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I. Introduction: Educational Status and Goals
in Visual Disciplines

Many have recognized that wvi-
sual disciplines in higher educa-
tion have enjoyed an exciting,
yet frustrating period of change.
Greater emphasis 1s being placed
on new technology, curricula are
becoming more wvocationally ori-
ented, and graduates are expected
to demonstrate greater competence
in both specialized and diversi-
fied areas of their fields. Yet
along with these changes, tradi-
tional problems still exist. Vi-
sual disciplines continue to have
tighter departmental budgets,
lower student enrollment and fac-
ulty pay, limited course offer-
ings, and lower amounts of schol-
arly activity when compared to
verbal or quantitative subject
areas,

These conditions appear to be
widespread within all fine art,
graphic design, and technical vi-
sual disciplines in American
education. Some suggest that
these conditions may stem from
cultural biases against wvisual
subjects or the relative high ex-
pense of visual learning. Others

cite an inability to identify and
agree upon relevant educational
goals. Most visual educators
would argue that the primary pur-
pose of their disciplines is to
produce visual products. But the
public and educational community
have noted that attempts to ob-
tain this goal are often made
with curricula utilizing equip-
ment, production methods, and me-
dia which are weak, trendy, and
technelogy bound. The curricula
justifications sometimes given
may contribute to a public per-
ception that |‘Ygraphics people
just make pretty pictures.®
Changing that perception may re-
quire a shift toward more rele-
vant educational goals.

Effective scholarly activity
normally supports relevant educa-
tional goals which promocte pro-
fessional growth and contribute
to increased status. But schol-
arly activity in visual fields
has often been diagnosed as ves-
tigial because it appears to sup-
port goals that are too narrow,
temporary, and questionable in
value, Graphics instructors may
focus too heavily upon certain
kinds of drawing equipment or
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processes and other instructors
may support current stylistic
trends. This kind of narrow fo-
cus may lead to a failure to see
the 1limitations of Justifying
programs by teaching "things and
stuff®. What is needed are edu-
cational goals that transcend me-
dia, equipment, and drawing pro-
cesses, goals that can lead to
the greater relevance and status
of visual learning.

L. Limited Research, Limited Professional
Status

Visual research has a shorter
history than research in verbal
and guantitative areas and most
has been done by scientists,
psychologists, and military per-
sonnel; persons only indirectly
connected with visual education.
The low quantity of visual re-
search by educators in fine art,
graphic design, and technical ar-
eas has been considered a key
contributor toward the low status
of visual education. Whitel in-
dicated that those who earn ad-
vance degrees 1in visual disci-
plines typically become involved
in only one research preject
during their entire career and
that research project is almost
always their own doctoral disser-
tation. White further explained
that only one percent of those
who did any kind of research did
more than one project.

Within higher education ad-
vanced degrees have bheen earned
in many areas relating to visual
disciplines. ©One dominant termi-
nal degree has been the doctoral
degree in art education. Disser-
tation research from this degree
tends to support topics relating
to educational psychology, teach-

ing methods, and the production
and analyzation of wvisual works.
Considering this degree alone,
less than one hundred were earned
by 1940 amd over half of the to-
tal awarded have been earned
since 1965%, O0f those earned,
only a small percentage could be
considered empirical investiga-
tions. Most are historical or
descriptive studies. An argument
can be supported that the low
status of all wvisual disciplines
may partially result from fixing
upon weak goals and failing to
produce meaningful amounts of ef-
fective research.

IIT. Visual Perception Development as a Domi-
nant Edecational Goal

Long2 commented about technical
illustration, and Eisner® about
art education, and both agree
that meaningful wvisual research
should ©primarily be concerned
with identifying effective teach-
ing practices that support mean-
ingful educational goals. But
therein lies the problem. What
constitutes "meaningful educa-~
tional goals" has been a grab bag
for many of us. It follows, how-
ever, that if we can identify
relevant educational goals, then
research can become more rele-
vant, teaching practices more ef-
fective, and the status of visual
disciplines may improve.

Visual educators from fine art
through technical disciplines
have been struggling to establish
global educational goals, goals
large enough and relevant enough
to encompass their disciplines,
provide a foundation for effec-
tive research, and promote sta-
tus. Many have cited the produc-
tion of various kinds of visual
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works as the purpose for their

fields but have largely failed to
identify overall goals which sup-
port that purpose. Nevertheless,
a dominant, relevant goal exists.
It is a goal widely recognized by
art educators but largely over-
looked by those in other visual
disciplines, such as technical
graphics. That goal is the de-
velopment of visual perception.
Research in art education has al-
ready shown that the production
and analyzation of wvisual works
improves when teaching methods
are aimed toward developing a
student's visual perception abil-
ity. If graphics educators can
adopt that goal and produce ef-
fective research, then teaching
practices may become more effec-
tive and the academic status of
the profession may advance.

IV. Defining Visual Perception and Its Rela-
tionship to Technical Graphics

Eisner3:% stated that the de-
velopment of visual perception
should precede all other visual
goals since 1t underlies them or
makes them possible. Technically
defined, visual perception abil-
ity is the ability to comprehend
our environment through the
neuro-visual systemS. Popularly
defined, visual perception abil-
ity means the ability to "see" or
understand what one is observing.
It also means the ability to vi-
sualize possible changes in what
one is observing, or a kind of
vivid mental picturing which aids
in wvisual design and problem
solving. For the technical il-
lustration student, this could
mean the ability to comprehend
two views of a multiview drawing
and the ability to determine a
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missing third view through inter-
nal visualization. In this way,
technical graphics processes and
equipment become the formal means
for communicating what has al-
ready been perceived mentally.

The alternative is to determine
a missing view by completing a
drawing sequence, a step-by-step
geometric construction process
which leads to a correct graphic
solution. But this method does
not necessarily guarantee that
the student visually comprehends
the solution even though the view
may be correctly drawn. It may
be true that visual comprehension
can come during or after the
drawing is completed, but this
comprehension may also ke limited
only to a particular drawing
problem.

We can probably agree that com-
prehending and mentally determin-
ing a missing view is a higher
level skill than the actual task
of drawing the missing view. The
former is a cognitive process
while the latter is primarily a
psychomoteor process. Bloom® es-
tablished this hierarchy and ad-
vocated the teaching of higher
level skills whenever possible.
Developing both processes aims
toward the more glckal purpcose of
producing wvisual works, but de-
veloping visual perception should
take precedence since it develops
a higher level skill and leads to
greater overall visual comprehen-
sion. Following this argument,
if wvisual educators can identify
methods for developing visual
perception and implement them
into curricula, then students may
be able to master a wider array
of visual tasks more rapidly with
increased visual understanding.
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Some educators, however, may not
feel a need for change.

V. Biases, Assumptions, and Educational Prac-
tices

Typically, curricula in visual
education have had more to do
with developing psychomotor
skills than developing visual
perception. We may have assumed
that by emphasizing drawing
skills wvisual perception is al-
ways Iincreased. We have not,
however, adopted the development
of wvisual perception as a goal
upon which to focus. We may have
centered on particular kinds of
drawing equipment, processes, me-
dia, and techniques with the re-
sult that a variety of psy-
chomotor skills have been devel-
oped, but not necessarily visual
perception ones. We may have in-
correctly concluded that the de-
velopment of drawing skills
equates to "educational success".
Students may also have adopted
this philosophy because the mes-
sage has been projected through
projects, teaching practices, and
the structure of the curriculum.

Consider for a moment some ex-
isting course titles: Engineer-
ing Drawing, Advanced Drafting,
Technical Sketching, Color Illus-
tration, or Introduction to Seolid
Modeling. They sound as if they
have more to do with drawing pro-
cesses, media, and equipment than
developing visual perception. Of
course, there's nothing wrong
with the course titles mentioned,
‘but while we are in the process
of teaching, we can become more
oriented toward developing visual
perception and communicate that
goal to our students.

VI. Balancing the Value of Drawing and Visnal
Perceptual Development

If visual perception can be
recognized as a dominant educa-
tional goal in technical graphics
curricula, then drawing pro-
cesses, equipment, and media may
assume a different status. They
can become additionally wunder-
stood as a means through which
students communicate what they
already understand visually. But
some educators may hold that
learning a drawing process always
leads to the development of vi-
sual perception and therefore the
drawing process is what is impor-
tant. But this argument only
confirms the goal. The goal of
the drawing process is to develop
visual perception, but if wvisual
perception can be developed
through other means, then the
drawing processes may not be so
singularly important.

Research shows that visual per-
ception can also be developed
through non-drawing tasks, tasks
not dependent on the production
of visual works or on particular
kinds of drawing processes,
Dunn’ used formal analysis of
high resclution photographs to
increase ' the perceptual abilitg
of elementary students. Dorethy
used animated cartoons to develop
depth perception through the
analization of spatial relation-
ships. Visual understanding
then, can be developed through
analytical contact with graphical
documents and presentations,
whether they are static or dy-
namic (animated). Even blueprint
reading can be developed by means
other than just board time. It
is true that wvisual perception
has been developed predominantly
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through drawing processes, but
the overall goal of developing
visual perception has been shown
to be tool and process indepen-
dent. Since this is true, it may
also be global enough to merit
adoption as a dominant curricular
goal within the technical graph-
ics profession.

YII. Common Educational Practices and the
Real World of the Classroom

Is there a real need to make
visual perceptual development a
priority? Consider the typical
student entering a fundamental
engineering drawing course.
Studies have shown that students
entering wvisual fields in higher
education have an average of only
one semester of formal visual
training during theilr entire pub-
lic school education®. This in-
cludes all fine art, graphic de-
sign, and technical visual train-
ing in grades K - 12, They have
probably had little or no experi-
ence with any kind of technical
drawing. Most have worked with
only very simple, very easy to
perceive geometric objects. Most
have learned only a limited num-
ber of technical drawing pro-
cesses, such as the mitre 1line
method of view-to-view informa-
tion transfer.

At the beginning of a typical
engineering drawing course,
graphic fundamentals, such as the
relationship between various
views through the reference line
method, are taught using a "Goss
Box" and two-dimensional 1line
drawings of more complicated geo-
metric objects. The instruction
may also include accompanying
isometric drawings which show the
multiviews in their 3-D relation-
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ship. After appropriate concepts
are taught, the student is famil-
iarized with drafting equipment
and expected to solve graphical
problems. But often the student
can't get a mental picture of
what the solutions should look
like and may fail to solve prob-
lems adequately or may solve them
correctly through the drawing
process but without full visual
comprehension of the solution.
This can happen even if the stu-
dent is reasonably competent with
drafting equipment and has had
the benefits of studying related
isometric views. In reference to
these deficiencies, it is possi-
ble that neither the instructor
nor the student has understoocd
what has contributed to the stu-
dent's perceptual deficiency.
aAnd, both may incorrectly con-
clude that only more drawing will
lead to full perceptual under-
standing.

VIII. Curricula Assumptions, Visual Deficiency,
and Visual Experience

Two educational assumptions may
have been made which may not be
effective in correcting the per-
ceptual deficiency of the stu-
dent. First, the instructor may
have assumed that using 2-D or-
thographic and 3-D isometric
drawings is the correct way to
begin the process of developing a
visual understanding of 2-D mul-
tiviews. And second, the in-
structor may ignor the student's
lack of visual experience and de-
pend too heavily on the execution
of a particular drawing process
to develop visual perception.

As for the first assumption, it
must be remembered that both the
2-D orthographic and 3-D isomet-



6 S. E. WILEY VOL. 53, NO. 1

ric drawings of geometric objects
are static, linear abstractions
of real objects. But real ob-
jects are normally viewed three
dimensionally. They are viewed
at an oblique perspective (the
truest-to-life perspective) and
have color, texture, and wvalue
characteristics which communicate
qualities about the object to the
viewer. In addition, many real
objects can be picked up, han-
dled, and rotated, thereby pro-
viding dynamic cues. When real
ocbjects are held and rotated,
edges sheer, colors and values
change, and out-cf-view surfaces
can be perceived by touch.
Through these dynamic interac-
tions a variety of characteris-
tics are assimilated to provide a
rather complex perception of the
object.

Concerning the second assump-
tion, the instructor may not have
realized that 3-D isometric line
drawings can be very alien to in-
experienced students and espe-
cially those who come from lower
socio-economic backgrounds.
Their environments tend to pro-
vide less visual enrichment and
their families and peers tend to
place less value on visual train-
ing. Their environments may be
visually poor and contain little
which relates to 2-D or 3-D line

drawings of geometric objects.
So, fewer visual perceptual
"bridges" can be built between

their experiences and engineering
drawing. Thay may lack a variety
of visual skills related to both
the perception and production of
visual products.

Visual inexperience can also
hinder transfer of training.
Thorndikel® defined transfer of
training as the influence an ac-

quired skill exerts on the learn-
ing, retention, and performance
of another skill. To explain,
competency in roller skating en-
ables one to master ice skating
at a faster rate than someone
with no prior skill in roller
skating. Likewise, competency in
elementary geometric construction
or linear perspective drawing may
enable one to master 2-D and 3-D
engineering drawings generated by
reference planes at a faster rate
than someone with little related
experience. The greater the
amount of wvisual experience the
more  accelerated transfer of
training will be between related
visual skills. Inexperienced
students, however, literally have
"little to draw from" and may
need to be assisted through edu-
cational experiences in the cur-
ricula.

IX. Curricula Adjustments for Developing
Visual Perception

Curricula can be reformatted to
provide increased visual percep-
tual experience. One possibility
would be to structure curricula
so that they provide a series of
instructional steps that lead a
student more slowly from perceiv-
ing and drawing real 3-D objects
(cut blocks or machine parts) to
perceiving and drawing isomet-
rics, then multiviews. These
steps move in a smooth progres-
sion from the real to the ab-
stract (Fig. 1) and provide the
inexperienced student with a
greater number of intermediate
steps to provide experience they
may not have received in the
past. Their visual perception
ability could be developed by ex-
periencing heirarchical levels of
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1) REAL OBJECT,

2} 3-D VIEW OF OBJECT IN PHOTOGRAPH,

a First-level Abstraction)

3) LINEAR OBLIQUE PERSPECTIVE DRAWING,
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(One-piece Machine Part, No Abstraction)

(2-D Photo of 3-D Object,

(True-to-life 3-D Line

Prawing of 3-D Object, a Second-level Abstraction)

4) 2-D MULTIVIEW DRAWING,

(True-to-life 2-D Line Drawing of a

3-D Object, a Third-level Abstraction)

5) 3-D ISOMETRIC DRAWING,
Object)

Fig. 1

linear information that begins
with real objects and progresses
toward more abstracted 1linear
drawings. As object abstraction
increases, difficulty of visual
perception increases. Compensa-
tion for this effect can be made
by incorporating perceptual steps
in the curricula, as in the - ex-
ample of Fig. 1.

