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G. F. Pearce Professor, Facully of Engineering, University of Waterioo, Canada

Two Intersecting Perpendicular Lines (reduced) Space Diagram (reduced)

A unique and innovative approach to teaching engineering graphics. Developed through classroom use over a number of
years, this text emphasizes the comprehension of engineering drawings in order to give the student a sound background for
reading-and interpreting drawings, and for using descriptive geometry to solve engineering problems involving three-
dimensional space.

The fundamentals of graphical analysis are developed and the basis of engineering drawing is explained. The principles of
orthographical projection are used in most instances but other projections such as isometric, oblique, and perspective are
also considered in the text.

To facilitate the visualization of a three-dimensional shape that must be graphically represented on a plane, Professor
Pearce has introduced two-color line drawings which, when viewed through two-color filters, produce a three-dimensional
image. The three-dimensional representations are accompanied by the appropriate two-dimensional engineering drawings,
giving the student a readily accessible reference to help him understand drawing techniques and uses. This is a valuable
teaching aid and replaces the standard desk models which have limited individual accessibility. Additional aids for
classroom use are the problem sets at the end of each chapter and the durable spiral binding which allows the book to lie
flat at any page. Two pairs of red-green colored plastic glasses are supplied with each text,

372 pages $17.95 Spiral Bound

Desl @@pi@ﬁ may be Supp[ied if serious con- F;Igggefsegg gngineering Graphics and Descriptive Geometry in 3-D
sideration is being given to a purchase of 15 or g )
more copies. We reserve the right to use our I'\;a::ef

stitution . -

discretion in supplying desk copies.

Address _ = = =

Please note we are not affiliated with any I am considering adopting [ requiring 1 recommending (1 this book for
American publisher of similar name. Send ali Course No.
orders to- Enrolment _—

70 BOND STREET,
TORONTO, ONTARIO,
CANADA M5B 1X3
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Books for Architecture Courses

PO

by Lawton M. Patten, Professor, Department of Architecture
and Milton 1. Rogness, Associate Professor, Department of Engineering Graphics
Towa 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 pumerous il-

Justrations 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 Milten L. Rogness,
and Robert 1. 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,
logical, and practical. The alternate assignments permit added drill when neces-
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 Uporn Request

mgh WM. C. BROWN COVIPANY PUBLISHERS
2460 Kerper Boulevard, Dubuque, lowa 52001
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ENGINEERING DESIGMN GRAPHICS JOURNAL
is published - cne volume per year,
three numbers per volume, in Winter,
Spring, and Fall - by the Engineering
Design Graphics Divisieon of the Am—
erican Society for Engineering Edu-
cation, for teachers and industrial
practioners of Enginearing Graphics,
Computer Graphics, and Design Graph-
ies, and Creative Design.

The views and opiniens expressed by
the individual authors do not necw
esgarily reflect the editorial policy
of the ENGINEERING DESIGN GRAPHICS
JOURNAL or of the Engineering De-
sign Graphics Division of ASEE. The
editors make a reasonable effort to
verify the technical content of the
material published; howaver, final
respongibility for opinions and tech—
nical accuracy rests entirely upon
the author.

Yearly subscription rates: U.8.,
Mexico, Canada
1 yr. 2 yr, 5 yr.
ABEL members §3.00 55,00 810.00
Non-members 5.00 10.00 25,00
Other subscribers
10.00 20.00 50.00
Single copy rates:
In U.8., Mexico, and Canada:
AL i i i s 5150
HOn-MeMberS . vstsserernrnse, 2,00
All other orders....ue...,... 3.50

Back issues are available at single
copy rates prepaid and are limited
in general te numbers pPublished
within the past six years.
Subscription expiration date {last
issue] 1s printed in upper right
corner of mailing label, W79 for
Winter 1979, 880 for Spring 1980, ete,

MYICROFORM COFIES

Microform copies of back issues are
available from Univarsity Microfilms,
300 N.Zee Road, Ann Arbor, Michigan,
48106

ENGINEERING DESIGN GRAPHICS JOURNAL
ORJECTIVES =

The obiectives of the JOURNAL are:

L. To publish articles of interest toe
teachers and practioners of Engin-
eering Graphics, Computer Graphios
and subjects allied to Ffundamentals
of engineering.

2, To stimulate the prepaxation of
articles and papers on topics of in-
tfersst to its membership.

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

4, To encourage research, develop-
ment, and refinement of theory and
applications of engineering graphics
for understanding and practice,

STYLE GUIDE FOR JOUBNAL AUTHORS

The Bditor welcomes articles submitted
for publication in the JOURWAL. The
following is an author style quide for
the benefit of anyone wishing to contri-
bute material to Engineering Design
Graphies Journal. In order to save
time, expadite the mechanies of public-
ation, and avoid confusion, please
adhere to thess guidelines.

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

2. All pages of the manuscript are
te be consecutively numbered,

3. Two copies of sach manuscript
are required.

4. Refer to all graphs, diagrams,
photographs, or illustrations in
your text as Figure 1, Figure 2, ete.
Be sure to identify all such matarial
accordingly, either on the fromt or
back of each.

Illustrations cannot be redrawn; they
are reproduced directly from submitted
material and will be reduced to Fi€

the ¢olumnaz page.

aAccordingly , be sure all lines are
sharply drawn, all notations are leg-
ible, reproduction black ig used throu-
ghout, and that everything is clean

and unfolded. Do not submit illustra-
tions larger than $-1/2 x 11. If nec-
essary, make 8-1/2 x 1l or smaller
photo copies for submission.

5. Bubmit a recent photograph (head
to chest) showing your natural pose.,
Make sure your name and address is on
the reverse gside.

6. Please make all changes in your
manuscript prior to submitting it.
Check carafully spelling, structure,
and clarity to avoid ambiguity and
maximize continuity of thought. Proof-
reading will be done by the editorial
staff. Galley proofs cannct he sub-
mitted to authors for ravies,

7. Enclose all material unfolded in large
siza envelope, Use heavy cardboard to
prevent bending,

8, A1l articles shall be written using
Metric-8I units. Commeon measurements
are permissible only at the discretion
of the editorial staff,

9. Send all material, in one mailing to:
Paul 5. DeJong, Editor
403 Marston Hall
Lowa State University
Ames, Iowa 50011

BEVIEW OF ARTICLES

ALl articles submitted will be re—
viewed by several authorities in the
field associated with the content of
each paper before acceptance. Cur—
rent newsworthy items will not be
reviewad in this manner, but will bhe
accepted at the discretion of the
editors.

deadlines for author

DEADLINES FOR AUTHORS AND ADVER-
TISERS

The following deadlines for the sub-
mission of articles, announcements ,
or advertising for the three issues
of the JOURNAL:

Fall--Septenmber 15

Winter--December 1

Spring—-February 15
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Our new, improved design.

by James H. Earle

When a well-known author publishes o new Engineering Design Graphics, Third Edition
edition, it's designed to be bettar than the old has already obtained more adoptions than

one, Earle's third edition of Engineering Design either of the previous editions — proct, we think,
Graphics is exactly thart. It has a revision of sta- of an elfective design process.

tistical figures on engineering professions, greater Contents: Intreduction to Engineering and Tech-
emphasis on preparation of working drawings, nclogy. The Design Process. Problem Identifion.
and the introduction of the metric system. English tion. Preliminary [deas, Engineering Drawing
units are also used, leaving the choice to Standards, Design Refinement, Fundamental
the instructor. Spatial Relationships, Primary Auxiliary Views.
Two-cclor illustreticns guide the student through Successive Auxiliary Views. Bevolution, Inter-
the design process from problem identification sections. Developments. Design Analysis. Vector
to design and analysis of the solution. Team Analysis. Analysis of Design Data. Design Docu-
dynamics, data gathering, humean engineering, mentation. Pictorial Presentation. Decision and
patents, technical reports, oral presentation, and Presentation. Implementation., Design Problems.

iinal implementation are also discussed. Price; $16.95

ENGINEERING DESIGN GRAPMICS PROBLEMS 1

by James Earle, Samue! Cleland, Lawrence Stark, Paul Mason,
Morth Bardell, and Timothy Coppinger

A deslgn-oriented problems workbook filled with a ous photos keyed to appropriate problems, industrial
variety of problems in both engineering graghics and . examples to add reglism to the problems, SI units
descriptive geomatry., Gets freshmen thinking and incorporated throughout, and answers to all problems
communicating in graphics. Features include: nurmear- . avallable in & solutions manua). Price: $5.85

If you would like to be considered for complimentary examination copies or would like moere
Inforrnation, write to Alfred Walters, Information Services, Addison-Wesley. Please include
course title, enrollment, and auther of text now in use. '

&
Science & Mathematics Division ¥V ADDISCN-WESLEY PURLISHING COMPANY
Reading, Massachusetts 0]867




Get there first with the most savy! The
Bunch will heip you get your students
through Working Drawing Gulch, Descript
Flats, and Design Canyon safe and easy.

The trail has been marked by Earle, Stark,
Mason, Bardell, Coppinger, Raczkowski,
Vogel, Wilke, Demel, Barr and Krueger.

Write for your inspection copy of any of
these six problem books and our brochure
which describes six other problem books.

Problems for a course in graphics  GRAPHICS FOR ENGINEERS 1
and working drawings. GRAPHICS FOR ENGINEERS 2

Problems for a course in GEOMETRY FOR ENGINEERS 1  a#e™

descriptive geometry GEOMETRY FOR ENGINEERS 2 o
' o _ CREATIVE PUBLISHING CO
Prablems for a combination course  GRAPHICS & GEOMETRY 1 Box 9292 Ph 713-846-7907
in graphics & descriptive geometry ~ GRAPHICS & GEOMETRY 2 College Station, Tx 77840
ALL PURPOSE
GRAMERCY DRAFTING KIT CUTSTAND,
VALug NG

: Very Reasonabiy Priced & Includes a Long Lasting
Metal Case.

PO Instrument Set with Pen & Pencil Parts
P& Gear Head Divider

2150 Leadholder

K233 Pointer

7021 Eraser

T34 Draft Tape

187 Combination Mechanical Draftsman Scale

C3060 8 Triangle
C4590 6 Triangle
#80 Curve

180 - 6" Protractor
485 Circle Template
Screw Driver

Parts Kit

THE IDEAL KIT FOR EVERY NEW

DRAFTSMAN OR STUDENT! #G402
#G402

THE GRAMERCY CORPORATION

P.0O. BOX 9718, 1145 A WEST CUSTER PLACE CUSTOM KITS ALSO AVAILABLE
Denver, Colorado 80223 303-777-2121 WITH THIS SAME METAL CASE.
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To The Editor,

As many of the Journal's readers know,
metrication has been a favorite topic of
mine for several vears. Thus I read with
particular interest Mr. Leidel's article
in the Winter '77 issue entitled "We've
Got Those Metrication Blues". I believe
the author touches upon a subject which
needs discussing, The matter of approp=
riate metric drafting scales has not rec-
eived the attention it should,

My personal preference in this matter
is to utilize scale ratios which follow the
pattern of the "preferred series". This
would be in accord with the thinking of
the Geological Survey. The producers of
the topographic quadrangle maps seem to
be leaning towards adopting a modified
form of the R10 series of preferred num—
bers,, both for map scales and contour in-
tervals. The true R0 series includes the
numbers 1.00, 1.25, 1,60, 2.00, 2,50, 3.13,
4,00, 5.00, 6.30, and 8.00. The Geological
Survey, however, will limit itself to the
use of the numbers 1,2, and 5. Thus suit-
able topographic map scales would be:

Contour intervals are proposed to be
1, 2, 5, 10, 20, 50, or 10C meters. The
rational system of preferred numbers con~-
stitutes the basis for most metric engineer~
ing standards. It would seem logical to
standardize drafting scales uging the same
rationale, My suggestion would be to con-
sider the following range of scales for use
on engineering drawings:

l:; 0.1 1:1 1:10
1: 0.2 l:2 1:30
l: 0.5 1:5 1:50

These ratios would also have the ad-
vantage of fellowing the simple decimal
pattern inherent in the metric system,
rather than being expressed in fractions.

Hopefully, the EDG Division's ad
hoc Metric Committee can address iteself
to this question of proper scales and en-
courage other professional engineering
societies to agree on a set of standard
drawing scales. Thank yvou for the oppor=
tunity to participate in this discussion.

1l: 10 000 1: 1¢0 000 1: 1 000 900 Klaus E, Kroner
l: 20 000 1: 200 000 1: 2 000 000 University of Massachusetts
1: 50 000 1l: 500 000 1: 3 voo o009

THE IMPORTANCE OF DESCRIPTIVE GEOMETRY 1IN
SECONDARY AND UNIVERSITY TEACHING.

For many years the teaching of des-
criptive gecmetry in high schools and uni-
versities seems to have been. rather neg-
lected. At least such is ny experience
during 45 years of teaching, Not only in
the instruction at technical schools of
all sorts but alsc in the teaching of
natural sciences the capacity of visual-
ization of 3~dimensicnal objects is es-
sential. But only a small part of stud-
ents possess this capacity to .a consider-
able extent, sufficilent for these branches
of science. (Only about 20%) The rest
has to attain it by systematic training
which consists in methodical learning of
descriptive geometry. It is needless to
speak about the necessity of visualization
in the different technical sciences where
the application of descriptive geometry
is cbvious. But alsoc in anatomy, surgery,
X-ray diagnostics, biology, biochemistry,
astronemy, aeronautics, modern chemistry
in general, especially in crystallography
the capacity of visualizing objects in
space is indispensable. Here are some.
examples. How should a student perceive
the anion B HI2 where the ligands (atoms
of Bohr} aré251%uated at the vertices
of an icosahedron and the atoms are
exchanged for atoms of carbon when cer-
tain other chemical compounds are formed?
How could he see the crystalline stru—
ture when it consgists of elementary cells
repeating themselves periodically by
translation in three different directions?
Is it possible to understand in chemical
kinetics a reaction where in the beginning
the atoms are arranged in one way and at
the end in another without visualizing
the pattern in space?

6 / ENGINEERING DESIGN GRAPHIGS JOUENAL Faill 1977

The insufficient teaching and defici-
ency in knowledge of descriptive geometry
is felt in technical sciences since a
good many yvears. One could hardly deny
the necessity of studyving general surfaces
of higher order mathematically defined or
empirically obtained for the purposes of
construction of machines. The theory of
shells in architecture znd engineering is
closely connected with the theory of ruled
surfaces., Only descriptive geometry can
furnish the constructive treatment of
such surfaces. Would it not be useful to
enlarge the programs of engineering schools
in this respect? 1In the theory of shells
strong mathematical tools are necessary,
mostly partial differential equations.

But what is the use of the sclution of such
an equation if there is no mental picture
of it in space? Many problems in this
domain can be treated exactly or with high
approximaticn by graphical methods which
may prove to be rather simple if a good
knowledge of descriptive and synthetic
geometry is applied. For instance, the
two main curvatures and the Gaussian
curvature in some point of the surface

can be determined by such means and also
many other things. Photogrammetric and
aerophotogrammatric problems in geodesy
can be thoroughly understood only by a
good knowledge of descriptive geometry and
a well developed capacity of visuaiization.

It would be desirable to improve teach-
ing by giving descriptive geometry more
attention and enlarge the program or intro-
duce this discipline in schools where it
is needed. Dr. Vilke Nice

Professor
Kaciceve ul. 36/III
41000 Zagreb, Jugoslaviga



EDITOR'S PAGE

Frank M. Croft
University of Louisville
Associate Editor, EDGJ

A FEW SALUTES..»ceeenns

I never cease to be ilmpressed by the
calibre of pecople who make up the EDGD and
it is a source of great satisfaction and
a rather tough measure to live up to if
one is to keep their company. Just a brief
scan of this issue will bring you in con-
tact with some terrific people..... the
candidates, authors, officers, and of course,
Percy Hill, the deserving DSA recipient.
Congratulations again, Percy.

Along this iine, another fine person,
Garland Hilliard, had to give up his work
as Associate Editor when he was elected
circulation manager. The Division, Jim
Earle and I all owe Garland a vote of ap-
preciation for his hard work on the Journal.

We alsc want to recognize the wives
and husbands of these people for their
patience and support. Particularly we
want to thank Charlotte Hill, Percy's
charming wife. We hope we will. continue
to see them both at future meetings.

And an introduction...}......

T was really a bit concerned where to
find a dynamic individual to fill Garland's

" rather large professional shoes, but Frank

croft responded to a call put ocut for a
volunteer at Grand Forks.

Frank has taken this particularly
pugnacious bull by the horns and done an-
admirable job with this, his, first issue,
and has earned a real vote of confidence
and our gratitude for it. Gathering the
Division news is a big task and requires
a lot of backup work that never shows. I
hope all committee chairmen and others with
Division activity interest items will get
in touch with Frank, with their announce-
ments.

Frank, who holds a2 B.S. in Aerospace
and M.S. in Civil Engineering, ig an
assocliate professor of Engineering Graphics
and Civil Technology at Spead Scientific
school at the University of Louisville, a
position he took about a year ago after a
ctint at West virginia Tech. Before get-
ting into the teaching game, he spent four
years at McDonnel-Douglas where he super-—
vised and coordinated special graphics for
printed circuits and similar items.

@¢lad to have you on the staff, Frank!
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ENGINEERING FUNDAMENTALS OF

GRAPHICS, Com- ENGINEERING
munication, Analysis, GRAPHICS Problem
Creative Design, | Book

Fifth Edﬂt!@ﬂ By C. Gordon Sanders, Carl A.

By James S. Rising, Maurice W. Ambal, and Joe V. Crawford
Almfeldt, and Paul' S. DeJong lowa State University

lowa State University

Reserve Your Copy Today!

ENGINEERING GRAPHICS, Please send to:
Communication, Analysis, Creative

Design, Fifth Edition by Ris-
ing/Almfeldt/DeJong Name

—  FUNDAMENTALS OF ENGINEERING
GRAPHICS Problem Book by

Sanders/Arnbal/Crawford Dept. Phone (ac) /
School
Address
KENDALL/HUNT PUBLISHING COMPANY
60 Kerper Boulevard, Dubuque, lowa 52001 CGity _______ State/Zip



Piercing points
of lateral edges

Ohse

of sight—-
intersecting plane
seen as an edge

FUNDAMENTALS OF
THREE-DIMENSIONAL
DESCRIPTIVE GEOMETRY, 2nd Ed

Steve M. Slaby, Princefon University

Lateral edges

Here's a revised new edition that will help your Contents: Principles and Basic Concepfs of Three-
sfudents think graphically and visualize spatial Dirmnensional Dascriptive Geometry. Linesin G
relations. By using a unique fwo-color presentd- Three-Dimensional Space. Plane Surfacesin a

fion, it dramatically brings out the three-dimen- Three-Dimensional Space. Three-Dimensional Spa-
sional aspects of figures. fial Relationship of Lines and Planes. Rotation of
Like ifs highly successful predecessor, this DoOk's Ceometric Elements in a Three-Dimensional

shyile and format make three-dimensional descip- Space. Location of Poinis and Tangent Planes on
five geometry easier for you fo teach and easier Geometric Solids and Surfaces. Intersections of
foryour students to leam. Slaby presents basic Common Geometric Solids and Surfaces. Devel:
theoretical princioles in a carefully organized opment of Surfaces of Basic Geometric Solids. Prin-
way. . with clear, direct explanations. ciples of Descriptive Geomstry Applied fo Three-

Dimensional Space Vectors. Principles of Deascrip-
five Geomethy Applied to Selected Topics. Princi-
descri p’rlve geome‘rry O fecﬂ—hft% problems in areas Blrgil;(ljef r%ffggé%%ﬁegaig éﬂ;)%p\)/ill?r%’rec;lPrcc’ncol
of engineering and architecture

@ Sl sysfermn of measurement smployed in half the (047179621-2) 1976 416 0p. $14.50
problems

& Numerous practical appiications snown through

orthographic examples and consfruction

And the second edition also features:
® A chapter dealing with the application of

prollems

- @ Quizzes, sample tests, and final exarnination dil

with answers supplied so students can test their Also available—

knowledge of the material student Workbook containing many applied,

& Solutions Manual with full size solutions fo all classroom-tested problems and empioying S units.
practice problems Each worksheet gives students plenty of work-
Examine the Taple of Contents and see why space. And you are provided with the solutions to
Slaby’s Second Edition is the right text for your ail workbook problems.

course. (© 471 79622-0) 1976 160 . $6.95

To be considered for complimentary exami- .
nation copies, write to Art Beck, Dept. A 8139, §
Please include course name, enroliment, and §{

JOHN \NILEY & SONS, inc.
\ 405 Third Avenue, New YOIk, NY. 10016
In Canadar 22 Worcesfer Road., Rexdale, Ontarnio

titie of present fext. Prices subject o change without nofice. ABA3R-12
To be considered for complimentary exami- JOHN \NILEY & SONS, Inc.
nation copies, write fo Arf Beck, Dept. A 8440. 605 Third Avenue. New York, N.Y. 10016
Please include course name, enroliment, and In Canada: 22 Worcester Road, Rexdale, Ontario

fitle of preseni fext. Prices subject to change without nofice.
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Chairman’s

1 would like to begin my year as chair-
man of this Division by thanking each of you
for youx confidence in me and for giving me
this oppertunity to repay the Division in a
small way for the contribution it has made to
my professional growth over the many years
that I have been a member. It would have
been difficult to gain the insight into this
discipline without active participation in
the conferences and reading the Journal of
this Diwvision.

My first act as chairman is to thank the
1976-77 officers for their work in the Divis-
jon. Clarence Hall worked most diligently on

behalf of this organization with ASEE officials,

various Sections and Divisions. He is out-’

spoken and staunch in his support for the Divis-—

ion. Robert LaRue, as past chairman, was most
helpful with advise and guidance when it was
needed, Past chalrmen play a very important

part in the operation of our pivision, and this
help is sincerely appreciated by new chairmen.

