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PRAFTING FUNDAMENTALS 1--Retail $4,07
Problems {for one-year high school cowse,

" DRAFTING FUNDAMENTALS Z2--Retail $4.07.
Problems for a one-vear high school course,

BASIC DRAFTING--Retail $2.35
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DRAFTING & DESIGN--Retail $4,07
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CREATIVE DRAFTING l--Retail $4.07
Problems for a one-year high school course.

ARCHITECTURAL DRAFTING --Retail $4,40
Problems for a first course in architectural
d_rafting,
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GRAPHICS FOR ENGINEERS 1--Retail 55,95
Problems for a first course in college-level
engineering graphics,

GEOMETRY FOR ENGINEERS 1--Retail $5,95
Problems for a second cowse in college-level
engineering graphics (descriptive geometry).

GRAPHICS & GEOMETRY l--Retail $6.75
Problems for a college-level course covering
both graphics and descriptive geometry.
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JUNIOR COLLEGE GRAPHICS TEACHERS INVITED TO JOIN A.S.E.E. AND
AFFILTATE WITH ENGINEERING DESIGN GRAPHICS DIVISION

The Engineering Design Graphics Division was organized in
1928 to promote a higher level of professionalism in engineering
education. Now, almost a half century later, we find there is a
need to redouble our efforts in this bechalf, With greater em-
phasis being placed upon the significance of graphics in the
educational program for engineers and technicians, we find there
is a likewise need to upgrade our level of teaching. Today there
is a shortage of teachers in the areas of design graphics and
descriptive geometry. How well are you able to keep pace with
the demands made upon you to more effectively teach design
graphics in the presently allotted time?

The leadership within the Engineering Design Graphics Divi-
sion is aware of the rapid changes occurring in the discipline
of design graphics, and is taking steps to keep the teacher's
effectiveness abreast of these changes.

Not only are we inviting you to join the Division, wherein
you may work with the rest of us in these efforts, but also you
are being invited to join with us in sharing vour abilities to
maintain a high level of professionalism in the instructional
arena.

Membership in the A.S.E.E. is open to all individuals who
are or have been actively engaged in any phase of educating
engineers and technicians. If you wish to join our group,
please fill out the application on page 47 and mail it to the
A.S.E.E. office whose address is at the top of the form.

The Engineering Design Graphics Division is planning a three
day World Congress for design graphics and descriptive geometry
to be held in connection with the annual A.S.E.E. meeting either
in 1977 or 1978. It is tentatively planned to invite a number
of graphics professors from several foreign nations to partici-
pate in this meeting. We would certainly welcome your attend-
ance. In fact, we would appreciate an immediate response from
you if you are interested in such a meeting, and if there is a
remote or definite possibility of your attending this meeting.
Your response, in effect, will add your name to our mailing
1ist and give us an idea of the interest existing among graphics
teachers throughout the nation for such a program.

Respectfully,

Clarence Hall, Vice Chailrman
of EDG Division

142 Atkinson Hall

Louisiana State University

Baton Rouge, La. 70803

Engineering Design Graphics Journal, Winter 197?



AMOGENE DEVANEY OF AMARILLO COLLEGE TO CHATR
PLANNING COMMITTEE FOR WORLD CONGRESS DEVOTED TO
ENGINEERING GRAPHICS & DESCRIPTIVE GEOMETRY

The Engineering Design Graphics Division of ASEE is planning
a World Congress devoted to the historical review of engineering
graphics and descriptive geometry. A number of papers pertain-
ing to the historical role of descriptive geometry in various
engineering curricula of different nations will be presented.
A special effort will be made to emphasize the significant role
that descriptive geometry has had in the process of developing
one's ability to visualize in three dimensions. This facility
on the part of the engineer is essential for creative design
work.

During the latter half of the 18th century France assigned
her most scholarly men of mathematics, science and engineering
the task of improving the development and applications of des-
criptive geometry. As one considers the rigor of this disci-
pline he realizes that it offers a great intellectual challenge
equal to that of other areas of mathematics. Despite the fact
that much of the mathematical rigor has been deleted from the
descriptive geometry classes taught by engineers, it remains the
basic science of engineering graphics.

The Engineering Design Graphics Division welcomes the many
graphics teachers of our junior colleges and other two-year
institutions to participate in the World Congress. Not only
do we 1nvite you teachers as participants, but also, we welcome
those who would like to present papers or serve as members of
panel groups that are being organized.

The date of the World Congress has not been finalized as
of this time, but further information may be obtained by writ-
ing the Committee Chairman whose address is:

Professor Amogene Devaney
Amarillo College

P.O. Box 447

Amarillo, Texas 79105

Engineering Design Graphics Journal, Winter 1976
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ENGINEERING DESIGN GRAPHICS JOURMAL OBJECTIVES:

The objectives of the JOURNAL are:

i. To publish articles of interest to teachers
of Engineering Graphics, Computer Graphics
and allied subjects.

To stimulate the preparation of articles and
papers on the following topics (but mot 11mit-
ed to them):

To encourage teachers of Graphics to innovate
on, experiment with, and test appropriate
techniques and topics to further improve
quality of and modernize instruction and
courses.

X
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REVIEW OF ARTICLES

All articles that are submitted will be reviewed
by several authorities in the field associated with
the content of sach paper before acceptance. Lur-
rent, newsworthy items will not be reviewed in this
manner, but will be accepted on the basis of the
Jjudgement of the editors.

DEARLINES FOR AUTHORS AND ADVERTISERS

The following are deadlines for the submission of
articles, announcements, or advertising for the
three issues of the JOURNAL:

Fall--October 1
Winter-~December 1
Spring--February 1

STYLE GUIDE FGR JOURNAL AUTHORS

The Editor welcomes articles subwmitted for pub-
lication in the JOURMAL. The foilowing is an author
style guide for the benefit of anyone wishing to con-
tribute material to Engineering Design Graphics Jour-
nal. In order to save time, expedite the mechanics
of publication, and avoid confusion, please adhere
to these guidelines.

1. ATl copy is to be typed, double-spaced, on one
side only, on white paper, using a black ribbon.

2. Each page of the manuscript is to be consecu-
tively numbered.

3. Two copies cof each manuscript are required.

k. Refer to all graphs, diagrams, photographs, or
illustrations in your text as Figure 1, Figure 2,
etc. Be sure to identify all such material ac-
cordingly, either on the front or back of each.
ITlustrations cannat be redrawn; they are re-
produced directly from submitted material and
will be reduced to fit the columnar page.

Accordingly, be sure all lines are sharply

drawn, all notations are legible, reproduction

btack is used throughout...and that everything
is clean and unfolded. D¢ not submit illustra-
tions larger than 8-1/2 x 11. {f necessary,
make 8-1/2 x 11 or smaller photo copies for
submission.

5. Submit a recent photograph (head to chest) show-
ing your natural pose. Make sure your name and
address {s oh the reverse side.

o

Please make all changes in your manuscript prior
to submitting it, Check carefully to avoid am—
biguity, to achieve maximum clarity of express-
ien, and to verify correct spelling throughout.
Proofreading will be done by the editorial staff.

NOTE

The views and opinicns expressed by the individual
authors do not necessarily reflect the editorial
pelicy of the ENGINEERING DESIGN GRAPHICS JOURNAL
or of the Engineering Design Graphics Division of
ASEE., The editors make a reasonable effort to
verify the technical content of the material pub-
lished; however, final responsibility for the
opinions and the technical accuracy of each article
rests entirely upon the author.
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Galley proofs cannot be submitted to authors for
review,

Enclose all material unfolded in large size en-
velope. Use heavy cardboard to prevent hending.

8. Send all material, in one mailing, to:

James H. Earle, Editor
Engineering Design Graphics
Texas AsM University
College Station, Texas 77843
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1976--University of Tennesee,
June 14-17, 1976
1977-Fresno State College

CALENDAR OF MID-YEAR MEETING

1975-76--Arizona State Uni-
versity, Jan. 7-8,
1976

1976~77--Montreal, Canada



VOTE

A slate of candidates for the various
cffices of our Division is included in
this issue. FEach of these candidates 1is
well deserving of the office for which he
is running, having worked for the Division
in many capacities in the years past.

Whichever of the candidates elected
for these offices will serve well, Insur-
ing an active and healthy Division under
their administration. However, the strength
of our Division lies in active participation
of its members in the voting for and support-
ing its officers. We highly recommend that
yvou give thought to the candidates present-
ed by your nominating committee, and vote
for those of your cheice.

Division elections in the past have
not resulted in the voter turnout compara-
ble to the size of our membership. Perhaps
this means that our membership would be
satisfied with any of the candidates who
are placed on the slate. If this 1s the
case, it 1s commendable that our Division
has such equally talented candidates com-
peting for each office.

On the other hand, it is more likely
that our members are somewhat indifferent
to each election. Please consider the
work that must be performed by your Divi-

EDITOR'S PAGE

sion's officers once they have been elec-
ted in comparison to the small effort in-
volved in voting as an active member of
the Division.

THANKS

During the last decade, the Wiliiam C.
Brown Company of DeBuque, Iowa, has been
instrumental in saving our Division thou-
sands of dollars by printing the Journal
at the lowest cost possible. They have
been providing this support since 1964 and
charging the Division no more than their
printing costs in return for one or two
pages of advertising in each issue. Dur-
ing these past twelve years, they have
printed approximately thirty-six issues
of the Journal. The savings on this print-
ing would be approximately $18,000 if the
Journal was printed at the usual commercial
rate.

Mr. Ed 0'Neil, the production manager
of the William C. Brown Company, has been
very helpful in working with the past edi-
tors of the Journal. GEven though there was
no prefit incentive, the Brown Company has
given very prompt service in printing,
Tabeling, and malling the Journal.

We of the Division owe a debt of gra-
titude to them for the fire service that
they have provided throughout these past
years.

X

Engineering Design Graphics Journal, Winter 1970

5



ey

SIAANIRARAREE

Books for Architecture Courses

from

| logical, and practical. The alternate assignments permit added drill when neces-

ARCHITECTURAL —
DRAWING

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

This text presents architectural graphics, building construction fundamentals,
and methods of drawing for a one year course in architectural drawing.
Hundreds of expertly reproduced drawings and diagrams, and numerous il-
lustrations of well-known architects’ work heighten the value of the textual
material. The chapter on Building Construction contains criteria for choosing
building materials and types of building construction. Two fundamental prin-
ciples for constructing shadows on perspective drawings are outlined and
photographs of existing buildings illustrate shades and shadows from sunlight.
Typical charts and graphs that an architect might use in presenting preliminary
studies and reports are included.

The chapter headings are: 1. Lettering; 2. Basic Drawing Tools; 3. Types of
Projection Drawing; 4. Oblique Projection—Oblique Drawing; 6. Sections;
7. Building Construction; 8. Dimensioning; 9. Graphical Vector Analysis;
10. Geometry in Architecture; 11. Perspective Drawing; 12. Shades and Shadows;
13. Reflections; 14. Presentation Drawings; 15. Charts and Graphs.

190 Pages — 8%" X 11"" — Cloth Bound — $7.95

ARCHITECTURAL DRAWING PROBLEMS

by Milton L. Rogness,
and Robert Y. Duncan, Assistant Professor of Engineering Graphics
lowa State University

This workbook is a collection of 109 problems which are correlated with the text-
book described above. The problems are designed to be thought provoking,

sary, and variation of assignments for different classes. In order to emphasize
the practical value of the fundamentals, special effort was made to provide
architecturally oriented problems.

112 Pages — 8% X 11" — Wire Coil Binding — $7.50

Complimentary Copies Available Upon Request

mﬂh WM. C. BROWN COMPANY PUBLISHERS
2460 Kerper Boulevard, Dubugue, lowa 52001
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Second Edition

The late Frederick E. Geisecke,

the late Aiva Mitchell, the late

Henry Cecil Spencer; Ivan Leroy Hill,
and Robert Olin Loving, both,

lllincis institute of Technology

The second edition of Engineering
Graphics is now completely updated with
the latest trends in engineering educa-
tion and the latest developments in in-
dustry. Comprehensive in scope, it is
written for courses which include tech-
nical drawing and design, descriptive
geometry, and graphs and graphical
computation. )

Organization is the same as the first
edition; three sections—Part | Technical
Drawing and Design; Part |l Descriptive
Geometry; and Part |1l Graphs and
Graphical Computation—covering basic
principles and applications of engineer-
ing graphics. Included in this book are
seven chapters on descriptive geometry
covering: Points, Lines, and Planes; Par-
allelism and Perpendicularity; [ntersec-
tions; Developments; Line and Plane
Tangencies; Cartography, Geology and
Spherical Geometry; and Graphical Vec-
tor Analysis. The texi begins with the
fundamentals of drawing and essential
lettering and layout techniques, followed
by 26 topically arranged chapters. The
successful approach of the first edition
was carried over to the second edition,
where material in each chapter logically
follows the information in the preceding
chapter.