In the example already men-
tioned, the instructor may have
assumed that a novice does not
need the initial step of under-
standing the relationship between
a real object and 2-D or 3-D
drawings which represent it. The
instructor may alsc have assumed
that there is 1little need to
point out that some engineering
drawings are abstracted from real
objects to provide controls for
representation through drawing
"conventions". As an example,
isometric drawing conventions al-
low true length construction of
object dimensions along isometric
axes and therefore isometric
drawings are not true-to-life
representations. The inexperi-
enced student may have had trou-
ble perceiving certain character-

(Abstracted 3-D Line Drawing of 3-D

Perceptual Steps in the Curricula

istics of an isometric object
since the abstracted drawing con-
vention is not true-to-life. In
addition, the instructor may have
used an isometric drawing of an
unfamiliar object which was why
the student could not relate to
it from past experience. Some
students have had very little ex-
posure to mechanical objects.
Some of our pet isometric cubes
with mind-bending obligue planes
may prove nearly incomprehensible
to them.

Incorrect assumptions and over-
simplified teaching practices may
not correct a student's visual

perception deficiency. If it be-
comes apparent that a wvisual
"language barrier" exists, then

teaching practices may need to be
adjusted to contain steps which
build a better visual understand-
ing of graphical representations.
Non-~drawing methods can be inte-
grated into the curricula.

X. Visnal Perception Teaching Methods from
Research in Art Education

Effective perceptual principles
from visual perceptual research
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in art education can provide ad-
ditional information for curricu-
lum design. Improvement of wvi-
sual perception has been a pri-
mary goal of art educators for
some time. And while a number of
technical graphics educators have
been aware of that goal, it has
not been universally recognized
or advocated within the field.
Yet daily classroom experiences
point to the need to develop
courses with that in mind.
Gibsonll, an educational psy-

chologist, defined general per=-
ception as "the process by which
we gain firsthand information
about the world around us". She
explained that stimulus inputs

are processed by the various per-
ceptional systems of the body and
that each human "sense" is really
a complex stimulus processor that
feeds into and is interpreted by
the neuro system. Of the various

perceptual systems, the visual
perceptual system is the most
dominant. With respect to educa-

tion, wvisual perceptual learning
refers to increasing abilities to
extract, interpret, and act upon
information coming from the envi-
ronment into the wvisual system.
case-Gantl? indicated that ninety
percent of learning is handled by
the wvisual perceptual system.
But the visual perceptual system
involves more than just the eyes.
Eisner?® stated that visual per-
ceptual learning is also a cogni-
tive discriminative process. To
an extent, visual perception is
an 1innate capacity, but it is
also a developmental process.
Psychological research in visual
perception has provided an under-
standing of the developmental
stages through which individuals
passllfl3 But more importantly,

research in art education has
shown that visual perception can
be enhanced by specific training
methods. '

Empirical studies by salomel4
Dorethys, Doornekl5, and Dunnﬁ
tend to confirm that specific
training methods are more suc-
cessful in developing specific
visual skills than traditional
teaching methods for educational
experiences of relatively short
time durations. The "traditional
teaching methods" to which these
studies refer are the teaching of
general media processes, such as
watercolor techniques. This
traditional approach assumes that
visual perceptual understanding
will be developed as a result of
constant contact with some kind
of media and the process of using
it to produce a visual work. The
aforementioned studies, however,
indicate that the development of
specific visual skills is better
achieved through very specific
teaching practices. As clarifi-
cation, 1let's select Dorethy's
study of motion parallax.

Motion parallax is the ability
to perceive apparent changes in
the location of an object as a
result of continuing changes in
its position in space or continu-
ing changes in the position from
which it is viewed. Dorethy's
investigation revealed that spe-
cific wvisual analysis of moving
animations containing multiple
depth cues (i.e., Roadrunner car-
toons) were more effective in de-
veloping a visual perceptual un-
derstanding of pictorial depth
than either general or specific
analysis of static wvisuals such
as single frame Roadrunner car-
toons {(which also contained mul-
tiple depth cues). Subsequent
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drawings from the control group
indicated an increase in both the
gquantity and dquality of depth
cues. Skill 1in handling the
drawing media was not appreciably
affected, but the pictorial con-
tent revealed an increase in the
visual perceptual skill that was
targeted for development through
a specific training method. The
educational principle revealed is
that the development of specific
goals requires specific training.
The other three studies in art
education yielded results which
demonstrated the same principle.

The results of Dorethy's study
may apply to any instruction
seeking to develop wvisual depth
perception. For instruction in
technical graphics, this could
mean help for topics such as
board-generated rotating auxil-
iary wviews, architectural per-
spective, surface or solid model-
ing animations, or axonometric
illustrations. Dorethy's study
did not use a drawing process to
develop a visual perceptual
skill. Rather, it used anima-
tions to develop the skill and
then checked results through the
drawing process. The drawing
process was secondary in impor-
tance because it was a means
through which increases in visual
perceptual learning were revealed
and assessed.

XI. Additional Teaching Methods from Tech-
nical Graphics Research

The previous studies were con-
cerned with assessments of visual
perception skills after instruc-
tional treatments which lasted
only short time periods. In two
separate studies the writer has
assessed visual perceptual abili-

DEVELOPMENT OF VISUAL PERCEFTION S

ties after
One study
dentsl®, The
technical illustration stu-
dentsl?. Both assessed the ef-
fect of cumulative general train-
ing, training received over
months or years, upon visual per-
ception abilities. Results indi-
cated that the art students re-
quired greater amounts of train-
ing than technical illustration
students to reach an equal per-
ceptual level.

Both investigations utilized
the Group Embedded Figures Test
(GEFT)18 as the instrument for
the assessment of visual percep-
tion ability (Fig. 2). The GEFT
assesses perceptual ability by
requiring the subject to disembed
a simple geometric shape from
within a more complex geometric

long time periods.
invelved art stu-
other involved

FIND SIMPLE FORM "G" SIMPLE FORM "G" -

figure. The subject studies the
N E ( ON BACK COVER i

7 " ) OF TEST BOOKLET)

ya Py E yAN E
\\// i E

FIND SIMPLE FORM "G"

Fig. 2
Test

Group Embedded Figures
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simple figure at the back of the
test booklet, then turns back to
the complex figure and traces it.

The disparity in the results
for the two groups may have to do
with two key factors. One factor
is that the training which art
students receive is qualitatively
different from that received by
technical illustration students.
An art student is likely to re-
ceive greater amounts of train-
ing, but the training is probably
more general, less technical, and
less geometric than that of a
technical illustration student.
In addition, the art student is
more concerned with influences
from the Affective Domain. They
may wish to express feelings,
emotions, concepts, beliefs, and
ideas through their visual works.

The technical illustration stu-
dent is more concerned with the
technical side of drawing and re-~
flects heavy influences from en-

gineering graphics and descrip-
tive geometry. The higher per-
formance of technical illustra-

tion students may have to do with
the pictorial content of the
GEFT. It is a highly geometric
test and the higher performance
by technical illustration stu-
dents may be due to their concen-
trated contact with geometric
drawing even during early stages
of their training.

X1, Summary of Strategies for Developing
Visual Perception Ability

The preceding information re-
veals several strategies which
can be incorporated in the cur-
ricula:

A. Adopt the development of vi-

sual perception as a dominant
curricular goal.
B. Continue to use the instruc-

tiocn of drawing processes to en-
hance visual perception.

C. Use a specific training
method to develop a specific vi-
sual perceptual skill.

D. Incorporate use of non-draw-
ing tasks, such as formal analy-
sis of wvisual documents, whether
static or animated, or freehand,
mechanical, or computer gener-

ated.

E. Analyze real objects that
show their relationship to par-
ticular kinds o©of engineering
drawing.

F. Restructure the curricula to

provide detailed sequential steps
between real objects and various
levels of abstracted engineering
drawings.

G, To predetermine a student's
perceptual ability, use the Group
Embedded Figures Test.

H. To predetermine a student's
visual experience level, use a
detailed survey form.

XIII. Conclusions

In general, the various studies
indicate that a variety of teach-
ing methods will increase visual
perception ability. It follows
then, that adoption of visual
perceptual development as a domi-
nant curricular gcal and imple-
mentation of effective methods
may benefit our students. In ad-
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dition, another primary need can
be served. Continuing research
in this area may lead to a growth
in status for the field of tech-
nical graphics. We may vyvet be
able to gain greater credibility
with the educational community
and the public.
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The Errors in Rectifying Circular Arcs

Ming H. Land

Department of Industrial Education and Technology
Applachian State University
Boowne, North Carolina

Two methods of rectifying circular arcs are described and rectifying errors are

compared,

To rectify a circular arc is to
lay out its true length along a
straight line. The applications
of this geometric method can be
found in showing the path of
travel of the end of a spring for
clearances and other engineering
designs (Hoelscher, R. P., et
al).

A common method of rectifying a
circular arc, as shown in Fig. 1
and described in most engineering
graphics textbooks, uses the fol-
lowing steps:

1. Given the arc AB
2. Draw the tangent at A.

3. Draw the chord AB and extend
it to D, making AD equal to half
AB.

4. With center D and radius DB,
draw an arc intersecting the tan-
gent line at E.

5. The tangent line AE 1is ap-
proximately equal in length to
arc AB.

In this method, the tangent
line AE 1s slightly shorter than
the given arc AB. The error
varies according to the subtended
angle of the arc.

In Fig. 1, let

the angle of the arc be 26 , the
radius r, and AE = L;, then the
length of the arc is 2 re. Let
the error be e,, then

L/ (2r6 ) =
sino / é 26 ).

[ ( cos®6 + 8 )0‘5 -
cos § ]

To prove Egq. (1), 1let the mid-
point of chord AB be C, then

Fig. 1
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AC = r sin o and
AD = AC
= r sin @
DE = 3 AD
= 3 r sin o
In A\ DAE,

DE? = aD? + 1,2 -
2 AD L cos (2 7 - 6 )

or
({ 3 r sin o )2 =

( r sin 6 )2 + le
2 r sin © L, cos ¢

.+.

Thus,
9 ré gin? ¢ =
r? sin? @ + le +
2 r Ly sin 6 cos ©
Therefore,
8 r? sin? 6 =
L;2 + 2 r L, sin 6 cos 6
or,

le + 2 r sin & cos 8 Ly =
2 s 2
8 r¢ sin“ 8 = 0

Thus,

I, = [ -2 r sin 8 cos 8 +
1 27 12 2
( 4 ¢ sin“ & cos® 6 +
32 r2 gin? o )0'5 1/ 2

= - r sin 6 cos & +

r sin & cos® g + 8 )0'5
Since I, cannot be a negative
value, therefore

VOL. 53, NO. 1

Ly =r sing [ ( cos? g +

8 ) 3 - cos 6 ]
and

L/ (2re ) =
{ rsine [ ( cos? o +
8 )93 - cose ]}/
(2 xr8)
= sin 6 [ { cos? o +
8 )95 ~cos 8 1/ (268 )

As an exanmple, when the subtended
angle is 90° , that is when 2 6 =
m / 2, then

re ) =
sin 6 T/ 4 ) {[cosz( n/4)
5 - cos (m/ 4 )} /
/ 2)

0.7071 ( 2.9155 -
0.7071 ) / 1.5708

Thus, the error of the tangent
line :
e, = 0.0058828
=1/ 170
Therefore, for a 90° arc, the
tangent 1line AE will be 1 / 170
part short. For a 60° arc, the

line will be 1 / 860 part short,
and at 30° ,the tangent line will
only be 1 / 14400 part short.

An alternate method to rectify
arc AB is shown in Fig. 2, using
the following steps:

1. Find the center F of the arc
AB.
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AF? = A0% + FO® - 2 AO FO cos §
=212 - 212 cos s
= 2 r? (1 - cos §)
=2 r2 ( sin® 8 + cos? g -
cos® B + sin? B )
=2 r? 2 sin? s
= 4 r2 sin? 8
e Thus
AF = 2 r sin B
0 .
Since AD = AF, then
Fig. 2 ,
AD = 2 r sin B
2. Connect chord AF and extend In A\ ADE,
AD equal to AF.
DE = AD + AB
3. With center D and radius DB,
draw an arc to intersect the = AF + AB
tangent line at E.
=2 r sin B+ 2 r sin ¢
4. The tangent line AE is ap-
proximately equal in length to Also,

arc AB.

In this solution, the error is
less than the error obtained from
the first method. Let the length

AE Dbe Ly, and the error be 2%,
then, with B = & / 2 for ease of
notation

Ly, / (210 ) =

sin 8 { [ cos? g +
4 cos B (cos B+ 1) ]0'5 -
cos 6 } / 8

=1 - e, | (2)

To prove this equation, investi-

gate /\AOF.

DE? = AD? + L,2 -
2ADLycos (271 -8 )

Therefore,
(2 rsin B + 2 r sin ¢ )2 =

2 2
+ L,“ +

( 2 r sin B
2 (2 ) L, cos 8

)
r sin B
or,

2 2 2

8r<sin B sin & + 4r© sin“ ¢ =

L22 + 4 r L, sin B cos 8

Finally,
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I.2 + 4 r sin B cos § L, =
4°r%2 sin e ( 2 sin B + sin ¢ )
= 0

Solving this
yields

equation for L,

= - 2 r sin B cos B

+ 16 r? sin? B cos? & +
16 r“ gsin 8 ( 2 sin 8 +
sin @ )]0'5 / 2

Ly

= -2 1r sin 8 cos §& +
2 r (sin2 B cos? 8 +
2 sin 8 sin g8 + sin? o )0'5

=-2r sin B cos 8 + 2 r -
( sin® 8 cos? o + 4 gin® g
cos 8 + 4 sin? 8 cos? 8 )0'5
=2rsin g { [ cos? e
4 cos B (cos B+ 1) ]
- cos 0 }

-+
0.5

Thus, dividing by 2 r & , Eg. (2)
is obtained.

L, /S (2 rs) =
sin B8 { [ cos? 8 +
4 cos B ( cos B + 1) ]0'5 -
cos B} / ®

=l_e2

When 2 6

Il
=
~
L8]

-

then
L,/ (2 re ) =
0.78506259/0,78539816

or

It

0.00042726

VOL. 53, NO. 1

= 1/2300

Thus, for a 90° arc, using the
second method, the tangent length
is 1/2300 part short. This
method is even more accurate than
the first one. In both methods,
the smaller the subtended angle
is, the smaller the error will
be. In either method, the error
is so small that the drawing
constructions are well within the
range of accuracy of drawing
instruments when the subtended
angle is less than 60° for the
first method and 1less than 90°
for the second method.
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The Complete Engineering Graphics System

Robert A. Chin

Department of Construction Management
East Carolina University
Greenville, North Carolina

Numerous graphic production and reproduction technigues are available to -tfo-
day’s engineers and designers. Design and engineering concerns can function
more effectively and efficiently through the judicious use of these techniques.
The techniques are examined in the context of producing and reproducing
graphic products. In addition, the shortcomings of depending on selected tech-
niques and technologies is explered as well as the benefits of melding those
techniques and technologies. Engineering graphics, as suggested, is more than
simply the generation of original graphic products. It also involves the man-
agement and dissemination of those products.