The Division is endebted to Robert
Hammond and the Policy Committee for giving
us such a workable set of By-Laws. The Dir-
ectors of the various committees are function-
ing well., In an organization such as ours,
communication is difficult., It takes so long
to send out information and receive a response
that chairmen of committees often become
discouraged, However, it is through these
Directors and their committees that much of
the real activity of the pivision takes place.
T want to thank each of the Directors and
members of their committees for the time they
devote to the work of the Division,

In behalf of the Division I want to
recognize the dedication of Gordon Sanders
and Klaus Kroner who go off the Executive
Committee this year. They have both made
valuable contributions to the Division
over a pericd of many years. It hardly
seems adeguate to just say, "Thank you.
The work you have done is greatly apprec—
iated."

our special thanks to Tim Coppinger
and Claude DeGuise for the fine Mid-Year
Conference in Montreal, and to Margaret
Eiler who arranged an excellent program
for the Annual Conference in Grand Forks.
.1 am sorry that any of you had to miss
the opportunity for growth that these
conferences provided. Planning a program
that will meet the diverse interests of
our membership is a challenge to our
Director of Programs.and his chairmen,
Let Arvid Eide know what you would like.

This year, 1977-78, promises to be an
exciting one for the members of the Div-
ision. I am pleased that I will serve as
your chairman for our Fiftieth Anniversary
Year. Aall of our programs this year will
reflect this theme. Plan to attend the
conferences and help commemorate this Year.
The Mid-Year Conference will be held at
the University of Alabama with Jack Brown
as host and TLarry Goss as Program Chair-"
man. The years activities will culminate
in the International Conference on Deserip-
tive Geometry in Vancouver, B.C. which
will be followed immediately by the Annual
Conference of ASEE, Clarence Hall is Pro-
gram Chairman for the Internatienal Confer-
ance and Arvid Fide, Director of Programs,
will be chairman of the Annual Conference
program, He will be assisted by Roland
Jenison. The Executive Committee approved
the appeintment of a Long Range Planning
Committee which will consider trends in
engineering educatien and how the Division

iessage

Amogene F. DeVaney
Amarillo College
Chairman, 1277-78

can best meet the needs of our membership
in light of these changes. Aokert LaRue
will be chairman of this committee. The
Awards committee under Ron Paré will con-
gsider the suggestion that the Division

set up additional awards to recognize
unigue contributions to the Division and to
Engineering Graphics.

The Journal continues to offer vital
contribution to our discipline. I want
te thank Paul DeJong and his staff for the
continued excellence of the Journal. The
Newsletter which was authorized last year
by the Executive Committes is a welcome
vehicle for communicating with our member-—
ghip. Let me know what you think of 1kt.

Through the efforts of previous admin-
istrations this Division is well organized
and financially strong. The Divi=zion has
always operated on the basis of limited
financial resources. All projects must be
financially self-supporting., For example,
the Creative Design Display Committee rec-
eived some money initially from ASEE, but
it now depends on industrial contributions
For its continued operation. We are for-
tunate that this project has been as out-
standing success which is principally due
to the people who put it together. For
the past two years Memnno pilLiberto and his
sommittee have done an excelient job with
the Display. The International Conference
on Descriptive Geometry to be held in Van-
couver in 1978 must pay its own way through
registration fees, since the ASEE Board
did net grant the funds which we requested.
rinancial considerations sometimes prevent
us from doing things for our membership that
we would like to do; however, the Executive
Cormittee decided again this year not to
assess Division dues. Look over the budget
for 1977-78 which appears elsewhere in this
Journal.

The entire Executive Committee and I
will do our best for the Division in 1977-78,
but pregress can only be achieved through
your support, your work and your enthusiasm.
While we have been elected to carry on the
businéss of the Division, we can only do
this as you would like it done if we know
what you desire. We jnvite your comments,
suggestions and criticism. It is through
our mutual effort that we will make this
a dynemic year for the Engineering Design
Graphics Division.
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Mid-Year
Conference

UNIVERSITY OF ALABAMA

The Engineering Techneclogy faculty
of the University of Alabama will host
the Mid-year Conference of the Engineering
Design Graphics Division of ASEE. Make
Plans now to attend the conference in
Tuscaloosa, Alabama on January 5 and &,
1978. Activities will begin on Wednesday
afternoon, January 4, with a vizgit to a
large lock-dam of the Black Warrior River
System which annually moves more tonnages
than the Rhine River in Europe. The tour
will be followed by a reception sponsored
by the exhibkitor at the Conference.

The University's 270 academic programs
and 16,000 students are served by approxi-
mately 900 faculty members and 550 admin~
istrators and other professionals. Numer-
ous motels and restaurants are located
within easy access to the campus.
Facilities for lodging and meals will
be handled by the host committee at a
reduced cost; however, each attendee
may make his own reservation. No accommo-
dation shortage is expected to occur.

Tuscaloosa, a sprawling community of
80,000 population is located on the banks

of the Black Warrior River. Tts history,
as well as that of the University, dates
back to the eariy 1800's.. Several fine
examples of antibellum homes can be
Seen on the streets of the older parts of
the town. The aistoric buildings on the
University campus include the President's
Mansion, considered one of the finest
examples of Greek Revival architecture in
America.

The climate is mild. The lowest
average temperature is 46.90F which occurs
in January. The annual rainfall of 52.46
incheas is fairly well distributed through-
out the year.

Tuscaloosa is served by Southern
Airways. Transportation will be provided
between the airport and the campus.

Registration forms wiil be mailed in
ample time for you to make your plans to
attend. . In the event that you do not
receive one, please contact Dr. Jack C.
Brown, Chairman Host Committee, Box 1941,
University, AL 35486, telephone (205)
348-6320.

PROGRAM

ENGINEERING DESIGN GRAPHICS DIVISION

This year's theme for the Mid-Year
Conference is "Update in 78", 1In keeping
with this theme, many of the papers to be
presented will report on the latest.
developments in a number of areas of
interest to ocur members. Four main topics
have been selected for emphasis at this
year's meeting: computer graphics, SI
units, engineering design, and the fresh-

man engineering program. As of this writing

the follewing list of titles and authors
have been accepted for the program:

Using Graphics to Teach Computer
Programming-John T. Dremel

The Graphics Van-C. Fred White

Application of Human Factors to
Engineering Design-C. L. Maurc

Engineering Design-~a Necessity

for Engineering Education-
Lee Harrisberger
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Photogrammetric Application of
Descriptive Geometry-J. E, Parker

SI Units in Descriptive Geometry-
Frank M. Croft

Metrics in the Supermarket-L. D. Goss

The Freshman Engineering
Program-Robert H. Hammond

Using Computer Programming to Teach
Graphics-Robert D. LaRue

Acceptance of several other papers
is pending. Time is being set aside in
order that the Dividion Committees can
meet to allow members of each committee
to plan inputs to the Annual Conference,

Larry D. Goss
Program Chairman
ISUE ’



ASEE Annual
Conference

ABOUT GRAND FORKS......

Cne of the usual features of the Fall
issue of the Journal is a summary of the
Annual ASEE Conference held in June. Althcugh
written for the benefit of those members
who could not be present, an objective
summary 'is valuable in evaluating the events
and activities that took place. Program
chairmen, however, are hardly the ones
most capable of writing an objective summary.
They are naturally biased; the events which
they schedule are always outstanding.

The Engineering Design Graphics
pivision program, although not tied into
the ASEE theme: "Food, Resources, Energy,
and Environment: the Critical Interfaces"
(FREE) , contained events that were .o
interest to various groups. T

Mary Blade produced a segsion on
Spatial Geometry Problems, which served
to give us ataste of, and whet our appetites
for, the June '78 Descriptive Geometry
Workshop in Vancouver. Other speakers
in her event were Ralinath Mukkerjee,
Thomas Elsner, and Walter Cibulskis.

A session devoted to Computer Graphics
was directed particularly to those of us
who wanted to know everything about how
to begin teaching the subject and were
afraid to try. Francis Mosillo reported
on his experience with a large class.

A small class experience was described by
Carl Gausewitz, and an account of the
evolution of a year's course of study was
given by Robert Beil.

2 Human Factors session, moderated
by John Kreifeldt, featured Charles Kubckawa
from MASA, Tom Cannon, president of his
own company, and Stephan Habsburg from
General Motors Design Staff. These
representatives from industry focused
on the problems inveolved in designing
new products for humans.

Professor Margaret Eller
Louisiana State University

Other sessions in which the EDGD
was a co-sponsor were produced by the
Metrication Committee and ERM, a Division
which is always very creative in its
"Creativity" sessions.

one of the most important results
of this Conference was the forming of a
new Technical-Professional Committee
for Freshman Engineering Programs.
A structured session on Tuesday morning
and a rap session on Thursday brought
out a surprising number of attendees.

The Creative Design display was
expertly conducted by Menno DiLiberto
and is a good story by itself.

The Awards Banguet and business
iuncheon were held cff-campus and were
well attended. Although exact numbers
are not available, it is a fair estinate
that between 60-70 members of the EDGD
attended the Conference.

The University of North Dakocta
provided excellent accommodations,
meals, and services, including regular
and emergency transportation. The June
weather was somewhat chillier than some
of us expected-particularly those of
us from the South. However, the
excitement of meeting old friends and
renewing acquaintances served to keep
us warm. The more EDGD Conferences we
attend, the more we look forward to
attending the next one.

SEE YOU IN ALABAMA!

Margaret Eller
Program Chairman
LSU
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Creative
Engineering
Design Display

The Tenth Annual "Creative Engineer-

ing Design Display" for 1977 was held
at the University of North Dakcta in
Grand Forks, North Dakota. Although
things got hectic at times, Dr. Menno
DiLiberto, Committee Chairman, oOhio
University, reports the responsibility
for this year was made a lot eagier due
to the hard work of the following com-

mittee members: Mary Jasper, Mississippi

State; Ron Pare', Cogswell College;
Leon Billow, Naval Academy; Robert
Snortland, University of North Dakota.

A total of 49 design prejects wera
on display at this year's conference and
the number of entries in each category
was as follows: :

1977 1976

Freshmen 29 32
Sophomore 3 4
Junior 2 5
Senior 14 12
Graduate 1 0
' 49 53

The winner's in each category were -

FRESHMEN CATEGORY

First Place: University of New Mexico
Kaibite Irrigatien Project

Second Place: University of Wisconsin-
Milwaukee — Project Center Stand

Third Place: Arizona State University
The "Watt Watcher"™ Automatic
Lighting System :

Fourth Place: ‘Iowa State University -
Electrical Automatic Shut-0ff

SOPHOMORE CATEGORY

First Place: University of Wisconsin-
Milwaukee - Back to the Cartridge

JUNIOR CATEGORY

First Place: WNortheastern University
Design and Analysis of a Hydrofoil
Craft

§ENIOR CATEGORY

First Place: University of Bridgeport
The Free Rotating Hull Concept "A"
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Second Place: U.S. Naval Academy
The Design of a Training Ship for
the Naval Academy--YF675

Third Place: Northeastern University
Urban Vehicle

GRADUATE CATEGORY

First Place: University of Wisconsin -
Milwaukee - Parking Analysis and.
Community Development Study

The committee wishes to acknowledge
the following individuals who gave of
thelr time and expertise to evaluate this
year's entries:

Prof. Daniel L. Babcock
University of Missouri-Rolla

Dr. Lionel V. Baldwin, Dean
Colorado State University

Dr. H. Maurice Carlson
Lafayette Collage

Dr. Lesiie A. Clayton, Chairman
Boyle Engineering Corp.

Dr. Bdward J. Cook, Asscc. Dean
U.5. MNaval Academy

Dr. Stuart Coward
North Carolina State University

Prof. Nicholas P. Dario
General.Motors Institute

Mr. Paul Doigan
General Electric Company

Dr. Basil R. Myers, Dean
University of Maine at Orona

Prof. Tracy B. Nakers
0l1ld Dominion University

Mr. C. A. Powell
Baltimore Gas & Electric Co.

Dr. David R. Reyes-Guerra
Engineers Council for Professional Dev.

Dr. Gerard H. Schlium
The Johns Hopkins University

Dr. Robert A. Shapiroc, Prof.
The University of Oklahoma



Mr. Norwood L. Snowden
Caterpiller Tractor Company

Dr. A. H. Soni, Prof.
Ok lahoma State University

pr. J. C. Storry, Dean
Soush Dakota State University

Prof. W. A. Finchum
california Polytechnic State Univ.

Dr. H. L. Henry
Louisiana Tech University

prof. Lawrence A. John
University of Dayton

Dr. Warren E. Lux
Union Carbide Corporation

Dr. Richard S. Mayer, Dean
Ohio University

Prof. James F. McDonough
University of Cincinnatl

Prof. James 0. Morgan
Southern University

Mr. J. D. Murphy
Arncld AFS, Tennessee 37289

Dr. John P. Uldrick, Prof.
U.5. Naval Academy

Df. Lyle C. Wilcox, Dean
Clemson University

Dr. Carl Zorowski, Head
North Carolina State University

KROEZE TO METRIC BOARD

Henry Kroeze, of the University of Wis-
consin at Waukesha has been nominated by

the White House to serve on the United States

Metric Board and should be confirmed by the
Senate soon. This board, created by the
Metric Act of 1975, will set policy, cocor-
dinate systematic changeover, and influence

dinate systematic changeover, influence new
standards, and work for uniformity of cedes.
Professor Kroeze is cone of only about 15
individunals nominated to this extremely im-
portant committee, and was sponsored by AIIE,
NSPE, the Wisconsin Society of professional
Engineers and industrial organizations.
Congratulations, Henryl

Prof. Richard Kombrink
California Polytechnic State Univ.

David Schumacher
North Virginia Community College

John McDonough
University of Maine-Orono

The committee wishes to acknewltedge
the following companies for thelr finan-
cial support which allowed us to award
plagues and certificates to each of the
winners:

ARO Incorporated

The Boeing Company

Celanese Fibers Company

duPont de Nemours & Company Inc. ,E.I.
Eastman Kodak

Hughes Tool Company

IBM '

Marion Power Shovel Company, Inc.
Monsanto Company

Technovate, Inc.

Union Carbide Corporation

Wiley & sons, Inc., John

in addition, we gratefully acknowledge
the Freshmen Memcrial BAward for the family
of James S. Rising.

In co_nclusion, the committee wishes
to thank all those who helped make the
1977 Creative Engineering Design Display
a success. If you have any recommendations
or suggestions for next year's display.
please send them to our display chairman
for next year, Professor Borah L.
Kreimer, Northeastern University., 360
Huntington Avenue, Boston, Mass., 02115.

Announcerment

The Division's Metrication Committee
reguests possible topics in the general
area of metrication which would be of
particular interest for programs at
future conferences. Also, if you know
of potential speakers, please let us
have their names and addresses. Send
this infeormation to:

Ed Mochel

Thorton Hall

University of Virginia
Charlottesville, VA 22901
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International Conference on Descriptive Geometry

June 14-18, 1978

Vancouver, B. C., Canada

INTRODUCTION

This is the 50th year of the Engi-
neering Design Graphics Divieion. In
these fifty years the Divisicn has
exerted significant leadership in engi-—
neering education. This leadership
continues with the cenvening of the
International Conference on Descriptive
Geometry on June 14-18 in Vancouver, B, C.

We are now in & new era of space
degcription because of the revolutionary
use of computers. However, though computers
can enable us to do formidable and hitherto
virtually impossible arithmetic calculation,
it is still necessary for us to develop
the mental concepts and visualize the space
relations underlying engineering problems.

Gaspard Monge's method, which he in-
vented 200 vears ago, substituted geometric
methods for lengthy arithmetical calculaticons.
The geometric, graphic results enabled com-
plex spatial relations to be illustrated,
described and comprehended visually.

These geometric and graphic methods
have become an integral part of engineer-
ing problem formulation and solution as
well as the keystone in all agspects of
manufacturing. Indeed, when we take a
lock at engineering practigce, it is
evident that concepts of Descriptive
Geometry are increasingly necessary as
cur technology becomes more sophisticated.
It was possible, in Smeaton's time, to
take down the walls of a cooperage as a
model for the Bddystone Lighthouse in
1757. But today we require the methods
of Descriptive Geometry to design and
build such advanced structures as our
space vehicles or to visualize and under-
stand complex invisible structures as DNA.

Today we can use the mathematical methods
of matrix transformation and vector analysis
to describe or map any set of points in
space. Futhermore, we can operate on these
space points to draw lines, generate
surfaces, transform pProjections, and give
us answers to "best solutions” under many
sets of constraints, in numerical as well
as graphic form. All this we can do with
computers. However, the "sine gua non"
which we cannot do withcut, are the con-
ceptual methods of space problem sclving
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Sponsored by the Engineering Design Graphics Division, ASEE

which are the essence of Descriptive Geom—
etry; the basic thought processes for
designing computer and graphic problem
solutions and for much of the inventions
of modern technology.

The conference gives educators an
opportunity to access new developments
in applications of Descriptive Geometry.
The conference program will include many
stimulating paper presentations and dig-—
cussions. Participants may cheoose from
three workshops offered by people who
are outstanding in their field. There
will be time for conversation, discussion
with speakers and social gatherings. As
of this writing, ten nations will ke
represented at the conference. This
event should be of interest to all our
members.

MAKE PLANS TO ATTEND.

SOME OF THE SCHEDULED PAPERS

Synergetics: The Structure of Ordeared
Space, A. L. Loeb, Harvard

Descriptive Geometry of Reflections,
A. Rotenkury, Australia

Mongean Descriptive Geometry, Claude
DeGuise, Canada

Descriptive Geometry as Taught at
the Universidad Central De Venezuela,
H. Osers, Venezuels

Graphic Science in Engineering Educa-
tion in Tohoku University, Nannichi,
Japan

Manufacturing Processes, Ceometrical
Possibilities, IL. Alting, Denmark

Problems of Descriptive Geometry in
the Calculus of Variations: Scap
Bubbles, Crystals, Etc., F. J. Almgren,
Princeton

Graphical Composition and Resolution
of Vectors in Space, H. Niayesh, Iran

Computer-~Aided Tracing of an Equi-
librjum Line on Intersecting Surfaces
of Revolution, Y. Charit, Israel



ORDER OF EVENTS

Wednesday June 14, 1978
Late Registration and Check-In

Walter Gage Residence Hall 1-5pm
opening of Conference

walter Gage Hall 7:00pm
Session T

Social g:00pm
Thursday, June 15, 1978

Registration and Check-In

Walter Gage Hall §:30am
Morning Sessions 8:30am
Lunch Break

Afterncon Sessions

Dinner Break

Evening Session 7:00pm
Social 9:00pm
Friday, June 16, 1978

Workshops g:30am—4:30pm
Evening Session 7:00pm
Social 9:00pm
Saturday, June 17, 1978

Workshops 49:30am-4:30pm

Reception and Dinner 6:00pm
sunday, June 18, 1978
Reports and conference

conclusions 8:30am-11:30pm
ACCOMMODATIONS

Those wishing room accommodations will be
housed in Walter Gage Residence Hall on

the campus of the University of British
Coiumbia. BSingle rooms are $10.5C,
Children under 12 with family $4.00,

Suites (single occupancy) $21.00 (double)
$27.00. There is a 5% tax on rooms. Credit
cards are not accepted.

FOOD SERVICE

Meals are served directly across the streat
in the Student Union Building on an
individual cash basis. &1l meals will be
taken here except the Saturday night

dinner which will be a served meal in

the Faculty Cluk. This will be paid when
paving registration.

REGISTRATION

The program and registration material will
be mailed out the first of February. Last
date for preregistration will be April 25,
1978. The registration fee will be $60.
This includes a copy of the proceedings
which will be mailed to you after the
conference, material for one workshop and
the refreshments at breaks. This fee also
covers building use costs. Late registra-
tion will be $75. If you preregister for
TCDG and the Annual Conference of ASEE,

you will be able to pick up your registration
packet for both conferences when you arrive
at the Walter Gage Residence Hall for the

ICDG. You may keep the same roon provided
you have reserved the room by preregistra-
tion with ASEE.

CONFERENCE OFFICIALS

amogene F. DeVaney
General Chairman

Box 447
amarillo Ceollege
Amarillo, Texas 79178

clarence E. Hall

Program Chairman

142 Atkinson Hall
Louisiana State University
Raton Rouge, La. 70803

Jack C. Brown
Registration Chairman
University of Alabama
Box ‘1904

University, Alabama 35486
Garland K. Hilliard, Jr.

Bditor of the Proceedings

Box 5518

North Carolina State University

Raleigh, Neorth Carclina 27607
Mary Blade

Workshop Director

Cooper Union

New York, New York 10003

Robert D. LaRue
Workshop Director
Ohio State University
2070 Neil Avenue

Columbus, Ohio 43210

The site for the 1979-80 Mid-year confer-
ence has been selected. Cogswell College will
host this meeting in San Francisco, but the
exact dates have yet to be determined., Pos-
sible dates are: 1. late November, 2. two
weeks before Christmas, 3. the end ¢of January.
or 4. mid-March., You are encouraged to in-
dicate your preference for any of these or
other dates. First, notify the host, Dean
Ronald Pare' at Cogswell College, 600 Stock-
ton Street, San Prancisco, California, 94108.
Second, contact any member of the Executive
Comnittee with your preference.
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A Last Chance
or

Put Up Or Shut Up

The ASEE Accreditation Committee has
asked the EBngineering Design Graphics
Division to provide them with some guide-
iines for the acereditation of freshman
engineering programs. This is a natural
request gsince ecach year finds an increasing
nunber of Schools of Engineering with
Departments or Divisions, primarily staffed
by members of the Engineering Design
Graphics Division, whose overall concern
is the teaching and coordination of
the freshman vyear.

