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SilverScreen.

3D CAD/Solids Modeling Software System

Excerpts from recent SilverScreen reviews:

'~

"...built from the ground up as a 3-D
design and modeling package for the
PC, but it's far more than that.

"SilverScreen also gives you 2-D drafting,
design, detailing, hidden-line removal,
surface, shading, mass praoperties, a
built-in text editor, a built-in programming
compiler, and a seamlessly integrated
walking camera that presents views of a
part or plan as you move through or
around it. Many CADD packages lack
several of these features or offer them
only as options, but SilverScreen in-
cludes them at no additional cost.

"SilverScreen’s 2-D drawing capabilities
are comparabile to any package that |
have used. Standard drawing, editing,
and snap features are avajlable. The
dimensioning is fully associative. Any
dimension attached to an entity that is
resized or modified will automatically be
redimensioned. SilverScreen also pro-
vides an undo command in either 2-D or
3-D. It’s unbelievable that some CADD
packages still fail to offer this feature.

“The program’s text editor gives you full
control when entering annotations, writ-
ing memos and notes into drawings.
SilverScreen also accepts ASCI output
from any word processor.

"If SilverScreen has forgotten your favor-
ite feature or menu command, you can
make it yourself. SilverScreen has a
built in programming language (Silver-
Smith) and includes macro routines and

-a remember-key function. More-ambi-
- tious programmers will want to delve into

the built-in BASIC and C compilers.”
-- PC Magazine, March 27, 1990

"This package makes solids come alive.
Schroff Development’s rendition of the
BYTE pantheon was a tour de force of
solid modeling. Everything in the model
was a true solid....

“Extensibility was clearly a major consid-
eration in the design of SilverScreen.
The script language is syntactically
equivalent to the menu-driven command
system, and you can automatically gen-
erate scripts by recording sequences of
modeling commands. There are also two
full-fledged fanguages -- one based on
C, one based on BASIC --that can wield
the system’s resources in more sophisti-
cated and programmatic ways. Silver-
Screen is an impressive package. Waich
for it."

--BYTE Magazine, May 1989

Your school may purchase a Silver-
Screen site license for $895. (This
price includes all computers at your
school.) For a SilverScreen evaluation
package, call Stephen J. Schroff at
913/262-2664.

See a SilverScreen demonstration in
Booth 45 at the ASEE Annual Confer-
ence in Toronto, June 24-28.
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Designing on your own desktop . . .

dg a solid modeler to your curriculus

Educational Partnership Program

In an effort to promote educational excellence,
Control Automation is notifying schools of en-
gineering and architecture about its $18 million
Educational Partnership Program for the 1989-"90
school year. Control Automation invites you 1o in-
clude ModelMATE PLUS+ 4.0 in your MCAE lab
and curriculum. An unlimited site license and $1000
worth of free training are provided.

The Educational Partnership Program is open to all
schools offering undergraduate and graduate
degrees.

ModelMATE interfaces with many popular drafting

and FEA programs—~>
ModelMATE PLUS + 4.0 Features CALL OR WRITE Us NOW
e Integrated System
e Advanced User Interface FOR AN EPP APPLICATION!
e Easyto Learn and Use
o 100% Mouse Driven 407-676-3222
e Feature Based Modeling
e Boolean Operations
e 2D Construction System
e Tutorial Documentation
e Simple Entity Selection
e More Primitives '
e Parametric Programming
e Coon’s & Bicubic Patches
e Sweeps Along Paths
e Automated Ruled Surfaces Minimum Configuration needed:
® Expanded Display Databases IBM AT or Compatibie 286 or 386 DOS 3.0 or Higher
e Multiple Light Sources Hard Drive 287 or 387 Math Co-processor
e Phong & Gouraud Rendering 1.2 MB 514" or 312" Floppy Standard EGA/VGA/PGA board with
. Parallel Port compatible monitor--over 100 video
¢ Surface Meshing Mouse or Digitizer cards supported.
e IGES & DXF Formats

CONTROL AUTOMATION, INC.

2350 Commerce Pk. N.E. #4
Palm Bay, Florida 32905 e 407-676-3222



Meeting Today’s
Engineering Requirements
Across the Country!

Schools That
Have Already Discovered

Wentworth Institute of Technology -

University of Cincinnati
Engineering Graphics: Clemson University

Mesa State College
Middle Georgia College

Monterey Peninsula College

East Carclina University
Edinboro University of Pennsylvania

University of Louisville

University of lilinois at University of North Dakota
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A complete package of teaching and learning support is available,
including software (available packaged with the text itself), an Instructor’'s Manual,
two Workbooks, and an answer key for all workbook problems.

And coming in 1990 from the same authors...
Technical Graphics for courses requiring more technical applications,

For more information, contact your local Wiley representative,
or write Charity Robey, Dept. 0-03786, John Wiley & Sons, Inc.,
605 Third Avenue, New York, NY 10158,
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ENGINEERING DESIGN GRAPHICS DIVISION 3

Muitiple Cubic Bezier Curves

Michael M. Khonsari and Douglas Horn

Department of Mechanical Engineering
University of Pittsburgh
Pittsburgh, Pennsylvania

An efficient algorithm is described for generating smooth curves of first-or-
der continuity. The algorithm, referred to as the multiple cubic Bezier curve,
is composed of several cubic Bezier curves joined together at the user de-
fined control points. The multiple cubic Bezier curve satisfies all of the user-
defined control peints except the first and last points which, in the method
presented, are used to define the direction of the curve at the end points.

Introduction

As today's engineers are con-
tinually faced with the design
and analysis of increasingly com-
plex computer models, the need
for advanced interactive computer
graphics is becoming exceedingly
more crucial. The resulting need
for the wvisualization of a con-
ceptual design has brought to the
market a number of computer
graphics software packages with
various degrees of sophistica-
tion. These packages have
greatly enhanced the productivity
of CAD workstations enabling the
engineer to design, simulate, and
further refine the shape of the
application model until an opti-
mum design is obtained prior to
building an actual prototype.

Computer representation of
shapes requires a mathematical
representation of a model that
does not exist as a best fit, per

se; the designer estimates the
shape and refines it until a sat-
isfactory shape is obtained. 1In

this sense the designer performs

the role of a stylist by generat-
ing and regenerating images of an
cbject model. Besides the
stylist's feel for the shape of
the curve, the functiocnal form
needed for the design of an arbi-
trary curve 1is not a priori
known. Thus, what designers need
is a collection of methods that
could enable them to construct a
precise mathematical description
of the object which can lead to a
rapid construction of the model
via a communication link to a nu-
merically controlled machine. 1In
fact, the ability to create a
well-defined model which can be
manufactured is the goal of a
solid modeling system. However,
most real cobjects are composed of
free-form shapes, not just a com-
bination of blocks, c¢ylinders,
and spheres. Hence, to render a
model of complicated shapes, one
needs to be able to construct
free—form curves and surfaces.

An efficient algorithm is de-
scribed for generating smooth
curves of first-order continuity.
The algorithm will be referred to
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as the multiple cubic Bezier
curve which is composed of sev~-
eral cubic Bezier curves joined
together at the user defined con-
trol points. The multiple cubic
Bezier curve satisfies all of the
user-defined control points ex-
cept the first and last points
which, in the method presented,
are used to define the direction
of the curve at the end points.

The multiple cubic Bezier curve
exhibits some local controllabil-
ity, i.e., 1if the position of a
control point is modified, only
the shape of the curve in the
vicinity of that point may be af-
fected without significantly al-
tering the shape of the curve
throughout.

Multiple Cubic Bezier Curve

Since the derivation of the al-
gorithm for the multiple cubic
Bezier curve is based on the gen-
eral Bezier curve, an introduc-
tion to the Bezier curve must
first be presented. The Bezier
method is named after the French
engineer, Pierre Bezier, who de-
veloped a method for modeling the
outer shapes of Renault automo-
biles. The Bezier curve produces
a smooth curve based on a set of
parametric equations. A funda-
mental property of parametric
curves is that their shape is a
function of the relative position
of their vectors and not the to-
tal set of points with respect to
the coordinate system used. The
shape of a Bezier curve is de-
fined by the coordinates of a se-
ries of points known as the con-
trel points that define the so-
called characteristic polygon to
which the Bezier curve will be
confined. In other words, the

Bezier curve lies entirely within
the convex hull of the character-
istic polygon. The end points of
the Bezier curves are in common
with the vertices of the polygon
so that the curve always passes
through the first and the last
control points. The intermediate
control points influence the
Bezier curve by pulling the curve
toward themselves (Fig. 1). This
pulling effect depends on the po-
sition of the points used in the
controlling parametric equations.
The controlling parametric form
for the Bezier curve is given as:

n
P(t) = iEOPiBirn(t) (1)

This equation defines a smooth
curve for the n + 1 arbitrary
control points specified. The
bending function Bi,n(t) is
based on the Bernstein polynomi-
als and is defined as:

B; p(t) = nl/[il(n-1i)!7.
’ tl(1-g)yn—1 te[o0,1]

(2)

The parameter P in Eq. (1) is a
vector-valued function and can be
written in terms of its x-y com-
ponents:

and the

Bezier curve
characteristic peclygon

Fig. 1
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n .
x(t) = iEOXiBi:n(t) (3)
() = .2 yiBj n(t) (4)
Y iZg¥i%1i,n ! A

The initial procedure for com-
puting the coordinates of a
Bezier curve requires calculating
the blending function Bi,n(t) for
a given set of control points us-
ing Eg. (2).. Next, computing
x(t) and y(t) obtained from Eqgs.
(3) and (4) is required. A
complex design can be achieved
using this procedure by breaking
the object into several parts,
each of which is defined by a set
of individual control points.
The individual parts are then
joined
points. Continuity at the joint
can be of order =zero, o©one, or
higher. Although a zero-order
continuity at a joint can be eas-
ily implemented by making the end
point of one curve coincide with
the end point of another curve
(Fig. 2a), it 1is of 1limited
value. A more desirable continu-
ity is that of first order which
can be satisfied by requiring
that the tangent vectors (slopes)
match at the joint (Fig. 2b). A
first-order continuity is used in
further descriptions.

The multiple cubic Bezier curve
consists of several cubic Bezier
curve segments Jjoined together
end-to-end with a first-order
continuity between the segments.
To implement a first-order conti-
nuity, two additional control
points are required. For exam-—
ple, for the three curve segments
shown in Fig. 3, a total of six
new control points, in addition
to the six entered by the user
(designated with a +) are nec-

together at the end

(a)

®

Fig. 2 Continuity of two classi-
cal Bezlier curves

(a) zeroth order continuity

(b) first order continuity

essary. In Fig. 3 these points
are marked with a *.

To illustrate how the these new
control points are generated,
consider the three curve segments
shown in Fig. 4. For curve II,
the two additional control points
R and S are placed along vectors
B and C, respectively. Using
points Q, R, S, and T, a cubic
Bezier curve is drawn preoducing
curve II.

Equations for computing the ad-
ditional control points will be
given with reference to Fig. 5,
which is a magnified portion of
Fig. 4. The following vectors
are initially computed:
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+ +
suve 1 B =Py/|P[ + Py B, (5)
Curve T
¢ =Py/[B,| + Py/|Bg]

Curve II

Fig. 3 Additional control points
for the locally controlled Bezier
curve

+ +

Curve II

T

&
o

U

Curve TII

Fig. 4 Additional control points
for curve II

Next, the angle © is computed
using the dot product relation of
vectors B and A:

Cos © = A-B/(|a||B|) (6)

Then, the coordinates of R are
computed from triangle QVR where
point V is one-third the length
of P,. This one-third factor is
chosen to evenly space the addi-
tional control points along the
line P,; however, it is worth-
while to note that this value es-
sentially plays the role of a
tension-control parameter. If
this parameter is varied, differ-
ent results may be produced. As
illustrated in Fig. 6, if the
tension control parameter is re-

..|_S(x y)

P(x .y )

Fig. 5 A magnified portion of Fig. 4
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Q -+

Tenslon

(a) tension parameter = 0.5

al _ | /\F

0_|_

Tenaicon

(b) tension parameter = 0.33

=l

oL

Tension

(c) tension parameter = 0.2

Fig. 6  Effects of tension-con-
trol parameter

MULTIPLE CUBIC BEZIER CURVES 7

AN |

A= +

O -

Tenalon

(d) tension parameter = 0.1

() =

Tenslon

(e) tension parameter = 0.0

Fig. 6 (continued)
duced, the curve produced essen-
tially 'pulls' tighter toward the
user-defined control points.

The length of the hypotenuse of
triangle QVR may be determined
using

L = 1/3|a|/cose (7)

Thus, the coordinates of the
point R(x';,y';) are:

x'y = B,L + xXq (8)

il

Yll ByL + Y:}_ : ) (9)
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where B, and B,, are the x and y
components of vector B. The ' is
used to denote the coordinates of
the new control point. Finally,
substitution of Egs. (6) and (7)
into (8) and (9) vyields the
coordinates of the point R as
given by Egs. (10) and (11).

