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Basic Engineering Drawing
WILLIAM WIRT TUll?NER, University of Notre Dame; CARSON P, BUCK,
Syracuse University; and HUGH P. ACKERT, Univer\sity‘ of Notre Dame

INTRODUCES students to all the basic principles of engi-
neering drawing, descriptive geometry, and machine drawing.
Written to fill a widely tecognized need for a course inte-
grqﬁng these subjects, it is at the same time flexible enough
to’ be used by instructors whose teaching needs cover orly
one of these fields, The presentation of all three phases of
engineering drawing assumes no previous knowledge of the
_"subject on the part of the student. Chapters devoted to ma-

chine drawing are éfsncerned with the application of drawing
theory and practice, in\"k:geping with the latest recommenda-
tions of the Ametican Standards Association. The treatment
of pictorial drawing is comprehensivé and contains many
innovations, “Well organized, well illustrated, well written,”
—W. A. WOLFE, University of British Columbia.

26 tables

563 ills, 669 pages

'!ntegrated Prohlems in Engmeering
Drawing and Descriptive Geometry

WILLIAM WIRT TURNER

SPECIFICALLY DESIGNED for use with Basic Engineering
Drawing is this series of explicit, detailed problems covering
the fundamentals of the three integrated fields, From the
outset, simple orthographic projection is regarded from the
point of view of descriptive geometry. Basic theory is first

presented, followed by the various phases of drawing in their
ratural sequence, Contains 83 problem layouts and 16 prac-
tice sheets, 8% x 11, with clear instructions.

Teacher’s Manual available,

Descriptive Geometry—a picroria Approach

HAROLD BARTLETT HOWE, Rensselaer Polytechnic Institute

THIS TEXTBOOK, combining the pictorial apptoach with the
direct method, provides a clear-cut way to present descrip-
tive geometry. The method used stimulates student capacity
to perceive and visualize; facilitates mastery of principles;
and insures a broad coverage of the subject. The ability to
sketch is gradually buiit up by progressing from simple funda-
mentals to more complicated combinations. Special emphasis
is placed on vectors and their use in finding stresses in

planar and fnon-coplanar structures and for the representation
of moments. Throughout the text, -theores are applied to
the solution of practical prablems., All projects are complete
with drawings and explanations, or single or facing pages.
“Well written — covers the subject in a wvery satisfactory
manner”—C. H. SPRINGER, University of Ilinois.

328 iils, .332 pages

Problems for Descriptive Geometry

Also by HAROLD BARTLETT HOWE

THIS PRACTICAL WORKBOOK contains a wide selection
of theoretical and app'lied problems drawn from engineering
situations and provides a valuable supplement to Howe’s
outstanding textbook. The pictorial approach used through-
out stimulates student interest, and gives a firmer, quicker

grasp of fundamentals. The liberal use of sketches helps
him see and record space relationships and arrangements
as preparatory steps to orthographic rendering, Includes
77 layout and illustration sheets, 9% x 11, with directions
for student use.

S E l d g R 1 5 g P I @b ! € MS —with Operational Instructions

FHILIP J. POTTER, EDWARD O. JOWES, JR., and
FLOYD S, SMITH—al! of Alabama Polytechnic Institute

AN ESSENTIAL ADJUNCT to courses in the slide rule, this
bock provides a large number of problems for student solu-
tion. The many problems included eliminate any need for
tepetition for severa! terms, Nine short sections on slide
tule operations, with numerous examples, precede the prob-

lems, A section on dimensional ahalysis has been included
because of the importance of. this . topic .in engineering,

Instructor’s Manual available.
llus., 191 pages

8% %107,
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GRAPHICS FOR ENGINEERS

by Warren J. Luzadder, Purdue University

The comments we've received from professors everywhere tell the. story
of the success of this new text.

“Luzadder’s work is always excellent. This book is no exception.”
Douglas P. Adams, Massachusetts Institute of Technology

“Has the clearest presentation of auxiliary views of any book.”
Robert M, Righis, Newark College of Engineering

“A modern book streamlined to meet present conditions. I like the
correlation the book shows between Engineering Drawing and Descrip-
tive Geometry—also the emphasis given to Freehand sketching.”

Clinton K. Hoffmann, University of Kentucky

i

... an excellent book in that it is well written—the illustrations are the
best T have seen.” B. 4. Hardaway, A. & M. College of Texas

“This book is all that is claimed about it. It is thoroughly comprehensive
in all respects for the usual first year of Engineering Drawing and is
consistent with the more contemporary approach and unification of
Engineering Drawing and Descriptive Geometry courses.”

Lawrence E. Kundis, Long Beach City College
Published 1957 "x 9"

597 pages Text price $6.75
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Fundamentals of Engineering Drawing,
3rd Edition

by Warren J. Luzadder, Purdue University

A pioneer text in the use of Unified British-American Screw Threads.
Stressing fundamentals, the author constantly keeps the student in mind.
He has succeeded in writing a text that is “unique in anticipating the
questions that occur in the minds of the freshman students, and in
answering those questions in a language that they can understand.”

All “part” problems show adjacent parts so students can understand
the function of the assigned part in a mechanism. For students the
problem has much more significance and the part is not an unrecog-
nizable piece. '

Published 1952 721 pages 6" x 9" Text price $6.75

Elements of Descriptive
Geomeiry Part | (fext)— Part il (problems) -

by Lewis O, Johnson and Irwin Wiadaver,
both of New York University

Here is a combination text-and-workbook for a basic course in descrip-
tive geometry. It covers the fundamentals which should be part of the
stock in trade of every beginning engineer,

The authors stress underlying principles and familiarize the student
with the equipment he will need to understand and interpret what he
sees on a blueprint, In the text (Part I) the illustrations and text matter
are placed on the same or facing pages so both can be seen together.
Seventy-one problems are presented in Part II; In addition, a key for
all the leading textbooks in descriptive geometry is given in the form of
a helpful chart.

Published 1953 Part I: 73 pages Text price $1.95
Part I1: 76 pages Text price $3.50

Descriptive Geometry
by Earle F, Waitts and John T. Rule,
both of Massachusetis Institute of Technology

Covering the basic material of elementary graphical theory applicable
to engineering problems, this text develops the ability of the student to
solve such problems by the simplest graphical methods. The text points
up the various methods of approach with clear, visual explanations.
Emphasis is placed on a few fundamental problems. General problems
are solved by analyzing them in terms of thosé fundamental ones.

Published 1946 301 pages 6" x 9" Text price $4.50

To receive approval copies promptly, write BOX 903

PRENTICE-HALL, Inc.
Englewood Cliffs, New Jersey
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ACTUAL SIZE SAMPLES OF LETTERING
ABCDEFGHIJKLMNOPQRSTUVWXYZ

ABCDEFGHIJKLMNOPQRSTUVWXYZ &
ABCDEFGHIJKLMNOPQRSTUVWXYZ

1234

ABCDEFGHIJKLMNOPQRSTUVWXYZ & $¢12345678

=4=X%

D if
L]

ABCDEFGHIJKLMNOPQRSTUVWXYZ&I1234567890

INDISPENSABLE IN DRAFTING ROOM,

The ZEPHYR lettering guide has three sizes

of lettering — Size 240 (.240 in. high), Size
175 {175 in. high) and Size 140 (140 in.
high). The first two may be used with either
the heavy line point or the fine line point.

SCHOOL OR HOME

OFFICE

Each size has a complete set of capitals,

nimerals, and symbols.
handsome cabinet of selected, kiln dried,

The ZEPHYR Lettering Set is supplied in a
hasswood with satin lacquer finish.

send for Catalog #54.

information,

For complete
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FACTORY & GEMNERAL OFFICES

NUTLEY, NEW JERSEY




“Believe Me, the Right
Tools and Materials
Make a Big Differencel”

The right drafting tool or material for the joh
is more important than ever, today. Increased
demands on drafting depariments make it
vital for draftsmen to do their work faster
and easier. That’s why the modern drafting
aids featured here are important to you.
Theyll help you get better results, faster.

Researcher, manufacturer, and supplier. ..
Bruning provides you a single, convenient,
dependable source for everything you need
in drafting room supplies and service.

For information on any produet in which
you're interested, write Bruning,

24 fair
“ovel” Tracing Paper. The grealer translucency of this ouistanding
transparentized paper gives you sharper, faster prints. Draftsmen
will do their best work on the wonderful fine-grained surface that
takes penci beautifully, accepts repeated erasures without damage.
Yery light blue tint reduces glare,

i

All-Metal Skde Rules. Here are all the qualities for fast, accurate slide
rule work. Durable, warp-proof metal construction prevents binding
under any conditions. Guaranteed accuracy . . . functional grouping
of scales . . . easy-to-read graduations . .. trim, streamlined styling.
There is a slide rule to meet every need in this complete line.

Offices in Principal U. S. Cities

*'Stalnless-Supreme'’ Drawing Instrumants. Draftsmen will do better work
yvith the higher precision, durability and beauty offered only by
instruments made entirely of stainless steel. Will nat tarnish, 5 times
harder than brass or German silver. Specially hardened, swivel-type
ruling pen plates are easy to clean, will remain sharp.

Wrico Sciibet Lettering Sets. When it’s a Wrico, it's the fastest, most
efficient, most economical way to get perfect lettering. Adjustable
scriber permits over 100 letter variations from one guide. Guide
holders have skid-proot runiners, Sets include scribar, guides, and
accessaries in wood cabinat. Component parts available. ’

gy =l e e e R B e i P e A ) e e e A S U e et M M B B Pl o 1 A P i et

Charles Bruning Company, Inc., Dept. 000
1300 Central Road, Mount Prospect, illinois
In Canada: 105 Church 5t., Toronto 1, Ontario

Please send mé information on
[ “Kovel” Tracing Paper [] “Stainless-Supreme” Instruments
[0 Wrico Scriber Lettering Sets [ All-Metal Slide Rules.

Name Title

Compaony,

Address

City. Zone State




The American Society for Engineering Education reports on the
requirements for a technical drawing text:

“The emphasis should be on spatial visualization,
experience in creative thinking, and the ability to
convey ideas, especially by freehand sketching, which
is the normal mode of expression in the initial stage
of creative work.”

Coming Late Spring 1958

an extensively-revised 4th edition of

GIESECKE - MITCHELL- SPENCER . . .

designed to reflect the spirit of these aims:

TECHNICAL DRAWING Fourth Edition

By FREDERICK E. GIESECKE, late Consulting Engineer; ALVA
MITCHELL, late Professor of Engineering Drawing, Texas A & M
College; and HENRY C. SPENCER, Director of the Department
of Technical Drawing, Illinois Institute of Technology.

Featuring:

® over 700 new figures—latest tables, including the new ASA
tables on metal fits and positional and geometric tolerancing

¢ almost all problems revised or replaced by new problems

* increased emphasis on technical drawing as the engineer’s graphic
language (in line with the report of the ASEE Committee on
Evaluation of Engineering Education )

¢ larger page size (7" x 10") for clearer illustrations and problems

® many chapters rewritten and re-illustrated—3 important new
chapters added:

THE GRAPHIC LANGUAGE ... the history and current impor-
tance of technical drawing

TOLERANCING . . . incorporating latest ASA standards and engi-
o neering practice

ENGINEERING GRAPHICS . .. including coverage of nomog-
raphy, arithmetic and algebraic solutions, and the graph-
ical calculus :

Ready for Fall ’58 classes.

Examination copies availahle upon publication
Ytre Macnillan (gm/uzwy

60 FIFTH AVENUE, NEW YORK 11, N. Y.



An outstanding combination that can be an effec-
tive part of your plans for clear, comprebensive
coverage of descriptive geometry fundamentals

PARE - LOVING - HILL:

DESCRIPTIVE GEOMETRY

By EUGENE G. PARE, Washington State College; ROBERT
O. LOVING and IVAN L. HILL, both Illinois Institute of
Technology.

Termed a self-teaching text because of its exceptional clarity and step-
by-step organization, DESCRIPTIVE GEOMETRY presents the funda-
mentals of the subject in the same teachable units of work usually intro-
duced in the laboratory pericd. Basic principles are introduced one at a
time, and the authors maintain a careful balance between practical and
theoretical problem material, offering planned worksheet problem lay-
outs for each topic. 1952, 309 pp., $4.25

Offering the instructor unusual flexibility and
freedom of choice in supplementing textual material . . .

DESCRIPTIVE GEOMETRY WORKSHEETS
Series A, B, and C

The WORKSHEETS can be used effectively with any standard text fea-
turing the direct method, but are designed to be used most conveniently
with the authors’ DESCRIPTIVE GEOMETRY; the problems are num-
bered identically with the chapters in the text. Each worksheet contains
from one to six problems with sufficient material for one laboratory
period. A large number of printed Jayouts is provided, as well as bordered
blank layout sheets for preparing partial layout problems.

SERIES A—1950 68 sheets $3.25
SERIES B—1954 75 sheets $3.25
SERIES C__1957 76 sheets $3.25

And—A PROBLEM MANU AL for the shorter courses
in Engineering Drawing . .. '

GRAPHIC REPRESENTATION

By EUGENE G. PARE, Washington State College, FRANK HRACH-
OVSKY, Illinois Institute of Technology and ELIOT TOZER, North-
eastern University.

An outstanding problem manual designed for the one-semester course
in Engineering Drawing. 1954 40 pp., 11 x 17 {illus.)  $4.00

Write for examination copies to

60 FIFTH AYENUE, NEW YORK 11, N.Y.



A NEW DRAFTING TECHNIQUE

IMAGINE — drawing a perfect, uniform thin line miles long without
sharpening the lead. Here is the most remarkable drawing tool ever invented —
something busy draftsmen have been dreaming about.

the IMPROVED AWFABER-CHSTELL
PROPELLING—FLAT LEAD

LOCKTITE
Fleetline is
equipped with
Tel-A-Grade, our
new patent-
pending degree
marking device.
A turn of the
collar exposes
the degree of
lead in use.

AW.Faber's new
LOCKTITE Fleetline
24600 enables you to
draw o continyous thin line
of uniform width for hours at
a time — without ever stopping
to sand or sharpen the lead. The
point never changes or varies. That's
right — LOCKTITE Fleetiine 9600 never
needs sanding or sharpening. It is the great-
est time-saving drawing tool ever conceived.
Knowing, os you do, the time needed to point or
sand lead — especially if you want o chisel edge
— you can quickly see the advantage of having
a ready-made thin ribbon lead which creates for
you a perfect solid black line of unvarying width.
You get a new point by simply propelling the
lead. Hold the flat metal point between the
fingers of your leff hand and with your right
hand turn the barrel to the right. The lead wil
protrude to the length desired. If you wish to
shorten the graphite lead poinf reverse the turn-
ing process and push the lead back.

AND IMPORTED 9040
CASTELL

IFETINE

CASTELL FLEETLIME lead is made in degrees HB
to TOH inclusive, 12 grades in all. Each lead is
imprinted with ifs own degree designation. For
drawing in color FLEETLINE leads are avdilable in
red, blue, green and yellow. All graphite and
colored leads fit one stundard LOCKTITE 9600
holder as illustrated. Leads are packed 18 of o
degree or color o a tube.
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LOCKTITE Fleetline Holder and Fleetline leads
are ideally suited for full scale master layouts
{lofting}, and for most designing and drofting.
in addition to straight ilines, you can use this
pencil and lead with French curves. LOCKTITE
Fleetline 2600 will do 75% of the day's work,

8 ey,
2 S
;f:m«:
i
.

hence saves you much time and labor. Try it—
you will never be without it. i

Ask your dealer for this new time-saving draw-
ing tool. It heralds & new drafting technigue.

