
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Committees membership;

ROBERT BEIL-Vanderbilt University

JOHN CLAUSEN—University of Minnesots
JOHN DEMEL-Chio State University
BEUGENE FICHTER-Oregon State University
ROBERT HARVEY-College of DuPage

DARRYL JANOWICY -Wester Michigan Univ.
ROLLIE JENISON-Iowa State University
KLAUS KRONER—University of Mass,
ROBERT LARUE-~Chio State University
RCBERT MCDOUGAL—University of Nebraska
EDWARD MOCHEL-University of Virginia
JACOB WOLF-Ohio State University

JANES BURNETT-Michigan State Universatr

Engineering Design Education Committee

Warren White-Chairman
Centenary College
Shreveport, LA

7110l
No report.

Metrication Committee

Co-sponsored a session at the 1979
Anmual Meeting, L.S.U.

Two papers published in EDQ Journal.

Edward V. Mochel-Chairman
University of Virginia

Schoocl of Engrg. & Applied Science
Charlottesville, va 22601

Ph. Bok/924-7421

Committee membership:

CLAUDE DEGUISE-Ecole Pclytechnique
HOWARD HEDINGER-Florida

K. HOWARD

LESTER JOHNSON-Savannah State College
HENRY XROEZE-University of Wisconsin
KLATS ERONER-University of Massachusetts
KENNETH MEEK-St. Lawrence College
WILLIAM VANDERWALL-NC State University

Theoretical Craphics Committes

This committee needs a chairman.

No report since the ICDG, Vancouver, B.C.

Chairman's Special Committee of Authority

This committee, initiated by Leon Billow,
has the charge to answer and advise the EDGD
membership on technical Problems which may
arise in daily endeavor, whether in the class-
room or in research,.

Comnittee membership:

EUGENE PARZ'-Washington State Univ.
ROBERT LOVING-Illinois Ins<. of Tech,
WILLIANM ROGERS-VEI & 50U

ROBERT HAMMOND-NC State University




Robert McDougal
The University cf Nebraska
Lincoln, Nebraska

In 1978 a survey was conducted by the
author to determine the trend of Engineering
Graphics at Universitites throughout the USA
and Canada. Two hundred colleges were contacted
with only fifty-eight responding tc the request
for information. Resulting from the survey
was a paper entitled "Engineering Graphles
Teaching Aids" which was presented at the
86th Annual ASEE Conference at the University
of British Columbia.

The Computer Graphics Committee of the
Engineering Design Graphics Division of the
ASEE suggested that a list of Computer Graphics
textbooks, manuals, computer software, etc.
being used at that time by those universities
responding to the survey be submitted for pub-
lication in the Engineering Design Graphics
Journal. Based on this request, the follow-
ing tables have been prepared.

Table rnumber one is a list of textbooks
and the universities using them.

Table rmumber two represents a list of
workbooks, manuals, handouts, etc., which
the representative universities were using
at the time.

Information concerning the publisher or

writer of the supplements is included if 1t
was available.,
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TABLE 1

Computer Graphics Textbooks

Text University

Principleg of Interactive Computer
Graphicg by William Newman and
Robert Sprouil. (McCraw-Hill)

Univ.of Cal. (La)

Case Western Reserve
Columbia University
Univ. of Connecticut
Louisiana State Univ.
Univ. of Misscuri {(Col)
Montana State Univ.
Naval Postgrad. School
Sou. Methodist Univ.
Syracuse University
Texas A & M Univ,
Univ. of Virginia
Univ. of Waterloo
Wayne State Univ.
Worcester Polytech.
Yale University

Mathematical Elements for Computer
Graphics by David Rogers & J. Adams
(Metraw-Hill)

Columbia Uniwv.

New Mexico State Univ.
Syracuse University
Texas A & M Univ.
Univ. of Tulsa

U.5. Naval Academy
Wayne State University

Interactive Graphics Ffor Computer Aided
Design by David Prince. (Addison-Wesley)

Georgia Tech
U.S. Naval Academy
Wayne State University

Graphice User's Manual by Pudue University

Louisiana State Univ.
Purdue University

CalComp Programming for Digital Plotters
by R. T. Delorm & L. Kersten (Univ. of
Nebraska Fress)

of Nebraska
(Lincoln)

of Nebraska
(Omaha)

Univ,

Univ.

An Introduction to Computer-Aided Design
by Mischke (Prentice-Hall)

Texas A & M Univ.
U.5. Naval Academy

Programming Calcomp Pen Plotters by
Computer Products Inc.

Univ, of Idaho

2¢ / ENGINEERING DESIGN GRAPHICS JOURNAL Fall 1980

Text University

Computer Graphics for Engineers

Published by Marcel-Dekker
Clemson University

Engineering Drawing and Computer Applications
by Mosillo and Pancner

of Tllinois
{at Chicago
Circle)

Univ.

Elements of Computer Graphics by
Rogers & OQdaues

Louisiana State U.

Introduction tc Digital Computer Plotting
by T.C. Smith & Y.C. Pao (GCordon & Breach)

of Nebraska
(Lincoln)

Univ.

Digital Computer Plotting by F. K. Brown

Northeastern Univ.

Introduction tc FORTRAN IV by Hammond,
Rogers and Houck

New Mexico State U.

Programmed Graphics by W. Schneerer

(McGraw-Hilly

Univ. of Rochester

Projective Geometry by Rosenbaum
(Addison Wesley)

Univ. of Rochester

Engineering Applications of Digital Computers
by Bashkow

U.3. Naval Academy

Pertinent Concepts in Computer Graphics
by Fauman & Nieuvergel+t

U.3. Naval Academy

Computer-Aided Integrated Circuit Degign
by Herskowitz

U.8. Naval Academy

Programming with FORTRAN IV by Gottfried
(Quantum)

of Nebraska
{Lincoln)}

Univ.



TABLE 2

Workbooks, Marmals, Handouts and Software

Supplement University

TDOGRAPH-3D-Pictures” Univ. of Calif.
(Davis)

"Departmental Handouts" Univ. of Colorado
(Boulder)

ngniv. Graphics Marmals, IBM"
"Manual PLOT1O"

Columbia Univ.

nBlotter Package Handout (CALCOMP)"
Computer Center

Univ. of Missouri
{Rolla)

»IBM 1627 Plotter Manual®
“IBM 1130 Coliege Prepared Users Marmal"

Ohio University
*Jserd Cuide to GPAKY
"Jgers' Manual for FLECS"
"Kotes from 1978 PAR-U .of Rochester”

Univ. of Rochester

ngatus Report of the graphics Standards
Planning Committee of ACMISIGGRATH"

S.M.U.
“ATT Visions Documentation and Users' Marual®
Syracuse University
wHandouts (ES120C-Module Ly

vanderbilt Univ.

"Incremental Curve Generation”
Harvard Technical Report
vg-Spline Bezier Curves"
Utah Technical Report
vHidden Liine Algorithms"
Technical Report

Yale University
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Many "on the line® teachers have ideas, suggestions, techniques, problems and
quections they would like to share with the Eoclety. *File to File* praovides
the place for exchange of professional information. Ir ¥ou have an 1ltem for

exchange, submit 1t to "Flle to File*, EDGD Journal, PO Drawer HT'y Miss State,

KINEMATICS DISPLAY UNIT

A New Concept in the Study of Kinematics Problems

Bryan M. Dwyer
Yancouver, B.C.

FELT TIP PEN (Used to trace out
on screen the loci of
a point on the mechanism)

One of the main difficulties encountered
in teaching kinematics of mechanisms, loci
of a point on a mechanism or cam design is
the ability to construet the diagrams effi-
ciently and effectively on the chalk board
while sti11 maintzining the attention =nd
intersst of the students.

Presented herein is gz way to make an
immediate impict with the subject and arouse
interest and inguiry among the students about
the kinematics of machine and cam design.

The dispiay unit can be made both pleag.

ing and functional by the use of clear and
cclored acrylics in its construction. The
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il ]
SCREEN (Can be positioned at a
S higher or lower level or
removed)

1 rpm MOTOR

ix,

main unit is drilled so that almost any
configuration of mechanism can be quickly
blugged into the board. An electiric motor

(1 rpm) is used to turn the mechanism, giving
the student ample time to observe its geo-
metry.

The photographs show Just a few of the
mechanisms that can be Produced and used on
this unit. Iach mechanism has a varisty of
installation positions which would change
its resulting geometry. Using two motors,
one having a varizble speed contrel, simple
harmonic motion of o Peint on a mechanism
can he demonstrated,

Shrdnaen



SLOTTED LINXK MECHANISM

Radial plate cams can be designed by
students and produced in the school work-
shop using 4 in. acrylic sheet and cutting
it with a band saw. These can be graphi-
cally displayed on the unit. 3By this method
several different cams can be studied during
one lesson.

Simple mechanisms also may be set up on
the display unit and their relative velocitles
observed; or, by using a pen attachment, the STMPLE HARMONIC MOTION
loci of a point on the mechanism may be traced
on the screen that clips onto the front of the
unit. The screen may then be used on the over-

head projector for further student discussion Thig unit provides an ideal opportunity for
or it may be used on an office copler for per- teachers to discuss with students the design
manent prints. features of a mechanism, its applications and
variations while the linkage or cam is still
N . in operation. This advantage -- actually
=== geeing the mechanism operating -- gives the

student a lasting impression of the gecmetry
involved in design.

..f.||‘ [ 3 Y 'y
ifts acrylic secreen
ol S 0 . ®

SOME APPARATUS USED TO
ILLUSTRATE CAM GEOMETRY
USING TWO MOTORS RUNNING
SIMUTTANEQUSLY
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IT'S ALL IN HOW YOU LOOK AT IT

Simplified, practical anaglyphic system
speeds engineering graphics teaching
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Two—colar stereographic drawings never were
easy to construct. Now they've gotten a lot ea-
sier. Anaglyphs, the double pictures that show
each eye a different image in order to create an
illusion of depth, aren't new. They were used
by Socrates.

Now, working, learning and comunicating
with this medium will became more widely availa-
ble with a system initiated by Aladar Heppes and
others in Hungary soon after World War IT, Re—
finement, de-bugging and development of Heppes!
ideas have finally reached a point where they
can be put to general classroan use. The out—
growth of this work, the Phantogram underlay
drawing guide system, meets a definite need in
engineering education. It will probably find
many applications in a wide range of industrial
and research endeavors as well.

The educational problem, in practical
terms, ig that there simply aren't enough teach-
ing bours and learning hours to do everything.
Students must learn to visualize camplex solid
shapes and geometric relationships among loca—
tions that are expressed in terms of three—dim—
ensional coordinates. Yet they can't 'see' what
they're doing until they master spatial con-
cepts,

Copyright @ Raymond Nicyper, 1980

30 / ENGINEERING DESIGN GRAPHICS JOURNAL Fall 1880

Raymond Nicyper
GraphiCraft

P.O. Box 509
Westport, CT 16880

A human brain and a digital computer --
which, of course, is the creation of human
brains — approach sclid geametry differently.
Our brains are conditioned to interpret what we
feel and what we see. While cach eye sees two-
dimensiocnal images, the brain combines great nun~
bers of these images fram different viewpoints
and comes up with three-dimensional concepts,
For close-in scrutiny, and when a shift in view
point is impractical, our brains cambine the two
flat images available to our two eyes.

Stereoscopic vision or depth perception is
hever taught in the academic sense of teaching
and learning. Our braing normally develop the
faculty for performing this solid-geometry oper-
ation, and our eyes normmally furnish adequate
input data.

4An ability to deal with three dimensions
quantitatively, which can be taught in the aca-
demic sense of the word, is conceivably possible
but practically very difficult unless the .stu-
dent is able to ''see' space relationships.
Those ancient brain functions, which we hmans
share with other creatures on the evolutionary
ladder, provide a biological bridge to the ab-
stractions of engineering graphics,



Whether or not some gifted individuals may
be able to think three-dimensionally without aye/
brain-related aids, it is a demonstrated fact
that such aids are a tremendous help, both to
the student and to the teacher. Axonometric
modes, such as obligue and isometric, naturally
find a place in the teaching process. So do
hastily-sketched perspective views. But the
distortions built into axonametric constructions
and the artistic limitations of most free-hand
cketchers are definite drawbacks. Our brains
crave something that seems more 'real” —— a view-
peint "in perspective’ — information 'in depth."

Here is where the available teaching and
learning time begins to run out. It isn't easy
to make accurate 3-point perspective drawings,
and it's more difficult yet to make good stereo-
graphic pairs, starting from theoretical scratch.
Tearning how to construct them is surely a de-
sirable accamplistrrent, but it takes time.

Spending that time is hard to justify, be-
cause stereo visualization is just a means to an
end in the strictly engineering education. Depth
perception enables an individual to use his or
her own intellect more creatively and, sametimes,
to commmicate with other hwman beings. Yet,
once the sterec imegery has served its purpose,
other kinds of graphic representaticns, physical
models and digital software become the stuff of
comunication and utilization.

The Phantogram system of constructing ster-—
eographic drawings bypasses the necessity of
spending long hours mastering the gecmetry of
perspective. An entire classroom can use this
gystem to create constructions that look. "real”
when viewed through anaglyphoscopic fed and green
spectacles, Fach student plots the diagrams fol-
lowing simple, straightforward procedures that
are easy to check as the work progresses. The
teacher is free to concentrate on the main objec-
tive — on the relationships among points, lines,
planes, curved surfaces, shapes and spaces that
a technically—trained mind will be expected to
comprehend.