%, + B, |a|2|B|/3(a-B)
(10)

x'l

y'y = yv1 + Bylal?|Bl/3(a-B)
(11)

The coordinates of the control
point S(x',,¥',) can be computed
in a similar fashion. The re-
sults are:

x, + C,|A|?|B[/3(-n-C)
(12)

x'2

y'y = ¥ + Cyla|2|B|/3(-a-0)
(13)

Having computed the coordinates
of the new control points R and
S, the algorithm generates a
smooth curve using the user de-
fined control peints, @ and T,
and points R and S.

This procedure is combined with
the next set of the user-defined
control points until the curve is
completed. Twec sample outputs of
the multiple cubic Bezier curve
are presented in Fig. 7.

Concluding Remarks

A method for rendering smooth
curves 1is presented which offers
some improvements in controlla-
bility over the general Bezier
curves in that the curve satis-
fies all of the user-defined con-
trol points except the first and
last points. Furthermore, a ten-

Fig. 7 Sample designs using mul-
tiple cubic Bezier curves

sion control parameter is intro-
duced which can be set by the
user to control the tension of
the curves, thus providing addi-
tional flexibility in the design
of free-form curves. This method
may be an alternative. CAD tool
since the shape of a portion of
the curve can be easily adjusted
without significantly affecting
the entire shape of the design.
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A Solution to Linear Programming Problems
by the N-dimensional Geometric Model
Pi Mingzhi and Lei Yuanxue
Department of Mechanical Engineering
Huazhong University of Science and Technology
Wuhan, Hubei, People's Republic of China
Wel Xiuting
Department of Mechanical Engineering
Shandong Institute of Agricultural Mechanization
Zibo, Shandong, People's Republic of China
Linear programming problems of n variables are described by the theory of
n-dimensional descriptive geometry. A solution to linear programming
problems by the n-dimensional geometric model is given. Several examples
implemented on the computer are cited. '
1. The N-dimensional Geometric Model of ApiXy t ApoXy * ...+
Linear Programming Problems annXn S by
(2)
1.1 N-dimensional dgeometric in-
terpretation of the mathematical where X, X5, «..y, X, 20 (3)
model
_ From the theory of linear pro-
In general, the mathematical gramming, the numbers X1r Ko,
model of a 1linear programming .++, X, that satisfy all the con-
problem with n variables and m straints of Egs. (2) and (3) are

structural constraints can be ex-
pressed as follows:

minimlize zZ = clxl + CZXZ + ...

+ Can

(1)

subject to

allxl + alzxz + ... +
a1n¥n < b1

821%1 4 822%3 * ... 7
An¥p S P2

said to be a feasible solution.
The set of all feasible solutions
is the region of feasibility and
is a convex set; the feasible so-
lution that minimizes the objec-
tive function (Eg. 1) is the op-
timal solution.

In n-dimensional descriptive
geometry, each of the m equations
(Egs. 2) of structural constraint
(taken with the sign of equality)
represents a hyperplane EP1 in
E" and non-negative constraints
(Egs. 3) represent n coordinate
hyperplanes in the E" orthogonal
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coordinate systeml. These m + n

hyperplanes constitute a convex
hyperpolyhedron, denoted by &,
which is the first angle of the
ED orthogonal coordinate systen.

The coordinate values in the
first angle are positivez. The
vertices of the convex hyper-

polyhedron are the set of basic
feasible solutions which cor-
respond to the vertices and vice

N-DIMENSIONAL GEOMETRIC MODEL

11

in the basic feasible solution
which is to_be determined.

1.2 Graphic solutions to the n-
dimensional geometric model

As an example, let n = 4 and m
= 4 to illustrate the region of
feasibility of a linear program-
mihg problem (Fig. 1) and to ana-
lyze the construction of the ver-
tices of &.

versa. The optimal solution lies
oz
o
x‘
» A4
%2
14
n’.'AJ d A
x4
Pt . 22k \nh o A
24 7Y INTa 4 ff;‘?
\\\\ .
w5
P, il
P
P ;g} g
Ac,
YA 3
';Z[ 'X,B /t D
fk’c i
ny ity
TE
5
TT‘ 5
?
%
Tff; 3
B
&
2%
}tg

Fig. 1
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Example 1

Required: Minimize 2z = C1%Xp +
CoXg + CyXg +CuX,

subject to

xl/xAi_+ xz/xA2 + x3/xA3 +

x /¥, <1 A
xl/xB1 + xz/x,B2 + x3/xB3 +
x4/xB4 <1 B
Xl/xcl +Cx2/xc2 + x3/xc3 +
SO b :
Xq/X7 + X5/X% o T Xg/X75 +
x,/xP, <1 D

where X11 ¥35 X3, X4 20

Solution: Figure 1 shows the
four-dimensional axonometric pic-
torial of the region of feasibil-
ity. @& has sixteen vertices that
are in distinct subspaces.

The notations of the vertices
of & are as follows:

xAl - the point that is gen-

erated on the axis x, by the hy-
perplane A.

WABlz - the point that is

generated on the coordinate plane’

Ty, by the hyperplanes A and B.

EAB0123 - the point that is

generated on the subspace Zya3 by
the hyperplanes A, B, and C.
SABCD

point of hyperplanes A, B, C, and
D. .

The notations of the remainder of
the vertices are analogous.

The sixteen vertices of & in
Fig. 1 are:
1) the origin (zero dimensional
subspace), 0,

2) the points on the coordinate

JTB‘C

1234 — the intersection

axes (one-dimensional subspaces),
xAl, XB2, XCB' and xD4,

3) the
planes

points on the coordinate
(two-dimensional sub~
”ABIZ’ WAC13! 7TAD
BD CD
237 T 7240 T 7340
4) the points on the three-di-

spaces) , 147

mensicnal
ZABD

subspaces,
124+ Z2°P13,, ana

5) the point on the four-dimen-
sional subspace, ZABCD1234.
The vertices are constructed

from the following operations:

0 = 27953 N 2394 N B354 N Byqy

A
x 1 =B8N 21530 75, N Byg,

= 1234 A NBACAND

The remainder of the vertices are
constructed in an analogous man-
ner.

In Fig. 1, xAl is the intercept
point of the hyperplane A on the
axis X7 wABlz is the trace point
of the intersection plane between
hyperplanes A and B on the coor-
dinate plane T15: 1.e., the in-

tersection point of two trace
lines of hyperplanes A and B on

LEPY ZABC123 is the trace point
of the intersection line between
hyperplanes A, B, and C on the

subspace Ij,5. As shown in Fig.

1, the trace plane of the hyper-
plane A on the 2153 is the

quadripoint form xAlwAc zABC

13 123
7AB

127 the trace plane of the

hyperplane B is the quadripoint
B _AB ABC BC

St S PrY 1237 937 the
hyperplane ¢

form
trace plane of the
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is the guadripoint form XC3WAC13

mon point of the above three
quadripoint forms. In 2,3,

three intersection lines between
hyperplanes A, B, and C are:

AC AC -
T = A nNn CnNn 2123

AB AB =

BC BC -
Mo agM 13 = BnChn 2123

In Fig. 1 because ﬂAclz, WABIB,

and WBC

13 are not vertices of 9,
ZABC connects
123

only with the
three vertices wABlz, NAC13, and

WBC23. Thus, if each two of
three hyperplanes A, B, and C and
3,53 construct three vertices of
® on the planes of
21237 ZAB0123 is the vertex of &

and one (only one)

scripts between
7AB

coordinate

of two super-

any two of ver-

tices BC

1271 WAC13, and 777,55 is
the same and the subscripts of
three vertices contain three dis-
tinct coordinate axes.

The vertices of & (Fig. 1} con-

tain three four-dimensional sub-

space sABD

-ACD

polints 1247

234 and the
space point

134, 2and

four-dimensional

sABCD

1234 is the intersection

point of structural constraint
hyperplanes A, B, C, and D.
Hence, it connects only to those
four three-dimensiconal subspace
points.

Sixteen vertices construct the
four-dimensional geometric model
of the region of feasibility in
Example 1.

2, Criteria for Vertices of &

N-DIMENSIONAL GECMETRIC MCDEL 13

2.1 Cnm+n intersection
distribute in EU

points

In the n-dimensional geometric
model of the linear programming
problem above, constraint condi-
tions contain m structural con-
straint hyperplanes and n coordi=-
nate hyperplanes (both taken with
the sign of equality). The total
is m + n hyperplanes with ¢,
intersection points which are
distributed as shown in Table 1.

In Table 1, the number of in-
tersection points increases with
increasing m and n. But fortu-
nately, the number of vertices of
¢ is much less than ¢" , .. For
example, while n = 4 and m = 4,
the total of intersection points
is 70 (C44+4), but as shown in
Example 1, the number of vertices
is at most sixteen. Furthermore,
after translating structural con-
straint hyperplanes to intercept
form, the right-hand side may be
of four forms: =< 1, =z 1, =1, =
0; and the intercepts may be pos-
itive or negative. The chance
that there is a vertex EABCD1234
in Fig. 1 is rare.

2.2 Examples of determining ver-
tices of &

Graphic solutions to two-dimen-
sional linear programming prob-
lems have been described in nu-
merous sources-’4% For simplic-
ity, take n=3 and n=3 as exam-
ples.

Example 2

Required: For the general geo-
metric model, minimize z2 =
subject to
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Dimension n= 2 3 4 4 5 10
No. of structural
constraints m= 3 4 4 5 5 5
Total intersection
points Cnm+n 10 35 70 126 252 3003
0 0 n
E C m X C n 1 1l 1 1 1 1
1 1 n-1
g Et ¢ty x e 6 12 16 20 25 50
o 2 a2 n-2
a E¢ C¢°p x cPTe 3 18 36 60 100 450
=
:é B3 3, x ™3 | o 4 16 40 100 1200
+ 4 4 n-4 :
o E* ¢ x BT 0 1 5 25 1050
o
L} 5 n-5
E C m X C n 0 0 1 252
6 6 n-6
E C m X C n 0 0
Table 1
X /xA + x /xA + X /xA <1 origin O is a vertex of $&.
1 1 2 2 3 3 A
x,/xB, + x,/xB 4+ x /%P, <1 c B A
1 1 2 2 3 3 - B 2) Because x 1 > X9 > x7 >0,
A C B A
'Xl/xcl + xz/xcz + x3/xc3 <1 X'y > X5 > x°5, > 0, and X 3 >
C xB3> xC3 > 0, the mid-points xAl,
XBZ, and xc3 are vertices of &.
where x., x Xy 2 0 .
1 27 3
AC BC
Solution: Planes A, B, and C 3) Because 775, Ui, and

(taken with the sign of equality)
are shown in Fig. 2. The region
of feasibility ¢ is the space en-
closed by structural constraint
planes A, B, and C and non-nega-
tive -constraint coordinate planes
T12, Wp3, and 7,,. & is a convex
hexhedron which has eight ver-
tices.

All vertices are distinguished
as follows:

1) Because three planes A, B,
and C are all intercept forms

which have the wvalue < 1, the

WAB13 do not lie in the internal
space enclosed by A, B, C, Tior
Ti3r @and T, in the first angle,
none of them is the vertex of &.
The vertices which lie in ccordi-

nate planes are WAB12’ WACl3, and
7BC

23°
4 The intersection point

by BC123 of three planes A, B, and
C is a vertex of 8. '

Those vertices are shown in Table
2 (the vertex of & is denoted by
V).
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X2

15

'
h
A8
iz 8¢
s
_2!’1 % 2 D
st 0
13 ¢
- 3 &
A7
TIIA;'
4
£
T 23 x
" fi (% \\
Fig. 2

Vertices

Combination of constraint inequalities

A B

c ANB AnC BnC AnBnC

Vi23

(0)
(x1)
(%5)
(%5)
(m45)
(Tq4)
(m53)

(Z123)

sABC

123

Table 2
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The value of each of the above
equations is £ 1. For the cases
where the value is > 1, = 1, and
= 0, the explanation is analo-
gous.

2.3 Criteria of vertices of &

Suppose the structural con-
straint hyperplanes are trans-
lated to the intercept forms:

1) The origin O

a. If each of Egs. (2) has the
value < 1, the origin is V.

b. Among Egs. (2), 1if sone
have the value £ 1 and the others
have the value 0, the origin is
v

o

2) The vertices on coordinate
axes (taking the axis x,, for ex-
ample)

a. If each of Egs. (2) has the
value £ 1, the smallest positive
intercept point on the axis is
Vi,

b. If each of Egs. (2) has the
value > 1, the largest positive
intercept on the axis x; is V,

c. Among Egs. (2), 1if some
have the value < 1 and others
have the wvalue =z 1, the smallest
positive intercept point on the
axis 1is denoted by V*1 and the
largest positive intercept point
is denoted by V**l. A decision
is based upon the following:

(a.) If V*1 < V**l, there is
no vertex on the axis Xq -

(b.) If V¥, > v**], there are

two vertices V*1 and V**l cn

the axis Xq-.

