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Time-honored exts in engineering graphics that

kKeep pace with the times!

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

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

ISBN 0-8403-1593-7

The fifth edition of Engineering Graphics offers
an integrated introduction to technical 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. Ail in all, it’s the kind of text to
choose for your beginning engineering drawing
course.

Flease send me a copy of

Engineering Graphics by Rising et
al,

Engineering Graphics Problem
Book by Sanders et al.

for adoption consideration

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

Engineering Graphics Problem Book
by C. Gordon Sanders, Carl A. Arnbal,
and Joe V. Crawford, 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 contains the-
oretical and practical application problems on
the fundamentals of graphics and descriptive
geomefry. 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.

——— ) ;) o A A T WAL o (0 P M Y P —— v

Name

Dept.

School

Address

City State/ZIP

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

F79-316a
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For your courses in graphics
and design...

THIRD EDITION

by the late FREDERICK E. GIESECKE, the late ALVA MITCHELL, and the late HENRY CECIL SPENCER,
IVAN LEROY HILL, ROBERT OLIN LOVING, and JOHN THOMAS DYGDON

806 pp. (approx.) ISBN (-02-342620-1

FEngineering Graphics combines technical drawing
and design with descriptive geometry and graphical
computation and has been revised in accordance
with current ANSI standards. The design function of
the engineer is stressed throughout the text to
compliment the current educational emphasis on
that area,

Engineering Graphics is divided into three
parts—

Part One introduces students to graphical language

Supplementing the text...

and design concepts, instrumental drawing, letter,

geometric construction and sketching.

@ An outstanding fearure of this section is its em-
phasis on technical sketching.

Part Two includes chapters on descriptive geometry

which have been thoroughly revised to be consistent

with the latest ANSI standards.

Part Three contains chapters on graphs, alignment

charts, empirical equation, and graphical mathe-

marics.

Engineering Graphics Problems, series I, 3/e

by the late HENRY CECIL SPENCER, IVAN LEROY HILL, ROBERT OLIN LOVING,

and JOHN THOMAS DYGDON

The problem sheets provide coverage of the funda-
mentals of technical drawing and design, descriptive
geometry, graphs, and graphical computaticn. The
problems shown are based upon actual industrial

design and are in accordance with American
National Standard Y14,

An Instructors Manual with solutions to the work-
book problems is also available.




Technical Drawing

SEVENTH EDITION

by the late FREDERICK E. GIESECKE, the late AIVA MITCHELL, the late HENRY CECIL SPENCER,
VAN LEROY HILL, Ilinois Institute of Technology, and JOHN THOMAS DYGDON,

Mlinois Institute of Technology
868 pp.  ISBN 0-02-342610-1

The Seventh Edition, like its predecessors, offers the
clearest and most up-to-date presentation of techni-
cal drawing yet to be published.

Students are first introduced to graphical language
and design concepts, instrumental drawing, letter-
ing, geometric constructions, free-hand sketching
and shape description, and muliiview projection. All
areas of engineering drawings follow, making Tech-
nical Drawing a complete teaching unit. An abun-
dance of meticulous illustrations—over 1200—
logically depict the material. Many of these illustra-
tions are in step-by-step format to guide students in
the development of design.

Features:

@ a wealth of problems

metric measure

an emphasis on technical sketching

a complete chapter on multiview drawing

an emphasis on the design function of the

engineer

New to the Seventh Edition:

@ metric measure is usually introduced simul-
taneously with the customary units

@ cxtensive use of metric dimensioning in
illustrations

@ many problems (about 50% ) are now in metric
measure

@ metric tables have been added for fasteners,
threads, and drills

@ 2 revised chapter on electronic drawing

Technical Drawing Problems—

Three workbooks have been des1gned to supple-
ment Technical Drawing, Seventh Edition. They
effectively reinforce class lectures. The problems
offer a wide range of applications in engineering
drawing and graphics based on actual industrial
designs.

Series 1, in its Fifth Edition, contains adequate
coverage of decimal to metric dimensions. Empha-
sis is on freehand sketching with problems ranging
from simple to complex.

Series 2, now in its Fourth Edition, offers heavier
coverage of decimal to metric dimensions. The book
has many design lavout problems.

Series 3, now in its Third Edition, presents a very
heavy concentration of metrics. It provides the nec-
essary foundations for conceptual design activities
needed in many technical courses.

An Imstructor’s Manual is available for each of
the workbooks, gratis. It contains solutions and final
drawings for worksheets.

Also available. ..

and 1L. HILL, illinois Institute of Technology
160pp. PB

This workbook offers many practical applications of
descriptive geometry, most of which were
suggested by a variety of industrial concerns.

The Fourth Edidon is completely metric and

AND—

This Key conrains alt of the problem sotutions
for Descriptive Geometry Worksheels,

The new Fourth Edition of
DESCRIPTIVE GEOMETRY WORKSHEETS, Series B

By E.G. PARE, Washington State University, R.O. LOVING, Illinois Institute of Technology,

Key to Descriptive Geometry Worksheets

every problem is new, It contains innovative projects
that involve shade and shadows, and intersections
in isometric, oblique, and perspective pictorials.

Series B, Fourth Edition and is available upon adop-
ton of the main book.

Macmillan Publishing Co., Inc.

866 THIRD AVENUE, NEW YORK, N.Y. 10022




Gecmetric dimensioning and tolerancing
ensures maximum producibility of parts through
maximum production tolerances. # communi-
cates design dimensicnal 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
invoived with drawings should have a working
knowledge of geometric tolerancing technigues.

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

Geo-Metrics #l covers rules, symbology, appli-
cation, datums, and meaning of form, run-out,
and location tolerances. It conforms to the prin-
ciples of the most recent USA standard —
“Dimensioning and Tolerancing for Engineering
Drawings” (ANS| ¥14.5-1973), It emphasizes
international methodology, as contained in ANSI
¥14.5-1973, to achieve maximum harmaonization
of USA and ISO practices.

Geo-Metrics N is based on Mr. Foster's widely
used and acclaimed 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 also a
complete and handy reference.

Geo-Metrics Bl focuses on the need for clear
coemmunication of engineering design require-
ments and for advantagecus production and
inspection follow-through. It can mean significant
savings in time and money for you.

(01936) 296 pp. $13.95

If you would like to examine a complimentary
copy of Geo-Metrics H 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.

4

Business and Professional Division
Addison-Wesley Publishing Company, Inc.
Reading, Massachusetts 01867
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you do.

Besigned for
ARCHITECTS,
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CDMKERCIAL ARTISTS,

Also for
LIGHT BOXES
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Get The ArtGadi Habit

and be more efﬁc:en# at the job

DHAWING DESK
TOOL HOLDER
Plus “PiggyBack” |

for Felt Markers
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hand tools that you
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# Comes in three parts.
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Engineering Design Graphics Journal
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airbrush.
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l Engineering Design Graphics Journal I
John T. Demel, CIRCULATION MANAGER
The Ohic State University
2070 Neil Avenue

Columbusg, OH 43210
1 }
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practicioners of Engineering Oraphics,
Computer Graphies, and Deaign Graph-
igs, and Creative Design.

The views and opinions expraessed by
the individual authers do not nec-
essarily reflesct the editorial policy
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OBJECTIVES =

The objectives of the JOURMAL are:
1. To publish articles of interest
to teachers and practitioners of Engin-
eering Graphice, Computer Graphice
and subjecls allied to Tfundamentals

of engineering.

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

5. To encourage teachers of Graphics
to innovate on, experiment with, and
tegt appropriate techniques and toples
to further improve gquality of and
modernize lnstruction and courses.

4, To encourage research, develcp-
meént, and refinement of theory and
applications of engineering graphics
for vnderstanding and practice.

DEADLINES FOR AUTHORS ARD ARYERTISERS

The follewing deadlines for the sub-
migsion of articles, announcements,
or advertising for the three issues
of the JOURNAL are:

Fall . + «+ « + + . . September 13
Winter . . . . December 1
S3pring + v + + . .+ . February 15

EDGD MIDYEAR CONFERENGES

1981 - The University of Louisvills
Louisville, EY

1982 - Celifornia Polytechnic Univ,
Pomona, CA
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STYLE GUIDE FOR JOURNAT AUTHORS

The Editor welcomes articles submid-
ted for publication in the JOURWAL. The
follewing is an author atyls gulde for
the Lenefit of anyone wishing to contri-
bute materisl to the ENGINEERING DESIGN
GRAFHICS JOURNAL. TIn order to save
time, expedite the mechanics of publi-
cation, and avoid confusion, please
adhere to these guidelines.

L. A11 copy is to be typed, double-
spaced, on one gide oniy, on white
paper, using a black ribbon.

2. All pages of the mamuscript are
to be consecutively numbered,

3. Twg copies of each manuscript
are required.

4. Refer to all graphs, diagrams,
photographs, or illustrations in your
text as Figure 1, Figurs 2, etc. [}

Be sure to identify all material
aceordingly, sither on the fromt or
back of each.

Illystrations cannot be redrawn; the
-are reproduced directly from submitted
material and will bBe reduced to fit

the columnar page,

Accordingly, be sure all lines are
sharply drawn, all notationa are le-
gible, reproduction black is used through—
out, and that everything is clesn and
unfolded. Do not submit illustrations
Larger than 198 x 280 mm. If necessary,
mzke 198 x 280 or smaller photocopies
for submisgion.

5. 3ubmit & recent photograph (head
to thest) showing youT natural pose,
Make sure your name and address is on
the reverase side. Thotegraphs, along
with other subtmitted material carmot

be returned, unless postaze is prepaid,

6. Pleage make all changes in your
manugeript prior to submitting it.
Check carefully spelling, strueture,
and clarify o avoid ambiguity and
maximize contimuity of thought. Proof-
reading will be done by the editorial
gtaff. Galley proofs camot be sub-
mitted t0 euthors for review.

7. Enclose all material unfolded in
a large =ize envelops. Usge heavy card-
baard to prevent bending.

B. A1l articles shall be written
using Metric—S5I units. Common mea-
surements are permissible only at the
discretion of the editorial staff,

%. Sepnd all materisl, in one mailing
Mary A&. Jasper, Editer
P.0. Drawer HT
Misz. State University
Miss. State, M& 39762

REVIEW OF ARTICLES

A£11 ardicles sutmitted will be re-
viewed by several authorities in the
field associated with the content of
¢ach paper before acceptance. Gur-
rent newsworty items will not be
reviewed in this manner, bt will be
accepted at the diseretion of the
editors.

NOTE: The editor, slthough responsible
for copy as it is published, begs for-
giveness Tor all typegraphical mistakes,
mis-gpelled words and amy goofs in general.
Typing is done mostly by non-preofessional
word processors who either are gtill in
high school or are not trained in profes-
sional word processing. Thank you for
your patience.
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(with apslogies to SHOR)

Many thanks to ERNEST R. WEIDHAAS,
(Assistant Dean for Commonwealth Campus-
eg, the Pennsylvania State University) and
his son, MARK, for the extraordinary
cover photograph of the butterflies.
Purists may say that "These are not truly
orthographic, as the butterflies do not
project horizontally!" The Journal be-
lieves that truly orthographic or not,
even the black and white photo deserves
special recognition. But, oh -- if
you could have seen the color photograph!
Unfortunately, the Journal budget does
not permit a full-color cover. Again,
thanks to Mark Weidhaas (for capturing
Nature's best) and to Dean Weidhaas for
thinking of his friends at the Journal.

This issue is another ''theme” issue
with articles on basic graphic technigues,
theoretical graphics, and descriptive
geometry. Of major interest is a trans-
lation from the French of Monge's two-
view solution of the shortest perpendi-
cular distance between two skew lines.

A more modern two-view solution based
on the plane method is set forth in the

article following the translation. Authors/

Translators are LEIDEL, YING and REYNOLDS
(University of Wisconson-Madison). 1In
additicen, descriptive beometry buffs will
find several solutions for Kelso's
"Puzzle Corner'" offerings of Fall'80
presented in that section of this issue
of the Journal.

For those readers who enjoy theore-
tical graphics, the Journal is full to
overflowing. ROTENBERG (University of
Melbourne, Australia), LAND (Miami Univer-
gity of Ohio), BRISSON (Rhode Island
Scheool of Design), and REINHARD LEHNERT
{with his Gestaldt Graphics) offer a
little scmething for everybody.

DAVE BRISSON has also written our
"Guest Editorial" this issue, extolling

the virtues of "Descriptive Gecmetry. ..
2SS a Liberal Art', The Journal welcomes
comments on Prof. Brisson's "soap-box"
stand.

On the practical side, readers will
find of interest the second article by
RAETHE {(Queen's University, Kingston,
Ontario) concerning graphical plotting
of moment diagrams; the long-awaited
Cppenheimer Award-winning presentation
(Mid-Winter Meeting, Williamsburg, Va.,
1980) by LARRY GOS8 (Indiana State
University-Evansville} on "Consulting
in Graphices . . ."; and BILL VANDER
WALL'S {North Carolina State Univer-
5ity) article on models for visualization.

And, for those interested in the
history of graphics, the Journal pre-~
sents LAGHI'S article (with some trans-—
lation by the author from Cerman sources)
cn the beginnings of the present day
field of reprographics. Prof. Laghi's
name is added to our lengthening list
of overseas contributers, and we thank
these folks for their continuing inter-
est in our publication.

The "Letters . . .' portion of the
Journal has been expanded somewhat this
issue, and what is included in those
pages will be of great interest to the
readers. The editor always gets mail
of this nature, but scomehow, some of it
is misplaced before publicaticn, or
something hag to be left out for the
18 page divisicns required by the printer,
50 the inclusion of these letters isg
almost miraculous, and certalnly not to
be overlocked by the reader.

The Journal Staff welcomes YAAQOV
(JACK) ARWAS (The Technicn, Haifa, Tsrael)

‘as an Assistant Editor. Jack is a regular

contributer tc the Journal and he will he
responsible for reviewing and editing
contributions from overseas, mainly in
the area of computer graphics.

Everyday, since the University’'s last
class of the Spring semester, at least
one perseon in my family has zsked, "When
are you going to send off the Journal?"
Probably some of the readers have asked
the same question, but couched in dif—
ferent terms; e.g., "When will T get
my Spring Journal???"

Well, here 'tis! Hope you enjoy it!

whoy 7
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This is my last opportunity tc address
you as Chair, and I want to thank all of
vou who have worked for the Division this
vear - and in previous years. I also want
to thank my wife Judy, whom many of you
know, for her infinite natience and self-
less help with a myriad of tasks at ridi-
culous hours. She is without equal. To
the outgoing officers and committees, I
hope vou will continue your involvement
with the Division in some. way; to the
incoming, I believe the coming years are
soing to offer great and nerhaps pernlex-
ing challenges. Maintaining member con-
tack and flow of information in the face
of prohibitive travel costs will provide
a tremendecus opportunity for develonpment
of section activities and the JOURNAL.

Je have made an effort this vear to
bring the work of the Freshman Year Com-
mittee to fruition by persuading the NSPE
and ABET to recognize, endorse, and we
hope ultimately insist upon graphics as

a necessary part of an engineer's education.

We have realized some measure of success
in this effort, and the coming year may
alse nrove fruitful. Otto Tennant, a
friend and fellow Iowan will he nresident
of NSPE and understands very well the
need for documentation in engilneering.

Farland Filliard has undertaken the
immense task of ssarching out and con-
tacting some recently-lost members and
will, as he always does, provide another
vet valuable service to the Division.

The Creative Engineering Design
Display continues to be an important
part of the ASEE Annual Conference, and
Rob Foster and his committee have dene a
yoeman's job with that this year,

The vear draws to a close too quickly,
and as Claude Westfall once observed about
the Chairship of the Division, a year is
barely enough time to learn what the job
is all abouf, much less have an influence
upon it. That fact speaks very well of
our membership and officers. It is pro-
bably a rather indirect way of saying
that the Division may be able to survive
very nicely without its Chalr, I suppose.

Thank vou again for vour support and
contributions. Good luck, Jack!
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Wiemorium . . .

Maurice E. Almfeldt

1903-1281

Maurice E. Almfeldt, Professor
Emeritus in Freshman Engineering at Towa
State University, died April 8, 1981 at
77 years of age.

"A1" as we all knew him, was horn
July 19, 1903 in Lake Park, Minnescta.
He received a diploma in 1926 from the
Rhode Island School of Design and a
Bachelor of Science in Mechanical Engi-
neering from Rhode Tsland State College
in 1932, Al began teaching at Rhode
Island State College and was associated
with education for the next forty vears.
He moved from Rhode Island to Syracuse
University and then to Towa State in 1951.
From 1951 until his retivement in 1974,
Al taught in the Department of Ingineering
Graphics at Iowa State.

Professor Almfeldt was trulv an out-
standing teacher. His rapport with
students, knowledge of subject matter,
careful class prevaration and willingness
to give extra assistance earned him the
highest respect by students and faculty.

In 1966, the engineering students
selected Al as the "Engineering Professor
of the Year". 1In 1975 he was awarded the
I5U Faculty Citation in recognition of

his outstanding teaching and service to
the University.

Al's professional contributions in-
cluded co-authoring several editions of
the text Fngineering Craphics, together
with numerous problem books. He was a
long-time active member of the Engineering
Design Graphics Division and held several g
key positions inecluding Division Secretary, f&
member of the Board of Directors and the o
Executive Committee.

Al was an active member of the Church
of Bod in Ames, Towa. He was widely known §
as a licensed amateur ham radio operator
and used this hobby to contribute effect-
ively with the Department of Civil Defense
both during WWII and in recent years
during disasters.

His untarnished moral and ethical
principles, his ability as a teacher,
and his love of the profession will be
missed by students and peers.

We will long remember Al's good-
natured, wry and unruffled sense of humor;
those thousands of students he guided will
always appreciate his genuine contribution
te their education. We will miss Al,
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BGuest Zditorial

DESCRIPTIVE GEOMETAL
CONSIDERED AS & LIBERAL ART

DAVID W. BRISSON
RHODE ISLAND SCHOOL OF DESIGHN
PROVIDENCE, RI

Degcriptive geometry is usually con-
gsidered a service course for engineers.
Today there is an inereasing tendency
to replace basic descriptive geometry
with courses 1n computer graphics. Cer-
tainly there are things that may be
accomplished by means of the computer
that would be difficult if not impossi-
ble to accomplish by traditional means.
It is not the purpcse, however, of this
paper to argue the case as to the merits
cf either discipline as the tool of
engineering, but rather to discuss the
merits of descriptive geometry as a
Liberal Arts subject.

For the past geveral years the
author has taught a course at the
Rhode Islznd School of Design concerned
with the visualization of four-dimension-
al geometry. The students who have par-
ticipated in this course have been from
a great variety of design related disci-
plines: architecture, industrial design,
sculpture, fashion design, painting,
etc. The course started as a course
of the winter-session program, a spe-
cial six-week program between two major
semesters. This past year it has been
introduced into the regular curriculum
under *the Freshman Foundation Division,
and it is planned that during the next
academic year it will be placed under
the Liberal Arts Division. Much of
the course depends on the enrollment,
for this is entirely an elective course,

The enrollment in past years in
this course has not been large, but
gufficient to justify its continuance,

In a way, it is somewhat surprising that
it has continued at all, for the Rhode
Island School of Design is very much an
"art" school, and the students are
generally suspicious of mathematics, as
artists often are. There is a curious
mystique asscciated with the idea of
four dimensions because of its cultist
agsociations - which aeccounts, in part,
for its attractiveness to the art stu-
dent. It conjures up the exotic in a
way that three-dimensional descriptive
geometry never could; as a matter of
fact, the geometry of four dimensions
is kizarre in many ways when compared
to that of three dimensions. As a
simple example, in four dimensions it
is possible for twe flat planes to

have only one point of intersection!

The course itself has not been
concerned with descriptive geometry
alone, and in fact has not even been
described as desecriptive geometry as
such. Probably if it had been described
in such a way, it would not have had as
much responge. It has been titled
"Seeing in Four Dimensions" or "The
Perception of Four Dimensions", or in
its most recent form, "Hypergraphics",
based on the book by that name which
was edited by the author in 1979 for the
American Association for the Advancement
of Science. The course deals with
physiolegical optics, and the use of
the hypersterecgram, an analog of the
stereogram, and the hyperanaglyph. It

Copyright (:) 1981 D. Brisson
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involves model-building, and readings
from Manning, Ouspensky and Coxeter,
and discussions of Zen Buddhism, Tacism
and Sufism, digressions into the work
of J. B. Rhine and of Jung.

All of this discussion centers
on the strict descriptive geocmetry of
four dimensions and more. Nor does
it stop there, for it extends into the
non-Euclidean geometries and finally
into analytic complex geometry. But
the basic tools are projective visual
geometric methods. It is really quite
amazing how fundamental descriptive
geometry is to the comprehensicn,
not only of engineering cor architectural
skills, but of the fundamental philoso-
phical and cultural problems of mankind.