Qur new drawing tool — LOCKTITE Fleetline —
is especially recommended for use on glass
cloth, using the very hard degrees of lead, 6H
to 10H,
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"ABLET
- SQUARE

the L
b
lon eeded acid
g weeded ac Y
Patent Pending
Studerts
.

W

F@I’ A‘EXECUTIVES,' PROFESSIONAL AND CHIEF ENGINEERS, SALES ENGINEERS, ADVERTISING MEN, ACCOUNTANTS, LAWYERS.

To

MAKE DRAWINGS WITHOUT A DRAWING BOARD — ON AN EXECUTIVE DESK, AT KOME, IN THE FIELD, AND WHILE
TRAVELING, USING A TABLET T-SQUARE AND A STANDARD PAD OFPAPER . . . ..

TABLET T-SQUARE has been created, after a long study of the problem and experimenting
with many other instruments, for the use of executive engineers, sales engineers, and others who work
at a desk and for whom going to a drawing table or keeping at the office desk a drawing board with
a standard T-Square, thumb tacks, cte. lor an occasional small drawing is very inconvenient, crowls
the desk and the desk drawers.

Use your TABLET T-SQUARE against the cdge of a standard 8147 x 117 tablet or pad of
paper. Make your drawing on the top sheet, and simply tear the sheets off as the drawings
are completed. No drawing board, thumb tacks or tape, or nounting the paper Is necessary.

1f you need to start another drawing or several of them before the first drawing is completed,
fold up the sheet with unfinished drawing and work on the next sheet. Preserving the tablet cover
or the top sheet, you can fold it down to cover your unfinished work. These are distinct advantages
over the use of a drawing board.

TABLET T-SQUARE js also advantageous in office use when making advertising layouts, ac-
counting forms, various plans and diagrams, and in working at home. Unlike a standard T-Square,
it can be conveniently carried in a brief case or with books as by students and used in classes, in field
work, and while traveling. For people who occasionally need to make a small drawing as an en-
closure to a letter, ete., the TABLIT T-SQUARE saves buying rather expensive but only seldom
used equipment. Tablet T-Square No. h100-11 isdesigned lor standard 814" x 117 pad. For use with
a legal pad, order No. 5100-13. :

The use of Tablet T-square in industry shows that the seemingly small change which we made
introduces a more efficient and less costly system of producing small drawings. It organizes work
by giving neat readable sketches, charts, and forms, in numerous situations where formerly there
were only rather timid attempis toward graphical illustrations and poor graphical organization of
work.

It may be of interest for you to check your own field. Many teachers of engineering drawing
have already found that great improvements in students’ working habirs can be attained with the
use of this instrument. Using Tabler T-square, a student can immediately apply to other courses
the principles which he learned in his very first engineering drawing classes and improve graphical
organization of his work throughout his entire college course.

wy wy
o= =
DOLGORUKCY MANUFACTURING C€O. - 407 FISHER BLDG. - DETROIT 2, MICH. =0

Copyright 1958 by D. Mfg. Ce.



One text for two courses--

ENGINEERING DRAWING AND GEOMETRY

By RANDOLPH P. HOELSCHER, Professor and Head
of the Department of General Engineering, and
CLIFFORD H. SPRINGER, Professor of General En-
gincering; both of the University of Ilinois.

Combines the traditional approach
with modern frends

Among the 78 users . . .

Academy of Aeronautics, La Guardia Field, N. Y. . . . Augustana
College, Rock Island, L. . . . Baldwin Wallace . . . Belleville Junior
College . . . Boston University . . . Brigham Young University . . .
Chico State College . . . Compton College . . . Contra Costz Junior
College, Martinez, Cal . . . Dartmouth College . . . Furman University
. - . Howard University . . . University of Illinois . . . Jefferson City
Junior College . . Joliet Junior College . . . Lafayette College . . .
Lewis College of Science and Technology . . . Long Beach State Col-
lege . . . Long Island Agricultural & Technical Institute . . . . . .
Michigan State University . . . University of Minnesota . . , Massa-
chusetts Institute of Technology . . . Modesta Junior College . . .
Multnomah College . . . Northwest Nazarene College . . . University

of Omaha . . . Ontario Agticultural College . . . Pacific Lutheran
College . . . Peansylvania Military College . . . University of Pennsyl-
vania . . . Portland State College . . . St. Edward’s University . .

Sierra College . . . South Dakota School of Mines and Technology . . .
South Texas College . . . Southern Illinois University . . . Springfield
Junior College . . . Spring Garden Institute . . . State Teachers’ Col-
lege, Bemidji, Minn. . . . Tufts University . . . . Utica College . . .

U. 8. Naval Academy, Annapolis . . ‘College of William and Mary . .
Yale University . . and others

1956, 520 pages. 1137 illus.

ket T TP — i ot e e i en o e e e e

CHAPTER HEADINGS

Introduction. Lettering, Use and Care of Instruments. Geometri-
cal Construction. Geometric Projections. Sketching. Orthographic
Projection. Sectional Views. Dimensioning. Fasteners. Shop Terms
and Processes. Drawings for Interchangeable Assembly. Auxiliary
Projection. Geometry of Engineering Drawing. Intersections and
Developments. Axonometric Projection. Oblique Projection. Per-
spective, Charts and Diagrams. Map Drawing. Architectural
Drawing. Structural Drawing, Pipe Drawing. Machine Draw-
ing. Tool Drawing. Welding Drawing. Reproduction of Draw-
ings. Patent Office Drawing. Appendix.

el L ——

——-—————n—.——————--————-——-———

Loaded with plus features

Axonometric projection covered as well as stand-
ard isometric and oblique,

Up-to-date material on design for interchangeable
assembly, covering limit dimensioning, geometri-
cal, and positional tolerancing.

Detailed information on shop practices needed
by young engineers in making drawings.

Chapters on map drawing, structural drawing,
architectural drawing, and a host of other topics,
complete enough for advanced professional draft-
ing courses or reference.

Step-by-step procedures in both text and illustra-
tion aid student understanding,

New and thorough treatment of freehand sketch-
ing.

Send today for a copy on approval.

JOHN WILEY & SONS, Inc.

440 Fourth Avenue, New York 16, N. Y.



-=Plus all the workbooks you need

PROBLEMS IN ENGINEERING DRAWING
and PROBLEMS IN ENGINEERING GEOMETRY

By RANDOLPH P. HOELSCHER and CLIFFORD H. SPRINGER.
with B. Q. LARSON and |. E. PEARSON

Workbooks in use in 77 colleges and universities

Classroom use of Engineering Drawing and Geometry is backed
up by the most complete set of workbooks available for any text in
either course. Three sets have already been published and the fourth
is in preparation. Wotkbooks for Engineering Drawing are designated
by letters — A, B, C, and D. Those for Engineering Geometry carry
a numerical designation — 1, 2, 3, and 4. :

Problems in Engineering Drawing and Problems in Engineering
Geometry contain enough material for the usual three-semester-hour
course without any wastage. They offer well-balanced coverage of the
course material and, though the assignments are made from Engineering
Drawing and Geometry, can be used in conjunction with other texts.
Material is included for both class and home assignment and covers a
wide variety of problems, including drawing from pictorials, completion
problems, vetbal specifications, and the practical application of theory.
Freehand sketching can be chosen for many of the problems and both
workbooks emphasize the auxiliary plane method for problem solution.

The material is aimed at the development of clear thinking and
good judgment. It builds the student’s ability to analyze practical prob-
lems by showing him how to break them down into their basic theo-
retical concepts. All the problems have been tried and tested in actual
classroom use. They can be completed by the average student in the
standard class period. Solutions to the problems are available without
charge to instructors.

Lower price than any other workbooks

Completely self-contained

Now available: Each workbook measures 814 by 11 inches and consists of from

. . . . 60 to 80 pages. All the necessary material is included — ledger paper,

Problems in Engineering Drawing coordinahl: p%lper, armd vellum _iY the student has nothing extra tg lfuy.

Series A, Series B, Series C: $3.00 each The books are printed on paper of a good quality which will take ink

and withstand erasure. Each sheet in the workbooks is entirely self-

. . . contained. Text assignment, problem layout, and problem specifications

Problems in Engineering Geometry are all included and nothing but the printed sheet is needed to work
Series |, Series 2, Series 3: $2.75 each from.

Send today for copies on approval

STIPES PUBLISHING CO., 17 Taylor Street, Champaign, [llinois
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Editorial Page

JOURNAL OF ENGINEERING DRAWING

Published by
DIVISION OF ENGINEERING DRAWING
AMERICAN SOCIETY FOR
ENGINEERING EDUCATION

PUBLICATION COMMITTEE

Bditor . . .. v 0o Irwin Wladaver
College of Engineering
New York University
New York 53, New York

A, P, McDonald
Rice Institute
Houston 1
Texas

Advertising Manager . . .

.-Edward M. Griswold
The Cooper Unien
Cooper Square
New York 3, New York

Circulation Manager. . .

PUBLISHED . ... .. FEBRUARY, MAY, NOVEMBER
Annual Subscription . . ... ... .. $1.25
BIngle COPY. « v v e v e v oo v v v e $ .45
ART STATF
R. C. Carpenter. . ... Purdue University
Oliver M. Stone. .. .. Case Institute of Technology
Frank Zozzora ..... University of Delaware

Published in the Interest of Teachers and Others
Interested in Engineering Graphics

LE PLUS CA CHANGE
LE PLUS C’EST LA MEME CHOSE

The memorable 18468 Summer School of the Draw-
ing Division was opened by Professor Justus Rising,
then Chairman of the Division. Among the things he
said in the opening address was the following:

“The aims and objectives of a drawing course should
he:

1. To train our students in technical and analytical
reasoning so that they will be able:
(a) to analyze a given problem or situation . :
(b) to find and analyze the information required for
its solution
(¢) to produce the required solution according to
specifications
(d) to express the result according to accepted
practice
2. To furnish instruction in the fundamentals of the
graphic language including:
(a) lettering
(b) freehand sketching

{c) use of drawing equipment

{d) shape description

{e) size description

(f) applications (working drawings)

«A course in drawing consists essentially of a cor-
related sequence of assignments to be completed by
the students, in connection with his study of principles;
the selection, arrangement and method of presentation
are the great factors, aside from the personality of
the teacher, in the success of the course”

This was almost twelve years ago and basically
the statement rings as true today as it did then. Have .
the objectives changed very much? Not very. But
there can be no guestion or possible shadow of doubt
that what we do to try to satisfy these goals has
changed substantially. Is there any teacher who hasn’t
made important changes in the choice of topics and in
the content of his course?

Elsewhere in this issue you will find a detailed
outline of an “integrated” course, together with rea-
sons in support of methods and items included in the
course. It will be interesting to know whether other
teachers agree with Professor Carson Buck in his
analysis of present day needs.

COMING ATTRACTIONS

A few weeks ago a telephone call came to the editor
from a member of the staff of a well known chemical
engineering company. He was writing a magazine ar-
ticle and he was searching for some pertinent facts in
the history of engineering drawing.

Naturally the first thing to come to mind was Pro-
fessor Frederic C. Highee’s never to be forgotten talk,
“The Development of Graphical Representation, ¥ given
at the same 1946 Summer School. Before the day was
out the editor’s precious copy of the talkwas on its way.

within a few days an appreciative letter came back
saying, “We found the article by Professor Frederic
Higbee exactly what we desired.”

In the belief that many new members of the Drawing
Division and perhaps some of the older members may
not have seen the article when it was first published,
we sought permission of the McGraw-Hill Book Com-
pany and of Professor Higbee to reprint the fascinating
story in the JOURNAL. Both have agreed; infact, Pro-
fessor Higbee located certain illustrations that were
not in the original publication and many of these will
be included. '

Look for it in the May issue,

“PUBLISH OR PERISH”

The author of the phrase may be hard to locate, but
he had his finger close to the pulse of truth. Science
thrives in the public print; so do scientists, ‘

But our motives in bringing this up are different. The
number of pages of advertising in the JOURNAL is in-
creasing, so much so that we must increase the amount
of text and maintain its quality. Your chances for pub-
lication are greater than ever. Write, write, write!
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Status of Engineering
For the Drawing

By Warren

|
Drawing = 1957 Survey

[Division of ASFE

J. Luzadder

Purdue University

“Experience is what some of us get while looking
for something else.”

In conducting this survey the experience was gained
too late to be used in the preparation of a questionnaire
that might closely approach one- hundred per cent accu-
racy and be capable of presenting a true and corhplete
picture of the status of engineering drawing in 1957,
The word “might” is used because it is doubtful if any
questionnaire can ever be devised with questions that
are worded so that everyone will interpret them in the
same way. Those who prepare questionnaires fre-
quently select their questions and word each of them in
accordance with his own thinking and experiences. As
one person wrote: “We have tried to answer it as best
we can. The trouble with questionnaires is that the
maker-upper draws them in terms of his own school
and they don’t fit elsewhere.”

In preparing a summary of thé questionnaire the
statements above were certainly borne out but who
would have guessed that one school among the fifty-four
that returned a questionnaire did not follow the credit-
hour system. At this institution one merely pursues
the prescribed courses until he graduates (United States
Military Academy). -

The entire blame for the possibility of the summary
being somewhat unreliable does not lie entirely on the
shoulders of the so-called “maker- upper”®. In a few
cases it seemed to be probable that the person supply-
ing an answer had not read the question carefully.

The summary of the surveyis given here in the order
in which the items appeared in the questionnaire.

1. Is your institution on the semester plan oV Guay-
ter plan ?

Forty-two institutions reported that they were on
the semester plan while twelve were following the quar-
ter plan. This question was asked because it seemed
to separate the institutions under each plan when making
a comparison of laboratory hours and credit hours.

2. Do all students working towavds an engineering de-
&ree take the same basic couvse ov couvses? Yes ;
No —

In answer to this question forty-five institutions
reported that all engineering students were required
to take the same course or courses. Nine respondents
answered No.

3. Basic drawing is presented vver a period of
one s two ; three ; four s five :
six ; seven ; etght semesters ov guarteys?

In order to gain a true picfure of the present status
of engineering drawing, an effort was made to deter-
mine the amount of time assigned to basic drawing and
to descriptive geometry as Separate courses at insti-
tutions where they are presented in separate courses.
This separation proved to be suitable in spite of the
fact that basic drawing and descriptive geometry are

integrated at fourteen schools. At two other institu-
tions descriptive geometry is presented over a period
covering two-thirds of a semester.

As might be expected the number of institutions
having more than two semesters allotted to engineer-
ing drawing are few in number. A tabulation of the
answers furnished by the respondents to the question
above revealed the general situation for 1956-57 to be
as follows:

Twenty-five schools that follow the semester plan
have only two semesters in which to present both basic
drawing and descriptive geometry as Separate courses,
At five other institutions, where the departments are
more fortunate, three semesters are allotted. For
those on the quarter plan the picture presented is
about the same because the tabulation indicated that
five have three quarters for instruction while one in-
stitution was given just one quarter. The two schools
having four quarters assigned can be classed with the
chosen few who have three semesters.

For the presentation of basic drawing alone twenty-
five schools have only one semester allotted; six
schools have two semesters; and two schools have one
and one-third semesters. The last two schools are
those at which descriptive geometry is given for two-
thirds of a semester, Five institutions on the quarter
plan have two quarters for basic drawing; two have
three quarters; and one only a single quarter.