(c.) If V'] = V", there is
one vertex V*l {or V *1) on the
axis x,.

d. If there is any equation

having the value = 1 in Egs. (2),

YUANXUE, W. XIUTING VOL. 54, NO. 2

only the positive intercept point
of this equation on the axis x,
may be V. -

e. If there is any equation
with the sign = 0 in Egs. (2),
there is no vertex on the axis

xl.

3) The vertices on coordinate
planes (taking the coordinate
plane T, as an example)

The vertices of & on the coor-
dinate planes are the basis for
determining the vertices on three
or more dimensional subspaces.
Take m = 5, for example

a. Each of Egs. (2) has the
value £ 1 (Fig. 3).

b. Each of Egs.
sign > 1 (Fig. 4).

C. Among Eqgs. (2), some have
the value £ 1 and others have the
value > 1 (Fig. 5).

d. If there is any equation
having the wvalue = 1, the
intersection point of this equa-
tion and the shadowed 1lines in
Fig. 3 - 5 is the V-

(2) has the

4} Vertices on three or more di-
mensional subspaces

The existence of vertices of &
on three or more dimensional sub-
spaces depends on the distribu-
tion of vertices on the subspaces
which are one dimension fewer.

The criteria are:

a. k (k-1) dimensional ver-
tices determine one k-dimensional
vertex.

b. k-2 (and only k-2) of k-1
superscripts between any two of k
(k-1)-dimensional vertices are
the same, superscripts denoting
the hyperplanes, and subscripts

in k (k~1)-dimensional vertices
contain k distinct coordinate
axes.
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Example 3

Required: Given vertices of &,
7BC 7AD
13+ 237 iz¢

determine the wvertices on

e
23
three-dimensional subspaces.

Solution: One of two subscripts
between any two of the vertices
120 T 7130 wBC23 are the same
and subscripts of these three
vertices contain three coordinate
axes Xy, X5, and x3. Hence

AB AC

B, BC

137 T a3 =7 zhBC

123

BC
23

of

(that is, WAB12' WACl3, and 7
the
By analogy,

determine existence

ABC
Z5123) -

AB

AD BD
T4, T

120 T a3 TP zhBD

123

Example 4

Required: Given two-dimensional

vertices of @&, 7hB

127
7BD. ., wBC,5, 7Py, ana 7P,

determine the existence of three
or more dimensional vertices.

AC
T 130

Solution: According to the anal-
ysis of Example 3,

T 120 T "12r gABC
B
T 121 ”A014r
7937 T 141
m TTD
237 247

In these four three-dimension-

ABD
R YN

134+ _ of
three subscripts between any two
vertices are the same and their
subscripts contain four axes x4,
Xy, ¥4, and x,. Hence

al vertices

ZACD and
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ABC
Y

3. Solving Linear Programming Problems by
the N-dimensional Geometric Model

3.1 Solution steps for the n-di-
mensional geometric model

1) Translate the structural con-
straint hyperplanes to intercept
form equations.

2) Find the vertices of & on co-
ordinate axes.

3) Find the vertices of & on co-~
ordinate planes.

4) Determine the existence of
three-dimensional vertices by
two-dimensional vertices and find
then.

5} Determine the existence of k-
dimensional vertices by (k-1)-di-
mensional vertices and find them.

6) Repeat the procedure in 5)
until no vertex exists in some
dimensional subspace.

7) Substitute coordinate values
of all the vertices of & in the
objective function, calculate it,
and determine the optimal solu-
tion.

3.2 An example for solving a
linear programming problem with
five variables

Example 5

Required: Minimize
2Xy = X4 + 3%, - 1.5%4

z = - x; +

subject to

+

X1/25 + Xo/45
Xg/30

X./32 + X,/37
Xg5/45

X1/40 + x,/20
_ X5/20
X1/50 + x,/35
X5/35

X1/45 + %,/50
X5/40

X3/45 + X4/45 +
1 A
X5/40 + x,/38 +
1 B
X3/54 + X,;/28 +
1 C
X3/26 + X%,/52 +
1 D
X3/45 + %,/38 +
1 E

A+ A

A+ 1A

In 4+

where Xir X5, X3, Xy, X5 2 0

Solution: In order to solve this
linear programming problem, a
graphic-analytic solution may be
used. This solution will de-
scribe the computer-aided gra-
phic-analytic method.

1) Because each of the
structural constraint equations
has the value < 1, the origin ©
is a vertex of &.

2) After comparing the intersec-

tions on axes, xAl, XC2, XDB,
xc4, and xC5 are vertices of & on
axes.

3) Determine the vertices of &

on coordinate planes with an
analytic method. They are WAClz,
7AD 7AC AC 7CD
13- 14 157 237/
CcD CD

T "q,, and « 35 (Table 3).

4) From the criteria of Sec.

2.3,
AC D C _ ACD
apl2’ F‘cl3' ”CD23 > EACD123

”AD13r m JL14 T~ 734 —2 EACD134
T713s T 75, T35 =2 Z7 77135
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Vertices Coordinate Values Objective
Values
Xl Xz X3 X4 X5
0 0.000 0.000 0.000 0.000 0.000 0.000
x® 25,000 0.000 0.000 0.000 0.000 -25.000
xC, 0.000 20.000 0.000 0.000 0.000 50.000
xD, 0.000 0.000 26.000 0.000 0.000 -26.000
xC, 0.000 0.000 0.000 28.000 0.000 84.000
xC 0.000 0.000 0.000 0.000 20.000 -30.000
¢ 19.231 10.385 0.000 0.000 0.000 1.593
nhD_ o 14.844 0.000 18.281 0.000 0.000 -33.125
72C 15.455 0.000 0.000 17.182 0.000 36.091
7€, g 14.286 © 0.000 0.000 0.000 12.857 -33.572
A 0.000 14.307 15.872 0.000 0.000 13.242
7P, 0.000 0.000  16.200  19.600 0.000 42.600
n¢D, 0.000 0.000  15.372 0.000  14.307 | =36.833
sACD. 13.084 8.758  12.758 0.000 0.000 -8.258
zACD ., 9.298 0.000 14.066 14.198 0.000 19.230
P . -38.185
8.518 0.000 13.626 0.000 10.694
Optimal Optimal
Solution Value
Table 3
5 onl four three-dimensional AD ACD ch ACD
vérticei can enerate one four- T 13 123/ and  Ta33 123-
\ . g The above three edge 1lines are
dimensional verteXx. Because AC AC
there are only three three- tggee AD segments oD W(H}2W 137
dimensional vertices in this T 713™ 120 and w7557 45 that
example, there is no vertex on lie in $,,4. Because any two of
four or more dimensional these three segments intersect,
subspaces.
choose any two (such as
AC _AC AD , AD
For finding three vertices T T3 and TR, ) to
SACD sACD qa xACD find the intersection point.
1237 134+ @n 1357

use ZACDlza as an example.

EACD123 is the common point of

edge lines ghC _sACD

12 123/

Write the coordinates of the
end points of those segments:

AC AC . _AC
AT T13F W 12(19.231,
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10.385,0,0,0)
7BC. . (-20,0,81,0,0)
13 tr~r rYrs

AD ,AD , _AD

T 14T 108 771 5(14.844,
0,18.281,0,0)

78D, (9.091,28.636,

0,0,0)

In order to simplify calcula-
tions, use parameter equations to
represent the segments. Solve
the parameter equations to deter-
mine that the parameters are
0.1516 and 0.3058, Substitute
them into the parameter equations
to find the point of intersection

$ACD (13.084, 8.758, 12.690,
o, 0)

123

By analogy

sACD. ., (9.298, 0, 14.060,
'14.198, 0)

ghACD. .. (8.518, 0, 13.626, 0,
10.694)

With this step, all vertices of &
have been found. Their coordi-
nate values are in Table 3,

6) Substitute the coordinate
values of the obtained vertices
in the objective function and de-
termine the optimal solution and
the optimal values, also shown in
Table 3.
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Formulae for Numerically Determining Line of Intersection
and Dihedral Angle Between Two Planes

Daniel M. Chen

Department of Industrial and Engineering Technology
Central Michigan University
Mt. Pleasant, Michigan

In civil engineering it is often necessary to find the line of intersection of two
plane segments which are defined by their strike and dip angles. When this
problem occurs, a general method for numerically finding the bearing and
slope angles for the line of intersection is very helpful. The formulae for
determining these two angles is developed based on the properties of
trigonometry. By substituting the strike and dip angles of two given plane
segments directly into the formulae, extremely accurate values can be calcu-
lated for the bearing and slope angles of the line of intersection. The for-
mula for numerically determining the dihedral angle between two plane

segments is also developed.

Existing Method

A common method for finding the
line of intersection between two
plane segments, which is de-
scribed in most descriptive geom-
etry textbooks, employs auxiliary
projection methods using the fol-
lowing steps:

1. Locate and specify the plane
segments as edge views using
given strike and dip angles as
shown in Fig. 1. Since in the
top view the given strike lines
1-2 and 3-4 are horizontal and
thereby true-length, the point
view of each strike line is found
by primary auxiliary views, using
a common reference plane. The
edge views of the plane segments
can next be established by con-
structing the dip angle with the
folding 1line H-1 through the
point views. The low side is the

side of the dip direction.

2. Construct a horizontal refer-
ence plane H'-F' at a convenient
location, say a distance G from
the H-F plane, in the front view
as shown in Fig. 2. This plane
is then projected to both auxil-
iary views in which the plane is
located the same distance G from
the folding line H-1. The H-1
and H'-1' planes cut through each
plane segment in the auxiliary
views to locate points M and N,
respectively, on each plane seg-
ment.

3. Complete the line of inter-
section by finding the points M
and N in the top and front Views.
Since the point M in the top view
is found by projecting from each
auxiliary view, the points N on
the H'-1l' plane are alsoc pro-
jected to their intersection in
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5?5%5 EDGE

VIEW

3 4

Fig. 1 Construction of edge views of given planes for strike and dip
angles '

. 7
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Fig. 2 Graphical solution to find line of intersection by auxiliary
projection method
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the top view at point N. Points
M and N are then projected to
their respective planes in the

front view. Line M-N is the line
of intersection between the two
rlane segments.

This method has to be accom-
plished by means of graphics and
the accuracy of 1its results
strictly depends on the scale of
the drawing and the skill of the
draftsman.

New Method

The formulae proposed for deter-
mining the bearing angle, BRG,
and the slope angle, SLP, for the
line of intersection using the
strike and dip angles of two
given plane segments are:

BRG = STK' + SUB + 90°
SLP = tan~1[tan(DIP')cos(SUB) ]
where

SUB = tan~1{tan(DIP')/
[tan(DIP)cos(MAG)] - tan(MAG)}

and
MAG = STK + STK' - 90°

BRG is the azimuth bearing angle
that is measured clockwise from
the North-axis. SLP is the slope
angle of the line of intersec-
tion. STK and DIP represent the
strike and dip angles of  one
rlane segment as STK' and DIP!
represent the strike and dip an-
gles of the other plane segnment.
However, STK must be the angle
that the strike 1line in the
North-West (or South-East) direc-
tion makes with the North-axis

INTERSECTION AND DIHEDRAIL. ANGLE BETWEEN PLANES 23

and STK' wmust be the angle that
the strike line in the North-East
(or South-West) direction makes
with the North axis.

The preoposed formula for deter-
mining the dihedral angle between
the two given plane segments is:

DIH = 180° - tan™![cos(MAG +
SUB)cos(90° - SLP)/sin(MAG +

SUB)] - tan “[cos{90° -
SUB)cos(90° - SLP)/sin(90° -
SUB) ]

Development of Formulae

1. Bearing Angle for the Line of
Intersection

The two right triangles in the

auxiliary views of Fig. 2 give
the following relations:

A =G / tan(DIP) (1)
and

A' = G / tan(DIP') {2)

where dip angle DIP and DIP' are
given and length G can be elimi-
nated (through cancelation) as
the development is carried fur-
ther. The two right triangles to
be observed next are M-9-11 and

M-10-12, which are shaded as
shown in Fig. 3. The dimensions
B and C' can then be expressed
as:

B = A / cos(MAG) (3)
and

¢! = A' tan(MAG) (4)
where angle MAG 1is 920° smaller

than the sum of the two strike

angles. Thus,
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- 8TK + STK’
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Dimensions required for formula development of bearing and

slope angles for line of intersection

MAG = STK + STK' - 90"

The parallelogram M-11-N-12 in
Fig. 3 (which is developed from
Fig. 2) must be used next. As
one side B of the parallelogran
is equal to the opposite side (C!