Almost every chapter has been up-
dated, revised, rewritten or includes new
material. Changes in this edition reflect
the changing curriculum for beginning
engineering students, emphasizing the
design function of engineers sarly in the
book. The authors have carefully main-
tained the outstanding quality of the
illustrations, and in many cases the illus-
trations have been improved with the
addition of a second color. Important new
features of the second edition include:
« A discussion of the importance of de-

sign and its relationship to graphics in
Chapter One

» Extensive revision and expansion of
Chapter 14, “Design and Working Draw-
ings,” which now coniains material on
the desigh process including: identifi-
cation of the problems, formulation of
concepts and ideas, compromise solu-
tions, preparation of models or proto-
types, and finished working drawings
for production.

» A wide variety of industrial examples of
the design process, and a broad sam-
ple of student projects are provided as
open-ended assignments, with sug-
gested guidelines given for preparing
written and oral reports.

NG GRAPIHICS

» Many problems and illustrations have
been redrawn or revised.

o Increased use of decimal dimensions,
including the meiric system, tables and
equivalents.

« A simplified system of notation is intro-
duced as a time-saving tool in the chap-
ters on descriplive geometry.

= Approximately half of the 1200 line illus-
trations have been revised and many
of these have been converted to deci-
mal notation.

» Many new halftones were added.

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

There are many problems at the end
of each chapter, most of which are de-
signed for 8% x 117 sheets, although
many problems in advanced chapters
will require larger sheets. The most re-
cent developments of the American
National Standard Y 14 Drafting Manual
have been followed and are featured in
an extensive appendix. The text is now
accented with two color printing and a
two column format for easier reading.
1975

Contenis

1. The Graphic Language and Design. 2.
Mechanical Drawing. 3. Lettering. 4. Geo-
metric Constructions. 5. Sketching and
Shape Description. 6. Multiview Projec-
tion. 7. Sectional Views. 8. Auxiliary
Views. 9. Revolutions. 10. Shop Proc-
esses. 11. Dimensioning. 12, Teleranging.
13. Threads, Fasteners, and Springs. 14.
Design and Working Drawings. 15. Repro-
duction and Control of Drawings. 16. Ax-
onometric Projection. 17. Oblique
Projection. 18. Perspective. 18. Points,
Lines, and Planes. 20. Parallelism and
Perpendicularity. 21. Intersections. 22.
Developments. 23. Line and Plane Tan-
gencies. 24, Cartography, Geology and
Spherical Geomstry. 25. Graphical Yec-
tor Analysis. 26. Graphs. 27. Alignment
Charts. 28. Empirical Equations. 29.
Graphical Mathematics.

Appendix. Index.

An excellent complement {o
Engineering Graphics:

Engineering Graphics Problems
Series |

Second Edition

The late Henry Cecil Spencer;
Ivan Leroy Hill, and Robert Olin
Loving, both, lllincis Institute
of Technology

Macmillan Publishing Co., Inc. \_,
100A Brown Street, Riverside, New Jersey 08075




TECHNICAL DRAWING
Sixth Edition

The laie Frederick E. Giesecke, the late
Alva Mitchell, the late Henry Cecil
$pencer, and fvan Leroy Hill, Hiincis
Institute of Technology

Since its initial publication, Techni-
cal Drawing has been used by more than
two and a half million students. The Sixth
Edition retains the features that have
made previous editions so successful
while incorporating changes necessary
to bring it completely up-to-date with the
fatest trends in engineering education
and the newest developments in industry.

Drawing on their long experience,
the authors have included all the funda-
mentals needed by scientists and engi-
neers alike. The book gives your students
detailed, step-by-step instruction in the
principles of design and technical draw-
ing. It emphasizes freehand technical
sketching as an important means of com-
munication. After an introduction to
drawing fundamentals, essential lettering
and layout techniques, material is ar-
ranged topically so that each chapter is
a logical extension of information given
in preceding chapters,

Several other significant changes
have been made:

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

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

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

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

® A number of drawings have been con-
verted to the decimal-inch system now
that it has come into extensive use in in-
dustry; many problems present an oppor-
tunity for the student to convert
dimensions to the metric system; metric
equivalent tables are included for this
purpose.

@ Because illustrations are so important
in a book like this, the quality of the draft-
ing and precision of the drawings in this

edition are even more outstanding than
in past editions. The new, large-page for-
mat has made possible improved and
larger illustration placement.

@ Many problems and illustrations have
been revised to make them more con-
temporary.

1974

And, to help your students gel the mest
out of Technical Drawing:

TECHNICAL DRAWING PROBLEMS,
Beries 1, Fifth Edition 1976

TECHNICAL DRAWING PRCBLEMS,
Series 2, Third Edition 1974

TECHNICAL DRAWING PROBLEMS,
Series 3, Second Edition 1974

Keys to each series are provided gratis.

FUNDAMENTALS OF ENGINEERING
GRAPHICS

Joseph B. Dent, W. George Devens,
Edward A. Bender, Frank F. Marvin, and
Harold F, Trent, all, Virginia Polyiechnic
institute and Siate University

Here is clear, concise and well-
illustrated treatment of essential con-
cepts of engineering graphics, Suitable
forone- or two-term introductory courses,
this textbook-workbook leads the begin-
ning student from lettering, sketching,
and pictorial drawing through use of in-
struments, scales {including metric) and
geometric construction. Building on this
foundation, the authors present ortho-
graphic projection and auxiliary views in
a straight-forward, integrated manner.
The progression from points to fines, then
planes and solids provides the student
with a "building block” approach to de-
scriptive geometry or applied spatial re-
lationships.

Vectors, intersections, develop-
ments, technical practices, working draw-
ings, graphs, and graphicai calculus
complete the text portion.

Practical application of principles is
emphasized in the 109 printed problems
following the text. Problem sheets are
arranged sequantially with the text mate-
rial to permit variety in scheduling labo-
ratory and homewaork assignments.

The Instructor's Manual is designed
to assist the instructor in preparing com-
plete course and lesson material adapted




to his particular requirements. The man-
ual contains a complete course outline
and lesson plans (ninety one-haur peri-
cds) keyed to the text material. Complete
solutions to problems are included.

1974

INTRODUCTION TO ENGINEERING
GRAPHICS

George C. Beakley,
Arizona Stale University

Designed to meet the needs of to-
day’s condensed ¢ourses, introduction
fo Engineecring Graphics provides a con-
cise yet comprehensive introduction to
all aspects of engineering graphics.

The material has been carefuily or-
ganized to allow the instructor maximum
freedom in course planning. Coverage of
drawing and graphics is complete in this
timely book which contains over 600 line
illustrations. Included are lettering tech-
niques, sketching, measurement, dimen-
sioning, graphics, graphical methods of
analysis, principle and auxiliary views,
geometric figures, intersections, descrip-
tive geometry, and nomography. Valuable
reference material on graphical con-
structions, symbols, measurements and
units (including S.1. metric information),
and parts specifications is included in
the appendix.

A Teacher's Manual is available, gratis.

1975

DESIGM: SERVING THE NEEDS
OF MAN

George €. Beakley,
Arizona State Universily, and
Ernest G. Chilton, Stanford Universily

This exciting, unconventional new
book will inspire and delight students as
it introduces them to creative, functional
design and its importance to man’s well-
being. A stunning, well-designed format
complements and exemplifies textuat
content as this book explores man’s
unique capacity to solve problems
through the design process.

Challenges facing the designer, new
horizons in creative thinking, ingenious
designs in nature, achieving pleasing
aesthetic designs—these are some of the
motivational topics that are discussed
before the text explores design method-

ology.

The comprehensive content gives a
complete and realistic view of the many
fascinating possibilities of creative de-
sign and its practical applications.

1974

INTRODUCTION TO ENGINEERING
DESIGN AND GRAPHICS

George C. Beakley, and Michael J.
Nielsen, both, Arizona Siaie University;
and Ernest G. Chilton, Stanford
University

This exciting introductory text com-
bines design and graphics In a modern,
meaningful way, reflecting the current
approach to teaching graphic skills. The
use of models, materials and processes
of design, decision processes, economic
considerations, and design parameters
for human satisfaction are explored in
depth. Each chapter forms a separate
“mini-text” complete with instructional
material, hibliography, and problems, giv-
ing students in-depth coverage. Eight
appendices offer a wealth of useful ta-
bles, graphs, and data. This is the only
book that gives students an opportunity
to learn the fundamentals of engineering
design. A complete /nstructor's Manual
is available on adoption.

1973

Two excellent workbooks particularly co-
ordinated with

INTRODUCTION TO ENGINEERING
GRAPHICS and INTRODUCTION TO
ENGINEERING DESIGN AND GRAPHICS
are;

GRAPHICS FOR DESIGN AND
VISUALIZATION, PROBLEMS, SERIES A,
George C. Beakiey, Donald D. Autore,
and John B. Hawley, all, Arizona State
University
1973 ‘

"and

GRAPHICS FOR DESIGN AND
VISUALIZATION, PROBLEMS, SERIES B,
George C. Beakiey and

Donald D, Autore, hoth,

Arizona State
University

1875

Macmilian Publishing Co,, Inc.k
1004 Brown Streel, Riverside, New Jarsey 08075




Yes, James Earle, Samuel

Cleland, Lawrence Stark, Paul Mason,
North Bardell, and Timothy Coppinger !
are making news again! These straight-

shooters have just come out with a brand new design
oriented problems workbook entitled, ENGINEERING

DESIGN GRAPHICS PROBLEMS L

Filled with a variety of problems in both engineering graphics and

descriptive geometry, this workbook is designed to get freshmen thinking
and communicating in graphics. And at a tentative price of only $6.95,
your students won't have to rob the Midland Stage to pay for it!

Photos, Examples,

Answers, and
SI Units

Both students and instructors will
appreciate this workbook’s liberal use
of photographs keyed to appropriate
problems. Many industrial examples

have been included to make the prob-

lems as realistic as possible. The
answers to all problems are available in
a solutions manual. Instructors should
also note that the S.L. unit system is
incorporated throughout this work-
book.

The Contents: General - Lettering
Instruments - Scales - Geometric
Construction - Orthographic Sketch-
ing - Picrorial Sketching - Ortho-
graphic Projection + Auxiliary Views -
Sections and Conventions + Points,
Lines, and Planes - True Length of
Lines - Edge Views of Planes + Cut and
Fill and Outcrop + Angles Between
Lines and Planes + Skewed Lines -
Angle Between Line and Plane -
Revolution + Intersections and

Developments + Vectors - Data
Analysis - Empirical Equations -
Nomograms - Graphical Calculus -
Dimensioning + Threaded Fasteners -
Working Drrawings + Computer
Graphics + Working Drawings.

A Word About
Earle’s Text

Though it can be used with a number
of textbooks in the field, ENGINEER-
ING DESIGN GRAPHICS PROB-
LEMS [ is most effective when teamed
with Professor Earle’s ENGINEERING
DESIGN GRAPHICS, SECOND
EDITION.

This standard freshman engineering
graphics text is built on a contempo-
rary design format. Students are intro-
duced to engineering design through
the application of descriptive
geometry and graphical principles.
Topics examined include team

dynamics, gathering data, human
engineering, patents, technical
reports, oral presentation, and final
implementation.

Mlustrations are all by Professor Earle
himself and offer considerable clarity
and impact. Alorig with the modern
topics discussed, this second edition
features an expanded coverage of the
more traditional subjects like working
drawings, data analysis, and dimen-
sioning.

An Examination
Opportunity

If you would like to be considered for
complimentary examination copies or
would like more information, write to
Alfred Walters, Information Services,
Addison-Wesley. Please include
course title, enroliment, and author of
text now in use,

A
Vv

Science & Mathematics Division
Addison-Wesley Publishing Company, Inc.
Reading, Massachusetts 01867
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COUXES

INNOYATIVE DESIGN with An Introductionto
Deosign Graphics
Warren J. Luzadder

A flexible approach that infegrates the feach-
ing of Innovative design and communications
graphics In one comprehensive and up-to-
date text. Designed specifically for use In a
freshman-level course, the book infroduces your
students fo the fundamental principles of de-
sign. This presentation of creative design, ac-
companied by some design graphics. provides
the beginning student with important insight into
engineering and an opportunity o evaluate the
role of the engineer and technologist in society.
Provides 1,000 drawings. charts, and photo-
graphs, o detailed discussion of computer-
dided design, and ¢ wide assottment of prob-
lems — many of which are dual-dimensioned or
have values in millimeters.
1975 406pp. $14.95

INTRODUCTION TO ENGINEERING
Robeit M. Glorioso and F.S. Hill, Jr.