Most scholars would agree that
engineering graphics can be de-
fined as the means by which the
graphic language is used to com-
municate ideas. Furthermore,
they would agree that engineers
and engineering technoclogists
must possess a sound understand-
ing of graphics theory and prac-
tice,

In addition, today's engineer
and engineering technologist
should have an understanding of
the complete engineering graphics
system used in producing and re-
producing graphic products. This
fact is substantiated by the at-
tention given to this aspect of
engineering graphics by most au-
thors of engineering graphics
texts. Engineers and technolo-
gists should be able not only to
communicate ideas graphically us-
ing accepted conventions, but
also should possess an under-
standing of the system which gen-
erates and regenerates the graph-
ics used in communicating ideas.

They should be aware that the ef-
ficient production of graphic
products actually (a) exists on a
continuum, (b) encompasses three
overlapping generations of graph-
ics (Fig. 1), and (c¢) includes
the use of traditional or manual
methods, the more contemporary,
fully automated methods, and a
number of semi-automated proce-
dures.

ist Generation | 2nd Generation

3rd Generation

Extent of
Lov Autosation i

Fig. 1 Generations of engineer-
ing graphics
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Engineers and technologists
should also understand that effi-
cient production and reproduction
of graphic products can only be
achieved through judicious use of
automated, semi-automated, and
manual techniques. As an exam-
ple, it seems contrary to the
competitive nature of business
and industry to make real-time
revisions, especially minor ones,
on computer graphic products each
time design changes occur. This
problem is particularly acute on
¥D" and "E" size computer graph-
ics products. Furthermore, it
makes no sense to plot the gra-
phic product each time revisions
are made when more efficient
methods exist to achieve the goal
of document revision.

The purpose of this paper is
threefold. First, an attempt is
made to place into perspective
the components of the complete
engineering graphics system: how
the components coexist, and how
they constitute a complete pro-
duction and reproduction system.

Secondly, an attempt is made to
examine the precursor to CADD.
Even though this forerunner to
CADD actually contributes to en-
hancing drawing productivity and
the usefulness of automated, as
well as manually expressed
graphic products, 1t is the one
dimension of the complete engi-
neering graphics system that does
not receive the attention it
should. Consequently, engineers
and engineering technologists are
not as aware and are not as apt
to take full advantage of tech-
nigques available for use in the
efficient production and repro-
duction of graphic products.

Finally, an attempt 1s made to
illustrate how manual methods,

VOL. 53., NO. 1

fully automated methods, and
semi-automated procedures comple-
ment one another.

These points are of particu-
larly importance to engineers and
engineering technologists. At
gsome time in their professional
careers they will have to come to
grips with the means by which
graphic products must be managed.

In a preceding paragraph, it
was suggested that three genera-
tions of engineering graphics
prevail in the design environment
today. It was also suggested
that what best distinguishes the
three generations from one an-
other is the degree of automation
associated with each.

First generation graphics en-
compasses the techniques and
products normally assocliated with
what is frequently described as
manually expressed engineering
graphics. Products of this gen-
eration are a direct result of
the application of graphite or
ink onto a media aided by the T-
square and triangles, and more
recently, drafting machines. The
products of first generation en-
gineering graphics will be around
for some time and comprise an ex-
tensive data Dbase from which
other graphics can be created.
Furthermore, it is by default the
most familiar because of its
longevity.

At the other end of the contin-
uum, third generation engineering
graphics encompasses the prac-
tices which have fully automated
engineering graphics--computer-
aided design and drafting (CADD).
Because of CADD's notoriety, cur-
rent awareness of third genera-
tion engineering graphics rivals
the familiarity which exists with
first generation graphics. More
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often than not, CADD has sup-
planted the manually expressed
practices, thus earning it noto-
riety.

Engineering graphics' second
generation, though, has been the
sleeper. Semi-automation best
characterizes this generation of
graphics, which can be thought of
as having come to life with the
introduction of the blueprint
process in 1876, In today's in-
dustrial setting, systems draft=-
ing is the term used to describe
the sum of the techniques associ-
ated with the production and re-
production of graphics by semi-
automated means. It is also the
term used to describe the use of
various reprographic techniques
in the engineering graphics envi-
ronment, including the blueprint
process.

Reprographics can be defined
simply as the art and science of
reproducing documents?. The un-
derlying philosophy of repro-
graphics 1s that the same 1line
should never be drawn twice. The
role of second generation engi-
neering graphics, then, is to en-
hance drawing productivity and
quality by taking advantage of
modern reprographic processes and
capabilities.

Repetitious work is not only
tedious but also very expensive.
The Eastman Kodak Company2 notes
that the cost of creative draft-
ing for an industrial drawing av-
erages $145 a sguare foot. Fur-
thermore, it was noted that the
average cost for architectural
drawings was $722 a square foot.
The use of reprographic tech-
niques, however, can yield a cost
savings of up to 90 percent and
reduce graphics production and
reproduction time by as much as
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80 percentl. But how is this
done?

Graphic objectives are achieved
through systems drafting by way
of four reprographic processes:
(a) electrostatic copying, (b)
the use of photographic systemns,
(¢) diazo reproduction, and (d)
offset lithography. Other repro-
graphic technigues are available
and in use; however, these alter-
natives yield very limited bene-
fits.

Electrostatic copying is most
frequently associated with the
process of Xerography. The pro-
cess involves the use of electri-
cal charges and heat fusion to
form an image on a given media.
Systems drafting, aided by the
electrostatic process, can be ac-
complished at a rudimentary level
with most office copiers. How-
ever, copiers which do more than
simply copy documents (i.e., re-
duce, enlarge, control density)
provide additional creative di-
mensions to designers and draft-
ers.

The use of photographic systems
includes the various means of
projecting images onto photosen-
sitive material. Development of
an image 1s achieved by a chemi-
cal action resulting from the ap-
plication of 1light. Production
of a finished product, though,
usually involves other processes,
such as diazo or offset lithogra-
phy.

The diazo process inveolves the
use of a substrate coated with a
light sensitive diazo compound
which, after being exposed, is
subjected to ammonia wvapors or
moist development to produce a
positive image. In the design
and drafting environment, diazo
is normally asscciated with the
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production of
sepias.

Offset lithography involves the
use of a plate which is ink-re-
ceptive where the image is to be
printed and ink-repellent in the
non-image area. When the plate
is inked, the image 1is trans-
ferred to a rubber blanket, which
in turn offsets the image onto a
sheet of paper. Offset lithogra-
phy, however, is dependent on the
photographic process as the
medium through which an original
image 1s transferred to the
plate. Furthermore, offset 1lith-
ography normally yields a rela-
tively high cquality finished
product, whereas the other pro-
cesses are more apt to be used
both to create and modify parts
of a drawing, and to produce a
finished product. But what is
the role of these processes in
the engineering graphics environ-
ment, and how do they relate to
manually expressed graphics and
CADD?

Each reprographic technique
yvields unique products and bene-

whiteprints and

fits. Greatest flexibility,
though, is achieved through the
more diverse electrostatic and

photographic processes. In addi-
tion to the efficient production
or reproduction of original pre-
sentations, whether they are ex-
pressed manually or plotted by
automated means, both processes
are mediums through which
opaquing and blocking out can be
accomplished.

Opaquing and blocking out are
efficient techniques used in re-
moving unwanted material from a

drawing: lines, dimensions,
views, or entire details. Fur-
thermore, opaquing and blocking

VOL. 53., NO. 1

out can be used to remove soil or
age marks and other blemishes.

Scaling can also be facilitated
through either process. Rather
than scaling an existing design
by hand or replotting a drawing
for a new application, accurate
scaling can be achieved in much
less time using the electrostatic
or photographic processes. In
addition teo an increase in pro-
ductivity, the resulting graphic
is wusually of a higher gquality
than the original from which it
was scaled.

High quality repetitive details
or multiple images can also be
produced efficiently. Rather
than laboriously redrawing or re-
plotting details, the details can
be duplicated from masters when

needed, in the duantities de-
sired.
Phantom images and screen-

ing/subordinate imaging are used
to produce subdued backgrounds or
subordinate images, and to en-
hance the contrast between images
(Fig. 2). This 1s normally
achieved photographically with
the aid of screens that reduce
the density of original lines.

A number of creative graphic

technigques have evolved from
these ©basic reprographic pro-
cesses. The more common include

scissors or paste-up drafting,
photo-drafting, restoration, re-
formatting, and pingraphics.

Pingraphics

Also referred to as registra-
tion or overlay drafting, pin-
graphics makes use of precision
machined pin bars located at
standard intervals, spaced to
close tolerances. Accuracy 1is
further achieved through the use



WINTER, 1989

THE COMPLETE ENGINEERING GRAPHICS SYSTEM 21

! 18"-\/85%:2
S el
= @1‘1-»?85 S

45* ELBOW,

A2

S

Rl

&

e
1474

Fig. 2

of dimensionally stable polyester
film, a synthetic media which is
unaffected by changes in tempera-
ture or humidity.

The process of pingraphics be-
gins with the production of an
original base drawing containing
information common to the various
disciplines involved with the de-
sign (Fig. 3). In the design of
a commercial building as an exam-
ple, a base drawing consisting of
a plan view would be produced.
The original base drawing is then
keyed to a pin bar, reproduced,
and the duplicate base drawings,
called "slicks", are distributed
to the wvarious consulting engi-
neers. Designers then place
their slick on a pin bar and
overlay it, wusing the slick as
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Screening/subordinate imaging (from Roll Vac Corp.)

a guide in their design work. As
the base design changes, updated
slicks are produced and dis-
tributed.

When the wvarious disciplines
complete their overlays, a nega-
tive is made for each overlay and
the base. The negatives are then
exposed to the final positive
through either the diazo process
or offset lithography and yield
the desired composites. Depend-
ing on its use, the final product
may be polychrome or monochrome.

Some of the most frequent users
of pingraphics are those involved

with mapping, electronic cir-
cuitry design, and architectural
design. Once the design work has

been completed, the originals can
be scaled, screened as required,
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Fig. 3 Traditional pingraphics

opaqued, etc., to meet the spe-
cific graphic requirements of the
client.

The pingraphics concept has
been improved upon, and produc-
tivity has been enhanced with the
introduction of CADD and the
level or layer functions avail-
able with most CADD packages
(Fig. 4). Rather than producing
the base drawing manually, it is
produced electronically. The re-
sulting electronic slick is then
shared with the consultants who
can, in turn, complete their re-
spective overlays either manually
or electronically. Finally, co-

pies of the work from the various
disciplines are plotted. Rather
than plotting a multicelor com-
posite, the consultants produce a
plot of their respective over-
lays. The composite is then pro-
duced photographically and the
hardcopy by offset lithography.
Today's high speed, high-tech
plotters are capable of generat-
ing accurate, high quality, mul-
ticolor products. However, they
still cannot produce products
economically and in the quanti-
ties required for bid letting,
as an example. The solution then
is to plot the variocus levels or
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layers monochromatically and em-
ploy offset lithography to pro-
duce the required polychrome hard
copies.

Scissors and Paste-Up Drafting

This particular technigque makes
use of existing graphics regard-
less of the source or scale, and
like other techniques is intended
to aid in production and repro-
duction of graphic products. A
copy 1s made of the original
drawing or detail to either the
original scale, enlarged, or re-
duced, according to design re-
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Automated pingraphics

quirements. The source of the
original can include catalogs,
manually drafted drawings, or

computer graphics, for example.
Opaquing fluid is applied to the
details, or the details are
trimmed to eliminate unwanted ma-
terial. Conversely, information
can be added prior to the produc-
tion of a final print. The de-
tails are then taped to a base
which is usually a title block
sheet. When the editing has been
completed, a final print is pro-
duced according to specified re-
guirements using the diazo, elec~
trostatic or lithographic method.
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Scissors or paste-up drafting
also encompasses applique tech-
nigues which facilitate the han-
dling of multiple images or
repetitive details. Rather than
duplicate a detail on bond paper
or vellum, the detail is copied
onto commercially available
transparent adhesive film. Once
copied, the detail is trimmed and
applied in the gquantities de-
sired.

Quite often it is much more ef-
ficient to use appliques of stan-
dard details rather than plotting
them, even though the details may
be part of an existing electronic
data base.

Reformatting

Reformatting involves the
transfer of an existing drawing
to another drawing or drawing
format and is a form of scissors
or paste-up drafting. Reformat-
ting occurs frequently as a re-
sult of change in titling format,
reorganization of the company, or
company takeovers.

In reformatting, the drawing is
trimmed from the original sheet
and may be opagued or otherwise
edited to eliminate unwanted in-
formation. The drawing 1s then
transferred to the new title
sheet. Once the drawing has been
reformatted, a final copy is pro-
duced according to the graphic
requirements.

Many times it is more efficient
to cut and paste than to plot
graphics which must be reformat-
ted.

Restoration

Restoration involves bringing
life back to damaged or worn

drawings and can be accomplished
by using any one of three meth-
ods: manual retracing, digitiz-
ing (CADD), or reprographic tech-
nigues. Both retracings and dig-
itizing are labor-intensive, even
though the latter yields a higher
gquality product than the former.
By-products of restoration using
reprographic techniques, however,
include efficiency, the produc-
tion of a higher quality drawing,
and the production of a drawing
which is more suited to the rig-
ors of revisions.

In restoring a drawing, a copy
or negative 1is made (Fig. 5).
The severity of drawing deterio-
ration and the desired gquality of
restoration will dictate whether
it is produced photographically
or electrostatically. The dam-
aged areas are then opaqued or
touched up by a drafter. After
editing has been accomplished, a
copy of the restored drawing is
produced on the desired media.

Photo-BDrafting

Photo—-drafting makes use of ex~

isting photographs to generate
working drawings. A screened or
half-tone negative 1is produced

from a high quality photograph.
The image is then projected onto
a matte positive film along with
the material which appears on the
title block sheet. During the
process, material can be opaqued
or added, according to the draw-
ing requirements.

Summary

Judicious use of the three
principle approaches to the com-
plete engineering graphics systen
results in higher quality prod-
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Fig. 5 Restoration graphics

ucts and increases in productiv-
ity during both the design pro-
cess and in the production and
reproduction of graphic products.
This feat is being achieved daily
by business and industry as they
take advantage of (a) the hard-
copy data bases all engineering
departments maintain, (b) com-
puter graphics, and (c¢) repro-
graphics. More  importantly,
shortcomings of the three ap-
proaches can be minimized through
a melding of the techniques. As
has been pointed out, the key is
in the use of reprographics and
the means by which it complements

traditional methods (Fig. &) as
well as CADD (Fig. 7). It makes
no sense to (a) replot or manu-
ally redraw repetitive details,
(b) draw common hardware when
these details are readily avail-
able, or (c¢) digitize a worn
drawing simply to restore it when
all three tasks can be accom-
plished readily on an office
copier.