+ D'), the dimension D' can be
defined as follows:
D' =B - C! {5)

Angle SUB in the right triangle
M~N-10 in the same figure can be
obtained by

SUB = tan"1(D'/A") (6)
By substituting Egs. (1), (2),
{(3), (4), and (5) into Egq. (6),
SUB may be defined as

SUB = tan~1l{tan(DIP')/
[tan(DIP)cos(MAG)] - tan(MAG)}

However, the line of intersection
(line M-N) is at an angle which
is the sum of angle SUB, a right
angle , and angle STK', from the
North-axis as shown in Fig. 4.
Thus,

BRG = STK' + SUB + 90°

2. Slope Angle for the Line of
Intersection

Since the slope of any given
line is defined as the ratio of
the rise of the line to the run,
the slope angle for the line of
intersection SLP can be expressed
as

SLP = tan~1l(G/E) (7)

where G represents the rise (from
Fig. 3) and E represents the run
(from Fig. 2) for the line of in-
tersection. The dimension E is
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N
4

sus

Fig. 4 Azimuth bearing angle,
BRG, of line of intersection, M-N

unknown at this point. However,
from the right triangle M-N-10 in
Fig. 3, length E can be obtained
as

E = A'/cos(SUB) (8)
Then, sudstituting Egq. (2) into
Eg. (8), the same equation can be
rewritten as

E = G/[tan(DIP')cos(SUB) ] (92)
Substituting Eq. (9) into Eq.
(7), the same equation can be de-
veloped into the final form

SLP = tan~1[tan(DIP')cos (SUB) ]
3. Dihedral Angle of Two Planes

Figure 5 was constructed graph-
ically by following the princi-

ples of projection (the front
view is not shown). Two triangu-
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lar planes M-N-5 and M-N-7 are
established and then employed to
find the dihedral angle. = The
true dihedral angle is found in
the secondary auxiliary view
showing the line of intersection
as a point and can be determined
numerically with

DIH = 180° - GAM - LAM {10)

where angles GAM and LAM remain
unknown at this point. If these
two angles are to be determined,
the following investigation must
be carried out.

First, in the top view in Fig.
5, find the two shaded right tri-
angles which would give:

R = X sin(ALF) (11)
0 = X cos(ALF) (12)
S = Y sin(BET) {13)
P = Y cos(BET) (14)

In the first auxiliary view in
the same figure, the following
relations stand according to the
two overlapping right triangles
sharing the same angle (90° -

SLP) :
U =0 cos(90° - SLP) (15)
V = P cos(90° - SLP) -~ (16)

Substituting Eg. (12) into (15)
and Egq. (14) into (16), the same
two equations can be rewritten
as:

U = X cos(ALF)cos(920° - SLP)
(17)
V = Y cos(BET)cos(90° - SLP)
(18)

From the right triangles in the
secondary auxiliary view of Fig.
5,
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{FIRST
AUXILIARY
VIEW)

(TGP VIEW)

{SECONDARY
AUXILIARY
VIEW)
Fig. 5 Dimensions fequired for formula
development of dihedral angle
7
GAM = tan'l(U/R) Finally, substituting Egs. (19)
LAM = tan~1(v/s) and (20) into (10), the dihedral

angle can then be expressed as
Substituting Egs. (11) and (17)

into the equation for GAM and DIH = 180° - tan_l[cos(ALF)
substituting Egs. (13) and (18) cos(90°-SLP) /sin(ALF)] -
into the equation for LAM yields tan_l[cos(BET)cos(90° - SLP)/
sin (BET) ]
GAM = tan~l{cos(ALF)cos(90° -
SLP)/sin(ALF) ] (19) where angles ALF and BET, which
, are related to angles STK + STK!
IAM = tan'l[cos(BET)cos(90° - and SUB as shown in Fig. 6, can

SLP)/sin(BET) )] (20) be written as
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STK + STK BET = 90° - SUB
- ALF = STK + STK' - BET
90° = STK + STK - 90° + SUB
AP = MAG + SUB
\T 7 Use of Formulae
\
\ There is a simple procedure to
M follow if employing the formulae
\ of the "New Method": ‘
\ 1. Identify angles STK, STK',
i\\ DIP, and DIP'
\ SuB 2. calculate angle MAG.
\ 3. Calculate angle SUB.
N
4, Determine the azimuth bearing
Fig. 6 Angles ALF and BET for angle for the line of intersec-
determining dihedral angle tion, BRG.
PLANE 1 PLANE 2
PROB STRIKE DIP STRIKE DIP
A N60°W 47°sw N60°E 40°SE
B N74°W 45°NE N45°E 40°NW
c N82°E 22°SE N42%W 39%swW
Table 1. List of example problems.
PROB STK STK’ DIP DiP’' MAG sSUB BRG SLP DTIH
A 60 60 47 40 30 18.065 168,065 38.581 139.243
B 74 45 45 40 29 22.052 157.052 37.873 139.644
C 42 82 39 22 34 -4.158 167.842 21.948 148.472

Table 2. List of tabulated values at each step.
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5. Determine the slope angle for
the line of intersection, SLP.

6. Finally, estimate the dihe-
dral angle between two plane seg-
ments, DIH.

Three example problems, illus-
trated in Table 1 are provided to
demonstrate the use of the formu-
lae. The tabulated wvalues at
each step following the above
procedure are listed in Table 2.
The calculation of these problems
was carried out directly on a
simple scientific calculator case
by case. However, if there were
a large velume of the problems to
be solved, the proposed formulae
may also be written in a computer
language, such as BASIC or FOR-
TRAN. The number of decimal
places for BRG, SLP,and DIH can
be as significant as necessary
and limited only by the computa-
tional device.
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Spirograph

Wang Shu

Department of Precision Machinery Engineering
China University of Science and Technology
Hefei, Anhui, People's Republic of China

Specific characteristics of various spirographs are described. It is shown
that (1) the curve generated by the locus of a point on or within a circle of
radius B rolling inside a fixed circle of radius A creates the same figure as
the locus of a similarly located point on or within a circle of radius A-B
rolling inside a fixed circle of radius A, (2) N-leaved rose curves are
spirographs, implying a transformation exists between the two curve forms,
and (3) a transformation exists between the hypocycloid and the epicycloid.

Introduction

The hypocycloid and epicycloid
are called spirographs. Special
cases of the spirograph include

deltoids, asteroids, cardioids,
and nephroids.
The Hypocycloid

The spirograph is described by
the following system of paramet-
ric equations:

X = (A - B)cosoe + Dcosa
Y = (A -~ B)sin® - Dsina
(1)

where A is the radius of a circle
in which another circle of radius
B rolls and D is defined as
the eccentricity. ® is defined
as the angular displacement while
a 1is related to A, B, and © by
the equation

@ = (A - B)o/B

as shown in Fig. 1. Figure 2

illustrates the pattern which is
drawn with A = 9, B = 2, and D =
3.5.

If integers A and B are mutu-
ally prime, A is the total number
of blades and B - 1 is the number
of blades which is skipped when
the pen is plotting the spiro-
graph. B is also the least num-
ber of rotatiocns (n) of the mov-
ing circle (radius B) around the
fixed circle (radius A). There-
fore, n = B. The pen returns to
its original position when © =
278 (Fig. 3)

If integers A and B are not mu-
tually prime, the highest common
factor (H) of B and A mnust be
calculated. Then terms A and B
are replaced by A/H and B/H giv-
ing n = B/H.

Special Case I

The generalized hypocycloid is
formed when D = B in Egs. (1).
Figures 3 and 4 show the various
shapes.

For the third graph in Fig. 4
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Fig. 1 Geometry defined

Fig. 2

Hypocycloid:
D=3.5

A=9,

B=2,

LR

LR

Fig. 3

Hypocycloids:

A=7,

B=D=

Ho
HERES

Fig. 4 Hypocycloids: B=D=3, A=
in which A = 9 an@ B = D = 3,
Egs. (1) become

X
Y

Hi2cos8 + cos(20)]
H[2s1n® - sin(26)]

i

where H = 3. These represent the
equations of the deltoid which is
a hypocycloid of three cusps
formed when A = 3B.

For the sixth graph in Fig. 4
in which A = 12 and B = D = 3,
Egs. (1) become

X = a cos3®
Y = a sin’e

or

x2/3 4+ y2/3 o 42/3

where a = 4H, with H = 3 in this
example. These equations repre-
sent the equation of the aster-
oid. It is a hypocycloid of four
cusps, formed when A = 4B,

Special Case II
When D = A - B in Egs. (1), the

parametric equations of the
hypocycloid become
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i

X (A - B) (cos@ + cosa)
Y = (A - B) (sin® - sina)

(2)
Rewritten, Egs. (2) become
X =2(A - B)cos[(® + a)/2]-
cos[(® - a)/2]
Y= 2(A - B)cos[(® + a)/2]
sin[f (e - a)/2]
(3)

In Egs. (3), when cos[(® + «)/2)]
= 0, both ¥ and Y are equal to
zero. Thus

(0 + a)/2 = (2n - 1)w/2
or, using ¢ = (A - B)9/B
©@ = B(2n - 1)w/A

where n = 1, 2, 3, ..., ¥Yielding
a graph which is a hypocycloid
passing through the center of the
pattern (Fig. 5).

For values of B from 2 to 11,
each B 1is prime to A = 13.
Therefore there are 13 blades in
each pattern. By inspection, the
closer the value of B is to the
value of A/2, the thinner the
blade becomes.

Fig. 5 Hypocycloids:
A-B, B=

A=13, D =
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The Size of the Pattern

Ifé =0, coes ® = 1 and ¢ = 0.
Therefore cos a = 1. Then, from
the first of Egs. (1)

X=A-B+0D (4)

X 1is the length of the blade.
The examples of Fig. 5, where X =
22, 18, 14, 12, 8, and 4, respec-
tively, have different blade
lengths, but the six patterns are
the same size because they were
scaled by computer.

Similar Figures

In Figs. 3 and 5 the substitu-
tion of A - B for B yields the
same figure as described by para-
metric Egs. (1), but the direc-
tion of the pen motion in plot-
ting the figures 1is reversed,
i.e., clockwise instead of coun-
terclockwise. The proof of this
statement follows:

Let B1 = A - B. Therefore B = A
- Bl. From Egs. (1)

@ = (A ~ B)9/B
(Bl1)o/ (A - B1)

Therefore

® = (A - Bl)a/Bl
A new form of parametric equa-
tions of the hypocycloid may be
established.

X1 = (A - Bl)cos® + Dlcosa

Yl = (A ~ Bl)sin® - Dlsinc

(5)

which may be rewritten as

X1 = Dlcosa + Bcose
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Yl = =-{Dlsina =~ Bsine)
(6)

where ® = (A - Bl)a/Bl and D1
represents an unknown eccen=
tricity. The ©parameter @ 1is
replaced by «a, but the new
parametric equations are still
equations of a hypocycloid.
Furthermore, Y1 is negative which
indicates that the direction of
pen motion when plotting is
reversed.

Equations (6) and Eqgs. (1)
yield similar figures under cer-
tain conditions. The relation-
ship among B, Bl, D, and D1 must
be considered.

Compare the first of Egs. (1)

X = (A - B)cos@ + Dcosa
Bl (cos8 + Dcosa/Bl)

gsince Bl = A - B with the first
of Egs. (6)

X1 = Di(cosa + Bcos8/Dl)
The condition of similarity is

D/Bl = B/D1
or

D1 = B(A - B)/D (7)
Special Case I

In Egs. (1) the generalized

hypocycloid is formed when D = B.
Substituting B for D in Egs. (7)
yields D1 = A - B or D1 = BIl.
And substituting for D1 in Egs.
(5}, a generalized hypocycloid
also results. Moreover, the
lengths of the blades may be cal-
culated using Eq. (4) to obtain

X=X1=A

Thus, the two figures are not
only similar but alsoc congruent.
Another example is shown in Fig.
6 in which (a) A = 3, B= 1, D =
1; (b) A =3, Bl =A - B =2, D1
= 2.

Special Case II

In Egs. (l), when D = A - B =
Bl, the substitution of Eq. (7)
yields D1 = B = A - Bl. Substi-
tuting for D1 in Egs. (5) yields
a hypocycloid passing through the
center of the pattern also. Cal-
culating the 1lengths of the
blades using Eq. (4) yields

X=A-B+D
2(A - B)
= 2(B1)

and

X1 = A - Bl + D1
2(A - B1)
= 2B

I

Thus, X = X1. The two resulting
graphs are similar figures and
the direction of the plotting the
figure is reversed because Y1 is
negative, as illustrated in Figqg.
5.

Fig. 6

Hypocycloid generation
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Special Case III

An interesting problem occurs
when D1 = D giving

D or D1 = /B Bl

From A = 3 to A = 8, the values
of B, Bl, D, and D1 are given in
Table 1. Similar figures result
when A = 3, B = 1, and D = /2;
and when A = 3, Bl = 2, and D1 =
/2, as shown in Fig. 7.