This book Is designed to serve as a text for a
course faken by both introductory engineering
students, and non-engineering students who are
interested in the subject. Each chapter is written
by an expert who Is aclive as a teacher, re-
searcher, and consultant in that area. Providing
the framework within which positive changes in
modemizing ¢ freshman engineering program
can be made, the fext is exiremely flexible;
each chapter is self-contained and may be
taught in any sequence that the instructor de-
sires. In-fext Qids include numerous photographs
and drawings fo lllustrate the texiual material,

and problems atf the end of each chagpfer.
1975 461pp. $13.95

PATTIERNS OF PROBLEM SOLVING
Moshe F. Rubinstein, UCLA

The text provides the fools and concepts most
productive in problem solving and teast likely to
be outdated. Human values are considered
wherever fecsible to offer a balance between
solution techniques and personal atfitudes so
that problem sclving is presented as Q viable
dynamic process. Unifying diverse academic
disciplines into a truly interdisciplinary package,
the book emphasizes the limitations as well as
the uses of problem solving fools. It provides a
foundation for specific classes of models (with
emphasis on understanding concepls) by freat-
ing such fopics as Probabilistic Models, Decision
Models, Optimization Models, Cybermetic
Medels, and Models of Behavior. Each chapter
contains a summary and problems of different
types. An Instructor’'s Manual and Solutions
Manual accompanies the fext,
1975 544pp. $15.00

For a free 15-day examination ceopy of the
above book(s), please wtite to Robert Jordan,
Prentice-Hall, inc.. Dept. J382, Englewood Cliffs,
New Jersey 07632. Save! If payment accom-
panies order, we will pay postage, handling
and insurance, or we will blll you for the book(s),
plus postage and other charges — FULL return
privileges apply.

Please send me the following tifle(s):

NAME SCHOGCL STREET
CITY. STATE ZIP
O Forpossible adoption (estimated enroliment:)
O For personal use

Prices subject to change without notice

PRENTICE-HALL




by Dr, Charles Cozzens
Memphis State University
Memphis, Tennessee

Graphic Integration of the

Sine Curve

Those of us who are associated with En-
gineering Design Graphics and appreciate the
value of graphic display are aware of the
fact that mathematic functions may be, in-
deed long have been, portrayed graphically.
We are equally aware that some are quick to
point out that such graphic displays are,
at best, imprecise representations of ideas.
But regardless of how precise or imprecise
a presentation may be, a graphic display re- SIN ©
mains a very useful tool for communicating S
mathematic concepts. \

As anbexample of how a mathematic con-
cept may be portrayed graphically consider
the drawing shown in Figure 1. Here a cir- COS o
cle of unit radius is shown along with any
angle 6. 5in @ is shown as a portion of a
chord of the circle and the cosine as a por-
tion of a radius. By casually viewing this
drawing anyone familiar with the trigonom-
etry of a right triangle can understand the
basis for certain trigonometric identities.
As an example it is immediately understand-
able why SING

—Z=TAN@ . Figwe l: A circular path of motion that
4 wh Cose defines the relationship between the sine
and why  g1NZe+C0SZe=1. and cosine functions of §,
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Figure 3: The integration of the sine curve,

Other relationships can be shown but
such demonstrations are outside the purpose
of this paper. This paper is intended to
show how the unit circle can be used to gen-
erate a sine curve and then how graphical
methods may be employed to integrate this
function i.e. how the area under a sine
curve may be found graphically.

First, to generate the sine curve con-
sider the drawing shown in Figure 2. Recall
that the circle is to be considered as hav-
ing unit radius. Additionally, it should be
pointed out that the divisions along the
absissa /12, n/6, etc. should be considered
as accurate circumferential representations
of the unit circle. Note that the projection
from 1/3 on the unit circle provides the val-

ue for the sine at that angle and also for
2n/3. Similarly, values for 150/12 and
21n1/12 are found from a common projection.

Figure 3 shows the basic approvach to the
graphic integration of the curve. Almost any
comprehensive textbook on graphics offers dis-
cussion on this process. But while attempting
this process for the first time the writer ex-
perienced some difficulty in locating pole
point P. By self-imposed specification the
writer elected to have the value of the inte-
gral curve to be read on the same scale as
the value of the Sine. This decision made
the location of P very critical inasmuch as
this location affects the scale of the ordi-
nate on which the integral is to be read.

Let it simply be stated that after some ex-
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Figure 4: The integral cwrve and the original curve,

perimentation it was found that P could be
located one radius away from the origin of
the sin curve or at the intersection of the
unit and the absissa. This is at -1 on the
absissa.

After lecating P, points A, B, C, etc.
are located at midpoints between O and 1/12,
I/12 and /6, 1/6 and n/4 and so on. These
poeints are projected orthogonally to the
erdinate to locate A', B', C' etc. and the
rays or strings P-A', P-B', P-C', etc. are
drawn.

Next, a string is drawn parallel to P-A?
from the origin of the sine curve and termi-
nated on an ordinate drawn from M/12. From
this point a string is drawn parallel to P-B
to intersect the ordinate drawn from /6.
Figure 3 shows the parallelism of P-B' and
the strings between I/12Z and 1I/6 and between
50/6 and 11n/12. It should be noted that
the string P-1 spans two spaces on the inte-
gral curve; i.e. from 5n/12 to 71/12. After
the complete set of strings has been estab-
lished a uniform curve is drawn so as to
pass through the various points located by
the intersections of the strings and the
ordinates., Figure 4 shows the completed
integral curve and the original sine curve.
But it is yet to be shown that this curve
can be used to determine the integral be-
tween two limits.

To consider this preblem let it be re-
quired that the integral curve be used to
determine

51
6
SINGad
I
3
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From Figure 4 it may be shown that the
integral value for 5I/6 is approximately
1.87 and for /3 it is approximately .5.
Subtracting the latter from the former it
is found that area under the sine curve
between the stated limits is approximately
1.37 units. This answer compares rather
favorably with the mathematic solution if
the reader cares to check,

Integrals of the sine curve which start
at zéro may be read directly from the in-
tegral curve without subtraction. As an
example

I

3
SIN® n@ =.5
0

may be determined from Figure 4 by reading
a value of .5 on the absissa corresponding
to /3., No subtractioan is necessary in
this case since the integration starts at
0.

Another example of this graphic tech-
nique is offered in Figure 5. There the
fundamental steps for the

are illustrated. The limit of 5M/12 was
arbitrarily selected because the tangent

of an angle larger than this is inconvenient
to deal with graphically and indeed finally
becomes infinitely large.

This example may be used in the same
manner as the graphic integration shown in
Figure 4. The reader may choose to test
the integral curve bearing in mind the
limits of graphic accuracy.
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integrals of the sine curve,

No claim is made that the graphic tech-
nique described here can be used to supplant
more traditional and exacting methods of in-
tegration. On the contrary, those methods
probably cannot be replaced by any graphic
process. The main suggestion made here is
that graphic presentations may be used to
aid students to '"see" how functions can
vary and in so doing aid them to a deeper
appreciation of graphics and certain areas
of mathematics.
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by Abram Rotenberg
and Steve Slaby
Princeton University

Steve Slaby

INTRODUCTION

Optical light projection techniques are
commonly used for the inspection of a wide
variety of engineering products such as
gauges, small gears, screw threads, etc. The
method used is to place the object to he in-
spéected in the path of a collimated beam of
light (See Fig. 1} with its shadow being pro-
jected on a flat screen or surface. The con-
tour of the ¢bject's shadow is then compared
to or overlaid on an accurate master drawing
or template (usually referred to as "the mas-
ter') to assess the degree of accuracy of
the object's shape. The master usually re-
presents a flat face or plane section of the
object in its desired degree of accuracy.

The contour of the object's shadow (See
Fig. 2) may be regarded as an enlarged or
magnified parsllel preojection of the line of
contact between the projecting cylinder of
parallel light rays and the surface of the
object being inspected. (In the analysis
presented in this paper an idealized optical
system is assumed having no inherent dis-
tortions). The contour of the shadow is an
accurate magnified reproduction of the line
of contact of the intercepted 1ight rays if
the line of contact is itself a plane figure
located parallel to the flat screen onto
which it is wvprojected. However, the opti-
cal light projection method as indicated
above, is also used for the inspection of
objects producing three-dimensional 1ines
of contacts, The inspection of screw threads
is an example of such objects in which case
the specific master is a drawing (or tem-
plate) of an axial! full section of the re-
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quired thread while the line of contact (es-
tablished by the intercepted light rays) is
always some three-dimensicnal curve which
normally is assumed to be flat thereby intro-
ducing an error because of this assumption.
This error normally has been ignored since
for most standard threads it has been consid-
ered insignificant. However, for other en-
gineering products bounded by helical sur-
faces [such as worms, multi-start threads,
certain types of cutting tools, etc.) the
error is significant and optical light pro-
jection inspecticn technigues can be used in
these cases providing the master drawings or
inspection templates are properly designed.

The presentation that follows will show
that, through the joint application of the
theory of descriptive geometry and computer
graphics, master drawings (templates} can be
properly designed and executed to satisfy the
inspection requirements te a high level of
accuracy.

BASIC RELATIONSHIPS*

Figure 3a represents the plan and ¢leva-
tion (First angle projection used in this pa-
per} of a helical surface S generated by a
straight line AB rotating around the z-axis
and at the same time moving along it so that
the velocity ratio of the two motions remains
constant. EF is the direction of a collimated
light ray and the view in the P direction (per-
pendicular to the screen) shows the contour of
the shadow of the surface on a flat screen
parallel to the z-axis, Figure 3b. Also shown
in Figure 3c is the axial section of a perfect
triangular (or trapezoidal) thread with its
profile plane parallel to the yz plane.




SCREEN—-__|

LIGHT
SOURCE

SHADOWJ/

COLLIMATOR PROJECTOR
LENS LENS

Figure 1: The optical system for projecting
the cobject onto a screen,

* Notation used in this presentation is as
follows:

A,B,C,D,....etc. represents polnts in space

at,bq,c1,dq....etc. represent horizontal pro-
jecticns (plan views) of points
A,B,C,D,....etc.

az,bs,c2,ds....etc. represent frontal projec-
tions (elevations) of points
A,B,C,D,....etcC.

az,bz,c3,d3....etc. represent shadows of
points A,B,C,D,....etc.

EF represents the direction of collimated
light rays

is the angle between the direction of the
collimated light rays and a
normal to the f£lat screen up-
on which the shadow is pro-
jected.