The picture at the fourteen institutions where de-
scriptive geometry has been integratedwith basic draw-
ing can not be overlooked. For those schools on the
semester plan, seven have two semesters allotted; one
has three semesters; and, two have only one semester,
Two schools on the quarter plan have three quarters as-
signed; one has two quarters; and, one has six quarters.

Hidden beneath these statements are variations
for students in the different fields of engineering, The
plain and simple truth revealed by the answers to this
question is that the length of time assigned to engi-
neering drawing and descriptive geometry would ap-
pear to be insufficient for needed instruction. How-
ever, the time allotted at three of our largest insti-
tutions is far less than the average, for each has only
one term. At one school a student is not required to
take any work in engineering drawing although he is
strongly encouraged to do so. It was for this reason
that the respondent indicated that the credit hours for
his department had been cut from six to zero.

4. What is the number of cvedit howrs assigned to the
basic dvawing courses afl your institution? . f the
credit houvs arve nol the same fov all curvicula please
indicate the vequived credit hours for each field.
Aevonautical Engineering; Chemical Engineeving
; Civil Engineeving ; Electrical Engineeving
;s Mechanical Engineering ; Other .
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The number of credit hours assigned to basic draw-
ing and descriptive geometry adds something to our
study even though the picture presented may not be
clear. Using the findings that follow, each person
must make his own interpretation of the results ob-
fained from a tabulation of the answers.

Most of the institutions that operate on the semester
plan have a total of either four or six credit hours
assigned to basic drawing and descriptive geometry
when presented as separate courses. Eight schools
give four credit hours, while eighteenassign six credit
hours. Two schools indicated five credit hours where

" descriptive geometry had been assigned two credits.
Two schools are in a very favorable position having
seven and eight credit hours.

Basic engineering drawing, when presented separate
from descriptive geometry, has been assigned either
two, three or four credit hours. Eight institutions
have two credit hours; fourteen have three credit hours;
and, ten have four. For schools operating on the quar-
ter plan, the credit hours for basic drawing and de-
scriptive geometry as separate courses range from
six to twelve. Three schools indicated six credit hours;
one has seven credit hours; two have nine; one has
ten; and one has twelve. At institutions where descrip-
tive geometry has been integrated into the basic draw-
ing courses the assigned credit hours range from three
to seven for those operating on the semester plan.

One respondent indicated three credit hours; two indi-
cated four; five indicated six; and, one indicated seven
credit hours. For schools on the quarter plan, one
school has seven credit hours; one has nine; one has
twelve; and, one indicated fourteen credit hours.

It is interesting to note the relationship of semester
and credits and the number of institutions having each
arrangement. At these institutions descriptive geom-
etry is taught as a separate course,

INSTITUTIONS ON SEMESTER PLAN

One institution has two semesters with 8 credit hours.

Fourteen " Thave " " g " "
TWO T Tt ia s T 1 5 " 1"
Eight " T " bR " 4 " tr
FOUr " 1" three " T 6 "t "
One " has Al tt L ¢ 1 "

INSTITUTIONS ON QUARTER PLAN

One insitution has three quarters with 12 credit hours.

" 1" " 1 " 1t 9 T Tt
" 1" " 1" 1 LA 8 " "
i " " tt " t 7 1" i
Three " have L] tt tr 6 1" 1
One "t has fOur T 1 9 1t "

5. What is the total mumbey of laborvatory hours pev
semester ov quarier?

If it can be assumed that those persons answering
this guestion understood that the total number of con-
tact hours in laboratory per semester was to be given,
then we get a rather startling picture. A picture that
. is not revealed by the answers to questions 3 and 4
for the number of contact hours vary from 30 hours

per semester at one institution to 186 hours at two
other institutions.

A summary of the answers received from thirty-
nine institutions follows:

TOTAL LABORATORY HOURS PER SEMESTER

Total Number of
Laboratory Hours
Per Semester

30
50-59
60-69
70-79
80-89
90-99 1

100-109
110-119
120-129
130-139
140-149
150-159
160-169
170-180

Number of
Institutions
Reporting

b Q= OONONOWGD -

TOTAL LABORATORY HOURS PER QUARTER

Total Number of Number of
Laboratory Hours Institutions
Per Quarter Reporting
40-49 2
50-59 0
60-69 p
T0-79 3
80-8% 1

The values as given for the laboratory hours per
semester for the last five schools operating under
the semester plan are open to question. It could be
that the word per was overlooked and that the values
represent more than one semester.

The questionnaire as marked by the respondent
from one university indicated that students in the
fields of chemical engineering and electrical engineer-
ing take only one basic course of twenty contact hours
of laboratory work for one quarter. Civil engineering,
mechanical engineering, and indusirial engineering
students are required to take a second basic course of
forty contact hours. At still another university stu-
dents who are taking chemical engineering have fifty-
four contact hours in laboratory while the students in
the other fields have seventy-two hours.

6. Do your basic courses have a scheduled recitation
hour? Yes No .

In reply to this question sixteen institutions on the
semester plan indicated that they did have regularly
scheduled recitation periods while twenty-two replied
that they did not. Sixteen respondents either did not
supply an answer or stated that they had brief unsched-
uled discussions and recitations as part of their labo-
ratory periods.

Among the sixteen institutions having regular rec-
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itation periods the total number of hours scheduled per
semester were as follows:

Five institutions scheduled from 30 to 32 hours.
Ten Tt 1t 121 15 " 18 T
One " " 7 hours.

At certain institutions, where special courses are
given to students in different fields of engineering, the
number of recitation hours varied. For example, for
one of these institutions it was indicated that students
taking chemical and electrical engineering had fifteen
recitation hours per semester while those students in
civil and mechanical had thirty hours.

For those institutions operating on the quarter plan
five stated that they had regularly scheduled recitations
while seven replied that they did not.

For the five schools mentioned the total number of
recitation hours were as follow:

One institution scheduled 30 hours.
One " " 24 1t
Three institutions scheduled 12 hours.

7. Do your courses in basic engineeving dvawing re-
quirve outside prepavation on the parl of the student?
Yes ; No .

In answer to this question forty-three respondents
indicated that their students were required to study
and/or prepare skeiches and drawings away from the
classroom and laboratory. Eleven persons gave their
answer as No.

) The number hours of work expected per week at
forty-one of the forty-three schools that required work
outside of the classroom were as follows:

At two institutions 6 hours of outside work.

" five T 4 " T T tr
tr thirteen " 3 " ty tt "
Tt eighteenll 2 1" " t T
s three 1" 1 1" 1t 1" n

Two who gave Yes as their answer did not indicate
the number of hours needed for outside work.

- The fact that forty-three of fifty-four schools re-
quired outside preparation and drawing reveals that
advantage is being taken of the students’ time beyond
the elassroom and that in most cases laboratory hours
do not represent the actual time that is available for
basic drawing.

8. Question 8 requested the vespondent to fill-in a bar
chavt form so as lo give as clear a picture as possible
of the subject content and student working hours Jov
‘the generally recognized divisions of basic engineering
drawing such as the use of instruments, geometry, lei-
teving, multiview drawing, freehand dvafting, dimen-
sioning, detail dyawing, vector geometyy, efc.

Some persons found it difficult to make the neces-
sary break-down. In general the results did not seem
gufficiently reliable to be worth the effort of preparing
a summary. :

If we assume that practically all students receive
some training in certain basic subject divisions such
as the use of instruments, multiview drawing, section-
ing we can direct our attention to some of the other

divisions of drawing to determine to what extent they

are being presented. For this purpose a bar chart is
shown below.

NUMBER OF SCHOOLS
a 0 20 30 40 50
I, 1 |

1 !

Prctorial Skefching I
Fiping Drawing %

Gears and Carms =

Vector Geormelry ]

Graphical Calculys —

Structvral Drovwing —

Towographic Drowing | ——

Reproduckon of Drawings : :

Alignment Charts %

Charls and Grophs =

It is interesting to note that some experience in the
use and construction of alignment charts is being given
at nearly one-fourth of our fifty-four schools. Vector
geometry is being presented at twelve schools and
graphical calculus is not being entirely ignored for
it can be observed that it has a bar of appreciable
length.

8. Have your basic drawing courses been dvastically
changed duving the last five years? Yes ; No .
As many members of our Division may have ex-

pected drastic changes have been made in the basic
courses for engineering drawing during the lasi five
years at almost two-thirds of the fifty-four schools.
In reply to question 9, thirty-four indicated consider-
able change, while nineteen stated that there had been
no change.

For those persons who replied in the affirmative
there were three additional questions to be answered,
a) Has the number of semesters been veduced ?

Yes ; No Af your answer is Yes, what has

been the reduction? From to semesters.

There were eighteen who indicated that there had
been a reduction made at their institution. Since
this number of institutions represents exactly one-
third of the total number of schools represented in
the survey, we can see an appalling picture of what
has happened to a subject that is essential to an en-
gineering education.

Although in most cases the extent of the reduction
was only one semester or one quarter, many who
suffered a reduction had only a minimum of time
before the change was made. The indicated reduc-
tions were as follow:

At six institutions a reduction was made from

three to two semesters.

At four institutions a reduction was made from

two semesters to one semester.

At one institution the reduction was from four to

two semesters.
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b) Has the number of credit hours been reduced?
Yes ; No . If your answevr is Yes, what has
been the reduction? From fo credit hours.

The answer to this question shows that engineer-
ing drawing has suffered even more reduction than
is indicated by item a) for twenty-three schools
have had credit hours reduced.

The amount of reduction is as follows:

Numher of

Institutions Reduction
3 8 to 6 semester credits
1 Tto 6 n "
1 6to 5 " "
3 6 to 4 " "
1 6to3d t "
1 6to0 " "
4 4to3 " "
1 4to 2 " "
1 Jto2 " n
1 12 to 9 quarter "
1 9to8 n "
2 9to 4 " "
1 6to 4 " "
1 6 to 3 " "
1 Not given

¢) Has theve been a change in the emphasis on
subject matter in your basic couvses? Yes R
No . :

If your answer tothe above questionis Yes, please
give a brief statement that will reveal the nature of
the change. ‘

Forty respondents indicated that there had been
a change in the emphasis.

Almost all of the statements that were given to
indicate the nature of the changes in emphasis that
had taken place were very much alike, with only the
wording being different. In general the following
statements taken from seven of these questionnaires
are representative.

“1,ess work on applied geometry, sectional views,
fastenings, and inked tracings. More work on multi-
view drawings, freehand drawing, and pictorial
sketching” - Univ. of Texas

“Less emphasis is being put on lettering, instru-
mental work, and fastener drawing. More emphasis
-is being placed on freehand sketching and theory”-
University of Illinois

“More emphasis on problem analysis and in indi-
vidual initiative in solutions” - Wayne State Univ.

“More freehand drawing” - Colorado School of
Mines

“More emphasis on freehand drafting and picto-
rials; less on dimensioning and assembly drawing”

- Purdue University

“More on sketching. More on graphical mathe-
matics and computations” - University of California,
Berkeley .

“Problem material has been changed to empha-
size the creative aspects of engineering drawing” -
University of Maine
d} Do you now devote move time fo freehand
skelching? Yes ; No .

Move time to making multiview skelches? Yes R
No . -
More fime to making pictovial skefches? Yes ;

No

The Yes and No answers to the first question
revealed that more time is being devoted to sketch-
ing at thirty-nine institutions. Remembering that
all of this additional time may be allotted either to
sketching multiview drawings or to pictorial repre-
sentations or distributed between them we find that
at thirty-six schools more time is being givenover to
multiview sketches. These thirty-six schools repre-
sent two-thirds of the schools supplying answers to
this questionnaire. The third question of d) was
added so as to determine whether or not any atten-
tion was being givento the recommendation that
more time should be devoted to teaching pictorial
sketching. In general we have paid some heed to
this demand for more time has been allotted to
pictorial sketching at thirty-one schools,

Since a few of our leaders have suggested that
some instruction covering graphical calculus, vector
geometry, and alipnment charts be given in our
basic courses, it seemed desirable to determine to
what extent this had been done. The results are
rather surprising for, although the departments pre-
senting such material represent a decidedly small
minority, they do form a group of noticeable size,

10. Do your basic couvses contain problems requiv-
ing the use of vecltoyr geometry? Yes ; No .

In giving an answer to this question, seventeen re-
spondents answered Yes while thirty-seven replied in
the negative. Bince a person is unable to ascertain
from this single question whether or not some of the
respondents were thinking solely of three- dimensional
vectors as presented in descriptive geometry, one is
unable to determine the extent to which vector geome-
try is being taught in our other basic drawing courses.
11. Do you teach gvaphical calculus in your basic
courses? Yes ; No .

As might be expecied the number of departments
presenting graphical calculus is not great although the
ten institutions where it is taught represent 19 percent
of the total number of institutions represented.

12. Do you requive your studenis in the basic courses
to construct pavallel scale alignment charls? Yes  ;
No .

In answer to this question thirteen persons indicated
that the construction of alignment charts was presented
in their basic courses. In terms of percentage, the
number of institutions represented by these individuals
is twenty-four percent.

13. Is descriptive geomelry integvated info your basic

courses? Yes ; No . If youy answevr is Yes,

what pevcentage of the fotal number of labovatory

hours, vecitation hours, and outside study hours arve

assigned to descriptive geometvy? Labovatory hours
; Recitation hours . Qutside hours

~ The answers as given revealed the fact that word
.integrated could be interpreted in at least two differ-

ent ways. The question as worded was intended to
determine whether or not the principles and methods
(Continued on page 57)
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Basic Principles for the Design of Drawing Courses
to Comply with the 1955 Evaluation Report*

By Charles J. Vierck
The Ohio State University

The preliminary report of the so-called Grinter
Evaluation Committee was made in 1953. Many of us
criticized this report, from the standpoint of both
omission and commission, and were, I believe, justi-
fied in our attitude, because many changes were
made, culminating in the final report of 1955.. In or-
der to obtain a better understanding of this report I
have also examined the previous reports of the ASEE,
These reports are:

First, the Mann report, published as Carnegie Bul-
letin No. 11, out of which came the Wickenden report
of 1923 to 1929. This is a report of 1320 pages with
an additional 283 pages on technical institutes. A
supplement was published in 1939. Then came “Aims
and Scope of Engineering Curricula” in 1940 and
“Engineering Education After the War” by H. P. Ham-
mond in 1944. Of all these, the Wickenden report ap-
pears to be the most gignificant.

It seems reasonable to examine these reports in an
effort to obtain information for two basic considera-

" tions, (a) Current status and (b) Trends. Comparisons
and conclusions for the future can then be made.

Current Status. The Wickenden report gives the
following:

“The following subjects should be included in all
engineering curricula, although not necessarily to the
same extent.

a. Mathematics, to include differential and integral
calculus.

Inorganic chemistry, with laboratory.

General physics, with laboratory,

English composition, speech, literature.
General economics.

Introduction to the economics of engineering,
Introduction to the law of contracts.

Drawing and the principles of graphics.
Technical mechanics.

Mechanics of materials, with laboratory.
Introduction to hydraulics.

Introduction to heat power engineering, with
laboratory.

Introduction to electrical engineering with lab-
oratory.

e L P XS
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In comparison, the Grinter report says:

“Engineering science sitems from two basic areas:
mechanical phenomena of solids, liquids, and gases;
and electrical phenomena. A common practice is to
subdivide these into the following six engineering
sciences:

*Presented at the Drawing Division Summer School,
Iowa State College Ames, Towa, June 1956.