Descriptive geometry, as it may be
undergtood in its most advanced present
form, is the tool of visualization.
Coupled with ccmputer-graphics, we have
available to us the means ‘o run "hyper-
circles" around ocur predecessors in
visual thought. For various reasons,
which are not altogether clear, our so-
ciety has tended to emphasize verbal,
rather than visual, thought processes
in its educational programs. Art cour-
ses are often thought of a playtime for
wayward students rather than meaningful
aspects of a child's education. Mechan-
ieal drawing courses are thought of as
necessary, but minor, courses for scien-
tifically oriented students and for voca-
tional education, but hardly on a par
with the more prestigious algebra. On
the higher level of education, geometry
is usually given short shrift in relation
to the more widely touted analysis
course,

As a teacher in art school, it has
been the experience of the author to
encounter a majority of students who are
vigually oriented. Most of their lives
have been spent in "making pictures.™
In some ways they are quite sophisti-
cated, even ag freshmen, when compared
4o those who have been less interested
in art. They often can draw very
accurate projections of what they see
in front of them. They can function
succeggfully as human "cameras". It
is thus rather surprising to find that
about cne out of twenty-five such students
do not have normal binccular vision,
and a similar number are color-blind.
This is not a statistical statement,
but a matter of practical experience
after having encountered several
thousand incoming students over the
vears. As a matter of faect, it has
been evident, on occagion, that artists
might perhaps become artists as a form
of over-compensation for some kind of
visual difficulty, particularly since
the culture does not encourage people
tc become artists.

Apart from this unusual skill in re-
producing a2 visual image with preci-
sion, it has been the experience of the
author that other aspects of the stu-
dents' visual processes are about as un-
developed on the average as would be
expected from the general population,
at least, in the beginning. The ability
to "visualize" and draw from one's
imagination in such a group is relative-
ly rarej that is, cne or two from such
a group can do it fairly well, contrary
to what cne would expect.

Inhibited response to the use of
color ig also rather common to such a
group, and in general, they would rather
draw thzn use color. Their knowledge
of color theory is nearly universally
inceorrect, having been usually mis-
informed by the equally misinformed
secondary art teachers, except for the
occasional student who had a good
physics courge. Thelr knowledge of
vision, in general, is weak and after-
images often come as a surprise to them;
the basgic effects of binocular vision is
usually a surprise, as well. The author
has not yet met a single incoming stu-
dent who was aware of his blindspots,
and often students with rather severe
optical problems are not even aware of
themn.

One of the basic problems faced
in teaching such a group of incoming
art students is the transferring of
the knowledge of the fundamentals of
three-dimengional visuslizaticn. Al-
though our educational system does a
falr job with Buclidean two-dimensional
geometry, the learning process usually
stops right there. It is indeed rare

to find a student who knows what an

octahedron is, for example. Most
students know the cube, the pyramid, the
cylinder, the cone, the sphere and the
rectangular solid, and that is if! Most
of three-dimensional gecmetry is a mys-
tery to them. And these are the atudents
whe are interested in visual thought very
strongly! It is not a lack of ability
that is involved in their lack of know-
ledge, however. One of the first pro-
blems that is often given to the stu-
dents in courses in three-dimensional
deslign is the bisection of a cube, and
the results, after several seeks of ex-~
perimentation and study are efien re-
markable. It is plain neglect on the
part of our educational system which gives
rise to the predominant lack of ability
%o visgualize at the baccalaureate level.

Those who are not visually coriented
might asgk, "What could be the purpose of
guch training to those other than artists
or engineers?" A lab technician or a
business executive may never have to re-
cognize an octahedron when they see one;
certainly, it must be irrelevant to
some that in four dimensions two flat
planes may intersect in only cne point;
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and even engineers really do not need to
master the exercises of discriptive geo-
metry because a computer program can do
this for them. If an education is under-
gtocod to be a training program to teach
pecple to do specific narrow jobs {in
which they do not initiate change, but
only carry out designated and well-des-
cribed tasks) then the answer is such
experiences are irrelevant.

If, on the other hand, an educa-
tion is understood to be a program which
inculecates the basic development of the
individual as & whcle, and in every di-
rection of his potential, then every basic
mental and physical skill should be in-
troduced to that individual. It is a
sad fact of our culture, that visual
8kills are so badly neglected that the
average adult has such skills developed
to no greater level than a seven year
old child. What an enormous loss of po-
tential!

Descriptive geometry is really the
raticnal approach to visual thought. It
is so much a necessary part of our tech-
nology, that it is taken for granted,
and given a minor role with respect to
the technical disciplines. It is often
though of as a playpen discipline, not
as important, or ultimately as difficult
as other disciplines. In contest to that,
the visualization of the close-packing of
hyper-spheres in eight-dimensional space
is neither trivial nor easy. Nor is it
dull. There is fantastic and incredi-
ble fascination in watching the rotation
of a simple hypercube in a graphic read-
out, or in hyperanaglyphic model form.

The practical role aside, there is the
sheer mental and emctional development of
the individual with which we must be con-
cerned. Being such a basic mental tool,
not for just solving technical engineer-
ing problems, but in visually comprehend-
ing the world, descriptive geometry is,
by its fundamental nature, an essential
ingredient in a basic education.

The course, described in preceding
paragraphs, is an example of how such
a course may be iImplemented. It is pro-
bably best that it never was introduced
as a course in descriptive geometry, and
1t is very encouraging that the school
has recognized the value of the course
to the point that it has been included
a8 a Liberal Arts subject.

It is hoped that success of this
one course and the comments concerning
this course will encourage others to
(1) develop their own strength in the
higher geometries and (2) strive for the
acceptance of such studies into the basic
structure of the educatlional system.

LOOKING FOR S OMEOQONE? ?

EDGD EXECUTIVE COMMITTEE - 1980 - 1981

Chair:
Paul 5. De Jong
Dept. of Freshman Engineering

Towa State University- Marston Hall
Ames, TA 50011

Ph: 515/294-8861

Vice-Chair:
Jack C. Brown
Engineering Technology
POB 1941 - University of Alabama
University, AL 35486
Ph: 205/3L8-6320

Secretary-Treasurer:
Charles W. (Chuck) Keith
School of Technology
Kent State University
Kent, OH 44242
Ph: 216/672-2892

Past Chair:

Leon Billow

Naval Systems Engrg.-Rickover Hall
U.5. Naval Academy

Annapolis, MD 21402

Ph: 301/267-3872

Directors:
{(Technical and Professional)
Larry Goss
Engineering Technology
Indiana State University
Evansville, IN 47712
Ph: B812/464-1892

(Zones)
George Pankratz
Engineering Graphics
The Univ. of Toledo-2801 W.Bancroft
Toledo, OH 43606
Ph: ﬂ19/53?—2425

(Lizison)
Merwin Weed
The Pennsylvania State Universty
University Drive
McKeesport, FaA 15132
Ph:

{Programs)
Rollie Jenison
Department of Freshman Engineering
Marston Hall-Towa State Univ.
Ames, IA 50011
Ph: 515/294-8355

(Publications)
Mary A. Jasper (See Page 6)

ENGINEERING DESIGN GRAPHICS JOURNAL Spring 1981 / 13



UNIVERSITY OF MELBOURNE
MECHANICATL ENGINEERING DEPT.
SEPT. 23, 1980

Professcor Mary A. Jasper

The Editor

Engineering Design Graphics Journal
P.0. Drawer HT

Miss. State University

Misg., State, M3 39762

U.3.A,

‘Dear Professor Jasper,

I am writing in response to Pat
Kelgo's open letter (EDGJ, Winter 1980,
Page 62) and his comments to my "perplexo-
lution* {EDGJ, Fall 1979, p. 52). The
rperplexclution” consists of two congruent
-figures each defined by 5 vertices and
7 stright lines Joining them. It 1= accom-
panied by a description of a procedure
which permits the construction of all
5 vertices using a compass and a straight-
edge only, thus satisfying the tradi-~
tional restriction in the choice of in-
struments. I admit to using, in addi-
tion to a compass, a parallel ruler and
set-square. 11t is known, however, that
tese extra instruments only help to make
the process of drafting more efficient
without viclating the straightedge-com-
pass restriction. Yet, because of the
"No Calculations” condition in the ori-
ginal problem, the "perplexolution" has
been declared by Pat ag "not within the
conditions of the puzzle”. The exact
meaning of the "No Calculations" con-
dition is nct known to me and i1t has not
been defined in the problem. Pat ex-
plains in his letter that "if a solver
has resorted to an algebraic calculation
at any stage of the problem solving
process then he has vilated the spirit of
the 'no calculations' condition". Let
us examine his own solution (EDGJ, PFall
1979, p. 60-61) in which he admits using
"Abe Rotenberg’'s General Solution of
any-pairs-of-non-FParallel-lines-appearing-
equal-length". Rotenberg's "General
Solution is based on a theorem makes
use cf the "three perpendiculars theo-
rem". Readers are invited to check how
the latter is proved in geometry text-
books. Here is one example reproduced
from Solid Geometry by Hails & Hopkins,
(0xford University Press, 1957);

1.65. If tewn lines be drawen frome a given polal outstrle o
plane, one perpendicidar to the plape and the other parpen.
diswlar o n line in the plane, then the line joining the foel
of the perpendicelurs is perpondicular to the line in the plane.

A

I, 12

Let AR be the perpendicular from the given point A
to the plane =, meeting it in B (Fig. 12). Let P be the
foot of the perpendicular from 4 to the given line D in
the plune; and let £ be any other point of ¢'D. Then

LAPE = Lt ABP = £ ADE (right angles);
hence BE* = AE*— 4 B*
= AP PEE_ AR
= BP*.L PE?
Therefore < BPE is a right angle.

I dare not make judgements whether
this procf satisfies Pat's understanding
of the "No Calculations" constraint.

It seems reasonable to request the Editors
of the EDGJ to explain to their readers
the exact meaning of this constraint.

T believe that the calculations-
ve.~constructicns issue is impertant
enough to every teacher of geometry and
graphics to warrant the publication of
this letter and to encourage your readers
to express their opinions on this issue
in your Journal.

Sincerely yours,

/s/ Abe Rotenberg,

We apofogize for the delay in publishing
Abe's open Letten to the Readens of the
Jowrnal. The editorns encourdge moke comments
from The readens concerning the "cafoulation-
vd.—comstruntion" question. 'Tis a "hnotty"
problem.  Should any afgebra be wsed??

Your comments, please!!'! - Ed.
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NOTE: The Journal invited Pat to comment.
The following is his reply. Ed.
A re: "I admit %o conditions
of the puzzle."
Abe 'admits to'" using instruments

but does not deny using a mathematical
calculation in order FIRST to deftermine

the numerical value of line length GD:

3 ~-4f5
2
Since the puzzle conditions stipulated
NO CALCULATIONS the 'Corner took the
position that since Abe’'s soluticn de-
pended upon the initial use of this
calculation then his solution was not
within the conditions of the puzzle.
The corner stahds by this position.

111

If, on the other hand, Abe will
state that he intuitively {or in any
other manner) knew this line length
without a calculastion then the "Cormer
will acknowledge that it has done
Abe and injustice.

"Let us examine . ., . is a
right angle."

B. re:

I can only reply that I calculated
nothing at any stage of the problem
solving process, 1 used Abe's equal-
lines-length general solution in con-
junction with my own perpendicular-
lines general solution, the latter
being developed and used without bene-
fit of my calculating anything. I
assumed Abe’'s general solution was

also, but in any case the USE of either

general solution reguires no calculation.
The proof process, per se, (not the

FACT that it has been proven) of his
theorem or thai of the textbook example
which he cites is superflucus to the

USE of the thecrems themselves. To

use a principle one only needs to know
that it is true -- not necessarily
how f¢ prove that it is true.

'No
constraint.,'

"1 dare not
Calculations’

C. Te!:

Here Abe seems to want me to apply
the no-caleulations condition to a PROOF!
As the 'Coruner's puzzle makes no mention
of a proof, this analogy eludes us.

D. TE; "It seems reasonable
this constraint.”
Since the 'Corner was not responsi-

ble for the no-calculations constraint
it does not feel competent to “"explain'
its meaning any further than has been
done already. For this, interested
readers are referred to the author

of the puzzle, Bob Christenson.

R.P.K.

AFTERNOTE: Would you believe that
Abe and Pat have been, are, and will
continue to be fast friends? - Ed.
(with the help of a crystal ball)

Let "a" be the side of each square of the “perplexahedron given.

1. Construct a ripht-sngled AAEC with side AB=2a and hypotenuse

BC=3a.

Ch=AC

BE=- ED

+» DF=a

» DGLDC; G is on & circgle with EF ag dismeter
. GH= &

. GMLCH

. XHLGH; KH=g

GL=GK

DRw= DG

. The two principal views are congruent Figures,

HOWosomobWaw

-

4

ABE ROTENBERG'S SOLUTION
(FOR REFERENCE}
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TEXAS A&M UNIVERSITY

DEPT. OF ENGINEERING DESIGN
GRAPHICS

COLLEGE STATION, TX

APRIL 6, 1981.

Prof. Mary A. Jasper

P.0. Drawer HT

Mississippl State Univ.
Mississippi State, MS 39762

Dear Mary:

Congratulations on the winter lssue
of the Engineering Design Graphics Journal.
This is a very gocd issue, and each seems
to be better than the lssue before.

I am writing tc request that you
contirmue our advertisement asking for
applicants for teaching positions in our
department. In case yocu don't have the
latest notice, I am sending you a one page
job description along with this letter.

Our university, and engineering in
particular, has continued to grow at a
very rapid rate and we are adding addi-
ticnal positions each year to keep pace
with ocur growing enrollment. Conseguent-
ly, we would like to see this ad run in
every issue of the Journal to be sure that
these positlons are as widely advertised
as possible.

Thank you for your assistance.
Keep up the good work.

Sincerely,

/s/ James H. Earle, Head
Engineering Design Graphics

Dn. Earle's fob descuipfion can be found on
Page 48 , This {isve. The Jowwnal encourages
all depantments which have positions available
to send copy fo the EDG Jourpal

Trawen HT

M{s4, State, MS 39762
We also appreciate Dr, Earle's kind comments
concerning the present Journal., However, it
is nealized that there ane 5EULL many ediforial
"hurdPes™ fo be ocvercome, and any suggesiions
grom the readers woubd be appreciated by the
stafg. - Ed,

1500 BAY ROAD, #415
MIAMI BEACH, FL 33139
ADRIL t, 1981

Toe {sic) the Editor:

"Lest We Forget the Goals" is one
of the finest, most cogent and thoughtful
articles I have ever reazd in the Journal.
Paul DeJong has heightened my regard for
his perspicacity and penetration to the
heart of an increasingly cloudy mass of
gtuff ¢alled by the racy name "curriculum,”
Latin for a place tc run. TFor years
it has been a viclous circle, starting
anywhere and ending in the same uncertain
spot.

Descartes said it: "Cogito ergo
sum." It means, "I think; therefore I
exigt." What better goal can education
strive for than the ability to think?
Anything else is unthinkable.

I think so. Congratulations to
Professor Dedong.

/s/ Dr. Irwin Wladaver

1 know that the salutation above 44

Just a "Freudian ALip”, but the parancid
portion of my personality heafly belfieves
that all of the readenship would neally Like
fo use the whole "boot".

Nonethelfess, we thank "Viad" for his cok-
respondence, his suggesiions, but, mesl of
all, for his wif. 1 think a0, toe. - Ed.
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CONSULTING IN GRAPHICS --
GOOD FOR THE FACULTY

AND GOOD FOR THE STUDENT

LARRY D. GOSS
ENGINEERING TECENOLOGY
INDIANA STATE UNIVERSITY
EVANSVILLE, IN

4As faculty, we are all in a financial bind.
We're faced with small or non-existent salary
increases for the foreseeable future; our spouses
are working or trying to find work; we're faced
with institutional restrictions on the type and
amount of work we can pursue outside our teaching
contracts; and we have the need to keep current
in our disciplines. Our students have a similar
1ist of needs. What 1 hope to do is to discuss
a possibility to ease your situation and to help
your students simultaneously. For each group,
both for the faculty and for the student, we have
two main goals:

1. Monetary Support - Your students are
basically in school because they are
after additional monetary suppeort
other than what they can get from
flipping hamburgers at a fast food
establishment or being a supervisor
of a department at a discount house.

2. They need some experience in the field
in which they are endeavoring to enter,

But what T want to do first is to review for
you some of the classical means we have for
gupport, and indicate what some of the problems
and some of the benefits of each of those are.
This may not be all inclusive, but it will allow
you to review your own thinking of what 1s avail-
able for students and also for faculty with
respect to additional support during the academic
year,

The first of these and probably the most
classic of all time is the summer job., The
summer job has some very definite pitfalls and
lack of benefit, Tt has little or no coordina-
tion with the engineering curriculum. There is
no help or recognition for the institution, and
obviously there 1s no faculty dnvolved in this
method of student support.

Work-Study Program—-I did not actually hear
about work-study myself until I became acqualnted
with institutions which did not have graduate
programs. But, there are a number of institu-
tions around the country which do not have gradu-—
ate programs and cannot rely upon graduate assist-
ants for all of their "gopher-type' work situatioms.
AS a result they have work-study programs. These
are primarily federally-funded programs--a kind
of a scholarship for the individual student,
Eligibility for these programs 1s unrelated to the
studentg' skills; it is more related to their

- economlc status. The compensation is minimal and

most job tasks are at very low levels. Faculty
involvement between the student and the faculty
member is very minimal.

Scholarships. These basically end up being
a reward for past performance. A scholarship 1s
frequently awsrded on the basis of the student’s
grade point average, There are no industry-
related skills or experiences involved for the
reward of most scholarships, no directly-related
learning experiences, and faculty involvement is
questionable.

Copyright (:) 1981 L. Goss
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RIGHT HAND PUMP

Student Design Projects, Advantages of the
design project are that generally it has pood
high-level design experience involved with it,
but it leaves the student with an unrealistic
view about what really goes on in industry. They
see industry from a different perspective than
they would if they were emplovees of that
particular company. It has goed faculty invelve-
ment because uvsually faculty are involved with
input to the design projects that are industri-
ally sponsored. But generally speaking, it is
part of a course that is already being offered
as part of the regular contract that amounts no
additicnal renumeration for the faculty member.

Institutionally supported Werk Programs.
Once again, pay is generally low, learning is not
necessarily related to the discipline of the
student and faculty involvement may or may not
oocur,

Cooperative Educaticn. This activity
containe good industrilally related experience.
Students actually see what a company léoks
like inside because they deo real work for that
company. However the type of experiences they
have vary with the understanding that the
institution and the industry have with respect to
what cooperative education 1s suppose to be,
I've seen some programs where the involvement by
the student and the level of work they do are
good. I've also seen instances in which the

ndividual was in a "make-work" aituation, There
is aleo & problem with cooperative education that
frequently the student goes back to the same job
with the same company on a second and third co-op
term and he ends up deing the same tasks over and
over again, Co-op students do get reasomnable pay.
Once again, however, there is little or nc faculty
involvement in cooperative education, The {involve-
ment may be such that the faculty member does

make an onsite visit to the student once during
the term of cooperative educaticn, but there 18

no real interchange between the student and the
faculty member.

Congulting Contracts. With consulting
contracts, the student and the faculty member get
good industrially related experience; the pay is
reasonable, and there is an intense direct
involvement between students and faculty members.

What type of consulting contractg am T
talking abeout? What are our students doing? OQur
students have had contracts to work with the
faculty on such diverse projects as:

Surveying--Everything from soccer fields to
land hkoldings for corporations.

Destructive Teating-—-Concrete samples,
reinforcing bars, mine roof hbolt systems.

Planimetry——Coal mine reserve calculations.
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Sampling--Traffic counts, transportation
utilization surveys, etc.,

Technical Illustration--Illustrated parts
breakdown catalcgs.

The work accomplished by freshman and sophomore
atudents in this last category should be of particular
interest to readers of the EDG Journal, BEach of the
figures accompanying this article is an example of
the illustrations completed by students who were
hired by a compahy on a consultant basis to execute
camera-ready artwork for ineclusion in the company's
parts catalogs.

Each of the students was able to compile
a sizeable portfolic of work during the
geven menths he or she was involved with
this work, and each received immeasurable
experience in handling media and in learning
drafting techniques that can not be imparted
during the confines of a studio or laboratory
course of instruction. In addition, the
menetary rewards to the student and faculty
member were exceptlonally good. The faculty
member gains in supervising such consulting
work by remaining current in his or her
field and by maintaining industrial contacts,

How do you get the work? One method is
to use contacts in your industrial advisory
board. Another is to make use of industrial
contacts you may already have. A third
method is to trust to pure luck--wait for
your telephone to ring. T use all of these
metheds, but the method that has worked best
is an agent relationship that T have
established with a local printing company
that services industries in my immediate
area with the printing of parts catalogs.

The benefits of consulting contracts
can be summarized as follows:

For the. students; they receive
a good monetary reward for the
time spent, the work is under
the direct supervision of a
faculty member, and the industry
gets a look at their developing
talent without a long-term
commitment.

For the faculty; it allows
you to keep current and maintain
industrial contacts, and it
allows you to augment your
teaching contract so that your
income is on a par with engineers
in Industry.

TYOLVING FRAME
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ASEE - EDGD PERSONAL

'i‘lME MONDAY TUESDAY
JUNE 22 JUNE 23
1138 Judging Criteria for Creative Design Display
7:30-9:45 a.m. COM B Breakfast
$5.50
Before ENGINEERING DESIGN GRAPHICS DIVISION
8:00 a.m. Moderator: Roberl Foster, Pennsylvania State University

Organizational meeting for judges of the Creative Design Dis-
play.

