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NEW — aflexible approach for students and professionals— integrating the
teaching of innovative design and communication graphics in one concise,
up-to-date volume ...

By Warren J. LUZADDER. INNOVATIVE DESIGN introduces beginning students and
interested professionals to the fundamental principles of design. Its presentation of creative design,
together with some design graphics, provides them with important insight into engineering design and
with an opportunity to evaluate the role of the engineer and technologist in society.

The text familiarizes readers with the Metric (SI) System and dual-dimensioning, as used in
American industry today. Many of the chapter-end problems are dual-dimensioned or use values in
millimeters. A handy appendix containing conversion tables enables the readet to easily convert
inch-dimensional problems.

Well-suited for a traditional introduction to graphics, this new book is also ideal for studies that
emphasize innovative design and that include some drawing as well. A four—part appendix illustrating
draftmg skills and techniques is provided for those with little or no training in the preparation of
engineering drawing.

Among the chief features of this book are that it:

e Covers the total design process from recognition of need through design, analysis, styling,
testing, and the preparation of detail and assembly drawings.

® Provides a comprehensive and detailed discussion on computer-aided design.

o Contains 1,000 drawings, charts, and photographs, many supplied by industry — to
emphasize important points and facilitate understanding.

® FExamines the characteristics of engineering materials and their use.

® Incorporates a wide assortment of problems — many of them dual-dimensioned or with values
in millimeters.

CONTENTS. 1. Graphics and the Creations of Man. I1. The Design Process. II. Design Graphics.
IV. Computer-Aided Design. V. Design for Production. Appendices. February 1975, 432 pages
$14.95,

e Prentice-Hall
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For Creative Desi;

Trends in

JUST PUBLISHED—

FUNDAMENTALS OF ENGINEERING
GRAPHICS, Joseph B, Dent, W, George
Devens, Edward A. Bender, Frank F. Marvin,
and Harold F. Trent, all Virginia Polytechnic
Institute and Stafe University

Here Is a clear, concise, and weil-illus-
trated treatment of essential concepts of en-
gineering graphics. Suitable for one-or two-
term introductory courses, this textbook-
workbaok leads the beginning student from
lettering, sketching, and pictorial drawing
through use of instruments, scales (including
metric) and geometric construction. Building
on this foundation, the authors present ortho-
graphic projection and auxiliary views in a
straight-forward, integrated manner. The pro-
gression from points to lines, then planes and
solids provides the student with a “building
block” approach to descriptive geometry or
applied spatial relationships.

Vectors, intersections, developments,
technical practices, working drawings, graphs,
and graphical calculus complete the text
portion.

Practical application of principles is em-
phasized in the 109 printed problems follow-
ing the text. Problem sheets are arranged
sequentially with the text material to prermit
variety in scheduling laboratory and home-
work assignments.

The Instructor's Manual is designed to
assist the Instructor in preparing complete
course and lesson material adapted to his par-
ticular requirements. The manual contains a
complete course outline and lesson plans
(ninety one-hour periods) keyed to the text
material. Complete solutions to problems
are included.

1974 approx. 400 pages

THE SLIDE RULE, ELECTRONIC HAND
CALCULATOR, AND METRIFICATION 1N
PROBLEM SOLVING, Third Edition, George C,
Beakley, Arizona State University; and

H. W, Leach, Bail Helicopter Company

As new as the electronic-hand calculator,
and as fundamental as the slide rule, this use-
ful text-handbook now combines both cal-
culation devices under one cover. Designed
for mathematics, engineering, and science
courses which teach problem solving proce-
dures, ircluding units and dimensions, this
third edition now contains instructional mate-
rial on popular hand caiculators,

The use of the slide rule is explained in
detail and numerous iilustrations, examples,
and student procedures are provided o clarify
its operation, Several types of hand calculatars
are illustrated with accompanying instruc-
ticnal material and examples. New material
alse includes units, dimensions, and metrifica-
tion, with special emphasis on the 5.I. metric
system. Problem solving exercises are included.
for both metric and English units. Betensive
appendices cover logarithms, trigonometry,
geometric figures, conversion tables, and an-
swers to selected problems. _

This widely adopted text is now the most
up-to-date book available on problem solving
techniques, The eiemehtary approach and
stress on the practical application of mathe-
matical tools for solving problems makes this
a handy guide for college, vocational schools,
or individual study. A Teacher's Manual is
avaiiable gratis. '

1975 approx. 208 pages



Applications, and Up-To-Date

Education and Industry...

TECHNICAL DRAWING, Sixth Edition, The
[ate Frederick E. Giesecke, the late Alva
Mitchell, the late Henry Cecil Spencer, and
Ivan Leroy Hifl, lilinois Institute of Technology
Since its initial publication, Technical
Drawing has been used by more than two and
a half million students. The Sixth Edition re-
tains the features that have made previous
editions so successful while incorporating

changes necessary to bring it completely up- '

to-date with the latest trends in engineering
education and the newest developments in
industry.

Drawing on their long experience, the
authors have included all the fundamentals
needed by scientists and engineers alike. The
book gives your students detailed, step-by-
step instruction in the principles of design
and technical drawing. It emphasizes free-
hand technical sketching as an important
means of communication. After an introduc-
tion to drawing fundamentals, essential let-
tering and layout techniques, material is
arranged topically so that each chapter is a
logical extension of information given in pre-
ceding chapters.

Several other significant changes have
been made: ‘

@ A new layout using a two-column de-
sign allows easier reading and compre-
- hension.

® A second color increases the text’s
visual attractiveness and vitalizes pre-
sentation of the material.

@ The most recent American National
~ Standards (ANSI 14) are followed in this
edition.

@ Several chapters have been extensively
revised, including those on “Alignment
Charts,” “Empirical Equations,” and
“Graphical Mathematics.”

@ A number of drawings have been con-
verted to the decimal-inch system now
that it has come into extensive use in
industry; many problems present an op-
portunity for the siudent to convert di-
mensions to the metric system. Metric
equivalent tables are included for this
purpose.

@ Because illustrations are so important
in a book like this, the quality of the
drafting and precision of the drawings in
this edition are even more outstanding
than in past editions. The new, large-page
format has made possible improved and
larger illustration placement.

@ Many problems and illustrations have
been revised to make them more con-
temporary.
1974 867 pages
And, to help your students get the most out
of Technical Drawing:
TECHNICAL DRAWING PROBLEMS, Series 1,
Fourth Edition.
1974 103 pages
TECHNICAL DRAWING PROBLEMS, Series 2,
Third Edition.
1974 90 pages
TECHNICAL DRAWING PROBLEMS, Series 3,
Second Edition.
1974

Keys to each series are provided gratis.

80 pages

MACMILLAN PUBLISHING CO., INC.

100A Brown Street, Riverside, New Jersey 08075
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The Engineering Design Graphics Division has
made many contributions to engineering education
throughout the years, but one of its most signifi-
cant contributions is that of publications. Few
disciplines have such a reservoir of course ma-
terials provided for their students and the in-
structors. .

Essentially all textbooks have been written in
a clear manner to truly simplify and explain the
many varied theories, conventions, and principles
of engineering graphics, descriptive geometry, and
graphical design. All have been extensively il-
lustrated to compliment the text material. The
earlier books, since they were the pioneers of
field, were less adept at content presentation
than the latest hooks on the market.

After the first pioneering textbooks, a number
of classics were authored and used universally
across the nation. These books were expertly
written and illustrated, covering practically all
aspects of the traditional course of graphics.
These books were so well dong that they tended to
discourage prospective authors. The drawings a-
lone would require several man-years to prepare.

The more recent authors have attempted to use
textbooks as a means of introducing and outlining
hew course directions other than the traditional
approach. These have included the introduction
of the design, computer graphics, and even self-
instruction techniques. :

The graphics student is also provided with
the most up-to-date problems, printed in the form
of problem books that enable him to complete at
least fifty per cent more material than when work-
ing without printed problems. These problem
books have been written by a number of teachers
of graphics and by groups of teachers. They are
avallable to emphasize the practical, the theorti-
cal, the creative and variations in between. It
is to the credit of the teachers of the engineer-
ing design graphics courses that these materials
are so extensively used in their classes.

EDITOR'S PAGE

The writing and using of course materials--
textbooks, problem books, texts--examplifies an
important characteristic so necessary to effective
instruction. This is organization. The graphics
teacher of today is preserited with some of the
most highly organized materfal that is known.

This organization is not structured to re-
strict the teacher, but instead, many of these
materials actually assist the teacher. and the
student in approaching the course material in a
creative manner. A teacher can choose the text
and problem materials that he prefers, either
traditional or futuristic, and introduce this
approach to his classes in a highly organized
manner, since these materials have been organized
for him by various authors through classroom
experience.

It might even be said that the authors who
have produced the materials used in graphics
courses have.almost done their jobs too well. A
well-written book that clearly explains how a
problem is to be solved, and one that a ctudent
can refer to and use on his own, may cause the
student to feel that the material is easy, and
therefore unimpertant, simply because it is pre-
sented clearly. By looking at textbooks in other
fields, it can be seen that students rely more
on their notes than on their textbooks, which im-
plies that their textbooks fall short. Unfortu-
nately, it Is human nature for a person to have
more respect for material that he does not under-
stand than for the areas that he understands.

Regardliess, it is a tribute to Division and to
the field of engineering design graphics that such
a wealth of text materials have been produced,
edited, rewritten and originated over the years.
New titles are being published yearly. This Is a
sign of a strong and dedicated membership that has
made our Division one of the foremost leaders in

. qf;wéwﬂ-/
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By Reinhard Lehnert, West Germany
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Reprinted with permigsion of the
MATHEMATICS TEACHERS' FORUM,
Fanfare Publishing House,

London

A contribution to a reform of Mathematics and Art Teaching {Part 1)
{Copyright of texts and illustrations reserved by the author Reinhard Lehnert, 6638 Dillingen/Saar, Nordallee 12, West Germany}

Picture 1

s

Picture 2
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Picture 3

Children play and tinker perseveringly and passionately. They prepare themselves in this way for their future lives. The
simplest, the most diversified and effective hobby is drawing and painting. Two-dimensional pictures can be produced more
casily than three-dimensional objects. A piece of paper and a lead pencil are always at hand, coloured pencils are to be had at
reasonable prices. By playing and tinkering, especially by drawing and painting, also by looking at and examining pictures,
the children should be initiated into the study of mathematics, as far as that is possibie in this way.

We train our children at a very early age in freehand drawing and painting. Much later (at the secondary school) we train
them in constructing with geomeltrical instruments, that is with rulers and set-squares, with compasses and protractors, and
with squared paper. They have to draw triangles, quadrangles, ground-plans and vertical sections, perspective pictures of
stereometric bedies and geometrical curves. These are mathematically and technically important and instructive activities.
But the results are not eye-catching: they do not often appeal via the eye to the soul and the spirit as do freehand pictures.

If we can succeed in guiding the child to drawing and painting with geometrical instruments, in an activity that catches and
satisfies him in a similar way to freehand drawing and painting, we shall have found a natural and incomparably valuable
method of guiding the child towards geometry and moreover towards the totality of mathematics. Outlining and drawing
the well-known one or two-dimensional geometrical designs can, by no means, meet these aims. These designs are tedious:
the base-figure to be repeated can be chosen optionally, and it simply repeats itself. In any case these designs lack totality:
if there is only one cell there is not yet a design. But if there are several cells, the total picture *falls” for the human eye into
these cells.

Our task is therefore to look for geometrical figures which can be used as screens for the production of numerous geometrical

Engineering Design Graphics Journal, Winter 1975
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Picture 4

pictures which are aesthetically vatuable and highly suggestive. There are such figures. They are layered surface designs
(discovered by the author) complying with certain conditions. We call them “inner-stars”, the pictﬁrés based on them *‘inner-
pictures” (as a rule representing no objects), the films based on them “inner-games”. In the following we present some “inner-
stars” and “-pictures” and then discuss the question how such figures can be used in elementary mathematical classes.

(A suitable treatment in art-classes would also be useful.) ‘

Picture 1 represents the basic idea of the “inner-stars”. 1t shows three partial pictures. The left partial picture represents
the “intersection law of seeing”: two or even mare areas of good form (here: circular areas) intersecting each other can, at
the same time, be seen as intact forms. The partial picture in the middie shows layers 0, I and 2 of the *“cell-star” of the
number of extension 3, abbreviated C3. The large square (to be conceived as area) is the “cell” of layer 0, the 3.3 =9 central
ones are the “cells” of layer 1, the 9.9 = 81 smaller ones form layer 2. We add the finer layers correspondingly in our minds,
that is 27.27 = 726 “cells” of layer 3, 81.81 = 6561 of layer 4 and so on. The right partial picture shows layers O and 1 of an

sinner-star” of the number of extension 3. The big star (to be conceived as area) is the “base;figure” of layer 0. The 9 small

stars ate the “‘base-figures” of layer 1. We imagine the finer layers to be formed correspondingly.

This “inner-star” results from C3 by a homogeneous change of all “cell-borders”. From the “cells” of C3 result in this way
the “base-figures” of the "inner-star”. Unlike those of the “cefls” the borders of the “base-figures” are separated, that is it no
longer occurs that parts of border lines of different layers coincide. Border lines of “*base-figures” of different layers have
only some points in common. (In the present case this is valid also for the **hase-fipures” of the same layer.)

Engineering Design Graphics Journal, Winter 1975
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Picture 5§

The “base-figures™ of this “'inner-star” are polygons with 16 angles, that is stars with 8 indentations. Every “‘base-figure™
originates from the corresponding “‘cell” when from this “cell” a square is cut off at each corner, and a right-angled triangle is
cut off in the middle of each side. ltsareais(4/9) of the area of the “cell”. The interior angles are 45° (8 times) and 270°
(4 + 4 times). The “base-figure™ of layer 0 has the same area as the 9 “base-figures” of layer 1 together, just as the 81 of
layer 2 together and so on (reasons?). Two neighbouring “‘base-figures” of equal layer (upwards-downwards, or from right to
left) have exactly two points in common: they touch each other at these points. Therefore we call this “inner-star” an
“adjacent inner-star”.

Picture 2;1, that is the upper left partial picture of picture 2 shows the layers (-3 of the “cell-star” C3. Picture 2;2, that is the
upper right partial picture shows the layers 0-2 of the “screen-star” 83. The ““base-figures” are squares whose distances from
their neighbours are half as large as their sides. In 83, the border lines of “base-figures™ of different layers have only particular
points in common. $3 in this respect is “‘transparent”. In S3, neighbouring “base-figures” have no points in common. S3 in
this respect, is not “coherent”. Therefore $3 is only an imperfect first stage of the “inner-stars”.

Picture 2;4 shows the layers 0-2 of an “overlapping inner-star””. The “base-figures” are thombs. They overlap their neighbours
in one thomb each of which has area {; as large as their own. Each of these thombs originates from the “'cell” corresponding
to it by adding 4 right-angled triangles at the middle of the four sides, and by cutting off four right-angled triangles of double
the area at the four angles of the “cell’. (How is the area of a “base-figure” related to that of its “cell”?)