Mechanics of solids.

Fluid mechanics.

Thermodynamics.

Transfer and rate mechanisms.
Electrical theory.

Nature and properties of materials.”

O O e L0 DD =

The Grinter report continues as follows:

“Education directed toward the creative and prac-
tical phases of economic design, involving analysis,
synthesis, development and engineering research is
the most distinctive feature of engineering curricula.

“Approximately one-fourth of the total under-
graduate program may be appropriately devoted to
engineering analysis and design, including the neces-
sary technological background.”

Comparing the two reports, we find that (a) the
basic science subjects recommended in both reports
are about the same, (b) there was more emphasis in
1929 on economics and law, and (¢) drawing and
graphics is mentioned specifically in the Wickenden
report. But there is a subtle reference in the Grinter
report; the words “analysis and synthesis” and the
phrase “including the necessary technological back-
ground,” T think, are significant, especially when the
phrase “most distinctive feature of engineering cur-
ricula” is included.

Analysis and synthesis taught in graphics courses
is definitely a part of the technological background
that every engineer must have, and T believe that the
Grinter report points this out, although not in the
exact wordage that teachers of Engineering Drawing
might desire.

Trend. The following comparisons of trend are,
however, more significant:

The Wickenden report states the trend in 1929 as
follows:

“It is interesting and significant to note the gradual
decrease in mathematics in spite of a well-marked
simultaneous decrease in the content of mathematical
preparation of entering students; the early decrease
and later stabilization of the content of English; and
the steady decrease in modern foreign languages. In
fact, this latter is one of the most striking features
of the diagrams. Economics has had some growth,
apparently at the expense of history and political
science. After a sudden increase in time devoted to
shop work in the early years, the amount of this work
has gradually decreased except in mechanical engi-
neering. Graphics has decreased almost as sharply
as modern languages. The losses suffered by these
two divisions appear definitely to have been gained by
engineering subjects in the special field of the cur-
riculum.”
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The Grinter report discusses change and {rend as
follows:

“Yt is relatively easy to look backward and recog-
nize changes; it is more difficult to visualize what
lies ahead, -------- the engineering art taught in
colleges will normally reflect practice that is al-
ready cbsoleie in part since the teacher’s knowledge
of practice becomes rapidly outdated.

“But, fortunately, some things do not change. Re-
actions, stresses, and deflections will still occur, and
they will have to be calculated. Electrical currents
and fields will follow unchanging laws. Energy trans-
formation, thermodynamics, and heat flow will be as
important to the next generation of engineers as to
the present one, -~=--=--- These studies encompass
the solid unshifting foundation of engineering science
upon which the engineering curriculum can be built
with assurance and conviction.”

1 believe we can take comfort in the fact that atlast
someone has had the common sense to say what IThave
just quoted from the Grinter report. Even though
drawing and graphics are not specifically mentioned,
we know, and the deans and other educators know,
that drawing and graphics are as much a part of the
unchanging portion of engineering education as any of
the ifems mentioned. It is unthinkable for an engi-
neer to be illiterate in the graphic language.

Let us now examine the particular section of the
Grinter report dealing with graphics.

“Graphical expression is both a form of communi-
cation and a means for analysis and synthesis. The
extent to which it is successful for these purposes is
a measure of its professional usefulness. Its value
as a skill alone does not justify its inclusion in a cur-
riculum. The emphasis should be on spatial visual-
ization, experience in creative thinking, and the ability
to convey ideas, especially by free-hand sketching,
which is the normal mode of expression in the initial
stages of creative work. Though the engineer may
only supervise the preparation of the drawings re-
quired to execute his designs, he can hardly be ex-
pected o do this effectively unless he himself is
thoroughly familiar with graphical communication.”
Here we have something definite for the first time in
an ASEE evaluation report. It is as though drawing
and graphics had finally “become of age.”

Also, in comparing all the reports, it is interesting
to note that in all of the 1320 pages of the Wickenden
report it is very difficult to find any mention of En-
gineering Drawing or Graphics. In fact, none of these
are even listed in the index.

It is my opinion that the Grinter report, at jong
last, confirms the facts that engineering drawing is a
basic and necessary part of the equipment of every
engineer, and that, in the main, it has been taught
correctly and efficiently.

After examining these items from the reports what
conclusions can we make regarding drawing and
graphics ? Is revision of curricula necessary or is it
even indicated ? What should be the direction of our
efforts in the future ? o

In answering these questions, we must certainl
examine all phases of our work, but, because of the

differences in methodology over the country, I be-
lieve it is impossible to here give any recommenda-
tions for order of presentation or even to list details
of instructional material. Some universities use the
old but proven method of course presentation item-
by-item. Others employ an integrated system, and
some use the project method or a combination of
item, integration and project. All are successful and
are believed in implicitly by their proponents. Thus,
only guiding principles should be discussed.

It is evident, if we intend o follow the Grinter re-
port, that we should include more freehand sketch-
ing. This means a shift in emphasis. Where, years
ago, much attention was paid to the techniques of
making drawings with instruments, now, if we change
to more freehand work, the problem of teaching free-
hand technique could, possibly, become as time-
consuming as for teaching instrument technigue. The
report definitely states that drawing as a skill alone
does not justify its inclusion in a curriculum. There-
fore, we will also have to be careful to keep freehand
technique in proper balance with other course mate-
rial. In my opinion, we should attempt to save time
by freehand sketching in order to make room for
more training in graphical solutions or other mate-
rial contributing to a complete understanding of the
graphic language. Actually, the trend has been inthis
direction for some years and if we continue this
trend we cannot fail to follow the philosophy of the
report.

Balance is the keynote of course design and of cur-
ricula. We must have enough of, and yet not toomuch
of, orthographic theory and practice, freehand and
instrument work, technique, geometry, pictorial
drawing, commercial practices, working drawings,
graphical solutions, and other items that most uni-
versities and colleges consider necessary to profes-
gsional competence in the graphical language.

Over-emphasis, for example, either in the direc-
tion of too much attention fo techniques, or a com-
plete disregard for techniques, or too much time
taken with graphical solutions to the exclusion of
other necessary material are extremes in my opin-
ion, and are potentially dangerous.

I urge balance, because if there is any one prac-
tice that will produce an opening for criticism, it is
the practice of radicalism and radical thinking. To
give an easy example, none of the radical designs of -
automobile bodies that we are all familiar with, have
ever been successful. I believe history will prove
that a well-balanced course or curricula is difficult
to criticize or dislodge.

In accomplishing the tasks of the future, we may
examine the record of past performance for an ap-
praisal of what we have to work with.

I am confident that the drawing departmentis of this
country are, as a group, one of the most competent
teaching organizations in all engineering education.
In support of this statement I believe we can prove
that over the years, we have spent more time and ef-
fort in studying and perfecting teaching materials and
techniques than any other group. We can point o the
gradual and steady improvement in problem material,
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textbooks, workbooks and examinations. We have
spent much time, care, and money, in the production
and use of visual aids of all types. We have held
more summer schools and more conferences for ad-
vancement of all phases of our subject. We can well
be proud of the effort expended and the results ob-
tained.

From the foregoing, it is my opinion, then, that we
need not make radical changes, but simply. work intel-
ligently and diligently as we have in the past to
steadily improve and keep abreast of new develop-
ments.

Change is not automatic. and it need not be violent.
Change is brought about by intelligent, inquisitive
men and women who seek to improve day-by-day.
Incidentally, the very fact that we are here assembled
today attests to our intentions in the years ahead.
For the future, I should like to suggest the direction
in which I thmk our efforts should be expended.

Research in graphical methods and solutions, es-
pecially in nomography, empirical equations and cal-
culus, should be encouraged and continued. All col-
Ieges ‘and universities, I beheve should teach these
phases of graphics.

We should continue to improve problem selection
and problem material,

All of us who write textbooks should continue our
efforts to supply text material in line with modern
trends.

The American Standards are an important phase of
our work, and our active participation on standards
committees should he continued.

We should continue to develop new teaching aids.
Motion pictures, filmstrips, wall charts, models,
etc., will, in the future, be increasingly more impor-
tant. Captive television techniques hold great prom-
ise for teaching the large number of students expec-
ted in the near future.

Finally, let us remain active in the Division of En-
gineering Drawing, so that all may be informed of the
trends and developments in our work.

These words of conclusion from the Wickenden re-
port state my opinion accurately:

“For better engineering education we must look to
better balanced curricula, better selection of students,
better teachers, better methods, better subject mat-
ter and better advanced training rather than changes
in educational organization.”

Problems Confronting the Teacher of Engineering Drawing*

By Eugene G. Paré

State College of Washingion

Since the brief talks at this meeting are intended to
" provoke discussion, I would like to pose some prob-
lems that I believe confront engineering drawing de-
partments. May I also take the liberty to suggest
some possible solutions to some of these problems.

Our main concern pertains to the fact that our
courses, engineering drawing and descriptive geo-
meiry, are service courses, and that their rated im-
portance depends to a greaf extent on the degree to
which deans and department chairmen recognize that
these courses are essential in the development of an
engineer or scientist,

But do these administrators know our courses, do
they realize that our course material is constantly
being altered to keep pace with other technological
advancements; or do they have the impression that
our present-day courses are identical to those that
they took in college some twenty or thirty years ago?
It they have this latter impression, I do not blame
them for having some doubts about the value of our
courses. Yetl from the same peint of view I do not be-
lieve they would look with favor on any course that
has remained stagnant over any length of time,

Unless one has a current and intimate knowledge of
a particular course, he probably judges that course
by several factors:

*Presented at the Pacific Northwest ASEE meeting,
May 10, 1957

1. What the course was like when he took it in
college.

2. The physical plant and equipment with which the
instructor is content.

3. The catalogue description of the course.

4. The textbooks and manuals used in the course.

I doubt that many outside the drawing departments
know what our courses are really like. It is possible
that I am exaggerating this point, but I do not think
80. I did some scouting at the A.8.E.E. meeting in
Towa, in June, 1956, by attending a session of one of
our major engineering fields. A speaker expressed
some doubt as to the value of the courses in the engi-
neering drawing field. He commented that our engi-
neering graduates were not expected to be trained as
skilled draftsmen; he commented further that since
industry does but little ink work these days, our stu-
dents should no longer be required to produce a mul-
titude of finished inked tracings. He cautioned that if
the drawing courses are to continue to exist they
must devote more attention to technical sketching,
blueprint reading, and graphics. At this meeting I
tried to assure the speaker that drawing departments
were well aware of current trends, and that his criti-
cisms might have been valid twenty years ago, but
certainly not today. The speaker apparently was not
aware of the fact that the attendance at the Drawing
Division meetings of the A.S.E.E. far outnumber
those from any other field and that this group reli-
giously keeps abreast of ithe times by close associa-
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tion with industrial leaders. In fact, a Drawing Divi-
sion committee is currently assigned the task to
determine from industry what changes can be made
in our present courses to better serve the needs of
industry. In addition, the Society, together with rep-
resentatives from industry, plays an important role
in the development of more economical engineering
practices related to drafting and design.

We in the engineering drawing field must in one
way or another keep other departments and adminis-
trators informed of improvements as they are intro-
duced in our courses. This might be done by binding
and routing an appropriate collection of student work
to interested departments for comment and criti-
cism. An outline of the course, tests, and other per-
tinent information might also be included.

But regardless of how we do if, we must let others
know that engineering drawing and descriptive geom-
etry are being kept constantly up-to-date. I know I
wouldn’t rate very favorably the impractical descrip-
tive geometry course that I had in college. But I also
feel the same way about some other college courses,
and I trust that these other courses have been cur-
rently modernized to the same extent that our draw-
ing courses have.

Our first problem, then, is essentially a public re-
lations job; we have an indispensable and valuable
product; let’s not let it deteriorate by failure to keep
it up-to-date nor by failure to publicize it adequately.

The second problem is concerned with course con-
tent and objectives. Ours is an extremely broad field
and if we had additional time we could more ade-
guately cover its many interesting and challenging
facets. However, since our time is limited we must
select carefully those topics which provide the best
foundation for today’s engineer and scientist. We
must take into consideration other academic activi-
ties of the student while he is in college, and we must
help prepare him for his responsibilities in industry
where he may well be expected to aid in the creative
design of a new product or machine. This is no small
order and involves varied experience in both college
and industry. To create, to analyze the inter-related
functions of parts and mechanisms, the engineers
must have developed among other things an ability
to see or think in terms of three dimensions. For
simplicity let’s call it an ability to visualize. Above
all, then, our courses, and in particular descriptive
geometry, must be organized {o train the student to
visualize in three-dimensions. In addition he must
acquire a varied experience in blueprint reading and
he must be taught to execute orderly orthographic and
pictorial sketches.

In his college courses and in industry our student
will have frequent occasion to prepare science and
research reports which to be mosi effective may con-
tain a variety of visual preseniations in the form of
charts, graphs, curve plots, etc. These topics should
be included in our courses and if time and the back-
ground of the student permit, I would also add an in-
troduction to alignment diagrams, graphical develop-
ment of empirical equations and graphical calculus.

These latter topics may be grouped under the tifle
of graphics; those topics related to geometric con-
structions, orthographic projection and pictorials,
may be classified as technical drawing. To the
graphics area I would devote 25% of the time allotted
to our introductory course in engineering drawing,
and the balance in the area of technical drawing.

If time alone prevents us from broadening the
scope of our intreductory course, may I suggest that
perhaps we may be devoting too much of our valuable
time to essentially technique exercises such as:

1. Lettering,

2. Dimensioning techniques, and

3. Representation aspects of screw threads and
fasteners.

Our third problem as I see it is the fact that labo-
ratory courses are expensive and if possible should
be reorganized on a more economical basis. Ido not
feel that the number of students enrolied in a labora-
tory section should be increased, but I do believe that
three contact hours a week in a supervised laboratory
is adequate, The balance of the time allotted to our
courses should take the form of outside assignments
and a one-hour a week lecture to which as many as
120 studeénts might be enrolled. Such a practice could
well reduce the cost of our courses by 40%.

A fourth problem confronting engineering drawing
departments is whether or not to combine introduc-
fory engineering drawing and descriptive geometry
into a single course running for a full year or to re-
tain the identity of each of these courses. The cur-
rent proponents of combining these courses call it
integration but from the efforts in this regard that I
have seen so far, I would call it a somewhat hetero-
geneous mixture, not a homogeneous integration.
However, I do not think that this problem is a serious
one, for I feel that we can do a good job under either
organization.

1 trust that I have raised some controversial issues
that will provoke discussion, and since I am sure I
don’t know all the answers I would be delighted to get
the reactions of others. .

BARBER-COLMAN COMPANY NOMOGRAPHY PRIZE

Competition for the $100 nomography prize announced in the February, 1957 issue closed January 1,
1958, The Nomography Committee, under the chairmanship of Professor A.S. Levens, will announce the
winner at the Annual Meeting in June at Berkeley, Callfornia.

The prize money was donated by the Barber-Colman Company, Rockford, Illinois.
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Objective Evaluation of Drawings

By George K. Stegman

Davenport High School, Davenport, Iowa

In almost all phases of education, particularly indus-
trial education, instructors find they have a tendency
to grade subjectively rather than on an objective basis.
When a student realizes his drawing or project has
been graded on an equitable and reliable balance he
will have a greater incentive for doing his work.