What looks like 3-point perspective in the
Phantogram sterec system is actually drawn on
paper as a stretched-out one-point perspective
image. This system employs a horizontal base
grid that is pure, undistorted orthographic pro-
jection. Transforming such a straight-on view
into a perspective view is then accamplished n
the most ingenucusly simple manner. The viewer
lays it on a flat table and locks at it from an
angle of about 45 degrees! That way, the only
necessity is to construct the verticals so that
they converge appropriately when viewed from
this same oblique angle.

Kits of Phantogram perspective charts, de-.
signed for repeated re-use with tracing paper or
film overlays, have stereo pairs of elongated
perspective grid patterns printed on them,

Hach pattern is made up of three grids, a
base grid and two sidewall grids, to represent
three mtually perpendicular planes. The side-
wall grids rise from the back edges of the hase
grid, so that the perspective drawing will nor-
mally be constructed above the base and in front
of the sidewalls. It appears, thus, in a sort
of stage setting —- not behind the bars of a
cage,

Horizontal lines of the sidewall grids do
not converge. They are all parallel to corres-
ponding lines on the rectilinear base grid. The
rules of perspective govern their vertical spa-
cing. Vertical lines of the sidewall grids pass
through intersections of base grid horizontals,
and they all converge toward a common vanishing
point. With this arrangement, any horizontal
plane at any level constructed from the sidewall
grids will be made up of perfect squares. It
shows a true, square—on, undistorted view of the
object, pattern, map, architectural plan or
whatever. It becomes a perspective view only
when the viewer sees it an angle.

To construct a perspective drawing using
this system, the student first plots the chject
or pattern on all three grids according to the
rules of orthographic prcjection. As the grids
are beyond and below where the perspective draw-
ing will be, these orthographic plots are made

saccording to first-angle, not our custamary

third-angle projection. The plan-view plot on
the base prid will be true to scale without dis-
tortion. Elevation views may need tc be drawn
undistorted first, then transferred by plotting
point-by-point cnto the perspective sidewall
grids. While each view will normally be located
inside its printed grid, there is no hard rule
against extensions beyond those areas.,

Now, each point on the object or pattern is
projected into the stage setting formed by the
three grids. It can be projected fram layout
plots on any two grids, then checked for corres-—
pondence against the third grid plot. Any errors
that show up here can be diagnosed and corrected
before the work goes any further.

Projection lines are always parzllel to the
printed grid lines. In fact, horizontal projec-—
tion lines are all parallel to one another in
each horizontal axis. OCnly the vertical projec—
tion lines diverge. It's a simple matter to
align them with nearby grid verticals, which are
clearly visible under the tracing.

The perspective view itself can be construc-
ed by connecting projected points. As it takes
shape, the student may elect to go over praninent
features with heavier lines.

This same image construction process is per-
formed twice, once on each grid of the stereogra-
phic pair printed on the chart. Each time, the
frame lines are traced, too, to provide a loca-
ting reference,

At this point, the two perspective views are
ready to be combined on a single tracing. The
first thing to do is to trace the chart frame
lines on that tracing. They serve as its loca-
ting reference so that it can be laid over either
perspective drawing of the pair without losing
the two-eye orientation.

Any lines or points that lie on the base
grid should be the same on hoth drawings. If
there is a plan view on this grid, it should be
traced from one drawing with a brown marker.
Then, it can be checked against the other draw-
ing for coincidence. The reason for brown is
that, containing both colors, it can be seen
through both the red and green filters of the
stereo viewer,

TENGINEERING DESIGN GRAPHICS JOURMAL Fall 1980 / 31



The perspective drawing that was made on the
chart side marked IEFT RED should be traced with
a red marker. This image will actually be seen by
the right eye through the green filter. Only the
berspective drawing itself, mot the orthographic
views nor the projection lines that were used to
construct it should be traced.

With the same tracing aligned over the To-
cating reference frame of the drawing that was
made on the chart side marked RIGHT GREEN, the
two-color assembly is campleted by tracing its
perspective drawing with a green marker, This
is what the left eye will see through the Ted
filter.

When it is placed over a white or neutral
buff backing, the two-color anaglyph is ready for
viewing through the filtering two-color specta—
cles that select what each eye can see,

The problems of individual adaptation to
this kind of stereo presentation are the same as
those encountered with traditional two—color
stereo systems., Some students find it harder
than others do. Impaired vision in one eye is
often compensated by dominance of the other eye.
People who normally wear glasses for reading and
close work, as a rule, must wear them along with
the red and green viewing spectacles in order to
see height and depth in the sterec corbination.

The problems of achievement by students and
of guidance by teachers are reduced drastically
by the Phantogram system. Each student can check
his or her own construction work at every point
in the drawing sequence. The teacher, with a
grid that is a duplicate of the one the student
is using, can spot errors very quickly and easi-
ly. Guidance of students while their work is in
progress and grading the work they turn in nc
longer need to be time-consuming searches.

Using the Phantcgram system, students ecan
all be constructing the same stereographic image
at the same time, and what they accomplish can
be appraised against a uniform standard.

Experimental tests of the Phantogram system
of anaglyptography have been going on for the
last ten years. BSome details have been modified
as a response to classroom experience. In their
present form, the materials, methods and instruc-
tions have proved eminently practical.

Many other possibilities are being consid-
ered, One is using an cverhead projector to show
Phantcgram images. Another, which appears quite
feasible, is the use of color slides made by pho-
tographing the diagrams Iram a 45-degree angle.

The Phantogram package, available fram Gra-
phiCraft in Westport, Connecticut, includes
charts for a selection of grid pairs with direc—
tions of view that differ by 30-degree intervals,
colored marker pencils, viewers, and complete
step-by-step irstructions. The instruction man—
ual is illustrated with examples of anaglyphic
drawings that "stand up'' right off the page when
viewed through the red and green spectacles,
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A typical Phantogram stereo tracing chart. Not(?
that the base grids are true views and that their
locaticns in the reference frames are identical.

TR

Sidewall grid plots may be constructed in first-
angle orthographic projection hefore they are
transferred to the perspective tracings.

Fig. 3

This is how one image of a pair is constructed
on the Phantogram chart. When the page is viewed
at about 45 degrees, the structure appears in
true perspective.



Fig. 4

When the two images of a pair are conbined on &
single tracing, they will correspond to reality
as it is seen separately by two eyes.

Fig. 5

The Phantogram package contains seven stereo pair
perspective charts for these directioms of view.
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INATE GEOMETRY?

Robert P. EKelso

Ind. Fngineering & Computer Science
Louisiana Tech University

Ruston, LA
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s ARD THEN, RIGuT BEFoRE T WoRE ue
SHE TURNED 'INTO A TEUNCATED, RIGNT
ISOSCELES PyRAMID |~ /

The piece below was passed to me by
Associate Dean H.L. Henry of Louisiana
Tech University. The sender was uniden-
tified and we have been unable to identi-
fy the publication. I suggest there isg
fundamental linkage between Shepard's
statement here, ',.., the visual cortex
must already have its own inner represen-
taticns of ... beauty ..." and Reinharg
Lehnert's Visual Music (EDGJ, Fall 1978,
page 42), Jay Hambidge's Dynamic Symmetry,
Le Corbusier's Modulator series, ang
others,

ABOUT ONE PERSON TN 10 OCCASIONALLY EXPERIENCES
A STRANGE PHENOMENON JUST BEFQR WAKING UP

Stanford, Caljf, #¥x {U.S./R&D) -- About one
persen in 10 occasionally experiences a strange
phenomenon just before waking up.

BACKGROUND:  While sti11 suspended in the
'hypnopompic* state that sometimes precedes full
awakening, the waker experiences a spontaneous
and extracrdinarily vivid visual image of a space-
filling design of arresting geometrical regularity
and beauty,

Such vigions were the subject of a recent
Sigma Xi lecture by Roger N. Shepard, professor
of psychology at Stanford. He asked those in the
audience who had experienced such phenomena to
raise their hands. Twenty people out of an audi-
ence of 100 did so. Shepard expressed pleasure,
saying "This is above average."
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Shepard developed the theory in his talk
that the geometrical regularities in some spon-
taneous visual images may stem from neural me-
chanisms underlying everyday perception, and
possibly some of our highest creative achieve-
ments. "The familiar saying 'Beauty is in the
eye of the beholder' appears to hofd a certain
and in some respects beautifyl truth,” he said,
"0f course, 'eye' must be taken here only as a
metaphorical reference to the brain. "But how
does the brain determine what is to be experi-
enced as beautiful?" 1t would seem that the
visual cortex must glready have its own inper
representations of the beautifuyl that, somewhat
in the manner of a.set of cut-out patterns or
templates, can be matched against any sensory
input to permit a determination of beauty accor-
ding to goodness of fit. "Early “imprinting’
may have a permanent and idiosyncratic influence
on every individual's Tater perception of faces
and standards of physiognomic beauty." Shepard
described, and iljustrated on the screen, his
own first experience of a "hypnopompic” vision:
"I experienced a spontaneous and extraordinarily
vivid visval image of a space-fi1Ting design of
arresting geometrical regularity and beauty...
Extending before me was an infinite array of di-
amond-shaped amber regions, each filled with a
regular pattern of identical black arrow-or
spade-like forms, all pointing straight upward
or, in alternative diamonds, to the left...A
lattice work of delicately beveled edges with
the appearance of polished and gTeaming gold
framed the rhombic regions, and the whole array
shimmered before me in perfect amber and gold
splendor.,."




On fully awakening a moment later, Shepard
quickly sketched the pattern while il was still
vibrantly fresh in his memory. On subsequent
occasions, Shepard made color drawings of other
such visions. He showed a number of them on the
screen, in full color. The audience applauded
their beauty. GShepard went on: "The spontane-
ous emergence of geometrically requiar images in
twilight states evidently is not unique to me...
Well after I had completed the reconstruction of
my own images I came across a lecture 'On Sen-
sorial Vision' published in 1867 by the eminent
19th century British astronomer-philosopher Sir
John Hershcel, describing how on several occa-
sions he experienced 'involuntary producticn of
yisyal impressions, into which geometrical regu-
larity of form enters as a leading character...'
"However rare the completely autonomous emergence
of such geometrically regular images may be, vis-
yal phenomena suggestive of the same kaleidosco-
pic powers of the brain can often be precipitated
by hallucinogenic agents, or by electrical or
other unstructured stimulation....Perhaps the
most stunning portrayals of geometrically regu-
lar hallicinatory patterns are the embroideries
by which the Huichol Indians of Mexico claim to
recreate, externally, the inner visions they ex-
perience after eating peyote...Despite the end-
less variations and colors of these embroideries,
the majority share the underlying motif of the
thombic lattice that figures so prominently
among the spontanecus images experienced by
Hershcel and myself."

Editor's Note:

Later in his lecture Shepard suggested that
perhaps it was no accident that Einstein's great-
est immediate predecessor, James Clerk Maxwell,
arrived at his celebrated electromagnetic equa-
tions by envisioning a geometrically regular
space-filling array of rctating cylinders and
counter-rotating balls. )

Shepard also drew attention to simiiar phen-
omena experienced by James D. Watson, cocracker
of the genetic code and by Nicola Tesia, inventor
of the self-starting induction motor.

Ul believe that these powers of spatial
structuring underlie the perception of relations
and motions in space, and the appreciation of
geometrically regular patterns by all of us,"
Shepard said.

"These same powers may be at the root of di-
verse artistic and scientific achievements--
ranging from the engaging designs of primitive
artisans throughout the world to the most pro-
found and far-reaching revolutions of modern sci-
ence and technology.” {13-05305R738C)

Pat Kelso has since

Found the source from whence this report

came. It is:

United States Research and Development
Government Data Publications
Washington, D.C./New York, NY
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QUIZZES AGAIN!

T+F+N

Irwin Wladaver

Agssociate Professor Emeritus
of Mechanical Engineering
New York University

You camnot imegine the pleasure
that Merwin L. Weed'sg article, "QUIZ
TIME! " brought to my restless retirement.
I had begun to brood about my wasted
life. T had studied drawing (excuse me:
I mean graphics) and descriptive geome-
try and had taught the two sub jects, fi-
nally realizing that they were ornly one
subject. I had even surrepticusly gone
ahead with my studies to take a doctor-
ate with the words descriptive geometry
iIn the title of the dissertation. As
Cagey Stengel used to 58y, you could look
it up. But with the onrush of time, the
few articles on descriptive geometry be-
came rarer, some medium and some well
done. True enough, we did have ocoa—
sional pieces about four-dimensional
{4-D) descriptive geometry by vigitors
from outer spaces Iike Brazil and Israel
--Ernesto C. Lindgren and Tuisa Bonfig-
1ioli are outstanding, brilliant protag-
onists~--T don't remember many local ad-
herents. What T do remember, after be-
coming a highly vocal conscientious ob-
jector to 4-D, being informed that I
didn't know the color of Napoleon's white
horse in 3-D or 4-D.