We imagine the “cell-star™ C3 continued over the borders of the “cel]” of luyer O over the whole plane (so that then each layer
comprises infinitely many “‘cells”). Furthermore we add in our minds the “‘cells” of the coarser layers-1,-2, ... We call the

Engineering Design Graphics Journal, Winter 1975
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Picture 6

total figure developed in this way the ““compicte cell-star” ¢C3. Foreachlayer n=0, 1,%2, ..., 0f cC3 we call the centres
of the “cells” of layer n the “'strong-points” of layer n. Only the centre of picture 2;1 isa “strong-point” of all layers. For
n=0,%1,%2, ... wecall every straight line passing through two (and therefore through infinitely many)} “'strong-points” a
“strong-line” of layer n.

Picture 2:3: For the interior of the central “‘cell” of layer n all straight lines are shown which we make use of in this article
for the disposition of the border lines of the *base-figures” of layers 0 and 1. The reader should examine this in detail,
They are “‘strong-tines”” and other straight lines which we call “field-lines”. (For further information see my article in
“Mathematics Teaching” No.55, Summer, 1971, p.36-43.)

Picture 3;2 shows the tayers 0-2 of the “‘adjacent inner-star’” mentioned above. We imagine this “inner-star” continued beyond
the borders of the “cell” of layer n. Then we state: Every “base-figure” is bordered by a ring consisting of 4 squares and 4
much smaller thombs. (What can be said about the areas?) Each ring of this kind has two squares and one rhomb in common
with its four neighbours upwards, downwards, to the right and the teft. (What part of its area is that?) With each of its four
“half-neighbours” upwards to the right, upwards to the left, downwards to the right and downwards to the left, it has a square
in common. (What part of its area is that? How many angles has the bordering ring?  What interior angles are there?)

These rings (to be conceived as areas) form a new “inner-star’”. We call it a “linked inner-star” because in it neighbouring
“base figures” are linked with each other by common “'separate™ areas. “Separate” in this context means that these areas
have only particular points in common with the other areas of their “‘base-figures”.
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Picture 7

Pictures 3;1;%;1-3;1;3,3 show 9 “adjacent inner-stars” or, more exactly: the layers 0 and 1 of these “'inner-stars™, 3;1;1;1
shows the “inner-star” of picture 3;2.' When we cut off the angle south-south-west in all *base-figures” of 3;1;1;1, then
3;1;1;2 comes into being. When we cut off the angles south-south-west and west-south-west, 3;1;1;3 comes into being and so
on. From the “inner-stars™ 3;1;1;1-3;1,3;3 originate further “adjacent inner-stars” by folding at the perpendicular line, the
horizontal line, the 45%line or the 45°line through the respective centre. Fhe same applies for rotation by £90°, £180° and
#270°. The same applies when several of these transformations are produced one after another. All “inner-stars” ariginating
in this way, also originate from 3;1;1;1 by cutting off angles. (The reader should examine these connexions. How many
different “adjacent inner-stars” come into being in this way? In what ways are the ““base-figuses” in all these “inner-stars”
cut by the border lines of the coarser “base-figures” respectively? What “linked inner-stars” may be formed out of the inter-
mediate areas between the “"base-figures”, and that by transitions which are similar to the transitions described above from the
“base-figures” of picture 3;2 to the rings enclosing them, consisting of 4 squares and 4 rhombs?)

Picture 3;4 shows an “adjacent inner-star” originating from the “screen-star”” 83 of picture 2;2 when the centres of the
neighbouring sides of neighbouring squares are connected by rhombs. Every “base-figure” consists of a square and four
thombs. These four rhombs together have half as much area as the corresponding square. Two neighbouring “‘base-figures”
each have one thomb in common. (In what ways are the “base-figures” cut by the border lines of the respectively coarser
“base-figures™? What is the area of a “base-figure” to that of one of the corresponding “cells” Which *linked inner-star™ may
fo formed by the intermediate areas between the “base-figures™ Answer to the last question: As new “base-figures” we can
choose the rings consisting of the respective 4 stars with 8 indentations which surround the former “base-figures”. But out of
the aggregate of these 4 stars with indentations we can choose every possible part of this aggregate.)
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Picture 8

Picture 3;3:1:1 shows the “inner-star” of picture 3;4 with the layers O and 1. The pictures 3;3;1;2-33.3;3 show 8 “adjacent
inner-stars”. These come into being from the “screen-star” S3 of picture 2;2, when indentations are added or.angles are cut
off. About these “inner-stars” we can ask similar questions as those above of the pictures 3;1;1;1-3;1;3.3.

Picture 4:2 shows the “adjacent inner-star” of picture 3;3;2;1 in the layers 0-2. Picture 4:4 shows a “linked inner-star”
co-ordinated to the “adjacent inner-star” of picture 3;3;3;1. The pictures 4:1;1;1-4;1;3;3 show further “linked-” and
“adjacent-linked inner-stars”, The pictures 4;3;1:1-4;3;3;3 show further “adjacent inner-stars”,

The pictures 5;1;1;1-5;4;5;5 show a “‘base-figure” each producing a square “inner-star” of number of extension 3. 5;1;1;1
produces the “inner-star” of picture 3;2, 51 ;1;3 the one of picture 34, 5:2:5;1 the one of picture 4;2, 5;4;1;3 the one of
picture 4:4. Picture 5 shows “base-figures” of “adjacent inner-stars” in 5:1:1:1, 5:1:5:1, 5;1;5;5 (inner figure), 5;2:4;2
(inner figure), 5;2:5:1, S5#4;b1, 5444 (inner figure), 5;4;5;3 (inner figure).

Picture 5 shows “‘overlapping inner-stars” in 5,2;1;1, 5:2;2;1, 5:2:3:1, 5:2:4:1,in all figures of 5,3, in 5:4;1;2, 5:4;21,
5:4:2;5, 5:43:1, 5434, 54:3;5, 5441, 5445, 5:4,5:1, 54:54. Insuch a case neighbouring “base-figures” over-
tap each other in areas which are not separate, that means in areas that have not only particular points but whole straight
segments in common with the other areas.

Picture 5 shows a “fusion inner-star” in 5:4;1:4. In such cases neighbouring ““base-figures” are to fuse into a total area, if they
appear in an “inner-picture” (see later). That presupposes naturally that such “‘base-figures™ are coloured, and in the same
colour (see later). Picture 5 shows “linked inner-stars™ in all other figures.
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Picture 9

Instructions for drawing “inner-stars’:

We draw the two-layered “inner-star” 3;1:1:1 or the three-layered 3:2 v squared paper, choosing the size of the picture in
such a way that the lines of the squared paper lie twice as densely as the lines of the square net in 3;1;1;1 and in 3;2. The
border lines of the “base-figures” of layers 0, 1, 2 are drawn in three different colours, or we draw all of them with Indian ink
in different thicknesses of line. (The finer the layer, the thinner will be the lines.)

Or we use single-sided graph paper with the printed side against a white base. Then the screen lines will shine through. On the white
reverse of the graph paper we draw the 2- or 3-layered “inner-star” as explained above. (Or we put the graph paper with its
printed side downwards on a viewing device made by ourselves (glass-plate and light bulb} and then begin to draw.

I drew the originals of pictures 2, 3 and 4 in size 78 cm X 78 cm on the white reverse of graph-paper with an Indian-ink pen
and in lines 0.6 mm, 1.25 mm, 2.5 mm and 4 mm thick. 1 drew the originals of pictures 5-8 in size 69 cm X 69 ¢m in lines
0.6 mm and 1.6 mm thick.

Engineering Design Graphics Journal, Winter 1975
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The “inner-stars” are not ends in themselves. They serve as screens for the production of “inner-pictures” and “inner-games”.
An Yinner-picture” develops from an ;nner-star in the foilowing way. Among the “base-figures” of the “inner-star’” some
(a finite number} are chosen to “‘appear”, or to “shine”, while the others are (o remain invisible. The chosen “base-figures”
are coloured, . Further details below.,

An “inner-game” is a changing “‘inner-picture™. In it “‘base-figures” can appear (rhythmically}, change colour and be
extinguished. At a later stage of development they can also move (subject to certain fuws) and change size and form. “Inner-
games” may be produced with the help of “light-organs”. These are electronic devices with viewing screens. Artistically
formed “inner-pictures” and “inner-games” could be works of a new art, a static and a dynamic visual music. In this visual
music the “inner-stars” would play the same role as the scales (including the 12-tone-scale) in sound-music. Three-dimensional
“inner-pictures” are a physical possibility.

Pictures 6;1-6;4 show sketches for three-dayered “inner-pictures” belonging to the “inner-stars” of pictures 5;1;1;1-5:1;1;4.

Piclure 631 shows 1 “*base-figure” of layer 0, 3 “base-figures” of layer I {the other 6 are erased) and 22 of layer 2 (the other

§1-22 = 59 are erased). By painting this sketch in black and white or in colours, an “inner-picture” appears. Further details
below! Ali four pictures 6;1-6;4 show the same choice of cells: the “base-figure” for the “cell” of layer 0, the “base-ligures”
for the 3 teft ““cells” of layer 1, and those for 22 *“cells” of layer 2 forming an “M”.

Pictures 7:1-7;4 and 8;1-8:4 also show this choice of “cells”. 7;1-7:4 are sketches of very simple “fusion inmer-stars”.
8:1-8:4 belong to the “inner-stars™ of figures 5;2;5;1, 5:2;5:3, 5;4:4;4 (inner figure) and 5444 (exterior figure).

Picture 8 is a 5-layered black-and-white “inner-picture” of the “inner-star” co-ordinated to 5;2;5:1. In the layers (-2 it shows
the same choice of “cells” as 8;1. Furthermore it shows 139 “base-figures” of layer 3 forming the stylized letters “LICHT~
MUSIK” and 241 of layer 4, forming five rows of ornaments. The picture is coloured according to the following rule: The
row at the borders and the background are black. Where “base-figures” in odd numbers cover the area, the colour is white,
where in even numbers, it is black. - '

Instructlons for the production of “inner-pictures™:

Reproduce the fizure of 6;1 or any other of the figures 6;1-8;4 (or a figure formed correspondingly with any ﬁgure you like-
out of 5:1:1;1-5:4;5;5) with a sharp lead pencil on squared paper, choosing the size of the picture in such a way that the lines
of the squared paper lie twice as densely as those of the square grid in 6;1. Alternatively put graph paper with the ruled side
down on a white base or on a viewing device and draw the chosen line-figure on the white reverse, Then we paint the picture
with Indian ink. The colouring rule for black-white pictures mentioned above is used. The pair “black-and-white” can be
replaced by any other pair of colours, or course. If there are only two colours at your disposat and if you want to make sure
that no part of the border lines of a chosen “base-figure” becomes invisible, the given rule of colouring is the only possible one.

If more than two colours are at your disposal, numerous laws of colouring are possible.  Proceed thus: decide that all chosen
“base-figures” of the same layer are {0 be coloured with the same colour. For the row at (e borders, the background and the
totality of “base-figurés”™ of every layer choose one colour each. For every possible superimposition of “base-figures” decide
with which colour the respective areas are to be pamted Use the same rules over the whole picture.

Proposals for chmce of colours:

Colour like this: The row at the border will be dark green, the background dark blue, the “base-figure” of layer O yetlow, the
“base-figures’” of layer 1 will be light red, those of layer 2 orange. The areas of superimpositiun of layers O and 1 will be lilac,
those of layers O and 2 dark red, | and 2 medium blue, O, I and 2 light green. Of course it is possible to choose quite different
colours (and naturally we can make quite different choices of “cells™).

Small “inner-pictures” can be painted with coloured fibre-tipped pens. Neat painting of “inner-pictures” with poster colours,
acryl or oil colours is difficult.

Colouring pictures with coluurs out of spray-cans is practicable. The desired form is sketched on graph paper which is fastened
on the back of good drawing paper (thickness approximately 200 g/m?). Attaching the four corners with scotch tape will do.
Then the drawing paper with the graph paper on the reverse is put on a viewing device so that the lines shine through. If need
be the inner side of a window will do. The whoie sheet is now covered with a transparent foil. Then the areas to be coloured
with a special colour are cut out of the foil and the colour sprayed on. The rest of the foil is removed, a new sheet substituted
and the procedure repeated for the second colour, and so on for all colours,

Another method is to use transparent adhesive coloured foils, as a rule pasting only one foil on each area.  Finally, to achieve
greater durability, the picture can be covered with a transparent foil.

The essence of the “inner-stars™, “-pictures” and “-games’":

The difficulty in designing the “inner-stars”™, “-pictures” and “-games” was found in the necessity of making visible at the same
time several screen iayers consisting ol areas which cover each other, as we are not able to see colours at the same time at the
same place, as it were one behind another, This difficulty is overcome in the “inner-stars”, “-pictures’ and “-games” by
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profiting by some geometrical laws as well as by some of a psychological kind. They are:

1. The law of dimension in geometry: in an area there is room for infinitely many pieces of lines, in other words:

" a piece of line has area zero; it is the same with line and point.

2. The laws of tessellation and the law of similitude in Euclidean geometry: Euclidean geometry allows uniform nets
of squares and hexagons and it allows similarities with an optional scale of reduction.

3. The “border-law” of seeing: we see a border line, a distinct boundary between two adjacent areas, in different
colours, as at the same time “infinitely thin” and yet very well perceptibie.

4. The “border-area-law” of seeing: in addition to an enclosed area we see a boundary-line.

5. The “intersection-law” of seeing: when border lines of “familiar forms”, for example of circles or of symmetric
stars intersect each other, but have only isolated points in common, we don’t at first “see” the resulting partial areas, but we

“see” the “familiar forms” themselves in spite of their mutual intersections. A fterwards we sec the areas on which the forms

overlap one another. Thus we perceive a sort of “miraculous multiplication of the planc”. We “see” the areas intersecting
each other separated in depth in an indefinite way. That is to say: it remains open which areas lie further in front and which
further behind.

The Jaws 3.-5. are taken advantage of to a large extent in modern graphic art. The laws 1.-5. are used in the “inner-stars”,
“-pictures” and “-games”. The fundamental ideas of the “inner-star” may be formulated thus:

Square and hexagonal nets which are layered centrally are made transparent for the eye by analogous changes of all borders of
“cells”, the “intersection-law” of seeing being utilized. The resultmg forms make screens for abstract fitms and pwtures

o

The essential qualities of the “inner-stars”’, “-pictures” and “-games"
1. The “inner-stars’ are homogeneous {uniformy} in layered approximation. Therefore they imitate the homogeneity

of space, plane, and straight line in the homogeneous, metric geometries (in the Euclidean, elliptic, and hyperbolic geometry).
Homogeneity is the most importan( guality of these fors., also of time and space-time in classical physics. (This imitation
concerns onty the point homogeneity of space and plane, not the direction homogeneity.)

2. The “inner-stars” are structured “integrally”, and that hierarchically. So they imitate a fundamental quality of
the works of art,. by-the-way also a fundamental quality of every biological or social organism and a fundamental quality of

“every system of ideas in language or science.