The Fall, 1976, issue of the Engineering

Design Graphics Journal carried an article
listing some suggested criteria for the
freshman year, and asking for comments,

Only a few comments were received. These
were not sufficient in number to reflect

any consensus of opinion, so no revision

of the suggested criteria was made. However
a firal report must soon he made to the

ABEE Accreditation Commitiee.

At the 1977 Annual ASER Conference,
the Executive Committee of the Engineering
Design Graphics Division decided that a
final appeal for comments be made by
again publishing the suggested criteria
in this publication. Comments are urgently
requested both by those who agree with
the criteria and by those who disagree and
have other suggestions. Send any comments
to me at the address shown below in time
for them to be reported on at the 1978
Mid-Year Conference {(Alabama). There
will be a Workshop during that meeting
to consclidate all comments and arrive
at a final report which will then be
submitted tc the ASEE. 8o if you have
any ideas or comments, pro or con, let
me hear from you. Also plan- to
attend the Mid-Year Conference. Remember
that if you do not express yourself by
letter of by attendance, vou will have
no input and hence no reason or just-
ification to object to the final report.

Robert H. Hammond

Freshman Engineering and Student
Services Division

North Carolina State University

Box 5518

Raleigh, NC 27607

Freshman Engineering Criteria

1. The requirements which must be met
by students seeking admission to the
freshman engineering program should
ke clearly stated in the official
catalog of the institution.
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In addition to meeting other institu-
tional undergraduate requi rements
(i.e., physical education, English,
ROTC, etc.), the freshman engineering
program should include the following:

.

b.

Mathematics - Analytic Geometry
and Calculus (2 Semesters/3 Quarters)

English - Sufficient to meet
institutional requirements with
a minimmm of 1 Semester /Quarter
emphasis on composition.

Chemistry - General Chemisgtry with
accompanying laboratory (2 Semesters/
3 Quarters)

Physics - General Physics to include

light, sound, mechaniecs, electricity,
and magnetism. (Pre or corequisite:

first semester of Calculus --

may be in Sophomore year)

Engineering Graphics - Minimum of
one Semester or eguivalent. To
include representaticnal graphics
and industrial practices.

Engineering Fundamentals -

Minimum of one Seméster of equiva-
lent. To include an introduction
to engineering fields and engineer-
ing design.

The freshman engineering Program should
be interdisciplinary with the following
burposes:

A

George C. Beakley
Arvid R, Eide
Rebert D. LaRue

To introduce the freshman student
to the enginesring professiocn and
its various fields and functions.

To assist the freshman student to
intelligently choose his major field
of stuady,

To adequately prepare the freshman
student, through foundation courses
basic to all engineering disciplines
for further study and practice in
his chosen engineetring field.

Fred 0. Leidel
William B. Regers
David W. Teeter
Robert H. Hammond, Chairman



Are you involved in Technical-Professional Committees?

The punber and activities of
Technical-Professional Committees is
growing! Secme changes have already been
made this year!

There is a new chairman for Teaching
Techniques, and there is an entirely new
Committee for Freshman Engineering.

If you are not now involved with the
Cominittee of your choice, drop a line
to its chairman (address below) and
express your interest.

GRAPHICS TECHNOLOGY COMMITTEE

professor Barry Crittenden
Divizion of Enginesring Fundamentals
Viginia Polytechnic Institute and
Gtate University (VPI & SU)
Blacksburg, Virginia 24061 (703) 951-6555

COMPUTER GRAPRICS COMMITTEE

Professor Francis Mosillo

Department of Systems Engineering
University of Illinois at Chicago Circle
Box 4348

Chicago, Illincis 60680 (312) 996-2260

HUMAN FACTORS IN DESIGN COMMITTEE

pr. John Kreifeldt

Department of Engineering Design
Tufts University

Medford, Massachusetts 02155

The Engineering Design Graphics Division
of the Bmerican Society for Engineering
Education is conducting a study of the use
of instructional modules in Englneering
Graphics in technical institutes, com-
munity colleges, engineering colleges,
and industry. Modular instruction is
defined as any essentially self-contained
material that is designed to be used by
the student, either in class or in self-
study situations, to master a topic or
sequence of topilcs. The length could vaxy
from a single short lesson to a full
jength course.

The papers will be submitted to a
Project Staff and the active participants
will be selected from the papers submitted.
These papers will be exchanged among the
active participants for written commentary.
Or June 16-17, 1978, in Vancouver, B. C.
the active participants, project staff and
any interested persons will convene for a
two-day workshop. The purpose of the work-
shop will be to refine issues and to
evaluate the potential use of modular
instruction for Engineering Graphics.

Papers Anyone?

THEORETICAL GRAPHICS COMMITTEE

Professor Mary F. Blade

Mechanical Engineering Department

The Cooper Union

Cooper Sguare’

New York, New York 10003 (212) 254-6300

ENGINEERING DESIGN EDUCATION COMMITTEE

Professor Mary Jasper

P.0. Box 155

Missizsippi State University
Mississippl State, Mississippi 39762

METRICATION COMMITTEE

professor EBdward J. Mochel

Department of Mechanical Engineering
School of Engineering and Applied Secience
University of Virginia

Charlottesville, Virginia 22501

TEACHING TECHNIQUES COMMITTEE

Professor Larry D. Goss
Department of Technology
Indiana State University
Evansville, Indiana 47712

FRESHMAN ENGINEERING COMMITTEE

professor Larry NWorthup

104 Marston Hall

Towa State Unlversity

Ames, Iowa 5001 (515) 294-5933

Following the workshop, the papers and
written commentary will be consclidated
with the open commentary from the workshop
inte a report which will be issued by the
Engineering Design Graphics Division.

This report will be discussed at meetings
of the Division and Sectional and Annual
Conferences of ASEE. The report will be
available for dissemination to individuals,
institutions, and associations who are
interested in applving modular instruc-
+ional methods to Engineering Graphics
teaching.

THIS IS A CALL FOR ALL INTEFESTED INDIVIDUALS
TO SUBMIT PADPERS BY Dec. 1, 1977 TO:

Dr. Amogene F. DevVaney. Director
Study on Tnstructional Modules
Box 447, Amarille College
Amarillo, Texas 79178
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The Division of Engineering Design Graphics
American Society for Enginesring Education

g,Pzrzgesg. i{ﬁx 11

1ts highest honor
THE DISTINGUISHED SERVICE AWARD

for his autstanding interest and devotion to
his students, his colleagues, the Division,
and to engineering education in general.

Percy H. Hill, Professor of Engineering Design at Tufts University, received his B.S. degree
ih Mechanical Engineering from Rensselaer Polytechnic Institute and his S.M. degree from Harvard
University. During World War II he served in the United States Navy in the Pacific Theater of War
as a Communications Pepartment Head.

Professor Hi11 was appointed to the faculty of the Fngineering Drawing Department of Tufts
University in 1948. Since 1954 he has served as head of the department, being appointed its
permanent chairman in 1955, During his tenure as chairman the name of the department was changed
to relate to its offerings in engineering education. Through his efforts the department received
a Ford Foundation Grant which led to the offering of a Master of Science degree in Engineering
Design. Today the department alsc offers the Bachelor of Science degree and is involved in a Ph.D.
degree-granting pregram. The various programs of the department enroll 1000 students each year.

Professor Hill has served Tufts University in many areas since his original appointment. For
five years he was the director of an engineering curriculum for General Etectric; he served as
chatrman of the Faculty Board for the University's Experimental College; he was the director and
principal investigator for biodental engineering research, and was recently appointed by the
Prasident of Tufts University to establish an all-university course on Decision and Policy Making.

Since 1951, Professor Hill has served industry as an engineering consultant in such areas as
product development design methods and human factors in design. Engineering education was also the
beneficial recipient of his expertise since he served as a curriculum consultant to a number of
colleges and universities in-engineering design education. He is registered as a professiona)
engineer in Massachusetts and New Hampshire.

Professor Hi11 has been a member of ASEE and the Engineering Design Graphics Division since
1948. He has served the Division on many committees and has held many offices incliuding that of
Vice-Chairman, and Chairman, 1971-72. In 1967, he organized and served-as chairman of the
Engineering Graphics and Design Summer School.

Professor Hill has written several texts and workbooks on Descriptive Geometry, Engineering
Graphics and Creative Engineering Design. His book entitled “The Science of Engineering Design"
is mentioned as a reference in the Encyciopedia for Righer Education. He has also written many
articles for professional pubTicatfons including Engineering Design Graphics Journal, The Journal
of Dental Research, Machine Design, Mechanicai Engineer ng, Journal of Engineering Education and
others,

Professor Hi1l s a member of the American Association of University Professors, the American
Society of Mechanical Engineers, the Ameri¢an Association for Denta) Research, the Internationa! ;
Assoctation for Dental Research, Tau Beta Pi, Sigma Xi, Creative Education Foundation, and the
human Factors Society. The Tufts University Senfor Yearbook of 1965 was dedicated to him. Other
henors include the 1968 Frank Oppenheimer Award, Who's Who in American Education, Engineers of
Distinction - Engineers Joint Council, and Who's Who in Massachusetts.

For his achievements and leadership in engineering education, the Division is proud to bestow
upon Percy Holmes Hilt its 1977 Distinguished Service Award.

Presented this day June 28, 1977
at the Annua) ASEE Conference, University of North Dakata

! asyrer

Chairman Secretary-Tre
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Distinguished Service Afvard

Checking the membership directory, I found
that I joined ASEE and the pivision (then Engin-
eering Drawing) just a few years agc, in fact
1948, Charlotte and I began attending meetings
at the University of Tennessee, then Kentucky,
and Towa and I soon found myself unhappy with
things as they were. I am afraid 1 soon devel-
oped into a maverick and was known as one who
made waves and rocked the boat. I want to thank
you for forgiving my nature by presenting me
this award. I am a New England Yankee, and if
you know our breed, we are short on words but
long on sentiment. Pleage accept my sincere
thanks for this honor.

Another trait of the New England Yankee
is when he has something to 3ay, he must say it.
1 have something to say: The Division has come
a long way over my almost 30 years of active
membership and has fought of f many attacks by
senior departments and gurriculum committees.
I believe our most successful offense in recent
years was the 1967 Engineering Graphics & Design
Summer School at Michigan State. This was fol-
lowed by the Computer Graphics Summer School in
1972 at the U.5, Naval Academy. The next summer
school planned for 1378 at vancouver should
strengthen our position.

T firmly believe that our strength as ed-
ucators lies in engineering design instruction
and strongly recommend your consideration of

the following areas of inquiry:

{a} Research into techniques of teaching
design.

(b} Human factors in engineering design.
(c) Design for the handicapped.
(d) besign for the elderly.

{e) Application to consumer product lia-
bility.

(f) Design of systems involving alternate
energy sources.

It seems to me guite appropriate for us to
involve our students in these areas at the fresh-
man level. Graphics can and should be the vehicle
by which any and all of these areas can be taught,

With the acceptance of this Award, it does
not mean that I plan to retire and move to New
Hampshire and fish. I do plan to fish, but you
will hear from me again and again as an active
member of the Division,

1 am most grateful to the Division for this
award and my special thanks to Borah Kreimer for
his efforts in my behalf in preparing the award
citation and being here to present it to me.
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Candidates for

Leon M, Billow

Lee joined the USNA faculty in 1958
and has been Coordinator of Graphics there
for the past fourteen years. Prior to
1958 he had seventeen years experience
as a machinist, design draftsman, indust-
rial engineer, and public works engineer,
in 1970 Lee became an active member of
ASEE and the EDG Division. He has served
on the Membership Committee, as Co-Chair-
man of the Banguets and Luncheons Com-
mittee, and as a judge for the Oppen=-
heimer Award on four different occasions,
He was also Chairman of the Committes '
for Commercial Exhibits at three mid—
year meetings, and Coordinator of Judgas
for the Creative Engineering Design Dis-
play from 1975-1977. He is currently
completing hig third vear as Advertising
Manager for the JOURNAL.

William J. Crochetiere
wgé Tufts University

Bill is an Associate Professor of
Engineering Design at Tuftg University,
and is registered as a professional
Engineer in Massachusetts, and Maine.
His training includes a certificate of
apprenticeship in drafting from the
General Electric Co., Associate and
Bachelor degrees from Tufts, and M.S8,
end Ph.D. degrees from Case Tnstitute
of Technolegy {(now Case-Western Reser-
ve University). A recipient of the
Frank Oppenheimer Award in 1870, Bill
has published over 25 professional
papers on Engineering Design, and Bio-
medical Engineering,
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VICE CHATIRMAN
{1978-79)

U.S. Naval Academy

DIRECTCR
TECHNICAL & PROFESSIONAL
ACTIVITIES
(1978-81)

W. Hunter Fubanks
Mississippi State U

Hunter joined the Engineering Faculty
at Mississippi State University in 1947.
He has been professor and head of the Eng-
ineering Graphics Department since 1960.
He has attended most of the sectional,
midwinter, and annual meetings of ASEE
since jeoining in 1950. He participated
in the first NSF-sponsored Graphics Con-
ference held at the University of Detroit
in 1959, and in the Design Summer School
held at Michigan State in 1947. He has
served on several Division Committees
and as Director of Zones since 1975,

Ee is a past secretary, vice-chair-
man, and chairman of the Southeastern
Secticn Design Graphics Division., &
registered professional engineer and a
member of the NSPE, Hunter has had in-
dustrial experience in engineering es-
timating, airbase planning, and constr-—
uction,

Larry'D. Goss
Indiana State ,
Evansville

Larry served on the faculty at
Oklahcoma State, the West Virginia In-
stitute of Technolegy, and has been at
Indiana since 1975,

Larry has been a member of ASEE
since 1966, concentrating his interest
on computer graphics, human factors,
and teaching techniques. He has con-
ducted twelve effective teaching in-
stitutes for ERM Division and received
the Dow Award in 1971. He has indus-
trial experience in computer graphics
program development and lighting sys-
tems design for marine, aircraft, and
theatre applications.



Once again the nominations committee has presented a siate from which it will be difficult
to choose. Every candidate is not only a fine graphician but also a fine person and worthy of
the office, Gentlemen, I am sure the entire division will join in expressing our gratitude for
your service. Regardless of the outcome of the election, we will all look forward to our future
association and your future contributions to the division's development and growth.

Menno DiLibexrto
Ohic University

Menno is Professor and Chalrman of the
Engineering Graphics Department at Ohic Uni-
versity. He has keen a member of ASEE and
ENCD since 1965 and just finished his second
year as chairman of the Creative Fngineering
Design Display. Prior to his entering the
teaching field he spent 13 years in industry

with various organizations as a design drafts-

man. Le is deeply interested in freshmen
students and the important part guidance and
counseling play in helping them decide their
future.

George E. Pankratz
University of Toledo

George is Professor and Coordinator of
Engineering Graphics. A graduate of Toledo
with an MSME from Michigan and an Chic PE
license, he has taught since 1946, and also
has worked part—time and summers with a
mechanical engineering design consultant
and with the local electrical power utility.
Fe has attended all but four of the annual
conferences of ASEE sgince 1956, and is a
member of the Industrial Relations Committee
of the EDG Division, He is a past chair-
man of the Ohio Association for Engineering
Graphics.

JOURNAL
ADVERTISING MANAGER
(1978=-81)

DIRECTOR
ZONE ACTIVITIES
(1978-81)

|

Francis A, Mesille
University of Illinois
at Chicago Cixcle

Francis is a graduate of Illinois
Tnstitute of Technology. He has twenty-
one years of teaching experience there,
in addition to experience in industry
and universzity administration. He has
published papers on desigh graphics and
computer graphics, as well as a text-
work book covering engineering drawing,
descriptive geometry, design, and com-—
puter graphics. He has been a member of
the ASEE ans EDGD since 1955 and is
currently srving as chairman of the
Division's Computer Graphics Committee
and its Zone II Committee.

William A, Earl
New York State
College of Ceramics
Alfred University

Bill received both his Bachelors
and Masters Degrees from Alfred Univ-
ersity. De joined the Research staff
at the College of Ceramics in 1952 and
took over the teaching of graphics in
1961.

He has had Industrial experience
with General Motors and as a private
consultant and Industrial Designer.

He has been active member of the
Graphics Division of ASEE since 1962
and has served on several Division
committees since then.
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Robert J. Beil
Vanderbilt University

Phillip H. Sherrod
Vanderbilt University

One Year with

the Graphics System
= an KEducational Experience

Introduction

This article presents the experience
of use of a CRT terminal, a teletype ter-
minal, hardcopy and grapics tablet through
the first year of the installation of the
system as an educational center at Vander=
bilt University., The system was connected
to a Xerox Sigma 7 so that it did not stand
alone with its own small computer, It was
an extremely small part of the vasit number
of time-sharing units on the campus. The
system was located in a building used main-—
ly for engineering research, and hence, its
extensive use for research can be casily
exprained., The system was used extensively
nearly every day, including many days on
the weekend, by undergraduates learning
the techniques of graphic analysis, grad-
uate students compiling and analyzing maj-
or portions of their theses, and other
members of the University for analyses of
their research. The following sections
bresent overviews of these uses.

Undergraduate Usage

Students used the system in two cour—
ses. One was a module, Introduction to
Computer Graphics, and the other was the
laboratory, Strength and Structure of
Engineering Materials, Essentially, the
module promoted learning of the following
techniques:

a} using the teletype to construct
graphic images on the screen -
either by using programs gener-
ated by the student or by using
software already available,
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b) storing of data in files

¢} using the graphic tablet to gen-—
erate data or images to the CRT
screen and to files

d) programming to recall fiie data
for display and alteration

The following excerpts from assignment
instructions to students illustrate a,b,
¢, and d.

The authors have presented a brief and
interesting summary of Computer Graphics cap-
abilities available at Vanderbilt University,
These capabilities are amply illustrated in
a variety of graphical output figures.

From the title, one might assume that
educational aspects of the Computer Graphics
courses offered would be emphasized., This
is not the case. Even though reference is
occasicnally made to class hours offered
and the availability of the computing sys-
tem to students, specific information on
time required in learning to efficiently
use the available facilities is not included.
However, persons considering the establish-
ment of computer graphics courses and stu-
dents considering enrolling in these types
of courses will still find the contents of
the article beneficial.

John B. Crittenden

Division of Engineering Fundamentals
Virginia Polytechnic Institute and
State University
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Figure 1: Y¥=SIN{X) + CO5(X}, RANGE= -4.,4,

a) "Vou most likely remember from
high school courses that drawing y=sin{x)
+ cos{x) by addition of ordinates was &
difficult and sometimes frustrating exper-
ience. Here, with the aid of the Tektronix
4013 CRT and software developed by Phillip
gherrod of the Vanderbilt University Com-
puter Center, such problems can be compl-
eted graphically with ease by using FUN=-
PLOT. Use the following commands to con-
vince yourself:

IFUNPLOT. USERLIB
?2Y=8IN(x)+CCS (%)
?RANGE=—4 ,4
?AXIS=1

2GRID=13

?PLOT

after your final pressing of the return
button, the screen should ke cleared and
the function plotted along with axis,
scale and grid." [The hardcopy of the plot
cbtained by the student is shown in Fig-
ure 1.1

"FUNPLOT is an effective program to
use in the design process. Cuestions
you might ask yourself during design are:

a) Am I satisfied with the design
(approximation}) ?

b) would I be willing to pay the
price for a better design (better approx-
imation}?

So, let's try something that you are fam-
iliar with from calculus. The Taylor's
expansion for sin(x) is:

sin(x) = x - %3/31 — x5/51 - XT/T1 +een

Start out with the first two terms of the
expansion and after plotting ask yourself
if you are satisfied with the plot as an
approximation to gin(x). Hopefully, you
are using the range -4,4. If you are not
satisfied, procesd to plot the firgt three
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Figure 2: Y=X - X°/6 + X°/120 , RANGE= -4.4.

terms as an approximation, Continue the
process until you are satisfied., Then re-
alize that in building electronic circuits
to approximate functicns with increasing
accuracy cost also increases. Weuld you
as a consumer pay much more (say fifty
dollars) for the better approximation
given by the last term you choose?"
[Figures 2 and 3 are two plots obtained
following the above instructions.]
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Figure 3: Y=X - X3/6 + X°/120 - X7 /5040
+ x3/362,880 , RANGE= -4,4,

"wWhat criteria did you use to ex-
press satisfaction with the approximation
of the Taylor's series to sin{x)? How
close does the first root to the left
(minus side) of zero of the approximation
agree with -3.1415%? Error estimates
which are not discussed here are gener-
ally used for comparisomn. Just to em-
phasize the point, change the pletting
range to -15,15 and plot the approx-
imation. Surprised? You should not be,
for you know from calculus that the ap-
proximation you used is good for only
amall values of x., What range of x do
you feel comfortable in saying that the
approximation is good? And, how do you
justify your conclusion?" [Figure 4,
obtained by using the preceding instruct-
ion, is the final plot in the sequence
which is an elementary exercise in de-
sign.]
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Once the student experiences how f f}}%
easily he can draw graphs on the CRT [ T o
using existing software, he does not 1111 ] :
need further encouragement to try plot=- HEEE ] i
ting functions which he hag generated, 11 ]
Figures 5 and 6 are iillustrations of t{%l IHRREE o
student-generated plots, ANERERREN Q0
is, [ Lol (T 18] 1 %o 5 o 5

Students can immediately be crea- T IR
tive by using the cursor mode of the AT T
terminal and the software DRAW, also WARERERE ] |5
develcoped by Phillip Sherrod, Straight Y EREREEREN '
lines can be generated from point to JENERERRRN
point. Graphic figures constructed IBEEN Ll R
in this manner by students are shown T 5

in Figures 7 and 8. )
Figure 4: Y= x -~ 316 + 120 - x7500
+x%/362,800 | mangE= 15,75,
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Figure 5: R= SIN(2A) , RANGE= 1,1000. Figure 6: Y= o™ SIN(BX) , RANGE= -9,1].