3:00 a.m. to
9:45 a.m.

1238 Teaching Techniques in Graphics
8:00-9:45 a.m. VKC 156

ENGINEERING DESIGN GRAPHICS DIVISION
Moderator: Retha Groom, Texas A&M University

Lecture

Speakers:
Computerized Testing for Freshman Graphics Course—Lia

Brillhart, Triton College

Use of Patents as a Teaching Technique—Robert 5. Lang,
Northeastern University

Gompnter Graphics as an Aide in Beginning Design Projects—
Roy Hartman, Texas A&M University

10:00 a.m. lo
11:45 a.m.

2238 Women in Engineering: A Status Report

B:00-9:45 a.m. GER 12¢ Aud. Lecture

ENGINEERING DESIGN GRAPHICS DIVISON

Co-sponsors: Engineeriug Deslgn Graphics-Freshmau Engi-
neering Committee, Relations with Indusiry Division-Wo-
men's Action Group, Women in Engineering Committee

Moderator: Blaine Butler, Purdue University

Speakers:

Women in Engineering: An Overview—Ada Pressman, Society

of Women Engineers

Resource Peopie for Women in Engineering--Lois Greenfield,

University of Wisconsin

Pre-College Career Awarsness—Joe Mogller and 8. Schwartz,

Stevens Institute of Technology

Performance Data on Women in Engineeting—William LeBold

and Carolyn Jagacinski, Purdue University

Observations from a Woman in Enginzering—Emily Maddox,

Dupont Company

12:00 Noon to
1:30 p.m.

1:45 p.m. to
3:30 p.m.

8:45 p.m. to

1838 Needs of Computer Graphics Staff in
Industry

3:45-5:30 p.m. VKC 156

ENGINEERING DESIGN GRAPHICS DIVISION

Co-sponsors: Computers in Education and Engineering Tech-
nology Divisions

Moderator: Robert D. Harvey, Gollege of DuPsge

The growlh of computer-aided design and manufacturing in

industry has crested needs for both prsctitioners and developers

of the methods and systems, The selection of systems, hardware

and software; the development of new capabilities indesignand

anatysis; and the training of senior designers and supervisars

Lecture

2546 Affordable GAD/CAM Systems and Software
1:45-3:30 p.m. VKC 158 Symposium

ENGINEERING TECHNOLOGY DIVISION

Co-sponsors: Computers in Education, Engineering Desien
Graphics and Relations with Industry Divisions

Moderator: [ohn B. VanSaun, Wichita State Univeraity

Inexpensive alternatives to commercial GAD/CAM systems are
available, Academic and industrial users will describe some of
the choicas. Types of systems to be discussed will include: smart
graphics terminals, desk top computer/caleulators and heme-
computer hased systems. :
Speakers:

A Performance Comparison of Less Expensive Turnkey Sys-
tems—Ron Frank, Purdue University-Indianapaolis
Development of a Home-Gomputer Based System for Basic
CAD/CAM Instruction—Kay 5. Mortensen, Brigham Young
University

Effective Utilization of Inexpensiva Computer Graphics Sys-
tems—Gerry G_reiss. Eastern Michigan University

5:30 p.m. will be addressed,
’ Speakers:
The University's Role in Meeting industry’s CAD/CAM Needs—
Muark Shepard, Rensselaer Polytechnic Institute
Integrating Gomputer Graphics into Technice! Training Pro-
grams—Victor Langer, Milwaukee Area Technical College
1738 Engineering Design Graphics Executive 2738 Engineering Design Graphics Division—
Committee Dinner Awards Banquet
s 6:00 p.m. i H i
Dinners p.m UHH 214 Dinner 6:00 p.m. UHH 1880 Dinner
$15.50 $15.50

ENGINEERING DESIGN GRAPHICS DIVISION
Moderatoer: Paul DeJong, [owa State University

ENGINEERING DESIGN GRAPHICS DIVISION
Moderator: Paul DeJong, Iowa State University

6:00 p.m. Social Hour.  7:00 p.m. Dinnar.
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3238 Human Factors in Engineering Education
8:00-9:45 a,m. SAL 127 Lecture
ENGINEERING DESIGN GRAPHICS DIVISION
Co-sponsor: Indnsirial Engineering Division

Moderator: fohn Kreifeldt, Tufts University

This session will bring together industrial designers, the Human
Factors Society and educational leaders to define the function of
human factors engineering, the desired content of HFE educa-
tion and the response of engineering education te these needs.
Bpeakers:

interrelation of Industrial Design and Human Faclors—Gene
Garfinkle, Design Group

The Education and Employment of Human Factors Enginesrs—

Robert Bescoe, Professional Improvement Company

Engineering Educatien's Response to the Need for Human
Faclors Engineers—Hal Hendrick, Wheeler Air Force Base

3438 Engineering ﬁesign Graphics Division
Luncheon

12:00-1:30 p.m. . DCC 221 Luncheon

ENGINEERING DESIGN GRAPHICS DIVISION
Moderator: Paul Defong, lowa State University

CREATIVE DESIGN DISPLAY

Engineering Design Graphics Division Creative
Engineering Design Display

The fourteenth annual display of student design prejects,
sponsared by the Engineering Design Graphics Division,
will be Jocated in the Shrine.

Monday 12:00 noon-5:00 p.m.
Tuesday 8:00 a.m.-5:00 p.m.
Wednesday 8:00 a.m.-1:60 p.m.

Design entries are grouped by academic year and are jadged
far awards, Judges are seiected from edncation and industry.
Each year, this display has attracted strong participation
and support from industry. Companies supporting past
awards have inclnded: Amaco, Sverdrup/ ARQ, Inc., Boeing
Alrcraft, The Celanese Corporation, Eastman Kodak Com-
pany, E.L. dnPont deNemonrs Company, Ford Motor Com-
pany, General Matars Company, Monsanto Company, Qlin
Corporation, and Union Carbide Corporation.

Display Committee: Jay S, Abramowitz, Indiana-Purdne
University, Robert J. Foster, Pennsylvania State Univer-
sity, Jon K. Jensen, Marquette University, Edward Xnob-
lock, University of Wisconsin-Milwaukea,

Facuilty interested in enlering design projects may receive
details from:

Robert ]. Foster

245 Hammond Building

Pannsylvania State University

University Park, PA 16802

{814) 865-2952

3538 How Geometric Dimensioning and
Tolerancing Can Save Industry Money

1:45-3:30 p.m. SAL 101 Aud. Lecture

ENGINEERING DESIGN GRAPHICS DIVISION

Co-sponsor: Engineering Technology Division

Muoderator: Betty Prescott, San Joaguin Delta College

Why industry wants graduate engineers and technologists to un-

derstand geometric dimensioning and metric practices.

Speakers:

How Y 14,5 Can Save Industry Money--George Tokunaga,

Lawrence Livermore Labaratory

Metric Practines and Dimensioning—Edward Mochel, Univer-
sity of Virginia

3695 Engineering-Academia or Industry?

3:45-5:30 p.m. DCC Symposium

WOMEN IN ENGINEERING COMMITTEE, SOCIETY OF

WOMEN ENGINEERS

Co-sponsors: Engineering Design Graphics and Liberal Studies
Divisions, Relations with Industry Divisiou-Women's Action
Group

Maoderator: Margaret Ellers, Louisiana State University

This isa joint meeting of the ASEE Women in Engineering Com-
mittee and the Society of Women Engineers. Long range plan-
ning discussions between ASEE members interested in women
in engineering and SWE members will take place during a sacial
hour. Conclusions reached will be summarized in a position
paper or proceadings.

3588 Pre-College Engineering Programs for
Women and Minorities
1:45-3:30 p.m. SAL 127 Symposium
RELATIONS WITH INDUSTRY-WOMEN'S ACTION GROUP
Co-sponsors: Engineering Design Graphics Freshman Engi-
neering and Women in Engineering Committees
Moderator: Jane Daniels, Purdue University

Directors of successful pre-college engineering programs for
women and minorities will present anecdoial or longitudinal
studies of their programs. Emphasis will focus on descripiions
of the programs themselves and data resuliing from subsegueut
evaleations, Anyone involved in pre-college programs or want-
ing to become iuvalved is encouraged lo attend.

Speakers:

Pre-College Awareness Programs—Joe Moeller, aud Susan
Schwartz, Steveus Institute of Technology

Influences affecting the Career Chaice of High School Girls—
Maxine McCurnin, California State University-Long Beach
Pre-College Engineering Programs far the Indentification and
Motiviation of Minority Studenis—Marion Bizlock, Pnrdue
University

1871-1880: Longitudinal Studies af Pre-Coilege Programs for
Wanien and Minorities in Engineering—Marilyn Burman, Uni-
versity of Maryland




THE INNER WORLD OF THE PLANE--
FORM BASES FOR PICTURES, FILMS,
AND “VISUAL MUSIC”

REINHARD LEHNERT
NORDALLEE 12

6638 DILLINGEN/SAAR

FEDERAL REPUBLIC OF GERMANY

"If, in her lifeless beginnings
Natur had nct been so complete-

ly sterec-metric, how could she

wish finally to achieve ilncalcu-
lable and infinite life?"

Goethe: Wilhelm Meilsters Wanderjahre

This article resumes the subject of
three earlier articles in this Journal
(Winter 1975 cover and pp. 7-187 Fall
1978, pp. 42-54; Winter 1980 pp. 48-51 )
and of several articles in other maga-
zines (cf. list of publications in the
article of Fall 1978). As its prede~
cessors, . this article deals with gec-
metric primitive forms (the "inner-
stars") discovered by the author, and
pictures designed on these forms as
form-bases (the "irnner-pictures"), and
films (the "inner-games"), and thus with
a basis for a "visual music”, an art form
which offers something analogous and equi-
valent to the eye as music is to the
ear. In it the inner-stars are to
play a role such as the scales "play”
in music. The present article deals
especially with inner-stars of the
"square point grid of the number of
extension 3" (sP3} with the following
attribute:

The border segments of the "base-
figures” have more complicated
gradients. More exactly, the gra-

dients are 2, -2, & and -%.

In addition, this article offers an out-
look on inner-stars of sP3 with still
more "complicated" gradients.

Gopyright (:) R. Lehnert, 1984
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1. The Form-Sources of Pictorial Art

As discussed in the previous article,
pictorial art cbtains its forms from
three great "form-sources":

&, The world of geometric forms.
B. The world of representative

Torms and forms serving a purpose.
C. Accident.

The sesthetic and artistic sense per-
forms the selection, the deformation
and the combination of gecmetric, repre-
sentative and accidental partial forms
achieving aesthetic and artistic total
forms.

Z. The Form-Bages of Pictorial Art

The artists construct their works on
definite form-bases. We distinguish
such form-bases as:

a. Objective.

b. Objective-subjective

c. BSubjective.

The "classical” schools are founded on
objective form-bases. The "modern"
schools are founded on objective-sub-
jective and subjective form-bases.
Exemplary & objective art are; ideal-
istic, realistie, naturalistic graphic,
painting, plastic, dramatic and film-art:
examples of objective-subjective art are;
static constructivism (ornaments, Male-
vich, Mondrian, Kandinski in his geome-
trical pictures, Vasarely and others),
dynamic constructivism (constructivistic
vigual kinetics including the construc-
tivistic film not representing objects),

Spring 1981



Picture 1.

surrealism and kindred artistic schools:
and, representing totally subjective
form-basges, tachism and kindred artistic
achools.

3. "yisual Music" and Constructivism

wYiguzl music" and constructivism boeth

use the geometric form—base,‘primarily:
They differ from each other in that "vi-
sual music" uses objective form-bases;
constructivism, on the other hand, uses
objective-subjective form-bases. Thus,
only the "visual music” 1s an optlcal
parallel to the art of music which =also
uses objective form-bases {viz. the
gscales and their laws). Only "visual
music” is able to offer something
analogous and equivalent toc the eye

as music offers to the ear.

However, every visual-kinetic game a
and every non-rerpresentative film is alsc
isolated. They have nothing in common;
there is no relationship, no tradition,
and no development -- no lasting reso-
nance with the public. As far as I know,
there are no works of these arts that
could be compared with the works of
Bach, Mezart and Bechoven or even of
legser composers, in their artistic
content.

4,  About the Objectivity of the
"Inner-S tars"

The inner-stars differ from all other
possible plane form-bases by possessing
the following attributes:

1. They are "homogenous” (in layered
approximation); 1.e., they are equal-
1ly consgtituted in all places, thus
equally structured.

2. They are integrally structured
in a hierarchial manner, 1.e., they
arouse the impression of an ar-
ranged entity.

Homogeneousness is the fundamental at-
tribute of space and of the plane, (this
attribute also applies to time and space-
time, also )}, in classiczl physics: the
same gecmetry 1s applied to all space.
The entireness lg a fundamental attri-
bute of the work of art.

5. Picture 1.

Picture 1 is a "seven-circle-picture”.
It wag designed on the "reduced layered
geven-circle" in the following way:1)a
circle is drawn, which we call the
"eircle of layer 0" ;2)seven cirecles are
"imbedded" in this circle, which we
call the"circies of layer 1", and
the radii of these circles are 1/3 of
the radius of the circle of layer 0 --
further, the uppermost of these circles
touches the circle of layer 0 at its top
point; 3)in each of these circles of
layer 1 we draw 7 circlesg of layer 2 in
the same manner; etc.

Picture 1 presents: 1)the circle of
layer ¢ (that isg the largest circle with
its border line coincident with the bor-
derline of the picture; 2)3 circles of

ENGINEERING DESIGN GRAPHICS JOURNAL Spring 1881 / 25



Picture 2.

1 (they are the second largest cir-
cles); 3)9x2=18 circles of layer ?
{they form two hooked figures forming
angles of 1200); 4)18x7=126 circles
of layer 3 (thev form 2x7=14 such
hooked figureswhich, compared with those
of layer 1 are turned arcund to the
right by 60°; 5)162x7=1134 circles of
layer %4 (they form 14x7=98 hooked
figures which compared with the
preceding figures are turned round

to the right by 60° zagain.)

6. Picture 2.

Picture 2 is an "inner-picture", more
exactly, a "fuslon-picture". It was de-
gigned on an inner-star of the "hexa-
gon peoint-grid of the number of exten-
sion 3" (hP3). The base-figures are
regular octagcnal rings. FEach base-
Tigure overlaps each of its six neigh-
bors in a rhemb. It is compulscry that
such neighbors, when they appear in the
same picture, "fuse” with each other.
The outer and inner border line of such
a "base figure of layer n" is composed
of 6 "strong-segments of layer (n+1}"
each.

Picture 2 shows: 1)3 base-figures of
layer 1 {(top left, in the middle and top
right); 2)14+416=30 base-figures of layer
2 {they form a "P" and an “A"; 3) 33433+
15+16+24=124 base-figures of layer 3
{they form the stylized letters "PA-TER")};
L) 45463476463 +45=295 base-figures of
layer 4 (they form 3x5=15 ornamental
rows) .

7. Picture 3,

Picture 3 is an "inner-picture”, more
exactly, a'linked-picture”. It was de-~
signed cn an inner-star of the “square
point-grid of the number of extension 3",
or sP3. The bage-figures are "rings"
consisting of four stars with eight in--
dentations each. Each base-figure covers
each of its four neighbors in two of
these stars. It is “linked" with its
neighbor by theses two stars. In addi-
tion, it alsc covers its four "half-
neighbors” top right, top left, below
right, and below left, and that in
one of each of these stars. The
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Picture 3.

border line of a base-figure of layer
n is composed of 12xh=48 strong-seg-
ments of the next finer layer (n+1)
each.

Picture 3 shows:l)base-Tigure of lay-
er 03 2)3 base-figures of layer 1 {on
the left side of the picture); 3)22 base-
figures of layer 2 (they form an “M");
43139 of layer 3 (thev form the stylized
letters "LICHT-MUSIK'); 5)241 of layer
4 (they form 5 ornamental rows).

ENGINEERING DESIGN GRAPHICS JOURNAL
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Picture &,

8. Picture 4 and "cell-star"sC3.

By its vertical and its horizontal
lines, picture % presents the "sguare
cell-star of the number of extension
3%, or sC3. More exactly it shows:
1)its central "cell of layer 0" (that
is the square picture itself, con-
ceived as the plane-pigce; 2)its par-
titioning into 9 "cells of layer 1"
{these are the second largest squares);
3)their partition into 9 "cells of layer
2" each (these are the third largest
gguares); 4)their partition into 6
"cells of layer 3" ecach (these are the
gmallegt squares).

It ig tc be remembered that the
whole sC3 is obtained if we: a)add

the cells of layers 4, 5, 6, . . .3
b)repeat the figures obtained in this
way beyond the borders of the plcture in
the arrangement of an infinite regular
net of sgquares until the whole plane

of the picture is covered; c)also add
the "cells" of the coarser layers -1,
-2, -3, . . . to the total figure ob-
taned in this manner.

9. Plcture 5 and the "point-gtar" sP3.

Correspondingly by its star-figures
Picture 5 presents the "square point-
star of the number of extension 3", or
aP3. More exactly, it shows the cen-
tral cell of layer O and in it the
"gtrong-polnts" of layers 0, 1, 2 and
3. At this point, we should remember
that we obtalin the whole sP3 1f we:
a)add the "strong-points" of layers
4, 5, 6, . . . ; brepeat the figure
thus obtained beyond the borders of
the picture in the arrangement of an
infinite regular net of sguares until
the whole plane of the picture 1s
covered; c)also zdd the "strong-polnts”
of the coarser layers -1, -2, -3, . .
to the total figure thus obtained.

We recognize, ag in the former
articles that for each n cut of the
geries . . ., -3, -2, -1, 0, 1, 2,

3, . . . applies: 1)the "celis of
layer n* form a regular square parguet-
ting of the plene of the picturs;
2)the "strong-points of layer n” form
a regular square point-grid in the
plane of the picture; 3)the "strong-
points" of layer n are the centres of
the cells of layer n"; 4)each strong-
point of a layer n coincides with a
strong-point of each of all the finer
layers (Il+1), (Il+2), (n+j}l RS ]
5)in the center of the picturse and
only there lies one strong-peint of
every layer; 6)a centrie reduction in
the memsure of 1:(1/3) maps the cells
and the strong-points of layer n on
the ones of the next fher layer (n+l),
thus it maps the total sC3 and the
total sP3.

16. Pictures 4% and_5, the "strong-"
and "field lines".

For the inner portion of the cen-
tral cell of layer 0 anmdfor the gra-
dients o (gradient angle $0°%), 0 (9},
1{45°)y, -1(-45°), picture 5 shows
all the strong-lines cof layers 0, 1, 2,
and 3. We remember: 1)"strong-lines
of layer n" are all the straight lines
going through at least two (and through
infinitely many) "strong-points of
layer n"; 2)"field-lines of layer n
and the number of division " are
gtraight lines dividing field stripes
between two neighboring strong-lines
of layer n into f equal stripes; f
can be every natural rumber which is
relatively prime to the number of ex-
tension e of the underlying point-star,
in the case in gquestion -- therefore,
e=3; 3/every field-line of a layer n
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and the number of division £ coin-
cides with one field-line of each of
all finer layers (n+l), {(nt2), (nt3),

. » .+ to the same number of division f.
We cell every partial line segment of
a strong-line a "strong-segment", of

a field line a "field-segment".

11. Introduction of cocrdinates.

We introduce Cartesian coordinates;
the zero of the coordinate system is the
center of the picture; the axis of x
points to the right; the axis of y
points to the top; the unity of length is
the lateral length of thepicture, hence
the lateral length of a "cell of layer
0". Next, the strong-points cf layer
0 are the points (a;b), and and b being
any integer; the strong-points of layer 1
are the points {((a/3);(b/3)); those of
layer 2 are the poinmts ((2/9),(B/9)});
those of layer 2 are the points (a/27);
{(b/27))etc.; in general: those of layer
n are the points {(a/3);(v/31)). The
corner points of the plcture and there-
with of the central cell of layer 0 are
the points ((1/2);(1/2)), -(1/2);(1/2))
and ((1/2};-(1/2)}.

12. Picture 6, its "complete-star” and
1tg "universal-star".

Picture 6 likewise shows the central
cell of layer 0 of gP3. More exactly,
it shows 1 strong-point of layer 0, 3z3=9
strong-peints of layer 1, and 9x9=81 of
layer 2 by small squares appearing mas-
sively white. TFor the interior of the
central cell of layer 0, it shows, fur-
thermore, all "free stronglines of layer
1" in o far as they have the gradients
@ 0! 1r _1| 2; —2,(1/2), _(1/2)1 3- “"3!
(1/3), -t1/33, (3725, “(572), (2/3),
-(2/3). These are those among the lines
shown. We remember: A strong-point of
a layer n is called "bound” when it coin-
cides with a strong-point of the next
coarser layer (n+1§, otherwige "free";
the same applies for strong-lines and
Tield-lines, strong-segments and field-
segments.