3. The “inner-stars” are “'similar in themselves with regard to the layers”, they are “joined in themselves with regard
to the layers”, they are “transparent with regard to the layers” and “coherent™. “Joined in themselves with regard to the
layers™ means that the *“base-figures™ are cut in only a finite number of ways by the borders of the coarser layers,

4. The “inner-stars™ are (as can be shown} the only possible plane figures possessing these qualities.

5. The “inner-stars” are the natural visible representations of the pairs of n-ary-rational numbers especially for n = 2
and n=3.

Technical aids for the production of “inner-stars” and “-pictures’:

The most important aids are papers and washable boards with square grids printed on them and suitable pencils. Drawing
square grids (with or without rulers) is itself highly instructive. Firstly the square grid itself is geometrically perfect: its lines
are sharp, straight, parallel, orthogonal and have the same distance, the same form, because it is potentially infinite, and
because of the multiplicity of its elementary applicability and of problems of all degrees of difficulty one has to solve.
Secondly inexact drawing is at once revealed not only to the teacher, but also to the pupil himself.

The younger the pupil is, the larger must be the mesh of the square grid to be used, the larger must also be the paper or
(better!) the washable board. An area paved with square paving-stones would be ideal. On such a pavement, a sketch of an
“inner-star” or “-picture” made with chalk can measure many square metres. Such an “inner-picture” can even be painted
with a coarse paint-brush.  On the walls of the class-room may hang numerous large boards with square grids impressed on
themn, preferably one for each pupil, and a supply of long rulers and coloured pencils provided. Certainly the parents of the
pupils would be interested in their children’s homework as far as the “inner-stars” and “pictures” are concerned.

The industry producing educational appliances could make 3- layered, tater also 4-layered devices for making “inner-pictures”.
Such a device might be as follows: a 3-layered "adjacent inner-star”, for example Figure 4,2, is transferred onto a thick sheet
of transparent synthetic material. Where the “base-figure” of layer 0 lies upon it, the surface of the sheet is cut-away by 2mm,
where the “base-figures” of layer | lie on it, it is cut-away by 4mm, where the one of layer 2 lies on it, by 6mm. Coloured
transparent sheets of synthetic material fitting in the depressions should be furnished. With them numerous 3-layered “inner-
pictures” of the “inner-star” concerned can be made. They can be looked at by reflected or transmitted light, or can be
projected on a screen. When we use these devices we have no control of the “superimposition colours™: certain *subtractive
mixed colours” are bound to appear which in any case are darker than the colours involved in the “mixture™.

For adult artists and older pupils the following device would be useful: to a square frame whose sides are in the directions x
and vy, a sliding carriage is attached which can move in the direction x . To this sliding carriage is attached another one
moving in the direction y with a pin sliding up and down. Under the frame lies drawing paper on which we imagine the
“strong-points” of the “‘cellstar” C3. By suitably calibrated movements of the two sliding carriages in.the directions x and
y , the pencil pin can be adjusted over every desired “strong-point” of the layers 04. For the most important “inner-stars”
of C3 and for every layer from 0 to 4 a stamp is cut which can be fixed at the underside of the pin. With the help of these
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instruments and a pad for colouring the stamp in each case, every “‘inner-star” can be printed “‘base-figure” after “‘base-figure”.
Of course we would again have no control of the “superimposition colours™.

The suitability of the “inner-stars” and * -pictures as subjects of instruction in classes of mathematics:

In all subjects, instruction must start from concrete and clear given facts, must include activity by the pupil, preferably manual
activity. It must supply motivation, mativation which is relevant to the subject-matter. A suitable treatment of the “inner-
stars” and “-pictures” in mathematics in primary and secondary schools would comply with these demands.

Designing and drawing “inner-stars” and “-pictures” can replace the authority of the teacher by that of the object. It gives
the pupil the opportunity of making innumerable little geometrical “*discoveries” independently, and of creating work which
is geometrically und esthetically perfect. The pupil is fascinated by the vivid experience of the mathematical accuracy of the
pictures and by their inner accordance. Every “inner-star”” and every “inner-picture” has a structure understandable down to
the minutest details and is intelligibly integrated into the totality of all “inner-stars”” and “-pictures”. The person who draws
an “inner-star” or “-picture” experiences the mathematical and aesthetic perfection of the figures.

Every teacher who has taught elementary geometry has witnessed how beautiful and festile the classes may be when the
children examine the characteristics of a rectangular parellelepiped, the number of its corners, edges, arcas, angles, diagonals,
the mutual relations of these elements, the possible paths between the corners and edges and diagonals and so on. These are
ciasses in which the children exert themselves to achieve a graphic representation and a linguistic formulation. (Advancement
in the command of the mother tongue is one of the most important tasks of every lesson.) After such lessons the teacher
regrets that there are not more such forms in elementary geometry at the same time simple, important and interesting. - Circle
and sphere are of little use at this elementary stage, tetrahedron and so v are too complicated.

! think that the simpler “inner-stars” form a group of figures in which every single figure offers the opportunity of investigation
similar to that of the parallelepiped. But hundreds of simple “inner-stars” and innumerable “inner-pictures” are possible.
Moreover, in contrast to the cube, these figures can be aesthetically evaluated. They are plane, so that a perspective examinatio
is not required, and the examinations can be made of the object itself, not of a picture of the object.™

The suitability of the “inner-stars” and “-pictures’” for art classes:
We should be grateful for every possibility of getting into contact with other sub;ects and of co-operating with teachers of othe
subjects.

I think that education in art should use all possibilities from shaping and looking at purely organic forms on the one hand to
purely crystalline forms on the other hand. The tension between these poles of the world of forms shouid be accepted and
made full use of, always, of course, within the limits of what is appropriate to the age of the pupil. More about the subjects
“inner-stars and education in art’ and “‘inner-stars and art” will be found in other publications.

Didactic-methodolegical hints:

For an introductory treatment of “inner-pictures” and “-games” there are two ways. The first way leads from picture 2;1 via
the pictures 3;1;1;1-3;1;3;3, 3;2, 5,1;%:.2, 6;1, 751 The second way leads from picture 2;2 via the pictures 3;3;1;1-3;3;3,3,
3:4, 5:1;14, 6;3, 7:4. Both ways may be followed by a treatment of the two-layered “inner-stars” possibly to 5,1;3;1,
5:1:2:4, 5:1:4:1, 5:1:4;2, 5:1;3;3 (without thombs), 5;1;4:4, 5,1,52 5:1:54, 5;2;:5:1, 5:4:5:1.

In the first part of our instruction about ““inner-stars” and “-pictuses” we draw especially simple iwo-layered “inner-stars” as
sketches with two different colours on the blackboard and suggest that the pupils imitate them. After that a detailed
discussion takes place. In the second part we have the same “inner-stars” in three-layered manner dsawn as sketches with
three different colours on the board, or better on several boards; or we show the pupils such a drawing previously made by
ourselves. Another discussion takes place after that, In the third part we ask for simple two- or three-layered “inner-
pictures” {for instance sh: wing the first letters of the pupil’s name) drawn on a board and we show the finished “inner-
pictures”. Extensive discussions take place again. Simple home-work is possible, too. Co-operation with the art teacher
would be welcome. Secondary and later levels of education could resume and continue the subject.

A detailed didactic and thcory of methods of realization of the “inner-stars” and “-pictures” in classes cannot be given here.
It can only be gained by trial in class-rooms. 1 invite all teachers of mathematics and of arl 1o think the matter over, to try it,
and to publish the results, if possible. As amotto the words of a poet may be esteemed: *Look at the stars, look out in the
streets!” (Wilhelm Raabe).

References (Selection of my publications on the subject):

1. “Praxis der Mathematik”, Aulis Verlag Deubner und Co. KG, 5§ Koln I, Antwerpener Strasse 6-12, 1969 Heft 3, pp.61-70,
in German.

2. “P.d.M.”, 1969 Heft 11, pp. 299-308, in German.

3. “Kosmos”, Franckh’sche Verlagshandlung W. Keller und Co., 7 Stuttgart 1, Pfizerstrasse 5-7, August 1971, pp. 346-350,
with a coloured picture, in German,

4., “"Welt der Schule, Ausgabe Hauprschule”, Ehrenwirth Verlag GmbH, 8 Miinchen 80, Vilshofener Strasse 8, July 1972,
pp- 253-277, in German.

5. “Mathematics Teaching”, Matket Street Chambers, Nelson, Lancashire, England, number 55 (summer 1971}, pp. 36-43,
in English.
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University of Alberta
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Few in the technical world would disagree with
the statement that engineering drawings are a ma-
jor communications media in that world. The check-
er's role in verifying that the drawing will com-
municate accurately is admittedly a key one, but
is it possible that the communicative power of a
drawing is weakened by factors which are outside
the checker's sphere of reference? There is a
considerable body of typographic research findings
which suggest that a potential source of arror in
engineering drawings lies in the collective draft-
ing practices involving Tettering on drawings.

Scope of Problem

It is true that some drawings may contain very
little in the way of notes; others may have a con-
siderable amount. The use of notes in modern
drawings is partly a by-product. of the simplified
drafting canon, of which one of the first princi-
ples is the elimination of duplication or unnecces-
sary delineation by using descriptive notes, a
principle with which most would agree. A few of
the aspects with which general or local naotes on
drawings may be concerned include: dimensioning,
finish, heat treatment, quantities, stock sizes,
tolerances, hardness, assembly instructions, and
there are dozens more.

Readability

By readabiTity is meant the property of com-
municating to the reader the exact message as
written. There may be other defects in the notes,
such as: misspelling, erronecus information, am-
biguity or obscurity. Hopefully, errors of this
type will be edited before the drawing reaches the
user. It is alsc noted that readability does not
refer to reader preference on artistic, aesthetic
or other grounds.
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A listing of the typegraphic variables which
can affect the readability of .a written message is
given below. Some of these factors have 1imited
importance for engineering drawling, but they are
inctuded and discussed briefly to indicate how
much is perhaps taken for granted in drafting
practice.

In the following discussion the recommended
practices are hased on a survey of a sefection of
leading texts in the field, namely those by French
and Vierck (1966), Giesecke et al (1967}, and
Luzadder (1965). The rather arbitrary criterion
for selection being the fact that each of these
texts has gone through many editions.

Minor Factors

Line Length. No specific recommendations by
drafting texts. Research indicates the optimum
line length for normal drawing notes should be
3-1/2" to 4'. Lines of print which are too lengthy
cause the reader's eyes to lose the place some-
times when he comes to the next line. Alsoc, with
a shorter line of print the reader gets a fore-
taste of the following text which results in
greater reading efficiency.

Type Face. Although there is a considerable
research literature on the relative merits of type
faces such as serif and nonserif, the findings
have little relevance for drafting practice. A
possible exception might be in numerically con-
trolled or computer-aided drafting applications
where a choice of type-face balls is available for
print-cut. in this situation it may be assumed
that a type face similar to the ASA letter stand-
ards would be used.

inter-Letter, Word, or Line Spacing. Although
there are minor discrepancies in the recommended




French & Vierck

Giesecke et al

Luzadder

Vertical capitals
standard for titles,
reference lIetters.

Inclined capitals
preferred by many
draftsmen.

Vertical lower case
not commonly used
in machine drawings.

Either wertical orx-
inclined lettering
may be used.

Vertical lettering
more difficult
to execute.

Vertical lower case
very seldon used
on machine drawings.

Vertical lettering
more generally
used.

Many draftsmen
favor inclined
lettering.

Lower case lettering
suitable for long
notes and statements.

Table 1: Summary of lettering recommendations

of major drafting textboocks,

practices, in general they follow accepted printing
practice, which Is also supported by the research
findings.

Size of Letters. This is not usually a factor
affecting readability in drawings. Research does
not indicate that letters which are too large af-
fect reading efficiency as adversely as letters
which are too small. Recommended letter sizes
should be satisfactory unless reduction of the
drawing s contemplated, in which case it could
become a factor of consequence.

Ink and Paper €clor. MNo problem here, surely
--what could be more readable than black ink on
white paper? Well, for one thing, black ink on
yellow paper has generally proved to be a more
readable combination, evidently because the black
tends. to spread into the white, resulting in a
grayish perception effect. The superiority of
btack on yellow is not great enough to be of much
significance, the most important point being the
contrast between the ink and paper. |t shouid also
be noted that after reproduction the ink/paper con-
trast may be drastically reduced. The writer has
seen machinists trying to work from drawings so
pooriy reproduced that from a distance of several
feet 1t was difficult to discern the lines of the
drawing from the background.

A significant point is that while the presence
of only one of these marginal conditions may affect
readability by a small or negligibie amount, the
presence of two or more in combination may result
in a considerable reduction in reading efficiency.

Major Factors

As indicated, some of the above fypographica]
factors could be relevant in certain circumstances;
the fellowing factors are considered to be highly

significant for drafting practice. Table 1 con-
tains a summary of the lettering recommendations
of the statemsnts, net only in the practices re-
commended but in the Justification or accompanying
comments.

VYertical or Inclined Lettering, While there
is some difficulty in separating the recommended
practices here from those concerning upper and
lower case, there appears to be some concensus in
faver of inclined over vertical lettering. While
the research findings vary considerably in the
magnitude of the superiority, the direction is in-
variably in favor of vertical print over inclined
for ease of readability. At this point 1t should
be noted that the major sources for typographic
research findings were Tinker's {1963) comprehen-
sive review of this century's relevant research on
print legibility, and Carte's more recent (i1973)
article on the same topic.

The suggested reason for the greater readability
of vertical over inclined {or normal over italic)
type is that vertical letters are more familiar to
the reader from ordinary experience with printed
material. When only one word or phrase is in ita-
lics for emphasis it serves its purpose by slowing
or stopping the reading process; when the whole
text is in inclined print this principle is no
longer operative.

Capitals or Lower Case. Although there is a
certain ambivalerce in the statements in Tabie 1
concerning upper or lower case there is an apparent
leaning towards the use of capitals for everyday
use. (This trend was alsoc noted in other drafting
texts not cited in Table 1).

Against this recommendation must be considered
the fact that research findings uniformly confirm
that print in capitals adversely affects reading
efficiency by from ten to Tifty per cent. It Is
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EQUALLY| |[SPACED

[tcﬂedl [through]

TAPPED| [THROUGH

Figure 1: Characteristic word forms of words in
upper and lower case.

true that research shows individual letters to be
more recognizable from a distance as capitals than
as lower case, but this is not the condition under
which normal reading takes place.

The major reasons advanced for the superiority
in readability of lower over upper case print re-
lates to the differences in letter shapes and word
shapes between capltals and small letters.

The difference in word shapes of notes in upper
and lower case may be compared in Figure 1. It is
apparent that words entirely in capitals lose the
advantages of the clues to the reader provided by
"risers and descenders'', which are present in ex-
actly half of the lower case alphabet.

The absence of these clues apparently causes
an appreciably larger number of eye~fixations dur-
ing reading, in extreme cases resulting in reading
letter-by-letter instead of by word or phrase, as
in optimal reading conditions.

The circumstance that there are nine ''risers'!
and only five "descenders' in the lower case al-
phabet results in the top half of Tower case words
being generally more interpretable than the lower
half, as illustrated in Figure 2. With upper case
lettering, of course, there is little difference
between top and bottom halves of the words.