=
n

= is one half of the thread angle

= is the major diameter of the thread
is the minor diameter of the thread
= is the lead of the thread

LA = R e
1l
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CONTOUROFSHADOW\ SCREEN

LINE OF CONTACT

Figure 2: A collimated beam of light projects
the contour of the object ontc a screen,

Referring to Fig. 3a:
ZpTZA D-d

Z -ZA D - Zr
Solving (1) for z and using

zp-zp = D-d tan 8

Z
and zp = t¢ ,
. Zm
we have:
D-2
Z = £ tan @ + EJ{
2 2w

which is the equation of the helical surface

in ¢ylindrical coordinates. Any point m3 on

the contour of the shadow may be regarded as

a point of intersection of a line MM' parallel

to BF znd tangent to the helical surface A at

point M. Since in the selected system of co-

ordinates EF is parallel to the xz-plane,

tan p = s
ax

and, differentiating equation (2} we get:

t

tan ¢ = tan g cos ¢ +
Zmr

sin ¢
or selving (3) for r:

t sin ¢
2 (tan u - tan & cos¢)

T =

17
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()  AXIAL SECTION
OF THREAD

3 ' Wl

Figure 3; The plan and elevation views of
helical surface S generated by straight line
AB rotating around the z-~axis,

For a triangular (or trapezoidal) thread, the
coordiantes of a point on the contour of the
shadow ("view in the P directiomn") are

Z = g7+ T tan u cos ¢ _

Y = r sin ¢ .
for a point on the flank AB of the thread,
and

Z=rz+ r tan p cos ¢ + H + Qég tan 9
Y = r sin ¢
for a point on the £flank CD {Fig. 3c)

I+ the three-dimensionality of the line
of contact 1s ignored, the resulting form
error, measured along the axis of the thread,
may be calculated as

Egy = 2 - IT,

Fo o= & D i
where Z7 3 +(HE_‘— d + 1 sin ¢) tan ©

for a point on CD.
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Figure 4: In some cases, the collimated light
1s normal to the screen and the axis of the
thread is placed at an angle to the screen,

In some commercially available models of
optical light projectors, the direction of
the collimated light is fixed normal to the
screen and the axis of the thread under in-
spection is placed at an angle u to the
screen (Fig. 4b). In this case, the ccordi-
nates of a point on the contour of the shadow
may be obtained by multiplying the value of
Z in equations (5a) and (5b) by cos u:

Z' = Z cos yu
COMPUTER-GENERATED MASTER DRAWINGS

A computer program '"HEL", written in APL,
uses equations (2), (4), {5a), (5b) to calcu-
late the Y and Z coordinates for any value of
¢ and plots the theoretical contour of the
shadeow ('""master'"} fer a given axial section of
a triangular (or trapezoidal) thread. The
contour may be plotted to any desired scale
and with an accuracy limited only by the-com-
puter-graphics equipment available. The pro-
gram also calculates the maximum axial form
error as defined by equations (6), (7a) and
(7b)., The contour of the shadows may be plot-
ted for either of the two commonly used sys-
tems:




e D

CONTOUR OF
SHADOW

AXIAL SECTICN
4 |

WORM DATA:
DIAMETRAL PITCH P=A{ r

PRESSURE ANGLE g=20° T/
PITCH DIAMETER D =7.8 *

LEAD = 47/P =12.56 8
=

—

{QUADRUPLE THREAD)

Figure 5: An example of a master drawing
generaied by "HEL",

(i) axis of the thread is parallel to the
screen and the direction of the 1light
rays forms an angle p {(usually u =
artan 2t with the screen

m{D+ )

(ii) axis of the thread forms an angle u
with the screen and the direction of
the light rays is normal to the
screen {Fig. 4b).

An example of a master drawing generated
by "HEL" is shown in Figure 5.

Another computer program "HELGEAR'", also
written in APL, 1s an example of how to ob-
tain plots of shadows of helical surfaces
generated by the generatrix line of an
This pregram draws consecutive positions of
the generatrix (in the example used, an invo-
lute of a circle) of the helical surface and
rotates them through any desired angle about
an axis parallel to the screen and normal to
the axis of the helical surface. The enve-
lope of the prejections of the rotated con-
secutive positions of the generatrix may be
used as a master drawing for determining the

GEAR DATA.

DIAMETRAL PITCH P =1
NUMBER OF TEETH N={C

HELIX ANGLE y=35°

PRESSURE ANGLE ﬁ=20°

Figure 6: An example of a "HELGEAR" drawing
to test the accwracy and profile of an involute
helicel gear tocth, '

accuracy of the form of the helical surface.
Figure 6 shows an example of a master draw-
ing obtained with "HELGEAR" and designed to
test the accuracy of the profile of an in-
volute helical gear tooth.

RECOMMENDATIONS AND CONCLUSIONS

shape.

It is proposed that, whenever the 3-dia-
mensionality of the line of contact cannot be
ignored, computer programs like "HEL'" and
"HELGEAR" be used to obtain theoretical con-
tours of the shadows of the surfaces to be
inspected. These contours may then be used
as masters to detect any imperfections in the
geometry of the manufactured surface. A dif-
ficulty that is likely to arise in implemen-
ting this recommendation, is "blurring" of
the projected contours due to the fact that
a three-dimensional curved-line cannot be
placed in one focal plane of a lens. The
method may, therefore, be successfully used
only if the particular optical light projector
iz capable of coping with the maximum out-of-
focus distance of the points on the line of
contact.
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By Bill Stinson

Department of Engineering Drawing
Queen's University

Kingston, Canada

The Stereographic Net
as a Graphical Rids

A stereographic projection of a sphere
is a conical or perspective projecticn of a
sphere in which the plane of projection con-
tains the center of the sphere and the point
of concurrence of the projectors is the pole
of this plane, i.e. the zenithal point of
the sphere when this plane is horizontal.
The projections of all points of the lower
hemisphere will fall within the great circle
intersection of the plane of projection with
the sphere, and projections of all points of
the upper hemisphere will fall outside this
same great circle. Obviously those points
on the upper hemisphere near the zenithal
point will have projections at very great
distances outside the limiting circle sepa-
rating the two hemispheres. For this reason,
normally the projection is restricted to that
of the hemisphere falling inside the limiting
circle.

Usually in applyving sterecographic pro-
jection of a sphere to problems in structural
geology we use the lower half of a sphere
having its N-S axis and E-W line 1lying in the
horizontal plane of projection. The projec-
tion of this hemisphere is represented by its
great circle intersection with the plane of
projection, by the projections of the lower
half of a family of meridian circles estab-
lished every two degrees, and by the projec-
tions of the lower haif of small circles lo-
cated every twe degrees and lying in planes
perpendicular to the N-S axis (like parallels
of latitude). The orthographic prejections
of a hemisphere in Figure 1 show one sample
circle of each type. The resulting stereo-
graphic projection is a diagram bounded by
the circular rim of the hemisphere and con-
sisting of a network of the projections of
these small and great circles, Figure 2.
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It should be noted that the stereographic
projections of circles or circular arcs are
themselves circular arcs. (See appendices
A& B). .

REPRESENTATION OF PLANES

In looking at such a net, Figure 2, we
should visualize a series of meridian planes
all containing the N-S axis and dipping at
various angles into the hemispherical bowl
and intersecting its surface along the great
circles represented by the arcs containing
the north and south poles.

By using an overlay of tracing paper
the lines of the net can be used to draw
the projection of a plane of any strike and
dip. This is done by first mariing a North
reference-point and the direction of the
given strike and then revolving the overlay
about the center, or vertical axis, until
the given strike direction coincides with
the N-S§ axis of the fixed stereonet. With
the overlay in this position, then the great
circle corresponding to the dip of the given
plane is traced on the overlay. In this way
all planes are represented as planes through
the center of the sphere and having the ap-
propriate strike and dip.

REPRESENTATION OF LINES

Each line to be represented by the stere-
onet is represented by a line from the center
of the hemisphere to the point where it in-
tersects the spherical surface. In other
words, each line is represented by the ster-
eographic projection of the radius of the
sphere having the same bearing and plunge as
the given line. From this it should be ob-
vious that the stereographic projection of
every line lying in a specific plane will
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Tilgure 1; Two views of the types of circles
on a gphere,

extend from the center of the stereogram to
an appropriate peint on the projection of
the great-circle intersection of that plane
and the hemisphere.

Horizontal lines as represented using
the stereonet terminate on the limiting
circle which represents the rim of the hem-
isphere. As the plunge or downward slope
of a line increases from zero, the end point
of the line moves farther and farther from
the rim of the hemisphere; and when the
plunge equals 90° the line projects as a
point at the center of the stereonet. '

MEASUREMENT OF ANGULAR RELATIONSHIPS

Since all lines are represented as lines
through the center of the hemisphere and all
planes are represented as planes containing
the center of the hemisphere, the stereonet
can only be used to deal with angular rela-
tionships of lines and planes, and in no way
can be used to deal directly with linear
quantities and relationships.

Obvicusly the angle between two lines
must be measured in the plane aof the two
lines. For example if the bearing of a giv-
en line (or strike of a plane) is to be
measured, it must be measured in the hori-
zontal plane containing the North line and
the horizontal projection of the given limne
{or strike line); and therefore, using the
stereonet must be measured using the angular
divisions around the limiting circle of the
stereonet, the rim of the hemisphere.

If the angle between any two non-hori-
zontal lines is to be measured, then it must
be measured in the plane of those two lines
and may be measured using the divisions al-
ready available along the plane's great cir-
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Figure 2: A stereographic net.

cle as though the plane were a self-contained
protractor. This is possible since the
stereographic distortion of the various parts
of the semi-circular intersection of the plane
and the hemisphere is the same as the distor-
tion of amy corresponding angle segment to be
measured.

If the pitch of a line in a plane is to
be measured, this merely entails counting
out, aleng the plane's great circle, the
number of degrees betwsen the plane's strike
line and the given Iine.

Since the plunge or slope angle of a
iine and the dip of a plane are defined as
angles in vertical planes, they must be
measured using the equivalent of a protrac-
tor in a vertical position. Since the verti-
cal E-W semi-circle of the hemisphere is sub-
divided every two degrees by meridian circles
of the hemisphere, it may be used for this
purpose. On the stereonet it projects as a
straight-line perpendicular to the N-3 axis,
but with appropriate graduations every two
degrees permitting the measurement of angles
from 0-90° from the horizeontal.

Example 1: Establish the stereographic pro-
jection of a line bearing NS0°E, coincides
with the plane of the E-W great circle.

Then, using the graduations already available
along its straight-line projection, count
down into the hemisphere from its rim through
34° and mark the end of the given line. Join
this point to the center of the sphere and
rotate the overlay back until its north-point
matches that of the stereonet, Figure 3.

Similarly, if the projection of a lime
is arrived at by other construction, its
plunge or slope angle may be measured sim-
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S
Figure 3: The construction of a line bearing
N‘SOOE using a stereographic net,

S

Figure 4: The construction of a plane having
a strike of N 40°W and a dip of 260 NE,

ply by rotating the overlay until the pro-

Jection of the line coincides with the pro-
jection of the B-W great circle, and read-
ing off the position of the end of the line
as an angle below the rim of the hemisphere.

Example 2: Establish the stereographic pro-
jection of a plane having a strike of N40°W
and a dip of 26°NE.

Since the dip or slepe angle of a plane
is the dihedral angle between it and any
horizontal plane, 1t is equal to and is

measured as the slope angle of a line of the
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NSO°E

N4O°W

plane having a pitch of 90° or 4 line down-
on-the-dip. First, a north-point and the
strike of the plane, N40°W, are marked on
the overlay and the overlay is then rotated
until the strike line of the plane coincides
with the N-8 axis of the stereonet; this
places a line in the given plane having a
pitch of 90° in the plane of the vertical
E-W great circle. The dip angle can now be
measured {or established) by counting down
into the hemisphere from the north-easterly
part of its rim through 26° to the location
of the great circle intersection of the
plane and the hemisphere. This great circle



may be drawn on the overlay by tracing the
appropriate clrcular arc of the stereonet,
Figure 4.

SOLUTIONS to 7 BASIC PROBLEMS (No rotation)

The follewing problems may be solved
using the stereonet and by merely revolving
the overlay about the center of the stereo-
net, i.e. about the vertical axis of the
hemisphere. Later it will become necessary
in solving certain problems to rotate the
problem components about other axes.

Problem 1:

A plane having a strike of N40°W and a
dip of 26°NE is exposed omn a vertical cliff
bearing due North. What is the apparent dip
of the plane as seen on the cliff? What is
the pitch of its line of intersection with
the cliff?

Solution: Draw the strike line and great
circie projecticn of the given plane on the
overlay as shown in Figure 4B. Establish
the line in this plane having a bearing due
North. Note that its end peint must be on
the great circle intersection of the plane
and the hemisphere. Rotate the overlay un-
til the projection of this line coincides
with the projection of the E-W great circle,
Figure S5A. Measure its plunge or slope
{(17°) by counting down from the rim of the
hemisphere in the E-W great circle.

Rotate the overlay until the strike line
coincides with the N-S axis of the stereonet,
Figure 5B, and measure the pitch of the line
by counting out the number of degrees along
the plane's great circle between its strike
line and the line hearing due North (43°).

Vg
Y, 0a,

b‘O 7'30

FIGURE 5.

Figure 5: The determination of the apparent
dip of the plane with a vertical cliff that
bears due north,

Problem 2:

In a plane with a strike of NZ0O°E and
a dip of 46° easterly, those lines having
a plunge of 46° having a bearing of S70°E
and a pitch of 90°. What are the bearing
and pitch of those lines in this same plane
having a plunge of 25°7

Sptution: Draw the strike line and great
circle of the given plane on the overlay.
Note that the iines of this plane all termi-
nate on its great circle and that they vary
in slope from 0°, the strike line, to 406°
for a line perpendicular to the strike line.
Each line may be selected on the basis of
its slope or plunge by neting the point
where the given plane's great circle (on the
overlay) intersects the projection of the
E-W circle of the stereonet as the overlay
is revolved. When the required plunge or
slope angle is less than the dip of the
plane there will be two solutions, or two
points where the plane's great circle inter-
sects the vertical B-W circle at the 25°
plunge position. The positions of the over-
lay to locate each of these arve shown in
parts A and B of Figure 6. The bearing and
pitch of these two solutions may then be
read off in the usual way.

