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WINTER 1979

EDITORIAL

Those of you who missed the Mid-Year
conference at Mississippl State really
missed a good one! Just to make things
interesting Mother Nature fixed the
Ramada Imn with "cold" and "colder”
running water and spotty electricity.
Claude Westfall kept warm and out of
the dark with a candle, while Bud Devens
and Bill Rogers unsuccessfully pursued
an uninvited cat who was staying warm
in their room. In spite of those pro-
blems, Hunter and Juanita Eubanks,

Mary Jasper, Grover Taylor, Frank Cade,
Dean Stewart, and gang really put on

a fine meeting and we all found that
Mississippi 1s truly the "hospitality
state". We also had some interesting
controversy about Graphics and its
directions....well, vyou can read all
about that in the Spring issue of the
JOURNAL. We will have a thorough re-
view of the conference there, and don't
miss it.

One of the subjects raised at the
meeting was precipitated by the schi-
zophrenic behavior of the Washington
Bureaucracy. Many readers will recall
the Metric Act of 1975, and even the
controversy about the spelling of metre
which the Department of Commerce in-
correctly '"solved" by edict in a Fed-
eral Register Notice dated Deec. 10, 1976.
It fortunately appears that their dictum
is being largely ignored.

While the Metric Advisory Committee
is premoting metrication, the National
Weather Service threatens to "go English"
because it wasn't glven a position on
the committee,

More recently, the General Account-
ing Office got into the act, much to the
horror of those of us who noticed the
newspaper accounts. Klaus Kroner was
among us, and obtained a copy of their
report. Generally, it sounds as if it
were the result of an effert to create
summer employment, and its plot runs
something like this: while some indus-
tries are going metric, there doesn't
seem o be any reason for it, ( the law
deesn't require it, there isn't a govern-
ment policy regarding metrication,) it
will cost a lot of money, and no one
we talked to liked it much anyway, sc
why don't we forget it.

continued on p.6...

THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION

Engineering Design Graphics Journal

VOLUME 43

NUMBER 1

CONTENTS

Page
COMMITTEE COMMUNICATIONS................ 4
CALI, FOR PAPERS: MID-YEAR CONFERENCE... 6
CREATIVE DESIGN WORKSHOP................ &
WILLIAM EZRA STREET: IN MEMORIAM..... e 7

STUDENT DESIGNED PLEXIGLASS MODELS..Weed 38

A SMALL FLAW IN THE OINTMENT....... Kelso 11
THEE INEVITABILITY OF COMPUTER -
GRAPEICS . o et e et et et e MeDougal 13
AN EFFECTIVE METHOD TO PRESENT

STUDENT WORKSHEETS..........con.. Holland 20
CALLIGRAPHY . . .ottt et i e Weber 24

A METHOD FOR DETERMINING THE LIMITS
OF CUT OR FILL FOR A CIRCULAR HIGHWAY
CURVE ON A GRADE................... Teter 27

GRAPHICAL CONSTRUCTION OF CLOTHOIDAL
HIGHWAY CURVES............... ....Niayesh 33

A REASSESSMENT
OF THE MATHEMATICAL CONCEPT
0F THE POINT AT INFINITY......... BRISSON 36

COORDINATOGRAPHS FOR AUTOMATION
OF DRAFTING AND DESIGN..... e Ryan 38

AUTOMATICON IN SOLVING POSITION
PROBLEMS WITH THE AID OF AUXILTARY

SPHERES. ...\t Charit 41
PUZZLE CORNER....... [ Kelsc 44
EMPLOYMENT OPPORTUNITIES........... P 19
NEW PRODUCTS. .. ..oovvneennnn.n.. .. 22,46
ADVERTISERS
ALVIN. . ...t 49
ART CADT PRODUCTS.................... 48
BISHOP GRAPHICS...................... 48
CREATTVE PUBL. CO.................... 1
GRAMERCY CORP............ooovioon. .. 1
RENDALL/HUNT PUBL. CO................ 47
KRIEGER PUBL. CO...............uun... 48
McGRAW-HILL PUBL. CO................. 0
WM. C. BROWN PUBL. CO................ 26

Cover: The winter of 1979 as seen by
the editor...among others,

ENGINEERING DESIGN GRAPHICS JOURNAL Winter 1979 / 3




COMMITTEE COMMUNICATIONS

METRICATION COMMITTEE

The Metrication Committee met
on Tvesday, June 20, at Vancouver,
B.C. with five members present. The
Committee helped plan saveral events
at the Vancouver Conference. A
session on Metricaticn is on tne pro-
gram at the Mississippi State
Conference and the EDG Divisgion is
co-sponsoring an event with the ASEE
Metric Coordinating Committee at
L.5.0. in June. All recent issues
of the EDG Journal have had at leasti
one article on metrication.

The Metrication Committee will
hold a short meeting at Mississippi
State University. The members are:

Henry Kroeze
University of Wisconsin, Waukesha
Klaus Kroner
University of Massachusetts
Ken Meek
St. Lawrence College
Claude de Guise
Ecole Polytechnic

Howard Hedinger
Lester Johnson

Savannah State College
Kenneth Howard

Henry Ford Community College
William VanderWall

North Carolina State

The members are broken down into
two groups, the first group of four
are participating. The second
group are names of people I never
met but indicated an interest in
metrication.

Ed Mochel
University of Virginia

COMPUTER GRAPHICS COMMITTEE

Committee Chairman Francis Mosillo

reports the committee has been restructured
}nto various subcommittees. The organ-—
ization of these subcommittees is reflected
in the committee roster shown below.

COMPUTER GRAPHICS COMMITTEE ROSTER

Chairman

Francis A. Mcosillo
Systems Engineering Department
University of Illingis
at Chicago Circle
P. O. Box 4348
Chicago, Tllincis 60630
{(312) 996-2260 or 3444
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Subcommittee Zero:

Freshman Engineering Graphics
Update Editor

Francis A. Mosillo
Systems Engineering Department
University of Illinois
at Chicago Circle
P. O. Box 434%§
Chicago, Illinois 60680
(312) 996-2260 or 3444

Subcommittee I:

Directory of computer graphics
movies, text materials, syllabi,
eto.

Update Editor

Robert McDougal

303 Bancroft Hall

Dept. of Engr. Mechanics
University of Nebraska
Lincoin, NE 68588

(402) 472-2379

Subcommittee TI:

Directecry of avallable computer
graphics software as utilized in
engineering graphics courses.

Update Co-editors

Robert J. Beil

Box 1571, STA B

Vanderbilt University
Nashville, Tennessee 37235
(615) 322-4730

Michael R. Pleck
University of Illinecis
Urbana-Champaign

Dept. cf General Engr.
117 Transportation Bldg.
Urbana, Illincis 61801
(217) 322-3160

Subcommitted IIT:

Computer graphics utilizaticn in
advanced engineering graphics
courses

Chairman

Edward V. Mochel

School of Engineering &
Applied Sciences

University of Virginia

Charlottesville, Virginia 22901

(804) 924-7421

Klaus Kroner

IE/CR Dept.

Univ. of Massachusetts
Mnherst, Mass. 01002



Subcommittes IV: Subcommittes VI:

Grantsmanship te start or inhance Computer graphics as a design tool
an engineering graphlcs computer
system Chairman
Chairman Robert McDeougal
303 Bancroft Hall
Robert Kennedy Dept. of Engr. Mechanics
Dept. of General Engr. University of Nebraska
1527 University Ave. Lincoeln, NE 68588
Madison, Wisconsin 53706 {402) 472-2379

(608) 262-2472
Thomas €. Smith

Steve Slaby 227 Bancroft Hall
Dept. of Civil Engr. Dept. of Eng. Mechanics
Princeton University Univ. of Nebraska
Princeton, N. J. 08540 Lincoln, NE 68588

(402) 472-1631
Darryl F. Jancwicz

Dept. of Industrial Engr. Anton Vidlak

College of Applied Scilences 301 Bancroft Hall
Western Michigan University Dept. of Eng. Mechanics
Kalamazoc, Michigan 49008 Univ. of Nebraska

(616) 383~1948 Lincoln, NE 68588

(402) 472-2378
Subcommittee V:

Industrial uses of computer graphics Subcommittee VIL:

Workshop development
Chairman
- Co~Chairmen
Tim Coppinger -

Engr. Graphics Dept. Robert D. Larue

Texas A&M University Ohio State University
Cellege Station, Texas 77843 2070 Neil Avenue
(713) 845-445]1 Columbus, Ohio 43210

{(f14) 422-2493
John Demel

Engr. Design Graphics Dept. Robert J. Beil

Yexas A&M University _ EOX 1571, STA_B .

College Station, Texas 77843 Vanderbilt University

{713) 845-4451 fashville, Tennesses
37235

Robert Harvey ' (615) 322-4730

College of DuPage

Glen Eliyn, Il. 60137 James Burnett } )

(312) 858-2800 } College of Engineering
Michigan State University

John N. Clausen East Lansing, Mich. 48824

104 Lind Hall (517) 355-5123.

Univ. of Minnesota

207 Church St. S.E.

Minneapolls, Minn. 55455
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CALL FOR PAPERS

The Engineering Design Graphics
Division of the American Societv of
Engineering Education is inviting the
submission of papers for its 1979
mid-year meeting. November 14-16 are
the dates for the conference to be
held in San Francisco, California with
Cogswell College serving as the host
institution.

Papers should be of a topic rel-
evant to developments within the
area of Graphics or scme related field,
with its content limited to a twenty-
minute presentation. Any proposals
for topics and contributors for these
sessions will be welcomed by the
conference organizers. :

Please address all iﬁquiries to:

Professor Peter W. Miller
Engineering Graphics Dept., MGL.
Purdue University

West Lafavette, IN 47907

(317) 494-3020

OR

Professor Arvid R. Eide
Freshman Engineering
Jowa State University
Ames, TA 50011

(515} 294-8355

& / ENGINFERING DESIGN GRAPHICS JOURNAL, Winter 1979

Editorial: continued from p.3...

Why the report was ever written
(Who asked them?!?) and how it could be
taken seriously staggers the imagin-
ation. It will probably redach its
rightful place, - oblivion, - in time,
but in a way, it ought to stand as some
kind of a monument to the uncoordinated
effort it exemplifies so well.

Maybe the "District" should be
rechristened with a more "pative-
American-sounding'” name. A modest sug-
gestion would be "Runamuck". It seems
50 appropriate, and it has endless
potential. I suppose it would get tied
up in committee, though, or the Depart-
ment of Commerce would insist on a
different spelling.

Let's go metric anyway!

CREATIVE DESIGN WORKSHOP

A three-day Creative Design Workshop
was held Jan. 10-12 at the University of
Magsachusetts. A wide spectrum of subjects
was discussed, including What is Design,
How to Teach Design to Freshman, Teaching
Upperclass Students, Product Liability,
Human Factors, Generation of Projects
at the various levels, and Computer-
Alded Design. Workshop sesslons were
included to assure participation of the
attendees, and reports reaching the
JOURNAL indicate the conference was
oversubscribed and a huge success.

The speakers were without doubt responsible
in some measure for that success, and
included many distinguished persons whose
names are familiar to EDGD members as well
as authorities from the industrial sector.

Proteedings of the Workshop are
available for $1.00 from:
Joseph Marcus, Associate Dean
School of Engineering
University of Massachusetts

Amherst,

MA, 01003




WILLIAM EZRA STREET
1901-1978

William E. Street, one of the most pro-
minent members of the EDG Division, died
on November 6, 1978, at his home in Nash-
ville, Arkansas. He was buried at Dickens,
Texas, on November 10th. He is survived
by his wife, Clara, and daughter, Mrs.
Louise Beagle.