Twoe other points may be noted from Figures 1
and 2, Although the capitals and lower case
phrases are the same type size, those in capitais
take up from 20-25% more space. More relevant for
drafting practice is the fact that inter-letter
spacing is not required for lower case printing,

but is usually recommended for printing in capitals.

Traditional ways of doing things can be an ex-
pensive luxury, When an fnexplicable error is
made in executing instructions on a drawing, in-
structions which are apparently correct in all
respects, it Is impossible to determine whether
the error was caused by the typographic variables
discussed here or by the attention or emotional
state of the reader. |t should also be borne in
mind that the use of vertical lower case printing,
based on typographical research, is perfectly com-
patible with recommended drafting lettering prac-
tices of the American Standards Association.
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Texas A&M University

Tim Coppinger, Chairman
Creative Design Display
Tngineering Design Graphics Department

CREATIVE ENGINEERING DESIGN DISPLAY

THE EIGHTH CREATIVE ENGINEERING DESIGN DISPLAY

The Creative Engineering Design Display is
sponsored by the Engineering Design Graphics Divi-
sion of The American Society for Education. In the
past seven years [t has became one of the highlights
of the Annual ASEE Conference. This year the Con-
ference witl be held at Colorado State University
in Fort Collins, June 16-19, and will be the largest
and best ever.

Established to encourage and reward creativity
in Engineering Design, the display will have entries
from technical institutes, universities not only in
the United States, but also Canada and Mexico.
Displays in the past have ranged from design sketches
and working drawings to complete design reports with
models. Each school may enter as many as seven
projects: two freshman, one each from the sophomore,
Junior, senior, graduate levels and one from a co-
operative program. Teams submitting entries must
not exceed eight members.

ASEE division chairman, individuals from industry
and distinguished educators will judge the displays.
Cash awards will be made to the first place winners

in each catagory and plaques given to the schools
they represent. All other winners will receive
certificates. Financial support for the display
comes from industry and the James 5. Rising Memorial
Award.

The Creative Engineering Design Display Commit-
tee wishes to invite your participation.

in order to establish the space requirements for
the display, it is necessary to know the number of
entries to anticipate. !f you desire additional
information or entry applications and are not on the
Committee's mailing 1ist, please complete the form
below, and return to:

J. Tim Coppinger, P.E.

Chairman, Creative Engineering Design Display
Committee

Engineering Design Graphics Department

Texas AgM University

College Station, Texas 77843

Telephone: (713)845-4451

1975 CREATIVE ENGINEERING DESIGN DISPLAY

We anticipate submitting the entries checked below to the 1975 CREATIVE DESIGN DiSPLAY.

( ) Freshmen, 2 entries { y Sophmore, 1 entry ( } Junior, 1 entry
{ } Senicr, 1 entry { ) Graduate, 1 entry ( ) Co-op, 1 entry
( } Sorry, can't make 1t this year. { ) Keep us on the 1976 mailing list. )

_ Faculty Member & Title

Institution

Address

Phone

City State

Zip
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Reproduced by permission of
INDUSTRIAL DESIGN and the
Managing Editor, George T.
Finley

When you read the words "Art Center” what
immediately comes to mind? Auto design?
Styling? Detroit? Whatever the specific associ-
ations, they probably reflect the image and
reality of the Los Angeles’ school’s intimate
marriage with the automotive industry,

While The Art Center College of Design s
actively engaged in non-automotive design
disciplines, it has over the years received tre-
mendous financiai and technical support from
the avtomakers. In turn, the school has pro-
vided an abundant supply of graduates ready-
made for the Detroit design studios.

Yet, three recent automotive projects from
the school do seem to indicate that no matter
how well the students satisty the expectations
cf their godfathers in Detroit, when relieved of
these constraints they demonstrate a capacity
tc provide more imaginative solutions. Al-
though all three manifested the increasing
concern with the environment, petroleum
shortage, safety, materials selection, manu-
facturing processes, compactness, efficiency
and merchandising, the one project which re-
sulted in the fewest cliches is the one not in-
tended for manufacture by Defroit and, thus,
i5 also least associated with industry manu-
facturing/design procedures. The param-
eters for each project and some results follow.

ini-vehicle for Scuthern California

Harry Bradley’s advanced transportation de-
sign students were to assume that a Los An-
geles company with an annual volume of $3 to
$4 million from shaping and forming metal and
manufacturing metal products had ap-
proached them to develop a small, low-cost,
two-passenger, commuter vehicle which
waould meet current environmental and energy
conservation goals. Yet the company wanted
to utilize its own technology and plant facilities
and to draw heavily on local resources.

The vehicle was to be marketed exclusively
in Southern California for betwsen $1200 to
$1400. Although the vehicle was not intended
for use on freeways but for local trans-
portation, all federal safety standards would
apply unless specific exemptions were re-
quested. Comfort and pleasing appearance
were designated goals but gimimicks and styl-
ing cliches were discouraged. Maximum di-
mensions were to be: length, 126 in.; width,
53 In; height, 53 in.; wheelbase, 83 in.; and
tread, 50 In. Final proposals were 1o be exe-
cuted principally in 30 form including: % scale
models of frame and all chassis components,
% scals model of body and interior easily
disassembled 1o demonstrate fabrication ele-
ments, drawings of the body mold and render-
ings of the interior, a list of all drive train, sus-
pension, lighting, material and fabor phasss to
include cost and suppliars.

Recent projects from students at Art Center, :

tong the breeding ground for the nation’s auto designers,
indicate a capability to go beyond Detroit's cliches

given freedom and proper encouragement.
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Mini-vehicie for Southern California

i-4

The *'Urban 450, designsd by Stephen L. Hansen,
is powsred by a 450 cc, two-cylinder, rear-mounted
engine driving a two-speed automatic transmission.
A two-sealer, the car has a length of 119in., widih of
50in, and a wheelbase of 78 in. The frame is alumi-
nurn honeycomb with integral roff bar structure. In-
ner and outer body structures are ABS while lights
and irim are off-the-shelf items. Engine air intake
ducts are under the front bumper. An open roadster
variation is proposed, 4.

5-8

The *'Oppidan’’ (city dweller), designed by Theo-
dore L. Renteria, is a two-seater with mid-engine/
rear drive, powered by a two-cylinder, air-cooled,
gas engine. Lengthis 127.5in.; width, 51 in.; height,
51 in.; and wheefbase, 83 in. The structural compo-
nents include: a one-pisce chassis made with alumi-
num honeycomb from Hexcel Corporation and us-
ing aluminum plate supports where necessary.
Front and rear body sections are one-piece, vacuum
formed ABS using Uniroyal's Kralastic compound
SAS. interior section s a one-piece spray-up using
General Electric’'s fiber glass-reinforced epoxy.

9

Designed by David Heller, this two-passenger mini-
caris powered by a four-siroke, air-cooled, mo-
forcycle-type engine with two-speed, automatic
transmission. Front and rear suspension are inde-
pendent with spring shock abscrbers. Lengithis 115
in.; width, 53 in.; wheelbase, 78.5in.; front and rear
tread, 50 in.; front overhang, 19.5in.; and rear over-
hang, 17 in. Wheels are 18-in. diameter by 4 in.
wide, with welded sfeef construction; tires are mo-
forcycle-type 4.00 x 18 bias ply pneumatic. The car
is composed of three major units; chassis and alf
running gear, interior shell and exterior body shell,
The welded steel tubufar chassis and vacuum
formed plastic interior shell are bonded together
with *'nut and bolt” hardware and epoxy glues. The
fiber glass exterior body uses & chopper-gun method
of layup. To facilitate mounting the body to the
chassis, tabs and brackets are mounted during the
fiber glass body formation.
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A lesson for Detroit-—
student taught

The Wanke! circa 1878

Hesearch by Strother MacMinn’s junicr-year
students determined a package that seemed
to offer the greatest potential in a five-year
projection for maximum fuel economy, envi-
renmental needs and merchandising capabit-
ity. Maneuverability and lightweight were ma-
jor factors in determining dimensions:
wheeibase, 90 in. (two-passenger) and 114
in. (four-passenger); maximum length, 180
in.; and width, 75 in.

Two packaging fealures emerged which
would provide better space accommodation
and design fiexibility. The first was a two-rotor
Wanke! engine mounted transversely and
coupled to a front-wheel drive. This combina-
tion couid be located fore or aft of the passen-
ger compartment for the four-passenger or a
mig-engine, two-seater sports version with a
high degree of interchangeability. The second
feature concerned a suspension geometry
which would give good handling and comfort
with low manufacturing cost. Adjustable tor-
sion bars would allow a reduction in suspen-
sion pars inventory from 24 to 6. Coliision
safety was improved through relocation of
cther front suspension components to allow
the front wheels to move outward and down-
ward onimpact. Essential elements inetuded a
rollcage complemented by front and rear ex-
tensions engineered for controlled collapsibil-
ity in high-speed crash conditions but capabie
of sustaining lcads for engine mounts and
energy-absorbing bumper systems. Strate-
gically placed accordion-formed sections and
structural foam-reinforced metai floor panels
for predictable collapse were incorporated by
most students. Federal bumper height re-
quirement (1974) was mandatory. Vehicle tar-
get price was $2900 with optional versicns
ranging up to $3900 in 1978. Development
was based on industry practice.

GM minl-car )

Last year's General Motors’ project for Keith
Teter's senior tfransportation students called
for a new commuter and/or shopper vehicle
to bridge the gap between the motorcycle and
the current subcompact. Powered by a com-
- pact rotary, gas turbine or 750 ¢¢ motorcycle
engine, such a vehicle could get up to 40-45
mpg. The proposal specified that the three- or
four-wheel vehicle carry a maximum of three
passengers with space for accessories and
package storage. i had to meet all federal
safety and emission control regulations while
reflecting the latest manufacturing tech-
nigques. Convenient entry/exit, all-weather
protection and pride of ownership by both
sexes were among the guidelines for the pro-
posals which were presented according to in-
dustry practice.—G.T.F.

Wankel cars circa 1978

10

William R. Bohn’s preferences for manufacturing his
proposal would include a foam sandwich floor pan,
high rolf center suspension geomefry and full, 180-
degree visibility for the driver.

11-12

Jacques 8. Ostiguy felt that a small, four-door sedan
such as this "ought to ook fight and graceful in or-
aer to fruthfully suggest its driving advantages and
reach its infendec market. "' He would incorporate a
rear hatch.

13

Woodrow W. Pollett Jr. says, *‘Paramount concern
with function helps avoid superficia! design detours
and encourages an awareness for realistic refine-
ment on this two-passenger sporis coupe. ™

14

Jeffrey Poliizzette settied on the sportswagon body
concept for ts advantages in interior space use,
comfortand visibility. The car is a two-door with rear
hatch.

15

Ali vehicles in this project were designed io meet the
federal government's new pendulum bumper test.

16-24
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GM miici-car

16-18

“Firebug, " designed by Donald Bosten li, s a two-
passenger hatchback, powered by a front-mounted,
750 cc motorcycle engine. Four link reward stiding
doors permit easy accass, while hammerhead
shape alfows outhound wheels to decrease over-all
length, and wide front stance accommodates en-
gine mounting and side-by-side passenger seating.
Lengthis 110in.; width, 63 in.; and height, 47 in.

18

"Dune,” designed by Woodrow Pollett Jr., is pow-
ered by a 750-900 cc motorcycle engine and is de-
signed fo combinie the advantages of the motorcycle
and suboompact. The concept uses Hovair pad sta-

bitizers, L engthIs 135 in.; width, 60 in.; height, 45in.;

and wheelbase, 115in.

20-22

“Vivache, " designed by John Manoogian If, is pow-
ered by a 900 cc moforeycle engine and is also in-
fended to combine-the advantages of a motorcycle
with those of a subcompact Basically a two-wheel
vehicls, Vivache is balanced by two, small, re-
Iractable, outrigger wheels at speeds up to 40 mph.
Entry is through a single, hatch door on the left side,
while access to 8 cu. ff. of storage space is through a
hatch on the curb side. Body is energy absorbing
structural foam. Length is 126 in.; width, 45in.; and
height, 45in.

23,24

“Angra V., designed by Roger Ross, is a four-
wheel, two-passenger vehicle powered by a rear-
mounted, regenerative gas turbine engine. The car
has a plastic ore metal frame and plastic body at-
lached to a platform chassis enclosing the passan-
ger compartment, Angra {V features Ackarman G0-
degree steering, sliding doors, sunroof and hatch-
back. Lengthis 112 in.; width, 61 In.; height, 50in.;
and wheetbase, 80in.

Jacnues S Getiaw

[ Foliizzais
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ENGINEERING DRAWING AND GRAPHIC
TECHNCLQOGY, Eleventh Edition
Thomas E. French and Charles J. Vierck,

University of Florida.
1972, 985 pages, $13.95.

In the Eleventh Edition of this classic text, the
authors recognize the increased emphasis on
graphic communication and design without
sacrificing the development of drafting skill
and precision.

Major changes in the basic format of the text
foster easier reference use by the student, and
sophisticated use of a second color facilitates
greater separation within figures and improved
readability throughout the book.

A unique feature of this edition is that it fills
the gap in existing texts between machine
drawing and design information, Chapter 14,
“Fundamentals of Design,” now features
material on definitions of design, explanation
of design categories, procedures for design,
and a discussion of aesthetics.

]

g Y

FUNDAMENTALS OF ENGINEERING
DRAWING AND GRAPHIC TECHNQLOGY,
Third Edition

Thomas E. French and Charles J. Vierck,
University of Florida.

1972, 648 pages, §12.50.

This briefer edition of the standard text incor-
porates all the major changes in design, format,
and use of color of the larger version. A com-
pilation of the first eleven chapters, this hand-
book begins with an examination of the instru-
ments used in drawing and continues through
to discuss lettering, sketching and design. It has
been expanded to include an additional chapter
on drawing for engineering design and con-
struction,
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GRAPHIC SCIENCE AND DESIGN,
Third Edition

Thomas E. French and Charles J. Vierck,
University of Florida.

1970, 848 pages, $15.50.

The highly recommended Third Edition
increases the coverage and scope of graphics to
meet the newer concepts of representation:
decumentation, graphic counterparts and
design.

No other available graphics text offers a
presentation so relevant to the needs of the
profession. New chapters on graphical-
mathematical counterparts, fundamentals of
design, and professional problems supplement
the text. In addition to its four-color format,
the book has been methodically reorganized
to stress continuing breakthroughs in graphic
knowledge.

PROBLEMS IN GRAPHIC SCIENCE,

Third Edition

Charles J. Vierck, University of Florida, and
Richard I. Hang, Ohio State University.
1972, 60 pages, 135 pages loose-leaf, §7.95.

Designed to accompany GRAPHIC SCIENCE
AND DESIGN, Third Edition, the problems in
the new edition reflect the current trend toward
making graphics more mathematical for com-
puter graphics purposes. Two features which set
the book apart from others in the field are the-
authors’ use of the “direct method” for solving
descriptive geometry problems and the use of
both preplanned (partially drawn) and non-
preplanned problem sheets which allow the
instructor maximum flexibility in assigning
problems.

McGRAW-HILL BOOK COMPANY
1221 Avenue of the Americas
New York, New York 10020

Prices are subject to change without notice.