Students were given g program using
CALCOMP routines which drew the front,
top, and oblique views of an object,
They were then asked to write a program
that drew the side view and obtain a
hard copy. One result is shown in Fig=-
ure 9. The student programmed the four
views to appear simultaneously on the
screen,

Figure 7: Plot using DRAW program.

2.92"

W .

i % 8
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ro”
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Figure &: Plot using DRAW program, Figure 9: Plot using CALCOMP and PLOT 10 routines.
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B) Students learned how to con-
struct labelled axes and plot functions
on the terminal screen using CALCOMP
and PLOT 10 (TEKTRONIX) routines. The
technigue used required some knowledge
of FORTRAN and file manipulation. Stu-
dents were introduced to both in three
two hour instructional pericds. Figures
10 and 11 show the result of the instr-—
uction.

¢ and D) Students were shown how
to use the graphics tablet to transmit
%,y coordinates of a point from a fig-
ure of interest, which had been placed
on the tablet, to a file, They were
instructed how to write programs which
would produce screen displays in coor-
dination with the transmitted points
from the tablet., Figure 12 shows the
production of five rectangles on the
screen. . Only the five lower left
points of the rectangles correspond to
+ransmitted points from the graphic
tablet. A program using CALCOMP rou-
rines drew each rectangle after the
transmission of one point from the
graphic tablet. Figure 13 shows the
result of operating the tablet in con-
juncticon with the terminal screen while
using a continuous display tracing
mode of operation. ANy files produced
by transmission of coordinates from
the graphic tablet could be used as
date files for picture reproductiocn
or other purposes.

211 of the preceding instruct-
ional material is presented to Fresh-
men students in nine two hour sessions.
gtudents who complete the extensive
work required feel that it is a worth-
while though challenging experience.

100.0C

DATA FLOT

x10'
2000 40.00 5000 50.00 70.00 8000 90.00

Y-VALUES

19.00_ 20.00

0.00

0.00 040 0BO 120 160 200 240 280 320 360 400
K-VALUES

Figure 10: Plot using CALCOMP and PLOT 10 routines.

! GOD 1S LOVE

Figure 11: Pict using CALCOMP and PLOT 10 routines.

i

Figure 12: Plot using CALCOMP rectangie
routine and graphic tablet.

Figure 13: Plot using continuous transmission
of points from the graphics tablet to the

terminal screen.

Upperclass students enrolled in a
laboratory concerning strength of mater-
ials were taught to use the CRT to dis-
play data, display a straight line fit
to the data, and, after entering data
chtained from a strain rosette finally
resulted in Mohr's circle appearing on
the CRT, were asked to find the maximum
normal stress indicated by the circle.
This added innovation resulted in incre-
ased student interest, as demonstrated
by more comprehensive reporting than in
previous semesters. Examples of results
of analysis are shown in Figures 14 and 15.
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Figure 14: Leastsquares fit to data.

Graduate Usage

Nearly all graduate students seeking
quality graphic displays to be included
in theses used CALCOMP copies as final
copies. Since the turnaround time is
long for returned CALCOMP copies, stu~-
dents use the CRT for review to ascer~
tain if their displays are suitable or
even to determine if graphic display
indicates the need for more research.

A display used in glass research is
shown in Figure 16,

The use of digitizing equipment
has been most helpful in interferometic
studies of crack displacement profiles
in transparent polymers. In this fra-
cture mechanics study crack surface pro-
files were obtained in cracked polymeth=-
ylmethacrylate, Topographical maps of
the cracked region were obtained hy
directing monochromatic sodium vapor
light onto the crack surface and photo-
graphing the resulting fringe pattern.
The displacement at any position along
the crack can be found by the relation:

d = n=1,2,3.... (dark fringe)

(n=1/2) =
is the wavelength of the light
the order of the fringe at the
in guestion,

where
and n is
location

The resulting photographs of the deg-
tructive interference patterns are digit-
ized to provide the X, ¥y coordinates of
each fringe. The order of the fringe det~
ermines the z coordinate, (See Figure 17.)
Computer programs written specifically for
the analysis of these patterns, when coup-
led with the digitizing unit, allowed rapid
determination of crack surface profiles,

A representative fringe pattern is shown
in Figure 18, The resulting profiles for
various leoads are shown in Figure 19, De-
termination of such displacement profiles
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Figure 15: Mohr's Circle plot.
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allows better use of fracture mechanics
in the study of flawed materials. These
figures were provided by Dr. James Wayne
Jones and Dr. Paul Packman, vVanderbilt
University. :

Finally, work done by Dr. Harvill
Eaton, Louisiana State University, and
Dr. Robert J. Bayuzick, vanderbilt Univ-
arsity utilized the graphic taklet to
write on a file the cocrdinates of points
in a field ion micrograph. Information
gained following the digitizing of points
and subseguent analysis of several micro-
graphs will give information concerning
the shape of a field ion sample, the
geometric shape of a fracture in the samn-
ple, or, perhaps descriptions of other
physical characteristics. Figure 20 is
a micrograph that has been used for such
an analysis. Pigures 21 and 22 are plots
using the data transmitted from the tablet.
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Irwin Wladaver, Ret. .
Formerly Department of Mechanical Engineering
New York University

Géométry Cotée, Gaspard Monge,

and the Modern System

The task I have set for myself is to
present one or two basic elements of each
of the first two systems named in the title,
I then propose to illustrate how each sys-
tem can be applied to solve & simple pro-
blem. For reasons that ought to be obvious,
I don't dare to attempt a hard one. I
have arbitrarily selected a dihedral an-
gle problem, that is, the angle formed by
twoe distinct, nonparallel planes.

My fixst stunning discovery was that
géométrie cotfe was formaily introduced
before Gaspard Monge was born. According
to Adrian Giombini, of the National Engin-
eering School of Mexice, author of g Span-
ish textbook, "Geometria Descriptiva y
Bjercios," P. Bauchd was the man who had
the honor of "establishing the fundamental
bases of a system called in Spanish, 'di-
bujc de los planos de nivel'," which I
would translate freely as "drawing by
means of horizontal planes™, Bauché was
a Parisian Frenchman who lived from 1700
to 1773; he introduced the basis of the
system known in French as "géométrie cotde®
in 1738. Gaspard Meonge was born in 1746
and died impoverished and in political
disgrace in 1818; he introduced the Mongean
System, sometimes called the "classical
system (and also called by other names)
in 1763, when he was nineteen. 0©h, those
teen-agers! As an aside I should mention
that under his picture’at the entrance
to the Library of the Ecole Polytechnique
in Paris hangs a small sign that reads:
"Pas de Cracher" - no Spitting., 1It's
just a coincidence, I dare say.
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Giombini goes on to say that thege
"was a great analogy evident in Bauche's
and Monge's procedures". Yes, it's "ob-
vious", but it takes close and long study
to find the obviocus.

For assistance with géomdtrie cotée,
I turned to the ever-generous and genial
Professor Claude DeGuise, who was our host
at the 1977 Montreal Meeting. He sent me
a copy of "Géométrie Cotde", by Ceorges
Landreau and "corrigé" by Claude DeGuise.
I now translate from that French text (the
abbreviation p.o.p. is mine):

"If we take our plane of projecticn
{p.0.p.) sheet of paper, a point "a"
on the sheet is the projection of a
point A in space, situated on a par—
pendicular to the sheet inte "a" and
in order to know the exact location
of A, it is sufficient to write be-
side "a" the "cote” of A, that is to
say, the distance of the point A from
the p.o.p. as in Figure 1,

+b (&)

+d{2)



Algebraic cotes are used: positive the same textbook and illustrations

cotes for points located above the stolen from the same. All mistakes are
plane and negative cotes for peoints mine. }
below the plane., ({Pronounce "cote"
more like the English "cut” than The next introductory problem, also
waoat® I.W.) The highest point in "horrowed" from the same Landreau=-DeGuise
Figure 1 is B, fouxr units above the text, requires us to draw the bisectox
p.0.p.; the iowest is C, seven units of an angle. Qucting again: "We know
below the p.o.p." that an angle in space may be projected
on a plane of projection to appear to
A few preliminary ideas should help be any angle whatsoever from 0° to 180°,
us understand how to solve for dihedral depsnding on the orientation of the angle
angles by one of the methods in géométrie in space. We must agree, then, that
cotée. The word "rabattement" occurs the bisector of an angle in space does
frequently in French texts. My diction- not necessarily have projective proper-—
ary defines it as vz pulling down”. In ties, that is, the bisector of an angle
a very real sense it is. But I'm going in space does not generally project as
to use "rotation" for the noun and "ro- a bisector of the projection of that
tate" for the verb, entirely accurate in angle,

the cases I've chosen. The word "trace"
means the intersection of a plane with

- : ; "Tet it be required to find the bi- o
the p.o.p. just as the projection of a = i
poing topthi b oup. is a tiace, cuch a sector of the aggle a(4)o(6)b{2), Figure 3.

trace being the result of the projection The procedure will be to rotate the angle

from a point in space £o the pP.0.D- on to the horizontal plane of cote Z.

vou'll read about plane traces if you
don't quit too soon.

cdomdtrie cotée is economical: most a0
of the elementary problems are dealt with
in a single view because the three dimen- R
sions are available in s single view, two e
in the actual drawing and the third by the = /
indexing (the cotes).  Occasionally the ’ hiz) gl dl2) Kz) n
cotes are given without the letters, c¢r
vice versa, but only when no ambiguity re- Fig. 3
sults. So much for the definitions and
the propaganda. ZILet's go to work.

"produce the line of(6)a{4) to the
tevel of cote 2, by proportion, and name
that point h(2); draw the axis mn through
the points b(2) and h{2). WNext rotate
point ©{6) about mn, taking into consider-—
ation that the difference of the cotes of
o and mn is 6 — 2=4, to get o'. The ro-
tation will give oy and the true size of
AOB, which is repzesented by hojb. Now
bisect the angle at o and o03d is the re-
guired bisector of tha angle in rotated,
true size position. Of course the final
step is to preoject the bisector hack to
the criginal view; that step gives us od,
the required projection of the Pbisector
of the angle illustrated in Figure 3. It

Let the first problem be to rotate
{rabattre) the point\a (10} about the heor-
izontal axis (charniére) into the plane of
the horizontal axis m(4)n{4), Figure 2.

Tlg, O hardly needs saying that the point & does
i not move since it lies on the axis of
rotation.

"Rotating about the axis mn, the point
‘% describes a circular arce in a vertical
plane through a and perpendicular to mn.

Project m to m' on Xy, XV being the trace

of the vertical plane in which point a Our readers should find Dr. Wladaver's
rotates. The radius of the arc of rotat- article both informative and entertaining.
ion is the true length of the distance Tn his own inimitable prose, he touches here
from m' to a, according to the scale of upon a very interesting subject and some
the drawing. With m'{4) and a(lo), the apparently little-known historical facts
difference of their cotes must be taken about the development of descriptive geo-
inte account to get the correct radius metry. It is particularly interesting te
of rotation. 10 - 4 = 6 gives us the study the visualization problem encount-
distance of six units on the line through ered in dealing with "cote" geometry. One
a and perpendicular to xy to form the cannot help but wonder if similar problems
triangle aa'm'., With m' as center, ro- were experienced by their (Bauché&'s and
tate a' toc a; (4) on Xy. Point al(4) is Monge's) contemporaries.

the result o% the regquired rotation inte

the horizontal plane of m{4)n(4). {(Tran- Paul S. Dedong

glation and some paraphrasing are from Towa State University
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The dihedral angle which I szelected
to demonstrate is not the only procedure
by which géométris cotde solves such a
problem. 1 simply took the method that
locked easy, or should I say easier, than
some other,

In Figure 4 we may see a sketch of
the familiar propesition that if from a
point A a perpendicular is dropped to
each of two nonparallel planes, the angle
formed at A by the two parpendiculars is
equal to the supplement of the angle
formed by the two planes. No elaboration
is needed.

A plane is given by a horizontal
line (trace} and the slope. We are ac-
guainted with strike and dip. Let it be
our problem to find the angle between
planes D and Dij. Plane D has a slope
of 30° and plane Dy has a slope of 50°.
See Figure 5,

From any point a, drop a perpendicular
ab toward D with a 60° inclination. Toward
By drop a perpendicular ac with inclination
o% 40°. Next, pass a vertical plane through
ab and revolve the plane containing ab into
the horizontal plane of point a; this gives
ab' at 60° with ab. Do similarly with a
vertical plane through ac at arrive at ac'’,
which will be at an angle of 40° with ac.

The next step is critical: Select any
convenient length h, Use length h from ab
and also from ac to find m' and n', respect~-
ively, both being length h from ab and ac
but lying on ab' and ac', Now project m'
and n' back to m on ab and n on ac; mn proves
to be a horizontal line, naturaily, because
m and n are both the same h distance (cote)
below point a. )
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Point a is now rotated about mn as
axis, with aa' having as one leg of the tri-
angle cote h; the hypotenuse is the radius
of the rotation of &' into a1. And now we
have at a; the angle maqn in true size,
whose supplement is the measure of the di-
hedral angle omega between planes D and D
as required. Note the economy of notation.

The textbook that I used calls this
"the indirect method". The authors go on
to say that "the direct method" is more
adaptable when certain constructions must
be made within the dihedral angle itself.

I hope I have not given the impression
that géométrie cotde is as relatively sim-
ple in all its manifestations as the dihe-
dral angle prcblem. In fact, I'1l try to
conceal my ignorance of more complicated
problems by leaving gfomdtrie cotde and
turning to the Mongean system, sometimes
called "the plane trace" method and some—
times called other things. In its dav,
it ranked with thermodynamics and fluid
mechanics as a graveyard of aspiring en-—
gineering students. Difficult though it
may have seemed, it was a most elegant
subject and remains so to those few who
know it. I don't know whether France
has dropped it; I'm inclined to doubt it.
Anyway, I promised (or threatened) to deo
a dihedral angle problem. There is no-—
thing much about the procedure that you
don't already know, for I selected what
might be sneeringly calied a non-typical
solution., Actually, it's typical enough
because it's taken directly out of Monge's
text material, T did over some of the
sketches because the pages of the Monge-
Brisson textbook are yellow and fragile,
with lines almost obliterated.

The "trace" of s plane is its inter—
section with one of the planes of projec-
tion. The four quadrants {eight octants,
if you please) are available but we ara
going tc use only the first quadrant {Q-1).
Monge's illustrations are nearly invar-—
iably in Q=1, and he know the system
pretty well. Visualization is easier, I
think, in Q-1,

In Figure 6, you may see how a ran—
domly selected plane, not parallel teo a
P.0.p. of course, intersect the vertical
and the horizontal planes of projection
in its traces, The name of the plane is
R. VR is its vertical trace and HR is
its horizontal trace, Easy enough,

\4

Fig. 6: VR and HR are the traces of Plane R
within the limits of Quadrant 1,



CEANGE TH NAME OF THE SOCIETY: At the annual meeting ceedings of this school was printed in book form, and a

held at Washingten University, St. Louis, Missourt, copy was distributed to each of the 135 persons attend-
June 20-23, 1946, the name of the Society for the Pro- ing. It is known as the Proceedings of the Summer School
motion of Engineering Education was changed to the for Drawing Teachers, and was made available by the
American Society for Engineering Education, ASEE. McGraw-Bill Book Company. A copy may be found in many
departments and ilibraries across the comntry. The Pre-

The third Summer School of the Engineering Drawing face to this 639-page volume, as well as its table of

Division was held at the time of this meeting. The pro- contents, follows.
PREFACE

The Summer School for ehgineering drawing teachers was organized under the auspices of the Drawing Divis-
ion of the American Society for Engineering Education. Professor Justus Rising, Chairmen of the Division, in-
itiated the program with the approval of the Pivision and the Council of A.S.E.E. at its ammual meeting in June
1944 at Cincinmati, Ohio. The school was originally scheduled for June 1945, but was postponed until June,
1946 because of the war time ban on conventions.

A committee of twenty-two present and past officers of the Drawing Division planned the summer school;
Dean A.A. Pottrer, who secured appropriations from the Society for about one-third of the operating budget; Dean
Langedorf, who made available the facilities of Washington University; Professor Hoelscher of the University of
Tllinois, Chalrman of the Surmer School faculty; Professor Bockhorst of Washington University, Secretary for the
summer school; the late Professor McCully of Carnegie Institute of Technology, Publicity Director and Editor of
the Proceedings.

The school wae held concurrently with the anmal meeting. The preconvention sessions on Tuesday, June 18,
and Wednesday, June 19, were devoted to organizing the school. and the presentation of the first major theme,
namely- the relationship between engineering drawing as taught In our colleges and its use in industry. The
convention sessicns were devoted to interdepartmental relationships between the drawing departments and the
degree granting departments. The post-convention sessions from Monday, June 24, through Friday, June 28, were
devoted to a study of teaching methods, techniques, equipment, etc.

The Chairman of the Faculty was responsible for selecting the speskers and organizing the pre-convention
and post-convention sessions while the Chairman of the Drawing Division was responsible for the Corvention
seasions. Both men are indebted to many members of the Drawing Division for suggestions concerning available
speakers.

The progran of the Summer Schocl was supplemented by four exhibits: (1) Foreign drawings from twenty couml-
tries; (2) Student work from forty-nine schools; (3) Course outlines for one humdred seventy-nine courses; and
(&) Visual aids by ten different schools. None of this material can be presented in these proceedings.

The proceedings published herein represent only the papers and discussion and are presented in substantia-
11y the same order as given except Section I which consists of Professor Rising's opening paper and addresses
made at dirmer and Lumcheon meetings. Section IT represents the pre-convention program; Section IIT the con-
vention papers and Sections IV through XTI the post-convention sessions. The appendices consist of committee
reports, roster of attendance, and other items of interest.

The publication of these proceedings has been made possible through the generosity of the MeGraw-Hill Book
Company who assumed all costs of publicatlon without guarantee of sales by the Drawing Division. We hereby
aclmowledge our indebtedness to them.

Tn the plan originally set up, the late Prof. Harry M. McCully was designated to edit the manuscript for
this publication. This he did in very excellent fashion. Then in the process of mamsfacturing, somewhere along
the Line the entire manuscript was lost. Unfortunately, duplicate copies were not available and Professor Me-
Cully undertock to reassemble the material and had almost completed the task when he was cvertaken by illness
which resulted in his death on November 29, 1947. The illustrations, which the publisher had returned to him,
cozld not be located.

At the request of the McGraw-Hill Book Compary Professors Justus Rising and R.P. Hoelscher were asked to
complete the task.

In finishing this work it was not possible to replace some of the illustrations since originals were used
with the first manuscript and they could not be replaced. Professor McCully had also secured many additiopal
photographs which would have added to the inter3st of the present volume. Because of the lack of time no attempt
has been made to replace these. Our apolegies go to those who supplied personal photographs. In re-~editing
this work, no attampt has been made to umify the style of the various authors except in minor details. The
discussion of the varicus papers was abbreviated where the remarks were not pertinent to the subject as same-
times happened in long contined discussion of an impromptu character,

The Drawing Division of A.S.E.E. is deeply indebted to Dean A.S. Langsdorf of Washington University who
made the school possible by underwriting the expense imvolved and to Professor R.W. Bockhorst of Washington
University who was the secretary of the school and handled the memny details necessary for housing the members
of the school and providing other facilities for their use.

R.P. Hoelscher
Justus Rising
Jme, 1949
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Discussion by W. W. Preston and A. L. Thomas. ) ’
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Discussion by L. E. Nollau.

SECTION 9: AUDTO-VISUAL TEACHING MATERTALS

Projection Methods and Materials for Visual Aids--Presented by I. C. Boerlin
Discussion by L. 0. Johnson

Non-FProjection Methods and Materials for Visual Aids--Presented by W. W. Turner
Discussion by S. S. Radford, J. L. Hill, Jr., and F. A, J. Becker.
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Discusssion by J. C. Xlotz, J. Gerardi, R. T. Northrup, S. S. Radford, and B. L. Brown,
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Nomography at the Undergraduzte Level--Presented by D. P. Adams

Discussion by W. H. Burrows.

Uses of Pictorial Drawing--Presented by C. H. Springer

Discussion by R. T. Northrup.

Special Equipment and Teaching Methods for Production Illustration--Presented by ©. W. Potter

Need for Graduate Study in Graphics--Presented by A. B. Mays

Discussion by E. L. Williams and C. H. Ransdell.

New Horizons in the Field of Graphics--Presented by A. S. Tevens
Discussion by J. T. Rule, W. H, Roever, T. C. Brown, F. M. Porter, and J. J. Devine.

Courses in Advanced Descriptive Geometry--Presented by F. M. Warer

Discussion by W. H. Roever,

SECTION 11: COMMITTEE REPORTS

What Traiming in Graphics DoesIndustry Require of College Men?--Report of Committee Wo. 1,

W. W. Preston, Chairman

Elementary Drawing Course Content--Report of Committee No. 2, A. B. Wood, Chaivman

Descriptive Geometry Céurse Content--Report of Committee No. 3, C. L. Bratton, Chairman

Teaching Methods--Report of Committee No. -4, J, J. Hill, Jr,, Chairman

Organization nad Administration of Drawing Departments--Report of Committee No, 5, R. S. Paffenbarger,

Chairman

Exaninations--Report of Committee No. 6, B. €. Kent, Chairman

Audio-Visual Alds-~Report of Committee No. 7, G. H. Brock, Chairman

Advanced Graphics--Report of Committee No. 8, J. T. Rule, Chairman

The summer school was a huge success,
The program thoroughly covered all matters of
interest to a teacher of Engineering Drawing and
and Descriptive Geometry - from administrative
organization and physical equipment to course
content and metheds of teaching,

Emphasis was given to the necessity of en-
larging, beyond the freshman level, the services
offered by the Depariments of Engineering Draw-
ing. Professor Al Levens gave a techoical re-
view of the work done at the University of Calif-
ornia, where descriptive geometry proved valu-
able in the solution of certain problems arising
in the design of prosthetic devices., Professor
Frank Warner of University of Washington stres-
sed the value of further training in graphics
through its application to advanced engineering
problems. Professors Douglag Adams and John
Rule of Masgachusetts Institute of Technology
reviewed the application of the graphic medium
to nomoegraphy and gave a tentative outline of a
course of study in graphics covering four years,

VISUAL AIDS ,

Teaching Aids have always been very valuable
in the presentation of graphics courses, The
object in their use is for the student to learn more,
remember longer, increase interest, and save
time by reducing chalkboard work, Starting with
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the old lantern slides 3 1/4” x 4", then 2" x 2"
and film strips, and more recently, movies, all
are known 25 text film and have been very help-
ful, Exhibit material when properly used can be
extremely helpful. When models are used they
are sometimes presented to large classes by
projection methods,

One of the finest collections of models was
owned by Professor C,E, Rowe of the University
of Texas, Professcr Rowe made a hobby of
model building, and the results of his efforts
were published in a bulletin by the University.