Problem 3:

Determine the strike and dip of the
plane containing two given lines, such as
lines plunging 17° N40°W and 20° N60°S.

Solution: The two lines are first represented
on an overliay by establishing their bearings

and the points where they intevsect the hem-

isphers. Then the overlay is merely rotated

until the end-points of the two limes lie

Engineering Design Graphics Journal, Winter 1876

23



Figure 6: The solution to problem 2,

PLUNGE = @ /DIP $90°-6
LINE T.L.—+— |~ PLANE AS AN EDGE

Figure 7: The determination of the angle
between two planes.

on the same meridian circle. This meridian
circle is traced on the overlay and the
strike and the dip of the plane containing
it are read from the stereonet.

The reader may use the stereonet in
Figure 2 and a sheet of vellum as an over-
lay to check through the method of the so-
lution to this and subsequent problems dis-
cussed, even though the size of Figure 2
may result in inadequate accuracy.
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Problem 4:

Determine the angle between any two gi-
ven lines such as those in (3).

Solution: Once the plane of the two lines

is established as in Problem 3 then the plane
and its meridian circle are used as a pro-
tractor and the angle between the two lines
is counted out along the great circle or
meridian circle of the plane.

Problem 5:

Determine the bearing and plunge of the
line of intersection of 2 planes.

Solution: On an overlay establish a north
point and draw the stereographic projections
of the two planes, i.e. of the strike lines
and the great circle intersection of each of
the planes with the hemisphere. The two
strike lines intersect at the center of the
sphere and thus locate one point common to
the two planes. Bach of the two great cir-
cles is the locus of those points common to
the corresponding plane and the hemispheri-
cal surface and therefore the point where

the two circles intersect is common to the
two planes. Therefore, the Iine joining

the center of the hemisphere and the point
of intersection of the two circles is the
required line of intersectlon.

Problem 6:

Determine the magnitude of a dihedral
angle or the angle between 2 planes.

Solution: On an overlay establish a north
point and the projections of the two planes
and determine the line of intersection.
Since the dihedral angle must be measured in
a plane perpendicular to the line of inter-
section, establish such a plane by giving it
a strike perpendicular to the line of inter-
section and a dip angle complementary to the
plunge angle and in the opposite direction,
Figure 7.



Establish the lines of intersection of
this perpendicular plane with each of the
original planes and determine the angle be-
tween them.

Problem 7:

Determine the angle between a line and
a plane.

Solution: Since the angle between a line and
a plane is defined as the angle between the
line and its orthographic projection on the
plane, it is necessary to draw on the over-
lay the stereographic projections of beoth
the given line and its projection omn the
given plame. The projection of the given
line on the plane is obtained by determining
where the plane containing the line and a
line perpendicular to the given plane inter-
sects the plane. (The line perpendicular

to the given plane is established by giving
it a bearing perpendicular to the strike of
the plane and a plunge complementary to the
dip angle of the plane, Figure 7). The angle
between the given line and its projection

is then measured along the great circle of
the perpendicular plane.

APPENDIX

If the section of an oblique cone taken
perpendicular to the mid-section of the
cone and at an angle © to one principal
element is a circle, then any section taken
perpendicular to the mid-section and at an
angle © to the other principal element is
alse a circle.

Shown in Figure 8 is the orthegraphic
projection of an oblique cone on a plane
parallel to its mid-section VAB. Section
AB, making an angle © with principal ele-
ment VB is a circle as shown in Auxiliary
View #1i. Another section, ab, is taken
perpendicular to the mid-section VAB and at
an angle © with the other principal element
VA,

A third sectiom, cd, has been taken per-
pendicular VAB and parallel to the base AB
through any point 0 of ab.

How, in similar triangles bOc and dOa
0Oa 0d

Oc ~ 0b
Cc x 0d = 0a x 0b

Note also that the 2 curves of inter-
section on the surface of the cone, one ap-
pearing as cd have a common chord, rs,
which appears as a point at 0 in the main
projection of the cone. Using Auxiliary
View #2 that shows the circular section at
cd it is clear that:

Oc x 0d = (r0)2
Oa x Ob = {Is)2

Curve of intersecticn appearing at ab
is a circle.

The stereographic projectiens of cir-
cles or circular arcs lying on the surface
of the sphere are themselves circles or
circular arcs.

ci™ 0 d

AUX. VIEW 2

AUX VIEWF |

Figure 8: The determination of the angle between a
between a line and a plane.
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Figure $: The circle is the orthographic
projection of a sphere and 2B is a
circular section of the sphere appearing
as an edge,

In Figure 9, the circle is the ortho-
graphic projection of a sphere on a verti-
cal plane, and AB is a circular section of
the sphere appearing as an edge.

5-5 is the horizontal plane on which
the lower half of the sphere is projected
stereographically and the zenithal point,
Z, is the point of concurrence of the asso-
ciated projectors. The projectors from ali
points of AB to Z will form an oblique cone
whose section ab will be the stereographic
projection of circle AB. :

In AAOB, AC = BO, and /OAB = /OBA = 3

*. 8 = 5(180°-/BOA), but %/BOA = /BIA

8 90°/BZA = 90°-(Y-X)

Or o+ Y = 90° + X, i.e. /A = 90°+ X

From equation (1.) fa = 90° + X, . ./A=/a
. On the cblique cone with mid-section
ZAB, section ab is a circle.

The sterecgraphic projection of circle
AB is a circle.
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The Engineering Design Graphics Department
of Texas A&M University is seeking applicants
for an assistant or associate professorship that
must be filled by September 1976, Duties will
include the teaching of enginecering graphics and
descriptive geomelry to freshman engineering
gtudents, Also, it is desired that applicants are
competent to teach specialty courses such as
compuier graphics, electronic drafting, pipe and
vessel drafting, nomography, etc.

It iz preferred that applicants have a
doctor's degree with at least one degree in
a field of engineering, Salary is open based
upon the qualifications of the applicant, Texas
A&M is an equal opportunity, affirmitive action
employer,

Graduate Assistaniships and part-time teaching
positions will also be available in September |
197€ in the Engineering Design Graphics Depart-
ment,

Contact James H. Farle, Engineering
Design Graphics Department, Texas A&M Uni-
versity, College Station, Texas, 77843,
Phone 713-845-1633,




by Dr. Edward Holland, Jr.
Pederal City College
Washington, D, C,

Testing Vith Olides in Graphics

A variety of audio-visual techniques have
gained widespread acceptance in engineering
graphics during the past two decades. En-
gineering graphics concepts have been suc-
cessfully taught using such media as trans-
parencies, slides and filmstrips, closed cir-
cuit televisiomn, and single concept f£ilm
toops, with varying degrees of success. It
appears that these instructional aids pro-
vide the instructor with an improved and more
efficient mode of presentation than the lec-
ture-chalkboard method, but these instruction-
al aids lack one important ingredient--that of
placing the student in a more active learning
environment.

During the past five years, the Engineer-
ing Design Graphics Department at Texas AGM
University has developed and used a series of
35mm  slides to supplement classtoom lectures.
These slide series have been used to cover
such topics in engineering graphics courses
as: the design process, engineering presenta-
tions, use of drafting machines, scales,
section views, dimensioning, and threads and
fasteners. The slides add much to the class-
room presentations, but often students lose
interest in the presentations and are fre-
quently unable to recall the significance of
the slide series. As an attempt to increase
student involvement and interest in the slide
presentations, multiple-choice slide quiz
questions were added to two of the 35mm slide
series. The threads and fasterners and di-
mensioning slide series were revised gy adding
approximately 50 multiple-choice slide quiz
questions to each slide series., Examples of
these slide quiz items are shown in Figure 1.

The Problem

A studyl was conducted to determine
whether atdio-visual presentations, complete
with multiple-choice slide quiz questions,
were of value in helping students understand
concepts related to specific units in engi-
neering graphics.

The problem was to evaluate the effective-
ness of two methods of audic-visual instruc-
tion in an engineering graphics learning
situation. The two methods of instruction
were: {1) experimental tape-slide series com-
plete with slide quiz questions inserted at
intervals throughout the presentations, and
(2) control tape-sliide series without slide

- quiz questions. Information was also gather-

ed to evaluate student preference regarding
the two audio-visual methods.

Related Studies

Several researchers have studied the
effects of self-paced, individualized, and
other instructional techniques that place
the student in a more active learning envi-
ronment. DurneyZ, in analyzing the charac-
teristics of effective learning, suggested
that educators use the following five prin-
ciples as a checklist for evaluating effec-
tive learning systems:

i. The learner must be active. Telling a
student scmething does not necessarily
mean that he has.learned 1it.

Feedback and a second try are essential.
The learner must be able to find out
what he did poerly, try to impreve it,
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Figure 1: Two sample slides that were prepared to test students on
principles of engineering graphics,

and try again. He must also feel re- answered the questions correctly. Programmed
warded (as opposed to penalized) in instruction not only enables the student to
some sense for doing well. ) participate in a more active learning envi-
3. The %earney must know the lgarglng ob- ronment through actively responding, but it
Eectlvesz.l-e-, just what it is that also enables the student to gain immediate
e is trying to learn. If the learner feedback regarding the degree of correctness
is confused about just what it is that or incorrectness of his response.

he is trying to learn (his learning ob-
jectives), his learning will proceed
very slowly, if at all, and he will be
discouraged.

4. The learner must be committed and he

The value of response and immediate feed-
back in programmed and individualized instruc-
tion has gained widespread azcceptance and at-
tention by educational researchers in recent

Tust be motivaied to learn. IT the years. Levie and Dickie3d reviewed 61 stud-
Tearner 18 hot committed, he will not ies which have compared the values gained
put forth the effort required to learn, from overt (actively responding by writing

answeTs or selecting from multiple-choice
alternatives} versus covert ("thinking" an-
swers or merely reading) schemes of respond-
ing. Of the 61 studies investigated, 33 re-
sulted in no significant differences in post-
test achievement; 18 showed overt responding
to be superior; 4 studies favored covert re-
. R sponding; and 6 studies were found to be in-
In referring to the checklist for eval- valid because of interactions with other
uating effective learning systems, one may variables.
note that feedback is considered desirable
in order for the learner to effectively un-

and, consequently, he will not learn.

5. Each person learns at a different rate
and in his own way. N¢ two individuals
are exactly alike, and no twe learn in
exactly the same way, even though there
is much that is common to everyone's
learning (pp.406-407).

Conducting The Experiment

derstand the information presented. FPro- Three threads and fasteners and three di-
grammed instruction utilizes the breakdown mensioning tape-slide presentations were de-
of units of instruction into small steps. veloped and tested on a total of 98 students
Learning these small units of lnformgtlon 13 at three different schools: Texas A§M Univer-
structured so that: (1) the learnmer is pre- sity, College Station, Texas; San Jacinto Col-
sented with a concept, (2) the learner is lege, Pasadena, Texas; and Thomas Nelson Com-
required to respond to a series of questions munity College, Hampton, Virginia. Two sec-
about the concept, and (3) the learner is tions (experimental and control) of students
immediately informed as to whether or not he at each school were shown the tape-slide
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Figure 2: The organization of the experiment,

series., The experimental sections were shown
the slides with multiple-choice questions
added; the control sections were shown the
same slides as the experimental group, but
without the multiple-choice questions. 1In
order to eliminate any student effects in the
experiment, the two groups of students--
Group 1 and GroupZ--served as an experimental
group for one tape-slide series and as a con-

trol group in the second series (see Figure 2).

Narrations for both the experimental and con-
trol presentations were recorded on cassette
tapes to eliminate any teacher effects and to
maintain uniformity in the presentations.

The students in the experimental sections
were Tequired to respond to the multiple-
choice questions on a specially designed
answer card® (see Figure 3) that served to
lead the student to the correct response.

The answer card consisted of seven prepunched
computer cards, a cover card, and a backing
card that were stapled together. If a stu-
dent responded correctly to the sliide quiz
questions, his pen point would pierce through
the cover card into one of the prepunched
holes. If a student respended incorrectly,
he was required to respond until he made a
correct response,
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Figure 4: Two sample slides prepare. to
achievement,

Review quizzes were administered to both
the experimental and control groups immedi-
ately after each presentation. The review
quizzes consisted of completion and perfor-
mance-type questions, and were used to mea-
sure initial achievement (see Figure 4).