Clarke W, Pidgeon
Queen's University
Kingston, Canada

Many topics in engineering graphics provide
suitable theory for applications in computer
graphics, This paper illustrates results in
several areas and discusses how to start to
build up a system of engineering-computer graph-
ics software. The approach used here in a sim-
ple fortran program has been extended to develop
a complex projection system called COGR based om
the principles of descriptive geometry. COGR
is designed for use in teaching computer graphics
as well as for pgeneral use.

Before we get involved in techniques let us
establish our goal by examining a few examples
of output.

A1l the accompanying illustrations invelve a
form of perspective projection. It is most eas-
ily recognized in Figures 1 to 5, where perspec-
tive thzory was used to produce an architectural
view of a house. Another use of this technique
is illustrated in Figures 6 and 7. Here the
three-dimensional data of a sphere was generated
and projected to form a stereographic net., This
represents the sphere as viewed from a point on
the equator. The resulting diagram is used by
geologists to solve three-dimensional space prob-
lems. )

Multiple views of an object from various lo~
cations can result in stereographic pairs. Fig-
ure 8§ is one view of a stereographic pair pro-
duced by a research student who required a model
of the underground workings of Kidd Creek Mine,
Similarly Figure 11 is one view of a pair pro-
duced to represent a graphite crystal.
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A series of views can result in the frames
of an animated movie. The movement can be simu-
lated in several ways: by moving the object,
moving selected components of the object, moving
the viewer, or any combination of these methods.
Figures 2 and 3 are frames prepared for an ani-
mated movie shown at the 1973 ASEE Conference.
The method used was to move the viewer to obtain
the views seen along a series of "lines of sight',
This technique was developed using a series of
these lines of sight, where each line defines the
set-up for one frame of the movie., These lines
of sight were generated on the computer and the
sequence checked by projecting them as part of
the object (Figure 1).

Examples of more advanced work based on the
theory of descriptive geometry include hidden
line delection (Figures 2, 3 and 11} and perspec-
tive in distortion (Figures 12, 13 and 14).

This paper was prepared to complement other
presentations at the annual meeting of the ASEE
(1973}. The chairman requested that the content
illustrate to those who are active in engineering
graphics, how they can get involved in computer
graphics. With this in mind let us consider a
very hasic facility-- that of general projection.

All forms of pictorial, including ortho-
graphic, are based on the projection of the de-
tails of a three-dimensional object onto a two-
dimensional surface, controlled by the location
of a viewing point. The relative position of
these three elements, the object, the picture
plane, and the eye position determine the type
of pictorial.



PERSPECTIME WITHOUT HIDDEN LINE DELETION, LINES OF $IGHT
DRAWN TO CHECK [NTENDED MOVIE SEQUENCE,

3"

Fig., 1

PARTLY COMPLETED DRAWING., CONTINUOUS LINES HAVE BEEM
SEGMENTED BY THE PROGRAM TO DELETE HIDDEN PORTIONS .

FPigures 1-3: A series of views drawn as part of
an animated movie,
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Figure 4: A perspective of a houge on LPLOT
System with the plotter simulated on the line
printer,
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The projection of a point of the object on the picture plane
is established by the geometric relationship:
DP = EX— (EX- AX} * (PT—ET) / (AT-ET)

Figure 5: The geometrlc relationghip for pro-
jection,

4

N

L
] I

H

o

Figure 6: A s‘sereogi"aphic net projected from
data of a complete sphere,

A three-dimensional coordinate system has to
be chosen which will describe the object as a
number of lines, locate the plans of projection
or picture plane, and also establish the v1ew1ng
peint or eye position. This represents a minor
step used to advance from the drawing board to
the computer data. Using the theory invelved in
descriptive geometry: projection, revolution,
intersection, etc., the computer program is dew
veloped to process this data and generate the
simple X-Y coordinates required to describe a
complex two-dimensional pictorial. By simply
controlllng the relative position of the three
main elements, the object, picture plane and eye
position, all the common forms of pictorial can
be cbtained.

There are various coordinate systems which
can be used. Arbitrarily, we chose a left hand-
ed system, since it was most convenient when
preparing data from a mult1v1ew orthographic
source.
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Figure 7: A sterecgraphic net of a gphere.

Figure 8:; One of a pair of stereographic

views of the underground workings of a mine,

In this system the origin can be considered
in the bottom left hand corner, the "X direction
is to the right, parallel to a frontal-horizon-
tal line, and "Y' is upward parallel to a fron-
tal-profile line, and the Z (or "T'") direction
is back in a horizontal-profile direction. Other
systems can be cbtained by interchanging letters
and signs as required. All lines, planes and
points for the location of the projection ele-
ments are then described as coordinate data.

Using this coordinate system the fortran
statements can be developed as shown in Figure 10.
Here the three elements are shown in simplified
form and the image location, DP (or DPAX) is de-
termined by similar triangles (see Figure 5).
Similarly for the Y coordinate we find that: g

DPAY = EY - (EY-AY)*(PT-ET)/(AT-ET)

The variables comtaining the letter MA' in
these statements are for one point "'A" on a line
A-B. Similar formulae can be used for the "B"
end. In actual use, constant values such as
(PT-ET) would be replaced by a single variable.

The data for the object can also be processed
further, before prejecting, to .move, rotate, as-
semble or disassemble, delete, or duplicate var-
ious elements. This can result in output such as
animated movie sequences, and to the deletion of
data which would not be seen at the specified eye
position.

KIDD CREEK MINE

INTERNRL VIEW

COMPUTER PERSPECTIVE PLGT BY H R NGTLEY

Engineering Design Graphics Journal, Winter 1375

31




One of the earliest solutions to the "hidden
line problem" was included in this work and il-
lustrated in an article published in the winter
edition(1967-8) of the quarterly bulletin of the
Canadian Information Processing Socisety. (1)

My approach to the hidden line problem is
simple but the logic is complex. It is not re-
stricted to views of a single object, but is a
general solution such that an object can obscure
part of another and the program will determine
which parts are in full view. Using the princi-
ples of descriptive geometry and describing the
objects as lines and obstruction planes, the data
is regenerated to delete any pertion of a line
which is obscured behind an obstruction plane.

A single line then may be regenerated as many
lines, if viewed through a series of obstructions
such a picket fence (Figure 3).

Legt's apply this thecry to the logic of a
computer program (Figure 10). We want the pro-
gram to accept the data describing the location
of the elements, and from it, calculate the X-Y
coordinates required to draw lines on a plotter.

As an example of the simplest form of pro-
gram suitable for student use, comnsider the
folleowing logic which:

1. Initializes the standard calcomp subroutines

2. Reads 1n permanent data which establishes the
eye position and picture plane

READ SEX
CO-DRDINATES
AS DATA FDR
OHE LIXE

CHECKE FOR
DATA STOP
CARD

SUUTH U
CO-0RDIMNATES FOR
START OF LINE TO

L LY

T e
CULATE K-Y ‘ 3TOP
TAL ] U

( sm\m)
TALL FLUTS
0

INITIALIZE
FLOTTER ROUTINES

READ FERMANENT
DATA
EYE & PICTURE PLANE
LOCATION

TO TERMINATE

CO-ORGINATES FOR
QFHER END ...

CALL PLOT r
WiTH PE® OFF |
THE PASER, MOVE TO §
K-¥ LOGATION OF |

H START @F LINE ;)

CALL ¥LOT 7
WITh PEN DOWN
DRAW LIRE T0
CO-OROIRATES

_Bf OTHER KD

Figure 9: The logic of the computer program,

ALL PLOT ™

|

ENGIREERING-COMPUTER GRAPHICS
31-360

[ BAS[C PLOTTING PROGRAM TOR PERSPECTIVE OF THREE DIMENSIONAL OBJECT
C INITIALIZE PLOTTER SUBRODUTINES

DIMENSION Wk {1024)
CALL PLOTS | WK,4096 }

C READ IN PERMANENT DATA FOR EYE AND PICTURE PLANE

READ {5,5001) EX,EY,ET, PT
5001 FORMAT (4F5.2)

C START LOOP TD PROCESS LINES, $1% CO-ORDINATES EACH

10 READ (5,500&8) BX,BY,BT, AX,AY,AT
5007 FORMAT {6F6.2}

C CHECK FOR DATA STOP CARD, 999999 [H FIRST FIELD
If (BX.GT.998.0} &0 T2 20
[ CALCULATE 20 CO-ORDIMATES FOR PERSPECTIVE
C REF. F1G., 1, C.1.P.S. JOURNAL, VOL &, MO 1, 1957-8
€ "A“ END OF LIKE

DPAK = EX-[EX-RK)P(PT-ET)/{AT-ET}
pRAY = EY-[fY-AY)*{PT-ET}/(AT-ET}

C "B" END QF LINE

DPRX = EX-{EX-BX)}*{PT-ET)/(BT-ET}
DPBY - EY-{EY-BY)*(PT-ET)/(BT-ET)

L PLOT LINE; MOVE PEN TO CO-QRGINATES OF "A"
CALL PLOT [ DPAX, OPAY, 3 ) '
C DRAW LINE TO CO-DROINATES OF 'B"
CALL PLOT  { ODPBX, DPBY, 2 ]
50 TO 16
¢ TERMINATE DRANING
20 CALL PLOT {10.0, 0.0, 999)
STOF

END

Figure 10: The computer program,

PERSPECTIVE PLOT OF GRAPHITE CRYSTAL., HIDDEN LINE DELETION NOT

USED ON BOTTOM PORTION TC ILLUSTRATE WHAT PROGRAM HAD TO
DELETE [N TOP LAYER,

Figure ll: A perspective of a graphite crystal,
The subroutine was written to generate cubes
complete with obstruction planes and also, to
locate them as required., Hidden lines were
not deleted on the boitom portion to illustrate
the results.

3. In a loop, reads in data for one line

4. Checks for data stop (end of data) and
branches to terminate if required

5. Calculates the four coordinates for the 2D
picture from the 3D information

6. Sends the pen to the first of the line, then
has it draw the line to the cther end

7. Continues in the loop by reading amother card.
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Figure 12; A perspective in distortion called
*Anamorphosis, "

This is only the beginning of a system of
general projection software. It can be done in
about 16 statements. You will want to add addi~-
ticnal programming to move and revelve the ob-
ject, limit the drawing size and take care of
unreasonable data such as elements of the object
which are behind the eye position.

The COGR system which we use, has all the
logic for various operations such as projection,
framing, revolution, storing, etc., coded as a
set of subroutines which the student can use
with his own main program. The COGR system also
has a main program which processes data prepared
in a standard format. This system will even
establish suitable parameters if the user is un-
certain what data would give him a suitable
view.

COGR can be used as a utility te process
pictorials with no further programming or, on
the other hand, in teaching, as an interim supply
of logic for a student developing his own soft-
ware.

Each subroutine to be effective must be de-
signed to handle every conceivable type of pro-
blem, for exasmple lines which are not visible
due to their location behind the eye.

Engineering-computer graphics at Queen's
University is presented as an extension to de-
scriptive geometry, and other engineering graph-
ics topics as well as computer programming.
Topics in graphics are reviewed to determine how
the same logical approach can be applied on the
computer. The student has the temporary use of
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Figure 13: Anamorphosis uding a horizontal
eylinder,

Figure 14: Anamorphosis using a vertical
cylinder,

Neanned" programs in the form of restricted
library subroutines which he can use while he is
developing his own software and finding new uses
for computer graphics in engineering.

In the sixteemth century an artist, looking
for a new challenge placed a reflecting cylinder
on a canvas and then, using a "secret™ technique
called anamorphosis drew a scene which was dis-
torted.” When viewed as a reflection on the
cylinder, the distortion was cancelled, giving
a normal picture. (2)

This challenge proved to be an interesting
project in descriptive geometry to get the mod-
ern computer tc do the same thing. The results
are as shown in the illustrations. The location
of each line on the distorted picture was com-
puted and the resulting drawing produced on the
plotter. The "artist'" completed the drawing
by colouring the areas and them projecting it
from a cylinder.

The distorted view in Figure 12 can be
viewed with a tin can of the required size and
will result in an undistorted view of a historic
gentleman.

Figure 13 shows anamorphosis for a horizontal
cylinder. Figure 14 is a view of a computer
graphics display prepared for the ASEE Conference.

References:
(1) Formeriy the Computer Society of Canada

(2} Life Science Library - Mathematics
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Richard Hang

Con Drawn Curv
Using Spline Techni

Anyone who has had to draw a graph knows the
probiem of drawing the curve representing the
function being graphed. Freshman graphics or en-
gineering drawing introduced most of us to fiendish
device known as the french or irregular curve,

Very often the curve we finally drew bore a minimal
relationship to the correct curve. But we went
btithely on with our 'eyehall' methods because we
really lacked better methods. Professional drafts-
men had a curve-drawing device called a spline,
really a flexible strip which could be bent to an
eyeball correct curve and then held in place

while the curve was drawn. At least the spline
eliminated the lumps and discontinuities we often
obtained. The chore of drawing a graph was treach-
erous enough to dissuade many of us frem doing it.~
Not to mentien the chore of calculating data points
and plotting them. We ail like graphs, we just’
don't like to preoduce them.

The computer and-computer-driven graphics . de-
vices have simplified the labor of creating graphs
but have created a minor monster in that we must
try to reproduce our ''eyeball' techniques with
computer programs.. Given a known continuous func-
tion, the computer and plotter will draw a very
accurate graph of the function. Although lacking
in artis<ic merit, the resulting graph is accurate
and far ec.ler to prepare from our viewpoint.

A rieceding statement contains the nucleus of
2 problern. The computer needs a known Tunction so
that it can zalculate y values for given x values.
Civen only a set of discrete x-y palrs, the only
way to draw a curve connecting these data points
is to interpolate between these points by some
mathematical function. We are back where we
started, we need a function to draw a curve.
Graphics students will remember exercises in curve
fitting or empirical data and equations, two names
for this process.

.‘ggginggting Design Graphics Journal, Winter. 1975

Department of Engineering Graphics
The Ohio State University

People with some experience in the area of
curve fitting know that it consists usually of
guessTng a suitable function and then determining
if the guess was a good one. Least squares curve
fitting and regression analysis are two of the
methods used to see if.we made a good guess., The
real difficulty is that the guessing requires
some experience, luck and perseverance to determine
a suitable function to match some data. What is
even more pertinent, the whole process requires
such numbers of calculations as to discourage all
but the most determined individual.

My interest in computer graphiés has been to

-try to develop computer programs to do conventional

graphics with as little intervention by the user
as possible. Drawing a graph is one.of a number
of programs developed. The methods:| have used
are already known although of sufficient newness
to warrant some attention.