For different values of D, as
illustrated in Fig. 8, the
hypocycloid may be classified as
follows:

(a) If D < B, the trace is
close to the boundary.

(b) If D = B, the curve is a
generalized hypocycloid.

(¢} If B < D < A - B, the
curve loops to form a hollow
flower.

(d) If D= A - B, the curve is
a hypocycloid passing through the
center of the pattern.

(e) If D » A - B, the curve
loops over the center.

A B Bl D or D1
3 1 2 J2
4 1 3 J3
5 1 4 2
5 2 3 J6
6 1 5 J5
7 1 6 J6
7 2 5 J1o
7 3 4 2/3
8 1 7 J7
Table 1
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Rose Curves

Equations of the form

r a cos(ng)
r = a sin(ng)

have graphs which are called rose
curves., These may be transformed
into hypocycloids passing through
the center of the design and
vice-versa. To prove this, let g
= (& - a)/2, nB = (6 + a)/2,  and

P
A-3bak
K3

Fig. 7 Hypocycloids

bk
FEE

Fig. 8 Hypocycloids: A=7, B=2,
D=
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a = 2(A - B).
be written as

Egs. (3) may then

X = a cos(nB) cos(f)
Y = a cos(nB) sin(g)

The
lar

corresponding equation in po-
coordinates is
r = a cos(ng)

This is a standard form of the
rose curve. Since
@ = (A - B)6/B

substituting for e gives

B = (6 - a)/2
= (2B - A)©/2B
or
® = 2BB/(2B - A) (8)
and
ng = (8 + a)/2
= AO/2B
= AG/ (2B - A)
Therefore
n = A/{2B -~ A) (9)

This represents the relationship
between the rose cure and the
hypocycloid passing through the
pattern center.

A factor € is required to con-
struct the curves. ILet g = 27C
when the pen returns to its orig-
inal position. Since @ = 2B in
the equations of a hypocycloid,
substituting in Eg. (8) vyields

C = |B - asz| (10)

Example: Transform the hypocy-

SHU VOL. 54, NoO. 2

cloids in Fig. 5 into rose curves

in which A = 13 and B = 2, 4, 6,
7, 9, 11.
Solution: Substitute the wvalues
for A and B into Egs. (9) and
(10) yields

n = -13/9, -13/5, -13, 13,
13/5, 13/9
and

C = 4.5, 2.5, 0.5, 0.5, 2.5,
4.5
With a = 2(A - B) = 22, 18, 14,
12, 8, 4, the equations of the

rose curve are as follows:

r = 22cos(~138/9)
22cos (138/9)

fl

r 18cos(138/5)

etc.

Fig. 9 illustrates patterns which
are created by equations r = a
cos(28) and r = a cos{(58/3).

The rose curve may be trans-
formed into a hypocycleoid. From

Eg. (9)

B/A = (1 + n)/2n

n is not only a positive integer,
but also may be negative, and may
be a decimal fraction (not an ir-

\\\\\\\1

Tk

Fig. 9 Rose Curves
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rational number). In order to
avoid a decimal point in computer
calculations, let n = u/d where u
and d are integers. Hence

B/A = (u + d)/2u (11)

Let A1 = 2u and Bl = u + d to
find the highest common factor
fH) of A and B. Then A = Al/H
and B = B1/H.

Example:
curves
cloids.

Transform the rose
in Fig. 9 into hypocy-

(a) Forn=2, u=2, and d = 1,
Al = 2u= 4, Bl = u +d = 3, and

H = 1. Therefore, A = 4, B = 3,
c = |[B - a/2| = 1. This denotes
the pattern which  has four
blades.

{b) For n = 5/3, Al = 10, Bl =
8, and H = 2. Therefore A = Al1/H
=5, B=Bl/H = 4, and C = 1.5.
This pattern has five blades.

Substituting the values of 2
and B into Egs. (2) yields the
parametric equations of the
hypocycloid passing through the
center of the pattern.

If the rose curves r = a
sin{nfg) are transformed into
hypocycloids, first employ r = a
cos(nf) to determine A and B by
Eq. (11). Then substitute the
values of A and B into Egs. (2)
and rotate the axes through the
angle -w/2n. Because sin @ =
cos(m/2 -~ ©8) = cos(®@ - 7/2), it
denotes that the curves are iden-
tical except the sine function is
rotated by an amount -w/2 such
that nf = -w/2. Therefore g =
-n/2n.
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The Epicycloid

The parametric equations of an
epicycloid are

- Dcosa
- Dsina

X = (A + B)cose
Y = (A + B)sine
(12)

where ¢« = (A + B)&/B

Case I A > B

According to different values
of D in Fig. 10, a classification
of the epicycloid is as follows:

(a) If D < B the trace is close
to the boundary.

(b) If D =B it is a generalized
epicycleoid.

(c) If B < D < A + B the curve
loops toward the center.

(d) If D = A + B the curve is a
epicycloid passing through the
center of the pattern.

(e) If D> A + B the curve loops
over the center.

Fig. 11 shows generalized epicy-
cloids in which the first pattern
is a nephroid, an epicycloid of
two cusps formed when A = 2B.

Fig. 10

Epicycloids:
D=



36 WANG SHU VOL. b4, NO. 2

In the third figure of Fig. 11
and in Fig. 10, the blades of all
patterns overlap since B 1is
greater than 1.

Case II A < B

Because epicycloids are formed
when a moving circle rolls around
the outside of a fixed circle,
the radius B of the moving circle
may be equal to or greater than
the radius of the fixed circle.
Fig. 12 illustrates the parame-
ters.

The first curve in Fig. 12 is a
cardioid, a curve of one cusp and
is formed when A = B. Various
values of D give the cardioids of
Fig. 13.

2,1 3,1 3, 72

Fig. 11 Epicycloids: A=, B=D=
1 2 3

Fig. 12 Epicycloids: =1, B=D=
1 Z 18

Fig. 13 Epicycloids: A=B=1, D=

It is useful to be able to
transform the system of paramet-
ric equations of the <cardioid
inte corresponding equations in
polar coordinates. If A = B and
D = nA, Egs. (12) become

X = 2Acos© - nAcos(20)
Y 2Asin® - nAsin(2@)

Using the trigonometric double

angle formulas yields

X - nA 2A(1 - ncos®)cos
Y = 2A(1 - ncos8)sin®

Let r? = (x - nA)2 + y2
Thus

r = 2A(1 - ncose) (13)
This result may be illustrated by
Fig. 14 in which a difference nA
between two coordinate systems
can be seen. If n = 1 in Eg.
(13), the graph is shown in the
first figures of Figs. 12 and 13.

Transformation of Cyclic Curves

Case T

Replacing B with -B in the
equations of the hypocycloid, the

recfangular polar

Fig. 14
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For
epicycloid is formed but must be
rotated through angle E. elL = e - E
In Fig. 15, an angular dis-
placement between two similar and
patterns occurs. To determine
this displacement angle E, re- al = (A + B)e1l/B
place B by -B in Egs. (1) to ob-
tain then

X (A + B)cose + Dcosa
Y = (A + B)sin® + Dsina
' (14)

where a = (A + B)8/B

The coefficients in Eg. (12) are
negative and in Eq. (14) they are
positive. It is possible to show
that a rotation of the Egs. (14)
through an angle E causes the
signs of D to change from posi-
tive to negative. Substitution
of Egs. (14) into

X1 = XcosE + ¥YsinE
Y1l = =-XsinE + YcosE
yields

X1 = (A + B)cos(® - E) +
Dcos(a — E)

(A + B)sin(@ - E) +
Dsin(a - E)

Yl

(a) (b)

Fig. 15 (a) Hypocycloid: A=5,
B=-3, D=3
(b) Epicycloid: A=5,

B=3, D=3

¢ - E = ol + AE/B.

Letting AE/B = 7 and using the
trigonometric simplifications

cos(al + ) = - cos(al)
and
sin(al + ) = - sin(al)

yields

X1 = (A + B)cos(©01l) - Dcos(al)
Y1 (A + B)sin(®l) ~ Dsin(al)

where al = (A + B)®1/B

This is a standard form of an
epicycloid of which the condition
is AE/B = 71 or

E = Br/A (15)

Consider also the transforma-
tion from epicycloids into
hypocycloids. The same = result
may be obtained as in Eg. (15)
for Egs. (12) in which replacing
B by -B in a way that parallels
the work done for Egs. (1). This
is similar to Fig. 15 transform-
ing from left to right by rotat-
ing the axes through the angle
Br/A, as illustrated in Fig. 16.

Case 11

If B and D are replaced by -B
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Fig. 16 (a) Epicycloid: A=4,
B=-3, D=2
(b) Hypocycloid: A=4,
B=3, D=2
and -D, respectively, 1in Egs.
(1), Egs. (12) are formed di-

rectly and vice-versa. Hence,
Egs. (1) and (12) may be combined
as

X = (A + B)cose - D(B/|B|)
cos[ (A + B)©/B]
Y = (A + B)sine® - D(B/IB|)
sin[ (A + B)©®/B]
These equations represent a

hypocycloid if B is negative, an
epicycloid if B is positive, and

if D = |B|, the shape has
generalized curves
if D < |B|], the shape has

shortening curves
if D > |B|, the shape has ex-
tended curves

Fig. 17 illustrates some patterns

which are formed by combined
equations. '
Conclusions

The hypocycloid, epicycloid,
and rose curves are included

among spirographs, for all of
them can be transformed from an
equation given in one form into
the corresponding equation in an-
other form.

Fig. 17 Combinations, A=, B=, C=

The fundamental equations of a
spirograph are Egs. (l}. Accord-
ing to different values of A, B,
and D, different figures may be
created.

If A and B are mutually prime
in a hypocycloid, A is the total
number of blades. If B is re-
placed by A - B, the hypocycloid
may have similar figures.

If D=A - B in Egs. (1), the
graph is a hypocycloid passing
through the center of the pat-
tern. It is convenient to be
able to transform the parametric
equations with n = A/(2B - A)
into the corresponding equations
of rose curves and vice versa.

If B is replaced by =B in the
equations of the hypocycloid, the
epicycloid is formed, but it must
be rotated through an angle Bw/A
and vice versa.
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Computer Graphics and the Development of Visual Perception
in Engineering Graphics Curricula

Scott E. Wiley

Department of Technical Graphics
Purdue University
West Lafayette, Indiana

Like all educational goals, the development of visual perception must be
purposely designed into curricula. Visual perception is defined, the need to
develop it is described, and methods which engineering graphics educators
can use to develop it are outlined in the context of new computer graphics
technology integrated throughout a revised curriculum.

The Continuing Revision of Engineering
Graphics Curricula

Engineering graphics is in a
transition phase in which many
educatiocnal practices are being
challenged by new technologies
and increased scholarly activi-
ties. Many have recognized that
the curriculum of engineering
graphics is due for adjustment.
As only one indicator, NSF,
through SIGGRAPH, has funded a
study to revise engineering
graphics curricula for the 1990's
and beyondl. It is hoped that
this article will contribute to
changes which might result from
the SIGGRAPH grant as well as in-
form members of EDGD of topics
previously covered by the author
and new information related to
it.

The focus of this article is
how on computer graphics can be
integrated throughout the en-
gineering graphics curriculum to
increase visual perceptual
skills. A review of foundational

material will lead toward conclu-
sions which demonstrate how
viewer-controlled animation and
other methods can be used to de-
velop visual perception ability.

A Review of Definitions of
Yisual Perception

As indicated by Wileyzf engi-
neering graphics educators fre-
quently encounter students who
have difficulty visuwalizing two
and three dimensional drawings
both during and after the solu-
tion of graphics problems. This
common visualization problem has
been identified by educators and
psychologists as a visual percep-
tion deficiency which can be cor-
rected through a sequential and
detailed approach to the learning
process. To review the problem
and to comprehend how computer
graphics can help, a review of
definitions of visual perceptual
development is necessary. Visual
perception is the ability to:

A. Comprehend our environment
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through the neurovisual system3.

B. "See" or understand what
one is observingz.
C. Visualize possible changes
in what one is observingz.
Competent visual perception
ability might enable an engineer-
ing graphics student to determine
a missing view mentally after
comprehending two given views,
without using a drawing sequence

as a mandatory wvisualization
crutch3. Mentally determining a
missing view Dby visualization

would be regarded by Bloon* as a
higher-level skill than drawing
the correct missing view because
cognitive processes necessarily
precede psychomotor processes.
Teaching higher level cognitive
skills, such as visual percep-
tion, should then take precedence
in our curricula. The key prob-
lem, though, has been identifying
effective teaching practices
which develop visual perception.