As it is evident, picture ¢ shows 2
strong- and 2 field-lines each for the
gradients @ and 0; 4 strong- and 4 field-
lines each for the gradients 1 and -1; 6
gtrong~ and 6 field-lines each for the
gradients 2, -2, {1/2), and -(1/2);

8 strong- and 8 field-lines each for the
gradients 3, -3, {(1/3), and -{1/3}; 10
strong- and 10 field-lines each for the
gradients {3/2), -(3/2), (2/3), and
-(2/3). Thus picture 6 shows layer 1 of
a "complete-star” for the interior of the
central cell of layer 0. We remember: a
"complete-star” consists of all strong-
and field-lines of definite {and that
only finitely many) gradients and a def-
inite number of division T that are co-
ordinated to a point-star; the complete
stars serve to design "inner-stars" ea-
sily and, above all, systematically; a
"universal-star" comes into being from

Picture 5.

Picture 7.

g "complete-star" by adding all the
"hound” strong- and field-lines co-ordi-
nated to this one; complete-stars and
universal-stars are gtraight-line-com-
plexes, i. e. figures composed of (infin-
itely many) straight-lines.

13. Picture 7

Picture 7 shows the figure of pic-
ture 6 once more, now however with its
plane-pieces colored in black and white.
It reminds us in a faint way of "Laue-di-
agrams" that come into being when crys-
tals are treated with x-rays. That also
geems comprehensible when we consider
that the "point-stars" are gecometrically
related to the crystals: In every layer
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Picture

they show a "two dimensional grid of
crystals”. FEach of the infinitely many
complete-sters results in the described
manner in a geometrical picture in black
and white. Certainly cbtaining such pic-
tures is only an unimportant by-product
of our efforts about inner-stars, inner-
Pictures and inner-games.

14, Pictures 8-11 and their "inner-stars".

Just as pictures 6 and 7, the pici-
ures 8-11 show the interior of the cen-
tral cell of layer 0 of sP3. In this
cell they show: 1. The strong-points
of layer 13 2. the free strong-lines of
layer 2, in so far as they have the gra-
dients a 0, 1, -1, 2, -2, (1/2), -{1/2);

Picture 10.

3. the free fileld-lines of layer 2 1n
80 Tar as they have the same gradients
and belong to the number of division
gach. --- We remember: An inner-star of
8P3 comes into being from the cell-star
sC3 by variations of the same kind of all
"cells" whereby new plane-pieces coher-
ent in themselves; B. The border lines

of two base-figures each of different (1)
layers have only finitely many points in
common with ezch other (We call this at-
tribute of the inner-stars thelr "trans-
parence"}; ¢, The base-figure are divi-
ded by the border-~lines of the base-fig-
ures of all respectively coarser layers
in only a finite number of ways (We call
this attribute of the inner-stars their
quality of being joined in themselves
with regard to the layers; D. Every base-
figure has at least one point each in
common with ite four neighbors upwards,
downwards, tc the right, and to the left
(We call this attribute of the inner-
stars their "connection in every layer").

15. Evidence of the attributes A-D of the
inner-stars.

For each cof the border-lines pres-
ented in the pictures 8-11 the Tollowing
applies: 1. I% shell limit a base-figure
of layer 1; 2. It ig designed on the net
of strong-lines and fleld-lines of layer
2 ghown in the pictures 8-11; 3. Therfore
it is composed of strong-segments and
field-segments of layer 2; 4. From this
follows that the total figure produced by
it possesses the attributes B and C; 5.
Mcreover it is designed in such a way
that the total figure produced by it also
possesses the attributes 4 and D.

16. Evidence of an additional attribute E.

The border-lines shown in the pict-
ures B~11 are chosgen in such a manner
that they have no partial line segments
in common with the border-lines of the
co-ordinated base-figures of the same (!)
layer. We call inner-stars whose base-
figures have this attribute E "<Transpar-
ent with regard to base-figures of the
game layer". This attribute is achieved
in the cases in guesticon by the partial
line segments of the border-lines shown
not exceeding a certain "critical length".
For the partial line-segments with the
gradients @ and O this critical length
is the distance from andy strong-point
of layer 1 to its neighbor upwards, down-
wardsg, to the right or %o the left, e. g.
from point (0;0) to point (0;{(1/3)). For
the partial line-segments with the gra-
dients 2, -2, (1/2), and -(1/2) this
"eritical length" is the distance from
the lower central strong-point of layer
1 to the upper right strong-point of lay-
er 1, hence from point (0;-(1/3)) to
peint ((1/3):(1/3)}.
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17. "Mixed" inmer-pictures and -games.

We can make the base-figures of two
or several immer-stars of the same point-
star appear "conjolintly” without any dif-
ficulties, i.e. in the same inmer-pic-
ture, if these base-Figures do not "dis-
turb” each other, more exactly if their
border-lines do not cover each other.

In this case we call the inner-stars in
question "compatible" with each other.
Several immer-stars Iy, I» etc. are cer-
tainly "compatible" with each other, e.
g., if the border-segments of +the base-
figures of I, have definite gradients,
those of the base-figures of T, differ-
ent gradients, those of the baSe-Tig-
ures of I, again different gradients etc.
For instaﬁce this is for three inner-
gstars I,, 12, I, the case when the bord-
er lineé of"1 ave the gradients @, 0,
1, and -1 only, those of I, the gradients
2,-2, (1/2), and -{1/2) onfy, those of

I, only the gradients 3, -3, (1/3) and
—%1/3). Two inner-stars I, and I,, ¢.g.,
are certainly "compatlible: with eEch

other, toc, when the border segments of Pleture 9.

The base-figures of I, are strong-seg- We get further kindred irmer-stars

ments and those of the base-figures of if we also admit slanting squares lying

I, are field-segments. excentrically to the strong-polints rep-
2 resented by them. We get further ones
18, Picture 8 if we alsc admit (concentric or eccent-

ric) slanting rectangles as base—flgures,
Picture 8 presents ? base-figures or paralleslograms with'partly obligue

of layer 1 which we designate with the partly vertical or horizontal sides.

numbers 8;1-8;7, beginning with the smal-

lest. FBach of these base-figures over- 18. Picture 9,

laps its four neighbers, the appertain- .

ing inner-star isgtherefore anp?over— Picture 9 presents 22 basejflguﬁes

lapping-star". The base-figure of its of layer 1 which we dg51gnate_w1thht €

kind: all the still smaller ones pro- numbers 9:1-9;22, beginning with the Cin

duce total figures having the above men- smallest. 931 and 9;2 are octogons wil

tioned attributes A, B, and C, indeed, four attached rhombs each, 'These hase-

but not the attribute D. 8;6 is the lar- figures cover their four nsighbors up-

gest possitle base-figure of its kind wards, downwards, right and left in one

which still has the attribute E. There- of these rhombs each. The appertaining

fore we exactly get 6 inner-stars of the
described kind if we demand additional
atitribute £, 8;7 is a slanting square
with its angles cut off. These angles
were cut off in order to grant the at-
trivute E to the co-ordinated inner-star.

The berder-lines of 8;2 and 8;3,
8;6 and 8;7 are composed of strong-seg-
ments, those of 8;1, 8;4 and 8;5 of field-
segments, Consequently each of the in-
ner-gtars of 8;2, 8;3, 8;6 and 8;7 is
"compatible" with sach of the inner-stars
of 8;1 and 8;5. 8;3 distinguishes itself
by its corner-points being strong-points
of layer 2, The irmer star of 8;3 is the
inner-star of pictures 31;3 and 32.

The border segments of the base-fig-
ures 8;1-8;6 only show the gradients 2
and {1/2). A reflexion at the axig of
y results in six new base-figures which
we designate by the numbers 8;1'-8;6"'.
Their border segments only show the gra-
dients (1/2) and -2. Conseguently each
of the inner-stars 8;1-8;6 is "compati-
ble” with each of the imner-stars 8;1'-
8:6', Picture 11.
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inner-stars are, consequently "linked-
stars". The figures 9;1 and 9;2, furth-
ermore, represent a further "linked-star"
each: Their base-figures are "rings®
conslisting of four octogone each partly
overlapping each other which have the
form of stars. 9;3-9;22 are octogons
overlapping their four neighbors., The
appertaining imnmer-stars are consequent-
ly "overlapping-stars".

The border-lines of 9;1, 9:4 and
935, 9;8 and 6;9, 9312 and 9;13, 9;16
and9:;17, 9320 and9;21 are composed of
strong-segments, those of 9;2 and 9;3,
936 and 9;7, 9;10 and 9;11, 9;14 and 9;15,
93518 and 9;19, 9;22 of field-segments.
9;1 and 934, 939 and 9;12, 9317 and 9;20
distinguish themselves by possessing cor-
ne;—points (exactly four) being strong-
points of layer 2. 9;3 is the smallest
possible base-figure of its kind. 9;22
is the largest possible base-figure hav-
ing the attribute E.

The bage-figures 9;7-9;14 cover the
centres of the neighboring base-figures
in the directions upwards, downwards, to
the right and to the left. 9;15-9322
cover moreover the centres cf the neigh-
bors in the directions upwards-upwards,
downwards-downwards, right-right, left-
left. The reader may examine the cover-
ing of the centers of the remaining
"neighbors of higher degrees"”.

The base-figures 9;3-9;8 come into
being from the base-figures 8;1-B;6 of
picture & by preoduction of symmetry which
is achieved by cutting off four angles
each. The second linked-star co-ordina-
ted to the figure 9;1 is the inner-star
of picture 30;2. The inner-stars of the
base-figures 9;5-9;8 are those of the
pictures 20-23. The inner-stars of the
base-figure 9;9 ig that of picture 31;1.
We obtain numercus further centric base-
figures resembling circles, especially
larger ones than 9;22 if we admit "octo-
gons with their angles out off" whereby
the angles are cut off by strong-seg-
ments or field-segments of the gradients
@ 0, 1 and -1.

20. Picture 10/downwards-left

Picture 10/downwards-left presents
four base-figures of layer 1 which we
designate with the numbers 10d;1-10d;4,
beginning with the smallest. They are
rhembs whose vertices point to the right
and to the left. By their form they em-
rhasize the horizontal directilon. They
produce overlapping-stars. Thelr border-
lines only have the two gradients (1/2)
and -(1/2). 10d;1 is the smallest pos-
sible base-figure of its kind. 10d4;4 is
the largest possible base-figure of its
kind possessing the attribute E. The
border~lines of 10d4;2 and 10d4:;3 are com-
posed of strong-segments, those of 104;1
and 10d;4% of field-segments. All four
corner peints of 104;2 are strong-points
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of layer 2. TUnly two corner points of
10d;3, namely the vertices, are strong-
points of layer 2.

A turning by 90O produces four new
possible base-figures which we designate
with the rumbers 10d;1'-10d;4%'. Their
vertices point upwards and downwards.
Consequently they emphasize the vertical
direction. Thelir border-lines only have
the gradients 2 and -2. Therefore each
of the inner-gtars of the base-figures
10d;1-10d;4% is "compatible" with each of
the base-figures 10d;l1'-10d;b'.

21, Picture 10/top-right.

Picture 10 presents 16 base-fig-
ures of layer 1 as the center. Begimming
with the smallest we designate them with
the numbers 10u;1-10u;1é6. 10ujl and 10u;2
are stars with four rhombs each attached
at the vertices. The appertzining inner-
stars are linked-stars., 10u;3-10u;lZ
are octogons, and that stars with four
vertices pointing upwards, downwards, to
the right and to the left., The apper-
taining inner-stars are overlapping-stars.
10u;3 is the smallest possible base-Tig-
ure of its kind, 10u;12 is the largest
possible Dbase-figure of its kind full-
filling the cendition ®, 10u;13-10u;ié
are dodecagons whose border lines also
contain strong- and field-segments of
the gradients 1 and -1 in addition,
10u;16 is the largest possible base-Fig-
ure of its kind: all the larger ones
contain border-segments exceeding the ap-
pertaining "critical length". The apper-
taining inner-stars are overlapplng-stars.
The border-lines of 10u;2 and 10u;3,
10u;6 and 10u;?, 10u;10 and 10u:ll,
10u;14 and t0u:l5 are composed of strong-
segments of layer 2, those of 10u;1l,
10uih and 10u;5, 10u;8 and 10u;9%, 10u;l1Z2
and 10u;13, 10u;16 of field-segments of
layer 2. Figure 10u;¥ produces the over-
lapping-star of picture 30;1, and in
different interpretations the adjacent-
star of picture 30;3 and the linked-star
of pleture 30;i4.

22. Picture 11/center

Around the center of the picture,
picture 11 presents 3 base-figures of
Jayer 1 which we designate with the num-
vers 1lc;l-11c;3, beginning with the
smallest. 1lc;l and 11c¢;Z2 are rhombs
whose vertices point upwards-left and
downwards-right. By their form they em-
phasize the direction with the gradient
-1, that is the direction of the "second”
diagonal of the square of the picture.
They produce overlapping-stars. Their
border-segments have only the two gradi-
ents -2 and -(1/2). 11c3l 1s the smal-
lest possible base-figure of its kind.
11¢;2 is the largest possible one of its
kind still having the attribute E. The
border-line of 11c;2 is compesed of
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strong-segments, that of 1lc;l of field-
segments. Only two corner points of
11c;2, and that the vertices, are strong-
points of layer 2. 1lc;3 is a hexagon
whese border lines are composed of strong-
segments of the gradients -2 and -(1/2}
and of field-segments of the gradient

-1. 11c¢33 is the largest possible base-
figure of its kind still having the at-
tribute E.

A turning by 900 results in three
new possible hase-figures with the num-
bers 11c¢;l'-11c33'. By their form they
emphasize the direction with the gradi-
ent 1, hence the direction of the "Tirst'
diagonal of the square of the picture.
Their border segments only show the gra-
dients 2 and {1/2), respectiveiy 2, {(1/2)
and 1. Therefore each of the inner-
stars of 11lc;l-11c;3 is "compatible"
with each of the inner-stars of 1llc¢;l'-
11ci3°'.

21. Picture 11/top-right

Around the upper right strong-point
of layer i1 as the center, plcture 11 pre-
sents 10 base-Tigures of layer 1 which
we designate with the numbers llu;l-1lus
10. 1liujl and 11u;2 preoduce the inner-
stars of the pictures 17 and 18. As it
may be observed from these two pictures,
11uil and 11u;2 may be interpreted as
rings consisting of four hexagons each
as well as stars with four further stars
attached =2t the vertices, 1luj;3-11u;8
are octogons, and that sters with four
verticesg each polnting upwards-right,
upwards-ieft, downwards-right, and down-
wards-left, The appertaining inner-
stars are overlapping-stars. 11u;3 is
the smallest possible base-figure of its
kind, 1iu;10 is the largest possible
one of its kind still having the attri-
bute E. 11uj9 and 11u;10 =are deodecagons
whose border lines also contain fleld-
and strong-segments of the gradients @
and 0. 11u;10 is the largest possible
base-figure of its kind: all the still
larger ocnes contain border-segments ex-
ceeding the appertaining "critical
lenght". The appertaining inner-stars
are overlapping-stars.

The border-lines of the base-fig-
ures of 11u;2 and 11u;3, 11u;6 and ilu;?7,
111310 are composed of strong-segments of
layer 2, those of 11u;l, 1lui4 and 11lu;3,
11u38 and 11u;$ are composed of field-
segnents of layer 2. Therefore each of
the five inner-~stars menticned first is
"compatible” with each of the five men-
tioned last. All 8 corner pcints of
11133 and 11u;b and a1l 12 corner points
of 11u;10 are strong-points of layer 2.

24, Pictures 12-27.

The pictures 12-15 present the ine
ner-stars of the pictures 8;3-8;6. Nore
exactly: of these inner-stars they show
the interior of the cell of layer 0 and
in it the base-figures of the layers 0O,

1, and 2. The base-figures are slanting
squares., The border lines of the base-
figures of 12 and 15 are composed of
strong-segments, those ¢f the base-fig-
ures of 13 and 14 of field-segments.
These border segments become longer from
pictures 12 to 15 at every picture, and
you recognize at once when looking at
these pictures that they cannot grow
longer than in picture 15 if 1t is to
have the attribute E. As mentioned
above, the inner-sgtar of picture 12 is
that of the pictures 31;3 and 32.

Picture 12.

Picture 13.
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Picture 14,

The pictures 16 and 19 present the
inner-gtars of the piectures 11c;1' and
11lcs2' in the same way. When looking at
the pictures 16 and 19 you recognize at
once that these twc inner-stars are the
only possible ones of their kind having
the attribute E. In the same way the
pictures 17 and 18 present the two inner-
gtars of the pictures 11lu;l and 11iu;2
mentioned above (No, 23).

Picture 16,
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Picture 15.

In the same way. the pictures 20-23
present the inner-stars of the pictures
9;5-938; whereag the pictures 2 ~27 pre-
sent the inner-stars of the pictures
10d;1'-10d34', When looking at the pic-
tures 24-27 you recognize at once that
these four inmer-stars are the only pos-
gible ones having the attribute E.

Picture 17.
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Ficture 18, Picture 19.

Picture 20. Picture 21.
Picture 23.

Picture 22.

Picture 24. Picture 25.

Picture 26. Picture 27.
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Picture 29.

25. Pictures 28-31 H

The pictures 28;1-28;L4, 29;1-29;4, =
3031-30;4, and 31;1-31;4 are line designs :
for immer-pictures. They present a TH
square part of the plane of sP3 which is
somewhat larger than the central cell of audng
layer 0, more exactly: whose corner
points are the poimts ({5/9}:;(5/9)), 1o
(=(5/9)5(5/9)y {-{5/9):-{5/9)0, and T
{(5/9):-(5/9)}. Moreover they present ==
(for the intericr of this square): 1 L s e s s B e |
base-figure of layer 0 (and that the cen- ¥ : : = e v RN
tral one), 3 base-figures of layer 1 (on i
the left side of the picture}, and 22
base-figures of layer 2 (they form a "M").

The pictures 28;1-28;4 are overlap-
Ping-pictures. The border-segments of
their base-figures have the gradients m
0, 1 and -1. Picture 2832 presents the
inmer-star of inner-pictures representing =
objects published in the articles in this
magazine in Fall 1978 and in Winter 1980. :
The pictures 29;1-29;4 are "fusion-pic- Picture 30.
tures". The border-segments of their pr—— — -
bagse-figures have the gradients m 0, 1, leq LN Q'*',Li
and -1, DR s 1 é
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26, Picture 32.

The plcture 32 is an inner-picture
of the inner-star of the pictures 833,
12, and 31;3. It presents the square
part of the plane of sP3, already de-
scribed in No. 25, and in it: 4 base-
figures of layer 1, 22 of layer 2, form-
in & "M", 139 of layer 3, forming the
stylized letters "LICHT-MUSIK", and 241
of layer 4% forming five ornamental rows.

2%7. Introduction of further gradients.

Once again we look at the pictures
8-11. The straight lines shown in them
are co-ordinated to the sP3. They are
strong- and field-lines of the gradients
2, -2, {i/2), and ~(1/2). The field-
lines belong to the number of division
f=2, These strong- and field-lines form
the layer 2 cof a "complete-star". We
call it the Cempl(sP3; g=2, -2, {(1/2},
-(1/2)y f£=2). Furthermore the pictures
8-11 show numerous base-figures of layer
1 designed on this complete-star. Each
of these Base-figures produces (at least}
cne imnmer-star of sP3.

Accordingly we define the complete-
stars Compl(sPF3; g=3, -3, (1/3), -(1/3);
f=2), CUmP1(5P35 g“(3/2)9 “(3/2)1 (2/3)1
-{2/3); f=2), Compl(sP3; g=4, -4, (1/4),
-(1/h}; £=2), Compl(sP3; g=(4%/3), -(4/3),

{ j £=2), Compl(sP3; g=5, -5,
(1/5), =(1/5); f£=2). Compl(sP3; g=(5/2),

( s —{2/5); f=2) etc. 1In ac-
cordance with our procedure in pictures
8-11, we now design base-figures of layer
1 for the new complete-stars and there-
with the appertaining inner-stars. The
more "complicated™ the used gradients
are, the more numerous are the inner-
stars to be obtained.

As demonstrated in picture 8 the
gradients 2, -2, (1/2), -{1/2} (inclu-
ding those reflected on the axis of y)
result in & inner-stars constructed with
gtrong-segments, and 6 constructed with
field-segments, of the kind constructed
in picture 8. Thus, the gradients 3,

-3, (1/3), -(1/3) result in 14 inner-
stars constructed with strong-segments,
and 14 constructed with field-segments,

of the kind constructed in plcture 8.

Thus the gradients (3/2), -(3/2), (2/3),
-(2/%) result in 20, and 20 such inner-
stars already, the gradients 4, -4, {1/4},
-(1/4) result in 26 and 26, the gradients
(5/3), —(h/3), (3/%), -(3/6) in W2 and
k2, the gradients 5, -5, (1/5)1 “(1/5)

in 42 and 42, the gradients {5/2), -(5/20.
. (2/5), -(2/5) in 4B and 48, the gradi-
Picture 313. ents {5/3), -(5/3), (3/5), -(3/5) in 58
and 58, the gradients (5/4), -(5/4),
(b/5), =(&/5) in %2 and 72.
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28. Further methodsg for finding new
"inner-stars".

The introducticn of further gradi-
ents is the first and most important
method for finding further "complete-
stars” and thus inner-stars, too. A
second method is the intrcduction of fur-
ther numbers of divisicn f for field-
lines. 1In the case of &P3 the Tollow-
ing numbers of division are possible:
f=2,4, 5 7,8, 10, 11, 13, 14, etc.