An appropriate balance, how-
ever, must be maintained in the
use of the three approaches to
achieve efficiency. This balance
can only be accomplished through
an understanding of the composi~-
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Ist Generation nd Generation tion of the complete engineering
Manua) Semi -Autosated graphics system and its strengths
: o and weaknesses.
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Mount Pleasant, Michigan

Local Area Network (LAN) systems, onme method of sharing information, are
arranged into three main topologies according to one of three geometric
configurations - bus, ring, or star. The physical connection of nodes is referred
to as the transmission medium, classified as bounded (baseband) or unbounded
(broadband). Bounded techniques include the twisted pair, the coaxial cable,
and the optical fiber, while the use of radio, microwave and infrared signals are
classified as unbounded techniques. Networks can be linked together by bridges.
Bridges match the signals, control the messages, and transfer signals upon
clearance, With the great number of .ANs on the market, the connectivity must
comply with standards established by the International Standards Organization
(IS0O). This assures conformity in designs. When choosing a LAN system, seven
questions must be considered - will the system be a multi-use media, what is the
length of the backbone, are heterogenous connections to be considered, what
data rates are required, are there any existing network facilities, what are the
installation costs, and what flexibilities exist in design? Basing a decision on
these questions can help produce a reliable system for any company.
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Introduction

One of the most wvaluable tools
in industry is the ability to
communicate. Communication pro-
vides the channel for sharing and
exchanging information or ideas.
This includes not only person-to-

person communication but also
communication between computer
operating systems. Operating

system communication is accom-
plished by means of networking.
"Communications form the backbone
of modern business, and computer
communications are no excep-
tions."l

T. J. Byersl states that more
than three-fourths of all busi-
ness correspondence occurs at the

local level. Even though 1t is
essential to have satisfactory
long distance communication,
greater emphasis must be placed
on messages transmitted in a
close proximity, such as within a
plant. An innovation called Lo-
cal Area Network (LAN) gives com-
puters this dimension. With
technological development and
growth, the affordability of LAN
is becoming more realistic.

It is estimated by the year
1990, that some 38 nillion com-
puterized workstations of various
kinds are likely to be installed
in offices, factories, and
schools. With such a demand for
computer workstations, the demand
for LAN will become commonplace
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and will in turn lead to an over-
crowding of LAN manufacturers in
the market.

Purpose of the Study

The purpose of this study was
to develop a document to serve as
a guide for industrial and educa-
tional CAD/CAM computer managers
in analyzing, selecting, and pur-
chasing a LAN system. According
to T. J. Byers~, there were 70
different networks on the market
in 1984. At present, network
manufacturers clutter the market.
Due to the wvast amcunt of net-
working systems, this study was
limited to those systems which
deal with industrial CAD/CAM LAN
applications.

At this time, researchers are
continually updating and revising
LAN technology. This causes
great difficulty in comparing
-LANs as prices are constantly be-
ing lowered. This study concen-
trated on LAN equipment currently
in use.

Review of Literature

A Local Area Network allows the
communication between computers
over a short distance for the
purpose of sharing data, pro-
grams, or resources. It is dif-
ficult to define the size of a
local area. The limits of LAN
are set according to the defined
workspace and can range anywhere
from a few feet up to a five mile
radius. "The only thing smaller
than a local area network is the
bus network contained in a com-
puter."l

The factory and engineering en-
vironment can benefit from LAN by
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linking typical group members,
such as robots, data collection
devices, and programmable con-
trollers. "By facilitating ma-
chine-to-machine communication,
IANs can weld the different
prhases of a manufacturing opera-
tion into a single, unified pro-
cess, "2

The most popular LAN designs
were examined under three topics
- the topology or logical ar-
rangement of the devices; access
method, the way access is gained
to the communication channel; and
transmission medium, the physical
interconnection over which the
data actually travels.

Topology

A network is created by the ge-
ometric arrangement of the link
and the nodes. A link can be a
line, channel, or circuit used as
a communication path between
nodes. A node (user-station) is
an end point to any branch of a
network or a junction of two or
more branches.

There are several factors to be
considered when selecting one
topology over another. Some
topologies fit into an environ-
ment better than others do. An-
other problem involves the cost
of each topology. The choice be-
tween two topologies should not
be based on cost alone. LAN
topology has three main configu-
rations: bus, ring, and star.

The bus network 1s the latest to
be introduced; its introduction
was in the mid-1970s. Now, it
has grown to be the most popular
and widely used local area topol-
ogy, even though it is the most
basic of all LAN configurations.
In a bus network, nodes branch
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from a central backbone (Fig. 1).
"The bus network is based on the
theory of interconnections devel-
oped in the internal architecture
of computer systems, where the
transmission medium between de-
vices 1is a single shared re-
source."3 According to Cosca-
relli4, the bus topology is the
easiest to implement and gen-
erally the most reliable.

The bus network allows a linear
transmission along a cable to
which additional work stations
may be added as required. The
transmissions are sent in either
direction along the wire, permit-
ting the work stations to receive
the messages addressed to them.

Reliability and ease of servic-
ing are some of the advantages
with the bus topology. A nega-
tive aspect of this topology is
that the speed of transmission is
degraded when the length of the
cable is increased.

The ring network connects nodes in
a series which generally requires
all work stations to be opera-
tional during applications (Fig.
2). This topology should not be
confused with the loop. The loop
is a subordinate of ring topol-
ogy. It has a central intelli-
gence placed 1in charge of the
ring. The ring network elimi-
nates the central intelligence

® ©

Figure 1: Bus Network
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Figure 2: Ring Network

in order to give a certain amount
of network freedom.

Data is limited to flow in one
direction, thus eliminating rout-
ing decisions. Information is
passed from one node to the next.
The advantage of this is the
avoidance of collision. Accord-
ing to Coscarelli, the reliabil-
ity is high with ring topology:
if one work station fails, it
typically will not cause the en-
tire network to fail. As with
bus networks, the speed of trans-
mission using a ring network will
also slow down with the addition
of work stations due to the re-
view and retransmission of mes-
sages.

The star network gets its name by
the shape it represents, a star
(Fig. 3). A message in a star
network 1is routed to a central
computer (central intelligence,
cental node, main frame). These
messages are then analyzed and
retransmitted to the intended
work station. "The central sta-
tion controls communication by
deciding when and how the outly-
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COMPUTER

Figure 3: Star Network

ing stations can communicate with
each other."2 FEach node mnmust
have its own path to the central
computer. This causes 1large
amounts of cable to be used.
"Active stars require the central
controller to be responsible for
all network affairs, including
messages monitoring, traffic
routing, and call forwarding."l

Another disadvantage of the
star network is that the central
node is a single point of network
failure. If the central node
fails, so does the entire net-
work. Thus the size and capacity
of the network is a direct func-
tion of the power of the central
node.

According to
topology differs
ring topologies by its central
control point. The ring and bus
topologies provide a distributed
control, which allows more di-
rect, reliable, and efficient
communication between individual
stations. However, +the dis-
tributed control leads to the

Mairaz, star

from bus and
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problem of competing for access
to the network.

Access Method

Access techniques describe the
connection of the node to the
network medium. The two popular
types of LAN access methods are:
Carrier Sense Multiple Access
with Collision Detector
(CSMA/CD), otherwise known as
contention; and token passing,
also call deterministic.

Contention gives the node access
to the medium any time. After
listening to the channel, check-
ing for activity, the station
transmitse its message immedi-
ately. If activity is sensed on
the channel, then it waits until
the channel is free. A problem
can occur when two or more sta-
tions transmit data simultane-
ously. When this takes place, a
collision will occur. The system
senses this and stops sending the
message immediately. It retrans-
mits the message after a random
period of time.

Deterministic token passing occurs
when access is determined by se-
gquential order. This eliminates
the possibility of collision by
allowing only one message to be
transmitted at a time. "The
'token' in a token passing net-
work is a code that is passed
continually at high speeds around
the network in a precisely de-
fined sequence, called logical
ring."2 The station holding the
token can transmit its message
and then passes it on to the next
station. Token passing can typi-
cally be found in both ring and
bus networks.

The token pass is more reli-
able, which gives managers the
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ability to calculate access time
under any type of 1load. From
these calculations, managers can
develop a priority level for the
network.

Transmission Medium

The physical connection used to
link nodes is called the trans-
mission medium. The two basic
transmission media for ILAN are
classified in either bounded
(basebound) or uwnbounded (broad-
band) .

Bounded media include wires, ca-
bles, and optical fibers, and are
actually linked to convey a sig-
nal from one node to another.
Included 1in the bounded media
are: twisted pair, coaxial cable,
and optical fiber.

The twisted pair media, originally
found in the telephone, is essen-
tially two wires twisted to-
gether. The wire is inexpensive
(approximately $.25 per foot) and
is the easiest to install. This
wire 1is highly susceptible to
electricity and other outside in-
terference. '"Wire emits and ab-
sorbs a high amount of electrical
interference, resulting in a rel-
atively high error rate and pos-
ing a problem where security is
important.n4

The coaxial cable is the simpliest
media to reduce noise. A metal
shroud is wrapped around the ca-
ble to block the outside inter-
ference. An example of this is
the cable used for cable TV.
Coaxial cable offers high speed
and low cost (from $.35 to $3 per
foot). It has a much greater
bandwidth than twisted pair, but
less than fiber-optics.
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Optical fibers, made of hairlike
plastic or glass strands, sup-
ports ring and star topologies
best. Electronic signals are
converted to light pulses by a
modulator, sent over these plas-
tic or glass fibers, and con-
verted back to electrical signals
by photoelectric diodes upon
reaching their destination.
"Fiber-optic technology has great
potential for factor applications
because it offers enormous band-
width -- several optical fibers
have the signal carrying capacity
of many hundreds of twisted-pair
wires."

The different varieties of com-
ponents of fiber optic systems
include:

1. Light Source - Light Emitting
Diodes (LED) or Laser Diodes

2. Optical Fibers - Stepped In-
dex, Graded Index, or Single Mode

3. Detectors <~ Pinsulated N
channels (PINs), or Avalanche
Photo Diodes (APDs)

Being the newest LAN transmis-
sion medium, fiber optics is also
the most expensive ($5 per foot

and up). The best thing about
optical fiber is that it is
nearly inpenetrable by outside

interference, and it has the
greatest accommodation for sig-
nals. The disadvantage of fiber
optics is the difficulty in tap-
ping and repairing.

Unbounded medias are still in the
early stages of development,
though there are a few commer-
cilally available wunbounded net-
works. The three major types of
broadband signals are radio, mi-
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crowave, and infrared.

When choosing a network medium,
several characteristics must be
considered, such as the price,
including installation costs, ex-
pandability for future needs,
ease of access, network speed,
and maintenance.

Bridges

When a setting is too big for
Jjust one network, two or more
networks can be linked by a
bridge. "The bridge is a commu-
nication device that selectively
passes data from one network to
another.%l The bridge would most
naturally be located at a point
where the two subnetworks are
physically adjacent. Actually,
the bridge connects two interface
elements, one on either side of
the bridge.

Inside the bridge, there are
three important components: an
interface, a filter, and a buffer
(Fig. 4). The interface is a
node-matching device which
matches voltage levels and sup-

BRIDGE

INTERFACE  INTERFACE
A B

FILTER LAN

B

Figure 4: Bridges
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plies amplification to the sig-
nal. In the middle of the bridge
lies the filter. It screens mes-
sages and decides whether they
are allowed to cross. A buffer
is a small memory bank that
stores the message until it can
be transferred.

Long-Distarce Modems

In situations where it 1is not
possible to have two subnetworks
physically close enough to be
joined by an ordinary bridge, the
networks can be linked by a long-
distance bridge known as a moden.
Long-distance modems have easy
accessibility and low cost, which
generally leads to the use of
leased telephone lines for a
long=-distance link. Two modula-
tion techniques commonly used for
modems are frequency modulation
and phase-shift modulation.

Frequency modulation uses digi-
tal pulses and encodes it into a
frequency. This form of fre-
guency . is called Frequency-
Shifted Keying (FSK) because the
frequencies shift back and forth
according to the digital encod-
ing. This takes the form of bi-
nary coding, using 1 and 0 as
data inputs. With phase-shift
modulation, the digital bits are
carried by shifting the phase of
the sine wave back and forth,
thus giving it the name of Phase-
Shift Keying (PSK).

Gateways

One of the problems that net-
work users face is the intercon-
nection of dissimilar networks,
that is networks with no values
in common. "When interconnecting
dissimilar networks, one fre-
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‘gquently encounters a protocal
language barrier. The words spo-
ken by one network are usuallx
quite foreign to the other.”
This precblem is solved with an
intelligent device called a gate-
way. A gateway connects the sub-
networks, and translates messages
from one language to the other,
guite like a translater inter-
pretes one language to ancother
(Fig. 5).

The gateways that exist
presently are specially tailored
items geared for specific situa-
tions. As for the future, gate-
ways are essential for the harsh
incompatibility of networks.

Standards

Industrial standards are essen-
tial for worldwide use of LAN.
Groups, such as the International
Standards Organization (IS0), the
Institute of Electrical and
Electronic Engineers (IEEE), the
Initial Graphics Exchange Speci-
fication (IGES), and the European
Computer Manufacturer's Associa-
tion (ECMA), will set a prototype
for LAN to follow. They will en-

UNO, LANGUAGE
DOS, —
THES TRANSLATOR
PROTOCOL
GATEWAY
ONE,
LANGUAGEOR TWO.
TRANSLAT ' THREE

Figure 5: Gateway
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sure conformity and compatibility
of all LANs. "The development of
such standards significantly low-
ers the cost of LAN products due
to industry-wide semiconductor
implementation and provides the
basis for increased compatibility
with other vendor's products."

Customers want to be assured of
long-term, multiple solution LANs
before making a major investment.
This can only be accomplished by
the implementation of good stan-
dards. In 1978, the ISO issued
recommendations for greater con-
formity in design of networks.
The recommendation was for a
seven-layer model network archi-
tecture (Fig. 6) with the follow-
ing layers:

1. Physical Link Layer - The
physical medium for transmission
as well as the software driver.

2. Data Link Layer - An error-
free communication channel be-
tween nodes.

3. Network Control Layer - Sets-

LAYER 7
APPLICATION

LAYER &
PRESENTATION

LAYER 5
SESSION

LAYER 4
TRANSPORT

LAYER 3
NETWORK

LAYER 2
DATA LINK

LAYER 1
THE PHYSICAL LINK

Figure 6: Seven-Layer Model for

Open System Interconnection
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up, routes, and addresses mes-
sages between nodes.

4. Transport Layer - Controls
communication session once path
is established, independent of
which systems are used.

5. Session Control - System-de-
pendent aspect are established
and controlled during transmis-
sion.

6. Presentation Contrel - En-
codes, translates, and converts
transmitted data to usable form.

7. Application/User Layer - Ser-
vices provided by the network.
Examples are data base management
and file transfer.

The above are examples of stan-
dards and their applications.
The more standards implemented,
the more conformity the indus-
trial setting will have.