The modern and speedy way of presenting
visual material, particularly in gtep-by-step
solutions, is with the overhead projector-using
transparent overlays,

MID-WINTER MEETINGS ,

The 1940's saw the development of our mid-
winter meetings, Sectional meetings of the ASEE
started earlier, but following our 1946 Summer
School we began holding our own Drawing Div-
ision gatherings,

The first midwinter meeting of record of the
Drawing Division of ASEE was held at the Brook-
Iyn Polytechnic Institute, Brooklyn, New York
ont Saturday, February 1, 1947, There were



DRAWING DIVISION SUMMER SCHOOL

AMERICAN SOCIETY FOR ENGINEERING EDUCATION
WASHINGTON UNIVERSITY-ST. LOUIS, MO. JUNE 1945

(READ FROM LEFT TO RIGHT)

ROW 1, RUSS, AAKHUS, HIGBEE, McCULLY, HILL, HOELSCHER, BOCKHGRST, }. RISING, RULE, NORTHRUP, PAFFENBARGER,

ROW 2. MANN, WARNER, ROWE, GERARDI, LARSON, HRACHOVSKY, MAGNUSON, LOVING, CAMBRE, ATYAMS, HOWES, STREET,

ROW 3. BULLEN, PRESTON, VIDETC, RADFORD, STONE, JENKINS, ], 8. RISING, N. THOMAS, WORSENCROFT, EUVRARD, LEE, ALLEN, BOERLIN, CHRISTMAN.

ROW 4. WILLEY, OWEN, T. C. BROWN, SPENCER, KENT, JOHNSON, BECKER, LEX, BROCK, HEACOCK, HOWE, WHENMAN, SHOOK, MACHOVINA.

ROW 5. IRWIN, BETTENCOURT, ROBERTSON, VIERCK, HUGHES, A. L. THOMAS, FREDFRICK, FENWICK, ORTH, OLS0ON, DATNES, TURNER, WEBB, BUCK.

ROW 6. RIEBETH, RANSDELL, DEVINE, VOITA, HEINKE, ENBURG, KNEBLE, GORMAN, VRANA, DIXON, THDMPSON, HALES.

RO 7. BRATTIN, HEBRANK, 8IS30N, PALMERLEE, RUSSELL, GRISWOLD, SHIGLEY, BRUNO, SWANNER, H. HARRIS, McGUIRE.

ROW 8 WOOD, POTTER, HOPPE, FULLER, CHAPP, CLEARY, CLEMENT, M. HARRIS, B. L. BROWN, BRAGG, FARNHAM, STEWART, McTYRE.

close to 50 in attendance and Chairman Joln Rule
presided.

The morning session featured a talk by Dr. Otio
Klitgord of the Institute of Applied Arts and Sclences
in Brocklyn on '"The Technical Institute Movement'. It
was followed by committee reports and a discussion of
Engineering Science and Management Defense Training
Courses (ESMDT),

The afternocn session featured a paper by Steven
A. Coons of the Chance Vought Aircraft Corporation,
titled '"Ihe Application of Graphical Methods to Air-
craft Design'.

The theme for the armmal meeting at the University
of Mimmesota In June was chosen as "Fophasis on Graph-

ipal Methods and Graphical Research'.
ADVANCED CREDITS COMMITTEE.

At the St. Louis meeting a committee was appointed
to prepare unit examinations on subjects treated In
basic drawing courses. The tests were primarily seen
as & mesns to establish credits in drawing for transfer
students or use in testing on a specific subject.

The camttee consisted of the following members:

W. M, Christman, University of Wisconsin
Maurice Graney, Purdue University

Randolph Hoelscher, University of Illinois
John M. Russ, University of Towa

Ralph 8. Paffenbarger, Ohio State University
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The committee decided on objective tests of
multiple choice type, With financial aid from
the Measurement and Guidance Project in Engin-
eering Education New York, New York, tests
were set up covering the following subjects,

L. Use of Instruments and Applied Geo-
metry
2, Three-View Drawing
3. Reading views (Missing Lines)
4, Sections and Conventions
5, Auxiliary Views
8. Elementary Dimensioning
7. Screw Threads and Threaded Fast-
enings
8, Advanced Dimensioning
9. Working Drawingsg
10, Isometric Drawing
11, Oblique Drawing
12, Perspective Drawing
13. Charts, Graphs and Diagrams
14, Intersecticns
15. Developments

After the validation of these tests they were
made available through The Educational Testing
Service, Princeton University, Princeton, New
Jersey, These were available through the years
1947, 1948 and 1949,

ANNUAL MEETING OF ASEE
MINNEAPOLIS, MINNESOTA - June 17-21, 1947

The Engineering Drawing Division had four
very excellent papers presented at their sessions
at this meeting, They were:

1. "Analytical Procedure in Aircraft De-
gign" - R, W, Holmes, Curtis-Wright
Corp., Columbus, Ohio.

2. '"Descriptive Geometry of Crystall-
ography' - H. T. Evans, M, 1 T.

3. '"Method of Presenting Dimensioning”
- Paul Machovina, Ohio State University.

4, "Decimal System-Its use in Aeronau-
tieal Industries" - P,J, Hayes Jr., Amer-
ican Air Lines,

Professor Frank Heacock of Princeton Univ-
ersity was elected to serve as chairman of the
Engineering Drawing Division at this meeting
and presided cver the mid-winter meeting held
during the Holiday season December 27, 1847
in the Horace H. Rackham Foundation Building,
Detroit, Michigan,

ASEE ANNUAL MEETING
AUSTIN, TEXAS, June 14-18, 1948

At the annual meeting of ASEE at the Univ-
ersity of Texas, the Engineering Drawing Div-
ision had a most interesting program with Frank
Heacock presiding,
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First Sesgsion: Joint with Machine Design of
Mechanical Engineering Division,

Papers presented:;

1. Some Relations between Descriptive
Geometry, Mechanics and Mathematicg-
W, H, Taylor, Univ, of Alabama,

2. Preparing the Beginning Engineering
Drawing Student in Drawing for His Later
Work in Machine Design - II, N, Tyson,
Calif, Inst. of Technology,

3, Standard Parts and Practices - A, W,
Luce, Pratt, Institute,

4, Modern Dimensioning Practices -
3. B. Elrod, Purdue University.

Second Session: Teaching Clinic on Engin-
eering Drawing and Desgcriptive Geometry - W, H,
Mceleill, University of Texas, presiding,

1. Blackboard demonstration of teaching
engineering drawing - H, C, Spencer,
I1I, Inst. of Technology.,

2. Objectives of an Engineering Drawing
Coursge - R, P, Hoelscher, Univ, of I1,

3. Methods of Stimulating Students Inter-
est in Engineering Drawing and Dederip-
tive Geometry - F. G, Higbee, State Univ,
of Iowa,

4, Development of the Students Ability to
Think and Analyze in Space - F, M, Warner,
University of Washington.

5. Importance and Place of Pictorial Meth-
ods in a Courge in Engineering Drawing-
John Rule, M, I T.

6. Grading Students Dfawing - J, Gerardi,
Univ, of Detroit,

7. Preparation of Quizzes and Examin-
ations - R.5. Paffenbarger, Ohio State
University, ‘

Third Session: '
L. Visual Aids and Models for Engineering’
Drawing and Descriptive Geometry - C, E;
Rowe, University of Texas.

2. An Adaptable Teaching Model for Ortho-
graphic Views -~ P, M, Mason, Texas A&M,

3. A rating Scale for Grading Engineering
Drawings - E, G, Kirkpatrick, Purdue Yniv,

H, C., Spencer of Illincis Institute of Tech-
nology was elected chairman of the Drawing Div-
ision for the vear 1349,



REVISION OF ASA Z14 STANDARDS FOR DRAW-
INGS & DRAFTING PRACTICE ,

Active work on the reorganization of Sectional
Committee ASA Z14, sponsored jointly by the
ASME and ASEE got under way ai a meeting of
the Sectional Committee with forty-four {44)
repregentatives of colleges and industries on
March 30, 1848,

It was decided to form an Executive Commit~
tee and the following persons were named as well
as the officers to direct the activities, They were:

R.F,V, Stanton, American Machine & Foun-
dry Co,, Chairman (ASME},

E. P, Hoelscher, Univ, of Ill., Viece Chair-
man (ASEE),

R. S. Paffenbarger, Ohio State Univ,, Sec-
retary (ASEE),

J. M, Barnes, Drafting Division Philadel-
phia Electric Co, (member at large),

W. A, Bischoff, Standards Engr., Bell
Telephone Lah (ASA Telephone Group),

W. A, Siler, Delco-Remy Div,, General
Motorag Corp, {SAE),

H. L. Keller, Mer, Com'l Eng., Ohio
Crank Shaft Co, (ASME),

C. A, Ward, Senior Naval Architect, Gibs
& Cox, Inc, (Soc. Naval Arch.).

This commitiee was authorized to extend to
industries and National Societies not presently
represented, They met moenthly and when Mr,
Stantor, the chairman, regigned {rom the com-
mittee he was replaced by Clifford Springer of
the University of Illinois (ASEE), Randolph
Hoelscher wag made Chairman, Springer-Vice
Chairman, and Paffenbarger - Secretary.

The ASME and ASA changed the designation
of the committee 1o ASA Y14 instead of 714,

It was decided to publish the eventual revis-
jon in separate sections, Upon completion of a
section that the individual commiitee had agreed
upon, it was submitted for Sectional Committee
approval and then sent to sponsors and ASA,
Completed sections were published and sold by
the ASME 290 W, 39th 8t., New York, New York,

In a year's time, or on March 10, 1849, the
Executive Commiitee had set up the following sub-
committees.

1. Size and Format

2. Line Conventions, Lettering, and Sec-
tioning.

3. Prcjections

4, Pictorial Presentation

5. Dimensioning & Placing Tolerances on
Drawings

8. Screw Threads

7. Gears, Splines, and Serrations
8, Castings

8. TForgings

10, Metal Stampings

11, Plastics

12, Die Casting

13, Springs - Round and Flat
14, Structural Drafting

15, Air Frames Standard

16, Tool and Gage Drawing
17. Notes

Many of these sub-committees went right to
werk and in the years time many had their stand-
ard submitted for approval, Effort was being
made to include unification of the standard o be
developed with the British, Canadian, and others,

1949 MEETINGS .

The mid-year meeting of the Division of
Engineering Drawing was held at Ohio State Univ-
ersity in Columbus, Ohic, January 28-29, 1949,

It was held in conjunction with the 75th anniversary
celebration of the University.

Professor Fred Higbee of the State University
of Towa gave this lecture on ""The Histery of Draw-
ing" in University Hall auditorium to all freshman
engineering students as well as those of our own
group the day before our sessions started.

Henry C, Spencer, Chairman of the Divigion,
pregided over the meetings which included a bus-
iness luncheon and banquet with Professor Samuel
Renshaw, the speaker on ""The Visual Third Dim-
ension”,

Othersa on the program were Col, L, E, Schick,
U, 8, Military Academy on "Military Graphics';
Harry W. Stertzbach, Engr, Consultant, Buckeye
Steel Castings Co. on "Development of Railroad
Rolling Stock Specialities'; James A, Flint, Re-
gearch & Development, Jeffrey Co., on "Devel-
cpment of Conveying and Mining Machinery'; and,
Glenn R, Logue, Chief Engr, Bridges, Ohioc High-~
way Dept, on "Trends in the Design of Highway
Bridges",

ANNUAL MEETING OF ASEE
RENSSLAER POLYTECHNIC INSTITUTE,, TROY,
NEW YORK - JUNE 20-24, 1948,

In addition to the business luncheon and

annual banquei, papers presented in various
sessions were:
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First Session:

1. Ellipse Guides - J,G. McGuire, Texas
A&M,

2, Foreign Drafting Practices - T, C, Brown,
North Caroling State College,

3, 5 A.E. Drafting Standards - J, H, Hunt,
General Motors Corp,

4, Y14 Progress Report - R, P, Hoelscher,
University of Illinois.

-

5, Genersal Discusgion
Second Session:

1, Visualization - Mary Blade, The Cooper
Union,

2, Welding Symbols - Allen C, Craig,
General Electric Co.

3. Logic of Multiview Approach in Descrip-
tive Geometry - B, L. Wellman, Wooster
Polytechnic Institute,

4, General Discussion

New officers elected at this meeting are as
follows:

Chairman - O, W, Potter, University of
Minnesota.

Secretary - C.H. Springer, University of
Illinois.

Member Exec, Comm., - 5 yrs, - Cerowe
University of Texas,

T Square Page - W, J, Lugzadder, Purdue
University,

Editor of Journal ~ T, T. Aakhus, Univ-
ersity of Nebraska,

FACULTY ASSOCIATE OR INSTRUCTCR IN ENGINEERTNG,
1977-78. Teach courses in engineering drawing
and graphics, descriptive geometry, introduction
to engineering, and elementary engineering de-
sign. Preference given to those admitted to a
graduate engineering degree program at ASU, TFirst
application deadline May 16, 1977; second dead-
line July 15, 1977.

Application, three letters of professional
reference, resume and transcripts to Dr. George
C. Beakley, Director, Engineering Core, Arizona
State University, Tempe, AZ (85281). (602)965-
3421. Equal Opportunity/Affirmative Action Fn-
plover who complies with Title IX of the Educ-
ational Amendment of 1972.

The University of Wisconsin - Milwaukee
is seeking a Lecturer in engineering design
and graphics. Areas of concentration: design
techniques, graphics, and descriptive geometry.
Secondary areas possible: computer graphics
and/or manufacturing processes, Gualifications:
M, S. in engineering or technology with indus-
trial design experience, Send resume fo Prof,
Earl Ratledge, Systems Design, University of
Wisconsin - Milwaukee, Milwaukee W1, 53012,
UWM ig an affirmative action/equal opportun-
ity employer,
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Faculty positicn open in the area of sngineer-
ing graphics for the Fall 1877 semester. Addition-
al interest in computer graphies, industrial design,
architeetural drawing, and extension conferences
and short courses are also desgirable. For more
information, contact the Chairman of the Mechan-
ical Engineering and Aerospace Engineering De-
partment, University of Missouri-Columbia,
Columbia, Mo, 65201, The University is an equal
opportunity/affirmative action employer,

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

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

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

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



William G, Stinson

Depariment of Engineering Drawing
Queen's University

Kingston, Canada

of the
EOGRAPHIC NET
structural geology

roblems involving rotation

As 1 pointed out in an earlier introductory
article on the use of stereographic nets (see
pages 20-25, E.D, G, Journal, Winter 197 ),
such nets when used in structural geology are
the stereographic projection of the lower half
of a sphere having N- S axes and B-W lire
lying in the horizontal plane of projection.

The spherical surface is represented by its
great circle intersection with the plane of pro-
jection and by the projections of the lower half
of a family of meridian circles establighed
every two degrees and by the projection of the
lower half of small circles located every two
degrees and lying in planes perpendicular to
the N-S axis (like parallels of latitude), See
Fig. 1: A Stereographic Net,

Rotation About Horizonial Axes

If we imagine the hemispherical bowl rep-
resentied by such a stereo-net to be filled with
a mating solid hemisphere of clear plastic that
ig made to rotate about the NW-3 axis of the
"howl', every polnt on the surface of the golid
hemisphere will move along or parallel to one
of the vertical small circles all of which have
their centres on the W-S5 axis, These small
circles project on the stereographic net as cir-
cular arcs which divide and are divided by the
meridian circles into 2-degree segments. Figure l: A stereogruphic net
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S
Figure 4: Rotation of a line to a
position about the harizontal

Solution

Refer to Fig, 5. On a tracing paper overiay
mark the stereonet N-point, and the strike Tines
and great-circles of intersection of planes having
the same strike and dip as the 2 sets of beds,
Both sets of beds must be rotated until the young-
er set are horizontal, 'This means that the axis
for this rotation must be horizontal and bearing
N80 E and that the rotation must be 38° clock-
wise looking N60“E (this reverses the procass
that tilted the younger beds), This 'reverse
tilting' as applied to the clder beds would carry
every point of the grgat circie representing them
through & similar 36 rotation, This is simpli-
fied by performing this rotation for two represen-
tative points, finding their new positions, and
then establishing the common great circle on
which they lie, This immediately gives the strike
and dip of the older beds before the second tilting,
The operation may be somewhat simplified by
teking the intersection point, C , as an addition-
al point. The new position of C automatically
establishes one end of the strike line for the
previous position of the older ‘Beds, and the
strike can be determined {N38 E), The great
circle may now be readily drawn through the
other 2 points and the dip of 62° south-easterly
read directly from siereonet,

Rotation About An Inclined Axis

Because of the nature of the stereonet, i, e,
the projected small circles are all circles on
the surface of the sphere that have their centres
on the horizental N~3 exis, it is convenient to
arrange the sieps in a problem-socluticn so that
rotations are always performed about a horizon-
fal axis, In order to achieve this the solution
requiring rotation about an inclined axis will
normally involve several rotaticns and reverse
rotations,
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Figure 5. Solution of a 2-til} problem

In the case of rotations involving planes, a
process that would be fairly complicated can he
greatly simplified by changing the way a plane
is represented, " Up to this point we have confin-
ed oursgelves to defining the attitude or direction
of a plane on the stereonet by its great circle
intersection with the hemisphere and by its
strike (horizontal) lines passing through the
centre of the sphere. While this representation
is particularly useful for intersection determin-
ations and angular measurements it is cumber-
gome for solutions involving multiple rotations,
The direction of applane may be equally well-
defined by the direction of a line perpendicular
to it or, more specifically, by the point whers
the normal to the plane through the centre of the
sphere intersects the surface of the sphere, This
point, called the pole of the he plane adequately
defines the direction of the piane and provides
& greatly simplified problem- solution, especially
when rotafion is involved, even though it contri-
butes little to the visualization of the problem
details, Normally the position of the pole of the
plane is described by the plunge and bearing of
the line perpendicular to the plane, See Fig, 6§
in which orthographic views of a hemisphere
illugtrate the relation between the strike and dip
of the plane and the location of the pole,

s

Example 2 may now be sclved usging polar
repredentations for the planes. We need only
to recall that for votation of an inclined plane
to a horizontal position the axis of rotation must
be parallel to the horizontal or strike lines of
the plane and to realize that when a plane is
horizontal the line to its pole is vertical.
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Figure 2: Rotation about N-5 axis

For example, as shown in the orthographic
projections of Fig. 2, a line OX in the solid
hemisphere of plastic would be carried about
with its end-point X travelling about the ver-
tical small circle having centre C and with the
line itself sweeping out the surface of a cone,
Note that a plane containing OX and having a
N-8 strike (i, e, N-S horizontal lines) would
be carried about with each peint.of its great
circle interse ction with the hemisphere moving
glong its own small circle are through an angle
equal to the angle of rotation, On the stereo-
net this angle could be counted out in degrees
along any small circle, Fig. 2 illustrates line
OX and plane NAS being rotated through 8 de-
grees to positions X' and NA'S respectively.

If it is required to rotate any configuration
about a horizontal axis other than the N-8 axis, -
the north point and the direction of the required
axis are marked on an overlay of iracing paper
which is then rotated sbout the vertical axis of
the hemisphere until the required axis coincides
with the N-3 axis of the stereonet, The required
rotation is then performed for all components
of the configuration, using the small circles of
the stereonet, 'The overlay is then rotated back
about the vertical axis to return the North point
and specified horizontal axis back to their pro-
per locations and the new positions of the various
points, lines, etc, would be clearly established.

Example 1

(a) A line plunging at 30° in a direction N60°E
ig rotated-about a horizontal axis bearing N20 E
through 26° clockwise (loocking ¥20"E), What
will the new plunge and bearing of the line be?

(b} What will the new plungoe and besring be if
the clockwise rotation is 747

N
<
0°
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| ‘\\61
X_zgeX
901’ /”’\;LD
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S
Figure 3: Rotation of a line about

a horizontal axis

Solution

(2} Refer to Fig, 3, On a tracing paper ovérlay
mark the N-peoint of the stereonet, the N20°E
axis, ang the line OX plunging at 307 in a direc-
tion N60 E. Then rotate the overlay until the
N20 E axis on the overlay coincides with the
N-S axig of the sterecnet, The small circle of
rotation of X about this axis can now be identi-
fied, and the clockwise angle cf 26 can be
counted out along it to locate the new position

of X, X' as shown in Fig, 3. By rotating the
overlay uniil X' ligs in the plane of the E-W
vertical cirgle the plunge of OX' can be deter-
mined as 127, By rotating the W-point of the
overlay back to the N-point of the stereonet the
bearing of OX' can be read off,

(b Refer to Fig, 4. 1If the cleckwise rotation
of O%Q were increased to a total of 78° then after
a 42 rotation OX would be horizontal,. In rot-
ating OX the remaining 36  OX would move up
out of the hemisphere and beyond the limits of
our stereographic net. 'This remaining rotation
can only be handied by using the reverse exten-
sion of OX' which I will call OQ and Q must
move down into the hemiSphgre 36 tc give pos-
itimg Q', with a plunge of 26 and a bearing of .
563 E,

Example 2

A geological map indicates two sets of dipping
gedimentary beds, a younger set dipping %t 36
north-westerly and having a sirike of N80 E,

Determine the strike and dip of the older set.
of beds before the tilting of the younger set
occurred,
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Figure 6: Pole of plane is p

Refer to ¥Fig, 7. Using an overlay mark on
Py for the younger set of beds using a plunge of

547 and a bearing of $30° and Po for the older

set of beds using a plunge of 807 and a bearing
N'TDOW. To reverse the tilting of the younger
beds requiges a clockwise (looking N60 °E) rota-
tion of 367, Such a rotation moves Py directly

below the centre and P_ 36° along its small circle

to give a new plunge and bearing of 28° N520W.