Professor Street was the recipient of the
EDG Division's Distinguished Service Award
in 1961 which climaxed his many vears of
service to the Division. He had held prac-
tically all elected positions from editor
of the JOURNAL to the chairmanship in 1956.
Few members, if any, have matched his
record for attendance at ASEE meetings and
his active participation in and contribu-
tions to the Society over the years.

Professor Street retired as head of Louis-

iana State University's Engineering Graphics

Department in 1971. He had nreviously been
the head of Texas A&M Engineering Graphics
Department from 1941 through 1965, after
leaving Texas Tech's Engineering Graphics
Department.

He was a well-known author of several text
books and laboratory manuals. His last
book, Engineering Granhics, was published

by Van Nostrand Publishing Comnany in 1963.
He is listed in Who's Who in Engineering
Educaticn.

Dr. Street was the 1961 recipient of the

General Dynamics Award as the outstanding
teacher in the College of Engineering at

Texas ASM.

In addition to his academic duties, Pro-
fessor Street was an active Rotarian and
gerved as a district governor. He was an
elder in the Church of Christ for over

40 vears.

Throughout his career Dr. Street spent his
off hours as a part-time rancher; and after
retirement he devoted furll time to this pur-
suit until his unexpected death.

Bill Street will never be forgotten by
those of us who knew him and worked with
him. His career touched and influenced the
lives of many students, associates and
friends. He was a good man and a good
friend. We will miss him.

James H. ERarle
EDG Denartment
Texas A&M University
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TECHNICAL - PROFESSIONAL
COMMITTEE CORNER

TEACHING TECHNIQUES

Merwin L. Weed
Penn State University
McKeesport Campus

STUDENT-DESIGNED PLEXIGLASS MODELS

Generally speaking, a student will Photo No. 1 pictures four plexiglass
find learning a happy and exciting experi- models designed by individuals of the
ence if he can achieve a sense of accom- - class and built by a gifted work-study
plishment and/or fulfillment. This noction student of that class. It has worked
was supported in a descriptive geometry well to have these and others available
class in which the students were asked in the classrcoom to be used during lecture
tc design plexiglass models that would or for a student who might just want

illustrate some truth or construction to look at one to reinforce his thinking.
found in their study of descriptive :
geometry. Before such a design could be
accompiished, the student had +o gain a
thorough understanding of the thecries
inveolved in the point he wished to
illustrate. )

The enthusiasm mounted as plans were
made to have the models constructed for
use in future classes. Without being
aware of it, the students of that class
were eagerly going through the design
brocess as well as acguiring a broad
knowledge of descriptive geometry.

Each project was to be presented in
the form of a working drawing complete
with an assembly drawing, a bill of
materials, and details.

There was a limitation placed on the
materials tc be used on the models since
only a small variety of plexiglass
stock shapes and a quantity of 3/4"
plywood were available. At first, this
was viewed as a negative limitation;
but, in retrospect, this narrow avail-—
ability of materials forced the students
to work under only ocne more desi

Photo No. 1
Four Plexiglass Models Designed and Built

n .
parameter - an sarly view of real 1ife. by the Students in the Class.

Copyright © 1979 M.L. Weed
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Photo No. 2 shows a simple model of Photos No. 4 and 5 are two views of

two intersecting planes. This is a handy the game model. This model was designed

model to use when describing to a class to exhibit skew lines and demonstrate

the necessity of sighting down the line the necessity of sighting down one of the
of intersection in order to view the true lines in order to see the true length of

angle between two planes. The student the shortest connector.

himself had to view down the 1line of
intersection of two planss in order to
prescribe the angle of cut to be made on
each plane of his model.

Photo No. 2 Photo No. 4
A Simple Model of Two Intersecting Planes. A Model to Exhibit Skew Line Relationships.

Photo No. 3 is of a model of two
parallel planes. This model as well as
the intersecting planes model are of a
size that is convenient to hand hold
while lecturing and is large encugh for
all in the room to see. Both are made of
a bright red plexiglass with the edges
painted white to better define the
perimeters of the planes.

Photo No. 5
Another Viaew of the Skew ILine Model.

Thoto Wo. 3
A Model of Two Parallel Planes.
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Finding the true length of a line by
projecting that line conto a plane of
projecticn parallel to the line is por-
trayed in the model pictured in Photo
No. 6. The construction of this model
was the most difficult of the four models
illustrated here because of the various
angles between the faces of the plexi-
glass box. The plexiglass box was deemed
necessary, however, to represent planes
of projecticen.

The design and construction of these
plexiglass models seem to have had a
positive effect on both the instructor
and his students. 2As a teaching technigue,
this preoject proved to be most satis-
factery.

A Model That Demostrates the Proper Method
For Determining the True Length of an

Oblique Line.

Merwin L. Weed is currently serving
as Chairman of the Teaching Technigques
Committee of the EDG Division. This
paper ig a fine example of a technique
that needs to be shared with the reader-
ship of the JOURMAL. The editcrial
staff of the JOURNAL would be most happy
to consider for publication under this
format any and all papers describing
innovative technigues in teaching. Papers
from other Technical-Professional Com-—
mittees are welcome alsc and are encouraged.
T+ is our earnest desire to keep our readers
abreast of current trends in engineering
craphics. With your help we can achieve
this simple goal.

Frank Croft
Assoclate Editor

=
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Robert P. Kelso
Louisiana Tech University

A SMALL'FLAW'IN THE OINTMENT

(Sorry about that!)

In all texts which I am familiar the
subjects of INTERSECTIONS and TANGENCIES
seem slightly flawed in one respect:
illustrative drawings are used which show
principal views of the cylinder and the
cone in skew positions, the bases of
which, having been formed by principal
planes, appear as circles. (Figure 1)

This is visually unintelligible until
it is realized these illustrated geometric
figures are elliptical. Texts don't always
make this obvious. The elliptical natures
of the figures become apparent when the
diameters length are compared in two views.

Discovering this, one is posed with
the wvisualization question: "How is it
possible that an elliptical cylinder or
cone, in a skew position, when cut by a
principal plane, will vield a circular-
line-of-intersection in a principal view?"

The answer iz, of course, that the
figures must be placed in propitious
positicns. Since mention is seldom made
of this in texts, this special situation
may be mistaken for a general condition.
I suspect there are alert students who
harbor the notion that any elliptical
cylinder or cone, in any skew position,
and whose bases are formed by principal
planes, will show their bases as circles
in principal wviews.

An alternative I suggest is that, in
the illustrative drawings to be used, the
elliptical cylinder and the cone be re-
tained but they be of undefined length
and that the circular-base appearance, as
seen in principal views, be developed.
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A typical development is given below
for each of the cylinder and cone. (Fig. 2
and 3).

GIVEN:

(1) Top and Front Views of Elliptical
cylinder A-B.

(2) Point € in the Top View.

CONSTRUCT:
A cutting plane through Pt, C such
that its line-of-intersection with the B

cylinder will be seen as a circle in the
Front View.

STEPS IN THE CONSTRUCTTON:

(1Y In the Front View, draw a "trial”
circular base at any location of conven-
ience on the cylinder,

(2) Project to the Top View the EV of

the cutting plane which defines the trial
circular base {(two possible).

(3) Construct, in the Top View, the EV
of a "final" cutting plane through -

Pt. C-and-parallel-to-the-trial-cutting
-plane.

(4) Project the line-of-intersection-of-
the-final-cutting-plane-with-the-cylinder
to the Front View. This line-of-inter-
section will be seen as a circle.

Figure 3
GIVEN:
(1) Top and Front Views of elliptical
cone A~B. -
(2) Point € in the Top View.
REQUIRED:
To construct a cutting plane through

Pt. C such that its line-of-intersection
with the cone will be seen as a circle
in the Front View.

STEPS IN THE CONSTRUCTION:
The approach is the same as with the
cylinder.

Figure 2
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Robert H. McDougal
University of Nebraska-Lincoln

THE INEVITABILITY
OF COMPUTER GRAPHICS

ABSTRACT

This paper offers comments on Engineering
Graphics as taught traditionally. References
are made to the comments of several educators
and industrial representatives. The bene-
ficial results of curriculum changes in Eng-
ineering Graphics at the University of Neb-
raska at Lincoln are discussed. Suggestions
are offered relevant to the benefit of using
visual aids, group participation, and part-
icularly Computer Graphics as teaching and
motivating tocls. Included in the Appendix
is a listing of visual aids sources, text-
books, ete, used by those Universities who
responded to a survey made by the author.

INTRODUCTIONW

Recently Engineering Graphics has ex-
perienced a change which is for the better-
ment of the engineering prefessicn. Several
educators have expressed their reasons con-
cerning this change.

Professor Phillip C. Sell, Professor
of Civil Engineering at Highline Community
College published an article in the November
1977 issue of Engineering Education entitled
"Graphics: A subject for all Engineers'. In
his paper he made this statement, "A survey
from recent catalogues from 25 colleges select-
ed at random, showed an average graphics re-
quirement of less than three semester credits;
nine schools required zerc." 'In comparing
this finding," states Prof. Seil, "With the
average requirement of six to nine credits

Conyright © 1979

common ten to fifteen years age, reveals a
trend which to those professors involved in
the teaching of graphics might consider to

be challenging." Pref. Sell suggests several
possible reasons for this drop in Engineering
Graphics requirements. Some of those cited
were: The credit hour sgueeze. As science
and technolegy grow and expand, sc do the
demands of additional courses in the engin-
eering curriculum. Usually as a result of
these demands there are pressures to elimi-
nate some of the courses which the engineering
faculty feel are less important to the engin-
eering graduate. Another possible reason

for the lack of hours in the graphics area

is respectability. Again quoting Prof. Sell,
"Many engineering educators believe graphics

is not rigorous enough to be included in the
college curriculum” A third possible reason
is relevance. Some guestion the relevance

of graphics to the modern engineers work.
Modern mathematical methods and computers
have replaced graphical methods in many
areas, especially as problem-solving tools.
There is a decided shift from the practical
to the theoretical in many schools and graph-
ics has very little of the theoretical. Prof.
Sell goes on to state that in his review of
33 general graphics texts it was determined
that only 88 of the 534 total chapters were
devoted to toplcs in graphical analysis,
construction drawing, systems drawing, and
concept drawing. The main emphasis in
present day graphics is omn mechanical drawing
or drawing of objects for manufacture. He

R.N. MeDougal
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therefore, feels that graphics taught as
mechanical drawing is relevant to ounly a
minority of practicing engineers.

Professor Amogene F. DeVaney, then
chairman of the Engilneering Graphics Div-
ision proposed these questions in the Spring,
1978 issue of Engineering Design Graphics
Journal: "As those professors who are now
involved in teaching engineering graphics
retire will they be replaced or will it
provide an opportunity for the administrators
to reduce or eliminate courses in drafting
from the curriculum? Secondly, if graphics
is continued in the curriculum, what if
these teachers are replaced, what type of
training should the new graphics teacher
have?" Prof. DeVaney does not propose to
answer these questions but does suggest
that in our present technology we will see
that more theoretical graphics will be
required.  Drawing will be automated, the
computer will do the drawing. She then
cites a visit that was made in the early
1960's to a Boeing facility in Wichita,
Kansas where drawing was done by automation,
and goes on to say that recently she had
visited a-large company that was just com-
pleting automation of all of its drafting.
The final drawings in this company were
made entirely by the computer from very
rough sketches prepared by the engineers.