Choosing an Appropriate
LAN Technology

The decision on which LAN tech-
nology to install is a difficult
one. The previous sections gave
a basis for selecting a particu-
lar LAN technology. This section
will present the steps that might
be taken in the selection pro-
cess. Keep in mind that differ-
ent criteria, along with 1local
conditions, might alter the se-
lection process. Therefore, the
selection process might trace the
following line of seven dues-
tions:

1. Will the communication medium
be specified to data alone, or
will it also carry voice, video,

security or environmental control
functions?

2. What is the total trunkline
length of the system?

3. Are hetrogeneous connections
required?

4. What data rates (speeds) are
desirable?

5. Are there any existing net-
work facilities?

6. What are the installation
costs?

7. What flexibilities in design
are available?

Multi-Use Media

Multi-use media will be re-
quired in the future. The em-
phasis will be toward getting the
most for the least. Since it is
no different when 1t comes to
LANs; one might be able to "kill
two birds with one stone.®

"Developemnt of multi-use media
can actually work in two direc-
tions. First, if a system is be-
ing constructed for data, then
other systems might 'piggy-back!
on the project; second, if a sys-
tem is being constructed for some
other purpose, then it might be
possible to modify the design to
allow for data communication.™
The possibility of cost sharing
among departments will minimize
the funding that might otherwise
not exist.

Madron® displays a table of me-
dia currently adaptable to var-
ious technclogies (Fig. 7). This
table indicates what 1is techno-
logically convenient to implement
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COST PER CONNECTION BROADBAND TELEPHONE HARDWARE PRIMITIVE
LAN LAN SYSTEM
TOTALS $515,640 $747.,840 $506,640 $556,640
TOTAL CONNECTIONS 540 540 540 360
COST PER CONNECTION $965 $1,365 $938 $1,546

Figure 7: Alternative Network Costs

and is only one possible solution
to the problem.

Length of Backbone

The length of the trunkline is
another question to consider when
choosing a 1local area network.
In any organization, a signifi-
cantly large portion of the in-
stitution is 1l1linked for data
transmission. If an organization
were to occupy several buildings,
such as a university campus or
corporation, 1t would not be fea-
sible to purchase a LAN system to
cover only half the area. It
would be more appropriate to in-
vest in a long distance system
that could handle short distances
as well. For example, baseband
LANs have a distance limitation
of only a few thousand feet and
originally, Ethernet was speci-
fied for about 1.5 kilometers.

However, CATV (cable television)
extends for many miles, while
twisted wire broadband systems

travel the world.
Heterogeneous Connections

A network must have the ability
to handle a great variety of com-

puters while retaining the high
speed and compatibility of data
files. Since the establishment
of standard IEEE 802.3, network
compability has been widely ac-
cepted and installed. A huge va-
riety of computers and worksta-
tions can be connected to an Eth-
ernet/IEEE 802.3 network. Ven-
dors have implemented high level,
industrial standard protocols
such as TCP/IP which allows all
of the various systems to commu-
nicate reliably with one another.

Data Rates

Each LAN system has a specific
data rate (speed) at which it
works best. Whether the speed is
5 kilobauds per second (kbps) or
5 millibaud per second (mbps), it
is the speed at which the system
works most efficiently. A prob-
lem exists with the mixing of
these data rates. Devices oper-
ating at different speeds would
require some flexibility in the
network. In fact, most technolo-
gies provide varying rates per
second for their support devices.
Determining these supported ser-
vices is the catch. Baseband
does not support all these de~-
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vices and the ones that are sup-

ported are usually specialized
interfaces. Twisted-pair sys-
tems, on the other hand, often

require similarity in speeds on
both ends of the network for op-
eration. Baseband 1is the ideal
solution. Each end is allowed to
work at its optimum speed and the
network takes care of the rest.

What i1s the fastest system?
Baseband technologies out-perform
other systems due to their band-
width and dedicated interface de-
vices. For generalized systems
(systems that can serve the
largest numbers of different de-
vices), broadband is better than
twisted-pair. Twisted-pair, also
known as telephone-based systems,
run at about 1,200 to 4,800 baud
while broadband systems run up to
5 mbps. Cost 1is the deciding
factor when it comes to getting
the fastest system and should be
considered heavily for this part
of the selection process.

Existing Network Facilities

When considering a network sys-
tem, an existing system cannot be
overlooked., For example, an ex-
isting phone system (twisted
pair) may be the least desirable
system to specify as a new net-
work installation. However, it
may be necessary to consider fu-
ture expansion that might over-
load the phone system. It may be
more advantageous to install the
system that allows for this ex-
pansion. Both possibilities
should be weighed equally. An ex-
isting network may or may not
have a significant cost advan-
tage.

Cost of Installation

It is very difficult to obtain
an exact cost to install a net-
work systen. The only accurate
way might be to put out a
"request for bid." Analyzing
costs 1in this manner is expen-

sive, time consuming, and will
cause delays waiting for re-
sponses. A less rigorous proce-

dure that gives a reasonable es-
timate 1is to make assumptions
about the size of the system (and
what is to be accomplished) and
then to use reasonable estimates
based on costs per connection,
cost per mile of trunkline, and
gimilar guidelines. This softer
approach to comparative cost
analysis is the road that large
organizations take most fre-
quently.6 Most likely, relative
costs of one technology when com-
pared to another would be about
the same. Prices are constantly
changing and relationships will
vary also.

Flexibilities in Design

When choosing a network system,
flexibilities should be consid-
ered. The ability to add work-
stations or extend backbone
lengths should be one of the de-
cision-making criterion.

Network design and topology is
often very dynamic. Network user
requirements change; additional
users may wish to take advantage
of the network; users relocate;
organizations change. Each of
these factors, as well as others,
cause the network to grow and
change. With this concept in
mind, a static system may be
detrimental to an organization.

Keep the expandibility option
open. This decision criterion
should be followed carefully when
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selecting a network system. When
considering cost alone, it is ob-
vious that there is no clear-cut
difference among the competing
technologies for a data communi-
cations network. All factors
that might alter the decision
must be considered and the selec-
tion should be based on priority
alone.

Local Area Network Listing

Table 1 lists local area net-
works gathered by the researchers
from literature supplied by vari-
ous vendors, T. J. Byers~, and S.
P. M. Bridges3.

There is no one way to select a
IAN system, but hopefully this
report has cleared up some of the
confusion surrounding the pro=-
cess. A glossary of networking
definitions is available from Dr.
John G. ©Nee, Central Michigan
University, Mt. Pleasant, MI
48859.
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Invariant Properties of Four-Dimensional Geometric Elements
Projected into Three-Dimensional Space

Zuji Wan
Dalian Institute of Technology of China

Qidi Lin
Anhui Institute of Technology of China

Josann Duane
The Ohio State University

Properties of four-dimensional geometric elements projected onto three-
dimensional space are developed. This lays the foundation for development of a
new, simplified method for solution of four-dimensional engineering problems.
The new method is based upon the invariant properties of geometric elements in
four-dimensional space projected into three-dimensional space. This method
simplifies solution of four-dimensional engineering problems by projecting
geometric elements in four-dimensional space into three-dimensional space,
establishing a Cartesian coordinate system, and then solving the governing

equations in the Cartesian system.

Introduction

Higher order space is of in-
creasing interest to scientists
and engineers. In this century
the theories of special rela-
tively and chaos have reshaped
our formulation of physical phe=-
nomena. Special relativityl in-
troduces time as a fourth dimen-
sion and chaos? permits complex
phenomena to be described in geo-
metrically simple terms by formu-
lating the phenomena in multidi-
mensional phase space.

The most well known group of
four-dimensional physical rela-
tionships are those that are a
part of the special theory of
relativity. This theory may be
fitted into the framework of
classical mechanics if the equa-
tions of motion are cast in a
four-dimensional system that is

comprised of the three
dimensions and time. The Lorentz
transformation which preserves
the speed of light uniformly in
all moving systems can be shown
to be a rotation in four-dimen-
sional space. The Einstein addi-
tion law for parallel velocities
and Thomas precession also can be
described by classical mechanics
in four-dimensional space-timel.
Scientists and engineers working
in high energy physics have ob-
served the above mentioned rela-
tivistic phenomena experimen-
tally. Relativistic effects must
be considered in the design and
operation of particle accelera-
tors.

Engineers deal more often with
chaotic systems than systems ex-
hikiting relativistic effects.
Chaotic phenomena are character-
ized by random unpredictable mo-

spatial
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tion. This motion was thought to
have no simple explanation until
sclentists and engineers showed
that simple but nonlinear equa-
tions could be used to describe
this chaotic  behavior. These
equations, when cast in multidi-
mensional phase space, show mo-
tion to be confined to surfaces
in phase space. The phase space
used to describe these systems
often has more than three dimen-
sions. Weather systems, turbu-
lent fluid flow, and ecological
balance have all been shown to be
at least partially described by
chaos?,

Recently, graphical methods in
space with four or more dimen-
sions have become of interest to
engineers because contemporary
computer graphics systems can
rapidly display projections of
higher dimensional space. Hence,
engineers can visualize models in
space of four or more dimensions
by displaying projections of the
model ., For example, by display-
ing successive rotations of a
four-dimensional model about a
plane in four-dimensional space,
an engineer can visualize the
model by observing changes in the
projection of the model.

In general, it is difficult to
evaluate problems in higher order
space by solving the governing
equations 'in the higher order
space. To address this problen,
the new method that is developed
simplifies the solution of four-
dimensional problems by the fol-
lowing procedure:

'First, the problem is cast in
three-dimensional space by pro-
jecting the four-dimensional sys-
tems into a three-dimensional
projection space and by estab-
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lishing a Cartesian coordinate
system in this three-dimensional
projection space.

Then, using the invariant prop-
erties of four-dimensional geo-
metric elements projected into a
three-dimensiocnal space and in-
variant properties of rotating
transformations in four-dimen-
sional space, solutions are ob-
tained to the four-dimensional
governing equations in the three-
dimensional Cartesian projection
space.

The properties and corollaries
developed lay the foundation for
this new method of solving four-
dimensional engineering problens.

synthetic logic is used to de-
termine invariant properties of

geometric elements (peints,
lines, planes, hyperplanes,
spheres, hyperspheres, curves,

and surfaces) of four-dimensional
space projected into three-dimen-
sional space. The first five
properties are those of individ-
ual elements. These are followed
by five properties of elements in
relation to other elements.
Next, the properties of the pro-
jections of curves and surfaces
are covered. Finally, the in-
variant properties of spheres and
hyperspheres are presented.

Invariant Properties of Four-Dimensional
Elements in a Three-Dimensional Projection
Space

The invariant properties of el-
ements of three-dimensional space
form the basis for several pro-
cedures 1in descriptive geometry.
For example, establishing that
parallel 1lines 1in three-dimen-
sional space are parallel in two-
dimensional projection space is
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fundamental to solving graphics
problems using descriptive geome~
try. Many of the invariant prop-
erties of elements of three-di-
mensional space familiar to those
versed in descriptive geometry
are similar to the invariant
properties of elements of four-
dimensional space developed in
this paper.

Four-Dimensional Point, Line, Plane, and
Hyperplane,

Property 1l: The projection of a
point in four-dimensional space
into a three~dimensional projec-
tion space is a point.

Sommerville® formulates the re-
sult of projection of formative
elements in explorative space
into projection space as follows:

r=p+g-n {1)
where

r = the number of spatial di-
mensions of geometric elements
that result from projection.

p = dimensions of the projec-
tion space.

g = the number of spatial di-
mensions of the formative element
used in projection. The dimen-
sion of the formative element, g,
is one greater than the dimension
of the geometric element unless:
1) the formative element is or-
thogonal to the projection space,
or 2) the geometric element has
the same dimension as the explo-
rative space. For these two ex-
ceptions, the dimensions of the
formative and geometric element
are equal.
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n = dimensions of the explo-
rative space.

Using Eg. (1), project a point
(formative element dimension q =
1) in four-dimensional space
(explorative space dimension n =
4) 1nto three-dimensional space
(projection space dimension p =
3) to obtain a point (projection
result geometric element dimen-
sion r = 0). (0 = 3 + 1 - 4)
(Note that the geometric peoint
and the formative point are as-
signed different dimensions.)

The next 4 properties follow from
Eq. (1).

Property 2: In four-dimensional
space, the projection of a line
inclined to a three~dimensional
projection space is a line (1 = 3
+ 2 - 4). The projection of a
line orthogonal to a three-dimen-
sional projection space is a
point (0 = 3 + 1 — 4).

Property 3: In four-dimensional
space, the projection of a plane
inclined to a three-dimensional
projection space is a plane (2 =
3+ 3 = 4). The projection of a
plane orthogonal to a three-di-
mensional projection space is a
line (1 =3 + 2 - 4).

Property 4: In four-dimensional
space, the projection of a hy=-
perplane inclined to a three-di-
mensional projection space is a
three~dimensional solid (3 = 3 +
4 - 4). The projection of a hy-
perplane orthogonal to a three-
dimensional projection space is a
plane (2 = 3 + 3 - 4).

The projection of a
four-dimensional

Property 5:
hypersolid in
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space 1into a three-dimensional
projection space is a solid (3 =
3+ 4 - 4).

Four-Dimensional Parallelism and
Perpendicularity

Property 6: In four~dimensional
space, the projections of two
parallel planes into a three-di-
mensional projection space are
parallel.

Proof:

" plane (ab) // plane (cd)

.. line a // line ¢, line b //
line 4

From Ref. (3) and Property 3,
a; // ¢y, by // 44,
S (ab)q // (ed),

where the subscript refers to the
geometric element resulting from
projection.

Property 7: In four-dimensional
space, when cone of two orthogonal
lines is parallel to a three-di-
mensional projection space M, the
projections of the two orthogonal
lines into M are orthogonal.

Proof:

From Property 3, the projection
of plane (ab) is (ab);. As shown
in Fig. 1, planes (ab) and (ab),
‘are elements of space T. It is
known that line a; is perpendicu-
lar to line b,.

From Ref. (3)

cy // by
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Property 8: In four-dimensional
space, when a line c¢ is orthogo-
nal tc a plane (ab) and plane
(ab) 1is parallel to a three-di-
mensional projection space M, the
projections of this 1line and
plane into M are orthogonal.

Proof:

. =

c L (ab)
c l a, ¢ L b
W (ab) // M
“a// M, b // M
From Property 7,
c; Loaj, e L by
Jeep Lo (ab),y
Property 9: When one of two
half-orthogonal planes in four-
dimensional space is parallel to

a three-dimensional projecticn
space M, projections of these two
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half-orthogonal planes are half-

orthogonal. (Note that orthogo-
nal and half-orthogonal are
equivalent in three-dimensional
space.)
Proof:

(ab) L (cd), (cd) // M
Job L (cd)
From Property 8,
by L (cd)y
So(ab)y L (ed)y

Property 10: In four-dimensional
space, the projections of two ab-
solutely perpendicular planes
into a three-dimensional projec-
tion space are half~orthogonal.