Many items capped the climax: page
upon page of computer readout; sines,
cosines, and cther signs; sguare roots,
especlally the square root of -1 (=1i):
thetas, lambdas, phi, and fees: esoteric
constructions that are far above my head
(maybe my heasd is too low), and there is
evidence that I am not alone in failling
to extricate myself from the Ariadne-
like maze of certain tangent circles and
Kelso puzzles (remember John Rule and his
Fido puzzle?} On the other hand, I was
utterly fascinated by Reinhard Lehnert's
world of the squares because of my six-
teen years in the carpet and linoleum
buginess, But where d4id descriptive ge-
ometry go? But for the ICDG during Dr,
DeVaney's chairmanship, I would have
guspected that the subject was at best
quiescent and at worst moribund,

Professor Weed breatned new life
into my sagging spirite. Somewhere de-
scriptive geometry was still alive! Why
else would the revered JOURNAL publish
Weed's story on quizzes? Would the edi-
tor dare publish znother? What's there
to lose? Publish or perish.
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In 1945 the NYU College of Engin-
eering had to handle five sections of
descriptive geometry in the Day Division
and three sections the Evening. Since
we needed six evenings for the three
Evening Division sections, Saturday mor-
ning was declared an evening. The smal-
lest Day section had 75 students and the
largest had 110. The Evening Division
classes were "normal:" 45 to 50 each.
There was enough work for the small
staff and the thought of grading final
examinations was horrendous.

Ofccourse we knew about True-False
exams. They were easy to grade and ever-
¥body had used them with success, easy
enough to claim but not so easy to prove.
Some students refuse to guess "T" or
"Fy" preferring certainty to possible
penalty for a wrong guess. Others say,
"Sure I guess. At worst it'sg 50-50. If
I have an inkling on the topic, my chan-
tes are much greagter for a correct
guess.” Should a wrong guess be peria-
Lized? Was it a wrong guess or bad rea-
soning; was the statement of the problem
badly worded or ambiguous or a word mis-
spelled? The realities, however, demand
that when six hundred students, give or
take a few dropouts, have to take final
examinations, the exams have to be rea-
sonably challenging and yet ‘be easy to
grade if only for the survival of the
teaching staff.

We devised an examination witn "p»
and "F" response but we added the letter
"N," defined by one student as "N-suffi-
clent N-formation." In pari, twenty-
four exam problems require the choice of
T, ¥, or N followed by the selection of
at least one reascn that would support
the choice of the selected Ty, P, or N.
Fach letter 7, F, and N and each suppor-
ting reason for the chosen letter was
identified By a rumber. The identifying
numter then had to be recorded on an An-
swer Sheet. But just because z stated
reason happened tc be a truth, for ex-
ample, "Parallel lines do not intersect,”
did not Jjustify its selection unless i+
supported the T, F, or N of the specific
problen.

Copyright (@ Irwin Wladaver, 1980



Did &11 thies put
I doubt it. 1In fact,
sons” probably helped
then to reach a T, F,

an end to guessing?
the stated "rea-
students now and
or N Judgment by

selected., But some did require guite
mincr construction, enough to justify a
compass, a protractor, a scale, and a
pair of triangles to test parallelism

and perpendicularity. All problems were

doing scme unaccustomed thinking, We
T, F, or N,

are not prejudiced against students'
thinking even at the end of a course.
Incidentally, plausible "“reasons" for
"F" cholces were difficult to make up
without appearing ludicrous and obvious,

All statements unaccompanied by
drawings also were provided with T, F,
or N to chose from. These were by no
means easy to devise, Is the answer in-
stantly obvious? Isg the statement pos-
sibly ambiguous? Is this one so easmy
no one will get 1t wrong? Should "never”
never be used? How about "all?"

Two of the seven pages that made up
The whole examination accompany this
manuscript. The problems on the other
pages did not have any "reagong” to be

12 .
7 or
4
! |
A | J
1
]
3
i
[/ 4
{Id BACH FROBLEM IN THIS EOW, THY JIVEN LINE FIBRCES THE QIVES OPAQUE PLLVE IN FOINT P, . SELICT IER WOMBIRS {nmmlc mm STATENFNTE)
95+ ArPt 18 visibls 99. CrFr is visible 103. LyPris visibls 107. ArPr i3 wiaible
« PrBr * - 100. Prbr " . 4. PrMr " - 108. Pr3p " "
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‘4]' The steepest line
in the plane is

r The dihedral angls batwesn planes
o-a: 119 Bed-b and B-C-D omg be found {n the
G Firet auxillary view In waich
Thn on 1
1234 A&~C appoars ws a point
©=C: 121 prejested frod the T-view,
O=Di1 122 + B~D appewrs ax a point
i%r 12., prejected from tha T-view.
& 1251 A=D appeard ns & polng
projJected from the Feviow.
I the figura above represents the ,
aerract vislbility of L elemants

126 B=C appeArs as a poln‘t

dut from two intersecting osylinders projeated from the F-risw.

by & plane, the visibdility of the

reints should bey 12Ts If nons of the auggeated

soéwers applies, record

Point; 1 fe this cumber.
Visible; %} ﬁj %5 #f? 4 mamber
Invisiblec )12 114 116 118
Br Qiven that X-Y 1s the shortest distesce
botween linas A-B and C-D, Assuming
that vlew B im ocrractly drawn, then view
A lx (232} correst or (133} losorreot.
Asswping that view 4 ia correctly
A drawmn, then view 7 15 (13} correct |
ul 8. or (135) ingorreot, |
I % &“'- &8 Assuming that view T ia R |
T oorrectly drawn, then ~ t
IG view § 10 (136) torreat
‘o wf% or (137) inmecrreot.
f
¥ The wtriks of plans R iy
- {138) due Forth; (137) ¥ 50° K.
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15
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«inviaible in T view:r 129 {143) so* 3
~visible in F views 120
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i
Gr : Er ) 1
| i IGF 1 'y |
i .- ' i
4—56 £, F
/ O :
h une DECG al B+ E
Plans ABC wlopes 3. W, P; 3 '!‘““ ) l‘ Flaze & slapes mouth.
I r o ; 1% 152 153 Plane L slopes be a. T Lg6 1:.
N 1k, us Us :;““" 1 1,58 1'59 1160 Beoaunss ?
soauae; - & perpsudioular to DpE ints b
» There is &t laast ocoe point 1o “Em’;ug, TEF PO B&ﬂlulll N @ . :hmt“" P'Elﬂd“u:r to
the plane lower tonm the strikel155. Line DE 18 level and point @ 1. Ihere ars uo polnte im the 169 & strlke points south,
» Joma of the linec in the plans 1a sbove it, plaas shovs the strike. '+ A dowoward perpendicular to
slops southwast. 156, 1 parpsadioular ts the atrike 142, & dowmward perpendicular to the ths atrlke polnta north.
149, The strixs is woat of morth. would properly polnt soutbhwsat strike points southenst, 170. The profile lines givea are
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If I were to ask you whelther paral-
lel lines intersect, you might answer
"N," because I didn't say whether I was
referring to descriptive geometry, pro-
jective geometry in general, or to a
gspecial case in projective gecmetry.

As we all know, descriptive geometry is
a speclal case in projective geometry.
0f course ocur students would not be
troubled by that question on parallel

If'anyone would like to use the ac-
company.ing material, do so in any way
you w1sh: If you find ways to expand or
improve it, I hope you get your ideas =*o
the editor with a view to publish them.
Tt will turn out to be good exercise,

. Thanks to Professor Weed for help-
ing o resurrect 3-D descriptive geome-
try. The report of its death has been

lines. But the statement, "Non-parallel reatly ex
lines intersect," is a gocd one for an & Y aggerated.
"N" response.
! & 4 ' A
M, i \5r, /
i J,E i'%lg i

, |
! | 46 -
L y [ F

Planes % snd 8 ars porpendisular. { Planes I and Y are parpandioular. 5
7152 ra 7Y Fa LM T - 179 7 - ¥ ~1B1 Line 4B 1s perpsadicular to plane I.

Encause Boonusds Line -2 i3 perpmdioulsr %o T -191 F =15 ¥ =153

175 They do pot interssct. 182. X slepee enet; Y slopes waat. line 3=l end to line 5-6. Beokude i

176. Sines both wre perpsadioular j1B3. L point view of their common | T = 186 F = 187 ¥ - 188 19l. Evidencs ie lmelring.
to B, they make 90° with lines shows them at 0%, Becuuss: 195. If trus lengths wers dren
each other. 184, 4 llae ia smoh san be drawn 183. A right wngle is projected in sach view, the projese

177, Vertionl planes wre perpen— porpandlovier to the othar on Fy to which line 1-2 1w tions of A8 would be perpen-
diculer, plane. paralisl. dicular to them.

178. 4 lioe 1n & awa be drema per= | 185, Tne preflls line of interaeo= | 190, Two iines amnnot be pelpens 196, It liec in the pives plans.

tion 1s indetorminats. diouler at & sommon peint.
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! £ F
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H ¥ ¥ 243 2, a5
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T - 22 F 225 ¥ - 24 T-2% P03 ¥ - %R Bosnuce 2. & right engle ie projectsd on
Beaauast | Beosusss 233, Their projeationns arp the T plena, tq whiach BC 1
227. 4 line in U is perpandioular | 233+ 4 line 1o either can be parailel: parsllel. 4

to plane T. drawn perpendiqulmr to the 23, Their projectiona ara 247, 1 right sugle 1s projected on

tha froct plane, to whiah AR

220. Ko lize 1o elthar plans jn othar, wot parellel.
is parallel.

| 2ocrdinete place,

perpendlcular to the other, 28} Mo line 1a eithar plans iz 21, Their projectionz ars mot
223. Tha line of intsrsectlon ie porpsadiculer Lo the othar. fully eetablished. 248, 1f one line is parsllel to & :
not givea. 235. T=e line of interssoiion 22.. Their projacticns would be ¢cordinste plune o 113: inter-'
would be & profils line perallel in an end view. seoting 1t projecta g0°,
: ~ 3+ AB 43 o _profile line,
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F i ¥ g
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25l The plens JKL slopss north. 261, 1 right sngle is not prajea- | 267, At least ons llne In each 274. Parallel planes have parsllel
255. If & rlght angle projests in ted it both are In true pleza Lo parallel to one line | oo o ;ﬂ'—iemé a
two pdjeceat riews, the lines langih. in the other plane. Y lane pemeliel e in sach
saanot be perpsadiouler. 242, If they were perpmdioular | 263, Profile lines oan be drewn in- e athartd ol ke a Iina in
1 256. For & right sngle to ba pro- and sles in trus length in btoth planes. 275. e ﬂi o Pl f:]‘. 1
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1inea sust Do paraliel to a 263. It 1x impoasible to tell 270. Some other rosos net glven 277, Their projeotlcas are not
by jmapeation of this oass. hepe, paraliel.

HAVE ¥YOU FNTEEED YOUR ANSWERS OF THE ANINER BLANKY

38 / ENGINEERING DESIGN GRAPHICS JOURNAL Fall 1980




THE EXTENSION OF SHIRO ODAKA'S
EQUATIONS FOR PERSPECTIVE
PROJECTION TO FOUR DIMENSIONS

Prof. David W. Brisson
Rhede Island School of Design

ABSTRACT

This paper presents an extension of Shiro
Odaka's equations for perspective projection
to spaces of more than three dimensions.
Diagramg are presented to demonstrate the
graphics involved.

INTRODUCTION

A fundamental problem in the twe-dimen-
sional representation of four or more dimen-
sions is the fact that a four-dimensional
"gpace has a three-dimensicnal cross-section.
This means that if a four-dimensional figure
such as a hypercube i1s projected to a point,
that there is no way of making a single two-
dimensional projection of it because any
plane will intercept some, but not all of the
lines of prcjection., When Bo- called "perspec-
tive" projections of four-dimensional figures
are made in two dimensions, they really con-
sist of twe stages of projection asg follows:
The figure is projected to a peint and then
a three-dimensional cross-section is taken,
then the three-dimensional cross-section is
pro jected to a point and a two-dimensional
cross-section ig taken of that projection.
This ig how the projections s of hypercubes
in "perspective" were made by A. Michael Noll
and later by Tom Banchoff and Charles Strauss
of Brown University in their computer genera-
ted films,

Consequently, the mathematical extension
of Shirc 0daka's equations would apply to a
three-dimensional expresgion c¢f a four-dimen-
sional figure, a four-dimensional expression
of a five-dimensional figure. etc.

Since the projection of a four-dimensicnal
figure in perspective to two dimensions en-
tails two independent station points, as des-
cribed above, 1t is only necessary to consi-
der one cell of the hypercube as a perspective
projection of & cube, such as 0Odaka has des-
cribed, and then introduce a fourth arbitrary

vanishing point to complete the hypercube,
each cell of which conforms tc Odaka's equa-
tions. TFor every additicnal dimension it is
only necessary to add an additional arbitra-
ry vanishing point.