An article by D.A. Curtiss in a July
1965 issue of Graphic Science entitled "Auto-
mated Drafting - Where Are We Now?'' states
that automated drafting was definitely a
necessary part of the engineering equipment
at Rocketdyne Corporation. He continues,
in the article, to describe the different
pieces of equipment that were being utilized
and the benefits received in terms of engin-
eer time and economics, which was advantag-
eous to the corporation.

This brief review of the statements of
the contributors mentioned would suggest
that there definitely must be a change in
our presentation of engineering graphics to
the modern day engineering student. The ad-
vent of the computer and its accessability
to the engineer has provided a tremendous
opportunity for the engineer to use computer
graphics facilities in the design of mach-
ines and structures.

PRESENT DAY COMPUTER GRAPHICS

Several articles have been written
relevant to computer graphics as a part of
the present day engineering curriculum. An
article entitled "Computer Graphics in Chem-
ical Engineering Gaming and Simulation
authored by H. Scott Fogler of the University
of Michigan cobserved in the 1978 Winter issue
of ERM indicates that the computer-base sim-
ulation gaming system used at the University
of Michigan has proven a valuable educational
and motivational aid. 1In that same period-
ical in an article entitled, "Computer Gra-
phics in Undergraduate Educatien" by M. Fire-
baugh, N. Marron and D. Piele from the Univ~
ergsity of Wisconsin at Kanoshia, Wisconsin,
this statement is made: "Recognizing the

14 / ENGINEERING DESIGN GRAPHICS JOURNAL Winter 1979

need for improved data analysis techniques
for undergraduate students in science and
mathematics, the University of Wisconsin-
Parkside has developed computer graphic
softwear. The softwear is used in the
classroon in a variety of instructional
modes." In 1977 Professors R.J. Beil &
Phil Sherrod of Vanderbilt University pub-
lished a paper entitled Computer graphics;
a medular approach." Excerpts from the
paper state the fellowing: '"While scme,

but not all, students enter Vanderbilt Univ-
ersity with a background in Computer program-
ming, all freshman engineering students are
required to complete 10 two-hour modules

in BASIC. This language, when transferred
to Fortran, gives students the programming
background necessary for the graphics module,
Introduction teo Computer Graphics, that
follows the BASIC module." They state that
this language gives the student a sense of
accomplishment.

Professors John T. Demel and Tim Cop-
pinger of Texas A&M University published an
article in the Engineering Design Graphics
Journal entitled "Using Graphics to Teach
Computer Programming.' In that article thev

The computer age is truly upon usjﬁ\\\
and Professor McDougal's article, conden-

sed from a paper given at Vancouver, pre-
sents a rather impressive ccllection of
facts about trends and developments in
this field which may escape those of us
who may not be "keeping score'. Ewven

the most aloof, however, have seen com-
puter programming fundamentals move down
from the graduate level to freshman and
sophomore courses, thus largely elimin-
ating "programming ignorance'" as an
argument against computer graphics.

There are some perplexing questions still
to be answered, even so. First, exactly
what does computer graphics teach or pro-
vide to the student that good sketching
techniques do not? Second, will the
student be able te use that specialized
ability after graduation? Third, what
subject material is removed from the
curriculum to provide time for computer
graphics? Fourth, where does the money
come from to obtain the equipment to
provide "extensive hands-on" experience
for 1000 freshmen?

These questions are troublesome,
especially to the larger universities,
who find themselves logistically and
financially unable to provide uniform
and meaningful computer graphics exper-
ience.

Those -who are developing computer
graphics courses may wish to contact
Prof. McDougal for a copy of his orig-
inal paper which contains data on the
texts used by the various universities
in their computer graphics courses.

Paul 8. DeJong

\\\\k Iowa State Universi%i////




state: '"Computer Graphics at Texas ASM be-
gan in the 1970's. It was soon found that
the major difficulty in obtaining a drawing
from a machine was not the graphics but the
programming, thus basic programming tech-
nigues were introduced into the course, tea-
ching only the programming statements nec-
essary to solve one graphics problem at a
time, allowing the students to see how each
statement manipulated the machine.” 1In the
1974 Winter issue of the Engineer Design
Graphics Journal an article written by Prof.
F.A. Mosillo of the University of Illinois of
Chicago Circle states that the softwear pro-
gram TRIDEM which was developed at North
Carolina State University at Raleigh was
introduced to the students of Chicago {ircle,
thus utilizing the concept of Computer Graph-
ics in the Engineering Graphics curriculum.

Professors Robert J. Beil and Phillip
H. Sherrod have also collaborated on a paper
entitled "One Year With the Graphic System,
an Educational Experience'" (EDGJ}. In this
article they explained the computer graphics
system as it was bieng taught at Vanderbilt
University. Engineering undergraduate stu-
dents make use of CRT terminals, hard copy
and graphics tablet at Vanderbilt.

Others have written articles on com-
puter graphics. Some are: "Three Dimen-
sional Computer Graphics Program On a Large
Scale" by Francis Mosillo; "Computer Aided
Engineering Design Graphics'" by Juricic and
Skubic; and "Teaching Professional Use of
The Computer While Teaching the Major" by
James L. Lubkin.

At present, industry uses computer gra-
phics in designing machines and structures.
An article in the Octcber 1977 issue of En-
gineering Graphics, entitled "Computer-
Aided Design Develops Radar Systems’ explains
how computer graphics is used in designing
at the ITEK Corp. To quote an excerpt from
the paper, "Applied Technology, a division of
ITEK, uses computer-aided design extensively
te sclve problems associated with the dev-
elopment and manufacture of radar warning
systems for the United States and other
governments."” In that same issue an article
entitled "Micro Graphics Builds a Future At
Parsons' explains how the Ralph M. Parsons
Company at Pasadena, California utilizes
the concept of modern engineering technology
such as computer graphics and microprocessing
to mere econemically design structures and
machines. An article entitled, "An Applic-
ation of Computer Graphics in the Packaging
Technoclogy of Electreonic Devices" authored
by Mohammad H. Asghar with Western Electric
Company at Columbus, Ohio exvlains how com-
puter graphics is used in that industry. In
the 1978 Winter issue of the Engineering De-
sign Graphics Journal is an article entitled
"Use of Computer Graphics in Product Engin-
eering." This was written by Mr. Ned. L.
Brown, manager of the Systems Analysis, Pro-
duct Engineering Department, Saginaw, Mich-
igan. Mr. Brown explains the use of computer
graphics in the design of their products and
how it is beneficial to the design concept.

Other articles such as "Computer Aided
Design, Computer Aided Manufacturing And Tts
Applications in the Eastman Kodak Company"';
"Airforce Moves Toward Computer Alided Manu-
facturing for Aircraft Parts'; "Solar Soft-
wear'; "Computer Design Programs Zor Resid-
ential Solar Heating and Cooling" utilize
the concept of computer graphics.

These references cited suggest that
there is indeed a need for Engineering
Graphics in the engineering student's
curriculum. It is not acceptable to
eliminate engineering graphics from the
curriculum; it definitely is a necessary
means of communication for the engineer,
but it is on the other hand necessary to
up grade or revise the methods of teach-
ing Engineering Graphiecs. Computer gra-
phics is one method of upgrading

These references cited suggest that
there is indeed a need for Engineering
Graphics in the engineering student’s
curriculum. It is not acceptable to
eliminate engineering graphics from the
curriculum; it definitely is a necessary
means of communication for the engineer,
but it is on the other hand necessary to
upgrade or revise the methods of teaching
Engineering Graphics. Computer graphics
is one method of upgrading the curricula.
Since industry is utilizing the concept
of computer graphics, it seems necessary
that these concepts be introduced to the
students during their college educational
experience. In the author's opinion, com-
puter graphics in association with intro-
duction to Design is a necessary part of
the engineering freshman's education and
should be experienced by engineering stu-
dents of all disciplines.

ENGINEERING GRAPHICS TEACHING AIDS AT TUN-L

The success of teaching a course,
particularly at the freshman level, is
usually enhanced by the use of teaching-
aides. Motion picture films, slides,
transparencies, group participation, etc.
can be a great asset in teaching a course
such as Engineering Graphics.

At the University of Nebraska at
Linceln, it was evident in the late
1960's, that Engineering Graphics as it
had been taught over the years was no
longer respected by several departments
within the engineering college. Mech-
anical drafting did not satisfy the cri-
teria for the modern day engineering
student. As a consequence, a study was
initiated which resulted in the develop-
ment of an entirely new concept for the
presentation of engineering graphics at
the University of Nebraska. 1In the early
1970's two entirely new courses were
propesed and taught as pilcot courses to
the engineering students. The first
course entitled "Methods of Communication
in Engineering 1", had the following
description. ''Communications of tech-
nical information through the exclusive
use of freehand sketching. The exercise
of basic principles of descriptive geo-
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metry to compliment fundamentals of shape
and size description. The student design
project: a complete design projiect from
initial design problem statement through
idea conception and evaluation, including
cost analysis and progress reports to
termination of design by means of complete
drawings and oral reports." A second
pilot course entitled "Methods of Com-
munication in Engineering II" has the
following ccurse description. "Communica-
tions of technical informatien through

the application of the Fortran-IV digital
computer language. The expansion of math-
ematical and physical relationships in
engineering problems through proper pro-
gramming and the ability to use the digi-
tal X-Y plotter. Graphical representation
of engineering data through freehand
sketching and computer graphics."

As is noted in the course description,
these courses differ greatly from the orig-
inal basic engineering graphics course.
Although some mechanical drafting is re-
quired in the course, a greater emphasis
is placed on freechand sketching and the
basic concepts and understanding of graph-
ies and its interpretation. The design
aspect of the course contributes greatly
to students interests and gives them an
opportunity to learn to work together as
a group. Generally, a group consists of
from 4 te 6 students, one of which is the
project engineer. The project engineer
acts as a laison between the group and the
instructor or the visiting engineers,
Vigiting Engineers consist of Professicnal
Engineers in the area who attend twice
during the semester, the first time to
visit with each group about their engin-
eering project and then again at the end
of the semester to act as judges when the
students make their oral presentation.

This design project is considered to be.

a tremendous teaching aid in the first
graphics course. The second course, as
indicated, involves the use of the computer
and its application to digital plotting.

Plotting programs are written by the
student and apply to several areas:
Graphic, lettering, dimensioning and
views of objects. The "hands-on" exper-
ience the students receive is a motivation-
al and teaching toocl.

Supplementing both courses are films
and slides which relate to the subiect mat-
ter. In the first course motion pictures
related to design concepts are shown: one
in particular entitled "The Engineering
Workbook" leads the viewer through the pro-
cesses related to engineering design. Slide
presentations related to threads and fast-
eners, dimensioning, sectioning, and or-
thographic projection are utilized when ap-
plicable. A shop visit is included to
acquaint the student with manufacturing
equipment and machines. These also are
advantageous as teaching aids., Texts used
are: Engineering Graphics by Geisecke,
et al, For Engineering Communications I,
and FORTRAN TV Programming for Engineers
and Scientists by Murrill and Smith, and
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Calcomp Programming for Digital Plotters

by DeLorm and Kersten, for Engineering
Communications II. The plotting text lists
several of the Calcomp subroutines which
are used with FORTRAN IV for pletting pro-
cedures. Several softwear programs have
been written by students and members of

the faculty, some of which are included in
Appendix B of the original paper.