Many times engineering, mechanical or machine
drawing courses have slipped into a repetitive “do
nothing” course, when the interesting problem-solving
aspect of true engineering problems has been left be-
hind. If this is the case, interest would certainly be
lacking and if the evaluation of such drawings is left
to apure subjective basis, the entire purpose of the
course is'lost. Regardless of the category of the draft-
ing course, objective evaluation of a drawing must take
place in order to be entirely fair to all students.

A degree of variation in grading is probable regard-
less of the method used. But this vartation will be
greatly magnified if purely subjective means are ad-
ministered. In the field of drafting the final grade is
usually evolved by a combination of the written page
(tests, daily work, notebooks, reviews, etc.), the ac-
tual drawing, and possibly the rating of manipulative
skillg.

By utilizing an objective basis for assigning an eval-
uation to a drawing, the instructor will not be put on
the defensive in justifying any grade. Variance in
drafting grades could also be due to the hasty assign-
ment of grades at the last moment when time for a
complete evaluation is not available.

Various methods of grading drawings which exist in
secondary and higher education are listed below:

1. Comparison With Adjustment
Drawings are first checked over and the various
errors are noted. Following this the drawings
are sorted into groups, each representing draw-
ings of approximate equality. All drawings in
one group are carefully compared and moved
from one group to another.

2. Comparison Without Adjustment
Errors are noted on each drawing and in turn
compared with the best drawing of each repre-
gentative group. The grade is then assigned
without further adjustment.

3. Comparison With Check List
Errors are noted by the use of a check list
printed or stamped on the drawing margin. Then
the drawings are sorted into various groups and
adjusted as necessary in order to obtain approx-
imate equality.

4. “On The Spot.”
‘Evaluation is reduced to a routine check by vet-
eran instructors who have certain standards set
in their minds.

5. Check List. :
A check list is compiled for eachdrawing and the

grade is determined by the number of errors
which exist.’

In the previous evaluation methods listed, grading
hinged mainly on subjective standards. When subjec-
tive standards are relied upon, grades will tend to
vary from time to time. Various factors influence the
evaluation of the drawing, either consciously or un-
consciously, such as attitude, behavior, work habits,
pergonality, etc. A rating scale may be used to elim-
inate these various factors to a degree and to base a

grade

upon a fairly concrete basis. :

Grading drawings by the use of a rating scale is
utilized by some instructors. The rating scale is
usually divided into various sections, i.e.: neatness,
lettering, lines, etc. Each section of the drawing is
taken into account and a value is assigned to each. A
rating scale may be constructed as a check list or a
series of statements. Each point on the check list or

rating scale is enumerated by a series of statements

and is rated separately, for example:
Line intersections

1
2

. No air space
. ho overlapping

3. uniform weight
Center lines

1.
. correct application of alphabet of lines
. uniform weight

t_::»cnrhwm

correct proportion of component parts

extend 1/4" beyond the view or circular part
short dashes crossing at center in eircular view |
short dashes in open places

To seolve the problem of variation in grading a rat-
ing scale should be used. The author of this article
has devised the following rating scale for drawings.

(Note:

this scale is used to measure technique only.)

Figure 1 shows the Technique Rating Scale which is
affixed on each plate by means of a rubber stamp.

TECHNIQUE RATING SCALE

A. NEATNESS Weight W.R. 5,

Untidy 1 3@)7  Presentable 05,418
B, ACCURACY

Exact 721 In Error 1.0.8..
G. VIEWS

Incorrect 1 8 5@ Correct 1.0....1.'...
D. LINES

Incorrect 13 5@) Correct 102,
E. LETTERING -

Poor 135@ Excellent 140.§
F. DIMENSION,; 7

Correct —(7Y5 8 1 Incomplete — 10,4

Complete Incorrect o+ 37

(Gradef' = &

F1g 1. Rating Scale for Technique as it
appears stamped on a drawing
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CRITERIA FOR RATING SCALE

A. Neatness

Corrections not obvious

Omisgsion of ink spots

. Fingerprints not obvious

Erasures, scrubbing, not prominent
Omission of graphite smudges

. Smudges from instruments, etc. not visible
. Torn corners or.undue tears not present

1 W s e D=

B. Accuracy + or — 1/32"
1. Drawing corresponds to dimensions
2. Dimensions correspond to drawing
3. Exactness according to specifications

C. Views
1. Correct position of views
2. All necessary views shown
3., Appropriate scale
4. View selected is the least effort to read
5, Details together )
6. Correct choice of views

D. Lines ‘

1. Center lines project 1/8" beyond shape, thus
indicating symmetry :

2. Point of tangency equal to width of single line

3. Width of component parts of hidden line uniform
in length; space between them equal to 1/4 length
of a dash

4. Hidden line started with a dash except when a
continuation of an object line '

5. Constant weight maintained

6. Correct application of alphabet of lines
7. Lines meet at corners; no overlapping or air space

E. Lettering

. QGuide lines not prominent

. Proper space

Proportioned on the hasis of width to height
Correct spacing of characters

Correct spacing of words

Balance in title block

Uniform weight

Uniform slope or verticalness

Height of fractions 2/3 of whole numbers

[I=T R B B BN S
P

Dimensions
1. Parallel dimenaions spaced uniformly
2, Figures midway between arrowheads
3. Arrowheads 1/3 as wide as long
4, Fraction line parallel to guide lines and same
weight as dimension line
5. Extension line 1/16" from object line and extended
1/8" beyond last dimension line
6. Figures uniform in directional system
7. Notes lettered horizontally to read from botfom of
- drawing
8. All necessary. information given in notes: material,
finigh construction method
9. Finish marks placed on air side of object Line
10. Dimension lines not crosging if avoidable
11. Dimensions not duplicated
12. Dimensions placed at bottom and rlght side of
drawing

Fig. 2. Criteria to be Used with the Technique Rating Scale

The drawing is then compared with each section of the
Technique Rating Scale Criteria. (Fig. 2). After con-
sidering all of the criteria under each section a de-
cision is made concerning where that particular phase
of the drawing falls on the continuum of the rating
gcale. Only the numbers 1, 3, b and 7 are used, te
eliminate the comparison to an actual letter grade A,
B, C, D and F. The position of the continuum (raw
score) is circled and multiplied by the weight of each
section. These weighted raw scores (W.R.S5.) are
added and divided by 6 (number of sections}. To elim-
inate the additional calculation at the end of the quar-
ter or grading period, the decimal values may be
eliminated by the following procedure. If the decimal

falls between .1 and .5, drop the decimal gquantity and
add a plus sign. Example: 4.5 = 4+. Also if the deci-
mal value ranges between .6 and .9, drop the decimal
quantity, take the next whole number higher and add a
minus sign. Example: 6.7 = T—.

The rating scale has been used with great success
in the author’s classes for the past two years. The
student evaluates his own drawing by the use of the
criteria and rating scale. Following his evaluation
the drawing is brought to the instructor for his eval-
uation. At this time the drawing is checked over and
all criticisms are made and the grade is either left
as is or revised by the instructor.

Theodore Dolan, of the staff of the Illinois In-
stitute of Technology, Chicago, has been recently
appointed to membership on the Drawing Division’s
Bibliography Committee. The committee, under
the chairmanship of professor S.E. Shapiro, com-
piles a yearly report which it has become the cus-
tom to publish in the JOURNAL,

Col. L.E. Schick, of the United States Military
Academy, West Point, N.Y., has agreed to serve

COMMITTEE APPOINTMENTS

on the Drawing Division’s Policy Committee. The
full committee now consists of Professors T.T.
Aakhus, Justus Rising, R.8. Paffenbarger, and Dean
J.J. Gerardi. Dean Gerardi is the chairman of the
committee.

Members of the Policy Committee will eagerly
welcome any ideas that you might have to advance
the interests of the Division.
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Graphical Analogues of Mathematical Processes*

By Joln F. Twigg

Univérsity of Florida

Over the past several hundred years the field of
analytic geometry has been expanded and consoclidated
into a well-rounded and unified theory. Unfortunately,
its counterpart, geometric analysis or graphics, has
not undergone a similar development. At the present
time we are attempting to explore the possibilities of
graphics and lay a foundation for a unified theory in
this field. The complexity of problems arising. today
in science and engineering has given an impetus to
the study and development of numerical and graphical
methods of solution. Unfortunately, the development
of the graphical methods is far from complete.
ground work has been laid and some isolated pieces
investigated, however, a great deal still remains to
be accomplished.

A comparison of the two fields of analytic geome-
try and graphics should be made here in order to
point out the different view points involved. Analytic
geometry is basically a method of converting the
world of space into the number system or, if you
wish, inte algebraic symbolism. The space coordi-
nates may, of course, represent some other unit than
distance—time for example, but the resulting analysis
is a space analysis. Graphics on the other hand em-
ploys the line as a symbol. It may or may not be re-
lated to space concepts, but it is in no sense tied to a
rigid space dictated coordinate system, Thus in ana-
lytic geometry the product of two numbers is an area
whereas in graphics the product of two line segments
is another line segment.

Graphical analysis is not a method of proof, but a
method of attack. We are mainly interested in solving,
by graphical means, problems of a practical nature.
To accomplish the solutions of these problems we
make use of the principles of geometry, using points,
lines, etc. to represent the given data. In the solu-
tions, however, we do not restrict ourselves to the
so-called “allowable tools” of Euclidean geometry,
Basically Euclid was interested in the logical validity
of operations of space geometry. His constructions
were bound by the necessity for logical proof. A
marked straightedge or a faired curve involved an
inherent and, to Euclid, inelegant inaccuracy that
completely destroyed their logical validity.

Graphics, on the other hand, is a line symbolism
of the continuous. The continuous can never be com-
pletely accurate in the number system, which is dis-
continuous by its nature. Only counting problems have
complete accuracy. All data obtained by graphical
methods is inherently not suscepiible of complete ac-
curacy and hence graphics employs freely any graphi-
cal method so long as it yields results within the de-
sired accuracy. As the results of experimentation

*Pregented at the Drawing Division Summer School,
Iowa State College, Ames, Jowa, June 1957.

are almost always observed and measured by graphi-
cal means, that is, scales, gages, etc. the only neces-
sary criteria are that the graphical processes pro-
perly symbolize the natural phenomena involved and
that the resulting accuracy is numerically within ac-
ceptable limits dictated by the problem involved. In
general this will be true when the graphical accuracy
is well within the accuracy of the incoming data.

It is interesting to note here that one of the inherent
weaknesgses of a graphical problem is the inability to
communicate the solution without reference to a num-
ber system. Between the symbolism of analysis and
the spoken language there is a one-to-one corre-
spondence. For example, the spoken word five and
the symbol “5.” Unfortunately there is no oral
counterpart for a line segment. Although we may
choose any arbitrary line segment as a unit for a
problem, the comparisons of lengths must be made
through the use of the scale, and the continuous nature
of the line converted to the discontinuous number sys-
tem before it can be talked about. Hence the marked
straightedge or scale is the bridge between the mute
graphic solution and its analytic counterpart.

There are two basic types of problems which arise
in which the graphical analogues of mathematical
processes are useful. The difference in these prob-
lems lies only in the method of presentation and not
in the graphical method of sojution.

The first type, and the one which arises less fre-
quently, consists of those problems stated in analytic
terms. It may happen, that after the problem has
been so stated, the actual carrying through of the
analytic processes necessary for the solution are
highly complex or impossible. As an example. we
may point to certain simple functions such as

2
f ™ dx in which the solution cannot be written down

in terms of a finite number of elementary functions.

The second type of problem, and the one more often
encountered by the graphicist is the one in which the
basic data is given in empirical form, obtained from
a series of observations. The information may be
presented in tabular form or possibly as a graph or
curve drawn by some mechanical device. Examples
arise continually from laboratory experimentation in
practically every field.

This second class may be hroken down into two
categories: one to find, if possible, an analytic ex-~
pression which will best represent the relationship,
and second to perform graphical analogues of mathe-
matical operations on the given information directly
without regard to its analytic form.

In order to develop the theory of graphical analysis
to the point where it is to be useful as a tool in solving
problems, it is necessary to consider some graphical



JOURNAL OF ENGINEERING DRAWING 25

analogues of basic mathematical processes. Then by
themselves, these constructions may seem trivial;
however, please keep in mind that we are attempting
to lay a solid foundation in order to develop a useful
and coherent theory.

It is not my intention at this time to expand in de-
tail on the myriad of graphical devices and the vari-
ous ramifications which are possible. Instead, I
should like to survey the various phases of mathe-
matics and discuss in general with a few examples
the graphical analogues of the analytic processes in-
volved.

The operations of graphic arithmetic are elemen-
tary; however, as in any mathematics, they are basic
in our graphic analogues.

For addition we merely add line segments thus:

N
|

!L o+tb

Fig. 1

Note that a unit must be decided upon before values
“a” and “b” can actually be drawn, The unit is, of
course, an arbitrary length and may have any name
we choose to give it. The inverse operation, or sub-
traction, is naturally just the reverse of this proce-
dure. The processes of multiplication and division
are carried out by the use of similar triangles. The
simplest form is shown in Fig. 2.

ey

ob

Fig. 2

Ii is interesting again to note here that we are not
interpreting the product of two line segments as an
area, according to Euclidean thought, but as a third
line segment. An outcome of this simple device al-
lows us to multiply two continuous, single valued
functions together to obtain a product function. For
example, given f(x} and g{x), Fig. 3, choose a line R
passing through the origin and making a convenient
angle © with the y-axis, Choose any convenient point
P on line R. Consider the ordinate at x,. This ordi-

nate will cut the two curves at A and B respectively.
Project point A horizontally to point A" on line R and
point B horizontally to point B' on the y-axis, Draw

line PB' and parallel it from-A' cutting the y-axis

tixtgix)

qbd

flx)

[ = | I

Fig. 3

at C'. Project C* back to the ordinate to point C. The
ordinate to C will the represent the product of the
ordinates A and B. The proof is obvious is we con-
sider the similar figures DA'C'Q and EPB'O. By a
repetition of this process, using several ordinates,

a sufficient number of points “C” may be established
to draw the product function. The ordinate scale for
the product curve may be obtained by multiplying the
calibrations or the y scale by the ordinate of point P.
The process of division may be carried out in a simi-

lar manner.

Notice that no mention has been made as to the
analytic expressions for the given functions. This
operation may be carried out and a product curve
obtained even though the analytic forms of the given
functions are unknown.

The questions may arise here as to the nature of
the solution when one or both of the given functions
are multi-valued. This problem remains to be in-
vestigated. It may be that the problem itself is mean-
ingless.

Graphical analogues in the field of algebra are as
disversified as the processes of algebra itsell. 1 am
sure you are all familiar with the process of solving
algebraic equations by the use of nomograms and
network charts. The use of a nomogram is particu-
larly advantageous when the equation which it repre-
sents must be solved many times for various values
of the variable. Examples of this graphic device.
appear constantly in engineering periodicals.

Simultaneous linear equations of two or three vari-
ables may be solvedreadily by a direct cartesian plot,
a space analogue; however, the parallel scale method,
due to its nature, may be employed to solve simul-
taneous equations involving any number of variables.

The process of determining real intersections by
direct plot is well known to any high school student
of algebra. Little has been said, however, concerning
the determination of complex intersections. Under
certain conditions, it is possible to show these com-
plex intersections on the graph. For example, we
might consider the problem of détermining the com-
plex intersection of a line and a circle (Fig. 4.)