THE BASIC APPLICATION OF CDAKA'S EQUATTONS
T0 THE PERSPECTIVE REPRESENTATION OF THE
HYPERCUBE

The following equations are Odaka's equa-
tions for perspective projection from the
Proceedlngs of the International Conference

n Descriptive Geometry, Vancouver, B.C.,
1978

32 - ¢a co8 B - ab - co8y + bc - cosgo ‘}
p
b™ - ab .cosy - Dbc . cosa + ca . cosh
- ( e a - d )2
d b - e >.(1)
2
b~ - abrcosy - bc * cosa + ca * cogf
2
¢’ - be-rcosag - ca s« cosp + ab + cosy
e b-e Y
- 3
e ¢c - T
{ o+ B+ ¥ = 4Ri& ), _/
Copyright (© D.W. Brisson 1980
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Figure 1 ig a reproduction of Odaka's
figure from his paper, "Fundamental Equation
of Perspective Projection.and its Application.
Figure 2 is the extension of that projection
%0 a four-point "perspective" of a hypercube.
Note that the point m may serve as any one
of the three variables a, b, cr ¢ in
Odaka's equations. Note alsc that the rela-
tive wvariables a, b, ¢ and m are COm—
Pletely arbitrary depending upon the particu-
lar position of +two completely independent
station points, one in four-dimensional space
and the other in three-dimensional space.
There is one possible unique case where the
stationpoint is the same point in both cases,
in which case the projection is a simple cube
in three dimensions. In that case the fourth
vanighing point does not exist.

It will be noted that each cell of this
hypercube is in three-point perspective, and
that there eight of these cells in all. FEach
one may be regarded as a geparate three-di-
mensional space. Each cell may thug be seen
to be in a distinct perspective projection,
some more extreme than others, but congig-
tent, never-the-less.

40 / ENGINEERING DESIGN CHAPHICS JOURMAL, Fall 1980

Fig. 2

The remainder of Cdaka's equations may
be applied to each individual three-point
system, the four points taken three at a
time in turn.

CONCLUDING REMARKS

The above system ig8 of particular inter-
est when two of the coordinate lines are con-
sidered imaginary. In such a case it is then
possible to express graphically many of the
concepte of projective geometry that involve
infinity that are beyond expressibility in a
three-dimensional perspective system. .




A NOTE ON FUNICULAR DIAGRAMS
FOR THREE-DIMENSIONAL SYSTEMS

OF FORCES

A. Rotenberg

Department of Mechanical Engineering
University of Melbourne

Melbourne, Austrailia

The writing of this Note was prompted by
the publication in the EDG Journal of Hugh
Munson's paper "The Rationale of the Funicular
Diagram” (Spring 1980, Vol. 4L, No. 2). The
construction and various applications of funi-
cular diagrams to coplanar force systems are
explained (adequately or otherwise¥ in mos%t
textbooks dealing with static equilibria of
rigid bodies. I am not, however, aware of
any publications describing the use of funi-
cular diagrams for the golution of problems
involving spatial force systems. The proposed
constructions are based on the following
"rationale":

1. A closed vector diagram in SPACE
incorporates THREE equilibrium
equaticns (EFx=O, ZFy=O and EFZ=D)

2, An orthographic projection of a
closed polygon is a closed polygon.

3. In general, a spatial system of
forces may be resclved into two
systems: A coplanar system consis-
ting of orthographic projections
of all 4the forces in space on a
plane P; a system of forces per-
pendicular to P.

4, A funicular diagram constructed for
an orthographic projection of a
gpatial system of forces on any
plane incorporates the equation
zano, where EMn is the sum of

moments of all the forces about
an axis normal to the projection
plane.

Consider, for example, the problem of
determing the reactions RA’ RB and RC at

gupports A4, B and C {Figure 1} of a rigid
body in equilibrlum loaded with a three-
dimensional system of forces., For gimpli-
city, but without the loss of generality,
in this example, the system consists of two

skew forces F1 and F2 represented in

two orthographic views {"Pian® and "Eleva-
tion" in Figure 1). Since, in general ,
each support may involve & unknown paramelers

(say, 3 components of each, the vector-force

and the vector-moment) and we have altogether
only 6 equations of equilibrium, some assump-
tions need to bw made about the nature of

the supports. Quite arpbitrarily, we assume
that

(1) each support is a frictionless
sptherical hinge (i.e. incapable
of transmitting moments), and that

(ii) the directions of the reacticns at
the supports are given in the plan
view (shown in "Plan" in dashed
lines).

We now have a spatial system of forces
with 6 unknown parameters and the graphical
solution used consists of the following
steps:

Copyright (@ A. Rotenberg, 1980
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V/iEW /N
DIRECTION 4C

FIGURE 1.

3

Construct a force and a funicular
diatram for the system shown in the
"Plan" regarding the forces ag co-
Planar and beginning the funicular
diagram at the point G of intersec-
tion of any two given directions of
reactions. This construction is
equivalent to solving the three
equations of equilibrium zFx=O,

ZFy=O and EMZ=O and it results

in defining the magnitudes of the
Plan views RAH’ RBH’ ahd RCH of the

reactions RA’ RB and RC at the sup-
ports A, B, and C respectively.

Construct the view in directions

‘BC and AC of the vertical components

F1z and F2Z of the forces Fl and F2

applied at points K and L of the
intersection of the lines of action
of these forces with the plane ABC.
F1z and FEZ are easily found from the

"Elevation".
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Construct force and funicular diagrams
for each of the views in directions

BC and AC. These constructions are
equivalent to solving the equations
ZMBG=O and ZMAC=O (where Mg and
ZMAC are the sums ¢of moments of all
the forces about the lines BC and AC
respectively) and yield two more un-
knowns, -- the vertical components

RAZ and RBz of the reacticns RA and RB

respeqtively.

Construct a force diagram for the
"Elevation” using RAZ and Ryp and

placing this diagram in a projective
correspondence with the diagram already
constructed for the "Plan". This con-
struction is equivalent to solving

the #ixth equation of equilibrium
ZFzzo and yields the elevation Ray

of the reaction RC'



The problem may now be regarded as solved

since each of the reactiocns RA’ RB and Rc is %\
represented (to come known scale) by its two

orthographic views fully defining their magni-
tudes and directions in space.

4

The reader is invited to try the method L=FR+E"
described for any other set of assumptions about -~ /‘;
the nature of the supports, each time ensuring -
that the problem remains statically determi- Sy = |
nate and to develop possible "shortcuts". W |

In paragraph 2. of the solution above, ﬁv C Ay
we referred to points K and L of intersection v
of the lines of action F, and F, with the plane FIGURE 2.
ABC. It may happen that one or mcre of the giv-
en forces is parallel to the plane ABC or
that the points of intersecticn of these for-
ces with the plane ABC are inaccessible on An investigation into applications of
the drawing. This difficulty may be overcome funicular diagrams to-the solf.ution of pro-
by resolving the forces in question into two blems involving three-dimensional force systems
components, each of which intersects the plane may provide the readers with new ideas and
ABC alb convenient points (Figure 2.¥ result in some ingeniocus constructions,

E89)

The Engineering Design Graphics Department
of Texas A&M University is seeking applicants for
an assistant or associate profeasorship, Duties
will include the teaching of engineering graphics
and descriptive geometry to freshman engineering
students, Applicants should be competent in and
able to teach specialty courses such as computer
graphies, electronic drafting, pipe and vessel dra- 0 S
fting, nomography, ete,

It is preferred that applicants have a doctor's
degree with at least one degree in a field of engin-
eering. Salary is open based upon the qualifications
of the applicant., Texas A&M is an equal opportun-
ity, affirmative action employer,

Graduate Assistantships and part-time teaching
positions are also available in the Engineering De-
sign Graphics Department.

Contact James H, Earle, Engineering Design
Graphics Department, Texas A&M University,
College Station, Texas. Phone (713)845-1633,
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A DIAGRAMMATIC REPRESENTATION
OF THE BASIC MOTION EQUATIONS

Lyndon 0. Barton
E. T. DuPont de Nemours & Cc.
Wilmington, DE

For many students of elementary mecha- v2
nics, and also for designers, quick recall of
the basic motion equations can be difficult,
and often if the appropriate references are
not readily available, precious time is lost
in trying to derive the desired relationships.
To avcid this situation, there 1s presented |
here a simple diagrammatic approach that can
be a useful alternative to the normal deriva-
tions.

Referring to Figure 1, and considering 2
rectilinear motion, let

vy (side of small sguare) represent
initial linear veloecity, -4

Vs {side of large sguare) represent "
final linear velocity, and =

at ("a" times "t") represent the dif-
ference between vy and Vo where

uniferm linear acceleration

time FIGURE 1 - RECTILINEAR MOTION

1o
It

ot
1l

Copyright (@ L.0. Barton 1980
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Then, in equation form

= . . {1
vy =Vt at {1)
Alsc, let the area of each trapezoid be re-

presented by as {("a" times "s"), where

n

a = uniform acceleration (as before}, and

g digplacement

Then, in equation form

2 2 C (2
vpSr vyt s 2Es Lo (2)

and as = v,at + 1/2 (gt)2

or s = vl‘t + 1/2 _g_'tz e e s x e e (3)

Similarly, for angular motion, refer to
Figure 2 and let

wq represent initial angular velocity
W 5 represent final angular velocity

g represéent angular acceleration, and
o represent angular displacement

Then, the angular relationships become

= .. "
W= Wyt et (4)
2 2
wots e T 2a B (5)
and 6= w,t+ 1/2 atg........(ﬁ)

et

FIGURE

2 - ANGUIAR MOTION

Note that the above relationships are all
general, since they =ssume a positive uniform
acceleration. However, if a negative uniform
agceleration (or deceleration) condition exists,
the appropriate negative sign must be aagigned
to a or ¢ to produce positive numerical
results. But the importance of this approach
is that the basic forms of the equations are

readily derived from the graphical representa—
tions.
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A MATHEMATICAL EQUATION FOR
DETERMING ELLIPSE ANGLES ON
THE ISOMETRIC PROTRACTOR

Ming H. Land
Miami University
Oxford, Ohio

The graphic methad for finding the .
ellipse angles when constructing an isometric
protractor has been given by Thomas {1978,
pP- 89-91). This paper will describe a
new mathematical methed for solving the
ellipse angles on an isometric protractor.

Before addressing the problem, we
need to review the method for constructipg
an isometric prectractor. 4 simple graphic
procedure using the circle—projection,@ethod
ig generally employed to construct an iso-
metric protractor as shown in Pigure 1.

Y
B
b ;
b o
] A%
FIGUEE 1.
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From Fig. 1, let's assume that we
want to find the ellipse angle for a radial
line 0 R, which is ¢O with the semimajor
diameter 0 A. Then, the horizontal compo-
nent x and the vertical component y of ‘the
line O R are given by:

1

X=8aC0Bd + « v « 2 « v v . (1)

i}

y=sing . . . . ... (2

where a is the semimajor diameter and b
ig the semiminor diameter (Rogers & Adams,
1976, p. 105). By meang of Pythagoreanm
theorem, the length of the radial line

O R ig:

r =42 % 3%
=V/a2 cosz¢ + b2 sin2¢
=v/a2 cos24:+ bz(l - cosa¢)
{Qaz - b2) cosz¢ T (3)

"

Let's assume that the length of the
semimajor diameter = is unity, then the
length of +the semiminor diameter b is found
by multiplyig the sine of the isometric
angle {35.26 § by the semimajor diameter:

b = & gin 35.26°

1(0.5773)
0.5773

IH

n
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Thus, from Egq. (3), the length of a
radial line on an isometric protractor is:

V/(az 2
J(1 - 0.5773%) cos?e + 0.5773%
J 0.6667 cos®s + 0.3333 . . . (&)

- b2) cosz¢ + b

n

r

It

Let the ellipse angle for a radial line
on an isometriec protractor be & . Based
on the theorem by Land (i979), which states
that the foreshortening of an axis in an iso-
metric projection is equal to the cosine of
its ellipse angle, we obtain:

r = cos 8
or
B = OB T T h v e e e e e e e (5)

Subetituting Eq. (4} into Eq. {5) yields:

0 = cos™1/ 0.6667 cosfe + 0.3333 . .(6)

Eq. {6) is the fundamental eguation
for constructing the ellipse angles on an
isometric protractor. Therefore, the el-
lipse gngle for the radial line O R where
¢ = 30 is:

cos™ 1Y 0.6667cos? 30° + 0.3333

B =
= coe~1/ 0.6667 (0.8660)% + 0.3333
= cos ™t 0.9192
or 9 = 24.09°

When ¢ is 45°, the radiai line becomes
an isomeiric line. Using Egq. {6), we obtain:

6= cos™1 ¥ 0.6667 cos? B5° + 0.3333

cos™1 0.8165

[

35.26°

1

or 6

The result is the commonly known iso-
metrie ellipse angle since the radial line ig
an isometric line.

When ¢ is 00, the radial line becomes
the semimajor diameter. Eq. (6) becomes:

_ -1
o i = cos™ /0.6667-1 + 0.3333
= cos™1 1
or
] min © OO, which is the minimum angle for 6 .

Whgn dis 900, the radial line becomes
the semiminor diameter. Eq. (6) becomes:

= cos”t /0 + 0.3333
cos™t 0.5773

max

n

or
0 . . :
O pax = S%.747, which is the maximum angle
for 6.

Tpus, the values of the ellipee angles
on an isometric protractor fall within the
range of 0° to 550,

Using Eq. {6), the approximate ellipse
angles on an isometric protractor can be de-
termined as shown in Fig. 2.

55
50
45 40
s 35
s
20
15
10
0 0
o 35
a5

FIGURE 2,

The isometric profracteor with ellipse
anglee isg a versatile instrument that measures
igometric angles and shows the proper ellipse
gulide angles to use on inclined planes. It
is commercially available from varicus firms.
Every technical illustrator should own one and
uge it,

We can alsc apply equation (6) directly
to solving the ellipse guide angle for any
inclined plane in an isometric projection.
Let's consider the object with an inclined
plane as shown in Fig. 3. A hole is drilled
perpendicular to the inclined plane. Use the
following procedure to find the proper
ellipse guide angle for the drilled hole:

[~— 3p°=
J

FIGURE 3.
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1. Draw the object in isometric. The
inclined line AB can be drawn by means of box
construction, or by means of the circle-con-
struction method (Thomas, 1978, p. &9), or by
using the isometric protractor.