Converting this polar direction to strike and dip
yvields a strike‘of N38°E and a dip of 62° south-
easterly, as before,

Example 3

OUsing an axis of rgtation OA which plunges at
24 in a directiog S47"W, rotate p%in't P, located
at a plunge of 35 in a direction 88 W, through
an angle of 40" counterclockwise (looking down
along OA),

Solution

Refer to Fig. 8. Mark on a tracing paper
overlayc‘)che stereonet North point, 'theobearing of
OA (347 W) and the bearing of OP (S9°W),
Rotate the overlay until the $47%W bearing lieg
above the E-W great circ}}e of the stereonet and
locate A at a plunge of 24, Similarly locate P
at a plunge of 36°. Now rotate the cverlay until
the horizontel axis OB, perpendicular to OA,
corresponds with the N-5 axis of the stereonet
and OA once again lies in the plane of tgm E-W
great circle, Rotate OA up through 24~ until it
is horizontal and A occupies A' on the rim of
the hemisphere, At the same time P must be
rotated in the same direction through 24° along
its small circle to position P'. Now the overlay
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54°

Figure 7: Solution of 2-tilt probiem

using poles

must be rotated about the veriical axis of the
hemisphere until A' corresponds with N of the
stereonet. OP' may now be rotated counter -
clockwise about OA' through 40° to position OP"
along the appropriate small circle, All that
remains now is to rotate the overlay to make OB
ceincide with the N-3 axis of the sterconet and
to place AT in the plane of the verticgl B.W
great circle and return A' to its o%iginal position
A at the same time rotating P" 24° in the same
direction to position P"',

The hearing of OP™ and its plunge may now

be read off too give the new position of P at a
plunge of 55~ and a bearing of $26°W,

Hotational Fault Problem

The technigue of the previous example may
be applied to a problem involving a rotational
or picotal fault, i.e. a fault where the rotational
or 'scissor’ component of the motion ig apprec-
iable, In such'a case the attitude or orientation
of the beds in the displaced block will be changed,
or in other words the strike and dip of the beds
interrupted by a pivotal fault will be different
on the two sides of the fauit plane. In addition
when two masses or bodies separated by a com-
mon plane undergo a relative motion that is rot-
ational the axis of rotation must be perpendicular
to the plane of the separation, in this casé the
fault plane., Refer to Fig. 9,

Example 4

A rotational fault that strikes N10°F and dips
50 e%sterly cuts ’chrouggl a series of beds having
a N83 E strike and a 32 north westerly dip, It
is estimated that the hanging wall (upper block) o
has tilted downward toward the north through 26",
Find the strike and dip of the beds in this block,



Figure 8: Rotation of a line about

an inclined axis Figure 10: Pivatal fault probiem

Then line OP' is rotated to ceincide with the
N-5 axig of the stere(\'met and PiB .
beds in the upper blogk may be iilted or rotated
clockwise through 26 to position P’}'3 . Now all
that remains to complete the solution is rotate
OP]‘? back into the plane of the vertical E-W

the pole of

great circle and reverse the original 40° rot-
ation to return PF to its proper position and PB

Figure 9: A pivotal fault to its tilted position at PIl'. The position of the
pele gf the beds may now be located at a plunge
Solution of 397 in a direction 813 W , and the %ltitude of
- the beds descmbed by a strlke of N77 W and g
Refer to Fig, 10, The poleoof the fault plane dip of 61" northerly,
P_, is located at a plunge of 40 in a direction

I
N80°W. The pole of the series of geds is located
at a plunge of 58 in a direction 87 E, When
looking down toward the pole of the fault piane
and tilting of the upper block could be described
as a clockwise rotation,

On = tracing paper overiay mark the N-point

of the stereonet, PF’ the pole of the fault plane,
and PB’ the pole of the beds. Since the tilting

motion is actually a rotation about an axis per-
pendicular to the fault plane, the line OPF may

be used as the axis of rotation, ‘This inciined
line must figst be rotated aébout a horizontal axis,
bearing N10 "E, through 40 to the horizontal

position OPZIF" Of course pole PB must be rota-

ted about the same axis through 20° in the game
direction to P’B So that the relative position of

PF and PB is not changed,
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J. Charit

Department of Mathematics

Technion - Israel Tnstitute of Technology
Haifa, Israel

for surfaces of revoluti

having parallel axes

This article presents materizal which should
be of considerable educational value to the read-
ership of the EDG JOURNAL, It describes,
through a well-developed example, how the com-
puter can do things normally requiring tedious
graphical constructions, The computer handles
these details efficiently and accurately.

Wayne C, Dowling
Department of Freshman Engineering
Towa State University

Machine-part design frequently involves
intersecting surfaces of revelution with para-
llel axes, A method is presented below for
computer-aided construction of an intersection
line of the latter type, including the determin-
ation of visibility, :

The basic assumption is that the surface
contours are irregular curves, continucus or
discontinuous, with or without rectilinear seg-
ments,

The procedure consists of three stages:
(I) Scanning of the drawing.

{2} Determination of the intersection line.
(3) Plotting of its projections,
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The scanning operation consists of franslai-
ing the graphical data in the drawing into infor-
mation suitable for discretized processing with
the aid of any digital computer, The so-called
"Silhcuette'! unit used in the present experiments
{an optical-elecironic device manufactured in
the Lithuanian S8R}, scans the ordinates of a
pair of plotted curves at short intervals and pro-
duces perforated-tape information fed directly
te the computer,

The procedure is illustrated in Fig, 1, The
necessary graphical information is shown in
Fig, 2 and is seen to be confined o the pair of
contours: the axes are omitted, and only their
location and spacing are indicated in the margin,
The drawing, on standard-size computer paper
is rolled on a drum and presented sidewise to
the scanning head, as shown in the magnified
section, Fig, 3, Exira-large drawings may
be photographed to seale on standard film and
scanned with the aid of a special attachment.

'The device scans the curves with respect to
the lower axis at equal intervals u, which may
range from 0,1 to 1. 5 mm, Denoting the read-
ings {ordinates} at abscissa hj(=j-u) by rj and Y
respectively, and the spacing of the ages by G,
it is seen from Fig. 3 that the ordinate of a
point of the upper curve with respect to the
upper axis is Rj: Yj—G.



//
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//
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Figure 2
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- Figure 3
Figure 1

In cur example, the intersection line is nor- The points thus found are logical locations
mally constructed with the aid of auxiliary planes for the auxiliary planes. The radii of the cor-
(perpendicular to the axes of revolution), which responding circles of intersection are known,
are chosgen on visusl considerations in accord- and their common points, determining the
ance with the configuration involved, and which desired intersection in Fig, 4, are given by
intersect the surfaces in circles having radii GZ 4 r2 _ Rz
Ry and rj, determined by the device, The steps x =
are programmed with the aid of an approximation 2G
algorithm A, described in an earlier paper {1] —
(see Appendix), This algorithm permits judicious - +vr2 . x2
gubdivision of a curve infc a finite number of -
segmenis whose deflections relative to their in turn yelding the angles
chords lie within a given limit, and also detects G
discontinuities, if any, ¢ = are cod g

In the problem in question, both surfaces 4 = - arc cos%
have to be approximated simu¥faneously, begin-
ning with hL0 and concluding with hm’ as follows the minus sign indicating that the angles are

(R +r =R +r =C): laid off in opposite.directions,
o o m m

{I Take the first step on curve 1 and deter-
mine a possible subdivision point.

(2) Ditto for curve 2.

{3) Compare the abscissae of the resulting
points, and take the lesser of the two,

(4} Determine the corresponding Rj and r,

(5} Siore the three values, which are the
initial data for the next step.
The extended algorithm as above is denoted

by A .
7 app

[1] J, Charit, "Computer-Aided Construction
of the Line of Intersection of Surfaces of Rev-
olution with Arbitrary Generating Contours"”,
Litovskii Mekhanicheskii Sbornik, Vilnius
1968, vol, 2(3), {In Russian), Figire 4
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The sequence of steps for determining and
ordering the intersection-line data is denoted

by A

The get of data stored in the memory - three
dimensional Cartesian, and cylindrical, coor-
dinates of the sought points with respect to the
axes of revoluticn - may be printed cut as follows,
the subscripts denoting the serial numbers of
the auxiliary planes:

Auxiliary | Altitude Jx [y [R]e ]| r | 9
plane h |E
No,
¥
where H.= £ h,
J =0 1

The points are sufficiently close together
toc be joined in rectilinear segments; where
necesgary, smoothness can be ensured by means
of appropriate subprograms.

The data may be fed directly from the mem-
ory to a programmed plotter, thereby achiev-
ing complete automatization of the process,

Projective presentation may be effected on
the basis of cne of the surfaces, The elevation
is conveniently plotted as x=f(H}, with the two
branches coincident and the projection visibie,
The plan is plotted as x=f(y). Since it is obvious-
1y symmetrical, one half of the view suffices,

Visibility in the plan is determined in a rev-
erse sequence (i. e, from hm to hO)’ with each
interval between two consecutive auxiliary planes
examined as illustrated below,

In our problem, the first interval (hm—hm 1)
is visible, The radii are then compared as
follows:

() ¥R, »R_andr,  ar, orR, 2R, and
i1 73 -1 =77 =17

rj—1> :r-j, the segment in question is visible,

(2} R, =R, and r. =r., visibility remains
L iU ¥

as before (the segment reduces to a point in
the projection),

(3) IR, “R. and/orr, _£r,, the section is
-1 i -1 73

hidden,

Rj and/or rs are characterized as local

maxima (R! ! } and all subsequent
max

max’
radii (Rj—i , rj —i) are compared with them, So

long as at least one of the compared radii is
less than its local maximal counterpart, the

segments remain hidden, When R, >R
j=i = max
or T, .»T , these radii become the new
ji=-i " max

maxima for comparigon (R" " ) and
max

max’
the procedure is continued,
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Figure 5

The point of transition from concealment
to visibility, KV . generally falls between two

consecutive points (Fig, 5) and is to be included
in the set of the intersection line, It is obtain-
able with sufficient accuracy on the assumption
that the three points (Kj . Kv , K j—i) are inter-

related as the cooresponding differences of Hj’
i

R R or their r-counterparts, as the

max* " j-1°
case may be, Where both radii are operative,

the solution is ambiguous {Kv and K'V}, and the

sought point is the one nearest the visible end

of the gsegment (x, . - X » min, ¥ = min}. The
i-1 v v

sequence of gteps for determining the visibility
is denoted Av‘

In conclusion, the main operations may be
summarized in the accompanying block diagram:

SCANNING | [Ar . A AV. PLOTTING

Appendix

APPROXIMATION OF SURFACE

The given contour or profile of the surface,
plotted on a strip of drawing paper or photograph-
ed by cinecamera,is scammed by a ''Siihouette"
unit, with the scanning speed adjusted in accor~
dance with the sought degree of accuracy. An
example of an initial contour is shown in Fig, 6
(horizontal straight line - axis of revolution of
gurface), The output of the "Silhouette', obtain-
ed in punched tape for direct feeding to a com-
puter, comprises the ordinates y in intervals
u{u=0,1, 0.2, 0.8, L 4mm, etc,}, These ordin-
ates are the radii of revolution of discrete points
on the surface, Ri R

The next step is the approximation proper,
The contour is subdivided, inaccordance with
the desired degree of accuracy, into a finite
number of segments, which are replaced by
their chords, By this means the surface is
approximated by an aggregation of coaxial



Figire 6

circular cones, cylinders and-planar rings.
The term 'desired depree of accuracy” means
the maximum permisgible deflection {£) of the
segment relative to its chord. According to
Fig, 7, the equation of the chord is:

kx—y+y1=0.

where

k=277
£a
Denoting 1
mETT
\/ wHl

we have for the controlled point (XC, yc}:

= -y +
dc I,u(kxc yc yl)

On basis of this expression, we construct
the approximation algorithm using a variable
frame of reference ( Fig. 8) in which the x-axis
is coincident with or parallel to the axis of rev-
clution and the y-axis slides parallel to itself,
passing successively through the endpoints of
the chords,

Given n points (1, 2,3, ...., i-1, i, i+l ..., n
on the contour, we consider the section begin-
ning with point i (erdinate R__l), The procedure
is as follows: !

() Cormect point i with point i+t (t=2,3,...n-D,
(2) Calculate the deflections of all intermediate
points its (s=1, 2, ., . 1-1),

a =l ! (k su~y +¥)
it+s '1/ 2 i i-& i
ki +1
where
M & T T
i teou
and compare them with the permissible def-
lection:

(a} If for all the intermediate points di+s'£g’

then try a longer chord by advancing t by one,
thus moving the chord terminal point to the
next point zleng the curve, Repeat steps (1)
and (2) for this new chord,

(b) If for at least one of the intermediate
points st 2¢, then the attempted chord

_Tes

is too long, Proceed to Step 3.

FigLre' 7

h’.}ﬂ' oy

Figure 8

{3) The longest acceptable chord is one incre-
ment shorter than the last one attempted, There-
fore, replace the section between i and i+t-1 by
its chord, The corresponding wone of the surface
ig thus approximated by a circular cone or cy-
linder j with altitude hj = (t-1)+ uand base radius
Rj T Vi

(4) With i*+t-1 as initial point for the next approxz-
imated section 1, repeat the procedure beginning
with Step L '

Thus, m zones are obtained with correspond-
ing hj and Rj , which are stored in the memory,
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* This is a translation of Chapter IX in T,
Hohenberg's Konstruktive Gecmetric in der
Technik ,Springer-Verlag, New York, 1966,

The preface of this book was presented in the
Spring 1976 igsue of the Journal, The present
chapter was transiated by Mr, Tim Brown, a
PhD candidate in the German Dept. at the Univ-
ergity of Massachusetts who has a science back-
ground, This project was under the supervision
of Prof, Klaus E, Kroner of UMass and is being
funded by the Journal in the interest of acquain-
ting its readers with some of the theoretical
work being done in the graphics area in other
countries,

FOREWORD

Hohenberg's book, from which the following
was translated, approaches the solutions to des-
criptive geometry problems from a more theoretical
point of view than one is accustomed to in Amer-
lcan literature. His explanations of spatial rela-
tionships make challenging reading material and
are most likely too advanced for the average under-
graduate student.

In deciding which portion of the book should
be translated, the chapter on perspectives was
chosen as probably meeting the broadest interest
among the readers of the Journal.

Klaus E. Kroner

Inspection of perspective illustrations,

If one views a perspective picture with one
eye from a point O, used as the visual center,
then one can gain a correct geometrical impress-
ion of the depicted object, Usually, however,
one will view the figure with both eyes and, in
general , neither eye will be located exactly at
O since geometrical divergences result from the
natural visual impression. If one considers a
line AB in space and its projection ACBC from
O, then the visual anple ¥ AOB = <4 ACGQRC
is immediately apparent; its size is dependent
on the length and position of AB, In a ladder
parallel to the picture plane ( I ), the rungs
follow in even intervals also in the picture, while
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the eye perceives the more distant rungs at a
smaller angle than the close ones, Even so, it
is in proportion to the rungs of a lattice parallel
to II , A facade appears in the front perspec-
tive in frue shape, whereas the eye perceives
window-widths and heights as becoming smaller
the further the ray of vision deviates from the
main line of sight. A sphere generally does

not appear in a perspective figure as a circle,
bat the visual rays which touch the aphere form
a cone of rotation, and artists represent a sphere
as a circle. Spheres which are equidistant from
I appear in the perspective figure as larger
and more distorted the further they are located
from the nain line of sight. In the graphic re-
presentation of a frontal row of columms, the
moere distant columns appear as wider parallel
bands than the closer ones,

Fig. 1.

View from O

Photographs are usually viewed from too
great a distance; pictures usuzliy hang too high
on the wall. What does it mean geometrically,
when a perspective figure located in the picture
plane is not viewed from the visual center O
but from a point Oy ? I'ig, 1 shows a side view,
The eye at point O3 interprets a point PCin
Il as the image of scme point Py on O7FC ,
What kind of connection exists between the solid
figure ‘@ of theé'point P and the solid figure ¢
of the point P; ? In Fig. 1,¢ is assumed to be
a cube, In architectural drawings it is justif-



iable that the drawing a° of a straight line &
from & lcoking from Oj is interpreted as a
figure of a straight line, This line a; lies in the
plane O1 a®., Any line a from & corresponds
to a line ay from < 13 it follows then that a spa-
tial collineation exists between & and & 7.

The points of the visual ray OP® correspond

to those of the visual ray OP®, that is to say
that each visual ray from O] corresponds to
one from C, If one assigns the point O o &
and the point O to @y, then O and O] conform
to one another in the collineation,

If this is to be a perspective collineation
then the center Z must lie on O07. The plane
of collineation can only be I since the corres-
ponding visual-rays cut scross I, If one as-
sumes that Z is on OOy , then the cube depicted
in Fig, 1 becomes a hexahedron ¢, If one
gives Z all possible positions on O0; and if one
then generates all possible perspeciive collin-
eations (especizally lengthening) om the develop-
ing views ¢ 1 from the center O, then a group
of solid views <& is produced, [t can be shown
that no other seclid figures ¢4 are imaginable.
This ambiguity is reduced if one recognizes the
vanishing point in perspective figures, which
will always be possible with architectural draw-
ings., I Af is the vanishing point of all lines
a parallel to OAf then all a®, when viewed
from O7 ,. are to be interpreted as images of
line a] with the direciion Oy A§ . If one recog-
nizes in the drawing at least three vanishing
points, X5, Y, Z§, (which do not lie on a
single line}, then these vanishing peints are
interpreted, even in the view from Q5 , as dis-
tant points, namely the distant points of OXg,
Oy¥§, 012§ . The relationship between 71
and & bhecomes an affinity. The center of this
affinity (distant point of the affine rays) can
only be the distant point Z on OOy, The per-
spective affine solid figure ¢ g (Fig. I}
vields to "¢ which can still be exposed to all
extensions with the center O1 .

Whoeter impartially views a picture from
too great’a distance and recognizes a vanishing
point in i, gets the impression of an affinely
transformed solid figure, In reality, the orig-
inal visual impression is quickly corrected
because our previous experiences help us to
properly interpret the visual impression and to
assess the spatial position and size of objects,
One can recognize how far such influences per-
meate for if one continually wears "reverse
glasses™ which exchange up and down on the
retina, everything looks 'normal" again after
a few days,

Curved Perspectives.

If one views a larger facade from the front,
then the horizontal lines both left and right seem
to lean towards the horizon, The vertical lines
seem to run together from above and below, That
follows, as we have seen, from the reduction in

size of the visual angle, In the atiempt to express
this graphically many different methods have

been suggested which are supposed to replace

the perspective with a betler representation,

One can imagine that the visual rays which come
out from O are intersected by a ""Visual sphere”,
X , whose center lies at O and further that in
some way this sphere is projected on the picture
plane 11 . We call the generated figure a curved

perspective since solid lines were generally
represented by curves in the suggested methods
and these turn their concave gides towards the
main point in I . By means of the points of a
line in space the lines of sight cut X so as io
form the locus of a great circle whose length is
proportional to the sight angle under which the
line from O appears, If one then wants to repro-
duce the sight angle as realistically as possible
in 11, then the task arises to reproduce x as
exactly as possible on II, 1 Distortions in it
are unavoidable since a sphere cannot be con-
gruently developed on a plane.