A third and last methcd is the following
procedure: We compose the border lines
of the base-figures of layer n not with
strong- and field-segments of layer (ntl),
but in addition or exclusively with
atrong- and field-segments of the lay-

ers (n+2), (n+3), ...

All classes of inner-stars, cons-
tructed by analogy with the class shown
in picture 8 also allow the construction
(among others) of "fusion-pictures” in
the manner shown in piecture 31;4. The
game applies of course for the pictures
9 and 31;2. We can also design innumer-
able inner-stars of the "complete-star”
of the pictures 8-11., —-- Of course, in-
rumerable pictures are possible repres-
enting intermediate forms between inner-
pictures and other forms. The same ap-
plies for the inner-games.,

29. Picture 33.

Fer the gradients (5/2), -(5/2),
(2/5), -{2/5) picture 33 achieves the
gsame as picture & for the gradients 2,
-2, (1/25, -(1/2), however only for the
base~figures whose border-lines are com-
posed of strong-segments. The base-fig-
ure 33;1 is the smallest possible of 1ts
kind {composed of strong-segments). The
pase-figure 33324 is the largest possible
of its kind (composed of strong-segments)
whose imner-star still has the attribute
E.

30. The "form-bases" of music and of
"vigual music".

An elementary sign of music is a
resounding of a tene. A tone can re-
gound: 1. in a definite pitch; 2. with
a definite timbre; 3. with a definite

sound intensity; 4. during a definite
term --- altogether in a four-dimension-
al "space of attributes”. ILet us look

at these four dimensions more closely:
concerning 1.: The pitch can be chosen
on the intervals of a scale, as a rule

on the intervals of the gcale of 12 tones;
concerning 2.: The timbre can be chosen
by selection from the musical Instruments
and the singing-voices at our disposal;
concerning 3.: The sound intensity can
be chosen theoretically from a one-dimen-
slonal continuity but practically only
from a discrete multitude, viz. from
finitely many degrees that can just still
be distinguished; concerning 4.: The
same applies for the term. At besgt about
10 tones can resound and be heard sep-
arately at the same time.

An elementary sign of the "dynamic
visual music" i1s a flashing up of a base-
figure in a certain inner-star. A base
Tigure can flash up: 1., in a definite
position above-below;y 2., in a definite
position right-left; 3. in a definite
layer (which determines the size of the
base figure, possible also its position
Torward-backward); 4. in a definite qual-
ity of color; 5. in a definite demness of
color (white admixture); &. in a definite
light intensity; 7. during a definite
term --- in all thus in a seven-dimension-
al "space of attributes". 4 closer study
o these dimensions is left to the rea-
der's discretion. In an immer-picture
of sP3 at best all the base-figures of
the layers 0-4, conseguently 1+9+31+729
+6561 = 7381 base-figures, can appear
at the same time, and be seen separately.

We call the system of all possible
elementary signs of a work of music re-
spectively of a work of the "visual mu-
sic" its "form-base". The above state-
ments and an exacter examination of the
mentioned dimensions result in the state-
ment: The "dynamic visual music" sur-
passes music essentially in regard of
the number and extension of its possible
from-bases.
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AN ANALYSIS OF SCALES
IN PICTORIAL DRAWINGS

CONSTRUCTED BY

HOHENBERG'S METHOD

MING H. LAND
MIAMI UNIVERSITY
OXFORD, OHIO

A new method of pictorial drawing
called "Hohenberg's method" is emerging.
This method combines both the old and the
new: the century-old theory of ortho-
graphic projection and the new technique
of pictorial projection by reflection.
Instead of constructing pictorial
drawings with the aid of specially pre-
pared scales, a pictorial drawing is
obtained directly by projection from
two orthographic views by means of
reflection. This method was developed
by Fritz Hohenberg (1974} of the Austrian
Technical University in Graz. Blade (1978}
presented a paper on the basic concept
of Hohenberg's method at the International
Conference on Descriptive Geometry.

The purpose of this article is to
Present an analysis of scalesg in pic-
torial drawings constructed by Hohenberg's
method, and, for logical purpose, to
provide a brief review of projection
procedures, advantages, and limita-
tions underlying this method.

PTCTORIAL DRAWINGS BY HOHENBERG'S METHOD

The key to Hchenberg's method of
pictorial drawing is finding the point
of reflection for each of the points
from two orthographic views. Two prin-
cipal views (such =g front and top
views) of a point in space are given as
shown in Fig. 1. Move the point P2

in the top view to anywhere on the pro-
Jection plane as shown in Pr' Draw a

line through Pr and Pl’ and locate point
Pf on the line so that PrPf =K x PrP1

where K 1s any integer or integer fraction
(K = 2 is most often used). Folint Pp

Copyright (:) M, Land, 1981
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isg a simple reflection of Pr about Pl'

Repeating this procedure to obtain the
reflected point for each of the points
from two orthographic views of an ob-
ject, we can construct a paraline pic-
torial picture easily by comnecting the
reflected pointe in their pictorial
order.

P2
PI'
1
2 K =2
Pi
f
Fig, 1

PROJECTION PROCEDURES

Tc understand this method, let's
take the exXample of a l-unit cube to
construct an axonometric drawing as
gshown in Fig. 2. The following proce-
dures are used:

1., Draw front and top view of the
cube.

2. Label each corresponding point
properly in both views.

3. Rotate the top view anywhere on
the projection plane. In this
exa@ple, the top view 1s rotated
2257 counterclockwise,

4. Connect points A, and Ag, and find

the reflected point A, of A

using K=2.

5. Repeat the procedure to find
reflected points Bf, Cf, Df, Ef,
Ff, Gf, and Hf°

6. Connect the refected points in
their pictorial order and we
obtain an axonmetric affine view
of the cube.

i 2t

ANALYSTIS OF SCALES

It can be seen from Fig. 2 that the
gcale ratios of the three axonometric
axes of the aXcnometric affine projection
obtained by Hohenberg's method are not
congruent with the scale ratios obtained
by the conventional methods of axonometric
projection. However, certain important
attributes of orthographic projection

are conserved in Heohenberg's axonometric
affine views as explained in the
following:

1. All parallel 1ines of the cube

are also projected parallel in the
axcnometric affine view.

Fign 2 A2B2

8=225’
CpDp E2F2
GoHp
AEq D1 Ky
He
I
1717 f|
B C1Gy Dy
|
3 Ar ;
Gr
—
=T N
o N\
4 AN
—
r Cr
By
2. BSince AAz—AlEl—E2 and

AAf—AlEl—Ef are congruent, the re-
flected depth axis AfEfis equal to the
length of A
oppcsite in direction of, A2E2. See

2E2, and parallel to, and

Fig. 2 and Pig. 3. It can be con-
cluded that if a line appears as a
point view in the front view {the
depth axis), its reflection will
have the same length as shown in the
top view (AfEf = hE, =1 unit).

3. Since AA2B2—A1WB1 and

AAZBZ—Af—Bf are ccngruent, and line
A2B2~Af is twice as long as line
AéB2wAI, the reflected height axis
ApBy is twice as long as A

1Bl’ and in
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Az

A1Ey

Ef

Ar
Fig. 3

the same direction. See Fig. 2 and
Fig. 4. We can conclude that if a line
appears as a point Vview in the top view
(the height axis), its reflection will
be twice the length and in the same
direction as shown in the front view

(Afo =2 AlBl = 2 units).
AzB2
Ar
By
Ar
By
Fig. 4

4, The length and direction of

reflected width axis Afo are varied and

are dependent on the angle of rotation of
the top view. The length of this axis
Afo in units for X = 2 is

AD, = Y5 - Hcos O .., . (1)

~f
where © is the angle through which
the top view rotates counterclockwise.

Ar

Fig, 5

To prove Egq. (1), referring te Fig, 5,
draw line D,Q parallel to AlDl’ and line

DfR parallel to AlDl‘ Connect line DEA1

and extend to intersect line DfR at P.

Draw line AfP. Since AAlDleand

APDszhave three congruent angles,

they are similar triangles and their
sides are preportional. Thus,

DBDf =2 D2D1

P Df = 2 AlDl

and

AlDl =‘1 unit
P Df = 2 units

Then in AAlD

LD2A1Q = LfﬂlR
LDZQA1 = LPRA1

Q and AA,PR, we have

o

1

and

Dohy

It

AP

1
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Therefore,

AAlDZQ 2 AﬁlPR

and RP = DA .. .....Q
In A D,Q4, and APRA., we have
LAgRP = 1A,QD, + v . .. .. (D)

Since AzAl = AlAf, and A1Q = AR,
we obtain .
AR=480 . ... ... ..
From conditions (I @), and (3), we prove
&
ﬂDZQAZ = APRAf
and PAf = D2A2

thus, PAf = 1 unit

Also in A pPD., we know AgP AVD2A2,

then L AfPDf

Thus, in A AfPDf, according to the cosine
law, the length of Afo is

= 360° - 8

2 2
ApDp /{Pnf) + (PAf) —Z(PDf)(PAf)cos LA PD

]

= //22 + 12 - 2(2)(1)co=(360°-9)

/5 - 4 cosp

units

A1 I |

As R
Nw

Fig, 6

In Fig. 6 where the angle of rotation
g iz 180° > 8 > 900, and in Fig, 7 where
8 is 90°> 8> 09 we alsc obtain

AfP = 2 units
DfP = 1 unit
= 8
and LAfPIDf .

thus prove
A D = /52 + 1% 2(2)(1) cos®

=vy5 - 4 cos 8

units

D2
Az ‘4-l""

Al D1

Ar P

Fig., 7

As an example, the angle of counter-
clockwise rotation shown in Pig. 2 is

225%, and hence, the length of AgDy is:

8D = /5 - & cos 2259
/5 -4 (-0.7071)
Y5 + 2.8284

2.7979 units

I

n

i
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Since the wvalues for cos ® range from
0 to + 1, the length of the width axis
will fall within the range of 3 units
and 1 unit. The width axis will be at
its longest {3 units) when the rotated

angle is 2?00, and at is shortest
{1 unit) when rotated 0°.

Ap

Dz E2

Hf

Er 4 = Df
60" ~®
Y $)
oW 2 N
s\r /7
Ar
M
Fr Cr
Br

Fig, 8

The direction of the width axis Afo

is always perpendicular to the diagonal
connecting the ends of the depth axis and
the height axis. In other words, ApD.

is perpendicular to line BfEf. To

prove the perpendicularity, refer to
Figures 2 and 8. 1In Fig. 8, draw a
horizontal line AfN, and extend EfAf
to M. Since EAA./AE,, and ApBo is
a vertical 1line, we have

LMAGN = 360° - 8- g90% = 270% ¢

= ap? - o
LBRAM = 907 - MAN = @ - 180

(270%> 8 >180%)

ar

d

, _ o] _ o]
BrApE, = 1807~ 4 BpAM = 3607 -8

since LA PD; = 360° - 8

thus LAfPDf = ABfAfEf

also PDf = Afo= 2 units
AfP = AfEf= 1 unit

"
thus L\AfPDf AEfAfo

and Lo=tLy 0. @
Since
ApP #/ A,D,
LPALR, = 90°
Low o+ LPAgEf + . o = 180°
LW+ 90 + ¢ 0o = 180°
Lw+a= 60° .0
In AAfSEf. we know Lw + Ly + Lb = 180°
from @ , Low o+ + L ¢ = 180°
from @ , 90° 4+ L ¢ = 180°
thus L ¢ = 90°
Therefore, we prove A S | BE
and ADe| BoE.
HaGz CaDz
™ )
90
EaF
2F2 275,
A1E1~ D1 H1
Ar f
l €161
BiFl—lL»
| Df Ay
|
9 S £
~
~
~
\\‘\
~
.
Cf Gr
Fig. 9
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5. When the top view is rotated

dounterclockwise 900, the pictorial view
by reflection with K = 2 appears like an
oblique drawing as shown in Fig. 9. The

profile surface DfoGfo bhecomes a rec-

tangle with D H. = D,H, and Dfo = 2D1C1.

f 272

The length of Afo is:

Afo = /5 - L cos 90°
Vg - 0

2.2361 units

1

1l

6. The combination of front and
right-side views can also be used with
the right-side view rotating to draw
paraiine pictorial pictures. The pro-
cedures are essentially the same.

CRITIQUE

Hohenberg's method of pictorial
drawing through reotation .and reflection
has certain advantages and limitations.
Among the advantages are:

1. Important features of ortho-
graphic projection and the properties
of affine geometry are preserved. All
parallel lines shown on multiview draw-
ings remain parallel in the pictorial
views. Scale ratics for the width,
height, and depth axes are maintained.

2. Since the top view (or side view)

can be rotated any angle, this method

has the advantage of showing an object in

many views. The pictorial views can be
in any form of axonometric or oblique
drawing.

3. It may have the advantage of
simpliecity in making certain pictorial
drawings of objects with irregular
configurations as plctorial drawings
are projected directly from two ortho-
graphic views. See Fig. 10.

7

Fig, 10

The limitations of Hohenberg's
method for constructing pictorial
drawing can be summarized as Tollows:

1. This method requires the identi-
Tication of each corresponding point
in the multiview drawings, which may
pe tedious, difficult, and time-consum-
ing, especially for more complicated
objects.

. 2. The pictorial drawings ob-
tained from this method with certain
angles of rotation are extremely dis-
torted such as the one shown in Fig. 11.

3. It is very difficult to draw
objects that have circular or curved
lines. Existing ellipgse templates and
other drawing aids are not available
for this type of drawing.
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TEXAS A&M UNIVERSITY
DEPARTMENT OF ENGINEERING DESIGN GRAPHICS

COLLEGE STATION TEXAS T7843

TELEPHONE  713—-845-4451
713-845-1633

December 1, 1980

JOB OPENING--FALL 1981: The Engincering Design Graphics Department of
Texas AGM University is secking applicants in-
terested in teaching engineering graphics, de-
scriptive peometry and related specialty cours-
es such as electronic drafting, computer graph-
ics, data analysis, etc.

QUALIFICATIONS: Applicants should have a degree in engineering
and preferably a PhD degrec. Registration as
an engincer is desired.

DUTIES: Primary duties will invelve the instruction of
freshman enginecering students in two required
courses--cngineering graphics and descriptive
geometty. Both courses are structured to in-
troduce the student to real world engineering
and to try to utilize visiting engineers from
industry who serve as consultants to student
design teams. Other specialty courses are
offered for students in Engineering Technology
who are majoring in the graphics option.

SALARY: The salary is open and is dependent upon the
qualifications of the applicant.

BEGINNING DATE: The beginning date of employment is late August,
1981.

EMPLOYMENT POLICY: Texas AEM University is an affimative action/

equal opportunity employer.
APPLICATIONS: Send your applications and resume to:

James H. Earle

Engineering Design Graphics Department
Texas ASM University

College Station, Tx. 77843

Phone: 713-845-1633
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ON CONDITIONAL INVARIANTS OF

A, ROTENBERG

SENIOR LECTURER, MECHANICAL ENGINEERING
UNIVERSITY OF MELBCURNE

AUSTRALIA

1, TEFINITIONS AND SCOPE

An invariant of a geometrical trans-
formation is a property of a geometrical
configuration which remains unchanged
under this transformation. For example,
the ratio AB/CD of two lines AB//CD is
an invariant of the parallel-projection
transformation since, in any paraillel
projection which transforms two lines
AB and CD into two lines ab and cd,
AB/CD = ab/cd.

We define a conditional invariant of
an orthographic projection as a property
of a geometrical configuration which re-
mains unchanged if and only if one or
nore specific conditions relating the
direction of wviewing to this configura-
tion is satisfied. For example, per-
pendicularity of two lines is a conditional
invariant of an orthographic projection
since two perpendicular lines appear as
perpendicular in an orthographiec projection
if and only if the condition is satisfied
that at least one of the two lines is
perpendicular to the direction of viewing.

This paper examines the following
two conditional invariants of orthogra-
phic projections:

a. Constancy of an angle other
than © /2 between two inter-
gecting lines, and

h. Constancy of a ratio of two

arbitrary lines,
2. CONSTANCY OF AN ANGLE

Theorem;

Let AB and CD (Figure 1)%* be two non-
perpendicular lines intersecting at the
point 0 ( rA0C < =/2) and M, = point on
CD such that AM Jﬂ CD; then constancy cf

#} In this paper, lower case letters are
used to dencte the projecticns of the
respective points in space. In two-
view orthographic representations,
subscripts 1 and 2 are used.

ORTHOGRAPHIC
PROJECTIONS

Copyright (:) A. Rotenberg, 1681
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of the angle between the lines AB and
CD is a conditional invariant of ortho-
graphic projection if and only if the di-
rection of viewing is parallel to any
line other than 0C but containing the
point O and tangent to the surface

which is a geometric locus of all cir-
cles Y =such that

(i) Y ig in a planeé containing GD;

{(ii) the centre of Y 1ig a point of
a cirele £  with AM as its
diameter and in a plane normal
to CDj;

(iii) +the diameter of Y wvaries =so
that all cones & with apex A
and directrices ¥ Thave inclu-
ded apex angle equal to

T - 2. LAQC.

Proof:
Congider any one conical surface &

(Figure 2) with its apex at the point A
and directrix Y Let P TDe the plane

containing Y and E the centre of Y .

For any peint 0 in the plans P
cutside the circle Y there exist two
tangent lines OQF and OF* +to Y .
Since ¥ belongs to the surface I
OF and OF* are also tangent to 2 .
since OF | EF and OF* | EF*, OF| AF

and OF* | AF* {cf. the "theorem of
the three perpendiculars": if a line
GF in a projection plane P is per-
pendicular to the orthographic projsec-
tion EF of a line AF on the plane
P, then OF | AF). It follows that
OF and OF* are perpendicular to the
planes containing the angles AFE ang
AF¥E respectively and, depending on
the position of 0OC relative toy

{v. MNote "b" below), each of the angles

AFE and AF*E 1is an orthographic pro-
jection of 4CCA or LDOA. But

LAFE = LAF*E = T/2 - LFAR

L COA.

Thus, we have shown that the angle
between the lines AB and CD remains
unchanged in the orthographic projectiocns
in the directions of OF and OF*,

To prove the converse part of the
theorem, assume that OF is a line not
tangent to & Then Y doeg not belong
to ! and the assumption leads to a con-
clusion that there exists a circle ¥
satisfying conditions (i), (ii), and
(11ii) and not belonging to £ . Such con-
clusion contradicts the definition of I
as a geometric locus of all circles ¥y .

Thus, the theorem ig proved.
NOTES &

a. The locus of all the lines OF and
OF* +tangent to I is a conical sur-
face A with its apex at the point 0;

b. If 0C (Figure 2} does noct intersect
the circle v , one of the twc angles,
LAFE  or LAF¥E, is an orthographic
projection of L40C while the other
is an orthographic projection of
LA0D = T - T LAOC;

c.- Sinee, in Figure 1, . CyNy 2, = LCy05a,
= constant, the loecus of points n

l!
i.e. the cutline of ¥ in the view
along CD, congists of two identical

circles with the common chord olal.
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3. CONSTANCY OF A RATTIO OF TWC ARBITRARY
STRAIGHT LINES.

Let AB and ¢D (Figure 3) be two non-
parallel lines and ab and cd their
respective orthographic projections in
the direction 08 forming angles o and

B (a g71/2 and B s n/2) with AB
and CD respectively. Then,

ab = AB sin o
and

ed CD sin B

i

and, hence,

B _ ab sinfB

CD ~ cd sinc

IF follows that a necessary and suffi-
cient condition for AB/CD = ab/cd is
that a= B

Figure <

Let now E ©be a point such that

BE /CD and BE = ¢D. We shall show
that the geometrical locus of all direc-
tions 0S5 of orthographic viewing satis-
fying the condition o = B is a plane P
(Figure 4) normal to the plane ABE and
containing the bisector BG of the angle
ABE. Let F be a point on BE such
that FB = AB; then the plane P is the
geometrical locus of all points M equi-
distant from the points 4 and P. It
follows that 5 AMB = & FMB and, hence

L ABM = 4 EBM. Thus, in any orthographic
view in the dirsction BM, AB/BE = ab/be.
But, since BE/CD and BE = CD,

AB/CD = ab/cd.

&4lso, it can be seen that, for any
point M not belonging to the plane P,
AM # FM and .« ABM # [ EBM and, hence,
AB / CD # ab / cd. Thus, we have shawn
that

constancy of a ratio AB/CD of two
non-parallel lines AR and €D

is a conditionai invariant of ortho-
graphic projection if =and only if the
direction of viewing is parallel %
the plane P | ABE (BE 4 cD,
BE = CD) which contains the bisector
of the angle ABE.

y

4%, AN EXAMPLE OF APPLICATION

SKEW REFLECTION.

Let 0X and OY (Figure 5) be two
intersecting lines and ¢ any line Ffigure
in the plane O0XY; then the line figure

¢' ig the skew reflection of ¢ in
CX wparallel to 0Y if ¢' can be posi-
tioned so that to every point 4 of ¢
there corresponds a point A4A' of 3’
and, conversely, to every point A'
of ¢' there corresponds a point A

of ® wsuch that AA'/ 0Y and

-+ - . .
A AX = AXA, where AK is the point of

intersection of AA' with 0X. We shall
show how the conditional invariants Tor-
mulated in Sections 2 and 3 of this paper
may be used to solve the following problem:

Given: two intersecting lines 0X and
0Y and an arbitrary line figure
¢ in the plane OXY.