Z. We should note that the inclined line
AB is drawn within an acute 909 isometric angle
£ CAD., When an inclined line is drawn within
and acute 90° isometric angle, the ellipse gulde
angle 6 for a hole perpendicular to the in-
clined plane is:

6 = cosr /0.6667 cos?(45° + ¢ ) + 0.3333 . (7)

where ¢ is the angle of inclination. Thus, the

ellipse guide angle for the drilled hole is:

cos™l / 0,6667 cosZ(45° + 30°) + 0.3333

0 =
= cos™ 7/ 0.6667+(0.2588)7 + 0.3333
= cos ! 0.6148
or
€ = 52,06” (Use 50° ellipse guide in actual

drawing.

FIGURE &.

Let's consider another example as shown

in Fig. 4. We should note that the %nclined
lire AB is drawn within an ohtuse $0° isome-

tric angle, the ellipse guide angle for a
perpendicular hole ig:

g = cos™t v/0.666? . 0082(450 ~¢ )+ 0.3333

Thue, the ellipse guide angle for the hole is:

cos_i ¢/0.666?'0052(450~300) + 00,3333

g =
= cos™t /0.6667-(0.9659)2 + 0.3333
= cos™1 0.9774
or
8 = 12.20° (Use 10° or 15° ellipse guide.)
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Combining Egs. (7) and (8) into one, we can
formulate an egquation for the ellipse guide angl
of an inclined plan in an isometric drawing as
follows. ’

cos™ 10,6667 cos® (45 ¢ 3 + 0.3933 . . (9)

where ¢ is positive when the inclined line
ig drawn witin an acute 90° isometric angle and
¢ is negative when drawn within an obtuse

B =

angle. An example of such a drawing is shown
in Fig. (5}
FIGURE 3.

In sum, this paper provides a mathematical
foundation for solving ellipse angles on an
isometric protractor. Using Egq. (6}, an iso-
metric protractor with ellipse angles can be
constructed easily. When an isometric protrac-
tor is not available, Eq. (9) can be used con-
veniently to find the proper ellipse guide angle
for any inclined plane in an isometric drawing.
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THE GEOMETRY OF AESTHETICS
—-CASE STUDY II

Robert P, Kelso
Louisiana Tech. University
Ruston, LA

-Background:

The Ceometry of Aesthetics - A Case Study
(1), EDGJ, VoI, 44, No. Z, attempts to demon-
strate that aesthetics in design is a func-
tion of geometrically similar shapes and that
the greatest design beauty is achieved when
these shapes are certain irrationally {(Dynam-
ically) dimensioned shapes, e.g., the height-
to-width ratio of, say, rectangular shapes to
be used are: 1:v2, 1:¥3, 1:¥5, 1:/6, etc.,
as well as the Golden Section, 1:0.6180....
(It should be noted that although rational
ratios: 1:v4, 1:/9, etc., are Static, when
used in conjunction with Dynamic ratios, they
exhibit both Dynamic and Static properties.)
This demonstration was accomplished by a har-
monic analysis on a work of recognized great
art and noting the designer's use of these
principles. This article is another demon-
stration, this time on a recognized success-
ful commercial design: Figure 1. It is not
a harmonic analysis, but geometric derivations
of the harmonically derived design features.

-Scenario:

In 1915 the designer Alexander Sarmelson
of the Root Glass Company is herein speculated
to have made a number of trial and error designs
to insure that his visualization of the bottle
would accommodate the specified volume. It is
further speculated that he began his design
with no specified parameters other than the
bottle opening, 1.00 (25.40 mm) diameter, and,
perhaps, also the base diameter. It is further
speculated that the designer determined the
final dimensions by scaling the finished design
rather than by mathematical determinations.
Scaling is considered sufficiently accurate
for aesthetic purposes.

In scaling the design, 'eyeball" judgmen-
tal ertors were inevitable and the amount of
each of these errors is shown herein. In each
case it is less than one part in a hundred in
all but .the shorter measurements.

FLUTES
{10) EQUALLY SPACED:
/ TO BE ARGCS OF GIRCLES

2.327
[LTXH]

4791
TIzi. 69)

3672
3.7H
94.26)

Lano®

(4.37)
FIGURE 1

Copyright © R.P.Kelso, 1580
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General Approach:

The design may be considered in four
parts: (1) determining the overall height and
width (diameter) dimensions (Fig. 2); (2) de-
temmining the dimensions for the trademark
panel and crown (Fig. 3); (3) determining the

. Vil
¢m
/9
V8
V7
Vb
V5
Vi : v
V'3
Ve \Z\
|
S
]
I
\ _J
|

FIGURE 2

centers and radii of seven circles arcs used in
the design (Fig. 4 - Fig. 9). There are two
values associated with each circle arc center:
the vertical locational dimension and the hori-
zontal locational dimension. These seven circle
arc centers are given alphabetical identifica-
tions; (4) determining the centers and radii of

the flutes arcs as seen in a right section per-
pendicular to the bottle center line (Fig. 10).
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-Analysis:

Figure Z. (The actual height dimension:
7.7507(196.85) + 0.47 (1.19).) The base dimen-
sion may or may not have been a specified design
parameter, In either case the height-to-width
ratio is determined to be 1:/11. (Vertical
measuring error: 0.8 mm. Percent error: 0.4%).

T ¢

z

=]

—

(8]

(M)

w)

Ve

z

w

[=]

.|

& [
/

LB

FIGURE 3

Figure 3. The vertical dimensions, mea-
sured In an upward direction from the base, to
the lower and upper limits of the trademark
panel are determined. The panel lower limit
vertical dimension is vZ times the base width
{(diameter). (Vertical measuring error: 0.8 mm.
Percent error: 0.9%). The upper limit is the
Golden Section (0.6180...) of the height.
(Vertical measuring error: .04 mm. Percent
error: .03%). For the crown vertical dimen-
sion, see Figure 7.



Figure 4. For center A, the vertical dimen-
sion 15 determined by the use of a root four
{¥4) rectangle. (For construction, see Fig. 2)
A diagonal is constructed on the rectangle then
a perpendicular-to-the-diagonal-through-a-comner,
which is the reciprocal. The resulting point
of intersection may be used to divide each side
of the root four rectamgle into fifths and is so
used to determine the vertical dimension. {Ver-
tical measuring error: 0.3 mm. Percent erroT:
0.3%). To determine the horizontal dimension
and the radius, the remainder of the bottle
height is tebated on to the vertical dimension.
(Horizontal measuring error: 0.7 mm. Percent
error: 0.7%). The sequence of drawing is shown
by the encircled numbers.

Figure 5. TFor center B, the vertical dimen-
sion 1is getermined by the use of a root eight
rectangle {for construction, see Fig. 23, a
diagonal, and a reciprocal. The resulting
point of intersection may be used to divide the
(:) root eight rectangle into ninths and is so used
{to determine 5/9-v8) to locate the vertical
dimension. (Vertical measuring error: 0.4 mm.
Percent error: 0.4%). The horizental dimen-
sion as well as the radius is equal to the

] Giolden Section (0.618.,.) of the bottle height.
The center is logated by the intersection of
v ] sequence lines and . {Horizontal and
radius measuring error: 0.4 mm. Percent error:
FIGURE & 0.5%).
o &)
FIGURE 5 ~ aB
z

|
/8 .

|

i

<o)
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Figure 6. For center C, the vertical dir
sion Is determined by a Toot two rectangle, a
disgonal, and a reciprocal. The intersection
/5 this latter line with the rectangle determines
o the vertical dimension. (Vertical measuring
error: 0,1 mm. Percent error: 0.3%). The
horizontal dimension is determine by a root
@ five rectangle, a diagonal, and a reciprocal
™~ (to determine 2/6-v5). The horizontal dimen-
sion is determined from this latter line.
Point C is the intersection of sequence lines
G | @ and {Horizontal and radius measurin
~ error: 0.9 mm. Percent error: 1.8%). The
T ) radius is determined by the point of intersec-
¥S 5 V2 tion of sequence line with the root five
¢ . 8 @ rectangle,
¥ . 3
+ g 1
NG T
ve
FIGURE 6 A 2
; |
4
]
*3
I
X
o/ %
Figure 7. For center D, the vertical dimen- 8
sion, measured in a downward direction from the X
top, 1s equal to the crown's vertical dimension, © <
i.e., a root eleven rectangle minus a root nine
rectangle (see Fig. 2). Using the multiple of
4 times this distance as unity (rather than the -
base diameter as was used for the previous root
rectangles) a root three rectangle, a diagonal, w3
and a reciprocal are constructed. The point of M
intersection of these lines is point D. (Verti- FIGURE 7

cal measuring error for center D and the crown:
0.3 mmn. Percent error: 1.8%. Horizontal and

radius measuring error: 0.4 mm. Percent error:
0.4%).
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FIGURE 8

e 4
b\
o . Y

V'S

Figure 9. Centers F and G demonstrate a
harmomiic relationship as shown by the three
intersections at point X. A true harmonic
analysis of the bottle should reveal countless
geametric relationships among all the foregoing
center points, For center F the vertical dimen-
sion is the same as for point E. %he horizental
dimension is determined by a root nine rectangle,
a diagonal, and a reciprocal ({to determine 1/10).
(Horizontal and radius measuring error: 0.09 mm.
Percent error: 0.2%). TFor center G, the verti-
cal dimension is the same as for point B. The
horizontal dimension is determined by a reot four
rectangle, a diagonal, and a reciprocal (to de-
termine 2/5+¥/4). (Horizontal and radius measur-
ing error: 0.3 mm, Percent error: 0.6%}.

Figure 8. For center E, the vertical dimen-
sion s équal to one-half of the Golden Section
(0.6180...) of a root one rectangle {square).
(Vertical measuring error: 0.6 mm. Percent
error: 5.2%). The horizontal dimension is de-
termined from a root five rectangle, a diagonal,
and a reciprocal (to determine 3/6*v5).. Point E
is_ the intersection of sequence lines and

(Horizontal and radius measuring error:
0.8 mm. Percent error: 1.2%).

Y , V8
+ % | |\
B 4 G R (
FIGURE 9 ¥h
1 5
i
—QEJ”WW"F R
¥ | o~
I
r‘. |
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Cock, Theordore [Sir)
Figure 10. The bottle is fluted by 10 The -Curves of Life
equal-tadins circles arcs. One side of a dec-
agon inscribed within a circle is equal to the
Golden Section (0.6180...) of the radius. With
the depth of the flutes specified as: 0.063

(1.59 mm) and the Gelden Section (0.5180...) Writer's Note: Ihe usage of the word symmet:
chord length geometrically determined as shown, is as used by ancient Greeks and
the radius and centers of the flutes may be is closer to the modern usage of
determined by routine gecmetric methods. the word proportion.

Engineering and Computer Graphics. The
Department of Mechanical Engineering-Engin-
eering Mechanics at Michigan Technological
University invites applicants for a tenure
track faculty appointment at the assistant
professor level in the area of engineering
and computer grahics. Applications should
have at least an M.S. degree in engineering
or related areas and have a strong background
in the area of interactive computer graphics
including 3D refresh and raster displays,
computer hardware and software. Industrial
engineering graphics experience, evidence of
inventiveness and other related accomplish-
jo B ments will be given special consideration.
Duties will include teaching at primarily the
undergraduate level with excellent potential
for development in the graduate program,
activity in specialty areas, and appropriate
course and laboratory development. Inter=-
ested persons should write to: David A.
Carlson, Department of Mechanical Engineering-
Engineering Mechanics, Michigan Technological
University, Houghton, Michigan 49931; Phone
(906) 487-2551 or 487-2292 and should include
a resume and the names and adresses of three
references. Will consider U.S. citizens
and permanent residents only. Michigan
Technological University is an equal oppor-
tunity educational institution/equal oppro-
tunity employer.
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DESIGNING A CAM BY
MEANS OF A COMPUTER

Yaagov (Jack) Arwas
TECHNICN-Israel Inst. of Tech.
Department of Mathematics
Haifa, Israel

DMIN . DMIN+DMVT

¥ | ~— k‘\\
/
/
.// FOLLOWER
b 4
N\
- '
"‘--..{._.__-—- CAM_PROFILE
P|+CH CURVE
fig.1 CAM DESIGN
In most cases, the design of a cam pro- CAM DESIGN: If we assume, for a plate cam, as

file does not present a difficult problem,

h : shown in Fig. 1:
except for the tedlous work required in tra- &

cing the actual profile, once the pitch curve C = cam roFation cente;
has been calculated and drawn. P = any point on the pitch curve
DMIN = minimum distance CP

Here is z typical example, where the ser- DMVT = length of follower movement
viceg of a computer and its plotter could be T = angle of CP with horizontal axis.
called upon to produce rapidly and accurately FR = folleower radius,
a drawing of both the pitch curve and the cam
profile, in addition to the output of a list we can establish the coordinates of point P in
showing precise distances from the cam rota- relation to the system X,y as:
tion center to the pitch curve, in relation
to the angular movement of the cam. XP = XC + CP # 0gs(T)

YP = YC + CP #* SIN(T)
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In general practice, the shape of the pitech
curve is obtained after establishing the values
of DMIN, DMVT and the motion variation, that
is the function of the follower movement in re-
lation to the cam rotation angle T.