RESULTS OF A SURVEY

In an attempt to ascertain the general
trend of engineering graphics at engineer-
ing colleges today, approximately twec hun-
dred colleges were contacted within the
United States and Canada asking several
questions concerning Engineering Graphics.
The questions asked were: 1. Is Computer
Graphics being taught to students in your
college? 2. What texts, if any, are used
in teaching the course? 3. At what level
of instruction is the course heing offered?
4. What does the course consist of?

5. What supplemental teaching aids (movies,
slides, handouts, etc.) are used?

Of the two hundred Universities con-
teacted, fifty-eight responded. Twenty of
those who reponded indicated that Computer
Graphics was not included in their engin-
eering curriculum. The remaining colleges
were offering one or more courses in com-
puter graphics. Table No. 1 and the Ap-
pendixes indicate the results of those
Universities responding.



TABLE

NO. 1

Class level at which Computer Graphics is
taught at the responding Universities

listed.

Brown University
Grad.

University of California-Davis
Fr., Grad.

University of California-Los Angeles
Jr. or Sr.

Carleton University {(Canada)
Unknown

Case Western Reserve
Sr. or Grad

Clemson University
Fr., Jr., Sr.

Colorado School of Mines
Soph.

University of Colorado
Soph.

Columbia University
Jr., Sr., Grad.

Connecticut University
Jr.,

Cornell University
Jr., Sr.

Georgia Institute of Technology
Sr., Grad. -

University of Idaho ’
Soph. or above

University of Illinois at Chicago Circle
Fr.

Louisiana State University
Soph., Sr., Grad.

Mississippi State University
Fr.

University of Missouri-Columbia
Jr., Sr., Grad.

University of Missouri-Rolla
Fr., Soph.

Montana State University
Sr.

Naval Academy

Jr. and Sr.

Naval Postgraduate School
Grad.

New Mexico State University
Fr.

Ohio State University
Soph.

Pennsylvania State University
Fr.

Princeton University .
Fr,

Purdue University
Jr., 8r., Grad
University of Rochester

Jr., Sr.
Southern Methodist University
Grad.
Syracuse University
Grad.
Texas A & M University
Sr.
University of Toledo
Fr., Soph.
University of Tulsa
Jr.
Vanderbilt University
Pr.
University of Virginia
Jr... o
University of Waterloo {(Canada)
Grad. :
Wayne State University
Jr. :
Worchester Polytechnic Institute
Sr.
Yale University
Sr., Grad.

Responding Universities Whose Curriculum

Did NWot Include Computer Graphics

At The Time of the Survey

Stanford University

University of

Kansas

Oregon State University

Marquette University

California State University-Long Beach
Northwestern University

West Virginia
University of
Thayer School
University of
University of
University of

University
Wyoming

of Engineering
Southern Florida
Dayton

Detroit

John Hopkins University

University of

Western Ontario

University of Maine at Orono
Washington State University-Pullman

University of

Notre Dame

‘Kansas State University
Virginia Military Institute

University of

Illinois at Urbana
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APPENDIX A-I
American Society for Engineering Education
Engineering Design Graphics Division
Computer Graphics Committee
Sub-committee Ib - Textbooks, Manuals
Franklyn K. Brown and Thomas C. Smith
June 1978

Part I

Textbocks, Workbocks, Handouts used
at Schools (Numbers in cireles refer to
Part IT)

University of California (Davis)
Handout, TDGRAPHE (3D Pictures)
U?%yersity of California (Los Angeles)

Cagse Western Reserve University

Clemson University
Computer Graphics for Engineers,
Marcel Dekker publ, 270 Madison
Ave, New York,

University of Colorade (Boulder)
Handouts

Columbia University
Columbia University Graphic Manuals
& IBM Manual PLOTI1O
Also @& @

University of Connecticut

Gegrgia Institute of Technology
University.of Idzho

University of Illinois (at Chicagec Circle)
Engineering Drawing and Computer
Applications, Mosillo & Pancner,
(Workbook~-Text) ,

Louisiana State University
Elements for Computer Graphics,

Rogers & Qdaues
Also &(D
University of Missouri (Columbia)

University of Missouri (Rolla)
Plotter Package Handout (CALC@MP)
Computer Center, U. Of Missouri-Rolla

Montana State
Nayal Postgraduate School

University of Nebraska (Lincoln)
Introduction to Digital Computer

Plotting - for Users of CALCPMP
and CPMPLPT Plctters, T.C. Smith
and Y.C. Pao, Gordon and Breach
Science Publ. 1973 (Reference)
University of Nebraska (Omaha)

New Mexico State University
Introduction to FPRTRAN 1V,
Hammond, Rogers & Houck.

Also @

Northeastern University
Digital Computer Plotting, 2nd

~ed., Northeastern University, 1871

Chio University
IBM 1627 Plotter Manual
IBM 1130 College prepared users
manual

Pennsylvania State University
Handouts

Purdue University
IMGRAF - The Imlac Graphies Pro-
gramming System User's Manual, Purdue
University of Rochester
Users' Guide to GPAK, W.A. Hunt
& H.B. Voelcker: (Fortran pro-
grams for Geometry and Graphics)
1976 (CROM-9)
Programmed Graphics, Wm. Schneerer,
(with exercise book) MeGraw-Hill
Projective Geometry, Rosenbaum,
Addison Wesley
Introduction to Topelogy & Mod-
ern Analysis. MeGraw-Hill
TUsers' Manual for FLECS, A Fortran
Pre-processor Ver 22 (Rev 1975)
U. of Oregon Computing Center
Survey of Computer Graphics, Ap-
pendix A of Discrete Part Manu-
facturing Theory & Practice
(TR-1-A: Production Automation
Project, University of Rochester
EE 208 Notes, 1978
PAR - University of Rochester
Geometric Modelling of Mechanical
Parts and Processes. (Production
Automation Project October 1977)
Southern Methodist University :
Handout: '"Status Report of the
Graphic Standards Planning Com-
mitiee of ACMISIGGRAPH," Computer

Graphics Vol. 11, No. 3, 1877
Also(jj

Syracuse University
Rosebush & Judson, APL Visions
Docum nt%ffon & Users Manual

Alsc(2)&

T%;i)asé& M University

s &

University of Tulsa
Chemical Engineering INS Subroutines
Also (@)

U.S. Naval Academy
Engineering Applications of Digital
Computers, Bashkow
Pertinent Concepts in Computer
Graphics, Fauman & Nieuvergelt
Computer-Aided Integrated Circuilt
Design, Herskowitz.

ATso ,(g),&
Vanderbilt University
Handouts (ES 120C-Module L)
U%fyersity of Virginia

University of Waterloo

Wa, ne(ﬁfate University
s &
Worcester Polytechnic Institute

Yale University
Incremental Curve Generation,
Cchen, Harvard Tech. Report.
B-spline Bezier Curves, Riesenfeld,
Utah Tech Report.
Hidden Line Algorithms, Sutherland
& Sproull, Tech Report
Also@

18 / ENGINEERING DESIGN GRAPHICS JOURNAL Winter 1979




American Society of Engineering Education
Engineering Design Graphics Division
Computer Graphics Committee
Subcommittee Ib - Textbooks, Manuals
Franklyn K. Brown and Thomas C. Smith
June 1978

Part I1

Textbooks, Workbooks used at
more than one school listed alphabet-
ically.

Mischke, An Introduction to Com-
puter-Aided Design, Prentice-Hall,
19638

Newman, William & Robert Sproull,
Principles of Interactive Computer
Graphics, McGraw-Hill, 1973
Prince, M. David, Interactive
Graphics for Computer-Aided Design,
Addison-Wesley, 1971

Rogers, David F. & J. Alan Adams,
Mathematical Elements for Computer
Graphics, McGraw-Eiil, 1976
Programming CALC@MP Pen Plotters.
1969, California Computer Pro-
ducts Inc.

GRAFIC User's Manual, Purdue.

Qe ®© & 6 ® ©

CALC@MP Programming for Digital
Plotters, DeLorm, R.T. & L. Kersten,
University of Nebraska Press, 1976.

Jobs

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

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

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

Contact James H, Earle, Engineering Design
Graphics Department, Texas A&M University,
College Station, Texas, Phone (713)845-1633,
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LECTURE NOTES

AN EFFECTIVE METHOD
TO PRESENT STUDENT WORKSEEETS

Edward Holland, Jr.
Federal City College

Problem worksheets are usually
presented to students using one of two
methods: (1) the problems are sketch-
ed out on the chalkboard, or (2) the
problems are sketched out on the ace-
tate roll of an overhead projector.
Both of these methods are time-consum-
ing and frequently students lose inter-
est in the presentation during the
periods of time when the problem sket-
ches are being constructed. Another
inherent weakness of this method of
presentation is that after a problem
has been sketched out on the chalk-
board, discussed, and then erased, it
is inevitable that a student will
raise a question about the problem that
can only be answered by reconstructing
the problem on the chalkboard or over-
head projector. One advantage of using
the overhead projector and acetate roll
is that the preblem can be retrieved
by rolling back the acetate roll.

The faculty members in the Engin-
eering Design Graphics Department at
Texas A & M University use a procedure
to present student worksheets that is
much more efficient and effective than
either of the two procedures mentioned
above.

At the beginning of the semester,
an inexpensive thermofax transparency
is made from each problem sheet. These
transparencies, along with the problem
sheets, can be punched and filed in s
three-ring notebook with the problem
transparency being placed directly in
front of the problem in sequential order
(transparency of sheet 1, sheet 1, trans-
parency of sheet 2, sheet 2, etc.).

The thermofax copies of the problems
can be pregented using an overhead pro-
jector equipped with an acetate roll.

The transparency problem sheets are placed
under the acetate surface. Instructions
can be labeled and problem sclutions can
be sketched on the acetate film with a
grease pencil or other similar acetate
marker. The problem of cleaning the
problem sheets is eliminated by placing
the thermofax transparency beneath the
acetate roll film. The acetate roll can
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be cleaned with a damp cloth when it
becomes filled.

If a student has a question about
a problem that has already been covered,
the thermofax copy can be retrieved and
s1id under the acetate roll surface for
review. The instructions and sketches
on the acetate film can also be rolled
back and used as an "instant replay".

Probably the greatest advantage to
this procedure is the time saved in not
having to sketch out the individual pre-
blems. Greater rapport will also be .en-
hanced between the instructor and students
through more accurate communication. The
student can follow along on his worksheet
as the instructor reads, sketches, and
points to wvarious parts of the problem
on the overhead projector.

I have personally found this tech-
nique to be one of my most useful aids
in teaching any graphic-related subject.

Copyright © 1979 E. Holland, Jr.
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NEW PRODUCTS

compass cuts down drafting
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sharp, clean arcs and circles every time
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CALLIGRAPHY

Gretchen Weber, lowa State University,
again contributed a piece of her calligranhy
to the JOURNAL, The staff decided to put it
in the centerfold; the layout permits easy
removal and posting without disturbing other
JOURNAL articles. We hope you enjoy and
use it. For those who may not be familiar
with it, the block stamp in the lower right
is the artist's "signature' in Chinese,
an ancient custom serendipitously adopted
by the Irish Ms., Weber.