Reguired: +to construct a line 03 =uch
that the orthographic view of &
in the direction 08 is a
scaled skew reflection of & in
0X parallel to O0Y.

Strategy for the solution:

The required line 03 must satisfy
the conditions that, in the orthographic
view in direction 08,

{i) L X0y = T - ¢4 X0Y, and
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(ii) x X arbitrarily selected angle between their
B2 AxA ' projections, and ccnditions for a ratlo
of two arbitrary lines to be represented
The locus of all directions of orthogra- Dy any other arbitrarily selected ratio of
phic viewing satisfying condition (i) their projections. For example, if in
and the condition that £ xoy = 2 X0Y is Figure 1, the cone ¢ has an arbitrary
the conical surface A described in {(but subject to certain conditions) apex
Section 2 (v. Notes a and b). The locus angle w - 2 ¥ , the surface A is the
of all directions of orthographic viewing locus of directions of orthographic view-
satisfying condition {ii) is the plane P ing such that the given angle ; AOC appears
described in Section 3. Thus, 0S5 may as the given angle ¢ (or 7= - ¢ ), ¥ not
be found as one of the lines of intersec- necessarily being equal te 1 AOC. A de-
tion of P with & . For example, 1f in tailed study of this type of problem and
Figure 1 o,f is the bisector of the its applications may prove to he very
272 rewardin
angle @a,8,C,, than 05 and 03' are the &
solutions of the problem {CX and OY ACKNOWLEDGEMENT 2
in Figure 1 are coinecident with AB and
CD respectively). The author expresses his appreciation
to the Editor of the EDGJ "Puzzle Corner",
5. CONCLUDING REWARK. Pat Kelso, whose intriguing puzsles in-

spired the writing of this paper.
This paper deals with conditional in-
variants only, but the two theorems formu-
lated in it may be extended to define con-
ditions for any arbitrary angle between
two lines to be represented by any other

A CALL FOR HELP

CAN ANYCONE OUT THERE IN COMPUTER GRAPHICS
LAND DETERMINE THE LINES OF INTERSECTION
AMONG THREE CIRCULAR CYLINDERS GIVEN:

*TWO ADJACENT VIEWS OF THE
RESPECTIVE AXES, AND
*THE RESPECTIVE DIAMETERS??

R. P. KELSC
ASSISTANT EDITCR
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THE GRAPHIC PLOTTING OF
COMPLEX SLOPES OF ORDINARY
DIFFERENTIAL EQUATIONS

DAVID W. BRISSCON
RHODE ISLAND SCHOOL OF DESIGN

INTRODUCTION

If the orthogonal projection of the
four co-ordinates of a four dimensional
Euclidean Cartesian graph, as projected
onto a two-dimensicnal surface, is inter-
preted such that two of the coordinates
represent real numbers and the remaining
two coordinates represent imaginary num-
bers, then such a graph allows the repre-

sentation of two-variable complex functions.

Any such Tunction is thus a surface in
complex 4-gpace.

Any angular distance from the crigin
in this complex 4-space may be considsred
® real, imaginary or isotropic
as a real, imaginary, or isoctropic {(C)
distance under a new definition of the
absolute value of a complex number:

(2} = /2% + (pi)?

in which the Pythagorean Theorem holds
Tor the complex plane and for complex
Y-space.¥*

*  Brisgson, David W., "Complex Space/
Time:An Alternative to the Special
Theory of Relativity", MCDELING AND
SIMULATION, VOLUME 10, Proceedings
of the Tenth Arnmual Pittsburgh Con-
ference, University of Pittsburgh,
Ed. William G. Vogt and Marlin H.
Mickle, School of Engineering, Univ.
of Pittsburgh, Instrument Scciety
of America, Pittsburgh, 1979., ppes.
1983-389.

50

Since the derivative of a differen-
tial equation is dependant upon the Pytha-
gorean Theorem, it follows -- convention
to the contrary -- that any ordinary
differential equaticn has a whole class of
complex slopeg in addition to the con-
ventional real slopes that form a surface
in complex 4-space that is a graphic ex-
pression cf the derivative.

Te demonstrate how this may be done,
the equation for the vertex parabola has
been chosen and its derivative found.
Values are then found considering both
real and imaginary values of X. These
values are then plotted in a complex four-
dimensional graph such as described.

THE DERIVATIVE OF THE VERTEX PARABOTLA

Taking the equation for the vertex
parabola:

Y2 = 2px, (1)

where —gf = the distance from the focus

of the parabola to the vertex, and sub-
stituting X for Y, and vice versa, Tor
purposesg cf simpler manipulation of the
derivative, we arrive at the equation:

)

X xz
Y =2—p or f(X) =?p (2)

Copyright (:) D. Brisson, 1981
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Considering the general eguation for
the derivative:

1im f{x+ ax) - T{x}

Fr(x) = 400 (3
AX
2 2 42
F(x+ Ax) - £(x) = x“+2x Ax+{ AX)T-X
2p
{4)
2
_ BX AX ¥ { Ax)
2p
Dividing by Ax we then obtaln:
flx +bx) - F{x) _ 2x + 8% (5)
A){ 2P
Then:
A
. lim X v oX (6)
frix) = Ax + 0 -
Z2p
and:
X
m = — , the slope. (7)
b

Substituting various real and imagi-
nary values for x 1n eguations (2) and
(7Y we arrive at the following table of
values for p=1l:

¥
(4,8 m*m—i———*

vi

(a,m)

xi

=X

{2i,-2)
rd

G1,-

Figure 1.

9 1 1
g |-8 [~— -2 f=JoO}-—
2 2 2

TABLE I

Plotting these values of x and ¥
in a complex Y4-space graph, we arrive at
the curves in Figure 1. DNote that these
two curves in the real x-y plane and the
complex yxi plane are cross-sections of
a curved surface in complex 4-space des-
cribed by equation (2.

The slopes at points {-2,2) and (2,2)
have been sketched in and obviously conform
to conventional practice. Considering now
the point (-21,-2), cone must recognize
that m is 2 ratio of y to x. Thus, m at

{(-2,2) is the ratio of y %o one unit of x,
or -2:1, or -2. Similarly, (-2i,-2) is

a ratio of m; i.e., ¥y to one unit of X,

or ~2ii-i = 2. TIf p had equaled 1, for
example, and x had equaled 21, then y

would equal - —%— , m would egual 2 and

the ratic of m to xi would equal 2:1,
i.e., the curve is purely lmaginary and
sc is the tangent. Point (21,-2} has
also been sketched in.

Thus, if a derivative can be obtained
for an equatiocn, it may be expressed in
complex terms.
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BIRTH OF ENGINEERING

REPROGRAPHICS

BIRTH OF ENGINEERING REFPROGRAPHICS

Translated by Dr. Ing. Guido Laghl
Frofessor of Teechnical Drawing
ITIS "Alberghettiv-

Imola (Bologna}

Reproduction through 1lisht.

A revoluticonary invention has
placed on a new basis the repro-
duction technique. It was a ques-
tion of reproducing drawings
through the help of light, the so-
called photeocopying process. By
photocopying we wmesn the produc-
ticn of copies of drawings pene-
trable by light, without the use
of a camera,.

The first photocopy was car-
ried cut in 1727 by the Cerman
Physician Johann Heinrich Schulre,
He found that a mixture of silver
nitrate and calcium sulphate, if
exposed to sunlight but not to
heat, becomes black. He cbtained
the first copy by putting patterns
of letters upon the light-sensi-
tive mixture. However, Whers was
§1t111 not a method to fix the im-
age. Therefore the process in
practice did not come into use.
Yet the research into the sensi-
tivity to light of silver salts
was carried on., Many well-known
researchers ftook part in this
study, till the English Th. Wedg-
wood, in 1802, succeeded in produ-
cing shadows thanks fto the effect
of sunlight on paper or glass im-
bued with silver nitrate. He
mostly made use of translucent
{transparent) objects, like in-
sects' wings, leaves and the like.
Nevertheless he was still not able
to fix the images.

DR, ING. GUIDO LAGHI
FORLI' ITALY

In the year 1819 Sir John
Herschel, astronomer and physi-
cigst (Fig 1), discovered the ef-
fect of sodium hyposulphite on
gilver salts. However, this dis-
covery at first was not object of
attention. Only in 1839 W. H. Fox
Talbot (Fig. 2), following the in-
dications given by Sir John Her-
schel, for his very sensitive and
recently discovered silver chlor-
ide paper, used for the first time
godium hyposulphite to fix the im-
ages. First of all he used the
silver chloride paper to copy
drawings and manuscripts, there-
Tore he was the first to use the
method that later on will be called
the photoccpying process. He also
knew the way to copy leaves and
flowers. The first negatives on
paper had white lines and a black
background. From these it was
possible to obtain positives too.
In 1840, Talbot improved his meth-
od by spreading gallic acid on
gllver icdide paper, rendering it
light-sensitive. By this method,
Talbot succeeded in notably short-
ening the time of exposure to
light. 3o Talbot must be consid-
ered the founder of photocopy and
of the photocopying technique.

Copyright @ G. Laghi, 1981
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Fig. 1: BSir John Herschel,

born on March 7, 1792 at Slough (near

Windsor},
died on May 2, 1871 at Collingwood.

Photo: Bildarchiv der Beterr.
Nationalbibliothek

However, a sultable material
for the copiez had still not been
found. The various papers for
copying had no resistance. They
had to be used if possible on the
same day on which they had been
prepared. Besldes the paper
spread with sllver emulsion was
too expensive to be utilated for
photocopies. This gap could De
filled only when, in the eighties
of the 19th century, people began
to photocopy on paper treated with
gilver bromide gelatin. In the
meanwhile in the photocepying
technigque a simple and less expen-
sive process became known: the
blueprint process.

The blueprint process (Wegative
cyancgraphy) .

Already in the year 1831 Dr. Wolf-
gang D¥bereiner (1780-1849) ob-
gerved the effect of light on iron
oxalates. In 1840 Sir John Her-
schel found that generally the
ferric salts of organic acids are
reduced by light te ferrous salts.
In 1842, he succeeded in obtaining
the first copy. He prepared some
paper with an,aqueous solution at
10% of this ferric salt, threw
light under a drawing, then plunged
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Fig. 2: William Henry Talbot,
born on February 1800 at Harrow,

died on September 17, 1877 ab Laycock Abbey.

Photo: Bildarchiv der Osterr.
Nationalbibliothek

the copy into potassium fericyan-
ide and soc he obtained a white
drawing on a blue background; the
bluepring process or cyanography
was born. For fixing it was suf-
ficient to plunge the copy into
pure water. This process is sim-
pler because paper is embued with
potagsium ferricyanide and iron-
ammonium citrate. Once anyone who
made the photocopy had to prepare
the paper by himself. Today it is
produced by a few firms and it is
supplied ready for use in standard
gizes or in rells., When it has
dried, the paper has a yellow-green
coclour.

In order tc bring about the
illumination, the originel tracing
ais set with the back of the sheet
on the sensitive layer, in a pron-
er frame for photocoples, and it
is exposed to sunlight, otherwise
it is put in a2 photocopying device
congtituted by a glass cylinder
and it iz exposed to the light of
an arc lamp or of a mercury-vapor
lamp. After the photocopying pro~
cess, the blueprint is washed in
pure water. The copy has white
iines on a blue background. If we
want to obtain clearly readablie
blueprints the originals must be
written in China ink. From a
blueprint it is not possible to



ocbtaln another blueprint directly.
Blueprints have a duration of more
than 50 years. The blueprint pro~
cess has been used from 1867 in
England and in France, and in the
same year it was displayed at the
Worlid Exhibition of Paris. This
process, initially used by ama-
teurs, as years went by became in-
dispensable for the reproduction
of technical drawings.

Positive cyanography.

The bases of this process were gi-
ven by Herschel alrezady in 1842,
If some paper, prepared with iron-
ammonium citrate, is illuminated
under a drawing and then is treat-
ed with potassium ferrocyanide,
one obtains a positive figure. 1In
the year 1877 Pellet improved .%his
process, gpreading on the paper a
rubber solution too., A Ffurther
improvement was produced in 1880
by Collache. In the year 1881 the
iron-rubber process was described
for the first time by the Austrian
captain Beppo Pizzighelli (Fig 3).
Fizzighelli made some experiments
and at last chose three golutions,
that must be mixed in a given sue-
cession. Paper is spread with
these solutions. The developing
agent 1s constituted by potassium
ferrocyanide. The drawing has
blue lines on a white background.
At last the copy is washed clean
from the developing agent in pure
water. The iron-rubber paper is
very sensitive toc light and photo-
copying on it happens like on the
blueprint paper.

The sepia reproduction process.

The blueprint process witd i1
war slsc combined with the silver
salts process, for the first time
in 184% by Hunt and in 1837 by
Draper. The paper required for
this process was put on the market
by Nicol in the year 1889 with the
name Kallityppapier {paper of the
type kalli). On the grounds of
these preliminary works, Arndt and
Troost (1894) obtained the so-

called paper for sepia photocopies.

It is produced spreading a gela-
tinous sclution of ammonium~iron
citrate, silver nitrate and tarta-
ric acid. Sepia paper is illumin-
ated under a transparent drawing,
until the lines begin to colour
end the borders show a dark brown
colouring. It is then washed with
water and fixed in a soda solution
at two per cent. After fizxing one
must wash well. COne obtains white
lines on a brown background (nega-
tive copies). These, if they are
vhotocepied on light paper, can be

Fig. 3: Beppo Pizzighelli,
born on December 28, 184¢ in Mantua,
died on April 15, 1912 in Florence.
Photc: Bildarchiv der Osterr,
Nationalbibliothek

utilized in order to produce posi-
tive copies on sepla-type or blue-
print paper. The sspia photocopy-
ing procesg was utilized until
about 1930. It then replaced,
like cysnography too, by the new
diazotype process.

The diazotype process.

In the year 1860 the german chemist
Peter Griess produced for the first
time diazo compounds., Afterwards
in 1500 various photocopying pro-
cesses were developed, on the
grounds of the light-sensitivity

of diazo compounds. Mogt of these
processes, however, have found no
practical use, Only the process of
Prof. Gustav Kogel, born in Munich
in Jarmary 16th 1882, succeeded in
being successful as a photocopying
technique.

The {zalid photocopying process.

The story of ozalid photocopies be-
gan at Beuron, near Munich, There
Frofessor G. K8gel was busy deci- .
phering the palimsests, viz. hand-
written documents on parchment,
that had been scratched out {in
Greek: palim psestds) and written
on again. In order to be able to
read the erased pristine writing,
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Fig. 4: Device of G. Kdgel for the de-
composition of the rays, for the palimp-

sest-photography.

he invented by himself, for the de-
composition of the rays {(Fig. 4),
by which he decomposed the ultra-
violet {(UV) rays and illuminated
the object with a definite wave-
length. Adolf Dlringer, photog-
rapher of the Naticnal Library of
Vienna, in 1931 improved this pro-
cess and since then works with beams
of rays of the UV range. Figure 5
shows a parchment which had been
written on again after the old wri-
ting has been made readable again,
through the palimpsest-photography
of DUHringer.

Making experiments of this
kind, in the ysar 1917 ¢. Kogel
succeeded in preparing a paper for
positive photocoples, that showed
lines coloured from red-violet to
brown-black on a white background.
The light-sensitive substances em-
ployed for the preparation of this

Fig. 5: Palimpsest-which hag been
scratched out and written on again.

photocopying paper are diszo com-
pounds. Paper is spread with them
and dried in the dark. Then the
copying paper is illuminated, under
a transparent original, through a
sunbeam or through a mercury-vapor
lamp. TIn the non-illuminated
points there is a coloured picture,
that becomes visible through ammo-
nia vapours {(vapours of ammonium
chloride).

The development takes place in
a closed boX, in which a little cup
with ammonia has been put. The
process lasts only a few mirmtes.
One obtains a positive picture of
the original. The tonality of the
drawing depends on the cholce of
the coupling compound (dyestuff).
One can obtain red, brown, sepis,
blue and black lines cn a white
background. Mostly people make the
go-~called red copies. Paper is
very sensitive and has a great re-
sistance.

The Kdgel's procesg has been
adopted by the dyes factory Kalle
and Co. of Biebrich am Rhein and
introduced successfully into prac-
tical use. Already in the year 1923
it was possible to put the Tirst
photocopying paper on the market,
produced on an industrisl scale, for
positive copies, dry, ready for de-
velopment. It received the name
¢ozalid., This word derives from the
inversion of the word diazo, to
which an 1 has been added for pho-
netic reasons.

Fig. 6: Secratched out writing, mads
vigible again by means of palimpsest-
photography.
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TRANSLATOR 'S NOTE

This article is a translation of:
"Nedoluha, Alois: Kulturgeschichte
des Technischen Zeichnens™, III.
Teil, pages 121-126, published in:
Blitter TUr Technikgeschichte, Heft
21 by the Technisches Museum fir
Industrie und Gewerbe In Vienna -
Forschunginstitut fir Technikges-
chichte - in 1959.

The collection of papers of
Ing. Nedoluha on the cultural his-
tory of engineering drawing ap-
peared in the form of a bock too:
"A. Nedoluha: Kulturgeschichte des
Technischen Zelichnens", published
in 1960 and distributed by Springer-
Verlag of Viermasa.

Apart from Booker's "A History
of Engineering Drawing", republished
in 1979 (Northgate Co., London), al-
meet certainly this book is the only
one on the market on this subject
for the time being. It should well
deserve a translation into English
in order to reach a greater circu-
lation amcng people interested in
engineering design graphics.

A notewcrthy feature of Nedo-
luha'ts work is the treatment of the
historical development of Technical
Drawing in ite interrelaticns with
Strength of Materials, Applied Mech-
anice and Fabrication Processes. A
whole chapter is devoted tc the con-
nections between the historical
progress of metrology and the prog-
regs of the engineering graphic
language.

The translator sincerely thanks
Dr. Ing. Susanne Trombettoni for her
collaboraticn in the translation
from German, and expresses his gra-
titude to Dipl.-Ing. R. Niederhue~
mer, Director of the "Technisches
Museum fir Industrie and Gewerbe"
in Vienna, for his kind permission
to translate and publish some pages
of Nedoluha's work.

Look for her CALLIGRAPHY
on the
INSIDE BACK COVER

56 / ENGINEERING DESIGN GRAPHICS JOURNAL Spring 1981




“THE COMMON PERPENDICULAR”

(A translation from the French
of Gaspard Monge's Geometrie Descriptive,
pages 37, 38 and 39, Fifth Edition, 1827)

TRANSLATED FROM THE FRENCH BY:

TERRY $. REYNOLDS, ASSOCIATE PROFESSOR
DEAN FREED 0. LEIDEL, PROFESSOR
DEPARTMENT OF CENERAT, ENGINEERING
UNIVERSITY OF WISCONSIN-MADISON

Fditor's Note: This article and the fol-
Towing article ("New Thoughts on Shortest
Controlled Connectors", Ying and Leidel)
present 2 new look at an old subject.
Both articles should be read and savored
by the reader -- especially that reader
who is fascinated by the theory and
application of Descriptive Geometry.

"31, Fourth question. Two straight lines for 1t will pass, in Tact, through a
being given {fig. 15), by their horizontal point of the first line given, and it will
projections AB, €D, and by thelr vertical be perpendicular to i1t, since it will De
projections ab, cd, construct the pro- perpendicular to a plane that passes
jections PN, pn of the shortest possible through this line; it will touch, more-
distance, that is construct the striaght over, the second perpendicular line,
line that is at the same time perpendi- since it will be a radius of the cylinder
cular to both, and find the magnitude of which has the second line as its axis.

thig distance.
"It is, therefore, only a question of
"Solution, Through the first of the two constructing successively all the parts
straight lines which are given let us of this solution.
imagine a plane parallel ‘to the second,
which is always possible, since if through

any given point cf the first we draw a "l. In order to construct the tyaces pf
straight line parallel to the second, the plane parallel to the two lines given
and if we imagine that this third line is we will draw from any point on the first
moved parallel to itself the length of the a parallel toc the gecond; the projections
first, it will produce the plane in of this parallel will Dbe parallel to the
guestion. Let us imagine, further, a lines CD,cd. .The line cd touching the
eylindrical surface with a circular base, line ab at point b, if we drop from this
that has for ite axis the second line point the perpendicular bb‘B_to Fhe fold
given, and for a radius the distance line IM of the planes of Progectlon, and
sought; this surface will be touched by if we draw through the point of the

the plane in a straight line that will Dbe first line, whose projections are B anq
parallel to the axis and which will touch b, the parallel to the second line, this
the first line at a peoint. If through parallel will have its horizontal and
this point we draw a perpendicular to vertical projections.

the plane, 1t will be the line required;
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{p. 28):

the perpendicular CI on. its line HK',

» . . . the lines BE, c¢d; it will plerce the circle described with the point C

the horizontal plane at the point E, as its center, with the radius CI, is
which we obtained in drawing the line the base of the cylindrical surface, and
cE perpendicular to the fold line LM. the line IN, parallel to CD, is the hori-
Therefore, if we join the points 4 and’ zontal projection of the line of tangency.
E by a line, this line will be the trace This 1line touches the first line at a

of the plane parallel to the two lines point whose projections are N and n,
given. and through which passes the perpendi-

cular to the two given lines.
"2. In order to construct the line of

intersection of the plane parallel fo “(p. 39):

the two given lines and the cylindrical

surface, it is necessary to note that "3, Knowing the projections N, n of one

this line of intersection i1s parallel to of the points of the commeon perpendicu-

the gecond line given, and that a single lar required, in order to have that of its

point of this line determines its position. perpendicular, it will suffice to draw,

In order to find this point, we draw through peint N, the line NPQ perpendi-

frem any point of the sscond line which cular to its trace AE. This line strikes

ig the axis of the cylinder (for example, the horizontal projection CD of the

from the point C, where it strikes the " second line given at the point P, the

horizontal plane), a plane perpendicular extremity of the horizontal projection

to this axis; the intersection of this NP of the perpendicular required. The

plane with the parallel of the two lines vertical projection of this perpendi-

will be tangent to the circular base of cular being np, we will then lay out

the cylindrical surface. its length by the procedure of fig. 3,
plate 1.