The cam profile is obtained by drawing
the tangent curve to a series of circles
centered on the piteh curve and having FR
as a radius,

It is obvious that the design engineer is
limited to the accurace of his drafting instru-
ments in drawing the pitch curve corresponding
to his calculations, and the subsequent circles
- or arecs - centered on the pitch curve, in
order to obtain the cam profile.

On the other hand, the computer could dig
into its "library" for the program fitting

MOTION PROGRAMMING :

the particular motion, and all the design
engineer has left toc do, is supply th pertine
nent data to characterize the size and shape
of the cam.

Thus, through the computer plotter, a
drawing is produced within minutes, in which
the accuracy e¢f the calculations is far be-
yond any practicael requirements and in which
the cam profile is obtained by means of a
tremendous number of FR circles - or arcg =
in the number of 360 or more.

As previously mentioned, a list of (P
distances could also be supplied in rela-
tion to every 1,2 . 5 degrees of rota-
tion of the cam, for possible sharpness cor-
rections of the pitch line by the design
engineer, in addition to his other consider-
ations.

The most common forms of

the follower motions could be programmed as
SUBROUTINES without great difficulty.

&

3 —

3 )

5 |

8 | Movement

« ‘ of
| follower
| L
o0 180”

Angular movement of cam
fig. 2 UNIFORM MOTION
{1) Uniform Motion, in which, of course, T=(I-1)%DT
the distance from the cam rosation Q=1

center to the pitch line increases or
decreases uniformly, as shown analy-
tically in Fig. 2.

The corresponding part of a typical sub-
routine would read in FORTRAN:

DT=6.28319/(2%N) --- angle incr.

M=2%N+1 -—— gompl.rot.
divisions

J=N+1 -—- div, in 180°

Dg 10 I=1,M -—- starting a
loop.
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IF(I.GT.J)Q=-1
SIZE=DMIN+Q#DMVT-Q¥DMVT*{(I~-1)/N
IP=XC+SIZE*CES(T) -—- this is length
CP

pitch coordinates
list output

YP=YC+SIZE*SIN(T) -
WRITE(6,1)T,SIZE,XP,YP

CALL PL@T ---- -- drawing the pitch
_____________ curve
CALL CIRCLE--
-—- for cam
(#R)CALL ARC---~—- profite

10 CONTINUE ==~ end of loop



(2) Harmonic Motion, in which the distance
from tne cam rotation center tc the pitch
line increases or decreases harmonically
- cogine curve -, as shown in Fig. 3.

The corresponding part cf a typical sub-
routine would read:

og 20 I=1,M

T=({I-1)}*DT
SIZR=DMIN+0 . S*DMVT#* {1+C@S (1))
XP=XC+SIZE*CES(T)
YP=YC+SIZE#SIN(T}

CALL CIRGLE ---
v v - ./— >——\
20 CENTINUE :

follower

Jl s
a /l \.9o°
@ l i
2
: | /
! ; : o
,//’/| | | \\\,,//%o
) i ! [ l Il o
] 1 1 [ | ] =
ao® s0” 9c° " 180°
Angular movement of cam
fig. 3  HARMONIC MOTION
{3) Uniformly accelerated or retarded moticn, 1
in which the distance from the cam ro- / 3

tation center to the piteh line, varies
in an arithmetic progression form with
its elements increasing or decreasing
in value, by cycles, as shown in Fig. 4.

The correspending part of a typical sub- 1

routine would read: /|
b \ 1
EL=2#DMVT/{N*(1+N/2) --- assuming the | _T_ 5

const.diff.=1 ‘ ______1_.___,_____.

AGC=0. Zl_

Rise of follower

g 30 I=i,M _D./f J ' rl° . :_""1°
T={I-1)}#*DT o B0 180
%iﬁ{fﬂ' Anguiar movement of cam
L=33N/2+1 fig. 4 UNIFORMLY ACCELERATED WOTION

IF(I.IE.J)C¢ TF 310

IF(I.GT.J.AND.I.LE.K)G@# T¢ 320 320 e e

IF(I.GT.K.AND.%.LE.L)Gd ¢ 330 330 cmmmmm e

ACC=ACC+(M-I+1}¥EL 350 XP=KC+3

= IZE*CES(T)

SIZE=DMIN+DMVT/2+ACC YP=YC+3IZE#*3

g 350 I IN(T)
310 ACC=ACC+(I-1)¥*EL.

STZE=DMIN+DMVT-ACC 30 C@NTINUE
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COMPUTER OUTPUT: Feeding the specific Pro-
gram to the computer would lead to an output
of both the drawing of the cam correspond-
ing to the given data, and a list of CP dis-
tances in relaticn to angle T. Figures 5,
7 and 9 show the cam profile for various
Figures 6, 8 and
10 show part of CP lists for 5 degree in-

motions of the follower.

crements of angle

ponding XP, YP pitch coordinates.

fig. 5 CAM PROFILE FOR UNIFORM MOTION
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REMARKES :

(1) The previous calculations apply *o
plate cams., However, the same principles
could be applied to cylindrical cams, in
which more than one complete turn could be
considered, as long as the feollower returns
to its starting point.

(2) Turthermore, a ccmbination of mctions
could be considered to sult the design re-
quirements. The pertinent computer. programs
could be applied if the leoops therein com-
plete one another,

Here again, a list of CP distances could
be cobtained, as well as the plotting of the
development of the pitch line in diagram
form.

(3) AIthough no reference was made to motions
other than the most common mentioned, it is
evident that other motions, such as that of

an offset or reocker follower - movements out-
side the cam axis - could be considered, 1.e.,
programmed, as long as the motion function
and its trajectory are well defined.

fig. 9 CAM PROFILE FOR UNIFORMLY ACCELERATED MOTION
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SOME QUESTIONS AND ANSWERS

Richard E. Xeebler

Norman Buchanan

The Pennsylvania State University
Unlversity Park, PA

How often have you wondered how graphics
courses in other colleges or universitiss are
administered and taught? We recently asked
some questions of those in charge of engineering
graphics at other institutions in an attempt
to satisfy our curiosity and perhaps provide
a basls for evaluating our program. You may
wish to compare your activities to ocur findings
alsco.

Copyright (© R. Keebler and N. Buchanan 1980
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We received 16 replies to questionnaires
gent out to 31 institutions, almost all using
the same graphics textbook -- Earle's Engi-
neering GQraphics, 3rd Edition, publighed by
Addison-Wesley. A summary of the replies is
given below. Please don't be dismayed if
some of the numbers dcon't seem to add up}
gome replies didn't answer all questions and
some questions were answered in slightly
different ways. Also, you should reccgnize
that responses were intended to represent
averages at each institution, Therefore,
the spreads of some answers from various
individual instructors might actually be
larger than the ranges of answers given in
the summary.

ENGINEERING GRAPHICS QUESTIONNATRE
RESPONSES

The answers to the following gquestions
use as an example a class of about 30 students
and the most usual methods used by instructors.
Underlined numbers represent frequencies of
given responses.

1. Title and zuthor of workbook, if one is

usged:

Graphics and Geometry 1, 2, or 3,
Earle, et al. - &

Graphics for Engineerz, FEarle -

(a,b,c}
(d)
(e)
(£}
(8)

I

Geometry for Engineers, Earie - 2

Local productions - 5

Graphics Communications, Analysis
and Design, Woeod and Pauli - 1

Degcriptive Geometry Worksheets,
Paré, et al. - 1

(n)

Technical Drawing Problems, Giesecke,
et al. - 1

(1)

(k)

2, For the typical course using the above
workbook, how many plates do you require
students to complete?

Drafting Fundamentals - 1

18-1, 24- 1, 32 to 35-1, 35 to 40-1, 40-4,
37-1, 45-1, 50-2, s5k-1, 61-1, 88-1

3. How many c¢lock hours a week does the class
meet?
3-2; "-"—Z: 4-5‘1: 5"2! 6"2) ?_l

4. How many weeks does the course run?
10“‘5! 114"1: 15‘2! 16"5! 1?_2

5. How many credits are given for this?

1—l| 2‘5, 3_§! 4‘2

6. For how many total credits do you use the
workbook?

2-3, 2.5-1, 3-3, 4-1
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11.

1z,

13~

1.

15,

16.

17.

What portions of the workbock do you find
most useful? (Letters in parentheses
refer to 1 above.)

Piate numbers: All-l(a, b, or c); depends
on student experience-1(a); 51 to 73-1(c);
28 to 36, 51-57-1(b); 18 to 25, 27 to 30,
33, 34, 36 to 38, 40 to 4B8-1(e); all- 1(g),
all {1

What portions have been found least useful?

Gl to 101,
26, 31,

Plate numbers:
91 to 99-1(b);
ch. 12-1{3)

104 to 106-1(c);
32, 35, 39-1(e);

How are lecture and drawing times appor-
tioned in an average class period?

% lecture {remainder drawing): 10 to 15-1,
10 to 50-1, 16- 1, 20- 4 25-1, 30-1, 33-2,
40-3, 50-1

Is homework required of students?
No-4, yes-12

If yes, what is the time {(minutes) reguired
for one daily homework assignment?

Varies-1, as requlred 1,

30_&': 40_&!
60 to 90-1, 90-1

60-3,

How are plates graded?
letter-3, number-13

What advantages do you see with that
system of grading?

Number- more flexibility, easy accumula-
tion and weighting at end of term, good
correlation to %, ete.

Letter- students know where they stand,
works best for me

What is the average time (minutes) spent
by the instructor grading a set of plates?
(Assume 30 plates for uniformity.)

10%-1, 25~1, 30~

1 1 1, 30 to 66-2, 60-3,
75-1, 90-4, 120-1,

180-1

How many students a term or semester are
congsidered a full load for one instructor?

22/course-1, 20 to 25-1, 24-1, 30 to k0-1,
60— -1, 70-1, ?75-1, 80- 1, 100- 1, 120-2,

140" to 150-1, 130 lower division, 30
upper lelslon—l

In correcting plates, are detailed com-
ments used or are errors noted only?

Comments-5, errors only-1, both-8,
ment and text reference "code"-1

com~

If comments are used, what do you estimate
is their relative value to the student
compared with noting errors only?

25% better-3, 50% better-10



18. What is your estimate of the value to
the student of returned, corrected
prlates?

100%{absolutely essentiall-12, 80%-1,
50%-1

19, What percentage of a student's final
grade is determined by tests or guizzes?

10'2: 20';;1 25‘_:_'-_., 33"29 35‘1! #O_ly
s50-%, 63-1, 67-1, 75-1

20. Are tests, gulzzes, etc. open book (in-
cluding ccmpleted plates) or closed
book?

Gpen-3, clesed-12, combination-1.
21. Is a project required of students at the
end of a course?

No-3, yes-13 (2 during term in one case)

22, If yes, 1s it an individual or team pro-
ject and what percentage of the final
grade does it represent?

Individual-5, team-6

2 plates werth-1, 5%-1, 106%-1, 15%-4,
25%-3, 33 1/3%-2, 35%-1

23. Is a final comprehensive exam given?

No-8 (2 mid-terms in 1 case), yes-7

24, Is any type of laboratory work, such as
"hands-on" experimental measurements
Iab, used in conjunction with the graphics
work?

No-13, yes-1 {(usually), drawing only-1

It can be seen that almest half of the res-
pondenis use one of Earle's workbooks in con-
Junction with his text. Whatever the plate
gource, however, the average number used is
45, given the 18 - 88 spread. Such a large
range could result from variations in the a-
mount of material on a plate, in the parts
of a plate actually used for a coursge, and
from the different lengths of the school terms.

There doesn't appear to be a sirong cor-
relation among questions three, four, and five.
Neither the number of weeks in a school term
nor the number of hours a class meets each
week seem to have a direct relationship to
the number of credits awarded for the course,
as shown in Figure 1. The variations may
be the result of different amounts of material
covered, different amounts of work required
outside of class {most do require homework),
or possibly different interpretations of the
-questions asked.

FIGURE 1
Meeks Hrs/wk Credits
10 3 4
4.5 1
5 3
& 3
i 4
14 4 2
15 5 3
& 2
& 2
16 3 3
L 3
6 2
6 2
6 3
17 5 3
6 3

Half of those using a number system of
grading use a ¢ or 1 to 10 scale. The
others each use a different scale, such as:
5 to 1, 12 to 0, 100 to 0, etec.

The large spread in numbers of students
considered a full load for one instructor for
one term is gquite interesting and not really
explainable., It may be that some cof the
smaller numbers represent only the graphics
portion of an otherwise larger load for an
instructor. Also the question might have been
interpreted to mean the rumber of gtudents
per course, which would result in some low
mumbers, The one reply indicatting 22 stu-
dents per course did not state how many courses
were involved so that the full instructor lcad
could not be determined.

As seen in question 16, most use comments
in correcting plates, only one indicating
they were not used. Oreother recorded “errors
only" but stated that comments were sometimes
used,

While most agreed that it was absolutely
essential to return plates to students, there
was a question as to the use made of them.
One remark offered was that about half the
students look at the grade only, that they
are interested not so much in what was missed
and why but mainly how much was missed. It
may be that others have similar cpinions that
simply were not expressed in their replies.