Proof:

As shown in Fig. 2, 0X, 0Y, 02,
and OU are four linearly indepen-
dent axes, and three-dimensional
space T is established by axes
00X, 0Y, and 0Z.

FOUR~DIMENSIONAL
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From Eq. (1},

r=3+3 -4
= 2
Therefore (XYZ); 1is a plane.

From Ref. (3), it follows that:
ou 1 (x¥z),

Construct 00; L M. Plane (0,0U)
is not in the projection space M.
In four-dimensional space, plane
(0,0U) intersects plane (XYZ), in
a point E. On plane (0,0U) pass-
ing through peint E, construct EF

// 0,0 and EG // OU. According
to Ref. (3),

(01U0) M (XYZ),

Soxyy; Lo(ouy g

In Euclidean space supplemented
with an infinity element, plane
QUZ intersects projection space M

in a 1line (UZ),, and plane OXY
intersects space M in a 1line
(XY) .

" oxy VY ouz

Soxyy, Lo(uz) g,

(xy)] L (ovz),

SLo(oxY)y, L (ouz)y

From the
that:

above, it follows

Corollary 1: In four-dimen-
sional space, when one of two ab~
solutely perpendicular planes is
orthogonal to a three-dimensional
projection space, the projection
is a line orthogonal to a plane.



44 Z.

Corollary 2: In four-dimen-
sional space, when a plane is
parallel to one of two absolutely
perpendicular planes, the projec-
tion of this plane and the pro-
jection of one of two absolutely
perpendicular planes into a
three-dimensional space are half-
orthogonal.

Proof:
Let (ab) // (cd)

Vled) Y (ef)

.‘.(ab)l L (ef)l
Curves and Surfaces in Four-Dimensional Space
Property 11: The projections of
curves in four-dimensional space
into a three-dimensional projec-
tion space are hyperplane curves.

Proof:

Let L define a curve in a four-
dimensional space,

(i=1,2,3)
{2)

Fi(XIerru) =0

After projecting into a three-
dimensional space 0XYZ,

Gi(fofZ) =0
u=2~0

(i=1,2)
(3}

Thus, G, is a hyperplane curve
on OXYZ space.

Property 12: The projection into
three-dimensional space of peoints
on four-dimensional curves fall
on the projection of hyperplane
curves.
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Proof:

Points P(x,y,z,u) satisfying
Eq. (2) also satisfy Eqg. (3).

Property 13: The projections
into three-dimensional space of
secants of four-dimensional

curves are the secants of hyper-
plane curves.

Proof:

Construction of a secant (AB)
on four-dimensional curve L pro-
duces two points A and B. From
Property 12, points A ;and B; must
lie on hyperplane curve L.
Therefore, (AB), is the secant of
Ll'

Property 1l4: In four-dimensional
space, the projections of the
tangent 1ine and the tangent
point of four-dimensional curves
into a three-dimensional projec-
tion space are the tangent line
and tangent point of hyperplane
curves.

Proof:

et a curve. F in four-
dimensional space be defined by:

x = £1(t),
y = £5(t),
u = £, (t)

{4)

The tangent line of a four-di-
mensional curve at point
P(x,y,z,u) is:

x-£f, (tp) /£, (tp)
= y-£, (tp) /L, (tp)
z-£5 (tp) /£ (tp)
= u-£f, (tp)/f,(tp) (5)

It
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If uw = 0, to all appearances, that can be transformed to give

Eq. (4) represents a hyperplane- surface S.

curve, Edg. (5) represents a tan-

gent line of hyperplane-curve on
projection space O0XYZ and point
p(x,y,2) is a tangent point.

Property 15: The projections of
hyperplane surfaces 1in four-
dimensional space into a three-
dimensional projection space are
three-dimensional hyperplane sur-
faces, and the degrees and types
are invariant.

Proof:

Let hyperplane surfaces in
four-dimensional space be given

by:
F(x,y,2,u) = 0 (6)

Ax + By + Cz + Du + E = 0

(A+ B+ C+ D= 0) 7

When u = 0, substituting Eq.
(7) into Eg. (6) gives a three-
dimensional hyperplane surface on
projection spa#e OXYZ. The de-
grees and types of new equations
are invariant because Eq. (7) is

a linear equation.

Corecllary: From Property 4,
in four-dimensional space, if a
hyperplane surface 8 orthogonal
to a three-dimensional projection
space M is projected into M, the
projection of surface S 1is a
plane. Boundary curves of a sur-
face 5 are contour curves of the
projection space M.

Proof:

Egs. (6) and (7) represent a
four-dimensional hypersurface

F(x',y',z',u') =0

The projection of surface S is a
real image on space 0'X'Y'Z’',

F(x',y',2',u') = 0
ut = 0

Orthogonal projection into space
o'xX'yrz! yields the contour
curve:

F(x',y',h) = 0
z' = 0

Property 16: In four-dimensional
space, 1) chords of a two-dimen-
sional surface and the intersec-
tion points of chords and a two-
dimensional surface, and 2) tan-
gent lines and the tangent point
of a two-dimensional surface, are
invariant after projection into a
three-dimensional space.

Proof:

As shown in Fig. 3, chord 2B
intersects surface S in intersec-
ting points A and B. Construct a
curve L on surface S through
points A and B. If follows from
Properties 13 and 15 that chord
AB on curve L projected into a
three-dimensional projection
space is chord (AB); on curve Lg,
Therefore, chord (AB); is on sur-
face S, because curve Ly is on
surface 8,.

Next, construct a tangent line
m and normal line n through point
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Fig. 3

P on surface S. Plane (mn) in-
tersects surface S in plane-curve
I. and tangent line m tangent to
curve L on tangent point P. Ac-
cording to Property 14, the pro-
jection m; of tangent line m is
tangent to the projection L, of
curve L on projection P, of tan-
gent point P. The projection m;
of tangent line m is tangent to
the projection S; of surface S on
projection Py of tangent point P,
because curve IL; is on the sur-
face S,.

Property 17: Tangent planes of
two-dimensional surfaces in four-
dimensional space projected into
three-dimensional space are in-
variant.

Proof:

As shown in Fig. 3, construct
tangent plane (mm') through point
P and normal line n on surface S.
Next, through normal line n con-
struct two planes (mn) and (m'n).
Plane (mn) intersects surface S
in plane-curve L, and plane (m'n)
intersects surface S8 in plane-
curve L'. From Property 14, my
is tangent to I, and m; is tan-
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gent to L; on point P,. There-
fore, plane {(mm'), is the tangent
plane of surface S; on tangent
point P,.

Four-Dimensional Sphere and Hypersphere

Property 18: The projections
into three-dimensional space of
two mutually orthogonal circle
planes in four-dimensional space
on a sphere through its center
are two conjugate diametral
planes of an ellipsoid.

Proof:

As shown in Fig. 4, let two mu-
tually orthogonal circle planes
through the sphere center be ABCD
and CDEF. Ellipse (ABCD), and
(CDEF), are the projections of
circle planes ABCD and CDEF into
a three-dimensional space. Con-
struct circle plane 1234 parallel
to circle plane ABCD. Circle
plane 1234 intersects circle
plane CDEF in points 1 and 2.
Chord 12 is parallel to chord CD
and intersects diameter EF in
point N. As a result: 1IN = N2
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and projection (IN)1 = (N2),; and
chord CO = OD and projection
(CO)y = (OD);. Next, construct
chord 56 parallel to chord 12 on
circle plane 1234. Taking K as
the midpoint of chord 56 makes 5K
= Ké and (5K); = (X86);.

Analogously, midpoints of other
chords parallel to chord CD are
in a plane that is established by
the midpeoints ©, N, and K of
chords CD, 12, and 56. The pro-
jection of midpoints of other
chords parallel to the projection
(CD); of chord CD 1lie in a plane
that is established by projection
0,, N;, and K, of midpoints O, N,
and K of chords CD, 12, and 56.
Acco?ding to Ref. 6, the ellipse
plane (ABCD),; is a diametral
plane with chord (CD), as a con-
jugate direction. Similarly, it
can be proved that ellipse plane
(CDEF), is a diametral plane with
chord (AB); as a conjugate direc-
tion.

Corocllary: When one of two cir-
cle planes is parallel to the
projection space, according to

Property 9, the projections into
three-dimensional space of two
mutually orthogconal circle planes
are two main planes of the el-
lipsoid.

Property 19: The projection into
three-dimensional space of a hy-
persphere in four-dimensional
space is a solid sphere.

Proof:

Let the equation of the hyper-
sphere be:

(y=b) 2+ (z-c) 2+ (u-d)%-r? = 0
(9)
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Projecting this hypersphere into
projection space OXYZ gives:

(x-a) 2+ (y-b) 2+ (z-c)2 = r2-g2

When d is equal to any value less
than r:

a2 > o

r2-g2 < r2

So, points satisfied with Eg.
(10) are satisfied with Egq. (9).

Corollary: The projection into
three-dimensional space of a hy-
perellipscid in four-dimensional
space is a solid ellipsoid.

Symbols

Given

Therefore

Parallel

Perpendicular

Absolutely perpendicular

KEXxi--!

Definitions

1. Absolutely Perpendiculars:
Two lines perpendicular to a
plane at a point determine a sec-
ond plane. The planes are re-
lated such that every line of one
plane passing through the point
is perpendicular to every line of
the other plane also passing
through the point. If this point
is the only one common to both
planes (that is, their
intersection), they are abso-
lutely perpendicular.

2. Half-orthogonal: Two planes
that are orthogonal in three-di-
mensional space are called half-
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orthogonal in four-dimensional

space.
3. Hyperplane: A linear geo-
metric element of dimension = 3.

Hyperplanes are elements of space
of four or more dimensions. Hy-
perplanes are given by the sub-
space of points satisfying the
following linear equation:

(x=a)+({y-b)+(z=-c)+(u-d) = 0

Hyperplanes are also given by a
set of four 1linear parametric
equations that represent x, y, 2z,
and u as functions of the para-
metric coordinates s, t, and v.

s,t,v)=Cl1+Cl2°s+C13°t+Cl4'Vv
s,t,v)=C21+C22" 's+C23 " t+C24"V
s,t,v)=C31+C32"s+C33°t+C34"Vv
s,t,v)=C41+C42" " s+C43 t+Cad" vV

4. Hyperplane curve: A curve
that lies in a hyperplane. A
curve where the parametric coor-
dinates of the hyperplane (s, t,
and v) are given as functions of
parametric distance along the
curve (r) will lie in the hyper-
plane.

s = s(r)
t = t(r)
v = v(r)

5. Hyperplane surface: A sur-
face that lies in a hyperplane.
A surface where the parametric
coordinates of the hyperplane (s,
t, and v) are given as a function
of the parametric coordinates of
the hyperplane surface (g,h) will
lie in the hyperplane.

s = s(g,h)
t = t(g,h)
v = v(g,h)
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6. Hypersolid: Regions in four-
dimensional space.

7. Hypersphere: A geometric el-
ement of dimension = 3 described
by:

(x-a%2 + (y—-b)2 + (z—c)2 +
(u-d)2 - r¢ = 0
where a, b, ¢, and 4 are the co-
ordinates of the hypersphere cen-
ter and r is the radius. Hyper-
spheres are elements of space of
four or more dimensions.

8. Line: A linear geometric el-
ement of dimension = 1.  Lines
are elements of space of two or
more dimensions. Lines are de-
fined mathematically by the locus
of points satisfying the equa-
tion:

(x-a) + (y-b) =0

Lines are also described by lin-
ear parametric equations for the
spatial coordinates x and y as a
function of the parameter s =
distance along the line.

X(s) = Cl1 + C12 * s
y{s) = C21 + C22 " 8
9. Plane: A linear geometric

element of dimension = 2. Planes
are elements of space of three or
more dimensions. The following
linear equation represents a
plane in three dimensional space.

(x-a) + (y-b) + (z-c) = 0

A plane is also given by linear
parametric equations that repre-
sent %, y, and z as functions of
the parametric coordinates s and
t.
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x(s,t) = Cl1 + Cl2 * s + C13 ' t
y(s,t) = C21 + €22 * s + C23 * t
z(s,t) = C31 + €32 * s + C33 t
10. Point: A geometric element

of dimension = 0. Points are el-
ements of space of one or more
dimensions.

References

leoldstein, H., Classical Mechanics,
Addison-Wesley, Reading, MA,
1981.

2Gleick, J., Chaos Making a New Sci-
ence, Viking Penquin, Inc., New
York, NY, 1987.

3Sommerville, D. M. Y., An Intro-
duction of the Geometry of N Dimensions,
Dover, New York, NY, 1958.

4I\’Ianninq, H. P., Geometry of Four Di-
mensions, Dover, New York, NY,
1956,

5Lindgren, C. E. 8. and Slaby, S.
M., Four Dimensional Descriptive Geometry,
McGraw-Hill, New York, NY, 1968.

6Zhu, D., Analytic Geometry, Science-
Tech, Shanghai, China, 1981.



50 ENGINEERING DESIGN GRAPHICS JOURNAL

A Remembrance

Irwin Wladaver

1905 - 1988

Irwin Wladaver, a member of
ASEE and this Division since
1943, passed from this life on
the 20th of June 1988 at his res-
idence in Miami Beach, Florida.
1988 was his 83rd year of life
and his 60th year of marriage.
He is survived by his beloved
wife, Sadelle, one  son, one
daughter, and four grandchildren.
Or, as Vlad might have written
it: An old New York City carpet
salesman has ligquidated his in-
ventory and moved to a better lo-
cation. Let this be a remem-~
brance for those of us who knew
him well ... enlightenment for
our members who knew him only by
reputation or not at all.

After graduation from college
in 1926, Vlad worked for 16 years
as a carpet salesman. He entered
the field of engineering educa-
tion in 1942, teaching an inten-
sive course in engineering funda-
mentals for the government's De-
fense Training Institute in
Brooklyn, New York. For two
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years, he was an instructor in
engineering drawing at Franklin
and Marshall College in ILan-
caster, Pennsylvania. In 1945,
he returned to New York City as
an instructor in engineering
graphics at New York University's
School of Engineering and Sclence
on the Washington Heights Campus
in the Bronx. He taught engi-
neering graphics, descriptive ge-
ometry ... and calculus. Viad
remained at NYU until his retire-
ment as Associate Professor Emer-
itus in 1972. At the time of his
retirement, he was Assistant Dean
in charge of the Evening Division
of the School of Engineering and
Science. He was the author or
coauthor of numercus texts and
problem books.