Visual Perception, Teaching Methods, and the
Effectiveness of Computer Graphics

Many authors hold that the de-
velopment of visual perception is
a key area in need of revision.
Wiley2 considers it a ™"missing
goal™ and has suggested various
ways of amending curricula to
meet that goal by using tradi-

tional freehand and mechanical
equipment. It has also been
noted that teaching practices

must actively teach it throughout
an entire course or curriculum,
instead of passively relying on a
"Goss Box" or mechanical drawing
seqguences. Figure 1 provides a
hierarchical visual perception
learning sequence which could be
followed in a traditional mechan-
ical drawing course.

Computer graphics has been
identified as a potent alterna-
tive method, but it should be
pointed out that computer graph-
ics is more than electronic
drafting:; it is a powerful visu-
alization tool. Familiarization
with introductory computer pro-
cesses and equipment will not
necessarily develop visual per-
ception any more than familiar-

ization with mechanical pro-
cesses.
Computer graphics, especially

high-end computer graphics, of-
fers levels of realism and flexi-
bility far beyond those provided
through mechanical drafting. Ob-
jects can be viewed in a variety
of ways simultaneously, edited
gquickly, and animated. They can
be viewed orthographically and
pictorially at the same time,
thereby, providing increased op-
portunities for visual compari-
son. This is of great value.

MECHANICALLY ORIENTED
VISUAL PERCEPTION CURRICULA MODEL:

[ﬂEALIETIc —pr ABSTAACT =————fis REALISTIC

-

SOLVE SIMPLE SOLYE COMPLEX
PERCEPTUAL LABS , DRAWING LARS
P ——
a-0

3-0
Iso

LINEAR
OBLIQUE
PERSPECTIVE

PHOTO

VISUAL
PERCEPTUAL
TRAINING:

REAL  wgl
OBJECT

THHQUGHOUT

EMPHASIS OF CURRICULA:
THE ENTIRE YISBUAL PERCERTIOHN
AND DRAWING PROCESS

i

Figure 1

AXONOMETRIC
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Real objects are normally per-
ceived three dimensionally and
are compared against themselves
when picked up, held, and ro-
tated. Computer graphics pro-
vides this same opportunity to
increase visualization by allow-
ing a 3D model to be visualized
in several ways as it is being
constructed. Multiple colors,
textures, values, and geometric
surface features can be presented
to the viewer and edited quickly
in the process. As with hand-
held objects, edges shear, colors
and values change, and out-of-
view surfaces can rotate into
view. Through these dynamic in-
teractions, many characteristics
are presented simultaneously to
build a complex perception of the
object. By contrast, mechanical
drawings are slowly = produced,
harder to edit, and present lim-
ited features, usually only lin-
ear features. Full color 3D com-
puter animators can simulate most
of the characteristics of real
objects. Students can rotate cb-
jects and exert dynamic control
over the perceptual learning pro-
cess in real time.

A Computer Graphics Curricula Model
for Developing Visual Perception

The mechanically oriented per-
ceptual model (Fig. 1) provides
non-automated steps which can
build visual perception, but a
computer oriented curriculum can
provide the added potential of
animation and viewer control of
realistic objects. Figure 2
shows an example of a computer-
oriented visual perception learn-
ing model. Throughout each com-
puter-generated step the student
can have full control of the per-
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ceptual and electronic drawing
process. At any point the pro-
cess can be slowed or reversed to
reinforce perceptual learning ex-
periences. Note should be taken
that this model places emphasis
on realistic representations of
3D objects early within the
learning sequence. This 1is a
contrast to many electronic
courses which tend to lead stu-
dents from 2D to 3D with 3D expe-
rience usually limited to harder
to perceive wireframe models. In
the model suggested, wireframe
models follow, rather than pre-
cede, solid models. And as indi-
cated, the curriculum highlights
visual perception throughout the

entire electronic drawing se-
quence. In this manner the ambi-
guities of wireframes are re-

solved by providing prior experi-
ence with related and easier to
perceive engineering objects.

Viewer Controlled Animation, Motion
Parallax, and Visual Perception Development

Some studies indicate that the
development of specific visual
skills is better achieved through
very %Pecific teaching prac-
tices®:®/7,8 As noted beforez,
motion parallax is the ability to
perceive apparent changes in the
location of an object as a result
of continuing changes in its po-

sition in space or continuing
changes in the position from
which it is viewed. Dorethy re-

vealed that specific analysis of
animations containing multiple
depth cues significantly improved
depth perception and was found to
be more effective in developing
depth perception than static vi-
suals which also contained multi-
ple depth cues. Apparently, the
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development of visual skills does
not have to be drawing oriented
to be effective. Visual analysis
of animations alone can be effec-
tive.

Principles from Dorethy's study
apply to the development of depth
perception by engineering graph-
ics students. Similar to the
Roadrunner cartoons used in
Dorethy's study, the motion par-
allax displayed during computer-
ized solid modeling animation
could provide increased visual
insight into static 2D and 3D re-
lationships, auxiliary views,
perspective, and axonometric il-
lustration. If the possibility
of viewer control is added, stu-
dents could rotate geometric
structures at will so as to be
able to perceive real time
changes as necessary. The wvir-
tual space the object occupies
could also be comprehended
through checking displayed XYZ
coordinates of any selected fea-
ture of the rotating object. As
the student rotates the displayed
object, coordinates would reflect
a selected point's relative posi-
tion with respect to a reference
point. Like the Roadrunner car-
toon, edges would shear and fea-
tures could enlarge and reduce,
appear and disappear, but all of
these would take place inside the
viewer-controlled, computer-indi-
cated virtual space. And, unlike
the cartoon, the geometric object
could be more complex either in
amount or kind of surface infor-
mation.

But what can one do if the
hardware required for viewer con-
trolled solid modeling animation
cannot be obtained? A solution
might be to secure a low cost
workstation and project anima-
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tions onto an overhead screen
with an LCD displayer. What is
forfeited is viewer control, but
what is gained is the ability to
display an object to an entire
class that is viewed in nearly
the same way by everyone:. The
projection effect of an apparent
3D object onto an enlarged 2D
screen causes ocbject-to-back-
ground shearing to be the same no
matter from where it is viewed.
In real terms this means that
group perception of an object can
be controlled so that discreet
elements are highlighted individ-
ually for enhanced perception.

Conclusions

Advancing computer graphics
technology promises to accelerate
the need for wvisual Kknowledge.
At the same time it provides an-
swers to long standing problems.
If educators are willing to

COMPUTER GRAPHICS
VISUAL PERCEPTION CURRICULA MODEL:

(REALIBTIC ———ccefey, AHBTRAACT =g, REA!JBTIC)

SOLVE SIMPLE BOLVE COMPLEX
PERCEPTUAL Lapp “smm=m@e “rosving LABS
SEENVEEEEENETE

3D
AKOWMOMETRIC

STATIC 3D
WIRE-FRAME
MCDEL

3-D COLOR
SOLID.-MODEL
ANIMATION

SCANHED
CBJECT

ViBUuAL

PERCEPTUAL
TRAINING:
EARLY

AND
THROUGHOUT
EMPHASIS OF CURRICULA;
= THE ENTIRE VISUAL PERCEPTION .

AND ELECTRONIC DRAWING
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adapt, their curricula can be re-
vised to take advantage of the
visual perceptual learning power
made possible by advances in ar-
eas such as 3D color solid model-
ing and animation. The question,
however, is whether or not advan-
tage will be taken of advancing
technology and whether older
teaching methods will be revised.

Accepting the development of
visual perception as a dominant
curricula gocal may be the begin-
ning of that necessary change.
Advances 1in computer graphics
have already made the computer
oriented perceptual model (Fig.
2) a possible reality. But, pos-
sibilities do not become reali-
ties until applied.

References

IMcGrath, M. C., Bertoline, G.
R., Bowers, D. H., Pleck, M. H.,
"Development of a Curriculum
Model for Engineering Graphics",
ACM SIGGRAPH Educational Commerce
Grant, 1969.

2Wiley, S. E., "Advocating the
Development of Visual Perception
as a Dominant Goal of Technical
Graphics  Curricula", Engineering
Design Graphics Journal, Vol. 53, No.
1, Winter, 1989.

3gibson, E. J., Principles of Perceptual
Learning and Development, Prentice-
Hall, Inc., Englewood Cliffs, NJ,
1969.

4Bloom, B. S., Englehart, M. D.,
Furst, E. J., Hill, W. 3., Krath-
wohl, D. R., A Taxonomy of Educa-
tional Objectives: Handbook I,
The Cognitive Domain, Longmans
Green, New York, NY, 1956.

DEVELOPMENT OF VISUAL PERCEPTION 43

5Salome, R. A., "The Effects of
Perceptual Training Upon the Two-
dimensional Drawings of Chil-
dren", Studies in Art Education, Vol. 7,
No. 1, 1965, pp. 18-33.

6Dorethy, R. E., "Motion Parallax
as a Factor in Differential Spa-
tial Abilities of Young Chil-
dren", Studies in Art Education, Vol.
14, No. 2, 1972, pp. 15-27.

7Doomek, R. D., "The Effects of
Copy Related Activities on Se-
lected Aspects of Creative Behav-
ior and Self Concept of Fourth
Grade Children", unpublished doc-
toral dissertation, Ball State
University, 1978.

8Dunn, I. C., "The Implementation
of Photographic Visual Problem
Solving Strategies to . Enhance

Levels o¢of Visual Perception in
Elementary School Art Students,

unpublished doctoral disserta-
tion, Ball State University,
1978.



44 ENGINEERING DESIGN GRAPHICS JOURNAL

VOL. 54, NO. 2

:E ~ @ $16.7
=Y SO
ég%é ST A

THE NEW
SERIES:

ENGINEERING

GRAPHICS
BOOK ONE

Manuals of Engincesing Imaging

€ sEGINNING

M COMPUTER GEOMETRIC MODELING

B WITH APPLICATIONS CF

§ DESCRIPTIVE GEOMETRY

USING CADKEY,

B FIFTH EDITION

'GOING TO MODELING—W/CADKEY,?

INTERESTED IN A 'READY- DEVELOPED COURSE
WITH 'READY- MADE ASSIGNMENTS?

CONSIDER:

BEGINNING COMPUTER GEOMETRIC MODELING
WITH APPLICATIONS OF DESCRIPTIVE GEOMETRY

. BEGINS WITH TUTORIALS FOR THE PC NOVICE
ENDS WITH SECONDARY AUXILIARY OF MODEL
(PLOT- QUT ON PAPER IN MULTIVIEW FORMAT)
OPTIONAL DRAWING EXERCISES
ADAPTS MULTIVIEW THECRY TO PC MODELING
NEW ASSIGNMENT SPECS EACH SEMESTER
175 PAGES; TWO HUNDRED PLUS ILLUSTRATIONS

PERSONALIZED: COURSE POLICIES INCLUDED AS YOU
SPECIFY

| np hELSD PROEESSOR YOUR NAME AND INSTITUTION ON COVER
COURSE POLICIES - ASSIGNMENTS - TEXT Kelso Associates, Publishers & Distributors
2210 Lily Drive
Ruston, Louisiana 71270
THE ENGINEERING DESIGN GRAPHICS JOURNAL ADVERTISING RATES
Single or 1 2 of 3 3 of 3 Total for
of 3 consec. consec. consec. 3 consec.
1/4 page $75.00 $60.00  $45.00 $180.00
1/2 page 112.50 90.00 67.50 270.00
1 page 150.00 127.50 97.50 375.00
2 pages 262.50 210.00 157.50 630.00
3 pages 360.00 300.00 210.00. 870.00
Inside cover,
front or rear 180.00 157.50 127.50 465,00

(continued on next page)



SPRING, 1990 ENGINEERING DESIGN GRAPHICS JOURNAL 45

o Ob‘ems in
— %Eigmeenng
B. drawing

and
= desc.rm“"e
i-f. geomeif‘!

CADKEY
! usm%‘_‘_“_ﬂ

. }
=1 /:;;L,mun
.

! HEARLIHY'S Brings You ' :
| AFFORDABLE Graphics TECHNOLOGY
H Link your students to the power of Graphic Communica- [
tiens with Houston Instrument & Roland DG Plotters from
Hearlihy's. Backed by quality service & quality people,
each comes complete with:
eSample Media & Pens
#Plotter Command Manual
990 Day Warranty On Parts & Service
| The NEW Roland DXY 1100
With a maximum plotting speed of 18” per second
you'll gettast, reliable plotting every time with this
easy-loading A/B size plotter. Equipped with an
B-pen stable, this flat bed plotter is compatible

with Apple il, IBM & Macintosh through its HP-GL
fanguege and your RS-232-C interface.

| with Ritter's new Problems Book you can
g immediately move your freshmen inte the
Engineering Problem Scolving Method. Solve
4 problems in Descriptive Geometry, and
 Engineering Drawing through sketching, and
{ delineate the results with CADKEY. No
§ pictures with  hints for deriving
] sclutions. No partially completed
| problens. Each problem presents a format
§ with GIVEN data; REQUIREMENTS for
l proceeding; HINTS for solutions; and
§ CADKEY functions to use. For a copy or an
g adoption, call or write:

Call Toll Free From All 50 States

1-800-622-1000
From Canada Call 513-324-5721

KERN INTERNATIONAL, INC.
190 Duck Hill Road
Duxbury, MA 02332

(617) 934-2452

HEARLIHY & Co.
714 W. Columbia St.
Springfield, OH 45501

Prcblem solutions available to faculty
camitting to an adoption.