With the foregoing information it is hoped
that we have answered some questlions for the
reader. At least we hope to have provided a
basis for you to compare your graphics program
with what is being done in some other insti-
tutions.
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Thoge who responded to this survey are: GLASSBORC STATE COLLEGE
S.U.N, Y. COLLEGE AT Oswego

UNIVERSITY OF CALIFCORNIA, Berkeley UNIVERSITY OF TOLEDQ
CALIFORNTA STATE UNIVERSITY, Long Beach LOHICH UNIVERSITY

SANTA ROSA JUNIOR COLLEGE FENNSYLVANIA STATE UNIVERSITY
UNIVERSITY OF COLORADO, Boulder VILLANOVA UNIVERSITY

INDIANA INSTITUTE O0F TECHNCLOGY TEXAS A & M UNIVERSITY

KANSAS STATE UNIVERSITY
MICHIGAN STATE UNIVERSITY
MISSISSIPPI STATE UNIVERSITY
UNIVERSITY OF NEBRASKA, Omaha

MORE
Some /f Candid Camera from AMHERST 1980
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PREPARING FRESHMEN

FOR COMPUTER GRAPHICS

In the past, most schools introduced DAY TOPICS
their students to computer graphice in upper . .
level courses where the students already had 1 Introduction & Lettering
experience in both graphics and the ccmputer. ) Two-Dimensional Drawings.
Today more and more schools are interested Hazeltine 1500 Terminal.
in integrating the computer graphics work
into their basic graphics courses. The 3 Test I (one ?UFT)
University of Illinois at Chicago Circle Computer Facility & WYLBUR
has been using this integrated approach since 4 Oblique Drawing
1972. This paper will describe how, affer . )
many years of trial and errcr, the current 5 Computer Drawing Logic
méthod of teaching is belng used to bring 6 Multiview Drawing
students to computer graphics invelvement o L.
without any previous knowledge of computer 7 Multiview Principles
programming or graphics.. In fact, if the 8 Test IT (one hour)}
computer portlion did not in some way support Computer Drawn Multiviews
the graphical needs of the course, 1t was j
modified or eliminated from the course during 9 Necessary Views
the "evolution” of this material. 10 Line and Plane Relationships

First of all, one must recognize that ;goggitEE;TClpal Flanes of
implementing computer graphics into a graphics
course does not deazl only with student or 11 Locating Points and Lines in
instructor problems. The involvement with the Space (Principal Views only)
computer facility system and personnel is : ; ; s
usually a major stumbling block. There are 12 ég;igl?ﬁuigi?giya$§e&;?es =
a varliety of ways to get the students' names
into the computer memory so that they will 13 Auxiliary View Applications
have their own personal account to enable them 14 Test IIT (one hour)
to run their programs. The Circle facilit . .
has had a variety of ways of getting the siu— Computer Drawn fuxiliary Views.
dents into the system, and this fact has caused 15 Sections and Conventions
more problems than the actual learning of
computer graphics. At this point the graphics 16‘ Shop Procedures
persormel should not falter, nor become dig- 17 Working Drawings
couraged, They must work harder to limit : : :
the amount of aggravation (the students may 18 Professional Applications
have to goc through) in order to mzke this a 15 Drawing Control & Reproduction
satisfying experience for the students rather 20 Test IV {two hours)

than a frustrating one.

Francis Mosillo
University of Illinois
Chicago Circle
Chicago, Illinois

Figure 1 - Topic Qutline of Basic Graphics Course
with Introduction to Computer Graphics

Copyright (@ F.A. Mosillo, 1980 {Fach Day is a2 two-hour period)
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Basically the system facility at the Chica-
go Circle campus is as fcllows. First, they
must type their information onto a Hazeltine
1500 CRT terminal. The WYLBUR language is
used to process the programs through the com-
puter. Numbered bins are available for the
students to pick up their output material.
The use of the Hazeltine machines and the
WYLBUR language is a common item that the
students must use for all future courses uti-
lizing the computer. Therefore this parti-
cular experience is useful to the students
not c¢nly in the graphics course but in other
courses.

Teo make this process as painless as pos-
s8ible for the students, and yet not absorb a
great deal of graphics time, several programs
have been developed to expedite the students
through this system.

At the beginning of the second week of
classes, the student inputs a single line
program. The line of code looks as follows:

$J0B SYSEMON P=START

This one line of code gives the student ex-
perience on the Hazeltine machine, the WYLBUR
language, and the computer facilities system
for picking up output. It also is a check to
determine whether or not the student actually
has an active account in the system.

OQUTPUT OF THE START PROGRAH (VERSION STARTFF)
UPDRTED 7-31-79 BY DSL

CONGRATULATIONS. YOU HAUE SUCESSFULLY COMPLETED

PHASE | OF TH1S COHPUTER ASSIGHHEMY. IF YOU WISH,
LATO SYSTER TO TAKE LESSOHS

SE. THE INITIAL, "ORAWING®

LESSOH 15 A SINPLE INTRODUCTION TO HULTIVIEW

PICTORIAL DRAWING. READ THE

SHEET (DISTRIBUTED IM CLASS) FOR KCRE CETAILS.

P%gTG IS IM THE BASENENT OF BURNHAM HALL, ROOH

A5 PHASE 11, THE GRADE_AVERAGE PROGRAM M=
- .CONTAIN ALL OF ¥ et IENS TR
Tealgt's cost

Figure 2 - Cutput of START Program

The output that the student receives first
of all congratulates him for getting "through"
the system, and then introduces him/her to a
tutoring computer graphics system which can
teach those without any previous graphics
background a little bit more about graphics
itself, However, the primary information
received from this output is what is called
the grade average program. The ingtructions
give the format the students must use in de-
veloping a gimple 4 or 5 line "program” which
will give them a means of calculating their
grade throughout the quarter. This program
also gives them a projection of what their
final grade could be if they worked at a
specific level for the balance of the course.
This program looks as Tollows:
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$J0B SYSEMON P=GAFF

185 JONES, R.A. SECTICN B5 DESK 85 WN'S50
011 6.5

02 1 8.5

03 2 7.5

The output (Fig. 3) not only shows the student's
numerical average, but also a graph which shows
the letter grade at that point, as well as the

breakdown of the letter grade within the course.

185 JONES,R.A. SECTION RS DESE 85 WH'ao

*STUDENT INFUTS*

***GRAPH OF STUDENT'S DRILY AVERAGEX YA h#ax#
DAY UNITS GRADE AVERAGE 7 e

10

1 1 8.5
2 1 8.5
k) 2 7.5

85,00%
§$0,00%
§2.50%

+EEEEEEEEEEDD

ATTENDANCE AND QUALTITY ARE THE PRIMARY
INGREDIENTS FOR Rk GOOD GRARDE. MNOWEVER, ONE'S
GRADE AVERRGE MAY BE IMPROVED BY DOING REPLACEMENT
BXERCISES DURING THE LAST HRLF OF THE QUARTER,

IF LEVEL OF REMATINIRNG
WORK 15:
8.5 B4.04%

89.52%
94.159%
98.87%

FINAL AVERAGE
WILL BE:

ame

9.
9.
1a.

Figure 3 - Cutput of Grade Average Program

The computer assignments just described
are not to be done independently, but in parallel
with the instructor's choice of graphics tapics
such as lettering, sketching, drafting, pic-
torial drawings, graphs, etc¢, The class ses-
sion prior to the lecturing of multi-views,
for example, is one in which the students
are introduced to a computer graphics program
called SPACEVU. This material is not described
to the students as =a programming language, but
as a three-dimensional visualization mode of
thought.

0BJS AR

GFF A 0.0 2.0 2.5
ON B 0.0 0.0 2.5
ON C 3.0 0.0 2.5
ON 0 3,0 2.0 2.5
ON E 3.G 2.0 0.0
ON F 3.0 0.0 0,0
ON C :

OFF F

ON- G 0,0 0.0 0.0
ON B

OFF G

ON H 0.0 2.0 0.0
ON E

aFF H

ON A

ON D

Figure 4 - Object Development

That is, the students are introduced to Compu-~
ter Graphics logic which requires them to
visualize the path a gkywriting alrplane would
fellow to produce a three-dimensional line
object. The end points of the corners of



this object are located in space by using a
standard mathematical coordinate system in
three dimensions. Note that this computer
graphics experience utilizes the students'
previous knowledge of a mathematical coor-
dinate system as well as making them visua-
lize in three dimensional space. The com-
puter involvement here is minimized to intro-
duce the students tc computer graphics while
not only teaching them about the computer,
but graphics as well. The ocutput (Fig. 5)
from this simplified program gives them a
pictorial of their results that they have
visualized and typed into the computer,

and also gives them the six principal views
drawn in the reguired locations. The lec-
ture fellowing this introduction to computer

[T
d =] B[4
1

i " M A N ' a " " . i

rigure 5 ~ UUTPDUL Ul rilruvliarly deyveloped
Object .

graphics is an introduction to multi-views.
actually, at this point most students have
not picked up thelr ocutput from the computer
to see the pictorial and six principal views
drawn, sc¢ what is done in the classroom
(Fig. 6} is to draw the principal views of the
same object and then, at the next class ses-
sion, they can compare their drawn version
with their computer output. During this
period of study, the students have actually
learned about multi-views and are experienc-
ing computer graphics logic at the same

time which adds a little spice to the tra-
ditional topic.

[ rc-mzaay

FTE BLOCK
PHILIP ORINNEY] SECTION Far |pesw it

Spao]par i3f Graee

EE

s
=

S BRI

Figure 6 - Student Drawing of Expected
Output

About the fourth week of the gquarter
the final lscture on computer graphics is
given. The students already being aware
of the command that develops the object in
three dimensional space, are introduced at
this time to the manipulative commands which
translate, rotate, assemble, and scale (shrink
or enlarge) various datasets (objects). The
gtructures of these commands were designed
to further exercise the student's spatial
visualization faculties. That is, the de-
sired movement must be thought of (visu-
alized) as a three dimensional movement and
not as a flattened shape on a flat sheet
of paper. None of the above commands "do"
any drawing. The command which states what
view is to be drawn and where it is to be
drawn on the paper, is a two-dimensional
command which measures the student's abili-
ty to place views in prejection and recog-
nize, among other things, the orientation
of each view,

1]

i ——
=
o —]

—
Q

TRAN AR 0.0 2.0 0.0 BB

Figure 7 - 0Object Translated in Three-
Dimensicnal Space.

RGTR AA X -S0.0 BB

Figure 8 - Object Rotated about the
X-Coordinate Axis.
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HULT RA C.3 BB

Figure 9 - Three-Dimensional Shrinking of

Object.

[\
|

%

ASHE 22
RA

BB
cC
oo

Figure 10 - The Combining of Previously
Fatablished Objects into one
Dataset.

=
=

S

o
ﬂijfi;! AIGHT SI0E VITH
nl

=

YIEW RA 2.25 7.5 FRONT
YIEW AR 2.25 2.5 BETTOM
VIEW AR 12.0 7.5 RTSIDE

BG/PLOTTING §
Fa " A i A A 'y A A A A 1

Figure 11 - Multiview Presentation.

The balance of the quarter can be used
to teach any of the traditional graphics to-
pics with or without the computer. However,
experience has shown that students are wil-
ling to spend many extra hours working on
these traditional graphics areas using the
computer rather than working hours on draw-
ing them by hand. How this is handled is,
of course, at the discretion of the instruc-
tor, but experience will again show that
more will be learned by giving the students
additional experience on the computer in
parallel with the traditional graphics work.
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PRACTICAL CLASSROOM
COMPUTER GRAPHICS

The idea of teaching computer graphics
in the engineering freshman class room is
disturting to most graphies instructors.
Lack of familiarity with the computer and
computer science, and the "bugaboc" of the
many machine languages and methods of pro-
gramming contribute in large measure to
this. The lack of sophisticated equipment
Tor graphic output and familiarity with
its use is also a deterrant.

The difficulties involved in teaching
computer graphics in the freshman class room
have largely been overcome at Mississippi
Stale University. This was accomplighed by
building on and refining the use of DRAWIL
(short for Draw Language) and DRAWI, software.
The DRAWL wasg originally developed at the
University of Michigan as a sub-routine of
Fortran IV by Professor B. Herzog, to enable
the use tc program the drawing of an object
on the computer-plotter., The prepared calling
statements include supplementary code words
or commands which allow the user to define
objects in terms of points and lines in space,
combine objects into assemblies, and mani-
pulate these objects or assemblies into
various positions and views to produce graphi-
cal output of the results, such as drawings
made by a plotter. The emphasis is on the
plamning of graphical compositions {drawings}
and not on computer programming as such. -

The graphics student with little or no
computer science knowledge or programming
8kill can -- with the use of DRAWL -- soon
be producing multiview and three-dimensional
pictorial plotter drawings. This has been
demonstrated at Mississippi State University
where the author, over a period of several
years, has expanded the use of DRAWL and de-
veloped a full semester course of instruction
in computer graphics.

Wilbur B. Pearson
Assoc., Prof. Emeritus

Mississippi State University
Miss, State, NS

+ Lectures outlining step-by-step pro-
cedure in programming the drawing of
objects of various two- and three—
dimensional shapes, followad by "hands
on" laboratory experience with the
computer-plotter.