“"The vertical plane CD having been rota-

ted about its trace CD to the horizontal "Congideration of a cylindrical surface

plane, we will construct the angle B'CB touched by a plane is not necessary for

that the second line given makes with the solution of the preceding problem.

the horizontal plane, by taking a vertical After having imagined s plane parallel

B'B equal to b'b. The same vertical to the two lines given, we would be able,

plane CD intersects the plane parallel through each of these lines, to draw to

to the two lines, along the line FK pa- that plane a perpendicular plane, and

rallel tc CB'. From which it focllows the intersection of these two last

that the plane perpendicular to the axis planes would have been the direction of

of the cylinder drawn from the point C the reguired shortest distance. We are

strikes the vertical plane CD along the satisfied to demonstrate to you this second

line CK perpendicular to CB' or to FK, and method, in advising the reader to seek

the horizontal plane along the line CH this econstruction as an exercise.®

perpendicular to CD.

"This plane perpendicular to the axis of 1. BSee also "Gaspard Monge and the Origins
the cylinder, rotating around on i1ts hor- of Descriptive Geometry,” page 14 of
igontal trace CH in order to coincide Engineering Design Graphics Jourmal,
with the horizontal plane, the point X spring, 1970,

is rotated to K'; the point H of the line
AE remains fixed, the line H X is the
intersection of the plane tangent to the
cylindrical surface and the plane per-
pendicular to the axis of its surface,
Therefcre, if from the point C we draw
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NEW THOUGHTS ON SHORTEST
CONTROLLED CONNECTORS

DEAN FRED 0. LEIDEL, PROFESSOR
DEPARTMENT OF GENERAL ENGINEERING
UNIVERSITY OF WISCONSIN-MADISON

INTRODUCTION

There are two standard analyses for
the solution of the problem known as the
common perpendicular problem, that of finding
the shortest connector of, or the clearance
between, two non-parallel non-intersecting
(or skew) lines. In the most general case,
both solutions originate in second aux-
iliary views.

The most-used sclution is sometimes
called the line method, and requires the
point view of either of the two skew lines.
It depends upon the observation that a
right angle appears as a right angle if
one side appears true length. It is the
simplest, most straight-forward of the
twoe standard soluticns.

The alternate solution is sometimes
¢alled the plane method. It requires the
true-gize view of the two parallel planes
determined by the two skew lines. While
it is the more complex of the two standard
solutions it is also a fundamental por-
tion of the solution of other related
problems such as the shortest horizontal
connector of two skew lines and the
shortest given~slope (or given-grade)
connector of two skew lines.

DAQ-NING YING, LECTURER
DEPARTMENT OF MECHANICATL ENGINEERING
UNIVERSITY OF ZEHJIANG
HANGZHOQU, PEOFLE'S REPUBLIC OF CHINA
VISITING RESEARCH ASSOQCIATE
DEPARTMENT OF MECHANICAL ENGINEERING
UNIVERSITY OF WISCONSIN-MADISON

As he did for all sclutions that
he proposed, Gaspard Monge, the crigina-
tor of descriptive geomstry, solved the
common perpendicular problem in the top
and front views.(1)* Apparently he did
not recognize that other controlled
cormector problems existed.

Monge's solution is quite complicated,
and employs rotation as well as an uniden-
tified auxiliary view, although he may
have perceived the azuxiliary view as a
rotation.

An orthographic drawing of Monge's
solution converted to third angle projection
and labeled by University of Wisconsin-
Madigon standards (2) is presented in Figure
1, The analysis is that one end of the
common perpendicular is on the surface

¥ Numbers in () refer to footnotes at
the end of the paper.

Copyright F. Leidel, D. Ying

@ 1981
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Figure 1

of the circular cylinder having one of the
skew lines as its axis and ftangent to

the other skew line. The common perpendi-
cular is a radial line of the cylinder.

The given skew lines are AB and CD.
Plane ABRE is constructed to centain line
AB and bé parallel to line CD, by con-
structing Y18 parallel to cldl. Arbitra-
rily,y2 {and xz) were selected as the
intersection of azb2 and 02d2' Next, con-
gider cldl as the edge view of a plane W.
Line XC, an arbitrary porticn of line
CD, appears true length as auxiliary
view XBCB. For this auxiliary view, feld
line alh3 coincides with line Cldi'
Line GK i1s the line of intersection of
the plane ABE &nd plane W. Since plane
ABE ig parallel to line CD and lines CX
and CK are both in plane W, therefore line
0K is parallel to line CX, and can there-
fore be constructed parallel as line gBkB'

Plane CKH is the plane of right
gectlion of the analysis cylinder, and CH
is its horizontal trace, Rotating plane

CKH about axis CH produces clhlk1r as

the plane true size. Line KH 1s the line
of intersection of the plane of the

right section of the cylinder and plane AEE.

Therefore, the circle centered at K and
tangent to line HK at J is that right

sectlon, and line JN is the line of
tangency of the cylinder and plane AEE.
Because of the smallness of the construct-
ion, point j1 was omitted, but it lies

along line jlr n . Point N which is on

line AB, is one end of the common perpen-
dicular.

Finally, since common perpendicular
PN is perpendicular to plane ABE, Py

is drawn perpendicular to true length
line a1 8 of plane ABE, to locate point

P on line €D. (A line perpendicular to
a plane is perpendicular to every line
c¢nn the plane, and a right angle appears
ag a right angle if one side appears
true length.}

Figure 2 is a pictorial view of the
straight lines and planes of figure 1, but
flipped upside down to place the hori-
zontal plane H at the bottom rather than
at the top, which results in maximum
visibility.

Figure 2

Within the knowledge of the authors,
no "two-view" soluticns of the common per-
pendicular or shortest controlled connec-
tor problems have been proposed in modern
times. The following solutions are "two-
view" solutions, and dependent upon ob-
servations of the completed golutions by
the plane method. For the family of con-
nectors that includes the shortest connec-
tor, the shortest horizcntal cormector,
and the shortest given-slope cr given
grade connector, the most vital observation
is that the top views of these connectors
will appear perpendicular to the strike
lines of the parallel planes determined by
the two skew lines. Therefore in space,
the cormectors are indeed perpendicular
to the strike lines.
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COMMON PERFENDICULAR (PICTORTIAL)

With the above brief background, next
refer to figure 3. This is the pictorial
analysis of a two-view method for finding
the common perpendicular or shortest con-
nector of two skew lines. The given skew
lines are AB and CD. Plane R contains
the line CD and ig parallel to line AB.
It was established by producing the line
CE parallel tc¢ line AB. Plane § contains
the line AB and ig perpendicular toc plane
E. It was establighed by producing the
line BG perpendicular to plane R. Point

P is the piercing point of 1line BG and plane

R. B8ince the line of intersection of
two planes is parallel to lines of each
plane that are parallel ‘o each other,
line P% drawn parallel to lines AB and
E iy the line of intersection of planes
and R, and eroseee line CD at poInt X2

Figure 3

Binee line BP is, in fact, perpendi-
cular to both lines AB and €D, line XY
drawn parallel to line BP is not only
perpendicular to but alse intersects lines
AB and CD, and is therefore the shortest
connector of lines AB and D,

COMMON FERFENDICULAR (ORTHOGRAPHIC
UNIQUE CASE)

The same problem is illustrated by
the orthographic top and front views of
figure 4 For maximum clarity of solution,
the problem is not given ag a general
cage; rather, skew lines AB and CD are
given in the position of appearing parallel
in the front view. The explanation of
figure 1 applies. Planes R and @ are not
shown except by the lines which lie
on these planee, and line segments PG
and YZ are superfluous.

Figure #

COMMON PERPENDICULAR (ORTHOGRAPHIC

GENERAL CASE

The same problem is again illustra-
ted by the ortheographic top and front views
of figure 5. Here, the problem ig given
as the general case, with AB and CD not
appearing either true length or parallel
in either given view. The explanation
of figure 3 still applies. As in Tigure
4, planes R and @ are not shown except
by the lines on them. Line segments
P¢ and XZ are not shown because they are
superfluous.

There are two additional features
of the presentation of the problem in
the general case compared with the
specific case of figure 3. First, line
blgiis drawn perpendicular to strike line

Glsl of plane CDE, in the top view, and
b2g2 is drawn perpendicular tc TL line

d2r2 in the front view.
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Figure 5

Second, the piercing point P of
line BG and plane CDE (the plane R of
figure 3) was found by the two-view
method of passing cutting plane TT, which
intersects plane CDE along line 1-2. Line
1222intersects line b2g2 at plercing point

Py
SHORTEST HORIZONTAL CONNECTOR (PICTORIAL)

Figure 6 is a pictorial view illus-
trating the method of sclution for the
shortest horizontal connector of skewed
lines AB and CD. The basic analysis is
that the shortest horizontal connector of
twe skewed lines is a strike line UW
of the seccond of two planes. The first
plane CDE contains given line CD and line
CE constructed parallel to given line AB,
‘and has as a constructed strike line DG.
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The second plane contains given line AB
and strike line BS constructed perpendicu-
lar to but not necessarily intersecting
strike line DG. Line CD pierces plane
ABS at point W. It is possible to con-
struct line WU from line CD to line AB
and parallel to line BS. Line WU is the
shortest horizontal connector of the two
given skew lines.

Wi

2
2 ‘22

da

Figure 7
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SHORTEST HORIZONTAL CONNECTOR -
{ORTHOGRAPHIC }

The same problem is illustrated
the orthographic top and front views o
figure 7. The explanaticn of figure 6
applies. Piercing polint W was found b

oy
£

¥

the two-view method, using cutting plane

TT to produce line 1-2 on plane ABS.

1122 intersects line 02d2 at plercing

point Wz'

Ny

Line

Figure 8

SHORTEST SPECIFIED GRADE CONNECTOR -
(ORTHOGRAPHIC }

Figure 8 is a modification of figure
7, to ghow the orthographic top and front
view of given skew lines AB and CD, and
the solution to find the shortest 40%
grade connector of the given skew lines,

rather than the shortest horizontsl con-
nector. The only modification is that the
second plane is constructed with given
line AB, and a 40% grade line BG in place
of strike line BS, 1In all other respects
figures 7 and 8 have the same explsnaticn,
and line WU becomes the shortest 40%

grade connector. If the problem reguired
the shortest 229 slope connector rather
than the shortest 40% grade connector,

the 220 glope line BG could be constructed
in a rotated front view.

CONCLUSION

In conclusion, practical two-view
goluticns for the family of shortest
cormmectors of two skew lines do exist. For
anyone who truly understands the geometry
of the golutions, the solutions are simple,
resulting in an economy of construction
time and drawing space. Just ag these
solutions were inspired by a re-reading
of Monge, so might new solutions of other
problems be gimilarly inspired.

FOOTNOTES

1. See "THE TRANSLATION OF MONGE'S
COMMON PERPENDICULAR SOLUTION" by
Reynolds & Leidel, pp -

2. Capital letters (A,B, etc.) refer
To & point in space., Lower case
subscripyed letters (al, b2, ete.)

refer to an crthographic view of

a point. Tep views are subscripted
1. Front views are subscripted 2.
(Beyond that, view subscripts are
sequential in the order of view
congtruction.) We believe the
labeling of the fold line is unigue
to the University of Wiscongin-Madi-
son, superlor teo other systems, and
mest understandable to sztudents.
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GRAPHICAL SOLUTIONS IN
STRUCTURAL DESIGN -
MOMENT DISTRIBUTION

EARL RAETHE,
ASSISTANT PROFESSOR
QUEEN'S UNIVERSITY
KINGSTON, CANADA

Having established the moment diz-
grams for fully fixed ends of all the
individual spans belonging to a continu-
oug system as demonstrated in the previ-
ous article we can now release the arti-
ficial restraint of total fixity. This
results in a chain reaction of re-ad-
justments, which was analytically demon-
strated by Prof. Hardy-Cross in his fa-
mous paper on "Moment-Distribution" in
1933 and which revolutionized the design
of continucus structures. Whether gra-
phical methods existed at that time or
whether their intrecduction was spawned
by that event seems not clear. This au-
thor received instructions on the sub-
ject during his engineering education
in the late 193C's and used them in
practice, Some of such solutions are
also described by D.B. Steinman in his
article on the subject in "Engineering
News Reccrd" of June 5, 1944, Otherwise,

the procedures seem to be unknown or
will soon be forgotten.

Those who are familiar with the
theories of structures know that the
areas and the end reactions of the mo-
ment diagrams in Fig. la and lb in the
previous article are equal. Also, that
a change in the degree of restraint on
cne side, will change the moments at the
gupports but not the reaction at the un-
changed end for the negative moment area
asgumed as an area load. Graphically,

this may be demonstrated as follows:

Removing the restraint at one sup-
port only or changing the degree of re-
atraint at one support will cause a
change in the mid-third peint ordinate
adjacent to that support while the other

ordinate remaing unchanged. In other

Copyright (:) 1981 K. Raethe
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words the closing line rotates about '¢°
if the degree of restraing changes at
'B' and about 'r' if the change iz at

'A'. (See Figure 17.) If M,
. . 1 3

0, MB will increase to MB + EMA and if

we remove the restraing at B to My = o,

. 1 . _

MA will become MA + 2MB. if M, is re

duced to W, , MB will increase to My +

%MA. Thus we receive graphicaily the
carry-over factor. (See Figure 18.)

changes %o

If My reduces, M, increases by i of
the reduction because the closing line
rotates about '£°'.
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Continuous Beams

A beam with fixed ends and one in-
termediate support is in balance from
the start if Sp_p = Sp-g°’ IA—B = IB—C
and the loading is symmetrically arranged
about 'B* {see Figure 1%a.) M, = MB£=
Mp. = Ma. If we remove the restraints
at A and G, both ends now being simply
supported, the closing lines will rotate

about 'r' in the left span and about '£°'

in the right span until both M, and Mo s
are "0" (see Figure 19=z.) My, and Mp .
are still equal in magnitude but they
have bocth increasged by & of the original
'MA and of the criginal M, respectively.
Because of this equality of the moments
on either side of 'B' the system is in
balance.

If we remove the restraining at one
support (say at 'A') only, see Figure
19c¢, the closing line in the left span
would rotate about "r", Since MBE and

M
Br
be distributed in proportion to the re-

must balance, the difference "y" must

spective stiffnesses of the two spans

A-B and B-C. The closing line 2-3 will
rotate about "r" of the right span.

Since "A" is not restrained, M, = nom

and £ of the carry-over or & of the move-
ment of Mpe will reflect back to "BE™,
This operation is simplified by stating
that if the rigidity of a beam restrained
at the end is I/s, the rigidity of a

P P
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beam with a freely supported or hinged
end ig only 3I/4s (span A-B in Figure
19d). In the example in Figure 194,
Ty p =3/% Ig =1 and s, 5 = Sp_g

If "y" = 1.75, point "2" moves 1.0 down
and the closing line rotates about "r".
Point 3 at M, meves up 0.5 reducing U
by 0.5. Point 1" moves up 0.75 to meet
point 2, the line 0-1 rctating about "O"
(see Figure 194). 'I' = moment of inertia
for the trial section.

The general case of graphical moment dis-
tribution for a twc span continuous

beam i& shown in Figure 20. The supports
at "A" and "C" are fixed.

FIG.20

Initial fixed-end moments and closing
lines are first established. In this
example they are 1-2 and 3-4. The rela-

tive rigidities K, p and Kg . (K _p = Tap

to s, p+ Kg_p = Ipg ¥ 8p_p) are drawn

to any convenitent scale as indicated by
the +two dashed lines. {See Figure 20.)

A line connecting the end points of these
two lines divides the mcment imbalance
2-3 in proportion to the relative rigidi-
ties of the two beams. The final closing
lines from '6' through '£' in the left
gpan and from '6' through 'r' in the right
span establish the final negative moments.
Note that the carry-over 1-5 = § of 2-6
and 4-7 = £ of 3-6.

The accuracy of the drawing can be
improved by exaggerating the vertical
moment scale. The scale of the span length
is not important; indesed, the span length
may not be %tc scale. The important thing
ig that the '¢' and 'r' - points are

located exactly in the 1/3 - points of
each span. If that 1s so, we may draw
the span lengths in proportion to their
relative rigidities and save some steps
in the procedure. In Figure 21, the
span lengths are measured as relative

B C
< . W | (5]
4 L : ' IT
7

| o
3 =3
la-8/s, g lossg ¢

FIG. 21

values of I/s, The closing lines for
fixed end moments are 1-2 and 3-4. Pro-
jections 2-2a and 3-3a are parallel with
the base line A-B-C. The dashed line
Z2a-3a intersects the imbalance of the
initial moments 2-3 under "B" at "6,
Lines 6-5 through "£ " in the left

gpan and 6-7 through "r* in the right
span produce the final closing lines and-
end-mcments.

In Figure 22, a beam with two in-
termediate supports is shown. "A"
is simply supported, D" is fixed. Span
lengths need not be to scale. Moments
must be to scale as well as the stiff-
ness factors "K».

Procedure:

(1) Draw initial fixed end moments to
scale, Their closing lines =zare
shown dashed. Since A" is hinged,
M, hes to be zero. The closing line

for the initial moment has to go

from »0" at "A" through "rA_B" to

"1" a-t uBu.
{2) Construct points "m" and "n" by
drawing K, p over "B", {(3/4 K, 5
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if "Av ig hinged)}, % Kp_¢ under the

1/3 points of span B-C and "K. "

over "C". The points "m" and "n"
are the intersectlons of the stiff-
ness factor-end point comnections
with the base line as shown in

Figure 22.

A c D
¥
la-ile-c |lhe-c_|i8- 14C-D
v :
2\ <
M \n
0
%Ka-c-
TN I
n —
F e
" lg-¢
FiG. 22

{(3) BSince "ﬂB_C" and "rp_g" are rotating

points of the closing line, line
1’£BHC and 2-rp . are possible

closing lines considering only spans
A-B-C or B-C-D respectively. Their
intersections with points "m" and

"n" projected down from the base line
are 2 points on the final closing-line

34 in span B-C. M, = 0; 0-3 ie

therefore the final closing line for
the moment diagrsm in span A-B. "Dv
is fixed. The final closing line in
span C-D has to rotate abeut “r, "
to #4-5.

The final negative moments are

My = 03 -Mg =B-3; -M, = C-k;

-M_ = D-5.

D
Figure 23 shows the solution for a
continuous beam with three intermediate
supports. As previously stated, -spans do
not heed to be drawn toc scale; however,
moments and stiffness factors (K} must be
drawn to scale. 7To solve the problem, the

"n" and "m" rotation points are construc-
ted in spans B-C and C-D. In these two
spans intermediate closing lines "2a"
directed through n-rp . and "3a" directed

through m—ﬂC_D establish a final moment

difference over the center support "C".
Thias difference is to be divided’ in pro-
portion to the relative gtiffness of

Kp-pg 304 Kg_p g

blished as shown along the base line
between B-C and C-D. A line from "ng .°

. The latter are esta-

. 1. .
through the altitude of 3KB~C gives KA—B-C
over "C" and a line from "t _n" through

: AL K
the altitude of BKC—D gives KE-D—C under

"Cr, Figure 23 shows how the moment dif-
ference may be divided (see also Figure
20). The dividing point establishes the

A B [ D E
I ]
. i {rye) |
@ o7 I
i < e L ‘
3 Efm// & X %k50$\mf
' - % ! L I B =
0 3 #
P | i
o4 ok |

==

final negative moment at "C" (-Mq). Final
closing lines may now be drawn from (~MC)
through "n" establishing (-MB) and through
"m" establishing (-MD). Since in this
example "A" 1s hinged, M= 0, the final
closing line is directed from (—MB) to "om
at "A". The final closing line D-E

D-E
establishing (—ME). If "A" were restrained,

is direeted from (—MD) through "z, _"
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the tlow of the final cloeosing lines would
be different. In Figure 23a the interme-
diate closing line O-la would not be re-
quired. "nB_C" is projected to intersect
with line lnﬁB_C to establish the rota-
tion point "n" of the closing line in span
B~-C. K, p has increased from 3/4 to 1 Ky g
because "A" is fixed. The final closing
line in span A-B will point from (_MB)
through A-B to establish (—MA), A" being
restrained, (—MB) is somewhat less. The
effect on (—MC), {—MD) etc. is less the
further away one gets from "A".