Vlad's first "public appear-
ance" on the ASEE's national
agenda was the presentation of a
paper at the 1951 Summer School
of the Division of Engineering
Graphics at Michigan State Uni-

versity. His interest in and
service to the Division never
ceased. He edited the Jocurnal

from 1955 - 58, was vice=-chairman
from 1959 - 1960, and was chair-
man from 1960 - 1961. Vlad was
presented the Division's Distin-
guished Service Award in 1974.
The accomplishment in which he
took the most pride was the com-
pletion of a comprehensive index
of all issues of the Journal from
1936 through 1978.

vlad held no engineering de-
gree; his undergraduate study was
in the «c¢lassics, his graduate
work in education. His B.A. de-
gree was from City College of New
York, his masters and Ph.D. de-
grees from New York University.
He was a scholar in the truest
sense of the word, literate in
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several languages, a musician,
philosopher, student and teacher.
Vliad was eager to 1listen and
learn; he freely taught, sharing
his wealth of knowledge and joy
of life with. all comers. An
evening of conversation with Ir-
win Wladaver was equivalent to a
three~semester~hour course in the
humanities at any university in
the country.

Vlad, your many friends, all of
whom were your students, will
greatly miss you ... And, whether
you are raising hell with the
imps of Satan for a view out of
projection or confounding a class
of heavenly cherubs with a unique
solution to a problem in descrip-
tive geometry, we know that both
you and your students are greatly
enjoying the experience. What-
ever the fourth dimension loca-
tion of your carpet shop, that
place is a better place bhecause
you are there. Shalom.

WIUBR

Chairman’s Message

by
Merwin Weed
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At this writing, I have just
returned from the Division's Mid-
year Conference at New Harmeony,
Indiana, hosted by the University
of Southern Indiana. For those
of you who were there, you do not
need me to tell you how good this
conference was, For those of you
who could not be with us, please
know that you were missed.

I want to express my thanks to
Larry Goss, Facility Chairman,
and Linda Bode, Program Chairman,
for the fine job they did to make
this conference such a success.
I also want to thank the officers
for their dedication and service
to the Division. - Without their
support, the Chairman's job would
be an impossible task.

The next meeting of the Divi-
sion will be at the National ASEE
Conference to be held in Lincoln,
Nebraska in June. We will have
several sessions during this con-
ference, so please plan to at-
tend. Next vyear, the Mid-year
Conference will be hosted by the
University of Alabama and is
scheduled for early November.
Looking even further ahead, there
are two international conferences
on the horizon sponsored by this
Division. The Fourth Interna-
tional Conference on Engineering
Graphics and Descriptive Geometry
will be hosted by the Florida In-
ternational University. The pro-
posed date for this conference is
June 11 - 15, 1990. The Fifth
International Conference is to be
hosted by the Royal Melbourne In-
stitute of Technology. - This
school is in Australia and the
proposed date is August 17 - 21,
1992. Now that's planning ahead,
but time does fly when you are
having fun!
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EDGD Executive Committee

For your ease in contacting the
members of the Executive Commit-
tee of the EDGD, the following
list is supplied.

Chairman

Merwin Weed

Penn State University
McKeesport Campus
University Drive
Mckeesport, PA 15132
(412)=675=9497

Vice-chairman

Frank Croft

Engineering Graphics Dept.
The Ohio State University
2070 Neil Avenue

Columbus, OH 43210
(614)-2%2-6230

Secretary-Treasurer

Linda Bode

Drafting Technology
University of Toledo
Teledo, OH 43606
(419)-537-3365

Director - Liaison

Jim Leach

Industrial Engineering
207 Dunston Hall
"Auburn University
Auburn, AL 36830
(205)-826-4340

Director -~ Professional and
Technical

Vera Anand

302 Lowrey Hall
Clemson University
Clemson, SC 29631
(803)-656-5755

Director - Prograns

Josann Duane

Engineering Graphics Dept.
The Ohio State University
2070 Neil Avenue

Columbus, OH 43210
(614)—-292-7932

Director - Publications

Barry Crittenden
Div. of Engrg. Fund.
VPI&SU

Blacksburg, VA 24061
(703)-231-6555

Director - Zone Activities

Billy Wood

Mechanical Engineering Dept.
University of Texas at Austin
Austin, TX 78712
(512)-471-3025

Past Chairman

Ron Barr

Mechanical Engineering Dept.
University of Texas at Austin
Austin, TX 78712
(512)=471-3008

Calendar of Events

by
Josann Duane

1989 Annual ASEE Conference

June 25-29, 1989
Lincoln, NB

1989-90 EDGD Mid-year Conf.

November 5-7, 1989
Tuscaloosa, AL

1990 Annual ASEE Conference

Toronto, Canada



WINTER, 1989

19290 4th International Confer-
ence on Engineering Graphics and
Descriptive Geometry

June 11-15, 1980

Miami, FL

1990~-91 EDGD Mid-year Conf.
Tenpe, AZ

1991 Annual ASEE Conference
New Orleans, LA

1991-92 EDGD Mid-year Conf.
Norfolk, VA (tentative)

1992 Annual ASEE Conference
Toledo, OH

1992 5th International Confer-
ence on Engineering Graphics and
Descriptive Geometry

August 17-21, 1992

Melbourne, Australia

1992-93 EDGD Mid-year Conf.
San Francisco, CA (tentative)

International Computer Graphics
Calendar
by
Vera Anand

April 30 - May 4, 1989

CHI '89 = Conference on Human
Factors in Computing Systems
Austin, TX

June 19 - 23, 1989

Graphics Interface '89 - 15th
Canadian conference devoted to
computer graphics and interactive
techniques

London, Ontario, Canada
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June 27 - 30, 1989

Computer Graphics International
189 - 7th conference of the Com-
puter Graphics Society

Leeds, United Kingdom

July 18 - 20, 1989

3rd International Conference on
Image Processing and its
Applications

Coventry, United Kingdom

July 23 - 26, 1988

UPCAEDM '8¢ - 7th Annual
Conference on University Programs
in CAE/CAD/CAM

Laramie, WY

July 31 - Aug 4, 1989

SIGGRAPH '89 - 16th Annual
Conference on Computer Graphics
and Interactive Techniques

Boston, MA

Sep 4 - 8, 1989

Eurographics '89
Hamburg, West Germany

Sep 12 - 15, 1989

Engineering Education '89 -
18th International Symposium on
Engineering Education

Munich, West Germany

Sep 18 = 22, 1989

HCI International 89 - 3rd
International Conference on
Human-Computer Interaction

Boston, MA



54 ENGINEERING DESIGN GRAPHICS JQOURNAL VOL. 53, NO. 1

Oct 23-27, 1989

Second International Conference
on Computer-Aided Drafting, De-
sign, and Manufacturing Technol-
ogy

Hangzhou, China

For further infeormation, contact
Vera Anand, 302 Lowrey Hall,
Clemson Univ., Clemson, sC,
(803)=-656-5755.

1989 ASEE Annual Conference
by
Moustafa R. Moustafa
(Program Chairman)

Now is the time to begin plan-
ning for the 1989 Annual ASEE
Conference to be held in Lincoln,
NB from June 25 - 29. The EDGD
is cosponsoring one of the six
miniplenary sessions with the De-
sign in Engineering Education Di-
vision. The EDGD is also cospon-
soring several other sessions, as
indicated in the partial listing
which follows:

Theoretical and computational
graphics research. Cosponsors so-
licited: Mathematics and Archi-
tectural Engineering Divisions

Graphics 1in capstone design
courses. Cosponsors solicited:
Design in Engineering Education
and Architectural Engineering Di-
visions.

A complete listing of sessions of
interest to EDGD members will be
included in the Spring issue of
the EDG Journal.

Accommodations:
Downtown area hotels $65
Airport motels 40
University dormitories 20
Transportation:

The Lincoln airport is small.

It is served by TWA, United,
Northwest, and American (commu-
ter). Omaha's airport is larger

and arrangements are being made
to transfer members from and to
Omaha and the University of Ne-
braska campus (about one hour's
drive). A limited number of
flights serve Lincoln, but nego-
tiations will take place between
ASEE headquarters and airlines
serving Lincoln to reguest more
flights and/or larger aircraft
during the conference.

The 3rd International Conference on
Engineering Graphics and De-
scriptive Geometry
by
Klaus Kroner

This year's (1988) most impor-
tant event in engineering graph-
ics education took place at the
Technical University of Vienna,
Austria from July 11 - 16. The
Third International Conference on
Engineering Graphics and Descrip-
tive Geometry convened on the
morning of July 11 with 145 pro-
fegsionals and many spouses in
attendance. This writer was a
privileged observer of the pro-
ceedings at this conference, wit-
nessing the exchange of ideas,
participating in the ancillary
social events, and enjoying and
savoring the famed Viennese am-
biance. It is hoped that what
follows will give those readers



WINTER, 1989

who could not attend a feeling of
the conference atmosphere and an
overview of the professional ses-
sions.

Vienna and the
Techanical University

Just the mention of the city's
name instills nostalgic, even ro-
mantic, feelings in one's imagi-
natioen, and there 1is a notion
that few places c¢an surpass Vi-
enna in the richness of its his-
tory and in its unique role in
present-day international poli-
tics. The host institution was
founded in 1815, receiving
university status in 1872, and
played an important role in the
engineering education and techni-
cal achievements in Austria and
surrounding countries during the
imperial and republican periods
alike. It is under the control
of the Federal Ministry of Sci-
ence and Research. The Univer-
sity's stately buildings command
an impressive presence in the
Karlsplatz area, a short distance
from the famed Opera House. The
newest building in the University
complex was the site for this
conference, Its lecture halls
are exceptionally well designed
and equipped and have excellent
acoustics.

Add to this physical backdrop a
group of colleagues on the local
scene who were dedicated to hav-
ing a first-class conference, and
the result was Jjust that. The
superb organization and manage-
ment by the Technical University
of the entire event was due to
the hard work and attention of
Professors Hellmuth Stachel and
Steve Slaby and the members of
their organizing committees.
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The Professional Program

Welcoming addresses were given
during the Opening Ceremony by
Professors Stachel and Slaby, as
well as by Dean Karl-Heinz Wolff
of the Technical University. The
conference was officially opened
by Dr. Hans Tuppy, Minister of
Science and Research of Austria.

A highlight of this particular
event was the presentation to the

conference of a poem entitled
"Wish" by Prof. Zhao @inghuan
from Beijing, China. The object

of the poem was to wish for a
"grand" conference and, more im-
portantly, for world peace. It
was read in both Chinese and En-
glish (the official language of
the conference) and a beautifully
executed scroll was given to the
host institution. The various
parts of the Opening Ceremony
were punctuated by short musical
offerings of a student instrumen-
tal group. This was, after all,
the city of music!

The Plenary Session followed at
which invited lecturers set the
tone for the professional pro-
gram. Prof. M. C. Queiroz de an-
drade (Brazil) spoke about the
"Past, Present, and Future of De-
sign in Brazil" and augmented his
presentation with a lively the-

matic movie especially created
for this occasion. Prof. K.
Suzuki (Japan) gave an overview

of the status of computer graph-
ics education in his country
based on a recent survey. The
third presentation was by Prof.
S. Slaby (USA) in which he of-
fered and explained his own defi-
nitions of the terms "geometry"
and "visualization, as well as
urging scientists to incorporate
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geometric visualization into
their work.
The nearly 100 presentations

which followed over the next sev-
eral days were grouped around
three main themes: 1) Theoreti-
cal Graphics and Applied Geome-
try, 2) Engineering Computer
Graphics, and 3) Education in
Engineering Graphics. Many of
the papers provoked lively de-
bates expressing varying points
of view from different areas of
the globe. For example, the is-
sue of a standard labeling con-
vention for descriptive geometry
problems was touched upon, al-
though no consensus was reached,
The exchange of ideas and learn-
ing about other ways of teaching
were, of course, two major ojec-
tives of the conference organiz-
ers. The presentations them-
selves were collectively pub-
lished in the 2-volume Proceed-
ings and were issued to the par-
ticipants at the time of regis-
tration. A limited number of
copies was available for purchase
from Prof. Steve M. Slaby, Civil
Engineering Department, Engineer-
ing Quad., Princeton University,
Princeton, NJ 08544 (cost -
$75).

One cbservation of this writer
is that our colleagues from
abrecad are far more adept at ad-
dressing their presentations to
an international audience. One
must not assume that teachers on
other continents c¢an operate in
an educational environment which
is at all similar to ours.
Financial and technical resources
differ greatly and for different
reasons. Local customs as to
what 1is tactful on the profes-
sional level should alsc be re-
spected. If in doubt, a more

formal approach i1is always the
correct avenue to take. Needless
to say, one must be sensitive to
the needs and expectations of
other people.

Some statistics of the confer-
ence are shown in Table 1. It is
an indication of the diligent
work of the organizing commit-
tees, their effective publicity
effort, and their development of
a first-class program that teach-
ers from 22 countries partici-
pated in the meeting.

A special exhibit had been set
up with the cooperation of the
University's 1library in which
books and Jjournals, both new and
old, were put on display. of
particular interest was a copy of
the original treatise on descrip-
tive geometry by Monge.

The Closing Ceremony was
chaired by Prof. Slaby. Out of
respect for the hosts, the cus-
tomary resolution was presented
at this occasion in German, and
then in English.

Social Events and Tours

The hosts also had seen to it
that the guests' need for diver-
sion from the professional pro-
gram were taken care of and that
the spouses had an enjoyable stay
as well. An unexpected event was
an invitation by the mayor of Vi-
enna to a reception and dinner-
dance at the City Hall on Monday
night. Thus, everyone was wined
and dined in two large palace-
like ballrooms complete with gi-
ant crystal chandeliers, tapes-
tries, and banners. An orchestra
played the traditional waltzes as
well as Broadway tunes beckoning
all to the dancefloor.

On one of the afternoons, the
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Country Professionals Spouses Paper Topic Area
1 2 3

Australia 1 1
Austria 23 11 6 3
Brazil 4 1 2
Bulgaria 2 1
Canada 3 3 1 1
China 5 1 2 2
Czechoslovakia 3 2 1
East Germany 1 1
Egypt 1 1
France 1 1 1
Hungary 10 3 3 1
Israel 1 1 1 1
Italy 3 1
Japan 21 10 3 8 4
Poland 4 2
Portugal 1 1
Sweden 2 1
U.8.A. 35 23 8 9 17
U.8.5.R. 1
West Germany 10 2 2 1
Yugoslavia 12 2 2 2
Zimbabwe 1

Totals 145 56 36 32 26

Table 1 ~ Conference Participation
(Data from officilal program and list of participants)

wives of the participants were
invited to the home of Prof. and
Mrs. Stachel for a typical Aus-
trian "Kaffeeklatsch". Several
sightseeing tours had been ar-
ranged with the help of a very
efficient +travel agency, some
within the c¢ity, as well as ex-
cursions to areas outside Vienna.
A boat trip on the Danube while
dining on "Wiener Schnitzel" and
Austrian wine was especially mem-
orable.  Visits to several grand
palaces and magnificent cathe-
drals were, of course, included

on these trips. Thursday evening
we were all treated to one of Vi-
enna's tourist attractions - a
Heuringen wine-tasting in Grinz-
ing which was accompanied by ap-
propriate music and a splendid
variety of specialities. A grand
time was had by alll!

The hosts also arranged for the
Austrian postal service to design
a special cancellation stamp,
bearing the conference logo,
which was used during the meeting
at a temporary post office lo-
cated in the building.