Students of mathematics and computer sclience
study a topic called interpolation. This is merely
curve .fitting in another guise. It would seem that
any method providing a way to find correct values
of y for values of x intermediate to known points
would permit us to draw a curve representing given
data points. This is indeed the best way to go at
the present time. Most mathematical interpolation
methods consist of determining a polynomial which
closely approximates the function represented by
the data points. The list of common polynomials
used for this purpose reads like an honor roll of
early mathematicians: Newton's Forward Difference
Formula; Lagrange Interpolating Polynomial; Hermite,
Legendre, Laguerre and Chebyshev orthogonal poly-
nomiais. There are others but this Is a represent-
ive Tist. Any one of these polynomials can be used
successfuily to interpolate a function and hence to
draw a curve. But all suffer from the same malady.
If a polynomial is to go through n data points, it
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Figure lA; The spline curve drawn without
smoothing,

often must be of order n-1, creating an unwieldy
equation to use. Alse, a polynomial may go though
all data points and yet take such a snake's. trail
path in so doing that it does not truly interpolate
the data. This is somewhat akin to trying to find
one french curve which will draw all of the curve
in one setting. [t usually can't be done.

Some of the polynomials limit their usage to a
specific Interval such as -1 to 1. This creates
a better interpolation function but limits the use-
fullness of the method or at least requires scaling
of the data. A sclution to the uswal polynomial
dilemma is to use a type of function known as a
spline function. A spline function duplicates the
action of the draftsman's spline although the func-
tion is mot continuous but piece-wise. For n data
points there will be n-1 separate spline functions.
Spline functlions are easily calculated by computer
programs and easily used by computer-driven graphlcs
devices to draw a curve. :

The usual spline function used for interpolation
is a cubic. The most unusual thing about spline
cubics is the restrictions placed upon pairs of ad-
jacent functions. Consider two adjacent spline
cubes, F1 and F2. They join at a point x. At this
junction point x, the functions must obey the fol-
lowing conditions:

1. F1 must equal F2, which means that the curves
drawn by each must join.

2. The values of the first derivatives of F1 and
F2z must be equal. This means that the curves
must have identical slopes at this point,
they cannot join with a ‘'Tump'',

3, The values of the second derivatives of F1
and F2 must be equal. This means that the
curves must have the same curvature at this
point. An auto driver who ignores this
rule steers very Jerkily.

0

Figure 1B: The spline curve drawn with
‘smoothing.

$pline functions do not solve all the problems
in drawing a curve through a series of data points.
Cubic splines in particular, have a mean tendency
to add some extra ''$" curves to the total curve
which are esthetically somewhat displeasing. Fig-
ures la and 2 a illustrate this tendency. Reseéarch
has been done in the area of eliminating this dif-
ficulty. A very interesting work by A. K. Cline
(1) deals with the problem so that cubic splines
can be used in interpolate contour lines. The re-
strictions Cline placed on his smoothing methods
included the fact that the curve must do through
all data points. Because eyeball curves often do
not go through all data points, | used a different
smoothing technique. The two methods are based on
different assumptions and cannot be compared di~
rectly. Probably the only thing the two methods
have in common is the fact that too much smoothing
tends to make the curve useless. Too much Cline
smoothing will make a curve which acts like a string
stretched between pins, just a series of straight
lines. My method would reduce a sine wave to'a
straight line with too much smoothing. It seems we
haven't eliminated judgement from our procedures,
merely changed the items we judge. Figures 1
through 8 show curves drawn by a Calcomp plotter
driven by a Hewlett-Packard 2115A computer. The 'a'
part of the figure is the spline curve without
smoothing, while the 'b' part of the figure is with
smoothing. The good examples are very good, while
the poorer ones probably aren't much worse than
some amateur efforts.

| shall give a brief summary of how cubic spI:ne
functions are developed. The algebra which goes
between steps has been omitted to conserve space.
The interested reader is referred to one of the
articles or books listed in the bibliography.
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Figure 2: The spline curve drawn without
smoothing (&) and with smoothing (B).

5 }WD
3b

Figure 3: The spline curve drawn without
smoothing {A) and with smoothing (B),

A1l mathematics will be based on have n known
x-y data points. These data points must be ar-
ranged so that:

X. >x for i=1ton-1

P+ .
There will be a separate spline Ffunction for each
X interval .

5 for x. to x, for i = 1 to n-1

i i+l

For these n-1 spline cubics the fO]]Othg condltlons
must hold:

1. S.(x.+ ) = |+l(x|+1)

2.8', 0 ) =8t (x ) >all for i =1 ton-1
3. 8" (i) = 8" :+1(x.+1)_[’

Also S”](x]) = S" (xn) = 0 (there ére n val-

ues of 9'J

The spline functions are cubics, so Tt can be
stated that the second derivative is of the form:

S (x) = kx+C

We can write an interpolation equation of linear
form so that we can evaluate $'" at any point x we
desire. 1In general, to obtain a point y for some
x, knowing the values Y and Yis corresponding te

x. and X; g1 We can write the Following linear in-
terpolation equation: ’

X. =X X o= X,
v i+i + v,
Xie17%) Xy X i+1
If we define the following substitutions:
h, = x, =X, )
i i+] i
b, =s" (xi)
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Figure 4: The spline curve drawn without
smoothing (A} and with smoothing (B).

Sa

Figure 5: The gpline curve drawn without
smoothing (A) and with smoothing (B).

we can rewrite the |nterpolat|on as the following
equation: _
i_H-x X=X
o T

i i
By integrating this equation twice and applying the
restrictions of cubic splines noted above, the
following cubic spline equation appears:

s(x) = %FT[DI(xi+|—x)3+Di+](x-xi)3+(6yi-H?Di)

sn (X) =

(x4 7%) + (6y D4y} Gxp)]

Differentiating this equation and imposing the
spline conditions yields:

|+I“h

hi1Pio1 +2(hi+hi-l)ni+hini =

i-1 +1
e (Tl Vi YiTYie1
h, h.
i . i-1i
Eartier we defined D =D =0
(s? (xl) =D, =0; s!' , (xn) =D, =0)

The above equations are the basis for n-2 simul-
taneous linear equations of the form:

bZDZ + c203 "=k

a392 + b303 + c3D4 =k
D + ¢ D = k

an—ZDn-B + bn-2 n-2 n-2"n-1 n-2
n-1Pn-2 ¥ Bn=1Pp-1 T Knog

This is the classic tridiagonal system of simulta-
neous linear equations. Various schemes exist Tor
solving systems of this type. For systems of 20 to
30 equations, a modified Gauss elimination method
is suggested. See any good text on numerical methods.
All Gauss methods have limitations and the user is
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Figure 6: The spline curve drawn without
smoothing (A) and with smoothing (B},

' _ e _
++
9l 9]
61 : * <
31 34
0 s ; | ; a ; } t t
0 'a 4 3 B 0 2 4 3 8
Ta 7b

Figure 7: The spline curve drawn without
smoothing {34} and with smoothing (B).

advised to carefully check these limitations before
using the method. Systems of larger than 30 equa-
tions often should be sclved by iteration or re-
taxation methods.

Once D, through D_ are obtained from the so-
lution of the linear Eystem, it is a simple task
to substitute the correct D's into the spline
equations and use the appropriate equation to plot
or interpolate the section of the curve desired.
Each cubic equation is valid for the interval Xy
to a, .,

It was previously mentioned that spline curves
tend to have extraneous ''S'" curves. Also the
curve that represents a trend of some data may not
go through all the data points. Becuase of these
two reasons, smoothing is performed on the data
before fitting the spline curve to the data. The
technique used is simple but again a typical can-
didate for a computer program. |If a quadratic
equation is fitted to data points 1, 2, 3, 4 and
5 it will be found that an exa~t fit on points 1,
2, h and 5 will often cause point 3 to need some
adjusting to fit the quadratic. If point 3 is ad-
justed, moved up or down to fit the quadratic, it
will produce a smoother curve for points 1 through
5. Using the new point 3, the procedure Is re-
peated for points 2, 3, 4, 5 and 6. Point &4 is
corrected or smoothed this time. The process Is
repeated for all data points to the end of the
data. [t can be seen that all data points except
peints 1, 2, n-1 and n have been moved in this
smoothing -process. Thus, some of the smoothing
is somewhat inaccurate. 5o the process could be
repeated for all data points, hopefully getting a
better smoothing in this process. Because smooth-
ing tends to remove the character of a curve it

should be limited to a few iterations. | usually
use two or three smoothings for those curves re-
quiring it. Figure 6 illustrates a curve for

3_ 3_
21 gl
1] 11
0 ) . 1] y
o N ! '3 £
8a

Figure 8: The spline curve drawn without
smoothing (A) and with smoothing (B).

which no smoothing should-have been applied. The
‘b' part of the figure shows how smoothing removes
all character from this data. All 'b' figures are
the corresponding 'a' figure curve with three
smoothing iterations.

It would seem that using a guadratic for
smoothing and a cubic for the spline is inconsist-
ent. Smoothing performed with a polynomial of or-
der n causes the first and last n points of the
data not to be smoothed or moved. Using a cubic
for smoothing would require seven points at a time
and would not smooth the first and last three
points. This is to much wastage for the type of
curves | intended the procedure for, {n addition
to using a gquadratic for smoothing, | introduced
an extra data point between points 1 and 2 and
another between point n-1 and n to permit original
data points 2 and n-1 to be smoothed. This extra
point is interpolated into correct position for
each smoothing. Because it Is Tocated very close
to the first and last data points, it has little
effect on the trend of the curve but does permit
‘better smoothing. The procedure needs refining

butddoes produce better trend curves than if not
used,

in concluslon, spiine interpolation methods
are probably superior to conventional polynomial
methods when used for curve fitting. Their use
is still something of an art and cannot be called
automatic by any stretch of the imagination.
Spline methods are ideally suited to computer
methods and do not require complex programs to
solve just the spline functions. Unfortunately,
the best spline curve may be the result of trying
several smoothing techniques and using the best
one in the judgement of the user. Additional
work is needed to automate the computer drawing
of spline curves,
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The computer program spline curve smoothing

C SPLINE INTERPOLATION DEMONSTRATION PROGRAM WRITTEN BY:

C RICHARD HANG, THE OHIO STATE UNIVERSITY

¢ THIS PROGRAM DETERMINES Y FOR ANY X USING SPLINE FUNCTIONS TO FIT

C N X-Y DATA POINTS EITHER WITH OR WITHOUT SMUOTHING

DIMENSIONX{25),Y(25),H(25),D125},F125),T(25),5(10)

READI 5, 101N
101 FORMAT{I5)
READ{5, 1023 (X1 1), ¥Y{I}sExi,N)
102 FORMAT(BF10.4)
C INPUT SMODTHING FACTOR AS = © TO 3
READ{54 1G1)MS
FF{M%,.ER.C1GOTOL0
£ ADD 2 EXTRA DATA POINTS FGR SMOOTHING
XIN+2)=X{N}
Y{N+2)=Y(N)
DDO51=3,N
L=N+3-1
XiLy=X(L~1
5 YiL)=Y(lL-1
N=N+2
X{2)=X{1}+a 1%(X{3)-X{(1)}
KIR=1 =X NI~ DR {XINF-X(N=21}

)
}

C START OF SMOOTHING ROUTINE TO FIND Y(1} FOR EACH X{1)

DO151=1,M8
YU2b=Y{1)+s E(Y(31-Y{1))
YIN-1)=YIN)~. 1E(Y(NI~Y{N-2))
K=N-2
DO15J=3,K
0025L=1,7

25  SiL)=0,
DO30L=1,5
LisL-3
D1=X{J+LI)=X{J)
02=Y(J+L 1)
5(1)=5(1)+D1
$(21=5(2)+D1*D1
5(3)=5(3)+D1#%3
S(41=5(4)+DLe%4
$15)=5(5)+D1*D]13D2
5161=5(6)+02

30 S{7)=5{7)+D1*D2
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C IF ${1) = 0, POINTS ARE UNIFORMLY SPACED, USE FORMULA IN LINE 35
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FF{S(1).EQ.0.}GOTO35
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cellent. However, the Fortran program is in-
correct.
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S$2=(5.%502)=5(11*5(1) %15 (2)%5{3)-S(1)%5{4))-{5. *S(3l—$t1]*5(2)1

1#{SE2}%502}-8(11%5(3))

S1=(S{5I#SI1I-S(6)%5(3) ¥ (S{2)%542)-5(1I*S(3))=(S{L}*5(T)~-512}

1#S(6) }H(S5L2)%5(3)=5(11*5(4})
Y{Jl=51/52
"GO TO 1%

35 YO = =3 kY (=2 412 8V (J=F )+ 1T #Y {3412, ¥ Y L J+1 =3 %Y [ J+2} ) /35,

is CONT INUE

10 Nl1=N-1
N2=N-2

¢ SET UP COEFFICIENTS DOF TREDIAGONAL LINEAR SYSTEM
DOZ0I=1yN1

20 HITI=X{1+1)-X1 1)
DO401=2,N1

T(I)=2,¢{H{I}+H{I=11])

40 FLIdmb i (Y {T+3I=Y (I I/H{TI={YI ) =Y{1-1}}/HIT-1))

D{1}=0.
DiN}=D,

C MODIFIED GAUSS METHOD TG SGLVE TRIDIAGONAL LINEAR SYSTEM

DD&451=3,N2
v=H{T-13/T{I-1)
TOIr=T{I)-ViH([I~1)
45 FiLy=F{I}-V*F(1-1)
) DOSOTI=2,N1
J=N+1-1
50 DESI=IFOJI=HIJIHDLI+1) ) /TEdD

£ FIND Y FOR 1CG X PDINTS USING CORRECT SPLINE £QUATICN

DX={X(N}-X{111/95.
E=1
DO55J=1, 100
Rl=(J=1)%DX4+X{1}
65 EF{1,EQ.N=1}60 TO &0

IF(R1.LT.X{I+E})IGO TO 60
I=1+1
GO TO 6%

C SOLVE SPLINE EQUATION FOR Y VALUE

60 D2=D(IJ&{X{E+11=R1I=£3+D(J+1)*{R1-X{ 111553+ (RI-X(1} ) ¥ {6, 8Y (T+1}
1-D{I+LVRHI T k2 + (X T+ 1) =R (6,3 Y{ 1} =D{ I} #H( 1) %%2)

D2=D2/{6.*H{1))
55 WRITE(6y104)J,R]1,D2
104 FORMAT{EL1C.2F15.4%}
5TOP
END

Engineering Design Graphics Journal, Winter 1975

33

G )

Thig
Publicats
.18 Avanl?l‘)‘ e‘(;g

MI(JROFORM

University
Microfilms

300 North Zeeb Rd.,
Ann Arbor, Mich. 48106
(313) 761-4700

PLEASE WRITE
FOR COMPLETE
INFCRMATION

(
L\




Robert J. 'Poster

MID-YEAR CONFERENCE AT ARIZONA STATE 1975-76

. Plans are under way for the Engineering Design
Graphics Division Mid-Year Conference that will be
held at Arizona State Unlversity. Dates of the
meeting are January 7-10, 1976 with the papers be-
ing presented on January 8 and 9. The theme of the
program is NEW FRONTIERS.

You are invited to submit papers for this pro-
gram. Several suggested areas for papers are list-
ed below.

Areas for papers:

1. '"What Industry Needs in Design Engineers"
- a keynote to start the meeting on January 8.
It should challenge the group to our responsi-
bilities in teaching for a design world. A
paper from a person in industry (or consulting
in .industry) is desirable.