The same problem, thatis to say the pro- .
jection of the spheroid globe or a part of the globke
on to a flat map, iz to be found in every attempt
at map making---with a difference: the map .
depicts the globe as seen from without but the
curved projection depicts the visual sphere as
seen from inside, like a stellar map. If one
holds onte the usual perspective of mapmaking
where all spatial points to include the points of
X , are projected from O onto I1, one attains
a gnomic projection, While O and the perspect-
ive picture lie on the same side of I1, the gno-
mic map lies on the other sgide,

b i

=1

Fig. 2.  Stereographic Perspective

One example of a curved perspective is the
"stereographic perspective', S would be that
point on x which is most distant from 1 (Fig,
2, right side elevation), A point in space P is
piojected from O towards X at point PX, then
P™ is projected from S towards I at point P,
P is called the 'picture point" of P, In Fig, 2,
P lieg in the profile plane, Another point in
space @, given through the vertical projection
Q" on O and profile Q, is first turned in the
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profile plane towards R, FromQ@ comes:(_?o
and through reverse rotation it determines @,
For every point R on the vanishing plane 1
R lies on the intersecting circle v of x with
I , X lies on the circle ¥= (H; HS). Within
this circle lie the "picture points' of all points
in space which lie in the profile left of 11 w
conirast, the usual perspective pictures of these
points #ill the entire plane I . The projection
of x from S to II is a stereographic projection,
It possesses interesting characteristics (Fig, 3).
A circle cfon x which goes through S appears
as an intergecting line ¢ of its plane with 11 .
If a point P moves along o' towards 8, then P
moves along ¢j towards infinity and the tangeunt
of 5 to cf is parallel to . Two circles cfand
cg on X , which intersect in S and a further
point of X , appear therefore as two lines o
and T, through & which enclose the same angle
A k

the tangents in 5 on cyand ey, However,
¢y and c3 intersect Q¥ with the same angle as in
S and therefore f{he angile of intevsection ¢ of
cy and ¢g with Q™ appears in true size as the
angle ¢ of ¢ and & with Q. Any two curves
st and sf*on x_which intersect in Q@ and there
touch ¢] and CE respectively appear subsequently
as two curves 5 and 83 in 11 which are touched
in @ by €| and ¢y respectively and which inter-
sect in the same angle, If si‘ and SE are major
arcs of x, then they are projected from O by
visual planes and it follows that: In stercogra-
phic projections the angle formed by two inter-
secting visual plangs appears in true gize,

Let ¢ be a circle cn X which does not go
through 8.  x will be touched by a cone of ro-
tation, the vertex of which isC, along the length
of ¢; 8C intersects I1 in C, In a projection
from S on I the cone-generating elements
appear ag straight Hues through T, - The right
angle which is formed by the intersection of ck
and the cone-generating elements appears as
a right angle in II , Therefore, the cirele ¢ on
the picture plane projected from ¥ must be
intersected at right angles by all lines going
through C, it is then a circle with a center at
C, If,for example,a sphere v can be repres-
ented in a stereographic perspective then x
would be intersected by a fangent cone from O
on ¥ like a circle ¥ and this appears as circie
c. Therefore, the outline of a sphere in ster-
eographic perspective ig a circle,

A great circle gk on X is related te a line
in space g and appears as circle ¥ in Stereo-
graphic perspective, gk intersects II v in the
end points of a diameter of v*, hence ¢ and ¥
intersect in the end points of a diameter of 7,

X is touched along the length g* by a cylinder
of rotation, The perpendicular in S directed to
Qg intersects II at the midpoint of Z,

A kind of curved perspective can be seen

in every attempt at map making, Artists have
offen depicted lines as curved (for exampls,
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Fig. 3. Stereographic Perspective

A, Durer, Scheldeior in Antwerp, Albertina in
Vienna), One also finds such curves in archi-
tecture itself (for example, Parthenon, Athens).
However, the need for a change in a perspect-
ive drawing is seldom perceived because our
eye is just as used to viewing paintings, draw-
ings, and photographs in perspective as East
Asians are used 1o their glanting lines,

Other Graphic Means of Representation,

2} Panorama: The unidirectional view does not
suffice for a pancoramic view from a single view-
ing point, but the eye at O must turn from side
to side, Then one can intersect the visual rays
with a vertical cylinder of rotation whose axis
goes through O. Fig, 4 depicts a portion of the
cylindrical plane 1. The axis of II is vertical,
and on it lie O and the outline O! of O on the hor-
izontal ground-plane I' , A line OP intersects
Il in two points but only that point of intersec-
tion which lies on the same side of O as P will
be considered as the projection point PZ of P,
The ellipse g is the figure of a line g in the
general case since the plane O, intersects T

in an ellipse. The panorama can be developed
into a long rectangle, One views if segmentally
on the cylinder or on the development, Some-
times one also puts together several photographs
taken from O at regularly spaced iotervals, If
these photos are lined up one after another, then
the edges must be hidden by hanging tree bran-
ches or other irregular forms, If the panorama
is taken by means of an "all-round-cameras"
which turns about a vertical axis, then no edges
will appear, In such a picture non-vertical
lines appear curved,

b) Planetarium: If the side to side movement
of the eye does not suffice to survey the object,
then one can transfer it to the inside of o visusl
sphere around O and view it segmentally from O,
For example, the starry sky in a planetariam

ig depicted in this manner,
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Fig. 4. - Pancrama

¢) Arch and dome painting, scene projection:
Here the visual rays are intersected by the sur-

face of a dome or arch, The drawing surface is |

frequently & cylinder of rotation, elliptical cy-
linder, or a sphere, The eye i8 not on the axis
of the cylinder or the center of the sphere but
rather at the place where it is assumed that the
viewer will stand, Painters, especially in the
art of the Barogue, have artistically extended
columns and other architectural structures into
the dome with amazing skill and attained start-
ling effects, On many modern stages, slides
are projected by means of one or two project-
ors, which simulate the background of the stage
set on a "curved horizon'', Usually the "curved
horizor" is a standing elliptical cylinder; some-
times a half-dome is set up for it. The sltides
must be drawn in such a way that the projected
background appears free of distortion when
viewed from a central point in the audience,

d} Relief, Theaterperspective: If an object is
subjected to a spatial perspective affinity or
collineation, then one can conceive of the aff-
inely or ccllinearly transformed object as a
spatial picture of the original object. In Fig,
5 the horizontal and vertical projections are
pulled apart so that 3' does not coincide with
5", likewise V! and V", U' and U" do not co-
incide. By means of the perspective spatial
collineation the horizontal plane T' is trans-
formed into the plane T'y. For each point Py,
which is not on the same side of ¢ as 8, there
is a corresponding point P, which lies hetween
the plane of collination ¢ and the base plane,
The width t of the layer between ¢ and w is
called the depth of relief, Fig, 5 shows the
constructicn of a'"Relief'’; that is to say the
collinear drawing of a cube,

Point P ig the normal view of the relief point
P, on the plane ¢ and at the same time P is the
orthographic view of the spatial point P from V
onto ¢ , One sSees that: The orthographic pro-
jection of an object from V onfo ¢ is alsc the

Fig. 5. Relief Perspective

normal view of the relief on ¢ . Such a relief
often has the function of depicting an object of
great depth in a space of more limited depth,
One finds reliefs on coins and also as decor-
ation on walls, doors, celumns, and so forth.
One getis the proper impression if one views
the relief from the turned center of collineation
or respectively from the direction of the affine
rays, The distortions of the relief become
apparent when viewed from another point and
especially when viewed with both eyes, Therefore,
free standing human figures in reliefs should
not result in full coilinear cr affine distortion.
SBharply illuminated reliefs behave ummaturally
{trees throw shadows on mountains) and there-
fore reliefs are best begun in places without
sunlight,

Similar questions arise with stage perspectives.
There an effect of great depth is attempted on a
stage with limited depth, The side walls converge
at the rear and the ceiling is not horizontal but
slants down toward the rear.

e) Sterecscropes, Anaglyphs, and Plastic Film:
Stereoscopic reproduction was explained earlier,
In the sterecoscope each eye is presented with its
own picture while the other picture is separated
by a dividing screen, Anaglyphs attain the same
effect by coloring the left picture red and the
right pieture green. Then a pair of glagses is
placed in front of the eyes, and lefl lens of which
ig green and the right red., Red Iight rays come
from the red picture, which cannot pass through
the green lens and therefore the left eye perceives
the left picture as black, similarly the right eye
perceives the right picture as black., In a short
time the object will be ¢learly perceived as plas-
tie., ¥ Complicated technical and medical objects
are presented plastically through stereoscopic
photography and anaglyphic pictures. In addition,
stereoscopic x-ray photographs as well as ster-
eoscopic photographs taken with eleetron and
optical microscopes are being produced, One
can plastically clarify the inner structure of an
organism, the assembly of complicated machines,
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the excavation blue print of a mine survey or etc,,
by making several stereoscopic photographs with
very short exposure times on the same photogra-
phic plate and taking away an outer layer of the
object after each photograph. The result is a
spatial view in which one can see into the Inside
of the object whose cuter parts act as if they were
transparent., Such binocular microscope photo-
graphs help in the inspection of surfaces and ill-
umination of the minute characterisiics of raw
materials,

The stereo~comparer and other important
geodetic instruments have also developed from
the stereoscope.

Plastic film is a similar case, Each eye is
offered its own picture and by use of colored
glasses each eye only perceives one picture,
Another method makes use of polarized light.

As explained earlier, the spatially perceived
object experiences a spatial affinity if the eyes
are shifted in a parallel mamner, If at the same
time the viewing distance is changed, but the
direction of OOq kept constant, then the spat-
ially-viewed object undergoes a spatial collin-
eation. Practically speaking it is important that
the spatial impresgsion also remains preserved
when the line OOy changes its direction {within
certain limitations). Since visual rays viewed
at related picture points are in general skew,
then the spatial impression is no longer to be
explained geometrically but is in the physiolog-
ical and psychological realm. Above all, the
old notion that depth perception is solely depen-
dent on biceular vision 1s not valid, Not only
do momentary perceptions function in each vis-
ual scene, but also all earlier experiences, The
toddier reaches for the moon even though he sees
it with both eyes. On the other hand, one-eyed
people also need o spatially orient themselves,
The same is true for herbiverous animals and
for fish, whose eyes are placed on the side of
the head and receive from their right and left
eyes two completely different optical images,

f) Scaled-down Models: One cannot force the
“real' impression which an object causes to
appear in a picture, but one can approximate

it. A scaled-down model, like one puf together
by architects to assess the zesthetic effect of

a planned structure, has the advantage that the
viewer i8 able to look at the model from diff-
erent angles, Of course one should also be able
to reduce the distance between the viewer's
eyes according to the scale of the model, Since
this is not possible, then it is suggested to view
the scaled~down model from different sides with
only one eye which should be brought as close
as pogsible to the model, Models of larger
building projects work the best, since for the
most part they are viewed from above under
similar conditions as with the actual building,
The archilectural effect of interior spaces can-
not be satisfactorily reproduced,
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¢ Movies of Models: Scaled-down models can
be filmed, and through photographic tricks,
which make the vision of the preportionately
reduced person possible, the film makes the
structure appear like the normal size building
in which it seems that the viewer can wander
around, Excellent pictorial effects can be ob-
tained if the model of the structure and its sur-
roundings is advantageously lighted, and is
exact in both form and color; if during filming
the camera is handled in such a way that the
film reproduces the viewers movements well
with respect to space and time; and finally if
the film is viewed during its showing from ap-
proximately a point in the viewing room which
coincides with the optical mid-point of the cam-
era, If one of these conditions is not met,
then the impression is just as displeasing as
that of an inexpertly drawn perspective, Model
films succeed best with meaningful interior
spaces, for instance in churches, The field

of applicaticns for movies is Severely limited
by the high cost of model constiruction and movie
production, Model-filing have been used for a
long time in the presentation of feature filme in
film studios, Film-photographs of models made
in Hollywood ate very skillfully blended into
feature scenes from all parts of the earth and
ages of man,

h) Life-size models {Prototypes) placed at the
future location. of a monument or building, which
are supposed to give the final impression of the
aesthetlic effect of a project, are only erected

in special cases because of high cost.

I, "Anzlytical Treatment in U, Graf", Jahres-
bericht der Deutgchen Mathematikervereinigun,
50 (1940), 35-53,

2, This was already known to Hipparch as a
mapmaking technique, A transverse map is
formed in Figure 2 only when the figure is
drawn on the backside of IT

3. cf, U, Graf, Z, angew., Math, Mechan, 18
(1938), 237 and 20 (1640}, 50, as well as Z VDI
82 (1938 , 1429,

4, Concerning the construction cf reliefs accor-
ding to Staugil and de la Gournerie cf. E, Milier
and E, Kruppa, Lehrbuch der Darstellenden Geo-
metrie, Sth Edition, pp371-78. Viena: Springer,
1948,

5, There are machines which can produce sfer-
eoscopic pictures from paired normal outlines,
Ct, T, Hildebrandt, Stereobilder zeichende Ger-
gte, Baden-Baden: Verlag flir Angewandte
W_issenschafte_ﬁ, 1959,




Public Law 94-168
94th Congress, H. R. 8674
December 23, 1975

n At

To declare a national policy of eoordinating the increasing use of the metric
gysteém in the United States, and to establish a United States Metric Board
to coordinate the voluntary conversion to the metric system.

Be it enacted by the Senate and House of Representatives of the
United States of America in Congress assembled, That this Act may
ba cited as the “Metric Conversion Act of 19757,

Sec. 2. The Congress finds as follows:

(1) The United States was an original signatory paity to the
1875 Treaty of the Meter (20 Stat. 708), which established the
General Conference of Weights and Measures, the International
Commniittee of Weights and Measures and the International Bureau
of Weights and Measures.

(2) Although the use of metric measurement standards in the
United States has been authorized by law since 1866 (Act of
July 28, 1866; 14 Stat. 339), this Nation today is the only
industrially developed nation which has not established a national
policy of committing itself and taking steps to facilitate con-
version to the metric system.

Skg. 8. It is therefore declarved that the policy of the United States
shall be to coordinate and plan the increasing use of the metric system
in the United States and to establish a United States Metric Board
to coordinate the voluntary conversion to the metric system.

SEc. 4. Asused in this Act,the term—

(1} “Board” means the United States Metric Boar, established
under section 5 of this Act;

(2) “engineering standard” means a standard which prescribes
{A)} a concise set of conditions and requirements that must be
satisfied by a material, product, process, procedure, convention,
or test method; and (13) the physical, functional, performance
and/or conformance characteristies thereof;

(3) “international standard or recommendation” means an
engineering standard or recommendation which is (A) formu-
lated and promulgated by an international organization and (B)
recommended for adeption by individual nations as a national
standard; and

(4) “metric system of measurement” means the International
System of Units as established by the General Conference of
Weights and Measures in 1960 and as interpreted or modified for
the %nited States by the Secretary of Commerce.

Sge. 5. (a) There is established, in accordance with this section, an
i};xdepéo{andent instrumentality to be known as a United States Metric

oard.

{b) The Board shall consist of 17 individuals, as follows:

(1) the Chairman, a qualified individual who shall be appointed
gy the President, by and with the advice and consent of the

enate;

(%) sixteen members who shall be appointed by the President,
by and with the advice and consent of the Senate, on the follow-
ing basis—

(A) one to be selected from lists of qualified individuals
recommended by engineers and organizations representative
of engineering interests;

{13; one to be selected from lists of gualified individuals
recomimended Ly scientists, the scientific and technical com-
munity, and organizations representative of scientists and
technicins;

(1) one 1o be selected {rom a list of qualified individuals
recotmnended by the National Association of Manufacturers
or its BUCCBSS0)

(1)) one to he selected from lists of qualified individuals
recomuended by the United HStates Chamber of Commnerce,
or its successor, retailers, and other cormmercial organizations;

(1) two to be selected from lists of qualified individuals
recomunended by the American Federation of Labor and Con-
gress of Indnstrial organizations or its successor, who are
representative of workers directly affected by metric con-
version, and by other organizations representing labor;

Metric Con-
version Act
of 1975,

15 USC 205a
note,

15 USC 205z,

15 USC 205b,

Definitions,
15 USC 205c,

United States
Metric Board,
Establishment,
15 USC 2054,
Membership,
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{1} one to be selected from a list of qualified individuals
recopnmended by the Nationsl Goveirnors Conference, the
Nationnl Connal of State Tegislatures, and organizations
representabive of State and local government ;

((r) twotobe selected from lists of qualified individunls ree-
ommended by orgunizations representative of small husiness;

(1) one to be selected from Tists of qualified individuals
representative of the constroction industry;

(I} one to be selected from a list of qualified individuals
recommended by the Natienal Conference on Weights and
Measures and standards making organizations;

(:F) one to he selected from Bists of qualified individuals
recommended by educators. the educational community, and
organizitions representative of educationel interests; and

(K four at-large members to represent consumers and
other interests deemed suitable by the President and who
shall be qualified individuals.

As uged in this subsection, ench “list™ shall include the names of at
least three individuuls for ench applicable vaeancy, The tevins of office
of the members of the Board first taking office. shall expive us desig-
nated by the President at the time of nomination; five at the end of
the 2d year; five at the end of the dth year; and six at the end of the
ith year. The term of office of the Chairman of such Board shall be
6 years. Members, including the Chairman, niay be appointed to an
additional term of 6 years, in the same manner as the original appoint-
ment. Buccessors to members of such Board shall e appointed in the
same manner as the oviginal members and shall have terms of office
expiring 6 years from the date of expiration of the terms for which
their predecessors were appointed. Any individnal appointed to fill a
VRCARey ocenrring prior to the expiration of any term of office shall he
appointed for the remainder of that term. Beginning 45 days after
the date of incorporation of the Board. six members of sucl Board
shall constitute a quorum for the transaction of any funetion of the
Board. ’

{¢} Unless otherwise provided by the Congress. the Board shall nve
no compulsory powers.

(d) The Bonrd shall cease to exist when the Congress. by law
determines that its mission has been accomplished. ' i '

Sec. 61t shall be the funetion of the Board to devise and carry out
# broad program of planning, ceordination. and public education, eon-

sistent with other national policy and interests, with the aim of imple-
menting the policy set forth in this Act. In carrying out this program,
the Board shall—

Sl) consult with and take into account the interests, views,
and conversion costs of . United States commnierce and industry,
including smull business; seience; engincering ; Iabor; education;
consumers; government agencies at the Kederal, State, and local
level s nationally recognized standards developing and coordinat-
ing erganizations; metric conversion planning and coordinating
groups; and such other individuals or groups ss are considered
appropriate by the Board to the carrying out of the purposes
of this Act. The Board shall take into account activities under-
way in the private and public sectors, so as not to duplicate un-
necessarily such activities;

(2) provide for appropriate procedures whereby various
groups, under the suspices of the Doard, may formulate, and rec-
ommend or suggoest, to the Board apecific programs for coordinat-
ing canversion in cach industry and segment thersof and speeific
dimensiong and configurations in the metric gystem and in other
megsurements for general use. Such lln-ogrums, dimensions, and
configurations shail be consistent with (A) the needs, interests,
and capabilities of mannfacturers (large and small}, suppliers,
labor, conswmers, educators, and other interested groups, and (13}
the national interest;

{8} publicize, in an appropriate manner, proposed programs
and provide an opportunity for interested groups or Individuals
to submit comments on such programs. At the request of inter-
ested parties, the Board, in its diseretion, may held hearings with
regard to such programs. Such comments and hearings may be
considered by the Board ; o

(4? encourage activities of standardization organizations to
develop or revise, as rapidly as practicable, engineering standards

on a metric measurement basis, nnd to take advantage of oppor-
tenities to promote (A) rationalization or simplification of rela-
tionships, (13) imprevements of design, (C) reduction of size
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variations, (I2) increases in economy, and (E} where feasible,
the efficient use of energy and the conservation of natural
Iesources;

(5} encourage the retention, in new metric language standards,
of those United States engineering designy, practices, and convon-
tions that are internationally accopted or that embody superior
technology; . -

(6) consult and cooperate with foreign governnents, and inter- Congultation
govermmental organizations, in colluboration with the Departinent end coop-
of State, and, through appropriate member bodies, with private  eraton,
international organizations, which are or become concerned with
the encouragement and coordination of increased use of metric
messurement units or engineering standards based on such units,
or both. Such consultation shall include efforts, where appropriate,
to gain international recognition for metric standards proposed
by the United States, and, during the United States eonversion, -
to encourage retention of equivalent customary units, usually
by way of dual dimensions, in international standards or
recommendations;

(7} wssist the public through information and education  public
prograns, to beeome fatiliar with the meaning and applicabilit information
of metrie terms and measures in daily life. Such programs shsﬂ}i end ednce-
include— tion programs,

(A) public information programs conducted by the
Board, through the use of newspapers, magazines, radio,
televiston, and other media, and through talks before appro-
priate citizens’ groups, and trade and public organizations;

(B) counseling and consultation by the Secretary of Health,
Edueation, and Welfave: the Seeretary of Labor; the Admin-
istrator of the Small Business Administration; and the Divec-
tor. of the National Science Fonndation, with edncational
associations, State and local edurational agencies, labor edu-
cation committees, apprentice training committees, and other
interested groups, in order to assure (i) that the metric sys-
tem of measurement is included in the curriculum of the
Nation's educational institutions, and (ii) that teachers and
other appropriate personnel are properly trained to teach the
metric system of measurement;

(C) consultation by the Secretary of Commeree with the
National Conference of Weights and Measures in order to
assure that State and local weights and measures officials are
(1) appropriately involved in metric conversion activities and
(i1) assisted in their effors to bring about timely amendments
to weights and measures laws;and

{3} such other public information activities, by any Fe-
eral agency in support of this Act, as relate to the mission
of such agency;

(%8} collect, analyze, and publish information about the extent of
usage of metric measurements; evaluate the costs and benefits of
metric usage; and nake efforts to minimize any adverse effects
resulting from increasing metric usage;

{9) conduct research, including appropriate surveys; publish the Surveys.
results of such research; and recommend to the Congress and to Recommen-
the President such action as may be appropriate to deal with any . dations to
unresolved problems, 1ssues, and questions associated with metric gon?;;:tslst and

TES! .

conversion, or usage, such problems, tssues, and questions may in-
clude, but are not limited to, the impact on workers (Su(‘%l i
costs of tools and training) and on different occupations and in-
dustries, possible increased costs to consumers, the impact on
society and the economy, effects on small business, the impact on
the international trade position of the United States, the appro-
priateness of and methods for using procurement by the Federal
Government as a means to effect conversion to the metrie system,
the proper conversion or transition period in particular sectors of
society, and consequences for national defense ;

(10) submit annually te the Congress and to the President & Reportto
report on its activities, Each such report shall include a status ~ Congress and
report on the conversion process as well as projections for the con- President.
version process. Such report may include recommendations cov-
ering any legislation or executive action needed to implement the
the programs of conversion accepted by the Board. The Board may
also submit such other reports and recommendations as it deems
necessary ; and
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(11) subumit to the Congress and to the President, not later
than 1 year after the date of enactment of the Act making appro-
priations for carrying out this Act.a report on the need to provide
an effective structural mechanism for converting customary nnits
to nietrie units in statutes, regulations. and other laws at all levels
of government. on a coordinated and timelyv basis. in response to
voluntary conversion programs adopted and implemented Ly
various seetors of society unider the auspices and with the approval

of the Board. If the Board determines that such a need exists, such
report shall include recommendations as to appropriate and effec-
tive means for establishing and implementing such a merhanism.