I should like to point out, without proof, that the
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Fig. 4

complex points of intersection may be readily deter-
mined. Draw from the center of the circle a line
perpendicular to the given line. The coordinates of
the point of intersection, P, are the real parts of the
complex points. Draw a tangent to the circle Irom
point P and lay off its length on a line parallel to the
given line through the origin. The coordinates of the
points Q and R thus determined are the imaginary co-
efficients of the complex points. The determination
of the complex intersection of the circle with the
x-axis, and hence its roots, follows immediately. A
similar treatment will yield the complex roots of a
cubic equation (Fig. 5). -

¥

[ ———

Fig. b

If a tangent T to the curve is drawn from the real
root at x; intersecting the curve at point P, then its

X coordinate x, is the real part of the complex root.
The tangent of the angle ©, the angle which the tan-

gent line T makes with the x-axis, is the coefficient
of the imaginary part of the complex root. These
constructions are based on two separate plots {super-
imposed in the examples), one for the real parts of
the functions, and a separate plot for the imaginary
parts. (Fig. 6)

Fig. 6

~ Although I have not carried this theory to its con-

clusion, I suspect that many curves will yield their
complex roots to this treatment,

Some of the most interesting examples of graphical
analogues come in the field of the calculus. I should
like to recall to mind that one of the powers of this
method lies in the field of empirical curves, and that
they play the role of a2 supplement to the analytic
methods, not as a replacement. Not only is it possible
to determine areas of irregular curves, but we can
also find moments of area, moments of inertia, vol-
umes of revolution, surface areas, etc. An example
of the determination of surface areas arose recently
in connection with the surface area of a projectile.

A concern had the job of coating large quantities of
shells to prevent corrosion. In order to determine
the strength of the solutions and immersion times, it
was necessary for them to know the surface area of
each piece. They had no analytic information.on the
various surfaces involved, only a sample piece. To
determine the area a profile was drawn (Fig. 7) on a
coordinate system.

¥

Fig. 7

The curve was divided into a number of short arcs
and the arc lengths plotted against the y coordinate.
In this fashion a plot of y against s was made and then
integrated graphically. To include the area of the cir-
cular end, the (y,s) curve is begun by laying off the
radius r as shown, making a right triangle with legs
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equal to r. When integrated, the area is of the tri-

il

2

tain the surface area. Note that this will include the
2

X r 2
circular end as 5 27 =71

ting the (y,s) curve is shown exaggerated in Fig. 8.

angle is . The answer was multiplied by 2r to ob-

The process of plot-
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Fig. 8

Virious methods for the graphical solutions of dif-
ferential equations are a natural outcome of the gra-
phical caleulus. Although certain graphical devices
are available for the solutions of differential equa-
tions, they apply for the most part to specific types.
At the present we do not have a generalized method
for dealing with the many differential equation prob-
lems which arise.

The linear first order equation of the form y' =1(x)
may of course be solved immediately by integration.
An interesting example of plotting arises in the solu-
tion of separable equations of the form y' = f(x,y).

Condider for example the simple equation % = 3XY.

When separated, we have —;iTY = ixdx. By introducing

2
a parameter, z, such that z =% and z = y, we may

plot two separate graphs (x,z) and (y,2) (shown super-
imposed in Fig. 9). Each curve may then be integrated
separately yielding J’:zl—xdx and j%dy as shown. The
equation states that J-%dy = f%xdx. To obtain the

solution, we enter the graph with a value of x, say X..

This yields point A, the value of j%xdx. By proceed-
ing horizontally to point B, we obtain the equal ordi-
nate on the curve j %dy. This gives in turn the ab-
scissa y,. To obtain a solution point, we have only to
plot (xi ¥;). This may be done by establishing a line

I at 45° through the origin. The point B may then be
reflected through point C to point P on the x; ordinate.

A series of such ordinates will yield sufficient points

¥ I
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Fig. 9

P to draw the solution curve.

We realize, of course, that no one would attempt to
solve the example problem in this manner; however,
as in simple integration, examples can be shown where
the process can be useful. The example also shows
the value of a multiple plot, using the same coordi-
nate system for demonstrating the interrelation of
several graphs. _

Up to now we have been considering problems deal-
ing with graphical solutions in which their analytic
representation is known. Considerable work has been
done in the fieid of graphics involving the determina-
tion of the best-fitting analytic expression for a given
set of empirical data.. Much of this work is accom-
plished by the use of special plotting papers such as
full log, semti log, and polar coordinate paper. In this
type problem an attempt is made to find some plot
which will rectify the curve representing the data. If
this can be accomplished, it is usually possible to
determine the nature of the functional relationship
which exists between the variables and also the vari-
ous constants involved. We know, for instance, that a

power function y = ax" will rectify on full log paper

and that the exponential y = ae™ will rectify on semi-
logarithmic paper. Quadratic functions of the form

y=a+ ¢’ and hyperbolic functions of the form y =
X
a + bx + ¢ may be rectified on cartesian paper and the
y-y X-X
constants determined by plotting (x, —k) and (x, :
XXy V=¥

in which x; and y, are the coordinates of one good

experimental point. These are only a few examples
of the various special plots which yield information
as to the nature of empirical data, Statistical methods
such as the method of least squares and the method of
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finite differences when coupled with the graphic plots If we consider that these modern marvels of comput-
are also very valuable 1n determining functional re- ing are not available at a minute’s notice to a large
lationships. . percentage of our research engineers and scientists

'~ No discussion of graphical methods would be com- and that the time consumed in programming data and
plete without some mention of the contributions of interpreting the results from these machines is often
projective geometry. The invariance of cross ratio as greet as that needed for a drafting board solution,
under central projection gives us a useful tool in it will be clear that a complete and unified theory of
problems involving coric lofting and photogrammaetry, graphical analysis could be an extremely useful tool

- as well as problems of projective transformatlons of in research and development. As you can see, we are
coordinate systems. still in the beginning stages of the development of this

In this modern electronic age of whirlwind compu- theory. It may be that what we propose to do is not

ters and numerical and graphical analysers, it may practical. I feel, however, that the posgsiblilites are
seem rather out of date to consider the drawing board great enough in this field to be worth further investi-
methods of graphical analysis. Such is not the case. gation.

Concerning Ellipses

By D. Mazkewitsch

University of Cincinnati

In the February, 1957 issue, p. 37, of this JOUR- Since the tangents are parallel:
NAL, Prof. Martin J. Orbeck puts the question: Will
the envelope of circles whose centers 11e on a given 2 3
ellipse be another ellipse ? b x4 _ (b +R)" x2 _
This curve, which is identical with the curve ob- e T R T
tained when in each point of the given ellipse a nor- a"y2 (@a+R)7 7y
mal is drawn, and from the point of the ellipse the
radius of the circle is laid off, is a curve of eighth
degree. (See: G. Salmon, “A Treatise on Conic Sec- . _a’my, d {a+R)¥mya
tions,” 5th Ed., p. 325; “A Treatise on the Higher T and Xz = "
Plane Curves,” 2nd Ed., p. 68). (b + R)
Th ivation of the f i - :
bersc?n?éerwa ton € formula is lengthy and cum Substitution of these values in I and I¥ respectively
. Here is a simple proof that the distance between glves: ‘
the points of tangency of two parallel tangents to two
concentric ellipses with the difference of the major b2 b+ R)Z
and minor semiaxes equal to a given value R cannot Vit —————r"; Yas + (0 + R) —
be equal to R. : _ (b"'+32m2)/2 "((b+R)2+(a+R)2m2)'/2,
Let the equations of the two ellipses be respec-
tively
and
x° .Yz ' a®m (a + R)?
I‘ -z+;_2=1a.nd _ X1 — __21/; Xz = + + m _.
a (b® +a*m?" (b +R)?+ (@ + R)Zm?3)%
2 2
I X +— =1, ' Hence:
fa+R)*® (b+R)?
. — 2
Pi1P,% = (b + B)* - b?
- 1
The tangents in P, of Tand P2 of 0 are: ((b+R)?+(a+ R)zmz)/z (b? + azmz)/L
xx1 Yy ' z 2 bR
i 1 .
— +-——=1and + {a + R)'m 1/— 231:121/
~a? bp? (b+R*+@+R*m3H2  (b®+a’°m*"
XXz ¥V ,
‘ . >t =1. ' : This expression becomes R™ only when a = b, and,
(a+R}* (b+R)? o . of course, for m = 0 and co.




alties to teach the scries of courses outlined above.
While a few students from these countries can attend
school in foreign countries, those few represeit only
a drop in the bucket compared to the thousands of
engineers peeded for the job of road building that
is ahead.

The opinion is general that a very first cssential
for any country planning to do a good job of road
building is the establishing of an adequate engineer-
ing college. In the United States of America many
of the state highway departments have their materials
testing and research laboratories located on university
campuses. 1his arrangement is excellent both for the
students who have an opportunity to use the testing
equipment and for the highway administrative de-
partment which can utilize university staff and stu-
dents for performing tests o road building materials.

The International Road Federation has been doing
. wonderful job in highway engineering education
for the past several years by selecung cach year a few
young men of exceptional promise from several coun-
tries and sending them to 2 university in the United
States for post-graduate schooling in highway engi-
neering. 1 have had the pleasure of having many of

_these young men at The Ohio State University and
have thoroughly enjoyed working with them.

At least three of my tormer LRE. fellowship sta-
dents have, while with me completely outlined the
equipment and staff needed for a highway materials
faboratory and then have proceeded to establish such
laboratories in their home countries. In these lab-
oratories our formes students serve as InStruCiors
for laboratory technicians who may become future
engineers.

Training of Technicians

Tt must be kept in mind that for each enginecr
in highway work we need several technicians. Much
of the work of detailing of drawings for large projects,
surveying, performing routine tests-of materials, etc.,
can be done quite satisfactorily by a technician who
fas pot had a full course of schooling as an engineer.
To properly supervise and woordinate the work of
technicians, however, requires competent enginecring
ahility.

Generally, 1n engineering colleges, only 20 to 30
per cent of the students entering as freshmen event-
ually complete their courses and graduate. Many
young men who have had this training in drawing
surveying, and some mathematics can become quite
proficient rechnicians. Technical courses cah also be

FEBRUARY, 1956

set up for training capable men or women who have
aot had the opportunity to attend college.

In-Service Training for Practicing
Highway Engineers

Obviously, no young engineering graduate from
a college will at once be assigned to administrative
responsibility for all five of the general phases of
highway planning, design, construction, maintenance,
and operatios. Rather, the young engineer will usu-
ally be assigned to one job in one area. 1f his training
and experience are 1o develop his abilities, he must
have an opportunity o acquire experience in several
Jreas. The highway maintenance engineer has a good
ppportunity to observe the mistakes made in con-
struction. The construction engineer Sees many mis-
takes which were made in design, and the design
engineer discovers €rrors in planning. For the devel-
opraent of ultimate administrative ability, the young
engineer should have an opportunity to work in all
phases of highway engineering.

Young enginecrs should be encouraged to yisit
active highway projects which are well organized
and well managed; such visits are quite yaluable in
this training.

Highway Engineering Conferences

With the rapid development of mechanized equip-
ment and with much research in materials during the
past few decades, highway construction and main-
tenance methods have been drastically changed. As
long as our work is based on free enterprise and
competitive bidding, we can expect continued ad-
vancement in road building methods, materials, and
machinery. Every year We¢ have new and better
methods tried out comewhere in highway construc-
tion. While magazines and technical journals do 2
good job of reporting these developments, they can
not replace conversation as medium for exchange
of ideas.

In the United States, many Jeading universities
(where highway engineering is taught) hold annual
conferences sponsored jointly by the state university
and the local state department of highways. These
conferences are planned as a medium for the integra-
fion of all highway interest within the state. The
programs are arranged t0 afford an opportunity for
highway engineers and administrators, contractors,
srudents and faculty; (materials and equipment med,
and all persons nterested in the State’s roads to get

1



better acquainted and to exchange ideas on methods,
machinery, and magerials of road building,
The programs for these conferences are generally

ures. Papers presented at these conferences are usu-
ally published afrer the meeting and sent to all engi-
feers who have artended the meeting. Rereading of
these papers i quite helpful to engineers in solving
their own problems.

Highway conferences tend to help the practicing
engineer to keep up to date in technjca] developments,
They help the uitiversity teaching by keeping the
instructors aware of developments, They give stu-
dents contacts with professional engineers and cop-
tractors and eicourage these students 1o enter the
field of highway engineering,

Graphic Calculators

By Crvor H, Keanns
Assistant Professor of Engineerin & Drawing

than the standard slide rule, Op occasion better acey-
racy may be achieved, since scales can be designed
to cover only desired ranges of value, Because answers

able by manufacturers to ajd i product selection and
equipment design, The special slide rule of Fig. 1,
prepared by the Associated Spring Corporation for
designing coil springs, is an example of such devices,

There are many cases in industry where the proc-
ess of manufacture, test, or rescarch involyeg recurring
computations that are time-consuming and monote-
nous. ‘The engineer with 4 problem of this type, for
which a calculator is not already available, may wish
o prepare or have prepared one of his own. This

charts; and shows typical illustrations thereof.

Slide Charts

Design Principles
Slide chiarts resembie the standard slide rule in the

to solve- specific equations. A description of these
charts should. begin with an explanation of the prop-
erties of sliding scales,

12

Two paralle] straight scales, arranged so that ope may
slide along the other, provide for the addition of two
scale distances, The total may be recorded on a third
scale, Thus, a stock with two fixed scales and 2 slide
with one scale and ap index arrow make possible, at 4 in
Fig. 2, the addition of scale distances, g and &, to obtain
scale distance, ¢, L, as at B, the arrow is replaced by a
fourth scale, the sum of the distances, 4 and 4, may be
equated to the sum of the distances, ¢ and 4. A second
slide, with one or two additional scales, makes the
manipulation of five of six scale distances possible, A
runner or indicator jg occasionally employed to read cor.
responding values on separated scales, It may also mark

w

equation, 2y 4 g o 4y 5 at A. "The equation, whp =
2

when placed in logarithmic form, becomes o log u +

w
log & — log — and is represented by logarithmje scales

at B. Numerica] values satisfying the equation are gh-
tained in each case by adjusting the slide to set the arrow
at a # value and reading a w valye opposite a value of g,
The scales of each chart are constructeq with the same
modulus or scale factor, and seale origins and arrow are
aligned on the stock and slide,

An equation of the form, f(u) - ¢ (#) = f(w) -+
f(#), each term of which is a function of a single variable,
may be solved with 5 slide chart of the type shown in
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Fig. 4. Uniform scales make up the chart at .4 and log-
arithmic scales the chart ar B, Numerical values satis-
fying the equation are obtained in each cage by sctting
an £ value opposite a value of % and reading a w value
opposite a value of #. The scales of each chart have the
same modulus, and scale origins are aligned on the stock
and slide. Comparison of the charts and equations of
Figs. 3 and 4 shows that the arrow in Fig. 3 may he
considered a scale having bur a single graduation.