Copyright © 1979 G. Weber
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W. D. Teter
University of Delaware

A METHOD FOR

DETERMINING THE LIMITS OF CUT OR FILL

FOR A

CIRCULAR HIGHWAY CURVE ON A GRADE

in the topic of highway design it is
necessary to assure that cut and f£ill areas
fit within the acquired right-of-way be-
fore design approval. Hilly terrain in-
creases the depth of cut and fill areas
and similarly the lateral limits (area)
required for a cut or fill of specified
slope. The problem of defining the lat-
eral limits of cut and fill areas readily
lends itself to a graphic solution.

Typically known are (1) a represent-
ation of the terrain with contours shown,
(2) the width, route, elevation and grade,
if any, of the roadway, and (3) the slope
of the cut and fill banks. For the case
of a level roadway all that is needed to
determine the limits of the cut and £ill
areas is an elevation view showing the
plane of the roadway surface as an edge.

Copyright € 1979 W.D. Teter

Lines representing the inclination of the
cut and £ill slopes can be added and by
projection the lateral location of their
intersection with the ground contcur can
be determined at any specified elevation
(Fig. 1).

Note that the location of the lines
AB, CD, EF, etc. could be accomplished
without the use of the elevation view.
This can be seen by observing that all
of these lines lie in the plane of the
cut (or fill) bank which is of ccnstant
slope. Thus the lateral (horizontal)
distance locating any of these lines
relative to the edge cof the roadway is
a function of the slope of the cut {or
£f11l) slope. i.e., for a 1l:1 slope each
1 ft. of elevation change results in a
1 ft. departure from the edge of the
roadway. This principle is documented
by severzl authors (1, 2, 3).
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Note in the example presented (Fig.1)
that the lines of constant elevation (116,
120, 130, etc.) shown in the areas of cut
in the plan view are regularly spaced.
In addition, they are parallel to the
straight-line portions and concentric with
the circular portions of the roadway center-

28 / ENGINEERING DESIGN GRAPHICS JOURNAL Winter 1979

line. This is always the case when the
roadway is level. 1If, however, the road-
way lies on a grade, a different approach
is necessary. An example of 2 non-level -
roadway is shown in Fig. 2.



120

T

F16. 2

Note in Fig. 2 that the lines of con-
stant {level} elevation diverge relative
to the edge of the non-level roadway with
the divergence increasing with distance
along the roadway in the direction of pos-
itive roadway slope. These lines (AB, CD,
etc.) would become convergent if the area
under consideration were one where a cut
was required. The rate of divergence is
dependent upon the grade of the roadway
(5%} and the slope of the fill bank (which
is taken to be 1:1 in Fig. 2). The level

contour lines (AB, CD, etc.) are estab-
lished by noting that the elevation of

the roadway is 5 ft. higher at 1 + 00
than at O + 00; consequently, the line

AB of constant elevation must be drawn

to pass through a point located 5 £t. hor-
izontally (5 ft. divergence) from the

edge of the roadway at 1 + 00. If the
slope of the fill bank were 1.5:1 and
with the same roadway slope the divergence
between the two stations would be 7.5 ft.
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The line AB represents the inter-
gsection of the plane of the fill bank
with a horizontal plane at 100 ft. ele-

vation, The successive lines CD (90

fr. elevation), EF (80 ft. elevation,
etc.) may be determined at locations

10 fr. horizontally from the previcusly
determined line. (Fig. 2) Upon estab-
lishment of these lines of constant ele-
vation their intersection with the terrain
contour lines of matching elevation is
easily found. These points (A, B, C, etc.)
shown in Fig. 2 define the limits of the
£ill area.

Severgl suthors (2, 3) present this
latter method for both the level and in-
clined roadway along a straight-line path.
Hoelscher, Springer, et zl. (3), indicate
that for the case of a curving rcadway
the divergence of the contour lines on
the fill slope must be determined by plot-
ting points at individual stations corres-
ponding to a series of fill-cross-sections
taken aleng the curve.

It is the purpose of this article to
extend the concept of divergence to the
case of a circular curved roadway with a
defined grade; the tediocus process of
constructing the numberous cross-sections
can thereby be eliminated. A representa-
tion of a circular curve on a grade and
its relationship to a sloping fill bank is
depicted in Fig. 3. Note that the lines
of constant elevation (AA, BB, etc.) on
the surface of the fill bank follow a
curving path that is divergent from the
¢ircular edge of the roadway. More spec-
ifically, the path of these level lines
is that of s spiraling {(involutie) curve
having its center at the center of curva-
ture of the circular roadway.
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The concept shown in Fig. 3 is amp-
lified further by Fig. 4 where it is
seen that the curving lines of constant
elevation are merely an extension of the
diverging straight lines preceding the
curved path. The rate of divergence of
the curved grade lines is, however, con-
stant since the radius of curvature of
the roadway is also constant.

In order to construct these lines of
constant divergence, any method of in-
volute construction is appropriate. Trials
have been performed using as the basis of
constructicn the involute of a triangle,
square and circle. All prove to be equal-
ly accurate but the involute of a square
has been chosen for the explanation that
follows and which is illustrated in Fig. 5.

First a square is constructed with
its center located at the center of cur-
vature of the circular highway curve
(point 0). The square must be oriented
such that its central axis lies perpen-
dicular to the straight-line grade lines
from A, B, C, D, etc. which precede the
curve. This results in tweo distinect
orientations of the square dependent upon
whether grade lines are to be constructed
on the outside or inside of the circular
highway curve. Fig. 5 shows the square
in both orientations with the solid-1lined
sguare being the proper one for constru-
ction of the divergent involutes on the
outside of the circular highway curve.

The corners (R, 38, T, U) of the
square will ultimately be used as centers
for drawing the involute arcs. The cor-
rect are radius and consequently the
proper divergence of the involute of the
square is dependent upon the dimension (s)
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of the square. Specifically, this dimen-
sion i1s equal to the elevation change
exhibited by the highway within a full

909 of curvature. The elevation view

in Fig. 5 depicts this change of elevaticn

as ZBEL.

Next the appropriate corner of the
square is gelected as the center of cur- |
vature for the several required involutes.
in Fig. 5 the corner of the square at T
provides the center for the desired div-
erging involutes on the cutside of the
highway curve. The successive involutes
begin at points along reference line 5-5°
where the straight contcur lines from A,
B, C, etc. would become curved. The in-
volutes then terminate at their inter-
section with a contour line of equal ele-
vation (F, G, H, etc.). If the circular -
highway curve extends through more than

PROFILE ALONG CENTERLINE

FIG. 5
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90¢ of curvature the center for the in- .
volutes must be shifted to point U in the
order that the involute ares may be con-
tinued with proper divergence.

Once the involute arcs are established
it becomes a simple matter to plot theilr
intersection with the topographic contour
lines of matching elevation. 1In Fig. 5
these points which establish the limits of
£fill are shown at E, F, G, H, etc. The
diverging involute arcs along the inside
of the circular curve are established in
a manner similar to that described pre-
viously. The corner, R, of the dash-
lined square is used to produce the correct
divergence for the inside involutes. If
it should be necegsary to extend these in-
volutes beyond 907 of highway curvature,
the center would be shifted from corner
R to corner S of the dash-lined square.
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Fig. 5 illustrates an area of fill
where the lines of constant elevation di-
verge from the circular highway curve.
When dealing with an area of cut the con-
stant elevation lines would converge
toward the circular highway curve. In
order to produce convergent involute arcs
different centers at the corners of the
square must be used. For convergent in-
volutes on the outside o0f the highway
curve the corner of the dash-lined square
at R would be used. Similarly, for con-
vergent involutes on the inside of the
highway curve the corner of the solid-
lined square at T would be used. In any
case a few simply trails with the compass,
using the various corners of the squares,
will quickly show the proper choice.
Obvious divergence or convergence of the
involute arcs cannot be produced with an
incorrect arc center.

In summary, the method of extending
the straight, diverging grade lines through
(around) a circular curve requires only
the simply construction of a few arcs
based upon the involute of a square. Once
the technique is mastered the determination
of limits of cut or f£ill becomes guite
simple. Of particular importance is the
orientation of the square and selection of
proper arc centers in order to produce
correct divergency or convergency on
either the inside or the outside of the -
highway curve,

Other methods of determination of
limits of cut/fill involve the construct-
ion of a series of cross<sections exten-
ding around the curve. The value of the
involute method in terms of time and ef-
fort saved is apparent. Also, the accur-
acy is dependent upon the number of cross-
sections that are constructed along with
the requirement for interpolation to
points of elevation between contour lines
on the topographic map.

1Earle, James H., Engineering Design

Graphics, Addison-Wesley, 1969.

2Levens, A.5., Graphics Analysis aﬁd
Conceptual Design (Znd Ed.), John
Wiley, 1968.

3Hoelscher, R.P., Springer, C.H.,
Dobrovolny, J.S., Graphics for Engineers,
John Wiley, 1968.
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H. Niayesh

Arya-Mehr

University of Technology
Tehran

GRAPHICAL CONSTRUCTION OF
CLOTHOIDAL HIGHWAY CURVES

In modern highway engingering,
the clothoid or spiral Cornu™ long ago
replaced the arc of a circle which nec-
essitates heavy braking if entered into
at high speeds. In this replacement,
due to the continuous change in curvature
of the clothoid, entry into the curve is
smooth, brakes might be applied only
moderately and sometimes it will even be
sufficient to leave the gas pedal free,

M.A. Cornu, French physicist (1841-1902)

The above fact can be traced back
to the geometrical definition of the
¢lothoid: The clothoid is a curve whose
arc length s, measured from an inital
point to any point P on the curve, is
propertional to the curvature k at the
latter point. Thus the initial point,
with S=0, has a zero curvature and the
curvature continues to increase with
further movement of the point along the
curve.

For a point P on any curve (Fig. 1)
it is known from analytic geometry that
. F N  de¢
with OP=8 the curvature k= 57— and

d
_dx . _ dy
cos ¢ =Fg sin ¢ ds

From the above definition of the clothoid,
it follows:

s=a2k (a2 is the proporticnality factor).

Consequently:
a2 do _,2
s=a” == sds=a"de¢
8
¢ 2 2
fsds=a2f d¢ g = a2¢> b= §-2——
2a
0 o
Copyright & 1979 E. Niayesh
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. 2 2
dx=cos ¢ ds x=fcos¢ds =f cos S—? ds dy = sin¢ ds y= fsinq& ds =fsin»s—u ds

] 2
o 0 22 o S 2a

The above two,definite integrals,
called the Fresnel integrals, cannot be
evaluated by elementary functions and
might only be calculated by series ex-

*A.J. Fresnel, French Engineer (1788-1827)
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pansions and successive integrations.
However we might easily perform the_lnte—
grations by graphical means of drawing the

integral curves of the functions

2
= cosﬁ—i— and Z2 = gin §—7-. The two
2a

2a

curves for a= 1 appear in Fig. 2 and
2

the integral curves in Fig. 3. The pele
distance has heen chosen as 0P=0.5 units
of the s scale = 20 millimetres and the
width for the narrow strips under the
curves (not shown) Irom 2 te 5 millimetres

From the above two integral curves,
we might obtain x and y values for any
common value of s and thus draw the curve
v = f(x) which is nothing but the clotheid,
as shown in Fig. 4.

In order that the highway curve
might have the same property in both
directions of entry, it must consist of
two identical clothoid arcs with axes
%4, ¥q and Xy, Yo 88 shown in Fig. 5.

Points Dl and O2 are chosen in such a

way that the two arcs OlP and OZP have

a common tangent in point P.