Retention tests were administered to
both the control and experimental groups two
weeks after the last tape-slide presentation
for each unit was shown. The retention tests
were used to evaluate student recollection
of the concepts presented.

In analyzing the data, it was found that

GIVEN: 1/2% DIAMETER STEEL ROD
2" THREAD LENGTH
CLASS 3 FIT
UNTFTED NATIONAL FINE THREADS

REQUIRED: LABEL THE APPROPRIATE THREAD NOTE.
DIMENSION THE THREAD LENGTH.

measure initial

the experimental group of students yielded a
mean score of 82.24 percent on the review
quizzes as compared to a control group mean
of 77.48 percent (Figure 5). This 4.76 per-
cent difference in group means was found to
be statistically significant at the .01 level
of confidence.

The retention test analysis vielded a
mean score of 77.70 percent for the experi-
mental group and a mean of 77.30 percent for
the control group. This .40 percent diffe--
rence in group means was not significant at
the .05 level, thus indicating no appreciable
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Figure 5: Comparison of the experimental and control
group review quiz and retention tegt means,

mean difference between the experimental and lHo1land, Edward, Jr. "An Experimental Study
control students' ability to recall the con- to Determine the Effectiveness of Slide
cepts presented in the tape-slide series af- Quiz Items as a Part of Audio-Visual Pre-
ter a two week lapse of time, sentations in Engineering Design Graphics."

Unpublished Ed.D. dissertation, Texas A&M
Summary

University, 1873.

~ In observing student participation in ZDurney, Carl H. "Principles of Design and
both the tape-slide series with and with- Analysis of Learning Systems.” Engineering

out multiple—ﬁhoice qgestioni, it waz ap- Education, Vel. 63 (March 1974), 400-9,
parent that those students who played an . s s . .
active role in the class presentations not Slevie, W. H: anq Dickie, K‘ E._'The Analysis

: Se and Application of Media,” in Robert M. W.
only showed & higher degree of initial ac- T a g d Handbook of R h
hievement but aiso indicated that they en- ra¥ersh§e ')éh.econ, Rand ﬁON %— esgaéc
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tions in the slide series. The addition of ’
multiple-choice questions to the slide pre- 4pressey, S. L. "Development and Apprasial of
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by James H, Earie
Engineering Desgign Graphics Department
Texas A&M University

The Engineering Design Graphics Depart-
ment of Texas A§M University initiated an in-
dustrial flavor to their two engineering de-
sign graphics courses in 1966. This program
was an interface with industyry which brought
practicing engineers from industry into con-
tact with freshman engineers on a working
basis, enabling the students to obtain an in-
troduction to the engineers' approach to pro-
blem solving. This program was called the
Yisiting Engineer Program,

Fifty-seven engineers made two visits each
to work with three classes of students during
each visit in the program's first year, 1966-
67. This began as an experimental program
that has been in continuous operation since,
growing each year until it has almost doubled
in enrollment and in participation from in-
dustry.

THE COURSES

The Visiting Engineer Program is organized
to serve two courses, EDG 105 and EDG 1066,
which cover basic graphics, descriptive geo-
metry and design. Approximately one-third of
the courses are devoted to the Visiting Engi-
neer Program and the scluticn of design pro-
blems by student teams. The remaining two-
thirds of the courses are handled as conven-
tional lecture laboratory classes where stu-
dents solve graphics problems as daily assign-
ments. The overall objectives of the courses
are to introduce the freshman student to en-
gineering design, problem solving, engineering
applications of graphics, and engineering com-
munications. Much emphasis is placed on the
use of the graphical process to originate and
develop ideas as well as to present them in
an engineering form.
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eview of the Visiting
ineer Program

CLASS ORGANIZATION

The average class size is between thirty-
eight to forty students. Each student meets
3 two-hour or 2 three-hour sessions for a
total of six hours per week. A class of
forty students is divided into five teams of
seven or eight students wheo are assigned to
team projects. Class time is set aside dur-
ing which the student teams work on their
projects {Figure 1). Approximately one third
of the class time is used for team projects
with the remaining two thirds used for the
completion of daily graphics problems.

Design problems are selected by student
teams from a list of problems suggested by
their instructor, or they are allowed to pro-
pcse their own when a team has a specific pre-
ject in mind that is comparable to those sug-
gested. Proposed problems must receive the
approval of the instructor tc¢ insure that they
are neither too difficult nor too simple to
preperly challenge a team.

Design problems are selected to simulate
systems design and analysis on an elementary
level for the first course, EDG 105. The pro-
blems for the second course, EDG 106, involve
product development. Examples of problems
of this type are shown in Figure 2. The teams
of engineers meet with each class--once as a
consultant, and once as reviewers of the fin-
ished project (Figure 3).

The visiting engineers from industry are
scheduled to make two visits per semester to
work with three classes, as consultants dur-
ing the first visit and as evaluators during
the second visit (Figure 2). The first visit
is scheduled during the eighth week of the
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Figure 3: Visiting engineers make two vigits
to the same classes esach semester,
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Figure 4: The class is divided into three
groups and the visiting engineers rotate
to each group at 30-minute intervals,

FEASIBILITY STUDY

Analogy: A common engineering-management problem is that of piant location in a
given area for a particular product. An anzlysis must be made of company and commun -
ity requirements and the mutuat benefits to be derived by each pricr to execution of

final ptans, Engineering probiems must be studied concurrently with management
problems. Predictions are based on availabie infor mation whether {rom like situations
previously undertaken or from entirely unproven criteria, 1t is possible that a
feasibility study will result in a negative conclusion. Study of the overnight campsite
outlined below will provide an experience in a problem related to an engineering-
management feasibility study.

OVERNIGHT CAMPSITE

tany peopte travel with campers and trailers on vacations and business trips. Most
seek campsites at national and stale parks that are usually out of town. There may be
a need for in-town campsites for campers who wish to spand the night near or in

" gities,

Analyze the feasibility of converting a Tacal lot on 2 major highway or near your campus
into a complex of campsites for overnight campers, Determine the facilities that would
be desired and the expenditures required for an operation. The method of renting and
managing the individual campsites must also be considered, Each campsite needs to be
a5 small and efficient as possible to offer the maximum in economy. Conduct 4 cost
analysis to arrive at the profit margin and the feasibility of such a system,

Pole Vault Pit

The eighteen foot poie vault is an athletic feat that will be a realily
in the future. Most pole vault events at the university level have jumps
of fifteen feet or better at the present.

The pale vault pit and runway have changed during the last few
years, but the standards that support the crossbar and the techniques of
positioning the standards and the crossbar have not changed to a great
degree. Officiats of this event must adjust the position of the crossbar
for each vaulter. They have considerable difficulty in replacing the cross-
bar after unsuccessful vaults at heights in excess of fourteen feet.

A sporting goods manufacturer has recognized this as market for a
new design to improve the present vaulting pits. You have been asked to
develop a solution to this problem that would be superior to the present
equipment and sufticiently economical so as to gain this market. Inves-
tigale as many featurss as possible that could feasibly be incorporated into
your design.

Prepare drawings and a mode! of your design as outlined in the
design specifications. Make an estimate of the manufacturing costs,
shipping weight, potential customers and other pertinent infor mation.

Pigure 2:; Examples of system and product
problems that were assigned as team projects.
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semester. A panel of three engineers is as- guidance to them. He will present ideas for

signed as consultants to work with each class
during this visit.

THE FIRST VISIT

Bach class is divided intc three groups
(Figure 4) and a visiting engineer assigned
to each group. Each engineer will visit with
each group for thirty minutes on a personal
level and then he is rotated to the second
group for thirty minutes, and then to the
third group for thirty minutes. This allows
the engineer to participate on three differ-
ent projects and have direct contact with all
students in a class.

During the day each team of visiting en-
gineers will meet with three sections
(classes). Bach section is managed in the
same manner described above (Figure 5).

As consultants, the visiting engineers
will be asked gemeral questions about the
projects being worked on by student teams
with little emphasis placed on specific the-
oretical questions. The engineers' primary
role is to evaluate the preliminary ideas
developed by the teams and to provide gemneral
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consideration that have been overlooked by
the teams. This provides valuable insite
into engineering when visiting engineers re-
late class problems to real problems encoun-
tered by the engineers in his professional
activities,

During a two hour session, each of the
three groups within the class will have con-
tact with each of the three engineers. The
remaining ten minutes of the two hour class
is used as a general wrap-up session that per-
mits students to ask questions of the three
engineers comprising the panel of consultants
(Figure 6).

THE SECOND VISIT

The engineers return for the second visit
during the fourteenth week of the semester
with the same engineers meeting with the same
classes with whom they met during the first
visit., Each team will give an oral presenta-
tion of their design solution to the panel of
engineers and their classmates in a ten minute
presentation. They are prepared to justify
their designs and answer questions posed by
the visiting engineers.




After each ten minute presentation by a
student team, the visiting engineers give an
eight to ten minute critique on the design
solution and the student's presentation.

This discussion provides the teams with ex-
posure to an engineering evaluatien. Each of
the three visiting engineers participates in
the critique of each team. (Figure 7).

PROGRAM OBJECTIVES

The primary objective of the Visiting En-
gineer .Program is to help engineering students
learn (1) the steps that develop an original
design; {2) the principles of sclving an en-
gineering problem; (3) more of profession of
engineering; and {4) the importance of pre-
senting engineering solutions in an coral,
graphical, and written form.

The problems assigned are structured to
introduce students to situations where there
are no single solutions. Ideal problems are
those that require an analysis of interrela-
ted systems as encountered in real life situ-
ations by practicing engineers. Not only are
engineering disciplines involved but also
overlapping areas such as law, economics,

human factors, pelitics, and etc. (Figure 8).

The team projects and Visiting Engineer
Program place emphasis on the importance of
liberal studies and social problems to engi-
neering and involves students in projects
requiring creativity and innovations, and
stresses the importance of improving the en-
gineer's communication process.

ENROLLMENTS N EDG OB 106
E-FALL, S -SPRING

MATH
PHYSICS ANALYSIS
ENGI-
CHEMISTRY|NEERING L hTERIALS
i
DESIGN
Economy 1LEAY ([ THUMAN
FACTORS
HISTORY | ENGINEERING T =
5
POLITICS Y, AREA
SCIENCE

Figure 8: Projects are designed to
emphasize the interdiciplinary aspects
of engineering heyond the ac ademic
disciplines of math, science, and
engilneering.
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REVIEW

The growth of students enrollment and
participating visiting engineers is shown in
Figure 9 from the beginning of the program in
the fall of 1966. During the fall semester
of 1975, 1473 students were enrolled in EDG
105 and 201 in EDG 106 for a total of 1647
students. Thirty-three companies furnished
45 practicing engineers for this semester
for the Visiting Engineer Program.

This brings the total engineers who have
participated in the program teo 569 during 19
semesters. This close relationship with the
practicing engineers has been a highly valu-
able experience for the student design teams.
There is no better method of iatroducing stu-
dents to engineering than bringing them into
contact with the members of the profession
who are engaged in a variety of engineering
activities. The dedication of the partici-
pating engineers to their profession has in-
creased our student's appreciation for engi-
neering.

The engineers who participate come mostly
from Texas industries within a two hundred
mile radius; however some have traveled to
Texas AM from New York, Tulsa, E1 Paso, and
Chicago to serve as consultants.

Visiting engineers serve at their own ex-
pense with neo funding necessary form the Uni-
versity. The only expense involved is that
of a luncheon for each engineer during both
his visits. Industry and the profession of
engineering has been highly cooperative and
enthusiatic with regard to this program, and
has shown their enthusiasm through active
support of it.

The asscciation of the Engineering Design
Graphics faculty with the visiting engineers
has permitted a review of course content and
relationship to the needs of industry. In a
sense, visiting engineers have served as a
rotating industrial advisory committee, offer-
ing suggestions for improvement. This rela-
tionship with industry has been highly valu-
able for the improvement of professional train-
ing and course content develcopment. Visiting
engineers are encouraged to offer suggestions
for modification of course materials that
would improve present offerings.

FOR MORE INFORMATICN

We of Texas AGM University are proud of
this Visiting Engineer Program. We would be
more than happy to share additional details
of this program with any of you who are in-
terested in learning more of it. For a bro-
chure of which outlines and describes the
current program, please write to: James H.
Earle, Engineering Design Graphics Dept.,
Texas A&M University, College Station, Texas
77843, Phone 713-845-1633.
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Limerick Laureates

Competition in the Latter-day Limerick
Laureates Laboratory since the last issue has
been excellent. There were so many entries of
missing last lines to the 3 incomplete
Idmericks submitted by Gordon Sanders that we
have decided to print the best last line to
each. The Limerick Laureates of the three
lines, in turn, will receive a cash award of
one dollar (not a big award, but it's fun).