2. 'What Engineering Design Graphics Teachers
Need from Industry'' - a statement from the
academic side of the fence, from an EDG member
with recent industrial experience.

These papers will be given back-to-back followed by
audience reaction to the speakers with a panel
moderator.

3. '"Recommendations from Industry for Improv-
ing: Freshmen Engineering'' - a considered opin-
fon from an industrialist close to the realities
of industry and education.

4. "How Teachers Can and Are Improving Fresh-
man Engineering, with Emphasis on Graphics'' -
an EDG member with recent success in motivating
and/or increasing the performance or retention
of freshmen.

These papers will also run in sequence, in the af-
ternoon of January 8. A panel discussion is planned
to involve the speakers and a moderator with the
audience. The probable theme is '"New Frontiers in
Graphics - Fact or Fancy?'.

Pennsylvania State University

rizona State in 1976

5. '"Recent lnnovations In Teaching Design
Graphics'" - a good “success'’. story.

6. ''01d! Teaching Methods that are Still
Great' - examples of methods which lie half
forgotten being effective still.

The morning of January 9th would contain these con-
tributions, plus a’'group discussion on 'Where does
this Conference leave EDG?!

I¥ you.are at all interested in being invelved in
this conference, please drop your ideas tc Prof.
Gordon Sanders, 403 Marston Hall, lowa State Uni-
versity, Ames, lowa 50010.

PREPARE NOW FOR AN EXCELLENT PROGRAM!

PGSSIBLE PROGRAM SCHEDULE
FOR 1976 MiD-YEAR CONFERENCE
Engineering Pesign Graphics Division

January 7, 8, 9, 10, 1976
THEME : NEW FRONTIERS

Wed. Jan. 7

3:30 - 5 P.M. Registration and conversation {with
coffee, donuts)

6:30 P.M, Executive Committee.dinner

Morning

Thurs. Jan. 8

8:00 Registrstion (with coffee) plus
Table Exhibits.

9:00 Greetings from ASU: Appropriate

Dean or officer.

Engineering Design Graphics Journal, Winter 1975
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9:15

9:45

10:15

10:45

11:45
12:60

Afternoon

Thurs. Jan. 8

T:45

2:15

2:45

3:00

4:00

6:30

Morning
Fri. Jan. 9

8:00
9:15

9:45

16:15
10:45

Engineering Deslgn Graphics Journal,

k1

First speaker: “What Industry Needs
In Design Engineers' - a keynote to
challenge those present to our re-

sponsibilities in teaching for a de-
sign world. Speaker to come from
the Phoenix area.

Second speaker: 'What Engineering
Design Graphics Teachers Need from
{ndustry'' - a statement from the
academic side of the fence, from an
EDG member with recent industrial
experience. (Note each of the a-
bove two speakers shall have advance
copies of the respective papers).

Coffee break

Reactions and Propositions from the
the audience to the panel of Speak-
er 1, Speaker 2, and a Moderator
from EDG: What are the implications
of what has been said?

Adjourn for lunch.

Business Luncheon - Bob LaRue pre-
siding.

First speaker: ‘'Recommendations from
industry for Improving Freshmen En-
gineering'' - a considered opinion
from an industrialist close to the

Irealities of industry and education.

Second speaker: 'How teachers can and
are improving the freshman year in
engineering, with emphasis on
graphics'’ = and EDG member with re-
cent success in motivating and/or
increasing performance of freshmen.

Quick coffee.

Dialogue between the audience and the’

panel of afternoon speakers and a
moderator with the theme: ''New
Frontiers in Graphics - Fact or
Fancy?' Are education and industry
pulling together toward new goals of
excellence in our graduates, or are
we in trouble?

Adjournment to committee meetings.

“'An Evening at Rawhide'' - steak
dinner and entertainment, open to
all members, guests, and wives.

" Table Exhibits

First speaker: 'Recent Innovations
in Teaching Design Graphics' - a
good ''success'' story.

Second speaker '""O0le' Teaching
Methods that are still great" -
that which lies half forgotten may
be useful yet.

Coffee break.

Group discussion "Where does this
Conference leave EDG?'' This would
be a probing analysis of ourselves,

Winter 1975

our mission, our reaction to what
we have heard for two days, to be
moderated by the Executive Commit-
tee members.

11:45 Adjourn for Tunch.

1:30 A tour to an industrial concern of
significance and interest.

7:00 An entertainment opportunity for

those members caring to partake
{e.g. theatre party, ets.).

Saturday, Jan. 10

AM. Opportunity to visit the greater
Phoenix Area.

jobs

This column is a new feature of the JOURNAL that
will be available to those who wish to advertise
vacant positions that would be of interest to
our readers. This will be a free service of-
fered to both the employer and our membership.
We look forward to hearing from you.

ENGINEERING DESIGN GRAPHICS INSTRUCTOR

The Engineering Design Graphics Department
of Texas ASM University is seeking applicants
for an assistant or associate professorship
that must be filled by September of 1375.
Duties will include the teaching of engineering
graphics and descriptive geometry for freshmen
engineering students. Also, it is desired
that applicants be competent to teach speci-
ality courses such as computer graphics,
electronic drafting, pipe and vessel draft-
ing, nomography, etc.

Salary is open: to be based on qualifications
of the applicant. Texas A&M University is an
equal opportunity employer.

bllc&tnon
. 18 Available in

MICROFORM

] Xerox
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Microfilms
300 North Zeeb Rd.,
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CREATIVE DESTGN EMPHASLIS AT COLORADO STATE

Plans are well under way for "accentuating
the positive"” relating to the current interest
and impetus in the realm of Creative Design in
the E.D.G. division of ASEE during the upcom -
ing meeting at Colorado State. WNot only will
a bigger and better competitive design display
Be developed by the very able and active Cre -
ative Design Committee but plans are well de -
veloped to generate additional interest in the
area during at least one of the technical ses-
sions.

The plans include inviting a student member
from one of last year's winning teams to par -
tieipate in a panel discussion about the sub -
ject imvolved, along with one of the instrue -
tor's from the winning school, a representative
or two from industry and someone from engineer-
ing education. It looks like a great way to
get some important reactions from others than
just the peddlers of the product.

If you have any ideas for topics worthy of
discussion ete., contact Borah Kreimer or Gor-
don Sanders, Program Director.

See and hear you at the session.

C. Gordon Sanders

NEW DIVISION MEMBERS

The Engineering Design Graphics Division of
ASEE announced the addition of nine new members
as of Cctober 2. We take this opportunity te
welcome each of the following to both the Divi-
sion and its Journal.

Dr. Norman C. Asheraft, Chairman-
Division of Engineering Technology
Southwest Minnesota State College
Marshall, Minnesota 56258

Professor James R. Burnett
Michigan State University
College of Engineering

East Lansing, Michigan 48824

Mr. Horace Gambell
80 La Cueva
Los Alamos, New Mexico 87544

Professor John H. Jackson
Vermont Technical College
Randolph Center, Vermont 05061

Mrs. Mary A. Jasper
P. 0. Box 155 N
Mississippi State, Mississippi 39762

608 W. Palladium Drive
Joliet, Tllineis 60435

Professor Peter F. Pfaelzer

San Francisco State University
1600 Holloway Avenue

Division of Engineering

San Francisce, Califeornia 94132

Professor J. David Pfeiffer
McGill University
Mechanical Engineering

P. 0. Box 6070

Montreal, Quebec

Canada H3C 3G1

Professor John B. Répka, PE
50 Harvard Road
Parlin, New Jersey 08859

Oppenheimer Award

Once again the Frank Oppenheimer Award, pre-
sented at annual and mid-year meetings to re-
ward excellence in the presentation of papers,
resulted in a tie for first place. The dual
winners of the award at the annual conferemnce
in Troy, New York were Professor John S.Daniel
and Professor Richard T. Hang.

Professor Daniel is located at the Universite
du Quebec. His paper entitled "Lap Dissolve
Projection® was presented at a session co-spon-
sored by the Engineering Design Graphics Divi-
sion and the Educatiomal Research and Methods
Division.

Professor Hang from Ohio State University
presented a paper entitled "Computer Drawn
Curves Using Spline-Techniques" at a session
co-sponsored by the Engineering Desigan Graphics
Division and the Computers in Education Divi-
sion.

Professors Daniel and Hang will split the
well deserved $100 that accompanies the award.

Limerick Laureates

Thaanks to Robert LaRue

Professor at Ohio State U.

Hilliard did not holler

And we're sending Bob a dellar

Compare his line below with your fall issue.

"If you don't, you'll hear Hilliard holler!"

This column got off to a good start

But only a few readers are taking part
To keep from reading limericksef mine
You'll have to send in more than a line
let's fill this column with limerick art.

You try it too; we'll give you a green five

To help keep this column strong and alive

Send in the best five lines to capture the purse
Design Graphics limericks make excellent verse.
1'11 be waiting to read what you contrive.
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ENGINEERING GRAPHICS, Second Edition,
The late Frederick E. Geisecke, The late Alva
Mitcheil, The late Henry Cecil Spencer, Ivan
Leroy Hill, and Robert Olin Loving; both,
illinois Institute of Technology

The second edition of Engineering Graph-
ics is now completely updated with the latest
trends in engineering education and with the
{atest developments in industry, Comprehen-
sive In scope, it is written for courses which
include technical drawing and design, de-
scriptive geometry, and graphs and graphical
compulation.

Organization is the same as the first edi-
tion; consisting of three sectioris—Part 1 Tech-
nical Drawing, and Design; Part [l Descriptive
Geometry; and Part 11l Graphs and Graphical
Computation—which cover basic principles
and applications of engineering graphics. In-
cluded in this book are seven chapters an de-
scriptive geometry covering: Paints, Lines,
and Planes; Parallelism and Perpendicularity;
Intersections; Developments; Line and Plane
Tangencies; Cartography, Geology and Spher-
ical Geometry; and Graphical Vector Analysis.
The text begins with the fundamentals of
drawing, and essential lettering and layout
techniques, followed by 26 topically arranged
chapters. The successful approach of the first
edition was carried over to the second edi-
tion, where material in each chapter logically
follows the information in the preceding
chapter.

Almost every chapter has been updated,
revised, re-written or includes new material.
Changes in this edition reflect the changing
curriculum for beginning engineering stu-
dents, emphasizing the design function of
engineers early in the book. The authors have
carefully maintained the outstanding quality
of the illustrations, and in many cases the il-
lustrations have been improved with the ad-
dition of a second color. Important new
features of the Second Edition include:

@ A discussion of the importance of de-
sign and its relationship to graphics in-
cluded in Chapter One.

@ Extensive revision and expansion of
Chapter 14, “Design and Working Draw-
ings” now containing new material on
the design process which involves: iden-

tification of the problem; formulation of
concepts and ideas; compromise solu-
tions; preparation of models or proto-
types and the finished working drawings
for production.

& A wide variety of industrial examples

 of the design process, and a broad sam-
ple of student projects are provided as
open-ended assignments, Suggested
guidelines are given for preparing written
and oral reports.

@ Many problems and illustrations have
been redrawn or revised.

@ Increased use of decimal dimensions,
including the metric system, tables and
equivalents.

& A simplified system of notation is in-
troduced in the chapters on descriptive
geometry, as a time-saving tool.

@ Approximately half of the 1200 line
illustrations were revised and many of
these were converted to decimal nota-
tion.

& Many new halftones were added.

@ Many drawings have been converted
to the decimal-inch system now being
used extensively in industry.

There are many problems at the end of
each chapter, most of which are designed for
8%z x 11" sheets, although many problems in
advanced chapters will require farger sheets.
The most recent developments of the Ameri-
can National Standard ¥ 14 Drafting Manual
have been followed, and are featured in an
extensive appendix. This text is now accented
with two color printing and a two column
format for easier reading.

1975 approx 928 pages

An excellent complement to Engineering
Graphics:

ENGINEERING GRAPHICS, PROBLEMS, SERIES
I, Second Edition. The late Henry Cecil
Spencer, Professor Emeritus, Hiinois Institute
of Technology, Ivan Leroy Hill, and Robert
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Texts for Y

Olin Loving; both, lllinois Institute of Tech-
nology.
A Solutions Manual is available gratis.

1975 approx 224 pages

INTRODUCTION TO ENGINEERING
GRAPHICS, George C. Beakley, Arizona State
University

Designed to meet the needs of today’s
condensed courses, Introduction to Engineer-
ing Graphics provides a concise yet compre-
hensive introduction to all aspects of engi-
neering graphics.

The material has been carefully orga-
nized to zllow the instructor maximum free-
dom in course planning. Coverage of drawing
and graphics is complete in this timely book.
Included are lettering techniques, sketching,
measurement, dimensioning, graphics, graph-
ical methods of analysis, principle and auxii-
liary views, geometric figures, intersections,
descriptive geometry, and nomography. Valu-
able reference material on graphical construc-
tions, symbals, measurements and units {in-
cluding S5.1. metric information) and parts
specifications is included in the appendix.

This is an extremely well iliustrated book
with numerous halftones and over 600 line
illustrations. A second color is used through-
out. Problems follow each chapter. A Teach-
er's Manual is available, gratis upon adoption.

1975 approx 368 pages

INTRODUCTION TO ENGINEERING DESIGN
AND GRAPHICS, George C. Beakley, and
Michael J. Nielsen, both Arizona State
University; and Ernest G. Chilton, Stanford
University

This exciting introductory text combines
design and graphics in a modern, meaningful
way, reflecting the current approach to teach-
ing graphic skills. The use of models, mate-
rials .and processes of design, decision
processes, economic considerations, and de-
sign parameters for human satisfaction are
explored in depth. Each chapter forms a
separate “mini-text” complete with instruc-
tional material, bibliography, and problems,
giving students in-depth coverage. Eight ap-
pendices offer a wealth of useful tables,
graphs, and data. This is the only book that
gives students an opportunity to jearn the

fundamentals of engineering design. A com-
plete Instructor’s Manual is available on
adoption,
1973

Two excellent workbooks particularly coor-
dinated with:

INTRODUCTION TO ENGINEERING GRAPH-
ICS and INTRODUCTION TO ENGINEERING
DESIGN AND GRAPHICS are: GRAPHICS FOR
DESIGN AND VISUALIZATION, PROBLEMS,
SERIES A, George C. Beakley, Donald D.
Autore, and John B. Hawley, all Arizona State
University.

1973 128 sheets
GRAPHICS FOR DESIGN AND VISUALIZA-
TION, PROBLEMS, SERIES B, George C. Beak-
ley and Donald D. Autore, both, Arizona State
University.

1975 128 sheets

DESIGN: SERVING THE NEEDS OF MAN
George C. Beakley, Arizona State University,
and Emnest G. Chilton, Stanford University

This exciting, unconventional new book
will inspire and delight students as it intro-
duces them to creative, functional design and
its importance to man’s well-being. A stun-
ning, well-designed format complements and
exemplifies textual content as this book ex-
plores man's unique capacity to solve prob-
lems through the design process.

Challenges facing the designer, new ho-
rizons in creative thinking, ingenious designs
in nature, achieving pleasing aesthetic de-
signs—these are some of the motivational
topics that are discussed before the text ex-
plores design methodology. The overall de-
sign process is presented in a detailed dis-
cussion of each of its phases—from problem
formulation to development of models to
reporting results. The comprehensive con-
tent is intended to give students a complete
and realistic view of the many fascinating
possibilities of creative design and its practical
applications.