When entering the curve direction
% the speed is decreased along 01P

from v to vy and increased again along

PO, from v, to v. The same applies to

the entry in direection Xy

In conclusion, I feel obliged to
express my thanks to Mr., A. Mottaghipoor
of the Engineering Graphics Centre who
performed all accurate graphical work
of this paper. i
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David W. Brisson
Rhode Island School of Design

A REASSESSMENT
OF THE MATHEMATICAL CONCEPT
- OF THE POINT AT INFINITY

Copyright © 1%79 D.¥W. Brisson

A very great problem arises in Pro-
Jective Geometry with respect to the con-
cept of lines of infinite length, for the
algebraic principle of duality seems to
imply that any two parallel lines must
meet at a point at infinity. Such a con-
ception defies sensible meaning and any
reasonable capability of wisualization.
It is the purpose of this paper to show
that the conception is based on a misuse
of the concept of measurement. Tt will
be shown that when comparing lines of .
finite length to lines of infinite length,
the finite lines must be congidered
isotrepic {i.e. any point of the finite
line is zero distance from any other
point on the line) and thus the coeffic-
ients of the Pliicker coordinates of the

In the equation ux + vy + 1 = 0

..where x and
coordinates, the numbers u and v are called the Plucker line coordinates.

linear equations defining a set of par-
allel lines are the same for any two

such lines. As a result, any one of a
set of infinitely long parallel lines

is expressed by exactly the same coef-
ficients such that a pencil of infinitely
long lines in terms of Plicker coordin-
ates 1is algebraically indistinguishable
from a single line of the pencil. Simply
Stated, a line of infinite length is an
identity with a plane.

In An Introduction to Projective
Geometry R.M. Winger! describes the
basic argument of the algebraic proof
of the duality of the point and the line
in the Cartesian plane:

v are either rectangular or oblique point
Geometrically

these numbers represent the negative reciprocals of the intercepts of the line as may be

verified by setting x and y successively equal tc zero, <

(a) If u and v are fixed constants
and x and y are variables
ug + vy + 1 = 0
in the egquation of the line

(u,v)

(b) If u and v are parameters
the egquation gives a doubly infinite
aystem of lines, viz., all lines
in the plane.
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(a")If x and y are fixed constants
and u and v are wvariables
ux + vy + 1 = 0
in the equation of the point

(b")If x and ¥y afe parameters

the equation gives a doubly infinite
system of points, v1z , all points
in the plane. . 3



If it can be shown that the coordin-
ates of the Cartesian plane are isotropic
when compared to lines that are infinite
in length, it follows that the above
expression of the principle of duality
only applies to a finite region of the
Carteslan plane. The following argument
is presented as such a demonstration:

A common perpendicular of finite
length connecting two parallel lines of
finite length has a proportionate length
with respect to that of the parallels
that mgy be expressed as a ratio, Sup-
pose, for example, the two parallels
are each ten feet in length while the
common perpendicular, i.e., the perpen-
dicular distance between them, is a
distance of one foot. The ratio is then
1:10 or 1/10. If the length of the
parallels is increased to 100 feet then
the ratio becomes 1:100 or 1/100. As
the length of the parallels increases,
the ratioc becomes a smaller and smaller
number until finally at 1/00 it equals
0. Thie iz to say that in a ratio a/x,
where & 1s a finite number, as x in-: .
creases the ratio becomes a smaller and
smaller number with a limit of 0. But
what does this mean concerning the
distance a?

Starting with a distance a=2,
letting a/x = y, then for some value
n of x we have 2/n=y. I1fn=25
for exampie, them y = 2/5 and a = x.y
or 2. Ifn=29, the a = 9 x 2/9 or
2. BUT, if x =oo then a/x = 0 and
a = xay = 0. In other words, as long
as the ratio involves finite lengths
the value of a remains any given constant,
but when the ratic invelves an infinite
value, then the common perpendicular,
i.e., the distance a, becomes isotropic.
Consequently, when measuring the dis-
tance between parallel lines, if the
parallel lines are considered infinite
in length, then the finite distance
bhetween them is always zero. It fol-
lows that the Pliicker coordinates only
have meaning when considering lines of
finite length.

In this manner the concept of the
isotropic line becomes tangible as well
in that the concept of magnitude en-
genders a unit of measure that is spec-
ifically related to the system being
measured.. For example, if one considers
a line segment and tries to measure its
length in terms of the number of points
making it up one encounters the clear
problem that the line segment cannot
be considered the sum of its points as
any meaningful measure of its length,
for length is simply not a property of
a point.

Any line segment must contain an
infinite number of points, consequently
there is no relatlon between the number
of points in any finite line and its
length, unless we conslder some arbitrary
unit as a measure of the lLength of the

line and then express it as a ratio to
the number of points in the line which
would then by x/go = 0, the identical
relation that we have already encountered.

It is not difficult to thus observe
that an infinite number compared to a
finite number is a comparison of different
dimensions in the most literal sense: a
finite number is to an infinite number
as a point i1s to a line segment. Peano's
famous curve is the clearest example that
the limit of a line, i.e., a line of
infinite length, is a surface. Of course,
Peano's line is not a straight line, and
intuitively one has difficulty conceiving
of a line "at its limit" suddenly "becom-
ing" a plane. However, since we have
shown that a pencil of infinitely long
lines is algebraically indistinguishable
from a2 single line, it follows that a
straight line of infinite length is an
identity with the plane. It is not as
rhough one simply extended the line with
an inereasingly large number of units,
although by doing this one gets the sense
of ‘the meaning of the decreasing ratio, -
for the infinite number of units is not
simply a very large number. One does
not achieve the infinitely long line by
the process of adding units. . There is
simply no reason to assume that this
limit is in itself a "line" in the com-
mon sense of a line. On the contrary,
everything points to its meaning as a
plane which in this case is isctropic
along one coordinate at the very least.

It follows that the concepts of the
point at infinity, the line at infinity
and the plane at infinity, etec., are
in very serious need of re-evaluation
as mathematical concepts.

Footnotes
1. Winger, R.M., An Introduction to Pro-

jective Geometry, Dover FPress., N.Y.,
1962 First pub, D.C. Heath and Co. 1923

2. Tbid, p. 16.
3. 1Ibid, p. 17
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COORDINATOGRAPHS FOR
AUTOMATION OF DRAFTING

AND DESIGN

Thig article deals with an attempt
to modernize and update drafting course
content through the design and construction
of a micro-graphics unit known as a
coordinatograph. A cocrdinateograph is a
highly accurate plotting, scribing, cutting
or marking device for the production of
graphic materials that require close size
tolerances. TFor example, a photo-negative
type maslk can be made from "cut and peel"
material for use as a printed wiring
master or chemical milling master.

BEATING THE COST OF AUTOMATED EQUIFPMENT

Most graphics and drafting instructors
are placad in a very difficult position
when they are asked to update an existing
course or program with automated drafting
technigques. The sitnation is usually one
where very limited funds are avallable
for comguter-related eguipment, Most
machines, without the cost of the computer,
begin at $5,200 and go upwards to $40,000.
The low end is out of sight for most pro-
grams on a limited budget. This situation
offered a challange and design problem
for an engineering graphics research project
at Clemson University.

The project, simply stated, called .
for the degign and constructicn of a
coordinatograph for under $1000.00.

This highly precise drafting machine
would be used in the automated graphics
iaboratory at Clemson. Students would
digitize flat maps and drawings for stor-
age in the IBM 370 and produce electro-
mechanical masks which could be used

in chemical milling processes.

A direct result of the research
project was a sct of working drawings
and materials list so that other insti-
tutions could reproduce the instrumentation
at a low cost,. {Plans can be obtained by
writing the coordinator of Engineering
Graphics, Clemson University). As the
project neared completion, the assembly
of the piece parts into a working inst-
rument took place. Care must be taken
during the initial set-up to make sure
that the table, desk, or stand used to
hold the parts is completely level. 'The
desk used in the photoraph was fitted
with precision leveling screws and ad-
justed for zero runout after it was placed
in the laboratory.
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Dan Ryan
Clemson University

DESIGH OF THE COORDINATOGRARH

Commercially awvailable instruments
are much larger than the Clemson exper-
imental unit. They may be several fest
larger. The Clemson unit is not Intended
for commercial operation; the largest
drafting sheet used by most educatiocnal
institwetions is "D", It was found that
the smaller size had advantages in that
tolerances were easier to maintain.
Pre-ground flat stock could he used for
the axis arms and the preciscon bearings
ordered could track on a totally flat
surface. Wherever possible, standard toocl-
makers parts were specified. Cold rolled
bar and round stock were used for the car-
riage assemblies. These parts were intended
to be painted "instrument" green, hut upon
completion of the project, the surface
finish was so good that a brush coat of
STP was used as an oxidation shield and
left to match the other parts of the machine.

FIELD TRIAL OF THE UNIT

After final assembly of the piece
parts, a check of the X-axis movement over
346 inches showed a runout of only .0C05 inch.
This meant that any location in the ¥ di-
rection could be positioned to within a
half a thousandth. The Y-axis movement
over 33 inches showed zero runcut. This
was totally unexpected and future con-
struction of other units could be expected
to vary a half-thousandth also.

A mask was cut with the unit and
checked with a jeweler's loop for land
thickness and pad locations. The operation
was smooth and shorter in time than similar
operations on commercial units like the one
pictured. The mass of the experimental
unit had been reduced so that the tool
holder and Y-~assembly moved with little
effort on the part of the operator.

Future téests and measurements of wear over
several months of operation are needed for
comparison against data gathered during a
1972 operational test conducted at the
University of Mehraska's Technical Institute.
The larger commercial coordinatograph
located there has been in operation since
1969,



USE OF A COORDINATOGRAPH ' ‘ 2.5

When using a coordinatograph the
objective is to draw the desired graphics
as guickly and as easily as possible. The
operater should be free of all data calcu-
lationwhile he is plotting in order to
be able to fully concentrate on the set- /_ij R —
tings of his micro-craphics unit and on
the gualtity of his work. It would be
incorrect to try to work from a sketch
such as shown in Figure 1. Here engi-
neering dimensions have been specified.

Such dimensions are not in the "cartesian®
form and cannot, without further reinter-
pretation, be entered on the dials and
strips.

It iz therefore recommended that design
drawings be done in the "coordinate measure
form" as shown in Figure 2.  This pattern
of graphics has been selected because it 687 R
contains angles, straight lines and circles. .

It also can be considered as a repetition

of values about the central axis of sym- :
metry. For the purpose of automatic plot- Figure 1. Engineering Dimensioning.
ting, cnly basic values of one guadrant

need be recorded. These are then auto-

matically redrawn in the other three

guadrants by simply switching from positive

P

re— /. 5
3.0

to negative values of "x" and "y" as

required. Unless a figure consists of

a large series of polar coordinate values, ‘ LEBT -

such as a cam profile, it is recommended .

that the procedure shown in Figure 2 be used.

THE DRAFTING METHOD

. ‘ ~— 125 R
The graphics pattern outlined akove

shall be performed as follows:

1. Place a piece of cut and peel foil on ‘ﬂ
the table. Fasten it with drafting, ::
tape along the edges. N

~

2. Be sure the ¥ and ¥ dials are tightly
held on the dial carrier assemblies k
and set the measuring strips to co- ;
incide with the dial zero at any con- "
venient value. ’ LN

3. Place the tool post firmly into th —== o
Y carriage. :

4. Imsert a cut and strip knife in the 0. .25 .5 /. JEs
tool holder and orient the edge in line
with the locating slots in the rosette
at the top of the holder.