Exercises in plotting shapes, and the
manipulation of geometric ghapes in
space to obtain specific orientation
of various views.

» Example guide problems are included
in the text for easy reference on any
and all procedures.

For two years, now, two weeks of instruc-
tion in computer graphiecs has been included
in the second semester course in engineering
degign graphics for all engineering freshmen
at Mississippl State University., The text
(2) being used was prepared by the author
to include only the abbreviated method of
programming drawings by means of DRAWL data
cards. The results have been most gratifying.
Students develop a capabllity to prepare
Tylly dimensioned multiview and plctorial
drawings of simple industrial type objects
during this time.

The text {1) now being used for this course

was developed by the author from his notes,
based upon documentation of his work in
computer graphics over the past several years.
The method of teaching and the description

of activities are as follows:

Copyright @ W.B.Pearscn, 1980
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Follewing is an outline for instruction
of computer graphics for freshman graphics
classes. Each item represents a lecture sub-
ject, and corresponds to a chapter heading.
in the text. Appropriate class room time is
given following each lecture for workshop in
that phase of instruction. Each workshop
period involves a further step in the eXe-
cution of 2 computer graphics drawing.

¢ Introduction and Two-Dimensicnal
Drawing.

« Transformations, Three-Dimensional
Drawing, Collection of Parts into
Assemblies

DRAWL Library of Parts, Scaling,
Dimensioning

+ Envelope of Lines, Perspective
Drawing.

Overlaying of Drawings, CalComp
Plotter.
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An electrostatic type plotter located in
the University Computing Center has been avall-
able for use by the student. Although the
overall plot size produced is small (10"xi0")
this has served well as z graphic output de-
vice for student work since plots are gene-
rated instantaneously. Through a National
Science Foundation Grant, the author sought
and obtained approval for the ingtallation
of a drum type plotter. This plotter was
operable by the 1979 Spring semester, and
greatly enhanced the work in computer graphics.
Becauge of the greater time and eXpense re-
quired’ to operate this plotter, only selected
final drawings are run on this machine.

The drum plotter installation includes a
small cathode ray tube for communication
with the computer center. Work is presentiy
going forward to program the system to dis-
play a programmed drawing on the tube. In
this way a drawing may be checked out before
being drawn on the plotter.



The foregoing shows how a modest system
for teaching computer graphics may be im-
proved and enhanced as means become avail-
able. However, emphasis is made here that
work toward a computer graphics capability
was begun at Mississippi State before a
plotter of any sort wag available. At the
gtart, the computer was programmed to print-
plot, with asterisks, the points generated
in the program of a drawing. By visualiz-
ing the imaginary lines connescting these
points, the drawing could be reviewed and
checked for accuracy. In the interest of
economy, a plan is presently being considered
to revert to print-plotting (the drawing,
in asterisks, appears with the program on
regular print-out paper) for the bulk of
student exercises, reserving the plotter
for more important final drawings.

Mississippi State University, like
many other medium-to-large institutions,
has found thd implementation of computer
education for students in this computer
age is not only expensive in computer time
involved, but also it is enormously expensive
in maintaining the necessary equipment for
student use. Traditionally, the "batch-card"
method has always been used for educaticn
and researchjy but, key-punch machines are
mis-used, abused and eventually wear out.
Card-readers become antiguated and costly
to maintain; and as always, personnel in
nen-terured positions move on to better op-
portunities offered by industry. Therefore,
plans are underway to replace all of the
key-punch/card readers on the main campus
with CRT congsocles for every department which
uses the main computer facility. How this
change-over will affect the computer graphics
program at Mississippl State University is
a gquestion which will only be answered in
time.

Other computer graphics systems involving
mini-computers with their own software or
languages are now being offered on the market.
Some departments on this campus have already
purchased such hardware/software for their
own teaching and research requirements.
However, none of the systems seem to have
the capability that the DRAWL language has.
Discretion should be employed when consider-
ing these systems to avoid possible limita-
tions. Capability for three-dimensional work,
curve-fitting, annotations and dimensions, etc.
should be investigated.

The DRAWL language has been tested and
proven in the class room. It makes use of
the .capacity of central computer. The
DRAWL software can be made available with ad-
Justments to suit most approved type compu-
ter systems. It is an extrememly powerful,
¥et simple to use language for drawing compo-
sition. It provides an infinite variety for
three dimensional work in pictorials. For
these reasons and because of the experience
outlined in this article, the DRAWL is recom-
mended as a machine language for teaching
computer graphics.

Finally, it dwuld be evident from all of
the above that highly sophisticated equipment
is not essential to the teaching of practical
class room computer graphics.

REFERENCES

(1) Practical Computer Graphics, published by
W.B. Pearson, c 1979

(2) Computer/Plotter Drawing with DRAWL
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ENGINEERING DESIGN GRAPHICS JOURNAL Fall 1980 / 71



ROBERT "PAT" KELSO
ASSISTANT EDITCR
Department of Industrial
Engineering and
Computer Science
Louisiana Tech University
Ruston, LA

Shown;

@8 right circular cone with its apex R & its base circle io
the plane P;

aan arbitrary point M on the base circie of the cone {-the
position of the peint M varies);

#a Fixed point A outside the cone;

wthe bisector RB of the angle ARM;

sthe peint N of intersection of RP with the base plane P.

F . Required: To demonptrate {prove) that, for &11 points M on the
'ND A base circle of the coone, the locus of points N is & circle.

We have two new puzzles this time; No. 1 is
a supgestion from Dick Leubs of North Carolina
State University and No. Z is from Abe Rotenberg
of the University of Melbourne, Australiz. Our
own approach to Abe's puzzle 1s to plot piercing
points to "see" if they form a circle but Abe
makes the point that just because they might look
like they form a circle doesn't mean they.do form
a circle. He says a proof/demonstration exists
without resorting to inductive reasoning.

Mail solutions before March 1, 1581 to:

Robert P. Kelso

Assistant Editor

ENGINEERING DESIGN GRAPHIC JOURNAL
Dept. of Industrial Engineering and
Computer Science

Louisiana Tech University

Ruston, LA 71272

We want to thank Walter Brown of Santa Rosa
Junior College, Santa Rosa, California, for in-
spiring the Spring '80 problem.

72/ ENGINEERING DESIGN GRAPHICS JOURNAL Fall 1980



Fig. 1 (a pictorial) and Fig. 2 are from Chi-
i Lin of The Anhwei Institute of Techmology,
the P. R. of China, and is the General Solution
to the Spring '80 puzzle. bc and de are the
given lines. Line ab is constructed parallel
and equal-length to de. (For clarity de is
not projected into the auxiliaries but if done
so will always appear equal-length and parallel
to ab including the final auxiliary where a
typical solution is seen.) In order to achieve
the view such that the apparent lengths ratio
of the two lines is, say, 2:3, point g is located
on ab such that it divides ab into a length one-
halT of ab and point k is located on bc such
that it divides bc into a length one-third of
bc. Line gk is drawn and a (elliptical) cone
15 constructed with apex at b and a circular
base plane perpendicular to gk at midpoint M.
The determination of the diameter length is~
apparent from the Fig. 1 pictorial. The elements
of this cone represent all the lines-of-sight
which will yield all of the solution views,
i.e., it is the General Solution.

FIGURE |

dy %

1

FIGURE 2
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For comparison, Fig. 3 is a rerun of the
General Solution such that any pair of nonparallel
lines will appear equal-length, i.e., the
"specified” ratio is 1:1. (We call it the
Rotenberg Equal Length General Solution after
its originaior, Abe Rotenberg.)

) FIGURE 3

Spring 1980 Puzzle

Given: Adjacent orthographic views
of two skew 1ines in general
positions and of general
lengths.

Determine: An orthographic view(s)
Base of coné L cK such.that the apparent
tengths of the given Tines

BN .y —given rato are of a specified ratio.

— =

48

BL - direction of .
viewing reqgar

ed

A8 » DE — guven fnes Fip. 4 is Abe's solution to the Spring '80
puzzle. Note the 'reciprocal™ type approach
as compared to Chi-Di Lin's.

FIGURE &
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Fig. 5 is a "filler" which ran in the
Winter '79 issue. Additional solutions to Fig.
3 are shown in Fig. 6 and are from Mr, Wang
Shu of the China University of Science an

Technolo Hefei, Anhui, The Peoples Republic
of China, ’ ’

? (Draw the Top View)

Fig. 7 is also from Wang Shu and is closely
related to the Fig. 6 problem, Ihs graphics
are as. elegant as his solutions. They are drawn

very nearly to the size seen reproduced here.
These solutions seem to lead to Fig. 8. Does
a solution exist and if so is theTe a limit to
the number of concentric circles for which
FRONT RSY solutions exist?

FIGURE 5
AN

FIGURE 6

NN
N\

FIGURE 7

Not a sphere
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7 {Draw the Top View)

FIGURE 8

For the Perplexahedron addicts -- and this
includes me, (sée EDGJ, vol. 43, No. 1 to Vol.
44, No. 2) there are two new solutions, these
from Chi-Di Lin: Fig. 9 and Fig. 11. All
previous "no calculations” solutions rely on
determining the line-of-intersection between two
elliptical cones by standard cutting plane
methods which means plotting an elliptical
curve which inevitably means some degree of
tapproximation'. Chi-Di Lin aveids this by
using the phenomenon that copjugate axes of
an ellipse project as appearing perpendicular
and equal-length in the view where the ellipse
projects as appearing as a circle.

] R
Bl _TL -

23

3o

FIGURE 9
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In Fig. 9, ABC is one of the plames of the
Perplexahedron.” Chi-Di Lin treats AB and AC
as conjugate axes radii of some undrawnm
ellipse. Then by Plane Geometry techniques
(see Fig. 11} he constructs the major axis
(radiﬁ, AK, of that ellipse. This major
axis corresponds to the line-of-intersection
between the two cones in the top view. The
problem is then solved by completing the view
in which the line-of-intersection appears as
a point.

The reason the major axis corresponds to
the line of intersection in the top view,
Chi-Di Lin argues, is that when the ellipse
Is viewed as a circle the line of sight will
be parallel to a (cutting) plane which-must-
be-perpendicular-to-the-plane-of-the-ellipse-
and-which-mist-also-intersect-the-plane-of-

CUTFING FLANE

FIGURE 10

the-ellipse-along-the-major-axis. Fig. 10.

It follows, then, that the line of sight will
be the line of intersection this plane makes
with either or both of the two General

Solution cones (the "Rotenberg Parallel Lines
Cone' and/or the " 'Corner's Perpendicular Lines
Cone') which is to say that the lines of
intersection created by the cutting plane are
also the lines of intersection between the

two cones!



1. AD=AC. D is on CB extended.
DO=0B.

With ¢ as the center and OA as the radius,
strike a circle arc intersecting CB ex-
tended at E and F.

4, Then BE=AK:|— major axis and FB=AG¢1— minar
axis 2 Z

5. AG=AG (The ellipse needn't be constructed.)

FIGURE Il

In Fig. 11 the first auxiliary is achieved
by projecting perpendicular-to-the-major-
axis-AK-and-parallel-to-the-minor-axis-AG in
order to keep the major axis TL and also show
the minor axis as a point in the EV-of-the-
plane-of-the-ellipse. The problem then becomes
one of finding the direction of projection such
that the major axis AK will appear foreshortened
to equal (the TL of) the minor axis length AG
in order to achieve the circle view of the ~
ellipse {which is where the conjugate axis, AB
and AC, will also appear perpendicular and =~
equal-length,} This is accomplished by striking
a circle arc of radius length equal to AG,

AG, from one end, A, of the major axis and
projecting from the other end, K, in a direction
which is perpendicular to AG, i.e., tangent

to the arc.
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Chi-Di Lin also furnishes another solution,
C B G K Fig. 17, based on a calculation that shows
/2™ length my - b, is equal to the golden section
(.618...% of the unit length & and shows the
geometry which yields that length as it is
FIGURE |12 applied to the Perplexahedron.

Since several solvers have used that
calculation it is shown here as submitted by
Dick Leuba: Fig. 13.

'See ya in the spring issue.
PAT

2 - Pythagorean expressions
fP+m” = d from the diagram

combining these formula and simplifying...

54»31n252+m4=0

letting s = 1...

M n? s el =0

applying the quadratic formula and solving for m,...
3+ 45
AV B )

s =1 m o, = +1.622 ...

_ m +0.618 ... (/3 - /5
h=+v2 3,4 z _2__)

since m < s, and since m is positive...

i

= 0.618...0r

3 -
_2__

it

=R

FIGURE 13
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Time-honored texts in engineering graphics that

keep pace with the times!

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

by James S. Rising and Maurice W. Alm-
feldt, formerly lowa State University, and
Paul S. Dedong, fowa Stafe University
1977 /448 pages/Paper/$12.95

ISBN 0-8403-1593-7

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

| e e T S o -

Please send me a copy of

Engineering Graphics by Rising e:[

al,

Engineering Graphics Problem
Book by Sanders et al.

for adoption consideration

____ for 30 days’ free exam. {I understand
that | may return my copy within 30 days
without obligation.)

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

1977 /126 pages/Paper/$8.95

ISBN 0-8403-1658-5

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

Dept.

School

Address

City State/ZIP

Kendail/Hunt Publishing Company

KiH

2460 Kerper Boulevard

Dubuque, 1A 52001
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