The order of scales is not necessarily that shown in
Fig. 3 or Fig. 4. Scale sequence may be altered without
affecting the validity of the caleulartor. Adjacent scales
may be inverted, that is, interchanged and reversed, This
includes inversion of the slide, Alternate scales may bé
interchanged without reversal, Thus, the slide chart for
the equation, 24 + v =w — 5 shown at 4 in Fig. 5,
may be considered to have been obtained from that at 4
in Fig. 3 by first interchanging the s scale and arrow
and then inverting the slide, Numerical values satisfying
the equation are now obtained by setting # and » values
opposite and reading a value of s opposite the arrow,

Scale origins and arrow need not be aligned on a
slide chart since a shift in the horizontal position of
one scale may be compensated for by a similar shift
in the position of another scale or the arrow. In the
construction of the chart at B in Fig. 5 the three scales
are located horizontally in convenient manner and
the position of the arrow determined by a trial solu-
tion. All scales have the same modulus, the # scale
having been lengthened relative to the other two to
furnish a complete range of values,
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Fig. 6.—Tolhurst “Centrifugal Force Calculator,™ Courtesy Graphic Calenlator Co,

Typical Applications

Design principles having been discussed, it is de
sirable o examine some typical applications, The
“Centrifugal Force Calculator” of Fig. 6, distributed

g T

Fig. 7.—Sylvania “Incandescent Lamp Rule.”* Courtesy
Perrygraf Corp,

by the Tolhurst Centrifugals Division of American
Machine and Metals, Inc, is an example of the three-
scale logarithmic slide chare. Centrifugal force in
pounds per pound of load is indicared by the arrow
when basket speed in revolutions per minute is set
upposite basket diameter in inches.

Sylvania Electric Products, Tnc., uses the “Incan.
descent Lamp Rule” of Fig. 7 to provide values of
four lamp characteristics: wattage, relative electricity
cost, light output, and life, cach as a percentage of
rated value. These four are indicated on appropriate
scales when socket voltage is opposite lamp voltage,
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Fig. 8.—Stewart-Warner “Heat Loss Estimator.”

14

Courtesy Graphic Caleulator Co.
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Fig. 8 shows the Stewart-Warner “Heat Loss Esti-
mator,” a chart making use of two slides. In solving
a problem with the calculator, the upper slide is first
adjusted to set room width in feet under room length
in feet, The lower slide is then shifted to set design
outside temperature in degrees Fahrenheit under
room height in feet. Heat loss in British thermal units
per hour is read on the bottom scale opposite a build-
ing factor which is a function of the type of structure
and wall comstruction. Leader pipe diameter and
area, in inches and square inches, respectively, are also
indicated on the stock.

Fig. 9

2utv=w-5
Fig, 9.—Disc chart.

Disc Charts

Disc charts differ from slide charts in physical
form but design principles are similar. A disc func-
tions to add distances on circular scales in the same
manner that a slide provides for the addition of lineal
scale distances. Comparison of the disc chart of Fig. g
with the slide chart at B in Fig. 5 bears out this fact.

The equation, 2z - v — w — s, is solved in Fig. g
by rotating the disc to set # and # values opposite one
another and reading a value of & indicated by the arrow.

All scales have the same diameter and therefore the
same modulus.

The “Coil Weight Calculator” of Fig. 1o for cold
rolled strip steel, distributed by the Rowe Machinery
and Manufacturing Company, is a double instrument
in that two separate steps are involved in its operation.
The disc is first adjusted to set inside and outside coil
diameters, both in inches, opposite one ancther at the
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Fig, 10,—Rowe “Coil Weight Calculator.”
Caurtesy Perrygraf Corp.

top and pounds per inch width read over the arrow.
The disc is then rotated to set this value under the
arrow at the bottom and total weight in pounds read
opposite strip width in inches.

‘The General Electric “Air Turbine Drive Calcu-
lator” of Fig. 11 illustrates a more complex chart form
using two discs. Eight separate scales, representing
values of nine variables, appear on this chart.

AIR TURBINE DRIVE
CALCULATOR

cenERAL @ FLECTRIC

SCHEMECTARY, K.Y,
AIR TURBINE GEHERATOR

T2 Ll _ kva PR
Ho=Eoy ["(‘%2{) - ]'1'1 0 HPye0™ 7267 oan

PRI ]

INSTRUCTIONS ON REVERSE SIDE

gt

Fig. 11.—General Electric “Air Turbine Drive Calculator.”
Courtesy Graphic Calculator Co.
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Commercial Manufacture

Graphic calculators, selectors, and demonstrators
of all types are manufactured commercially, Two
companies, the Graphic Calculator Company of Chi-
cago, Illinois, and the Perrygral Corporation of May-
wood, Illinois, and Los Angeles, California, each with
twenty vears experience in the field, supply the greater
part of the market. Many companies find graphic
devices valuable for introducing products, promoting
sales, and improving customer service. Although most
applications are of a technical nature and deal with
industrial products, they are also employed for deter-
mining such diverse items as proper packaging meth-
ods for fruits and vegetables, adequacy of daily diets,
correct rules of parliamentary procedure, size of home
loan payments, and the odds on poker hands. Pur-
chase in quantity is not a requirement and special
calculators, in small quantity, are prepared on many
occasions. Some are for plant engineering purposes,
where relatively high unit cost is more than offset by
the time saved through their use.

Calculators are made up to meet custamers’ indi-
vidual tastes and requirements by trained staffs of
designers, aided by others who do art work and lay-
out. Designs are printed by letterpress, silk screen or

photoengraving, in black and white or in color, on
flat sheets of Vinylite plastic or heavy paperboard.
The results are ingenious, attractive, and accurate.

In describing future prospects in the field, C. R.
Gulbransen, Jr, of the Graphic Calculator Company
states,

“At first thought of as only an interesting gadget, the
specially designed calculator has come of age in an era
where time is the most precious commodity known.
There is a great awakening of interest and an apprecia-
tion of what the caleulator can do in the industrial field.
The potential has not been reached and a tremendous
oppertunity exists to do worthwhile work in the medium.”

Summary

The engineer is often faced with the responsibility
for executing or supervising computational work in
connection  with research, design, or production.
Mindful of the need for reducing man hours spent in
such effort, he should be familiar with all methods
available to him for getting the work done. Com-
puting machines are not always available. Graphic
devices like the slide and disc charts, because of their
simplicity and convenience, may best serve the situa-
tion. Only the wellinformed engineer can expect to
make an intelligent choice of the best mcans for ac-
complishing the rask.

Sound Recording for Motion Pictures

By Cram R. Terremer®

From the first moment of a film idea, sound re-
cording comes in for its share of planning. The time
has long since passed when films can be made with
sound added as an afterthought, for the sound track
is an integral part of a good motion picture and, as
such, helps carry out the purpose of the film.

At the first production conference, recording de-
cisions must be made which affect the story, the
budget, and the technical aspects of the film. It has
to be decided, for example, whether or not the picture
will use synchronized scund. “Sync” scund is im-
perative where diaiogue, music, or sound effects must
be recorded at the same time they are fHlmed.

Dubbing, Prescoring, Postscoring

If it is decided to use sync sound, then special
plans have to be made to place microphones properly,

16

carneras have to be “blimped,” sets or rooms have to
be acoustically treated to improve the sound pickup,
camera angles and lighting must be planned so the
microphone or its shadow will not show, a constant
power source must be available, and some method of
interlocking the camera and sound recorder must be
worked out to assure synchronization.

Should it be decided not to record the sound at the
time of shooting the picture, then provisions have to
be made for “dubbing-in”* sound effects, music, aad

*1933-55 Graduate Assistant, Department of Photography,
The Ohio State University; presently Director, School Program
Department, Station KETC-TV, St. Louis, Ma.; his O.8.U. Ph.D.
dissertation 1s in preparatiof.

L Enclosing the camera in a soundproof case during operation
to prevent mechanical noise from being recorded on the sound
track,

2 Re-recording from tape, flm, or disc after the film is shot.

Most producers have a library of specially recorded material for
backgrounds,
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Slide and Disc Calculators*

By Clyde H. Kearns
Ohio State University

A specially designed graphic calculator may pro-
vide a more rapid solution to an engineering problem
than the standard slide rule. On occasion better accu-
racy may be achieved, since scales can be designed
to cover only desired ranges of value. Because an-
swers are obtained quickly and easily, errors occur
less frequently. A variety of graphic devices are made
available by manufacturers to aid in product selection

and equipmeént design. The special slide rule of Fig. 1,

prepared by the Associated Spring Corporation for
designing coil springs, is an example of such devices.

There are many cases in industry where the proc-
ess of manufacture, test, or research involves recur-
ring computations that are time-consuming and monot-
onous. The engineer with a problem of this type, for
which a calculator is not already available, may wish
to prepare or have prepared one of his own. This arti-
cle enumerates some of the principles involved in the
design of two calculator forms, slide and disc charts,
and shows typical illustrations thereof,

SLIDE CHARTS
Design Principles

Slide charts resemble the standard slide rule in the
manner in which scales are employed to sclve prob-
lems but differ in that they are designed and calibrated
to solve specific equations. A description of these
charts should begin with an explanation of the proper-
ties of sliding scales.

Two parallel straight scales arranged so that one
may slide along the other, provide for the addition of
two scale distances. The total may be recorded on a’
third scale. Thus, a stock with two fixed scales and a
slide with one scale and an index arrow make possible,
at A in Fig. 2, the addition of scale distances, a and b,
to obtain scale distance, c. If, as at B, the arrow is
replaced by a fourth scale, the sum of the distances,

a and b, may be equated to the sum of the distances,

¢ and d. A second slide, with one or two addifional
scales, makes the manipulation of five or six scale
distances possible. A runner or indicator is occasion-
ally employed to read corresponding values on sepa-
rated scales. It may alse mark an intermediate value
while the slide is readjusied or the chart is turned
over to make use of scales on the back side.

An equation of the form, f(u) + f(v) = f{w}, each term
of which is a function of a single variable, may be
solved with aslide chartof the type illustrated in Fig. 3.
Uniformly graduated functional scales represent the
linear equation, 2u + v =w — 5, at A, The equation,

*Reprinted by permission from NEWS IN ENGINEER-
ING, February 1956.

ulv = %,When placed in logarithmic form, becomes
2 log u+log v= Iong- and is represented by logarithmic

scales at B. Numerical values satisfying the equation
are obtained in each case by adjusting the glide to set
the arrow at a u value and reading a w value opposite

a value of v. The scales of each chart are constructed
with the same modulus or scale factor, and scale ori-
gins and arrow are aligned on the stock and slide.

An equation of the form, f(u) + f(v) = f(w) + f{x), each
term of which is a function of a single variable, may
be solved with a slide chart of the type shown in
Fig. 4. Uniform scales make up the chart at A and
logarithmic scales the chart at B. Numerical values
satisfying the equation are obtained in each case by
getting an x value opposite a value of u and reading a
w value opposite a value of v. The scales of each chart
have the same modulus, and scale origins are aligned
on the stock and slide. Comparison of the charts and
equations of Figs. 3 and 4 shows that the arrow in
Fig. 3 may be considered a scale having but a single
graduation.

The order of scales is not necessarily that shown in
Fig. 3 or Fig. 4. Scale sequence may be altered without
affecting the validity of the calculator. Adjacent scales
may be inverted, that is, interchanged and reversed.
This includes inversion of the slide. Alternate scales
may be interchanged without reversal. Thus, the slide
chart for the equation, 2u + v =w — b, shown at A in
Fig. 5, may be considered to have been obtained from
that at A in Fig. 3 by first interchanging the w scale
and arrow and then inverting the slide. Numerical
values satisfying the equation are now obtained by
setting u and v values opposite one another and read-
ing a value of w opposite the arrow.

Scale origins and arrow need not be aligned on a
slide chart since a shift in the horizontal position of
one scale may be compensated for by a similar shift
in the position of another scale or the arrow. In the
construction of the chart at B in Fig. 5 the three scales
are lacated horizontally in convenient manner and the
position of the arrow determined by a trial golution.
All scales have the same modulus, the w scale having
been lengthened relative to the other two te furnish a
complete range of values.

Typical Applications

Design principles having been discussed, it is de-
girable to examine some typical applicdtions. The
«Centrifugal Force Calculator” of Fig. 8, distributed
by the Tolhurst Centrifugals Division of American
Machine and Metals, Inc., is an example of the three-
scale logarithmic slide chart. Centrifugal force in
pounds per pound of load is indicated by the arrow
when basket speed in revolutions per minute is set
opposite basket diameter in inches.
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2logu+iogv=log¥Ws+4log x

Figs. 2, 3, 4, and 5.—8liding scales.

(Continued on page 41)
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THE MICRO-RULE

For the Draftsman, Engineer, Architect, Map-Maker and Navigator

A Modern Device for Accurate Lay-Out Work. Graduations Read to 1/1000 of an
Inch. Plainly Visible Without the Aid of a Glass.

MICRO-RULE, s its name implies, is a rule to meusure minute distance. Work-
ing on an entirely new principle, it provides a means to readily measure and lay out
distances to 1/1000 of an inch without eyestrain ond without the use of a glass.
The graduation lines on the scale end in “V" shaped notches and with the aid of a
pricker the distances are transferred to the paper, or other medium, as fine dots.

When measuring distances between lines, the lines are centered in the V"

notches and the distance is read off the scale in thousandths of an inch.

This action is so quick and positive it must be seen to be appreciated.

Catalogue on Request

Drawing Instruments—Linear and Circular Engraving—Stainfess Steel
Straightedges—Stainless Steel T-Squares—Stainless Steel Triangles—

Metal Protractors—Rolling Parallel Rules—Eleven Point Spacing Dividers

THEO. ALTENEDER & SONS
Instruments of Highest Quality Since 1850
1217 Spring Garden Street
Philadelphia 23, Pa.
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geomelry, o1 papbics covnrse
GRAPHIC SCIENCE

Engineering Drawing, Descriptive Geomefry, and Graphics

{y THOMAS E. FRENCH
and CHARLES J. VIERCK

Emphasizes the SCIENCE OF GRAPHICS...

Combines successfully, in one volume, the three core
subjects in drawing. Throughout, the foeus is on
drawing as a tool for the engineer. In emphasizing
the science of graphics the practical trade aspects, or
“art” of graphics are minimized. Subjects such as
Jigs and fixtures, gears and cams, architectural and
structural drawing, ete. are omitted. In their place is
a complete coverage of descriptive geometry . . .
Ready in Spring ... points, lines, planes, intersections, curved lines, and
curved and warped surfaces. In addition vector geom-
etry, graphical solutions, functional scales, nomog-
raphy, empirical equations and caleulug are covered.

The basic pattern of the book offers, first, a presenta-
tion of the fundamentals of projection and projection
drawing ; second, a coverage of descriptive geometry ;
and third, a discussion of graphical solutions. In line
with recent emphasis on “integration,” the three sec-
tions may be taught more or less concurrently.

Contains more pictorial explanatory material than any other text in the field.. ..

- Photographic illustrations are used extensively, for the
first time in an engineering drawing text, to help in ex-
plaining fundamentals, especially in deseriptive geometry.
Photographs, pictorial drawings, and orthographic draw-
ings are mixed in the presentation of theory and practice.

Includes several new, simplified, more complete solu-
tions or theorjes in descriptive geomefry and graphics.

Also available . .. WORKBOOK
TEXT-FILMS




NEW BOOKS

o MICGRAW-HILL

NEW. . . émn aid 1o
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INTRODUCTORY GRAPHICS

by

J. NORMAN ARNOLD

Purdue University

with the assistance of

MYRL H. 80OLDS

KENNETH E. BOTKIN

RICHARD C. CARPENTER

JAMES D. COLLINS

STEPHEN B. ELROD

J. HOWARD PORSGCH
Purdue Unlversity

ROBERT H. HAMMOND
The United States Military Academy

This new engineering drawing book is designed to help the beginning student
of engineering in the graphic presentation of objects, data, and physical
phenomena, as well as in the solution of space and graphical analogue
problerns. :

Part 1, on Graphical Equipment. and Its Use, covers lettering, inking, and
the use of drafting tools for useful geometrical constructions.