5. Near the edge of the foil chack to _ Figure 2. Coordinate Dimensioning.

see if the knife is properly centered
by drawing to a point from four
directions.

6. Begin the seguence of cperations shown
on the coordinate work sheet.
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Tem: 7 E£S 7T PATTERN

TABLE: Bo K 42

OPERATOR:__&2. ARYAN 0B NO: | Torse
pate: 8/20/77 DATE RQD: &/28/77
DEPARTMENT: £ G B /0O DATE 1ssUED: | 8/ /2 /77
MATERIAL: CU T & P&l pesTinaTion:| T 7T A7

soate: £ULL /meTere
DRAWING METHOD: _EECTAN G ULAR.  quADRANTS: 1?61, w02, d03, 9/04

SEQLJENCE CUT KIND [LOCATION & DIMENSION II_:__FM_I_g NOTES

1| B |AMow€E | XEE, Y25 |T.oof PoSeTioN AXS
2 | 3 |MouE Y.75 |T.o0on /ASERT KAHICLE

3| 2 |Keom | ¥X. 5 1 | INDEN KA E

“ e | YT Y.s ‘| ¢NMOER  RNIEE

5| 2 Xe&r | X-.:8 o o

s | 2 | yeor Y. s ve ,t
Pl 2 |Xeur K. .25 “’ o

8| & | Yew7 v.s # ’”

9| 2 | Xewr | X~ 7. too /| £eron KiS&7T7TE
wi 2 | Year Y~.5 |toocl| INOEX ANIFE
nyz Xewr | X .25 # “

2| 2 | Yeur Y -5 # v

3| 2 | Xew? |X-.25 % ”

u| 2 | Yaur y-.< . ’”

5| 2 | Xewr |X .5 tool| eV RAS RESEFTE
w| B | YMove V75 [Feez|/zs @ compPoss
7| 2 | AR |Lo® of ABC | LAY LESET A D

A Large Commercial Coordinatograph The Clemson Experimental Unit
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J. Charit
Technion City
Haifa, Israel

AUTOMATION IN
SOLVING POSITION PROBLEMS
WITH THE AID OF

AUXILIARY SPHERES

Automated design and drawing involves com- Copyright (© 1979 J. Charit
puter-aided sclution of certain geometrical problems
of surface intersection. This paper describes the

solution procedure based on use of auxiliary spheres. Solved together, the equations yield the

As is known, suxiliary spheres are used in coordinates of a pair of intersection points:

constructing intersection lines of cyclic surfaces. 2 =H
Specifically, concentric spheres are used in the
cage of a pair of surfaces of revolution with ar- .
bitrary profiles and Intersecting axes. _ H' -Hcos Y
y= sin v

An example is shown in Figure 1, vhere a sphere
with radius g intersects the surfaces in circles ) ) ]
with radii R and ¢, and the common points of these i'-V pe - H - ¥
circles belong to the desired intersection line.
Choices of the radii of the amdiliary spheres is
generally based on visual considerations, in ac~

W
#

cordance with the profiles imvolved. In Figure 2 Using a separate cylindric ccr)ord'}natg system
the surfaces are projected on plane z0y. The for each surface (axes z and z', see Figure 1),
circles are cbtainable as intersections of the we have:
sphere
2 2 2 2 Surface T Surface IT
A yT 2t = 1
4 ? @ z =1 z' =H'
and the planes .
R r
Z=H o
@ ¢=arcsin—%i a=arcsin%-
.
, = H = ysin ¥ )
cos ¥ The automated construction follows the pro-
R . cedure outlined in (2), except for modifications
* Obtained from the general expression: X cosa in preparing the original drawing and in the
': ¥ 388 ﬁ;’ z 9885 "'7“ P= OH]?Y substituting algoritlm, as explained on the following pares.
- . -y p=H. nap
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When the ordinates of sny pair of curves
A Z are scanned at high frequence with respect to a
gingle axis, these data are readily transformed.
for each curve to its own axis, provided the axes
are parallel (2). This feature is utilized in
preparing the criginal drawing.

Figure 3 shows segments of the given surface
profiles with axes of revolution z and =z';
two concentric auxiliary spheres are also shown
as an example. From this figure, the original
drawing (Figure 4) is obtained as follows:

The axes of both surfaces are drawn hori-
zantal and parallel, spaced at G, and the profiles
are plotted accordingly. The points of the axes
] corresponding to their intersection in Figure 3,
= s | lie in Figure 4 on a single vertical which serves
as a line of departure for the scarmer.

~—

e ———
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The next step is approximation of the sur-
faces with the aid of the algorithm Aap‘p described

in (1). In the process, the profiles are sub-
divided into a finite mmber of segments, with
corresponding asbscissse and ordinates of the sub-
division points. We thus obtain the points, on
each surface, through which the auxiliary spheres
(radii ») are to be drawm. For instance (Figure
3 and 4) the sphere with radius ‘°j intersects

with the first surface in a circle with radius
Rj’ and the sphere with radius p' i intersects

the second surface in a circle with radius r..

i
The obtained data are:
Surface T Surface I1
Points =z R P Points z' T Iy
0 0 R p, 0 0 o ey
1 Hl Rl oy 1 H'l Ty p'l
1 1

3 HJ P‘j Pj i E = Py
m Hm R o n Hr‘l r, » 'n

b i

= v 1

where Hj = Z 1'1j Hi h 1

=1 i=

=V o+ g2 '.=\/H:2+r?
J ] ] i i i

We are concerned with the cases vhen o= p ',
i.e. when the circles radii R and r are located
on a comon sphere. The procedure is as follows.

Compare ecach pj with all p'.

(L Fi:nclpj -
(a) 1If the difference is zerc, note p'i
and go to next p (here pj+l); then go
back to the begirming.

(b) If the difference is not zero, note the
sign of the difference.

(c) Compare with the next »’.

(2) Find Py - p'i+1.

(a) As under 1 (a). '
(&) As under 1 (b).
() 'If the sign of the difference remains

the same as in 1(b), compare with the
next p' (here p'i+2 ).

(d) 1If the sign of the difference changes,
find an intermediate peint i' between
i and i+l, such that (i, i, i+l) are
interrelated as the three corresponding

1 r *
differences of ol pj, AP
(here, p i = pj)*. Denoting

1 _ !
Pis+1 %1

L} — " = 1 tT1
we have H:, = Qi' (Hi Ha Hi} + Hy

and Ty = QG

(3) Under "Surface IT" in the table, add a row
i’ between i and itl; go to the next p and
then back tc the beginning.

r

Having found all » ' equal to the corres-
ponding s , we compare each p:'.L with all

p as above. We now have all date for con-
structing the intersection line, the coorgin-
ates of whose points are given by Eqs (4) and
{5).

The results are entered as follows in in-
creasing order of z:

Point »#=p' z R =z° r ®= y ¢ ¢

The projections of the intersection line are
plotted with Surface I (axis z) as base, as
described in (2). In the front view the two
branches of the Intersection line coincide;
this projection should be drawm through the
points y = f(z). The horizontal view passes
through the points x = £(y); being symmetric,
only one half need be plotted.

* If higher accuracy is desired, i' can be found
as intersection of a circle with radius » i and

a line through i and i+l.
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PUZZLE CORNER

R.P. Kelso
Assistant Editor

We have R.J. CHRISTENSON of the General meter. This represents the 'circular
Motors Institute at Flint, Michigan to view' of a cone with—apex—at—bé-and—
thank for the new Corner Puzzle. He aptlv s - .

3 . R base-perpendicular-te a-c at-midpoint-
cglls lt.a PERPLEAAHEDRON.but sadistically M ( and seen as being perpendicular in
did net include the solutiom. = P

the third and fifth projections). The

shaded areas are the 'triangular'views
Tigure 1 is the solution to the Fall '78 of the cone and were edited in for vis-
puzzle. TFigure 2 is the pictorial. Tt ualization purposes. l4 and 13 are then
is from ABE ROTENBERSG of the University located and are arbitraTy points on the

of Melborne. circle {cone base); therefore, b-1 is
any arbitrary element of the cone and
represents any-one-of-the-set-cf-lines-
are given lines. He begins by drawing of-sight, each of which will yield the
bl—al parallel and equal to dl—el and given lines as appearing EQUAL. (Not

PARALLEL as stated in the note to the
original probhiem.)

In the first projection bl—cl and dl_el

operating from there. For simplicity
he does not vroject d-e into the auxil-
iaries but, 1f projected, it would, of
course, always appear parallel and equal
te a-b -- including the sixth projection
in which the final solution would bhe
demonstrated. In the fourth projection . ol
a clirele is drawn with line a_4, 34—b4 dicular to béyt_l/—‘}Wlll always nass through M4

Note that the limiting elements of the
cone, as seen in the triangular views,
do not appear TL. Also note that a pro-
jection from arbitrary point 14 perpen-

m, is omitted for claritv) as the dia- .
( 4 ¥) Our compliments to ABE for a sweetheart
of a problem and solution.

/oA ) Winter '79 Puzzle

N [ PERPLULEXAHEDROMN

T ; L CONSTRUCT A PATTERM USING FOUR
p SQUARES AND DIAGONALS AS SHOWN-

. / B 2, ADD TWE ASSEMBLY TABRS AND LABRSLS.
p 2. CUT QUT THE PATTERM

i 4. FOLD ALl SURFACE LINES WEEPING THE
__ . LINES AND LABRTELS ON TRE OQUTER SURFACE.

/ 5 ATTACH THE TARS TO THE SURFACES, AT
e THE PLacEs INDICATED, TO CREATE A
© / A CLOSED BOX.

e &. YOU HAVE A STRANGE Box WITH EiGHT
, IDENTIC AL SURFACES AND S0ME ANGLES
/ THAT LOOK INTERESTING-

\ PROBLEM

USIiMaG CONVEMNTIOMAL TRAWING METHODS
\ C AND TECHNIQUES (NO CALCULATIONS)
. CONSTRUCT TWO PRINCIPAL VIEWS oOF
THIS PERPLEXAHEDRON
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Continue to send in your ideas for future
puzzles and fillers.

8l O~

See 'ya in Baton Rouge.

Figure 1
Robert P. Kelso
Assistant Professor
Answers to the Fall "filler™: (1) F; Engineering Graphics
(2y F; (3) T; (4)Y F; (5) T; () F. Louisiana Tech University
Figure 3 is the new "filler" and is Rusten, LA 71272

an old chestnut but a good one.

Draw the top view:

FRONT VIEW RIGHT SIDE VIEW

Figure 3
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NEW PRODUCTS

DRAFTING MACHINE ADAPTORS FOR TRUE-
POSITION PICTORIAL DRAFTING

A complete line of Drafting Machine
Adaptors which convert any standard draft-
ing machine to True-Position Pictorial
Drafting is announced by CGraphic-Standard
Instruments Company in Bulletin 1178.

Four basic adaptors are cffered - one
each in the isometric, dimetric and tri-
metric categories, as well as an adaptor
for rotated trimetric.

HAPHIG-STANDARE

Based on the Graphic-Standard 353,
424 and 525 standardized axonometric draft-
ing systems, the new adaptors produce
drawings that are compatible with drawings
made by use of the basic isometric, dimet-
ric and trimetric manual drawing sets
which have been marketed by Graphic-Stand-
ard since 1968. The manufacturer claims
they can alsc be interfaced with computer
graphics systems.

The manufacturer also claims that
there pictorials are as accurate, dimen-
sionable and scaleable as conventional
orthographic drawings, and are therefore
easily read without special training.