Sre. 7. In earryving out its duties under this Act, the Board may—

(1) establish an Executive Committee, and such other commit-
tees as it deemns desirable;

(2) establish such committees and advisory panels as it deems
necessary to work with the various sectors of the Nation's econ-
omy and with Federal and State governmental agencies in the
development and implementation of detailed conversion plans for
those sectors, The Board may reimburse, to the extent anthorized
by law, the members of such committees

(3} conduct hearings at such times and places as it deems
appropriate ;

{4) enter intc contracts, in accordance with the Federal
Property and Administrative Services Act of 1949, as amended

40 U.S.C. 471 et seq.), with Federal or State agencies, private

rms, institutions, and individuals for the conduct of research or
surveys, the preparation of reports, and other activities necessary
to the discharge of its duties; :

(5) delegate: to the Executive Director such. authority as it
deems advisable; and

{6) perform such other acts as may be necessary to carry out the
duties preseribed by this Act,

Sec. 8. (a) The Board may accept, hold, administer, and utilize
gifts, donations, and bequests of property, both real and personal, and
personal services, for the purpose of aiding or facilitating the work
of the Board. Gifts and bequests of money, and the proceeds from the
sale of any other property received as gifts or bequests, shall ba
deposited in the Treasury in a separate fund and shall be disbursed
upon order of the Boardy.'

(b) For purpose of Federal income. estate, and gift taxation, prop-
erty accepted under subsection (a) of this section shall be considered
as a gift or bequest to or for the nse of the United States.

{c) Upon the request of the Board, the Secretary of the Treasury
may invest and reinvest, in securities of the United States, any moneys
contained in the fund authorized in subsection (a) of this section,
Income accruing from such securities, and from any other proparty
accepted to the credit of such fund, shall be disbursed upon the order
of the Board, - ]

(d) Funds not expended hy the Beard as of the dafe when it ceases
to exist, in accordanece with section 5(d) of this Act, shall revert to
the Treasury of the UTnited States as of such date.

Sec. 8. Members of the Board who are not in the regular full-time
employ of the United States shall, while attending meetings or con-
ferences of the Board or while otherwise engaged in the business of
the Board, be entitled to receive compensation at a rate not to exceed

. the daily rate currentiy being paid grade 18 of the General Schedule

5 USC 5332
note,
Travel
expenses,

Executive
Director,
appointment,
15 USC 2051,

{under section 5332 of title 5, [Tnited States Code). Including travel-
time, While so serving, on the business of the Board away from their
homes or regular places of business, members of the Board may be
allowed travel expenses, including per diem in lieu of subsistence, as
authorized by section 5703 of title 5, United States (ode, for persons
employed intermittently in the Government serviee. Payments under
this section shall not render members of the Board employees or
officials of the United States for any purpose. Members of the Board
who are in the employ of the United States shall be entitled to travel
expenses when traveling on the business of the Board.

Sec. 10. (2) The Board shall appeint a qualified individual to serve
as the Executive Director of the Board at the pleasure of the Board.
The Executive Director, subject to the direction of the Board, shall
be responsible to the Board and shallscarry out the metric conversion
program, pursuant to the provisions of this Act and the policies estab-
lished by the Beard.
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(b) The Executive Director of the Board shall serve full time and
be subject to the provisions of chapter 51 and subchapter IIT of chap- 5 USC 5101
ter 53 of title 5, United States Code. The annual salary of the Execu- et seq.
tive Director shall not exceed level 111 of the Executive Schedule 5 5331,
under section 5314 of such title.
(¢} The Board may appoint and fix the compensation of such staff
personnel as may be necessary to carry out the provisions of this Act
in accordance with the provisions of chapter 51 and subchapter 111
of chapter 53 of title 5, United States Code. Experts and
(d) The Board may (1) employ experts and consultants or organi- consultants.
zations thereof, as authorized by section 3109 of title 5, United States
Code; (2) compensate individuals so employed at rates not in excess
of the rate currently being paid grade 18 of the General Schedule
under section 5332 of such title, including traveltime; and (3) may
allow such individuals, while away from their homes or regular places
of business, travel expenses (including per diem in lieu of subsistence)
as authorized by section 5703 of such title 3 for persons in the Goy-
ernment service employed intermittently: Provided, however, That
contracts for such temporary employment may be renewed annually. Finanecial
Sec. 11. Financial and administrative services, including those  and adminis-
related to budgeting, accounting, financial reporting, personnel, and trative
procurement, and such other stafl services as may be needed by the services.
Board, may be obtained by the Board from the Secretary of Com- 15 USC 2055
merce or other appropriate sources in the Federal Government. Pay-
ment for such services shall be made by the Board, in advance or by
reimbursement, from funds of the Board in such amounts as may be
agreed upon by the Chairman of the Board and by the source of the
services being rendered. Appropeiation
Skc. 12. There are authorized to be appropristed such sums 43 may authorization,
be necessary to carry out the provisions of this Act. AE ropriations 15 USC 205k,
to carry ouf the provisions of this Act may remain available for obliga-
tion and expenditure for such period or periods as may be specified in
the Acts making such appropriations.

Approved December 23, 1975.

LEGISLATIVE HISTORY:

HOUSE REPORT No, 94-369 {Comm, on Science and Technology) .
SENATE REPORT No, 94-500 (Comm, on Commerce},
CONGRESSIONAL RECORD, Vol 121 (1975):
Sept, 5, considered and passed House,
Dec. B, considered and passed Senate, amended, in Heu of S, 100,
Dec, 11, House concinred in Senate amendment,
WEEKLY COMPILATION COF PRESIDENTIAL DOCUMENTS, Vol. 11, Ne. 52:
Dec. 23, Presidential statement. i
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Clair M. Hulley
Engineering Analysis Dep

For years the accumulation of data followed
by time consuming interpolating and plotting the
data for a contour plot has required many men hours.

With the advent of the computer and digital
plotter the effort and time have been reduced dras-
tically. It must still be remembered that suffic-
lent accurate data must be collected before a plot
is made. Also no plotter can "eyeball" a contour
line based on the general trend of the surrounding
surface. As the sophistication of the algorittm
increases so does the plotting time. Frequently
the highest contcur line becames an n-sided polygon
because of the lack of data and the plot is in
question., The draftsmen frequently would omit the
line or sketch a nice ellipse and no question would
be ralsed. o

Commerical packages are not only expensive,
but alsc mun very siowly and freguently are written
in assembly language. TFor these reasons a subroutine
in Fortran language featuring linear interpolation
wag written te allow students to have first hand
experience in contouring using not only a familiar
language but also reasonably small amounts of expen-
sive computer time,

The logic was written for a Zip mode 718 Flat-
bed Calcomp plotter on line with an 1130 IRM 16K .
computer. Any computer with an ASA Fortran compiler
and at least 16K should be sufficient.

A four pen option allows pens of different
colors or widths to be used. Contour lines may be
pericdically amnotated. Border scales are optional.

The flow of logic has been written so as to
cause the computations to be performed while the
plotter is moving thus saving much time.

Most of the srguments are fed through the
CALL list, However, the large altitude array is
placed in the COMMON area to save linking time.

The Example in Fig. T was chosen to show how
the legic fumctions using a VERY difficult mathemat-
ical surface. Too often an example is selected to
make the program look more effective than it really
is. In Fig. 1, values of Z, contours, are plotted
for the equation

Z = sin(X) + 0.5%<in(X*Y) + sinl/2.) + 0.5%cos(Y/1.5)
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CONTOURING

flote that in the creation of the Z array
from the X and Y vectors only the Z array is fed
to the package. The Z (I,J)th value is related to
the Ith value of X and the Jth walue of Y. The
separate SCIES subroutine may be used t¢ relate
X and Y.

Where a grid square is intersected by a con-
tour line on all four sides, all possible lines
comecting the points are drawn., It is easier to
cover the umanted line with correction fluid using
an erasing shield than to add a line as is necess-
ary in other packages.

For CONTOUR only Calccmp PLOT is needed.
For SCLES routine the AXIS and assecciated Caleccmp
routines are needed. When using a single-pen
plotter, the calle to and the logic for NUMPN
should be amitted.

40.00

35.00

—t
XD
T o
i)
—

4

25.00

T T
14.00 16.40

X-AXIS

12.00

_20.00

Figure 1



Figure 2
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ICHT=TCNT+1
IFIICNT=419110s9
10 IFIIZ1351a2142
35 CALLNUMPN I TT s THi R THAX TDEL]D
Wz IFLTUL IR =T iITaK4101916649
44 TFITELT sk )mT Il R4101908509
45 SERTILI4L R+l )=TEII+1eK} 15130
43 CALLPLOTIX1pYL02)
9 CONTINUE
TT=TT+TDEL
[CONT= TCONT+]
LFETT=THAX ) 40016001100
100  CONTINUE
IF{BORDR=BROR (11150151150
51 CALLPLOTIIMLI*SCAL I+ 0a a2}
CALL MUPENTL)
CALLPLOTI IMI#SCAL L s MIoSCALY»2)
CALLPLGTI0. s JH1*SCALI2Z)
CALLPLGT(Da10s921
CALLPLOTLIM1#SCAL T 022}
50 CALLPLOTLIMIRSCALI+1as0093)
RETURN
END

YARIABLE ALLOCATIONS

Gulde to Subroutine CONIR,, shown in Fig. 2,

CALL CONIRO (TMIN, TMAX, TDEL, 17, JZ, SCALI,
SCALJ, KK, FREQ, TACC, SIZE, ANG, N, BORDR)

TMIN: Real value of smallest expected contour walue.
TMAX: Real wvalue of largest expected contour wvalue.
TDEL: Real value of contours intef_val.

I7 and JZ: Integer value of the size of the array

to be plotted.

T(50,50) maximum on a 16K wnit.

SCALI and SCALLT: Real value in inches along the
x and ¥ axis representing a unit change in sub-
scripts IZ and JZ.

KK: Integer value; Zero usually,

: Real wvalue which controls how often contour
is labeled. (FREQ = 1, is most frequent)

TACC: Integer value; Zero suggested.

SIZE: Real value for height (mches) for alpha—
betic contour label.

ANG: Real value for angle (degrees) from +X mea-
sured coumterclockwise for alphsbetic label.
N:

Integer value . zero suggested.

BORDR: Real value alphabetic YES or NC to print
or suppress border,

Special features:
in four colors.
Pen 1 and ete.

If 17 is negative plet will be
Lower 25% of contour lines for

Tf JZ is negative the plot will be amnotated
using letter A for TMIN, B for TMIN +2*IDEL and etc.

TACC and N are included here and in SYMEL,
so if mumeric labels are desired the logic can be
added easily.

In certain problems a large plateau area may
have small undulations giving rise to unwanted loops
in this ares. Under these conditions selects a value
for KK other than zero. Ruming time increases
substantially as a result however.

Subroutirie REVRS scans the avea left to right
and reverses the Y direction every other time to
speed the plot

Subroutme ENIRY and AQVRB calculate the
entry points for the contour Lines with each grid
squdre:

Subroutine NUMPN calculates proper pen to be
used to draw the contour line, (dnd armotation)

Subroutine SYMBL calculates proper integer
equivalents for alphabetic label. The border if
requested is drawm last and the pen moves to the
right off the plot.

TIRCI=TFFE=6CT8° BROR(R )=0002=QC00 TTIR 1 =0Q04 RL{R }=0008 RZIR 1=pU0A R3I[R 1=0004
R4{R 1#000C X(R ) =QOOE YiR YuROL0 X1(R 1=0012 YLIR )*GUl4 Vg jevoze
i1 im002% IMLLE )=D02A il 1e0028 Il 1=002C 401 depu2D TConTI] §n002E
Kl 1=0Q2F ICNT I }wD030 IPNLL 10031
STATEMENT ALLOCATLONS
400 w00BB 900 =00CS 3000 0180 60} *018E 602 e019C 603 =0lAA 700 *OJBE 701 =0iCe Tuz =glOs 703 =0lEZ
300 =01F0 ) w0262 31  =Q2s6 200 w026C 21 =270 2¢ 0286 2 =0290 3 =G297 32 =02%B  s00  =02al
36 w0282 30  w02BB 4 =02C5 & =g2CC 33 wQIDQ 4D =D2D& B =02£D 8 ®G2F4 36 a02FE 4l mOXFE
10 =0317 35 #0318 42  =0321 44 =Q33A 45 w0353 42 =236C @ =0371 100 #0284 51 sU39F 30 *QI0E
FEATURES SUPPORTEC
ONE WORD INTEGERS
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SYDELS

€ WUMB 15 THE NUMAER OF SCALES 2 QR 4
C AX AnD AY ARL THE ALPHAMERIC ARRAYS COMTAINING THE AXIS JITLES

<
C

-

20

21
2

22
30

-

>

o

W

wrn

MX axD NY ARE T

cusnuuT!ancLESII.Jv&(ALIISCALJ-nuvB.Al.uxx.kM:H.ADIL.Av-th-VFIN

HUMBER OF ALPHABET|C CHARACTLRS IN tACH TITLE

xi#]N XDEL ARE THE FIRST VALUE ALONG 1HE SCALL AMD THE INCREMENT PER IACH.

IMi= -]
BRI LS
MHX=HXK
HYeNYY
K=0
A0
O=0

CALL AXIS (0.-A|Ax-—HX-IMI'SCALI'I-I-OnanlhlxDELl

CALL AXISIB-D.'hT;NYiJﬂl'ECALJ'l-ll?O-nYMthYDELI

HATSLESTES
IFLNUMB=2) 19541
AnMresCaLl)
BelM1*5CALL
NX==HX

HY==NY

KK+l

coto®

RETURN

END

SUHRGUT]NESYMSLilCOH!nFREGoCODEc!ACClSlZE-ANG-N!

INTEGER COOE
BATA IVERTIHOAZ/2®1/
[F{CODE)3 a3
IFIlVERT-IFleFREG]IvaIlb
I¥ERT=1

GOTOL10
IVERT=]VERT+]

RETURN
IFEIHORZ-IFIX(FREQ?1501110»60
tHORIwL
GOTQ10
1HORZ= THORZ+1
RETURN
SMBEICONT/ 24
lFiABS(SMB\-lFIK!SHB!JZ-Z-l
CaALLWHERE XYoL}
IFISME=3)20s21021
IEMBESMB+] 2
GOTOI0
IFISMB~18122923423
1SMBE=5MB+25%

GoTO30
15MB=5MB+33
CALLSYMB(X-T.SIZE!Z|ISMS-ANGc-1I
CALLPLOTIRY 3!

RETURMN

END

SUBROUTINE NUMPHIT»THIN»TMAX,TDEL)
DATA FIRSTWNUPN/Danl/
IFLFIRSTI3 v 3
SLOPEray /sl TRAX=TDEL=-TMINI
Brlo=SLCPESTMIN

FIRSTal

HOPH<HUPN

NUPNE1 #5L0PE+B
IFIHUPN=-3)Es7+8
NUPN=4
CONT INUE
IF{NUPN-NOPN]5+615
CALLNUPENINUPHI
AETURN
END
SUBROUTINE ADVRBITZeT1sT:RATION
DEN=TZ=-T1
IFLABS [T2=T11=a1E~311+212
DEN=51GHE LE=3, T2+T1)
RATIO=IT=T1}/DEN
IFIRATIO 4 w33
RATIO=W1E2Q
TFIRATIO=1 15515
RATIOw",1E20
RETURN
EKD
SUBROUTINE REVRSUJMLe JslleK)
JFUL172=FLOATIIT)1 /2611021
K=JJ
60703
KaJMl-JJ+1
RETURN
END

Figure 3
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Guide to Subroutine SCLES, Figure 3.

CALL SCLES (IZ, J72, SCALI, SCALJ, NIMB, AX, NX,
AMIN, XDEL, AY, NY, YMIN, ¥DEL)

NUMB :
on left and bottom.
sides.

Integer value; If NIMB = 2 scales are drawn
If NUMB = 4 scales are on all

AX(AY): Real alphabetic label on X(Y) axis.

ME(NY): Number of characters in AX(AY).

KMINCYMIN) -
XDEL(YDEL) :

Starting value on X(¥) axis.

Increment between labels on X(Y) axis.

Other values same as in CONIR,

SUBROVTINE ENTRY{TaTleT2:T22T4uR1PRZIRI RG]
CALL AOVRIIT2:T12TeR1)
CALLAOVRBIT3sT2+T+R2)

CALLAOVREI T3, T4 4T 4R2)

CALLAOYRBI T4aT1eT sR0)

RETURN

EKD
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1IN, CM.
FT.«» M.

s

YO M
M. & KM.

Metric Architect Scales

No. 746PM — 30cm. Divided: 1:1, 1:2, 1:5, 1:10, 1:20, 1:50
Metric Civil Engineer Scales

No. T43PM — 30cm. Divided: 1:100, 1:200, 1:300, 1:400, 1:500, 1:600

I —Metric Mechanical Draftsmen’s Scales —

No. 745PM — 30cm. Divided: 1:15, 1:20, 1:25, 1:33%, 1:50, 1:100
MNo. 748PM — 30cm. Divided : 1:20, 1:25, 1:33%, 1:50, 1:75, 1:100

Standard Metric Scales
No. 747PM — 30cm. Divided : .01, .02, .03, .05, .025, .0125

IN? G2 YD & M2
FT & M2 ML KM!
These professional quality plastic triangular scales are
made of durable, impact, white plastic with a matte ia
non-reflecting finish. Precision sharp engraved gradu- - VOLUME
ations, accurately divided. Colored furrows for quick (Formerly No. 247P With Same Graduations)
scale identification. Durable design for lasting service. L
N & CM? YD o M2
FT. 2 M. ME? 2 KM.?

$4.50 ea.

FOR EVERY INDUSTRIAL, COMMERCIAL, PROFESSIONAL & VOCATIONAL APPLICATION—

PROPORTIONAL
SCALE
Metric Proportional Scale

No. MT158 ersressrerses «+$4.50 ea.

Reproduction computer, 130mm diameter,
of engraved PVC, showing proportional
enlargement and/or reduction in millimetres.

IMPACT PLASTIC OPPOSITE BEVEL SCALES

FOR TECHNICAL AND INDUSTRIAL USE

S o A T 8
B ! : j A
o 10 mm 20 =

1 6 In. MOULDED PLASTIC POCKET SCALES t

2 %:.'

TR R T T R

i)

aQ &3 0 (=)

FOUR BEVEL ARCHITECTS' SCALE

FOUR BEVEL ENGINEERS' SCALE

No. 310A—The 6" architects’ scale
is graduated in fractions of an inch to
the foot—open divided, divisiona before
zerc full divided—scale graduations 14,
i{, s, 1, 3¢ Y, 1}y, 3-inches =
foot. Packed in vinyl caves, lightweight
and handy for packet and desk use,
Four beveled white edges.

No. 310M-15CM Metric Division $1.75

No. 311E—The 6" engineers scale is
graduated in decimal parts to the inch—
full divided thronghout—10 and 50, 30
and 40 parts to the inch Made in high
quality plastic to withstand rugged use.

Packed in vinyl cases, lightweight
and handy for pocket and desk ume.
Four beveled white edges.

No. 311M-15CM Metric Division $1.75

Supphed in plastic sheaths.

A choice of popular metric scale divisions in 2 bevel design.

Color-coated center sections for easy identification.

Sharp, engraved divisions on ductile white plastic edges

$4.

for jaccurate drawing.

30cm. METRIC DRAWING SCALESj
No. 570M — Divided: 1:1, 1:5 Propertional mm to cm.
No. 571M — Divided: 1:1, 1:2 Proportiohal mm to cm.
Mo. 572M — Divided: 1:1, mm, 50ths Full Size (.02).
No. 573M — Divided: 1:2, mm, 50ths Full Size {(.02).

I 1
T 11 o
¥l 0 2 4 & 8 n 1Cmm 20
12 FULL SIZE-50802) 1

o Enlarged View o Enlarged View
of First Inch of First MM

gl *FRONT SIDE CONVERTS
e In. to Millimeters
& Ounces to Grams
® 5g.In.to 5. MM
Gals. (U.S.) to Liters
Yds. & Ft. 10 Meters
Paunds to Kilograms
Sq. Yds. to Sgq. M
Cu. In. to Cu. CM

METRIC — ENGLISH CONVERTER

95 ez No. 195M

$2.00 ea.

& REVERSE SIDE
Converts:
Miles to Kilometers
Imperial Gal, to Liters
Fahrenheit to Celcius
Lbs. per 5q. inch to Kilopascals
Cu. Hards to Cu. Meters
Contains:
Complete Conversian Table
Table of Fractional In. to 156",
Converted on slide scale to De-
cimal In. and Millimeters
* List of International System
1S1} Base Units & Symbols.

METRIC — ENGLISH CONVERTER
A Quick, Ready & Easy Reading Converter for ac- ®
curate every day use |t handles direct scale conver- L4
sions for units of Length, Mass, Area, Volume, Pres- @
sure, & Temperature. Qverall size 8% x 3-3/4, :

" MADE OF DURABLE VINYL. LAMINATED
CONSTRUNTION FOR LIFE-TIME SERVICE. o

® 2 COLOR SCALES 6 TABLES FOR QUICK &
EASY READING

s This scale is designed and recommended by Automotive .

and Aeronautical Engineers in Drafting Room Practices.
Fine Quality—Durable Design Scwses With Sharp Black

Machined Divisions on White Matte Finished Edges

“P.O. Box 188. Windsor Ct. 06095

TELEPHONE

ALVIN & CO., INC.

Impaorters, Manyfacturers and Distributors

PCC/A — Double stitched Genuine Leather 6” Scale
$1.25 Sheath with built in pocket clip.

S ALVING for Quality al the Right Prico |

WEST COAST
PO Box 1975, San Leandro, Ca. 34577
TELEPHONE -415.352.5530

@ |

EAST COAST

203,243 3991 ->
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