Following are the complete limericks with
the last line appearing in italics followed by
the author's name and school.

Show Off?

Wound tight at the tep of his swing
Great power he intended to bring
But he loosened his grip

When he felt something rip

Ads a hornet zerced in for a sting!

Prof, Clair M. Hulley
University of Cincinnati

Design: Form and Function

They admired her form, you could see -
The address and the rest, obviously...
Her waggle — follow through

Was too good to be true

But vefused to yell fore Ffrom the tee.

Prof. W. G. G. Blackney
Auburn University

Clawed His Way tc the Top

An EDG Division Chairman called Claude
With a middle name "Zest" is no fraud -
For the job that he's done

And a year that's been fun -

We give Zest a good rest as rewaud.

Dr. Irwin Wladaver
Miami Beach, Florida

In addition to the winners of the best
last line, there was also a Limerick Laureate
of 5 lines. We send our conmgratulations and
five dollars to Prof. Clair M. Hulley for the
limerick verse printed below.

Computer Graphics '75

A freshman programmer named Jim

Used logic that really was grim

A "GO" for am "IF"

Drove his prof stiff

So the course proved a "closed leop" for him!

Prof., Clair M. Hulley
University of Cincinnati

Send all limericks and/or missing lines to:

Garland K. Hilliard, Associate Editor
239 Riddick Hall

North Carolina State University
Raleigh, North Carolina 27607



by Frances A Mosillo and B, E, Wolf
University of Illinois at Chicago Circle

Motivation Through

Computer Graphics

ABSTRACT

As the need for Engineering Graduates to
be proficient draftsmen has decreased, al-
though the need of the Engineer to interpret
the blueprint has not diminished, more ap-
propriate ways of presenting graphical mate-
rial have become cbligatory. This paper de-
scribes the program at the University of Il-
linois at Chicagoe Circle which was designed
primarily to motivate and teach the basic
principles of multiview projections. In ad-
dition, there have been several other bene-
ficial effects resulting from introducing the
student to the computer facilities and the
computer graphics components.
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BACKGROUND

During a special summer schoel sponsored
by the Engineering Design graphics Division
of the ASEE (June, 1972), a computer graphics
language called TRIDM was distributed to each
of the participants. The adaptation of the
computer to Bngineering Drawing topics was
begun at Chicago Circle following this dis-
tribution. The original TRIDM was developed
by Byard Houck of North Carolina State Univer-
sity. The Chicage Circle TRIDM utilizes the
basic TRIDM program to do all of the graphi-
cal calculations and operations, but the lan-
guage was found to be too complex for a fresh-
man course that was expected to stress engi-
neering graphics and not computer programing.

Therefore, two preprocessors were developed

to simplify the student's invelvement in a
computer language {since no previous computer
knowledge is needed), and also to emphasize
the basic principles of Engineering Drawings.
These preprocessors have their own languages
that the students find easier to use. The
preprocessors generate the more complicated
TRIDM code based on the student’'s instructions.

APPLICATIONS

The first preprocessor the students use
is called TRIDM1, The purpose of this pro-
gram is to introduce the student to:

1. Pictorial interpretation of points
and lines in a three dimensional, rec-
tangular coordinate system;

2. Showing the point-by-point relatiom-
ship in connecting these points in a
logical orderly manner;

3. Visualization from the pictorial to
the principal orthgraphic projections;

4, Showing the alignment and relationship
of the principal multiviews;

5. Reinforcement of the 3-dimensional
aspect of each multiviews by using
wire frame objects § showing all lines
as visible lines;

6. The experience of inputting material
to the computer and receiving output.

The second preprocessor the students be-
come involved with is TRIDM2. This version
reinforces the principles involved in TRIDM1
and also introduces the students to:

1. Visualization by the manipulation of
shapes in three dimensional space:

a. Spatial visualization in getting
three dimensional shapes in the
correct location and orientation
to define an object;
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Figure l: A flow diagram which illustrates the relationship

between the students and the TRIDM1 System.,

b. Translation and rotation of objects
in three dimensional space;

c, Tllustration of drawings to dif-
ferent scales;

2. Placement of multiviews in their pro-
per location and location and orien-
taticn on a two dimensional sheet of
paper. (Visualization and realiza-
tion as tc the location of parts of
an object and its ultimate location
on the paper. Overlapping views as
well as views running off the paper
usually result when the student 1is
not aware of this relationship];

3. Computer control through the use of
structured command usage.

TRIDM1 - Student input consists of -data cards
describing the X, Y, and Z coordinates of
each point in the order that they are to be
drawn. Each card also has a code for a pen
control (up or down) teo be followed when
moving to the specified point. The output
wili be a plot of all six principal views,

a perspective, a border and title box.

TRIDMZ - Student input consists of the X, Y,
and Z coordinate points as described above,
and further includes newly created commands
which combine and simplify the original TRIDM
conmands for the student.

TRIDM - Student input consists of zll
standard TRIDM commands. Used only by
advanced students, due to complex nature
of these commands.

TRIDM1 AND TRIDMZ CCMMANDS

TRIDM1 has one command, (OBJS). This
command identifies an object in space and
the order in which the lines of this object
are connected. From this information it
will generate the six principal views and a
perspective of the object.
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TRIDM2 Is made up of the command in
TRIDM1 {OBJS) plus five additional commands.
One of these commands (MOVE) gives the learn-
er experience in the translation of points,
lines, and geometric shapes in space, while
another gives the learner experience in the
roetation (REVQ) of these elements. A fourth
command enables the student to assemble
(ASMB) these geometric shapes in space, and
a fifth command enables the learner to in-
crease or decrease (MULT) the size of pre-
viously established objects. A final com-
mand (VIEW) is the one that activates the
drawing of the specified views in their
respective locations.

The first five commands (OBJS, MOVE,
REVO, ASMB, MULT} require the learner to
experience spatial relationships as all the
manipulations had to be visualized in three
dimensions., The last command is the only
two dimensional command, used to draw all
of the previous information on a two dimen-
sicnal surface. The students use this com-
mand to locate the necessary views to be
drawn and to specify which view is required.
However, in so doing this, the student must
visualize what the individual multiview
looks like as well as being aware of the re-
quired orientation of orthographic views.
This in itself, as all drawing teachers are
aware, is no small task. Is there anything
more frustrating for an instructor than to
have a student complete a multiview out of
projection on the Tinal exam?!

PROGRAM DESCRIPTION

TRIPM creates alteraztion matrices that
are stored as they are created. The pro-
gram maintains a table of objects, alteration
matrices and the order of operation. When
the user wishes the plet to be drawn, the
program then performs the alterations on the
objects, and generates simple plot calls.
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Changes to the original TRIDM were kept at
a minimum in order to keep our TRIDM compati-
ble with other TRIDM versions in use.

TRIDM will accept and process a multitude
- of student errors, and either correct them,

or else clearly explaln to the student what
the error was. If results will be meaningful
TRIDM1 will produce a plet of the student in-
put. The six principal views, along with a
perspective are placed neatly within set bor-
ders. These views and placement are auto-
matic, no student interventioen is required.

TRIDMZ will generate the majority of the
TRIDM commands, regardless of compexity (of
use), from simplified TRIDM2 commands.
TRIDM2 does extensive error checking, to in-
sure that absolutely no invalid TRIDM com-
mands are passed to TRIDM. This of course
duplicates some of the TRIDM error checking
routines. The justification of this dupli-
cation is that TRIDMZ handles more types of
errors, and produces clearer, easier to un-
derstand, and most certainly more informa-
tive error messages, than does TRIDM. TRIDM
is a good and useful language, but one must
be intimately familiar with it to get satis-
factory results. TRIDMZ allows an absolute
novice at computer usage to get very sophis-
ticated computer graphics plots.

TRIDM1 and the printout of
this data,

TRIDMZ works basically on a generalized
code producing system. Based on given para-
meters, a multitude of TRIDM commands can
be produced from the same routine. Common
areas are used for all general parameter
passing, and argument lists are used when
passing specific parameters. This system
makes TRIDMZ run quite fast,

Wherever flexibility is possible, TRIDMZ
optimizes the student's commands te produce
faster running, more refined, TRIDM code.

SPECIAL INNOVATIONS IN TRIDMC

The original version of TRIDM was geared
toward individual use. It did not lend it-
self easily for use by an entire class of
students, using & large computing facility
along with many other classes. In addition
to developing TRIDM1 and TRIDMZ for the sake
of creating an easier command structure, TRIDM
itself was altered to work easier within the
heavy usage area.

A subroutine was added to TRIDM to draw a
title box on the plotting sheet. This title
box controls information identifying the plot
itself, the student {name, desk #, etc.), and
which pre-processor was used (TRIDM1 or
TRIDM2) ,
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A plotter, as a rule, is a very siow out-
put device. Even in a computer environment
where turnaround could take only 20 minutes,
it is usual that plot will not be ready for
perhaps a few hours, This extensive waiting
period during development of a plot is in-
tolerable to the student. Therefore, a print-
plot feature was added to TRIDM. Using this
feature the student can produce a reasonable
facsimile of his plot on the printer, taking
full advantage of the faster turnaround time.
When he is satisfied with his print-plot, he
can then request the final version on the
plotter.

Occasionally a student will have problems
with TRIDM that his teacher has to solve for
him, Or perhaps the teacher merely wants to
test out his own ideas. In either case, the
teacher should not be required to wait a few
hours for his plot. Therefore, an interactive
feature was added to the TRIDM package. Using
TS0 (Time Sharing Option}, an interactive ter-
minal, and an EAI 230 plotter, one can utilize
TRIDM on 1line. Use of TRIDM on line is ordi-
narily streamlined (as little printing to the
terminal as possible), geared more towards
simply producing the pleot. But if errors are
detected, the user can, by request, back up
the process and receive all the usual output.
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of the data,

By allowing the user to back up instead of
restart the process, valuable computing time
is saved.

In general, innovations made to TRIDM, in
order to develop TRIDMC, were done to make
the use of TRIDM by many people as easy and
fast as possible.

PHYSTCAL FACILITIES

The equipment currently being used at the
Circle Campus is an IBM 370/158 (VS) in con-
junction with a CalComp 663 plotter. This is
a complete "hands off" system where the stu-
dent rveads in his deck threough a reader and
picks up his output (and pleot) at a later
time from a numbered bin in another reoom. In
the preliminary stages of the TRIDMC develop-
ment, an IBM 1800 computer was used in con-
junction with a CalComp 1627 plotter. This
was a complete "hands on" system where an
operator had to feed the decks into the
reader in the same room as the computer,
punch the appropriate buttons on the computer

as well as activate the appropriate controls
for the printer and plotter to operate.

The TRIDMC package needs a Fortran compi-
ler, 12K of core, and a printer. If a plot-
ter is available, it can be utilized easily,
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due to a centralization technique employed by
TRIDM. Some intermediate storage space is
also needed. This can be on disk or tape.

TRIDM lends itself easily to cverlaying
technigues, which is why it can be squeezed
inte 12K of core. Some examples of the versa-
tility of the TRIDMC package follows. A
community college in one of the northern su-
burbs of Chicago has an operating version of
TRIDMC on an IBM 370/135 DOS System, using
the printer-plot feature (they have no plot-
ter). Also, a community college in Califor-
nia is utilizing the Circle version of TRIDM
on an IBM 1130 computer with a& CalComp 563
plotter.

DISCUSSICN OF STUDENTS USING TRIDM

Although the faculty who taught the basic
Engineering drawing courses resisted the im-
plementation of Computer Oriented graphics on
the basis of it being too time consuming and/
or complicated in an already overburdened
graphics course, the students overwhelmingly
accepted it. Back in the days when the stu-
dents were learning the harder to use TRIDM
language rather than the simplified prepro-
cessor languages, though they complained of
the time consumed in the course, they over-
whelmingly wanted the computer material to
be retained if not increased.

The faculty were concerned that the com-
puter material would completely overshadow

Engineering Design Graphics Journal,

Flgure 4: The rotation and
scaling of a plot in TRIDM2
and a printout of the data.

the basic cbjective of the course of Engi-
neering Drawing, that is, reading working
drawings. The evolution of TRIDM1 and

TRIDMZ however, recogaizes this basic charge.
Carefully chosen examples to teach and moti-
vate students in the learning of reading
multiviews has since reduced the amount of
work in the course substantially without
reducing student interest or learning. 1In
fact, the Engineering Graphics staff has also
embraced the approach because for the first
time in a very long period of time, the stu-
dents are acting positively towards this area,
which 1s guite a switch from merely taking the
course as a requirement. Also, for the first
time in many years a sufficient number of stu-
dents are taking elective courses in the Engi-
neering Graphics area to indicate that these
courses are being well received.