A beam with 4 intermediate supports
is shown in Figure 24,

JA B c 2] E F

!

« TMp

3

%

The end supports are restrained. If
one or both were hinged or freely sup-
ported the procedure described in connec-
tion with Figure 23 would apply. However,
when compared with Figure 23, it will be

noted that KA-B—C

KF—E—D under "D". The intermediate clo-

appears under "C" and

sing lines "2a" through "ng " and "rg "
"hav through "my o and "&p pv establish
intermediate moment differences at "C®

and uDrl N "nC_D
"I

c.p on line 4a-rc_D are points of the

" on line 2a-EC_D and

final cloging line between "C“ and "D"
establishing the magnitudes of the final
(—MC) and (—MD). (—MC) through "ng "

gives (—MB),and (-MD) through mp p

establishes (—ME). (—MB) ‘throughjiA_B
gives (_MA)' and (nME) through ry_g

establishes (~MF).

The procedure may now be extended
to beams with any number of intermediate
supports.

Framés

The idea of graphically distributing
moments in 2 intersecting structural members
whose 4 ends are fixed is shown in Figure
25, Initial negative moments are assumed
in this case over the span 4-D only. By
releasing Point A from total restraint,
the moment difference at A" will distri-
bute itself inte all 4 members relative
to their respective stiffness factors.

‘ﬁ

)

la-g-

N

L/
- .
_LA_;

The initial (clockwise) action in

FIG.26

one member is balanced by (counter-clock-
wise) counteraction of all members. In
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Figure 25 the initisl M-difference is
divided relative to the stiffness factors
of the 4 members to establish the magni-
tude of the counteraction in each member.
The closing lines point through the "gn
and "r" points of the members at the one-
third peoints adjacent to the fixesd sup-

. ports where {counter clockwise) acticn
is preduced in the form of the carry-
over moments amcunting to 50% of the
values at "A".

Figure 26 shows a simple frame con-
sisting of a beam supported by columns
at the ends. All connections are re-
strained. On the drawing, only moments
and stiffness factors must be to scale.
The "£" and "r" lines must be drawn
through the third-points of the span
length or the columns' heights. The
system may be treated as a continuous
beam and solved as shown in Figure 22;
however, time may be saved by finding
"n* and "m" as shown in Figure 26. The
relative valueg of "k" are drawn from
£B-C and Ty o to any point along the

column height, in Figure 26 to the £

peint in in Figure 27 to ths 1/3 point
adjacent to the top. A second line is
drawn from twice the distance down the
column height, through the dividing
point "a" of the line representing the
relative stiffness factors to establish
"n" and "m" on the B-C base line.

#Kne{ }KoF Keb-e

b€

my 7

FI1G.27
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Since there are no initial moments
existing in the columns, a possible final
closing line {considering only "A" and
"B" or only "I and *"C") would extend
from "B" through the intersection of
the EB«C third-point line with the ini-
tial closing line 1-%, and another from
"C" through the intersection of the
Tp_o third-point line with line 1-1.

The vertical projections of "n" and "m"
onto these lines establish direction and
location of the final closing line be-
tween "B" and "C". MB and MC of course

will continue around the corners of the

frame and are of the same magnitude at

the top of the columns as at the ends of
= = 1

the span. MA = 2MB and MD = MC as

shown in Figure 285.

In Figure 27, the previous example
has been expanded with the introduction
of an intermediate cclumn. The "n" and
"m" points are found as hefore. Interme-
diate closing lines "la" and "Z2a" are es-

tablished through n, - Ts_o and oo £

1 c-b°
The moment difference la - 2a over "Cn

is distributed in proportion to the
stiffness factors of the three members

composing point “cv, A B-C’ KCHF and

KE—D—C as shown on top of Figure 27.

Ky p-c @4 Kg_p ¢

shown in previcusg examples below base
line B-C-D.

have been found as

A continuous frame with twe inter-
mediate columns is shown in Figure 28.
One new step is introduced. After finding
the intermediate closing lines la-la in
span B-C and 3a-3a in span D-E as demon-
strated in Figure 27, the stiffness fac-
tors for the intermediate columns KC—H

and K are added to K and K

D-G A-B-C F-E-D
respectively. The "n" and "m" - points
in the center span are then found as
shown. The intersections of the upward
projections of "n" and "m" with lines

Spring 1981



nqgn (over uCu) - £C_D and "3a" {OVeI' "D")

- "rC_D“ are pointg on the final closing

line 4-4 over C-D. The final closing
line over B-C would point from 4 over C

through n, .o if K~ _y Were zero. Since

this isg not the case, the moment difference
4-1a over "C" musi be divided in relation
to the relative stiffrnesses of 4A-B-C and
C-H for example as shown in Figure 28.
The final clogsing lines in the end spans
will then follow from 5 over "C" through
1 to "7 (the final moment at "B") and
from 5 over "D through "m," to w6

(the final mement at "B"). 4-5 are the
final moments at the top of the interme-
diate columns.

n

///
RKen Koo ]
R 3
R
oA Ry
AL k\
7 F7 o
\_%«b a ||
el / = | e
-/ -
e I : fep
W%
T Trveical o
E”# T

ME and ME are also the final moments

at the Top of the exterior coclumns. The
final closing lines over the column
heights point through the lower mid-
third points and show the 50% carry-over
moments at the column bases. If any
columng were hinged at the bases, their
¢losing lineg would have pointed directly
to these hinges and the stiffness factors
¢f such columns would have been only 75%
of I/h. '

Further development of graphical
golutions for more compleX structures and
perhaps simpler sclutions and time-saving
steps are possible and hopefully encouraged
by the procedures demonstrated.
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INCREASING UNDERSTANDING AND
VISUALIZATION ABILITIES USING
THREE-DIMENSIONAL MODELS

WILLIAM J. VANDER WALL
PROFESS0R, ENGINEERING GRAPHICS
NORTH CAROLINA STATE UNIVERSITY
RALEIGH, NORTH CARCLINA

INTRODUCTICN

With increased professional de-
mands placed upon teaching faculty today -
research, publishing, advising and coun-
geling, committee work, extension service,
etc., - it is only natural that even the
"best"teachers rely more and more on
"chalk and talk" methods of instruction.
Because of the many varied activities
teaching personnel are expected to par-
ticipate in, 1t is quite understandable
that visual teaching aids in many in-
stances are never geriously considered
for e¢lassroom use. Truth of the matter
is, however, visual alds, especially
3-~dimensional models, when appropriate
to the teaching situation, {i) save
valuable instructlon time, (2) result in
increased student interest and informa-
tion-retention and (3) reinforce student
learning.

In retrospect, it is interesting
to recall how most of us began learning as
children, even as far back asg crawling
on our hands and knees; touching, feel-
ing, and seeing things, mostly in three-
dimensions. During the primary grades,
at least through the fifth or sixth
grade, pictures and 3-dimensional models
played an especially important part in
meaningful learning. It almost appears
at times, that the higher-up the educa-
tional ladder one progresses, the fewer
opportunities there are for this basic

hands-on, "lock-at-the-mcdel" type of
learning situation. This bit of reality
is truly very unfortunate simply because
of the large amount of knowledge (esmti-
mated to be 83% of the total) we assimi-
iate through sight, and of course, by

way of touch. It is due to thisg impor-
tant valuable medium for learhing-
reinforcement that the author cslls atten-
tion to the need for increased utiliza-
tion of 3-dimensional models in the class-
room and suggests a rather insxpensive

and qulck way of fabricating engineering
drawing medels from insulation foam board.

MODEL CONSTRUCTICN

The following photos shown in
Figures 1 through 4 illustrate the com-
plexity of shapes that may be constructed
using two-inch thick insulation foam
board, rubber cement and = felt marker.
Actually, any conceivable object shape
or geometric configuration may be con-
structed by reducing the object to its
basic geometric elements. In producing
an object, the process may be considered
and operation of either (1) adding on some
required component element, (2} cutting
away portions of material to represent

Copyright @ 1981 W, Vander Wzll
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such features as holes or slots, or (3)
g combination of both of these.

Figure 4

Figure 1

The equipment necessary to cut in-
sulation foam board into variuocus shapes
(ineluding minor detalls such as chamfers,
counter-bored holes, and the like) is a
band saw, or scroll saw, with an eight
to ten teeth per inch saw and a good,
sharp pocket or Exacto knife.

Figures 5a and 6a present photo-
graphs of two different models conatruc-—
ted and used in the Engineering Graphlcs
classroomsg at North Carclina State Uni-
versity. Shown in the photos of Figures
5k and b are various object elements for
each of the completed objects just men-
ticned, prior to asgsembling with rubber
cement. The major elements of each ob-
jeet have been cut on the band saw. The
counter-bored and drilled-hole features
Flgure 2 have been cut from the foam board with
and Exacto knife. During the assembly
stage it 1s best to apply rubber cement
to all pieces at thelr appropriate places
of contact and then let stand until they
appear dry before placing them together,
This procedurse will insure that when the
pieces are brought together they will
adhere permanently. The best time to out-
line the varicus features and edges for
highlighting purposes is after the object

Figure 5a
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Figure 5h

has been completely assembled. The
primary reason for outlining the ob-
Jects, of course, is s0 the gtudents may
see clearly where lines should appear on
their drawings, or, as the case may be,
where lines should not appear.

Figure Ha

Figure 6b

Photo Figures 6a and 6b illustrate
an object that required a relatively
large cylinder be cut from the foam board.
For this particular feature it was neces-
gsary to cement two pleces together prior
to cutting the geometric shape on the band
saw., 1In any case, regardlegs of the size
or shape of an object element, using in-
sulation foam board and rubber cement
enables one to readily improvise prior
to, or during the machining state of
mcdel construciion.

REACTION T0 USING 3-DIMENSIONAL MODELS

Unegquivocally, the use of models
similar to those previously shown and
described have been very favorably re-
ceived by students and teachers alike.
Numerous models have been used for in-
gtructional purposes and learning re-
inforcement of certain principles in
Isometric, Obligue, Orthographic, Sec-
tional, and Auxiliary drawing with the
same high level of success., Based upon
gtudent feedback (primarily of the di-
rect unsolicited verbal type) the oppor-
tunity of seeing in three-dimensions, a
model that they were required to describe

on two-dimensional paper, not only al-
lowed them to see the basic shape and
details of the various geometric els-
ments, but also resulted in a more tho-
rough understanding of how and where
certain lines should appear on their
finisghed drawings. There isn't a day
when these types of models are used

in the classroom that one or more
students do not make positive comments
concerning their helpfulness to them.
And on occasion, it is not uncommen to
hear from the student(s) simply, "Ah-
Ha!" or, "Oh, now I understand where
that line comes from."

From fthe teacher's point of view,
and without reservations, the time saved
during class in describing the "whys and
wherefores" of an object to a student -
not to mention the true understanding
that 1s gained - far outwelghs the time
and effort spent in degigning and con-
structing such models.

STUNMARY

The author has attempted through
this article to propose a closer look
at the inherent value of.uging 3-dimen-
slonal models for learning-reinforements,
Based upon personal experience in desligning,
fabricating, and using various geometric
objects in the classroom, it has been
gtressed that the benefits derived from
such models far outweigh the necessary
work regquired in developing and produc-
ing them,

Methods for producing similar models
rather quickly and inexpensively from
insulation foam board were also explained
and described., In addition, the value of
using 3-dimensicnal models in subject
areas other than Engineering Graphics was
suggested. Finaily, based upon positive
reaction from student and teacher alike,
it wae concluded that more opportunity
for hands-on use of three-dimensional
medels in the classroom would result in
better student understanding of subject
matter and increased ability to visualize
various geometric shapes more easily.
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ROBERT P. KELSO
INDUSTRIAL ENGINEERING &
COMPUTER SCIENCE

LOUISIANA TECH UNIVERSITY
RUSTCON, LA 71270

SPRING '81 PUZZLE:

Given: Four non-parallel unlimited
skew lines in general
positions,

Determine: The center of the sphere
which is tangent to all
of the given lines.

Pleasemail solutions before October 1,
1981 to:

Robert P. Kelsc

Asgistant Editor

Engineering Design Graphies Journal

Department of Industrial Engineering
and Computer Science

Louisiana Tech University

Ruston, Louisiana 71272

Below are the two puzzles repeated from
the Fall 'BO issue:

NG.2

Shown:

a3 ripht circelar cone with its apex R k its base cirele in
the plane P;

#an arbitrary point M oo the base circle of the cone {-the
pesition of the point M veries):

#8 Fixed point A outside the cone;

ethe bisector RB of the mogle 4RM;

ethe point N of intersection of RE with the base plane P,

Required: To demonstrate (prove) thst, For all points M on the
base circle of the cone, the locus of pointa N ie & ecircle,
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The following is the calculated solution
to No. 1 from Chi Di Lin.

The following is the calculated solu-

tion to No. 1 from Chi Di Lin of the Anhwei

Institute of Technology, Hofei Anhwei,

the P.R. of China. (Remember Chi Di Lin's
beautiful solution to the Perplexahedron
in the Fall "80 issue!) We wish to thank
Dick Leuba of North Carolina State Univer-
sity for posing the problem. Chi Di idn's
answer works out to be: 6.7664 .

Figure 1 is his geometric derivation of
that length and also shows the location

of the angle d_ and the angle € which

is used in his caleculation.

nod o+ P = E0°
52 = éz + 32 64 Cosd
Law of Cosine
42 = 4% + 32 . 6a Cosdq

combining these formulae and simplifying

2

4a% Cos® @ - 6A Cos @ + 3(3 - 4%) = 0

applying the quadratic formula and solv-
ing for Cos @,

ﬂ 2
3 £ V12 A° - 27
@ = =,

Cos =
4

Since A>5. and Cos@® > 0, then

Cos @ = L i

2

simplifying:
A%t 50 4%+ 103 = 0

applying the quadratic formula and
golving for A, ...

Ay 5 = %7325 + 1215
A5 4= 1725 - 1273
Since A> 5,

A =Fas + 12¥3 or
='[/52 s (23 vz )2 o

|

FIGURE ONE
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Figure 2 is a graphical solution
by Dick Leuba to Puzzle No. 1.

GiwEN: OA=3 OB=4 CD('_éS
ARC 1s AN EauiateEral A

Finup @ LeENGTH of AB (BC= AC)

|

/
“~
~L
O ™
BEGINNING ™S

WIAVTH A CLE AN A
meEceE oF PAPER!
s LAY OuT OA =3 i~ ANY DIRELTION

r LocATE & sucH THAT ZOAS =GO~ AND SO THAT Ao'=32

. CROSS TWD ARCS TO LOCATE B WITH OB=4 £0esS
- AR 1S Now ONE SiDE OF THE DESIRED EauiuaTERAL A
. CROSS TWO ARCS TO LOCATE C Sucn THAT B3 AB £ AC=AB

s AB (=8cxAL) = & T+ B SCALE MEASULURE - Arly.
Proor:
« OA=3 OB:4 OB=5 ‘
- LOoAD = &0" AD' 1 AC e e BY CONSTRULGCTION
.« ABC 1S EQUILATERAL A
s LCAR T &O" ABz AL - - -+ PROPERTY or EquiLateral A
' L OAC = 60% - LOoAB
+ LOAC = LOAB {LD’AB:GO‘—LOAB
«e AACE = AAoC ¢ - -+ - - - - - SIDE-ANGLE-SIDR
s oL ¥ S R C LonmerummT A

FIGURE TWO

R 2- 19 - 8y
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Figure 3 is the "Corner's graph-
ical Soluticn to puzzle No. 1. It em—
ploys the principle: The locus ol a
point, say M cor N, iz a circle if its
respective distances from two fixed
points is in a constant ratio (excep-
ting: 1:1). If A and B are the fixed
points, a circle with center at X and
radius XM may be constructed which
contains all the points which have
the constant distances ratio of 3:5
from the points A and B respectively.
(See the Circle of Apallenius in your
faverite geometry text). Similarly,

a circle may be constructed with center

at ¥ and the radius YN which contains

all the peints which have the constant
distances ratic of 5:4 from the points

B and C respectively. The intersection

C of these circles is the requisite

point. OCbvicusly, this method has nothing
to recommend it over Leuba's.

Figure 4 and explanation are from
€Chi Di Ldin and are the solution to
puzzle No. 2. The puzzle was posed by
Abe Rotenberg cor the University of
Melbourne, Australia, and we thank him
for it.
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" N,, N, EN then: -
L2 (X - a) 4 v % - B
My, M, &M
X X -X =
In the triangle OSM, SN1 igs the bisector n/( m n} A
of the angle OSMl. Then:
Y /(Y -Y ) =A
08 _ 0Ny nomon
SM1 NlMl
combining these formulas and simpli-
In the triangle OSMy, SN, is the bisector fying, N
s LA 2 2 AN

of the angle OSM2._ then: (Xn - a RN 17+ Yn (R 1+A)

0S _ ONy

SM, HoMg So the locus of the points ¥ is a circile,

] the radius is by
Since SMl— SMZ— SM, then R T
the pogition of the center is

0s _ ONl _ ON2 }7

= = (a-—1+>\-50).'

SM NlM1 N2M2
by analogy: See 'ya in the fall issue!

038 CN ON.. ON

SR S A Pat

SM NlMl N2M2 NM
letting: the coordinate of point M

be (Xm,Ym),

the center be (a,0), and

point N be (kn,Yn).
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CLEMSON UNIVERSITY OFFERS SEMINARS,

Clemson University's division of Continuing
Engineering Education {CEE) offers seminars and
workshops ideaily suited for today's engineering
graphics educator. Seminars range from computer
programming for graphical displays to computerized
design applications.

ANNUAL FALL SEMINAR

Each November since 1977 a seminar on computer
automated drafting (CAD) has been offered by the
CEE division of the College of Engineering. These
two day seminars are extremely well received by the
college faculty in the Southeastern United States.
The content for the workshop is based upon a text-
beok entitled "Computer-aided Graphics and Design"”
which is used in_the undergraduate engineering and
design graphics course at Clemson University. The
emphasis for this introductory seminar is the use
of simplified approaches for the computerized pro-
cedures that are most useful to the engineer for
the creation of drawings. Step-by-step problems
and solutions are provided, as well as numerous
examples taken from mechanical, electrical, and
civil engineering drawing. The scope of the pre-
sentation for the seminar is:

1. Detailed explanation of CAD
2. Computer graphics terminology
3. Current application of CAD

4. Manufacturers demonstrations

The content is designed primarily for college
teachers and industrial trainers who have need for
curvent updating in this fast moving segment of
engineering design graphics. The principle that it
is not a replacement for draftsmen, but instead is
a tool that they can use to expedite drafting and
design assignments -- will be stressed throughout
the seminar.

ANNUAL SPRING SEMINAR

Each April or early May since 1978 a seminar
on computer pregramming for graphical displays has
heen offered. This seminar content is based upon
a textbook entitled "Computer Programming for Gra-
phical Displays" which was written for this seminar
and published by Brooks/Cole division of Wadsworth.
College faculty interested in the content of this
seminar will find:

1. Introduction to direct display devices

2. Program instructions/techniques

3. Engineering drawings/documentaticn

4. Engineering analysis/ animation and simu-
lation techniques.

The content is designed primarily for college
teachers or industrial trainers who have large
CPU capabilities. FORTRAN and APL type appreaches
are used throughout. No consideration is given to
the use of the BASIC language or other "home" type
display devices, only those used in an industrial
profit-making situation are introduced.

SUMMER WORKSHOPS

Practical drafting and design criteria along
with hands-on operation of computer graphics soft-
ware are contained in the week Tong sessicn. Time
is set aside during each of the sessions for the
laboratory operation. Questions and discussion by
the visiting college faculty make this an interest-
ing and worthwhile workshep. An example is the
quote by William Taylor, "By 1985. computer graphic
output will be used more for mechanical than elect-
rical component design and manufacture."

IRKSHOPS

As far as computer automated drafting is con-
cerned, the means are already here and will be pre-
sented during the workshop as:

Intro to CAD {Computer Automated Drafting)
Principles of computer-aided graphics
Computer-aided process planning (CAPP)
Drafting systems and programming

Pictorial representation {CUPID)
Computerized descriptive geometry
CRT/DVST type terminals

Automated vector analysis

Computer generated charts and graphs
Sample programs and user problems

S 00~ GO Lo N =

SEMINAR AND WORKSHOP FACILITIES

The CEE division is located in Rhodes Hall,
the engineering research center and newest engin-
eering building housing well-equipped laboratories
and classrooms. University and college computer
hardware include an IBM 370/3033 system with model
3277 IBM terminal connections to the newest 618
Tektronix "write-thru® DVST. Direct display de-
vices include 10 moded 4010's, hard copy units,
pen plotters, versatec electrostatic plotter -42",
CALCOMP 936, large graphics tablet, and PDP refresh
CAD station. The 2200~acre campus is located in
the town of Clemson, while another 17,000 acres
spred along the shores of Lake Hartwell, approxi-
mately midway between Atlanta, Ga., and Charlotte,
N.C.

Animation studies from workshop/seminar failt 1979.

REGISTRATION INFORMATION

Frof. J.K. Johnson, director CEE
F.0. Drawer 1607
Clemson, South Carolina 29631 803-656-3308

or
Prof. D.L. Ryan, coordinator EG
302 Lowry Hall
Clemson, South Carolina 29631 803-656-2406
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