58 ENGINEERING DESIGN GRAPHICS JOURNAL

Poem by Prof. Zhao Qinghuan En-
titled "Wish"™

Conclusion

This conference should be re-
membered in the annals of engi-
neering graphics education as an
important milestone in furthering
international understanding of
the ways in which the subject can
be taught, sharing information on
recent research, and encouraging
the scientific community to avail
itself of the attributes of de-
scriptive geometry in its work.

The success of this conference
in Vienna has already led to the
planning of the next meeting.
During the Closing Ceremony, it
was announced that the 4th Inter-
national Conference would be held
in the summer of 1990 on the cam~-
pus of Florida International Uni-
versity in Miami.
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Call for Papers

1989-90 Mid~year Conference -
Engineering Design Graphics
Division of ASEE

Hosted by:

University of Alabama
Tuscaloosa, Alabama
November 5, 6, and 7, 1989

Theme "“After CAD - What?"
Topics to include:

A. Geometric Modeling

B. Visual Perception

C. Geometric Dimensioning and
Tolerancing

D. Interaction Between CAD
and CAM

E. The Engineering Graphics
Curriculum of the Future

Deadlines:

July 1, 1989
Sep 1, 1989

Abstracts Due:
Final Papers Due:

Facilities Chairman:

Jim Weiss

University of Alabama

P. ©. Box 1%17

Tuscaloosa, AL

OCffice phone: (205) 348-1713
Home phone (205) 758-8655

Program Chairman:

Bruce Rogers

Dept. of Industrial Technology
Univ. of Northern Iowa

Cedar Falls, TIA 50614

Office phone (319) 272-2537
Home phone (319) 277-1839
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Conference Proceedings
1988-89 Mid-year Conference

Proceedings from the 1989-89 Mid-year Con-
ference of the Engineering Design Graphics Di-
vision of the American Society for Engineering
Education are available at $15.00 per copy,
postage paid. Make vour check or purchase or-
der to: USI, and reference account number 4-
45949, Address your request to:

Larry D. Goss

Univ. of Southern Indiana
8600 University Blvd.
Evansville, IN 47712

The proceedings publication contains 180 pages
and has both a table of contents and an index.

Third International Conference on
Engineering Graphics and Descrip-
tive Geometry

A limited number of copies of the two-volume
set of the Proceedings of the Third International
Conference on Engineering Graphics and De-
scriptive Geometry, held in Vienna, Austria July
11 - 16, 1988, are available.

The price is $75.00, which includes shipping.
Orders are being taken by:

Prof. Steve M. Slaby

Civil Engineering Department
Engineering Quad

Princeton University
Princeton, NJ 08544

Telepho_ne: 609-452-4654
fax: 609-987-6744

When ordering, include your name, title, com-
plete mailing address, and telephone number.
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Engineering Graphics

J. B. Speed Scientific School
of the
University of Louisville

The J. B. Speed Scientific School of the Univer-
sity of Louisville is seeking qualified applicants
for a tenure-track position in Engineering
Graphics at the assistant professor level. The
appointment is for twelve months. Duties will
include teaching Engineering and Engineering
Technology students introductory courses in en-
gineering graphics, including computer-aided
graphics. Required qualifications include a
Master’s degree in engineering or a related field
and teaching and/or industrial experience in en-
gineering graphics. Preferred qualifications in-
clude experience in computer-aided drafting,
design, and manufacturing and evidence of abil-
ity to develop in a CAD environment. The
ability to develop courses in computer-aided
graphics and design for Engineering and Engi-
neering Technology programs is desired.

The J. B. Speed Scientific School is the School of
Engineering and Applied Science of the
University of Louisville. The school’s principal
program emphasis is on the Master of
Engineering as the first professional degree in
s5ix programs. A baccalaureate degree program
is offered in Information Science and Data
Processing. Associate degree programs are of-
fered in Electrical and in  Mechanical
Engineering Technology. The Graduate School
offers Ph.D. programs in Chemical Engineering,
Industrial Engineering, and Computer Science &
Engineering and M.S. programs in selected fields
of engineering. Approximately 2,300 students
are currently enrolled in all programs.

Send vita (including statement of education,
experience, homnors, awards, and publications)
and mnames, addresses, and phone numbers of
three (3) references to Donald L. Cole, Assistant
Dean, J. B. Speed Scientific School, University
of Louisville, Louisville, KY 40292. Applica-
tions will be accepted until the position is filled.
Immigration status of foreign nationals should be
stated in the resume.

The University of Louisville is an affirmative
action /equal opportunity employer.
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Industrial Technology Faculty

Department of Industrial
Technology
Chiec University

POSITION:  Full-time, academic year, tenure
track faculty in the Department of Industrial
Technology beginning September, 1989.

DUTIES AND RESPONSIBILITIES: Teach un-
dergraduate courses in engineering drawing and
documentation; also teach courses in one or more
of the following areas: quality control, geometric
dimensioning and tolerancing, metrology and/or
product design. Advise undergraduate students.
Participate in departmental course and curricu-
Ium development. Develop and maintain indus-
trial contacts. Participate in departmental, col-
lege, and university committees, as well as in
professional associations. Promote the depart-
ment, coflege, and university through writing,
research, or other scholarly activities.

MINIMUM QUALIFICATIONS: Master’s de-
gree in appropriate field; doctorate is preferred.
Appropriate industrial and/or teaching experi-
ence,

ACADEMIC RANK AND SALARY: Com-
mensurate with education and experience.

CLOSING DATE: The position is open until
filled. Applications received after March 31,
1989 cannot be assured of consideration.

APPLICATION PROCEDURES: Persons
interested in applying for this position should
send a letter of application, resume, and listing
of three references to:

Dr. James F. Fales, Chairman
Department of Industrial Technology
College of Engineering and Technology
116 Stocker Center

Ohio University

Athens, OH 45701-2979

Telephone: (614) 593-1455

Ohic  University is an  Egual Opportu-
nity/Affirmative Action Employer.

POSITION VACANCY
GRAPHIC COMMUNICATIONS
NORTH CAROLINA STATE UNIVERSITY

ENGINEERING GRAPHICS/CAD: The
Graphic Communications Program at North Caro-
lina State University invites applications for a posi-
tion as Lecturer with employment to begin in August
of 1989. The successful applicant should have
aquired at least a Master’s degree in engineering,
technology or related field, should be abreast and
competent in 2D and 3D computer graphic systems
and software as well as demonstrated competencies
in engineering/technical graphics, and should be
able to develop/revise instruction, specify equip-
ment, software and instructional needs, and manage
computer graphic classrooms and laboratories.
Teaching experience in other areas encompassed by
engineering/technical graphics would be highly
desirable. Industrial experience and activity in pro-
fessional organizations would be advantageous.
The Graphic Communications Program at NCSU
currently provides nine service andfor elective
courses in engineering graphics, technical graphics,
descriptive geometry, furniture graphics and com-
puter graphics including 2D and advanced 3D
courses. The program also offers a 15 hour Minor in
Graphic Communications. Approximately 900 to
1000 students are served cach semester by 9 full-
time faculty and 5 part-time faculty. Review of ap-
plications will bigin February 10, 1989 and will
continue until the position has been filled Appli-
cants should send cover application letter, current
resume, transcripts, current placement papers and
three cusrent references to:

Garland Hilliard, Chairman of Search
Graphic Communications

North Carolina State University

Box 7801

Raleigh, North Carolina 27695-7801
Phone (919) 737-2234,

North Carolina State University is an equal
opportunity, affirmative action employer.
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AutoCAD for Engineering Graphics
VersaCAD for Engineering Graphics

both by Gary Bertoline

Fundamentals of CAD with CADKEY

Larry . Goss

These three new texts. ..

B Incorporate the latest versions of the different CADD systems
B Present CADD as a versatile tool of engineering graphics and design
B Examine how CADD is used in modern industry

Technical Drawing
Ble, 1986

Frederick E. Giesecke, Alva Mitchell,
Henry C. Spencer, Ivan L. Hill, and John T. Dygdon

Supplement your course with these
workbooks:

B Technical Drawing Problems
SERIES 1, B/e

# Technical Drawing Problems
SERIES 2, 4/e

® Technical Drawing Problems
SERIES 3, 3/e

# Technical Drawing Problems
SERIES 4

JAV VAN

Fundamentals of

Engineering Graphics
4/e, 1987

Joseph B. Dent, W. George Devens,
Frank F Marvin, and Harold E Trent

Engineering Graphics
4/e, 1887

Frederick E. Giesecke, Aiva Mitchell,
Henry C. Spencer; lvan L. Hill, Robert Q. Loving,
and John T. Dygdon

Supplement your course with these
workbooks:

B Engineering Graphics Problems
SERIES 1, 3/e

B Engineering Graphics Problems
SERIES 2

8 Engineering Graphics Problems
SERIES 3

JAV_ VAN

Descriptive Geometry
7le, 1887

#@ Descriptive Geometry Work-
sheets SERIES A, 6le

B Descriptive Geometry Work-
sheets SERIES B, 5/e

all by Eugene G. Pare, Robert O. Loving,
lvan L. Hill, and Ronald C. Pare
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OFFERING
YOU

| 96 Pages of

| Drating, CAD &,

| Technical Ed |
Supplies &
Software

YOU ARE GUARANTEED . .
* All catalog prices good till January 31, 1989,
¥ All orders are shipped within 48 hours of receipt.

e

% All Products are Unconditionally Guaranteed and are
“In Stock” (except furniture) for immediate shipment
by fast, insured U.P.S.

% A 30-Day Preview is avaitable on all products we sell.

% We offer total support and ordering convenience
through our Folt Free Customer Service Line.

P2 714 W. Columbia Springfield, Chio 45501
| Fast Personalized Service Since 1969

i 82-12K

Editor's Comments

by
Barry Crittenden

It became obvious to the Execu-
tive Committee of the EDGD at its
business meeting in New Harmony
that a less than total distri-
bution was made of the Autumn,
1988 issue of +the EDG Journal
(Vol 52., No. 3). A less than
complete mailing 1list was re-
ceived from ASEE headquarters.
Approximately one hundred of our
members received their Autumn is-
sue of the Journal late. The
initial mailing was made in late

VOL. 53, NO. 1

Octeober using bulk rate postage.
The majority of EDGD members re-
ceived their copy before the
Midyear Conference in New Har-
mony. My apologies to those mem-
bers who receilved their copy af-
ter the New Harmony meeting - I
shall certainly be aware of mail-
ing label problems in the future.

Since the mailing of the Autumn
issue of the EDG Journal, the
bill for publication has arrived.
It seems that to produce approxi-
mately one thousand copies of a
50-page Journal, including small
amounts of type-setting and pho-
tographs, the cost to the Divi-
sion will be approximately $2000
per issue, or $6000 per year.
Obviously your typical membership
dues of $3, plus nonmember and
foreign subscriptions, resulting
in yearly income of approximately
$2500, will not cover the publi-

cation costs. We must, there-
fore, rely on advertising. Jerry
smith, the Journal Advertising

Manager, is working diligently in
this area and advertisements are
increasing. However, we ask for
your assistance - 1if you are a
textbook or software author,
please consider having your prod-
uct advertised in the Journal.
The costs are reasonable and the
distribution of the Journal is to
graphics educators not only in
the United States, but also in
foreign countries. For more in-
formation, contact:

Jerry Smith

363 Knoy Hall

Purdue University

West Lafayette, IN 47907
(317)-494-4585
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Scope

This Journal is devoted to the advancement of engineering design graphics technology and education. The Journmal publishes
qualified papers of interest to educators and practitioners of engineering graphics, computer graphics, and subjects related to
engineering design graphics in an effort to (1) encourage research, development, and refinement of theory and application of
engineering design graphics for understanding and practice, (2) encourage teachers of engineering design graphics to experiment with
and test appropriate teaching techniques and topies to further improve the quality and modernization of instruetion and courses, and
(3) stimulate the preparation of articles and papers on topics of interest to the membership. Acceptance of submitted papers wilt
depend upon the results of a review process and upon the judgement of the editors as to the importance of the papers to the

membership. Paperas must be written in a style appropriate for archival purposes.
Submission of Papers and Articles

Submit complete papers, including an abstract of no more than 200 words, as well as figures, tables, etc. in quadruplicate (four
copies) with a covering letter to J. B. Crittenden, Editor, Engineering Design Graphics Journal, EF - VPL&SU, Blacksburg, VA
24081. All copy must be in English, typed double-spaced on one side of each page. Use standard 8 1/2 x 11 inch paper only, with
pages numbered consecutively. Clearly identify all figures, graphs, tables, etc. All figures, graphs, tables, efc. must be accompanied
By a caption. Tllustrations will not be redrawn. Therefore, ensure that all line work is black and sharply drawn and that all text is
large enough to be legible if reduced to single or double column size. High quality photocopies of sharply drawn illustrations are
acceptable., The editorial staff may edit manuscripts for publication after return from the Board of Review. Galley proofs may not be
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Earle.

Graphics for Engineers. Second Edition.

Revised to give you the best performance.

upon a reputa-
tion for care

o and expertise in
engineering

# education.
Earle’s texts have already introduced
the concepts and techniques of
engineering graphics to over a half
million students.

The only AutoCAD-driven
text.

The comprehensive and up-to-date
coverage of computer methods in
Graphics for Engineers, Second
Edition is unequalled in any other
text. AutoCAD, the most widely
used computer graphics package in
industry, is thoroughty covered. In
addition to an entire chapter dedi-
cated to AutoCAD and an overview
chapter on computer graphics,

Addison-

specific computer graphics tech-
niques are carefully integrated
throughout the text,

Lets students test-drive
an engineering career.

Graphics for Engineers gives
students hands-on practice with the
types of challenges they might face
in an actual engineering career by

providing projects drawn from real-

life situations. Solutions may be
worked out by pencil or by com-
puter.

Put your ideas in motion
with Softvisuals.

Overhead transparencies
make class-room teaching
even more powerful, since
they help students visualize im-
portant concepts. Our SoftVisuals
disks let you produce up to 450
multicolored overhead transparen-
cies that correspond with many of
the illustrations in the text, (12182)

A
vy

Reading, MA 01867

Additional texts by Earle
to keep students on track.
Engineering Design Graphics,
Fifth Edition.

Drafting Technology.

Geometry for Engineers.

Plus numerous problem books by
Earle are also available.

And new student edition
software from Addison-
Wesley.

The Student Edition of
AutoSketch—a powerful precision
drawing tool for students. This soft-
ware was developed by Autodesk,
Inc.—the makers of AutoCAD—
and is 100% upwardly compatible
with AutoCAD 2.5 and higher— and
is extremely easy to learn and use.

(5 174", 50570; 3 12", 50571)

Wesley Publishing Company

To order your course examination copy call (617)944-3700, ext. 2397

AutoCAD and AutoSketch are registered in the U.S. Patent and Trademark Office by Autodesk, Inc.
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