Additional courses are being developed at
this time to utilize the computer as a tool
cnly, rather than to study the computer or
computer languages. The Engineering students
are being attacked from all sides on the
theories and languages of the computer without
being given adequate opportunity to learn of
the engineering applications of computers.
The tack taken in this course and in other
planned courses will, we hope, fill this void
for more engineering students in the future.
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Design Simplification

Many complex engineering problems can
be solved by relatively elementary means.
The piece of equipment shown represents
the ultimate in a simplified solution to
a rather complicated engineering problem,

A large industral firm was confronted
with the problem of designing and manufac-
turing a functional piece of equipment
known as an "output processor'. The firm's
engineering department investigated the
function of the output processor, and in
three months developed a prototype as
shown in the figure. The estimated cost
for this processor was $45,900.

Management evaluated the design pro-
totype and concluded that a less costly
output processor cculd be developed. The
problem was turned back to engineering,
and after another four months of intense
investigation and refinement, a simplified
version of the output processor was devel-
oped (this simplified unit can be viewed
by folding the figure along lines "A"™ un-
t11 the vertical crosshatched line is con-
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by Edward Holland, Jr,
Federal City College
Washington, D, C,

tinucus). The proposed cost of this sim-
plified unit was reduced from the original
$45,900 figure to $25,000. Management a-
gain evaluated this simplified design,

but cencluded that the cost and complexity
of the processor were still excessive.

The project was near abandonment when,
as a last ditch effort, it was turned over
to a group of college engineering students.

This group evaluated the two previous sclu-
tions, made an extensive series of modifi-
cations, and constructed a mock-up of the
proposed solution for §$24.95,

Management was informed of this mira-
culous solution, and immediately sent a
group of engineers to the college campus
to evaluate the prototype. Much to their
surprise, the engineers found that his
drastically simplified ocutput processor
satisfactorily met all of the design cri-
teria (keep section "A" folded and fold
figure along lines "B" until the horizental
cresshatched 1ine is continuous).
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Candidates for

ffice

The candidates below have been nominated for the office
indicated below by your nominating commitiee, Ballots will be
mailed to all members of the Engineering Design Graphics Di-

vigion this spring,

The resulis of the election will be announced at the annual
ASEE meeting in June, The new officers will teke office at the

close of this meeting,

Pisase vote for the candidates of yvour choice when the

ballot is received,

AMOGENE F. DeVANEY

Candidate for Vice Chairman

Professor DeVaney is a graduate of West
Texas State University, and holds a doctors
degree from New York University. She is a
professor of mathematics and engineering
graphics at Amarillo College in Texas. As
a member of ASEE since 1948, Amcgene has
served the EDG Division in many capacities:
executive committee, the teaching techniques
committee, the nominating committee. She
is presently chairman of the committee that
is planning a world congress for the graph-
ics field that is sponsored by the EDG Di-
vision. She has authored a number of pub-
licaticns.

W. GECQRGE (BUD)} DEVENS
Candidate for Vice Chairman

Professor Bud Devens is a graduste of
West Point and the University of Illinois.
His broad experience includes twenty vears
service in combat construction, civil works
and command duties in the U. S., Europe,
and Asia. He is presently professor and
director of the Division of Engineering
Fundamentals at Virginia Polytechnic In-
stitute. He has been active as an author
in the field of graphics and metrication.
Bud has served as vice chairman and chair-
man of the Southeast Section of the Engi-
neering Design Graphics Division. He was
a co-host of the Williamsburg midyear meet-
ing of the Division.
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ROBERT J. FOSTER

Candidate for Secretary-Treasurer
1976-79

Professor Foster received his degrees,
including his doctor's degree, from Penn-
sylvania State University. He jeined the
engineering graphics program of Penn State
in 1959; he is presently in charge of that
program. His industrial experience in-
cludes work with the Bendix Corporation,
the Naval Research Laboratory, Erie Tech-
nolegical Products and others. Bob has
served during the last three vears as
Associate Editor of the EDG Journal, and
has served actively in the Division. He
is the author of a number of publications.

PAUL DeJONG

Candidate for Director of Publications
1876-79

Professor DeJong received his bache-
lor's degree in mechanical engineering
from Iowa State University in 1960. He is
a registered professional engineer in lowa
and South Dakota.

His industrial experience includes
work as a private consultant, design engi-
neer, draftsman and designer, and carto-
graphic draftsman. Paul has taught engi-
neering graphics at Iowa State University
since 1966. He is the author of 2 number
of publications. He is presently ending
his term of office as secretary-treasurer
of the Division.

FRANK F. MARVIN

Candidate for Secretary-Treasurer
1976-79

Professor Marvin is a West Point grad-
uate with aver twenty-four years service
in the Air Force as a pilot, research and
development engineer, and teacher. He has
been a member of ASEE since 1953. He is
an associate professor of Engineering Fun-
damentals at Virginia Polytechnic Institute
and is the author of a number of publica-
tions. Frank has served as chairman of
the Graphics Technology Committee.

EDWARD W. KNOBLOCK

Candidate for Director of Publications
1876-70

Professor Knoblock teaches engineering
graphics, design, and manufacturing pro-
cesses at the University of Wisconsin at
Milwaukee. His twenty vears of teaching
also include an assignment at Oakland Com-
munity College. He is presently assistant
dean of undergraduate studies at the Uni-
versity of Wisconsin. BEd served as Divi-
sion secretary in 1966-67. 1Ie has also
served on the Teaching Methods Committee
and the Design Display Study Committee.
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2, Involvement,

5 Innovation,
International,

, Informative,

,, Intellectual,

Inquisitive,

Interest,

Initiative,

' Interaction,

Influence,

Interface with

Industry

T
..........

An Invitation ... to the In Crowd
Infiltrate ASEE... get IN!

American Society for Engineering Education
43 One Dupont Circle, Suite 400
Washington, D.C. 20036
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AMERICAN SOCIETY FOR ENGINEERING EDUCATION
Suite 400, One Dupont Circle, Washington, D.C. 20036

INDIVIDUAL MEMBERSHIP APPLICATION

Date

f, , hereby apply for membership in the American Society for Engineering Edu-
{signature})

cation, and enclose as my annual membership dues for the year. $5.50 and $1.50 of this
amount are for a year's subscription to ENGINEERING EDUCATION and Engineering Education News respectively.
The undersigned member of ASEE stands as my sponsor. (If ASEE sponsaor is not readily available, application may be
submitted to ASEE Headquarters for continuing action .}

{signature) {print name of spansor)

Please complete Parts A, B and C of the application form below, hand-lettering or typing all entries. Items marked with an as-
terisk are for office use only. Enter one letter or number per block, leaving a blank box for normal separaticn of words. Use
standard abbreviations where possible. Send with your check for annual dues to ASEE (address above).

DUES SCHEDULE
Regular members:  $25 for applications submitted between July 1 and January 31
' $12.50 for appiications submitted after February 1 {for membership through June 30}
Students: $10 ($5 after February 1) [Note: Student members must be full-time students at one of the edu-
cational institufional members of the Society. Verification of student status should accompany
application and subsequent renewal notices.]

MAILING ADDRESS

{Titls "~ (First Name) (Tnitial) {Surname)
{Institutions Department)—I7 desired
li. S.__n_m__;; {Strect Address)
Interna. (City) (State) (Zip)
tional ., (Citz) {Brovinee/other) (Country}

PROFESSIONAL DATA

{Position or Title)

u. S____> {Institution or Company)
ln]ema. (City} (State) (Zip)
hanal—h_} (City) {Province/other) (Country)
{ » (€ ) ( } ( ) ( )
Date of Birth Code for Divigion/Committee choices
(mo) {yr} (maximum of ) See list below

An individual ASEE member can become a member of any three Divisions and/or Committees, as listed befow.
Please enter the code numbers of those you wish to join in the space provided above.

DIVISIONS

Code Code Code

10 Aerospace 23 Liberal Studies (Economics, English, History, 356 Instrumentation

11 Agricuttural Engineering Laﬂguagesslpsvcholo_gy) {Specify other) 36 Engineering Libraries
12 Architectural Engineering 24 Computers in Education 37 International

25 Materials 50
26 Mathematics

13 Chemical Engineering
14 Civil Engineering {Construction, Hydraulics,

Biomedical Engineering

COMMITTEES

Saritary, Soil Mechanics, Structural Surveying, 27 Mechanical Engineering {(Machine Design,
Transportation)} I‘ﬁﬂanuf?muring Processes, Thermodynamics, 51 Ethics and Legal Phases
ower,

15 Continuing Engineering Studies
18 Cooperative Education
17 Educational Research & Methods

28 Mechanios 52 Ocean Engineering
54 Energy Conversicn

29 Mineral Engineering {Geology, Mining,

Petroleum, Metals, Ceramics) 56 Engineering Acoustics
18 Electrical Engineering 30 Nuclear Engineering 56 Government Relations
19 Engineering Economy 31 Physics 57 Engineering Management
20 Engineering Design Graphics 32 Relations With Industry 58 Engineering Design
21 Graduate Studies 33 Engineering Technology 59 Information Systems
22 Industrial Engineering 34 Environmental Enginsering 60 Construction Engineering

61 Laboratory-Oriented Studies
and Experimentation

Engineering Design Graphics Journal, Winter 1976
47



Contains nomegrams {1lustrating practical problems in over 50 significant areas
and new examples of Computer-Aided Design of nomograms®

NOMOGRAPHY PAPERBACK EDITION

A. S. LEVENS, Department of Mechanical Engineering, University of California, Berkeley

Containg these aids to self study:
- Develops the treatment through a Togical sequence of topics.

+ Employs readily understood mathematical developments for the various types
of nomograms (uses both the geometric method which requivres only a working
knowledge of plane gecmetry and algebra; and the method of determinants
which is most convenient for computer application}.

- Introduces short-cut methods to simplify the design of nomograms.

- Provides a summary of type forms for easy reference to the steps necessary
for the design of nomograms.

312 pages.  $5.95

Send your order today to: Fearon Publishers, Inc., 6 Davis Drive, Belmoni, CA 94002

Engineering Desig
48

ENGINEERING DESIGN
GRAPHICS JOURNAL

Subscription Rates
1 ¥r 2 Xrs 3 Yrs

ASEE Members 53 $5 $10
Nen~-Members 5 10 25
Overseas 10 20 50

TREASURER ond

CIRCULATION MANAGER
C.H KERRNSG
THE CHIC STATE UNIVERSITY
2070 NEIL AVENUE
COLUMBUS, BHIC 43210
PHONE [-1614]-422- 2634

START MY SUBSCRIPTION NOW
{ Y1y, { )2Y¥rs, { ) 3¥rs

Name;

Mailing Address:

City and State:

Zip Code:
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ENGINEERING
GRAPHICS,

Communication-Analysis-
Design, Fourth Edition

James $. Rising, M. W. Almfeldt,
and Paul $. De Jong, lowa State University

a

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

PROBLEM BOOKS |
FOR ENGINEERING ~ OfSpecielNote.. =
GRAPHICS, it s 1 1 g . e

Communication-Analysis- @ New units on creative design, electrical and elec-
Design, Fourth Edition tronic diagrams, and computer aided design.

® New treatment of pictorial systems, graphical

i}ni::dz':!dsjzge\;s'Ccr:::ffsl:d mathematics, basic dimensions, production dimen-

lowa State University sioning, and design drawing.

@ New emphasis on industrial applications.
This problem book series facilitates un-
derstanding the fundamental principles as 408 pages—8 1/2” x 11"—cloth
. : - bound—1970—59.95
well as making proctical applications of
them in industrial-oriented problems. Each
unit includes a statement of objectives,
some wonalytical thought gquestions, some
semi-programmed instruction with answers
on the back of the sheet, some word de-
scription problems, and some partial-lay-

outs with word specifications. Photographs
from industrial firms enable the student to
_ visualize the objects in their actual setting.

Book |—136 pages—prob. $6.95
Book 11-150 pages—prob. $5.75

For examination copies write!

[l!ﬁh WM. C. BROWN COMPANY PUBLISHERS
2450 Kerper Boulevard, Dubugue, lowa S2001
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