GRARHIC-STANDARI "

oo
ADAPTOR.
fling &

Each adaptor can be supplied with
any one of six measuring systems - inches
in fractions and decimals, metric in cen-
timeters and millimeters, and four dual-
graduated architectural scale series.
These adaptors combine in a single draft-
ing-machine mounted tool all functions of
the company's Roc-N-Fdge, Triangle and
Axonometric Scales, thus eliminating zs
many as five separate tocls on the draw-
ing surface. They assure correct use and
positloning of each scale every time, and
maintain proper orientation of all axis-
parallel lines. Both right-hand and left-
hand models are offered. Advantages are
substantially reduced board time, and

enhanced communication value in techniecal T . _ .?;ﬁm;zWQM
drawings for both design engineering and e ; oo W T TRIMETRIC i o
technical illustration purpeoses. Graphic- 3 SR ,ggﬁfﬂfﬁf%ﬁﬁﬁﬁgﬁiﬁumh;

Standard Instruments Co., L1101 Allen Dr., T D iy byren o
Troy, Mich. 48084, E B SR G
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you do.

900.000...0ODDO0.0.00.0.‘.0!000900...0'!..!0009DOOQ..‘..O..........9.00

Get The ArtGadi Habit (pCdi e iy

and be more efficient at the job An Airbruzh Holder  EERLTITIS,

So Good-You

Pat,

Oesigned for COMMERCIAL ARTISTS,
ARCHITECTS, EMG!NEERS & ORAFTSMEN

DRAWING DESK TOOL HOLDER

Plus “PIGGY BACK" for felt markers
At Art Supply and Blueprint Stores

Designed ta hold the hand tools you use the most.
One hole will hold 3-4 brushes.

Hoelder can be removed without removing bracket. bth
Sharp tools can be placed point down without dulling

ar breaking point. or
® Holds tools on desk from levet to 45 degrees {average
desks are slanted 12 to 16 degrees). 05

Dimansions—8" long, 2%” high & 1%" thick.

7 sets
beyond
edge

Artcadi™ products Box 5591, Lincoln, Nebraska 68505_‘/

will buy an
Airbrush
just so you ¢
Taoh slru;uh can use it. ’
1 (gl
ot Inetude Designed to hold
i standard sized ai
brushes, protects
a15 e your
Seid atsoms 4 SR airbrush.
Art Storas. - - Attaches to
B g edge of desk.
68 Literatuire Available.

% Literature Available

(. BRG]

"DESK HOOK

Consists

CO..0..00..0000.0-00...00....0...000.0000.000.....9

Want | -

THE DESIGN & DRAFTING
OF PRINTED CIRCUITS

An Invaluable & Practical “How To” Guide For
Both The Experienced And Beginning
Electronic Designer & Draftsman

H ere, at last, |s a single, fully Hlustrated volume that
aliminates searching through numerous sources to find the
necessary “know how™ you need to understand, design and
create master PC artworks. Whether you're a seasoned PC
designer or just a beginner, THE DESIGN & DRAFTING OF
PRINTED CIRCUITS can make your job easier, and help you  Grder No.
do it better, Author Darry| Lindsey, founder of the renowned 10000
WMASTERS PC DESIGN SCHOOL In San Francisco, covers

every subject frem schematics to the finished PG artwork $24 85
Including all other drawings needed for printed circuit

production (there's even a full chapter devoted to loglc as it :P!ushm ueammk
relates to PC design). hﬂafn.%?ﬁ‘l;}g%zﬂ'-
* Over 200 pages packed with indispensable, easy-to- Eﬁ'gﬁféifﬁd

understand theory and practical application techniques for
both the PC designer and drafter « Over 100 clear, helpful,
“hew 1" dlagrams, charts, formats and illustrations « Durable, hard cover binding
» Large, 8% " x 11" size lies flat on drafting table or desk for easy use and reference
+ tndexad for quick, easy reference % |deal for PC Designers, PC Drafters, Drafting
Supervisars, Electronic Engineers, Techniclans, Students, Educators and Beginners.

P.O. Bax 5007 Stragl
Wesilake Village, Ca 91358

'
SEND TO: '
. Please send sopies of THE DESIGN & DRAFTING OF PRINTED CIRGUITS
B o EREE 1@524.95, pius posiaga, handting and sales tax (Calif. resldents). ¥
I5Aop Enclosed is my check far T Chargs 1o my VISA {BankAmericard) C1 It

® - -
Gt Master Charge 1] Gredit Gard Accaunt Na. 1
Graplm:s, Add $1.60 per back far pastage snd handimg, Galifornia, residents add 6% sates tan.
1
Inc. Narng ]
5388 Sterling Center Drive IPLEASE SFINTY 1
1
t
)
L

Let Your Art, Engineering or
Blueprint Dealer Know You & FrencnCures 95
{ di products. \_ Box 5531. Lincoln. NE 68505

.OO...BOQ0OOOGO0.0QQO0.0....Q..O.....ﬂ...o.oi..l.t..l“l...ﬁOOOOOGOOOQDO

of two
parts. Goes i
- onin Seconds, 5

Holds Triangles, é“*“g_
Templates &

Sold at
Artcadi™ products Art Supply Stores.

CPBVI0HGRRIIVOEPB00080PPEPRIDRORGINSIOVOCDOEODTIDEODE

recent reprints

MECHANICAL DESIGN SYNTHESIS— Creative Design and Optimization
SECOND EOITION 1978 By L. JOKNSON

Here are on-the-job methads to facilitate your work in every step of the mechanical design
process. Thesa field-lested techniques, geared toward helping you cope with critical
problems in synthesis and optimizalion of design, arg reinforced with many practical
examples taken from actual industrial situatidns.

Use this applications-oriented book to meet the challenge of designing complex
elements—high-speed machinery—products in which quality and reliability requirements
are extremely stringent.

All of these techniques are geared toward helping you solve design prabiems in which
total system requirements must ba considered. Immediately-and practicably useful, they
are taiior-made to help you In arriving at specifications for the most creative and best
design possible, while adhering to realistic limiations of various types encountered in

practice.

468 pp.  519.50
JOHNSDN. Lea H.—Nomography and Empirical Fquations
Orig. Ed. 1852, Reprint 1978 160 pp.  §1250
LEVINS, A8, —Graghfcal Methods in Research
0Orig. Ed. 1965, Reprinted 1975, with riew material 256 pp. §11.8D

KRIEGER PUBLISHING £0, INC.
645 NEW YORK AVE. HUNTINGTON, N.Y. 11743 LiSA
[616) 271-5252
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Books for Architecture Courses from Kendall/Hunt

Architectural Drawing, Third Edition

by Lawton M. Patten, Professor, Department of Architecture, lowa
State University-and Milton L. Rogness, formerly Associate
Professor, Department of Engineering Graphics, lowa State
University

1977 —208 Pages—8 1/2” x 11"-—Paper—$8.95

Architectural Drawing Problems, Third Edition

by Robert 1. Duncan, Department of Architecture, University of
Nebraska '

1977—161 Pages—8 1/2” X 11" —Wire Coil—$8.95

Examination Copies Available Upon Request
Write:

Kendall/Hunt Publishing Company
KIH 2460 Kerper Boulevard, Dubuque, lowa 52001




THE SOURCE...

ALVIN'S NEW CATALOG IS YOUR SOURCE FOR DRAFTING, ENGINEERING,
ARCHITECTURAL, SURVEYING MATERIALS AND GRAPHIC ARTS SUPPLIES OF ALL TYPES.

48 PAGES, MOST COMPREHENSIVE TEMPLATE
CATALOG IN EXISTENCE, EVERYTHING YOU NEED .. /

PLus ¥
A COMPLETE RANGE OF MEIRIC AIDS

. TRIANGULAR SCALES

Metric Archiect Scales

Np, 740PM - 30em. Divided:  1:20, 4:25, 150, 1:75, 4:100, 4:125
No. 742PM — I0cm. Divided:  4:400, 1200, 4:250, 4:300, 4:400, 4:500
Mo, 746PM — 30cm. Divided:  1:4,1:2, 1.5, 1:10,1:20, 4:50

=N}

&
WM
""-n/”ﬂ’ff!&’«;«ii?*"aﬁ,& / No.741PM — 30em. Divided; 4500, 1:1000, 4250, £:1500. 1:2000.

\ Mefric Civil Engineer Scaies

/ G PR
R Og No. 243PM — 3em. Divided: Moﬂ 1200 1:309, 1:400, 4:500, 1:500 :
No. 740PM ‘%’i/’i&/‘_\‘_h / No. 749PM — 30cm. Divided: 3625, 1:750, 14000, 11250, 4:4500, :
12/300mm (30cm) 13000 Take your pick from the broadest
These professional quality plastic Irionguiar scales  Metre Mechanical Droflsmen’s Scales template Hine in the industry. Electronic,
are made of durable, impadct, white piastic with a No. 744FM — J0cm. Divided:  4:2,8, 1:5, 4:10,1:20, 1:50, 1:100 Architectural, Meachanical, Ellipse, Cir-
X ing fini isi 4 No. 745PM — 30cm. Divided:  4:45,4:20,1:28, 1:33 1/3,4:50. 1:400 : ! .
;“g*;ggzé?fgg;’”gég’ﬁ';g?fg'ﬁ%ﬁ‘gr%%?gg‘é Mo, 748PM -~ 30cm, Dhaded: 120, 425,1:334/3, 150, 175, 1400 ¢le, Lettering, Speciatized, Electrical,
furrows for guick scale identification. Durable  Stendard Msirie Scaies ghate\’ef' your need, Alvin has them all.
design for lasting senvice, : No. T47PM — 30cm. Divided: 01, 02, 03, 05, 625, 0125 ur new warehouse insures immediale
T ({Formarly No. 247P With Same Graduntions) delivery on all types, from stock.
LLEL STRAIGHT EDGE BOARDS [ =
PEB2Y— 46" x 24"
Cambination Parailel Straight-Edge and Drawing Board of fine qualty and construction throughaut, PEB24—48" x 24"

Drawing board constructed of selected saftwond, permanently borded with reinforced hardwood § No
4 Cleats o provent warping. Satin smooth lacquered tinish. Folding metat legs with rubber feet adjust - ™ -
to just the right angle position. Accurate. smaoth operating straight edge has transparent acey¥ic PES26—20" x 26
edge, banded nto lacguerad finish mapie blade. Features cord tension adjustment pu! iy, Equipped | PEBI—23" x 34

with non-mar. nen-ship, rubber foat mounts, sate to use on ary desk, Easy 1o carry or store. Indivigual NO Site
cartened .

PEB3S-- 24" x 36"
PEBAZ 34 x 427

Size

|JET BOW COMPASS

| AFUTURISTIC COMPASS FOR TOP PROFESSION-
AL PERFORMAMNCE

No 7H6JS — Contains: .
& Repld-adjusting bowcompassand divigier, Parmils
accwate oicles fem 47 o 127 diameder.

8  4w" how compass and dividar,

oad_—

5%" Mechanical lead holder
Center fock

Finger?rla leid pointer MEW “JEI-BOW” Compasses axcel in design lor speed,

. 4" Friction divider with selk:ssnle:lng gegrh
i

;mwmpo

. Piasiic-Fae wilh spare ports and eaa and precision accuracy. Makes chclas with Thumb-
nyton bushings for smooth movement and long life —
TECHNICAL DRAWING PEN nickal finish,
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