EDG Journal Advertising Rates (continued)

"3-consecutive™ rates are applicable for three consecutive ads. These
rates are based on camera ready copy. Costs for necessary preparation
of camera-ready copy must be borne by the advertiser. Deadlines -
Autumn issue, Aug. 15; Winter issue, Nov 15; Spring issue, Feb 15.

2Address all correspondence to:
Prof. Jerry V. Smith
Technical Graphics Department, Knoy Hall
Purdue University

West Lafayette, IN 47907

(317) 494-4585



46 ENGINEERING DESIGN GRAPHICS JOURNAL VOL. 54, NO. 2

Chairman’'s Message

by
Frank Croft

It doesn't seem possible but
this is the third and last Chair-
man's Message that I have the
privilege to write. The past
year has been filled with many
challenges and I discovered some
very positive things about myself
and the Division in facing these
challenges. I am convinced that
the EDGD members compose the most
ocutstanding group of profession-
als within ASEE. I wish to thank
you all for the leadership oppor-
tunity that I have had over the
past vear. It has been a very
enjoyable year and I look forward
to continuing the work of the Di-
vision with all of you in the
coming years.

The Annual ASEE Conference in
Toronto is only a few weeks away
and I sincerely hope all of you
are making plans to attend. This
conference and the EDGD program,
I believe, will be outstanding.
Fritz Meyers has worked very hard
to organize the program and the
advanced word is that the presen-
tations will be excellent. We
all owe Fritz a well-deserved

"Thank you" for his efforts. If
you missed the Mid-year Confer-
ence in Tuscaloosa, Alabama, you
really did miss something - don't
miss the ASEE Annual Conference
in Toronto or you will miss some-
thing very special.

Toronto is a cosmopolitan city
with a unique character that is
difficult to describe - IT MUST
BE EXPERIENCED! I have had the
pleasure of visiting this ex-
traordinary city several times.
It is one of the <cleanest
metropolitan areas in North Amer-
ica and the Canadian people are
indeed special. The Royal On-
tario Museum is outstanding and
houses a very large collection of
dinosaur fossils. It should be
on your list of side trips and is
not far from any of the confer-
ence hotels. Also, the CN Tower
is another attraction that is
worth seeing. From the observa-
tion deck on a clear day, one can
see the U.S. across Lake Ontario
as well as many other sights.
With luck, the Blue Jays may be
playing baseball in the new sta-
dium on the lakefront. Toronto
has much to offer and everyone
should enjoy their stay in this
fascinating city. I certainly am
looking forward to this confer-
ence and I hope to see you there.

ernn
20 gggc hucs
wusuo



SPRING, 1990

1990 ASEE Annual Conference

by
Fritz Meyers

"Bienvenue a Canada". Welcome
to Canada and to Toronto, the
most cosmopolitan city in North
America. Toronto is a big city -
an exciting city - a clean city
with outstanding public trans-
portation. It also has big city
prices - about the same as New
York City, but US citizens do
get the 15% advantage in exchange
rates. Parking at the hotels
(Sheraton Centre and Towers, Hol-
iday Inn Downtown, and the Hotel
Intercontinental), is approxi-
mately $18/day; hotel breakfasts
are about $12. However, under
the hotel is a vast network of
underground shops, stores, and
eating places stretching for
nearly two miles! Variety is in-
finite and prices are less shock-
ing. Accommodations are also
available at the University of
Toronto and Victoria College.

Oour meals at official meetings
will be standardized within each
hotel, i.e., all Tuesday dinners
at the Sheraton Centre will have
the same menu. This will allow
ASEE to have a single blanket
guarantee for numbers of people
and will help reduce the cost of
official meals. You will want to
eat outside the hotels for other
meals - Toronto has more than
7000 restaurants.

Canada is a foreign country,
however, a very friendly one.
Customs should not be too much of
a problem. We were given two
caveats at the planning meeting.
Don't bring electronic equipment
into Canada - you can get it in,
but it is very difficult to get
it back into the US. Secondly,
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faculty members who are not US
citizens must have a green card
or their passport with a visa for
this trip to Canada. No visa or
no green card and a foreign na-
tional will not be allowed to
reenter the USA.

The schedule for the week is a
different format than last year
because the Canadian Conference
on Engineering Education is meet~
ing concurrently with ASEE; a
joint major plenary session fol-
lowed by three breakout sessions
will occupy all of Wednesday
morning. The mini~plenaries will
be held from 10:30 to noon o©n
Tuesday; no other sessions may be
held at that time. Likewise, the
period from 2:30 to 4:15 on Mon-
day is reserved for visiting the
exhibits.

Sessions sponsored by the EDGD
include:

1237 - Mon., June 24, 8:30-4:15
Creative Engineering Design Com-
petition

William €. Koffke, Villanova
A display of engineering design
projects by students from the US
and Canada. Students at all lev-
els may enter. Awards for en-
tries, judged primarily on cre-
ativity and presentation, will be
made at the EDGD Bandguet.

1238 - Mon., June 24, 8:30-10:15
Methods to Improve Visualizations
Skills I
Ileana Costea, Cal. State -
Northridge
Visualization skills are impor-
tant to all engineers. Research
in methods to improve visualiza-
tion will be presented: both tra-
ditional and new techniques.
Some statistical studies of per-
formance on visualization tests
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will also be presented. This is
the first of two related ses-
sions.

1338 - Mon., June 24, 10:30-12:00
Methods to Improve Visualization
Skills IT
Edward Knoblock, Univ, of Wis-
consin - Milwaukee
(See session 1238.)

1638 -~ Mon., June 24, 4:30-6:00
EDGD Executive Committee Meeting
Frank M. Croft, The Ohlc State
Univ.
Business meeting of the officers
and directors. Open to all in-
terested members of the division.

2237 - Tues., June 25, 8:30-4:15
(See session 1237.)

2238 - Tues., June 25, 8:30-10:15
Standards for Engineering Design
Graphics Communication
Larry Goss, Univ. of Southern
Indiana

Speakers will present information
and research on standards for vi-
sual and electronic communication
of design information. Both ex-
isting and proposed standards
will be discussed.

2438 - Tues,, June 25, 12:30-2:00
Curriculum Standards for Engi-
neering Graphics I
Rollie D. Jenison, Iowa State
Univ.

Two major research programs and
several individual studies are
questioning current curricula in
engineering graphics. The dques-
tions and the proposed solutions
offered by major programs and in-
dividual research will be pre-
sented and discussed.  This is
the first of two related ses-
sions.

2538 - Tues., June 25, 2:30- 4:15
Curriculum Standards for Engi-
neering Graphics IT
Edward D. Galbraith, California
State Polytechnic University
(See session 2438.)

2738 - Tues, June 25, 6:30-10:00
Annual Awards Banguet - $28

Frank M. Croft, The Ohioc State

University

The program will include presen-
tation o©f the Division Distin-
guished Service Award and awards
for the Creative Engineering De-
sign Competition. Social hour
with hosted bar will precede the
meal.

3437 - Wed., June 26, 12:30-4:30
(See session 1237.)

3438* - Wed., June 26, 12:30-2:00
Annual Business ILuncheon - $13
Frank M. Croft, The Ohic State
University
Open business meeting for all
members of the division.

Session locations were not avail-
able at the time of publication.
ASEE will publish this informa-
tion in the conference progran.

*
Denotes meal event
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Fourth International Conference
on Engineering/Computer Graphics
and Descriptive Geometry

Sponsored by ASEE's Engineering
Design Graphics Division and the
Florida International University.
Miami, Florida.

For technical information contact:

Dr. Oktay Ural

ASEE Computer Graphics Conf.

Dept. of Civil and Environmental
Engrg.

Florida International Univ.

Miami, FL 33199

Ph. (305) 348-2824
FAX (305) 348-2802

General Information:

This conference will
tinuation of the international
conferences held in Vancouver -
1978, Beijing - 1984, and Vienna
- 1988.

be a con-

Topics include:

Theoretical graphics
Engineering computer graphics
Graphics teaching

Other applications of geometry

More than 100 papers by authors
from 20 countries will be pre-
sented. The conference will be
an opportunity to meet out-
standing experts from all over
the world.

Conference Location:

The Hyatt Regency Hotel Miami is
a riverfront showcase. All rooms
have balconies so that guests may
enjoy the sun and cool breezes
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blowing of f the
Biscayne Bay. Its location in
the heart of downtown Miami
affords one the enjoyment of fine
restaurants, cultural activities,
shopping, and many attractions.

waters of

Address:

Hyatt Regency Miami
400 SE Second Avenue
Miami, FL 33131-2197
ATTN: Reservations

Ph. {305) 358-1234
TELEX# 415316
FAX# (305) 358-1234 EXT 3138

Preliminary Conference Schedule:
Monday, June 11, 1990

Registration
Reception

5:00-7:00 pm
7:00-8:00 pm

Tuesday, June 12, 1990

8:30-10:00 am
10:30 am-Noon
Noon-2:00

2:00-5:00 pm

Opening Ceremony

Plenary Session

Conf. Luncheon

Technical Sessions
and Exhibits

Wednesday, June 13, 1990

9:00 am—-Noon
2:00-5:30 pm

Technical Sessions
Technical Sessions
and Exhibits

Thursday, June 14, 1990
Technical Sessions

Technical Sessions
and Exhibits

9:00 am-Noon
2:00-5:30 pm
Friday, June 15, 1990

9:00 am-Noon  Bus Tour of Miami
(reservation required)
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Calendar of Events
by
Bill Ross

1990 4th International Conference
on Engineering and Descriptive
Geometry

June 11-15, 1990

Miami, Florida

(See previous article)

1990 Annual ASEE Conference
June 24-28, 1990
Toronto, Ontario, Canada
Host: University of Toronto
EDGD Prog. Chr.: Fritz Meyers
The Ohio State University
(614) 292-1676

1990-91 EDGD Mid-year Conference

November 18-20, 1990

Tempe, Arizona

Host: Arizona State Univ.

General Chair: Del Bowers
Arizona State Univ.
(602) 965-3165

Prog. Chair: Gary Bertoline
The Ohio State University
(614) 292-6230

1991 ASEE Annual Conferencé
New Orleans, LA

1991-92 EDGD Mid-year Conference
Host: 0l1d Dominion Univ.
Norfeolk, VA

1992 ASEE Annual Conference
Toledo, OH

1992 5th International Conference
on Engineering and Descriptive
Geometry

August 17-21, 1992

Melbourne, Australia

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

International Computer Graphics
Calendar _
by
Vera Anand

Jun 6 - 8, 1990

Sixth Annual Symposium on Com-
putational Geometry, Berkeley,
CA, Contact: Frances Yao, Xerox
Palo Altc Research Center, 3333
Coyote Hill Rd., Palo Alto, CA
94304.

Jun 11 - 15, 1990

Fourth Internaticnal Conf. on
Computer Graphics and Descriptive
Geometry (See page 49).

Jun 26 - 30. 1990

Computer Graphics International
1990, Singapore. Contact: Vic-
torine Toh, CGI '90 secretariat,
Institute of Systems Science, Na-
tional University of Singapore,
Kent Ridge, Singapore 0511. Ph.
(65) 772-2003.

Jul 8 - 12, 1990

CATS '90 - Internat. Conf. on
Computer Aided Training in Sci-
ence and Tech., Barcelona, Spain.
Contact: Prof. E. Onate, Centro
Internacional de Metodos Numeri-
cos en Ingenieria, Jorge Girona
Salgodo, 31. 08034 Barcelona,
Spain Ph. 34-3-205 70 16/204 82
52.

Aug 6 - 10, 1990

SIGGRAPH 90, Dallas, TX, Con-
tact: David D. Loendorf. Ph.
(505) 665-0866.

Aug 27 - 31, 1990

INTERACT '90, Cambridge, Eng-
land - an international conf. in
the area of human-computer inter-
action. Contact: Karyn McCart-
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The British
Mansfield
England.

ney, INTERACT '90,
Computer Society, 13
st., London, W1M O0BP,
Ph. 44 (0)1 637 0471,

Aug 28 - 30, 1990
ICED 90, International Conf. on

Engineering Design, Dubrovnik,
Yugoslavia. Contact:  HEURISTA,
Conf. Dept., Postfach 102, CH-

8028 Zurich, Switzerland.

Sep 3 - 7, 1990

Eurographics '90 - a conf. and
exhibition sponsored by the Euro-
pean Assoc. of Computer Graphics,
Montreaux, Switzerland. Contact:
Eurographics '90, Conf. Secre-
tariat, Paleo Arts et Spectacles,
Case postale 177, CH-1260 HNyon,
Switzerland. Ph. (41) 22 62 13
33.