Profusely illustrated, highly readable, and
intellectually engaging, this text combines in-
structional and motivational elements to in-
volve students with design and encourage
them to explore its many challenges.

1974 546 pages
MACMILLAN PUBLISHING CO., INC.

100A Brown Street, Riverside, New Jersey 08075

818 pages



Professors Eubanks (Mississippi State)
and DeGuise (Montreal) are shown
visiting with Mr, B, J, Clark of
McGraw-Hill Publishing Company,

Professor and Mrs, Wendell Deen
(University of BEouston}, Mr and Mrs.
Bill Whitworth (Hughes Tool Company)
and Jody Adams (Virginia Polyitechnic
Institute) wisit during the social hour,

Wives of former faculty members of the

U, S. Military Academy--Martha Rogers,
Shirley Hammond, Pat Kirby, Mary Devens,
and Shirleigh Marvin,
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MID-YEAR MEETING

A successful midyear meeting was held at -
Colonial Willlamsburg from December 11-T4, in one
of the most unique settings for a meeting ever.
Attendees were treated to excellent surroundings
and many outstanding presentations.

Co~chairmen for this excellent meeting were
Bud Devens, Ed Mochel, and Bill Rogers. They are
to be commended for the manner in which they
handled all arrangements and preparations for the
meeting.

Several photographs of some of the attendees
are shown here during a social hour of the meeting.
Also, the minutes of the business meeting is re-
produced as a record of the executive meeting
which was chaired by Chairman Claude Z. Westfall
of the University of Maine.

The Engineering Design Graphics Division can
be proud of another outstanding meeting held for
its membership.

The foilowing names have been submitted
by the Nominations Committee and approved
by the Executive Committee. These nominees
will be voted on this spring and will take
office immediately following the annual
1975 ASEE meeting. Ballots will be mailed
in early spring to ail members of the En-
gineering Design graphics Division.

VICE CHAIRMAN

Clarence Hall, Louisiana State University
Borah Kreimer, Northeastern University

JOURNAL ADVERTISING MANAGER

Leon BiTlow, U. 5. Naval Academy
Garland Hilliard, North Carolina State U.

DIRECTOR ~-- ZONES

George Devens, Virginia Polytechnic Inst.
Al Romeo, Chio State University



NNUAL MEETIN

EXECUTIVE COMMITTEE BUSINESS MEETING
1974 MIDYEAR CONFERENCE
WILLIAMSBURG, VA., WEDNESDAY - December 11, 197k

MINUTES

Meeting called to erder at 8:00 p.m. by Chair-
man laude Westfall. Chm. Westfall appointed
Robert H. Hammond to act in J. H. Earle's absence
as a member of the committee. The committee con-
curred.

Present:

Claude Westfall, Chairman

Bob LaRue, Vice Chairman

Ken Botkin, Past Chairman

Paul DeJong, Sec'y, Treas.

Bob Hammons

Kltaus Kroner, Director

Charles McNeese, Director

Ed Mochel, Director

Gordon Sanders, Director

GRDER OF BUSINESS

1. Secretary's Report -- Dedong
Minutes of the 1974 Annual Conference Execu-
tive Committee Meeting and Division Business Meet-
ing minutes were reviewed. Motien by Sanders to
accept as entered was made. Botkin seconded,
passed. Importance of early distribution of min-
utes was discussed.

2. Treasurer's report -- DeJong
Bank account has a batance of $2217.74.
$604.71 belongs to Creative Engineering Design Dis~
play Committee. Permanent accounting books are he-
ing developed.

The 74-75 budget was presented and reviewed
and discussed. Discussion followed concerning the
use of idle funds. The treasurer was directed to
discuss with ASEE headquarters the possibility of
holding some funds in interest bearing accounts.

The existence of two separate treasuries
was discussed and it was decided that the publica-
tions committes whould be consulted in the pre-
paration of budgets. LaRue pointed out that the

Design Display Committee would have to use ingenuity

to raise $1750. The freshman trip award was dis-
cussed and the CEDD study committee was djirected ro
determine its future character and limitatjons.

The trip to the 1975 conference will consist of
travel, registration, meals and todging. Budget
acceptance was moved by LaRuz, seconded by Hammond,
and passed.

3. Policy Committee -- Bob Hammond
The Proposed Changes in the Division By-Laws
were read, discussed, and modified slightly. LaRue
seconded as modified, passed. Bob Hammond volun-
teered to take care of printing and distributing
of revised by-laws follewing 1375 annual conference;
approved.,

The proposed 2-year division chairmanship
was discussed. Members were asked to discuss this
with colleages and be prepared to vote on the pro-
posal at the 1975 annual conference executive com-
mittee meeting. Wladaver's letter in opposition
to the proposal was read.

4. Director's Reports
a. Liaison -- Kroner

Reports indicate need for energetic work-
ers on most committees. A proposal to estahiish
a committee on metrication was entered and dis-
cussed. Motion: The Chairman of the Division shall
establish, and appoint members to, a new ad hoc
committee to be known as the "Committee on Metri-
cation'l,
LaRue seconded, passed.

b. Programs =-- Sanders

Report includes organization for programs
through January 1976. Motion made to approve 1975
Annual Conference program propesal submitted by
Byard Houck. Seconded, Mochel, passed. Discussion
followed regarding efforts and outcome at Washington
planning meeting attended by Westfall and Houck.
Resolution unanimously passed as follows:

"The Executive Committee of this division
wishes to make a special expression of appreciation
to Byard Houck for his outstanding efforts in plan-
ning and preparing the divisions program for the
1875 Annual ASEE Conference."

The secretary directed to send a copy of
the resclution to Dean Ralph Fadum, N.C. State.

c. Publications -~ Earife {Hammond)
Interim report of finances was received.

5. Vice-Chairman's RepoFt -- LaRue

Creative Engineering Design Display Study
Committee makeup was outiined. Possible interest
in Freshman Engineering and creation of a Division
Newsletter were discussed. Letters of invitations
were read from Efole Polytechnique and University
of Alabama for 76-77 Midwinter conference.
Hammond extended invitation to N.C. State for 77-78.
Discussion followed. Hammond moved that chairman
Westfall should accept invitation from Eéole Poly-
technique and that LaRue should find out if Ala-
bama wishes to extend their invitation to 77-78.
Committee indicated probably acceptance of Alabama
bid for 77-78 and N.C. State for 78-79 midwinter
conferences.

Appointment of Eldis Reed to replace Al
Romeo, seconded by Hammond, approved.

6. Chairman's Report -- Westfall
Commi ttee unanimously approved the apprecia-
tion award to be presented to Frank Oppenheimer for
his long and valuable service.

Oppenheimer Award discussed and letter from
Frank read to committee, indicating his interest in
having Oppenheimer Award made for excellence at
midwinter conferences. Moved by Dedong, seconded
by LaRue, to make Oppenheimer Award for and during
Midwinter Conference: passed.

Use of durable metallic plaques for awards
was discussed and current awards examined.

Creative Design committee operating. Possi-
ble elimination of judge's luncheon was discussed.
Concluded that Coppinger and Houck must communicate
and work out any changes.

Adjourned 11:30 p.m.

Respectively submitted,

Paul DeJong
Secretary
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Professor Trwin Wladaver (L) receives the
Distinguished Service Award from Klaus
© Kroner,

Distinguished
Service
- Award

lrwin Wiadaver was officially presented his
award, the Distinguished Service Award, at the
annual banguet of the midyear meeting at Williams-
burg, Virginia. Professor Wiadaver was named re-
cipient of this award last spring, but he was un-
able to attend the annual meeting to receive the
award Tn June due to poor health.

Professor Klaus Kroner of the University of
Massachusetts made the presentation of plaque
signifying this award to Professor Wiladaver.

S0

alse.

first edition.

The second is even betler. For one
thing, it places greater emghasis ontra-
ditional areas, Like working drawings,
data analysis and dimensioning.

Many of the illustrations were redrawn
too, for more clarity and impact. New

Frank Oppenheimer (L) accepts the Oppenheimer
Award from Chairman Claude Westfall,

Oppenheimer Award

Frank Oppenheimer, the donor of the Frank Oppen-
heimer Award was the recipient of the Oppenheimer
Award at the Williamsburg Meeting. Mr. Oppenheimer
was awarded this recognition for his expertly pre-
sented paper entitled ''"The History of Drawing In-
struments.'

This award is given at each Engineering Design
Graphics Division meeting to the presenter of the
best paper. in addition to a certificate of recog~
nition, a cash award of $100 donated by Mr. Oppen-
heimer is awarded.

Upon receipt of this award, Mr. Oppenheimer
domated the cash award to the Creative Design Dis-
play committee to use in preparation of their dis-
play at the annual meeting to be held in Colorade
in June.

¢ pictures are not
for mother’s eyes.

She wouldn’t understand.

But a client would, He'd look at every
detail. And it better be perfect. Gr  step method to guide students through

However, Earle's second still uses the

the entire design process. It's application

So your students have o know their  of descriptive geometry and graphical
stuff. With ENGINEERING DESIGN
GRAPHICS, SECOND EDITION, they  Suitable for technology and engineering
will. Which is probably why more programs.
than 150 colleges and universities

adopted James Earle’s text in its

principles remains at the freshman level.

Eleven companion PROBLEMS
BOOKS are also available. Authorad by
James Earle and seven other members
of the engineering graphics department
at Texas A & M University. They help
keep the course as interesting for you as
for your students.

ENGINEERING DESIGN GRAPHICS,
SECOND EDITION: Mother could do

problems were added. And even sug- without it, but net her young engineer-
gestions for supervising student design to-be. :

teams.

A
v

Coflege Division

ADDISON-WESLEY PUBLISHING COMPANY, INC.

Department 177

Reading, Massachusetts 01867



GEOMETRY FOR ENGINEERS ! is a problem book covering the—"—" - ,

principles of descriptive geometry, creative design, vectars, PP Vs P
data analysis, intersections, developments, nomography and J '
graphical calculus, Most problems are actual industrial sit- .
uations where realism is emphasized, $5,95 . o

4 ELEVATING
SHAFET & DRIVE

&P

By the staff of the

GRAPHICS FCOR ENGINEERS 1 is a problem book for a first Engineering Design
course In engineering graphice that covers all aspects of Graphics Department
working drawings and data analysis, design and graphical Of Texas A&M Univer-
theory. Problems are based on industrial examples and are sity

illustrated with photographs and drawings. $5,95
Earle, Cleland, Stark,

Mason, Bardell, Vogel,

ENCINEERING GRAPHICS & GEOMETRY 1 is a combination of Coppinger and
the two books above that will be available this spring, Raczkowski

Write for yvour examination copy and our book list today,

We' are not computerized, consequently we can give im-
mediate delivery at the lowest possible cost.

BOX 9292, PH 713-846 -7128
COLLEGE STATION. TX 77840

IGINEERING DESIGN
APHICS JOURNAL

Subscription Rates
1 ¥r 2 Yrs 3 Yrs

ASEE Members 33 $5 $10
Non-Members 5 10 25
Cverseas 10 20 50

TREASURER and

CIRCULATION MANAGER
C.H. KEARNS
THE OHIO STATE UNIVERSITY
2070 NEIL AVENLE
COLUMBUS, QHIO 43210
PHONE |- (614}-422-2834

START MY SUBSCRIPTION NOW
( )Ll yr, { )} 2vYrs, {( ) 3Yrs
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City and State:

Zip Code:
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PROBLEM BOOKS
FOR ENGINEERING
RAPHICS,

Communication-Analysis-
Design, Fourth Edition

C. Gorden Sanders, Carl A.
Arnbal, and Joe V. Crawford,
lowa State University

This problem boolk series facilitates un-
derstanding the fundamental principles as
well as making practical applications of
them in industrial-oriented problems. Each

unit includes a statement of objectives,

some analytical thought questions, some
semi-programmed instruction with answers
on the back of the sheet, some word de-
scription problems, and some partial-lay-
outs with word specifications. Photographs
from industrial firms encble the student to
visualize the objects in their actual setting.

Book 1—136 pages—prob. $6.95
Book 11—150 pages—prob. $5.75

For examination copies write:

ENGINEERING
GRAPHICS,

Communication-Analysis-
Design, Fourth Edition

James S. Rising, M. W. Almfeidt,
and Paul S. De Jong, lowa State University

Completely revised, Engineering Graphics presents
a readable, integrated introduction 1o graphical com-
munication, problem onalysis, and creative design.
Included throughout the text are carefully drawn
illustrations and step-by-step procedures for problem
solution. Outstanding coverage of vector quantities,
graphical mathematics, and construction of charts and
diagrams is provided. Sample problems of progres-
sive difficulty conclude each unit.

Of Special Note...

@ Information updated to reflect changes in the
standards.

® New unitz on creative design, electrical and elecs
tronic diagrams, and computer aided design.

@ New treatment of pictorial systems, grophical
mathematics, basic dimensions, production dimen-
sioning, and design drowing,

e New emphasis on industrial applications.

408 pages—8 1/2” x 11"—cloth
bound—1%70-5$9.95

REB WML, . BROWN COMRPANY PUBLISHERS
ZAB0 Kerper Boulevard, Dubugue, lowa Sz2001



Our

engineering

texts
are

drawing
quite

a crowd

Descriptive
Geometry

Grant: PRACTICAL |
DESCRIPTIVE GEOMETRY,
Second Edition, $7.95

Hood/Palmerlee/Baer:
GEOMETRY OF ENGINEER-
ING DRAWING, Fifth Edition
$12.50

Wellman: ALTERNATE
PROBLEM LAYOQUTS FOR
TECHNICAL DESCRIPTIVE
-GEOMETRY, Second Edition,
$7.50

Wellman: PROBLEM
LAYOUTS FOR TECHNICAL
DESCRIPTIVE GEOMETRY,
Second Edition, $6.95

]

Engineering
Drawing

Grant: ENGINEERING
DRAWING WITH CREATIVE
DESIGN, Second Edition, $10.95

Grant: ENGINEERING
DRAWING PROBLEMS, SERIES
ONE, Second Edition, $8.95

Vierck/Hang: ENGINEERING
DRAWING PROBLEMS, Third
Edition, $7.95

Vierck/Hang: FUNDAMENTAL
ENGINEERING DRAWING
PROBLEMS, Third Edition, $7.95

Zozzora:; ENGINEERING
DRAWING, Second Edition,
$12.75

Zozzora: ENGINEERING
DRAWING PROBL.EMS, Second
Edition, $8.50

Engineering Design Graphics Journal, Winter 1975
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Engineering
Graphics
Levens/Edstrom: PROBLEMS IN

ENGINEERING GRAPHICS,
SERIES VI, $8.50

Schneerer: PROGRAMMED
GRAPHICS, $13.50

Vierck/Hang: PROBLEMS IN
GRAPHIC SCIENCE, Third
Edition, $8.50

Prices are subject to change without notice.

i
i
Hill|
McGraw-Hill Book Company

1221 Avenue of the Americas
New York, New York 10020
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