Sep 10 - 14, 1990

AUSGRAPH 90, the eighth annual
conf. of the Australasian Com-
puter Graphics Assoc., Melbourne,

Australia. Contact: AUSGRAPH 90
secretatiat, P. 0. Box 29,
Parkville, VIC 3052, Australia.

Ph. {(03) 819-8124.

bDec 9 -.11, 1990

Workshop on Volume Visualiza-
tion, San Diego, Ca. Contact:
Nick England, Sun Microsystems,
Inc., P. O. Box 13447, Research
Triangle Park, NC 27709-3447.
Ph. (919) 469-8300.

For further information, contact
Vera Anand, 302 Lowry Hall, Clem-
son Univ., Clemson, S8C 29631.
(803) 656-5755
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Call for Papers

EDGD 1990-91 Mid-year Conference
November 18-20, 1990
Arizona State University
Tenpe, AZ

Visualizing Engineering Design Graphics
in the 90s:
The Gateway to the 21st Century

Suggested topics:

Engineering design graphiecs in
the 21st century

"Curriculum issues for the 90s

Sketching in the EDG Curric-
ulum: A renewed emphasis

Engineering Design Graphics: An
historical perspective

A research agenda for EDG
Visualization applied to EDG

Future trends in hardware and
software

Abstracts of 250 words are due
July 1, 1990. Submit to:

Gary R. Bertoline
Program Chair

Dept. of Engrg. Graphics
The Ohio State Univ.

240 Hitchcock Hall
Columbus, OH 43210

(614) 292-7930

Notice of acceptance mailed by
July 30, 1990, Completed papers
for Proceedings are due Sep 15,
1990.
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Call for Papers
on

Geometric Modeling
in Engineering Education

for the Winter, 1991 issue
of the EDG Journal

sponsored by the EDGD
Geometric Modeling Committee

The purpose of this issue is to
provide a number of articles
dealing with educational as well
as research and application is-
sues in the emerging field of ge-
ometric modeling in engineering.
Topics of interest include:

Curricula in geometric modeling
at the undergraduate and graduate
levels in engineering

Experience and techniques of
teaching geometric modeling
courses

Innovative ideas for teaching
geometric modeling in the fresh-
man graphics course

Geometric modeling applications
in the various areas of engineer-
ing

Other topics on geometric mod-
eling and design

Submit papers to:

Prof. Nadim Aziz

Engrg. Graphics Program
320 Lowry Hall

Clemson Univ.

Clemson, SC 29634

not later than July 1, 1990,

Call for Papers

1991 ASEE Annual Conference
New Orleans, Louisiana
June, 1991

Topics: Applied methods and re-
search in visualization, engi-
neering graphics curriculum de-
velopment, applied computer
graphic and CADD teaching tech-
nigues, emerging standards in en-
gineering graphics and CADD, com-
puter based geometric modeling,
and engineering graphic communi-
cation and documentation.

Deadlines:
Abstracts due: Oct. 15, 1990.

Full papers due: Dec. 10, 1990.

For inclusion in the ASEE Pro-

ceedings, papers must first be
reviewed and accepted.

Contacts:

William A. Ross, Program Chair
Dept. of Technical Graphics
363 Knoy Hall
Purdue Univ.

West Lafayette, IN 47907
(317) 494-8069

Mary A. Jasper, Facilities Chair
Dept. of Industrial Engrg.

P. O. Drawer HT

Mississippi State Univ.
Mississippi State, MS 39762
(601) 325-3922
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A Comment

by
Pat Kelso

I would like to second Bill
Rogers' letter (Reflections from
the 1989-90 Mid-year Meeting,
Winter, 1990, Vol 54., No. 1) and
extend the thrust, if I may, to
include the paucity of purely
graphics papers at mid-year con-
ferences. Sometimes I think I am
in The Engineering Division of
Canvasses, Polls, and Surveys.
At the risk of being overly pre-
sumptuous, I believe some within
the division have ventured onto
an unfruitful path because, ba-
sicly, they do not accept that
the quicker the virtual space of
the computer replaces the virtual
space of multiview projection,
for purposes of simulation, the
better for all concerned. I sug-
gest the only use for a 2-D sur-
face now is for sketching and
communication. (Want something
exciting? Tell your department
head that you have developed a
descriptive geometry course for
computer geometric modeling!)
And even communication is not
what it was. With automatic
plot-outs of viewports, communi-
cation no longer requires draw-
ing. Even for details, such as
the correct treatment of crossing
(do they intersect of not?) hid-
den lines. If there is an ambi-
guity, the computer quickly pro-
duces a view resolving it - with
shading from whatever light di-
rection one wants. The wvirtual
space of the computer also makes
superfluous the teaching of, dare
I say it: VISUALIZATION. In
computer geometric modeling, stu-
dents instinctively learn visual-
ization - en passant, as it were.
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Singleview wireframes are visual-
ization mind benders (actually,
they are impossible to visualize
in a single view, so students
must keep spatial orientation in

mind from step to step: ergo,
student wvisualization enhance-
ment). And if need be, the com-

puter produces a shaded pictorial

at any stage of the students!
modeling process. Not that I
think visualization can be
taught. {Improved, yes, but,

alas, it is, in the final analy-
sis, an aptitude.) Rhapsodizing
about visualization may be dan-
gerously close to a cop-out for
more meaty matters. Perhaps it
is best included only with re-
ligion, politics, and economics
(especially, economics).

It seems to me we are in a
unigue position, time-wise, as
engineering graphics instructors.
It will be several years before
current freshmen hit the heavy
design courses; our obligation, I
suggest, is to give "Kentucky
windage"” to these students. I
personally believe instructors of
engineering graphics are in a
better position to make this de-
cision than our learned upper
level colleagues. Most of us are
up to speed on the latest graph-
ics innovations and many upper
level teachers have not made the
complete transition to computer
geometric modeling for  their
courses - but they will have by
the time current freshmen reach
them.
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Editor's Comments

by
Barry Crittenden

A procedure for the review of
papers to be published in the
Proceedings of the ASEE Annual
Conference was used for the first
time this year. 0f the twenty-
four persons presenting papers in
Toronto this June, only fifteen

submitted papers for review.
These fifteen authors had the
option of having their papers

reviewed only for the ASEE Pro-
ceedings, or for both the ASEE
Proceedings and the EDG Journal.

From the standpoint of the EDG
Journal editors and the EDGJ Board
of Review, the process went rela-
tively smoothly. The schedule
followed for this review process
was as follows:

Nov. 15 - Abstracts due (to
program chairman) :

Dec. 1 - EDG Journal Technical
Editor notified of prospective
participients

Dec. 10 - Technical editor

informs prospective participants
of review procedure

Jan. 10 - Papers due (to
Technical Editor)

Jan. 15 - Papers sent to
reviewers
Jan. 15 - Session chairs

notified of session participants

Mar. 1 - Authors notified of
review results. ASEE notified to
send mats to authors whose papers
were accepted for the Proceedings

Apr. 1 -~ Completed papers due
at ASEE headquarters

There is always room for
improvement. Please send your
suggestions for a better review
procedure to: :

George R. Lux

Technical Editor, EDG Journal
EF, VPI&SU

Blacksburg, VA 24061-0218

{(703) 231-6555

as soon as possible. Suggested
changes will be discussed at the
EDGD Executive Committee Meeting
in Toronto on June 24th.

Reviewers for the EDG Jownal
are wanted. If you are willing
to devote several hours per month
reviewing papers, please notify
George Lux (address above).

Temporary Position Wanted
In descriptive geonetry, pho-
togrammetry, and engineering
graphics. Thirty=-four vyears of
teaching and research experience.
Contact:

Prof. Wagih N. Hanna

Prof. of Descriptive Geometry
Faculty of Engineering

Ains Shams Univ.

Abbasia, Cairo, Egypt
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Scope

This Journal is devoted to the advancement of engineering design graphics technology and education. The Journal 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 fest appropriate teaching techniques and topics to further improve the quality and modernization of
instruction and courses, and (3) stimulate the preparation of articles and papers on topics of interest to the membership.
Acceptance of submitted papers will 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. Papers must be written in a siyle 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, ete, in quadruplicate (four
copies) with a covering letter to J. B. Crittenden, Editor, Engineering Design Graphics Journal, EF - VPI&SU, Blacksburg, VA
24061. All copy must be in English, type 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, etc. must be
accompanied by a caption. Illustrations 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 returned for author approval. Authors are therefore encouraged to seek editorial
comments from their colleagues before submission of papers.

Publication

The Engineering Design Graphics Journal is published one volume per year, three numbers per volume, in winter, spring, and
awtumn by the Enginecring Design Graphics Division of the American Society for Engineering Education. The views and
opinions expressed by individual authors do not necessarily reflect the editorial policy of the Engineering Design Graphics
Division. ASEE is not responsible for statements made or opinions expressed in this publication.

Subscriptions

Yearly subscription rates are as [ollows: Single copy rates are as follows:
ASEE member  $3.00 U.S. member $1.50
Non-member $6.00 U.S. non-member  $2.50
Canada, Mexico  $10.00 Canada, Mexico $3.50
Foreign $20.00 Foreign $7.00

Non-member fees are payable to the Engincering Design Graphics Journal ai: The Engineering Design Graphics Journal,
The Ohio State University, 2070 Neil Avenue, Columbus, OH 43210. Back issues are available at single copy rates (prepaid)
from the Circulation Manager and are limited, in general, to numbers published within the past six years. The subscription
expiration date appears in the upper right comer of the mailing label as follows: (1) for an ASEE/EDGD member, the
expiration date is the same month/year as the ASEE membership expiration {for example, 6/90) (2) for all others, the
expiration date is the date of the last paid issue (for example, W90, for Winter 1990). Claims for missing issues must be
submitted within a six-month period following the month of publication: January for the Winter issue, April for the Spring
issue, and November for the Fall issue.

Deadlines

The following deadlines apply for submission of articles, announcements, and advertising: Fall issue - August 15, Winter issue
- November 15, Spring issue - February 15.



With the CADKEY advantage your students can work smarter!

You Can Use CADKEY 3 As Part Of A Total "Concept-To-Completion Solution."

CADKEY, Inc.
440 Oakland St.
Manchester, CT 06040-2100
203-647-0220

THE CADKEY VIDEOS
A Unique Instructional Package for Learning CADKEY

The CADKEY Videos are like no other instructional video tapes. A special combination of computer and video equipment aliows the viewer to
see both the actions of the user, and the CADKEY display responses at the same time. The instructor in the tapes also uses an on-screen pointer

to call attention 1o features being presented. Close-up views of the keyboard and drawing assignments help the viewer chserve and better un-
derstand CADKEY.

The CADKEY Videos were developed by Dr. Gary Bertoline and Dr. Leonard Nasman of the Ohio State University Engineering Graphics Depart-
ment. They have introduced hundreds of engineering students to CADKEY, and have carefully planned the scope, pace, and sequence of the
1apes to help new CADKEY users become proficient in a minimurm armount of ime. The tapes offer the following applications and advantages.

o The tapes can be used to supplement lectures for large group instruction.
e The tapes provide consistent delivery of instruction in multiple section classes.

eThe CADKEY Videos are a great help in situations where classes are assigned to new Graduate
Teaching Assistants, or to instructors who are teaching CAD for the first time.

e The tapes, along with the Study Guide, provide a ood foundation for individualized instruction .
eThe tapes can be made available in a learning resource room to students who miss class sessions.

e Provides the opportunity for students to review the tapes several times to build CADKEY skilis.

There are currently ten tapes in the series. Tapes one through four cover the most commonly used CADKEY features. Five through seven
cover advanced dimensioning, cross-hatching, and editing. Tape eight provides a foundation for the powerful 3D capabilities of CADKEY. Tape
nine contains a brief review of the CADKEY configuration process, and tape nurmber ten covers the extensions found in CADKEY version 2.1.

The tapes vary between 30 and 40 minutes in length, and are designed to be fit within a normal lecture period and still allow some time for
the instructor to cover local assignments and problems,

The price of the tapes is $90 each except for tape #9, which is $40. A set of tapes 1 through 4, or 5 through 8 is $300 per set. A set of tapes
1 through 8 is $560, and the complete set of tapes 1 through 10 is $680. ASEE mermbers are eligible for a 50% discount off these prices. The
Study Guide is priced at $10 per single copy (quantity discounts are availabie).For more information on the CADKEY Videos, contact:

Microcomputer Education Systems Inc.
3867 Braidwood Drive

Columbus, Ohio 43026 Phone 614-433-7305
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