Part II, Graphical Representation, deals with multiview drawing and pic-
torial drawing, both with instruments and freehand. The conventional
practices of working drawings and other aspects of things to be made
or constructed are treated briefly. This part alse includes the repre-
sentation of equations, data, and physical principles in the form of
graphs, charts, schematic diagrams, and vectors. '

Part ITI, Solution of Problems, concerns intersections and developments of
surfaces, functional design, map projections, and kindred space prob-
lems. Chapters on graphical calculus and empirical equations are also

included. Also available;: STUDENT WORKBOOK

Special features include:
e Reorganization of generally well-known subject e Departure from standard format . . ._division of
matter, for easier learning, and more logical ar- material into Representation and Solution of Prob-

rangement.
e Over 700 illustrations.

lems broken down into Physical Objects and Date
and Phenowend. : '

Examples are presented in the same form as they
may be given to the student as a problem with ad-
jacent solution. '

SEND FOR COPIES o Tabular problems with one diagram and a dozen

SN APPROVAL set. of values for the lettered dimensions Qﬁer_a
' varied program of assigned problems similar in
difficulty and principle, but with different answers.

e TFor the first time in such a text . ..
... elementary treatment of Map Projections
... chapter on Functional Design
... chapter on Empirical Equations

McGRAW-HILL BOOK COMPARNY, INC.

330 WEST 42nd STREET NEW YORK 36, N.Y.



BRADDOCK LETTERING ANGLES

SYSTEMATIC
DIMENSIONING

UNIFORM
LETTERING

S'yle I..A"
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VERSATILE LETTERING TRIANGLES FOR
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DRAWING
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5".45
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6”-45 Brd.-Rowe

Leftering Device

LAYING OUT TITLE STRIP

8”-45 Style “B” Brd.-Rowe

Qur Braddock Lettering Angles are designed to give a quick and easy methed of making accurately

spaced guide lines for lettering drawings, etc. The simplicity of their application permits the subject

to be presented accurately and intelligently.

BRADDOCK INSTRUMENT COMPANY

PITTSBURGH 18, PA.




A HANDBOOK OF
PERSPECTIVE DRAWING
by the late JAMES C. MOREHEAD, formerly Professor of Graphics,

Camegie Institute of Technology; and JAMES C. MOREHEAD,
JR., Professor of Architecture, Rice Institute
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Books of all Publishers
ENGINEERING
HIGHER MATHEMATICS
& RELATED SUBJECTS

A most complete and comprehensive collection
of books in the field

- - Fon any book ever puélidlted !

USED OR NEW - CURRENT
OUT-OF-PRINT

Come © Uhite ¢ Phone

One of the world's largest bookstores

BARNES & NOBLE, Inc.- Publishers
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Fig. 6.—Tolhurst “Centrifugal Force Calculator.” Courtesy Graphic Calculator Co.

Sylvania Electric Products, Inc., uses the “Incan-
descent Lamp Rule” of Fig. T to provide values of four
lamp characteristics; wattage, relative electricity

and wall construction. Leader pipe diameter and area,
in inches and square inches, respectively, are also
indicated on the stock.

Fig. 7.—S8ylvania “Incandescent Lamp Rule.” Courtesy
Perrygraf Corp.

coat, light cutput, and life, each as a percentage of
rated value. These four are indicated on appropriate
scales when socket voltage is set at lamp voliage.
Fig. 8 shows the Stewart-Warner “Heat Loss Esti-
mator,” a chart making use of two slides. In solving
a probtlem with the calculator, the upper slide is first
adjusted to set room width in feet under room length
in feet. The lower slide is then shifted to set design
outside temperature in degrees Fahrenheit under room
height in feet. Heat loss in British thermal units per
hour is read on the bottom scale opposite a building
factor which is a function of the type of structure

DISC CHARTS

Disc charts differ from slide charts in physical
form but design principles are similar. A disc func-
tions to add distances on circular scales in the same
manner that a slide provides for the addition of lineal
scale distances. Comparison of the disc chart of -
Fig. 9 with the slide chart at B in Fig. 5 bears out this
fact.

The equation, 2u + v =w — 5§, is solved in Fig. 9 by
rotating the dise to setu and v values opposite one
another -and reading a value of w indicated by the

6»' 20ow- spets gpooe W“‘ B
[¥] 1Iiu|||m|1|w|nn|lm IIIEIILH
304] 00| :

l 200 ] 4
15 16l 17laalyeianl  ua :s -26l 2

Fig. 8.—Stewart-Warner “Heat Loss Estimator.”

Courtesy Graphic Calculator Co.
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Fig. 2

2u+v=w-5

Fig. 9.—Disc chart,

arrow. All scales have the same diameter and there-
fore the same modulus.

The “Coil Weight Calculator” of Fig. 10 for cold
rolled strip steel, distributed by the Rowe Machinery
and Manufacturing Company, ig a double instrument
in that two separate steps are involved in its opera-
tion. The disc is first adjusted to set inside and out-
side coil diameters, both in inches, opposite one
another at the top and pounds per inch width read over
the arrow. The disc is then rotated to set this value
under the arrow at the bottom and total weight in
pounds read opposite strip width in inches.

The General Electric “Air Turbine Drive Calcula-
tor” of Fig. 11 illustrates a more complex chart form

COIL WEIGHT .'Qa&aﬂaz&a

FALIOR
Jix

Fig. 10.—Rowe “Coil Weight Calculator.”
Courtesy Perrygraf Corp.

AIR_TURBINE DRIVE
CALCIMATOR

GENERAL @ ELECTRIC
SCHENECTADY, M"

% ¥ KV‘ PR
,,‘,.[ (&)T]v. @ Feoosiaym
/-
INSTRUCTIONS ON RIVERSS SIOE

Fig. 11.—General Electric “Air Turhine Drive Calculator.”
Courtesy Graphic Calculator Co.

uging two discs. Eight separate scales, representing
values of nins variables, appear on this chart.

COMMERICAL MANUFACTURE

Graphic calculators, selectors, and demonstrators
of all types are manufactured commercmlly The
J. B. Carrcll Company and the Graphic Caleulator
Company, both of Chicago, Illinois, and the Perrygraf
Corporation of Maywood, Illinois, and Los Angeles,
California, are among the companies supplying
such instruments in large volume to industrial or-
ganizations, government agencies, and the armed
services. Many companies find graphic devices
valuable for introducing products, promoting sales,
and improving customer service, Although most
applications are of a technical nature and deal
with industrial products, they are also employed
for determining such diverse items as proper
packaging methods for fruits and vegetables, adequacy
of daily diets, correct rules of parliamentary proce-
dure, size of home loan payments, and the odds on
poker hands. Purchase inquantityis not a requirement
and special calculators, insmall guantity, are prepared
on many occasions, Some are for plant engineering
pburposes, where relatively high unit cost is more than
offset by the time saved through their use.

Calculators are made up to meet customers’ indi-
vidual tastes and requirements by trained staffs of
designers, aided by others who do art work and lay-
out. Designs are printed by letterpress, silk screen
or photoengraving, in black and white or in color, on
flat sheets of Vinylite plastic or heavy paperboard.
The results are ingenious, aftractive, and accurate,

In describing future prospects in the field, C. R.
Gulbransen, Jr., of the Graphic Calculator Company
states,

“At first thought of as only an interesting gadget,
the specially designed calculator has come of age in
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an era where time is the most precious commodity
known. There is a great awakening of interest and an

" appreciation of what the caleulator can do in the indus-
trial field. The potential has not been reached and a
tremendous opportunity exists to do worthwhile work
in the medium.”

SUMMARY

The engineer is often faced with the responsibility

for executing or supervising computational work in
connection with research, design, or production. Mind-
ful of the need for reducing man hours spent in such
effort, he should be familiar with all methods avail-
able to him for getting the work done. Computing ma-
chines are not always available. Graphic devices like
the slide and disc charts, because of their simplicity
and convenience, may best serve the situation. Only
the well-informed engineer can expect to make an in-
telligent choice of the best means for accomplishing
the task.

A New Perspective Method

By Wayne Lambert Shick
University of Nlinois, Urbana, Niinois

Whether perspective ideas are difficult may depend-
upon whether the student has been taught classical
descriptive geometry, and is well versed in projec-
tion to planes of projection and methods of revolution,
or whether he has been taught the so-called “direct”
or “hopeful-guess? method. Furthermore, there is
1o published method for drafting perspective directly
from orthographic views to the perspective view with~
out intermediate points; that is, there is no published
“direct” method of perspective.

direct measurement involve either the lines between
vanishing points and revolved position of 3, or meas-
uring points on the lines between vanishing points.*
These methods require a device having portions of
the lines between vanishing joints, or extending sup-
ports for measuring points which occur on the lines
between vanishing points. The projections by any of
these methods are comparatively long, slow and inac-
curate, and may require a cumbersome device the
size of the dash-lines (Fig. A). For practicality, it
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Figure A Figure B

The practical users of three-point perspective have
for many years employed devices with substitutearcs
for vanishing points, since a three-point perspective
of practical size with minimum distortion is made
from a distant point of sight, entailing remote vanish-
ing points. One of the earliest of such devices was
' shaped as in Figure A. All published methods of
three-point perspective using orthographic views or

has been common procedure to use perspective grids
or measuring axes-—the perspective being drawn on a.
tracing paper overlay. With this procedure, the de-

* An exception is a method I devised in 1953: Iso-
metric-"Three-Point Perspective, “Engineering
Drawing and Geometry,” Hoelscher and Springer,
pp- 18-11-12,
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vice has the small size shown in Figure A, and the
measurements are transferred from orthographic to
perspective. The speed and accuracy are somewhat
better than methods using views or direct measure-
ment (published to date)—the principal advantage be-
ing the more convenient size of device.

THE NEW METHOD

Thig method has been used in my classes for two
years, and has been rapidly and accurately executed.
It is especially suited to the device shown in Figure B

with the “corners” of the device being sH, SV, and s¥.
The method may be used without the device for com-

-paratively small illustrations or for academic pur-
poses. The lucite blade or blades converge toward
the vanishing points. For an equilateral or nearly

equilateral system of three-vanishing points, only one
blade suffices.

The method is shown in Figure C for the H-projec-
tion, a similar process being used for the V or P
projections. The proof of the method may be stated
as follows: Point A is revolved about the line of in-
tersection of the H-plane with the picture plane (A

72 wod N

moves in a circle in a plane perpendicular to thepic-
ture plane with circle-center at M); Point of Sight §
is revolved about VP1-VP2 (intersection of picture
plane and horizontal plane through S} (8 moves in a
circle in a plane perpendicular to the picture plane,
with circle-center at N). Therefore, the line SA is
an element of an Oblique Cone with Apex at the per-
spective of A, and Axis MN; S is on one nappe, A on
the other nappe. For each point in the H-plane this
analysis applies, and the collective revolving of such
points brings the H-projection into the picture plane

in true shape, and S-revolved is the same as st.
Therefore, the perspective of the H-projection {(or
any other projection) may be drafted directly in per-
spective, without intermediate points, the perspec-
tive of a point in the H-projection appearing directly

along from SH to the H-projection in revolved posi-
tion. The perspective is then built up or down from
this “perspective plan” (perspective of the H-projec-
~ tion). .
In a similar manner, the V or P projections may
be employed, or the heights may be set off in a di-

rect measurement manner, using sV or SP as the
measuring point. The method may be used as a di-
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Figure D

rect measurement process using axes, or the ortho-
graphic views may be used with the perspective be-
ing drawn on a tracing paper overlay. Thus, the pro-
jections from orthographic to perspective {(whether
in direct measurément or using views) are quite
short, in some cases a fraction of an inch, since the
orthographic and perspective views are so intimately

associated. This promotes great speed and accuracy.

Note especially, that the method gives us {reedom
from the lines between vanishing points (not possible

in other methods) enabling a small self-contained

device of arcs SH—SV-SP, whose size encompasses

the maximum size perspective without distortion. Tt

is quite simple to enlarge scale with the method, or

to measure very great distances. For example, ifthe
linear measurements are to be doubled, merely move
the view as shown to a location midway between O and

_SH. In the projection to the perspective plan, the
measurements are automatically doubled. This pro-
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cedure is applicable in dealing with very large ob-
jects or with remote points.

For drawing perspectives of complex objects or
for wholesale production of such views, I have for
some time advocated photographing the orthographic
views taped in their related positions on the faces of
a cube, then completing the perspective by placing
the photograph on a device which is matched to the
photographic point of sight and tilt of focal plane.
Thus, the perspective measurement problem may be
solved perfectly and instanily, and any novice can
complete the perspective view. Such a process may
he systematized for rapid, automatic production of
perspectives. Of course, the advantage of direct
measurement processes, which have wide application,

is that NO orthographic views are required; the

draftsman may draw the perspective from mathemat-
ical information, dimensioned freehand sketches or
from his imagination.

In Figure D, three perspective methods are super-
imposed: (1) by lines of sight as above described;
(2) by extension of lines into picture plane; and (3) by
projection to 8 from axonometric-projection-view.

The theory of the perspective method explained in
this article may also be applied to two-point perspec-
tive and isusually employed for the H-projection only.

Nearly all of the “old” perspective methods de-
serve respect and appropriate use. Fortunately for
our graphic science, however, not all of the aspects

-of drawing (including perspective) have been solved,

standardized, systematized or simplified to the ulti-
mate—and never will.

An Outline for An Integrated Course

By Carson P. Buck

Syracuse University

The May 1956 issue of the JOURNAL OF ENGINEER-
ING DRAWING carried an article on Integration! which
set forth a number of reasons in favor of this method
of presentation of engineering graphics. Since writing
the article, we have had several requests at Syracuse
concerning our course outline and topical emphasis.
With the thought that there may be general interest on
the part of others as to what might be done along the
lines of an integrated course, I am submitting the fol-
lowing outline of our present course at Syracuse. It
should be noted that we are currentlyin a stage of tran-
sition; this semester we have begun to offer graphics
in the sophomore year instead of the freshman year.?
The outline, therefore, represents the initial thinking
as to topical seguence. :

In preparing our present course outline, we first es-
tablished the objectives of the course,based on what ap-
peared, after study,to be the following needs of engi-
neers and engineering students in the field of graphics.

Need for a basic knowledge of the various meth-
ods of representation. This implies an ability to
read drawings that he may encounter. Fundamentally
it means a working knowledge of orthographic projec-
tion, though this is only the necessary core of knowl-
edge of representation. Other methods of representa-
tion would include pictorial, charts, diagrams, ete.

2. Ability to solve problems graphically.
a) Knowledge of the use of orthographic pro-

1. Integration—Trend or Fad? by C. P. Buck, J.E.D.,
page 39, May 1956.

2. We feel that placing graphics in the sophomore year
accomplishes, among others, two things: it brings train-
ing in know-how closer to actual use in advanced un-
dergraduate work and subsequent practice; and it gives
the student an opportunity to come into graphics work
with a better mathematical background.

jection and principles of descriptive geom-
etry in solving spatial problems.

b) Knowledge of fundamental graphical mathe-
maties, basic types of graphs, nomography,
alignment charts, etc., and an appreciation
of their uses in the solution of problems.

¢) Experience in creative engineering in the
solution of problems involving original
design?® or redesign. ‘

d) In the solution of problems, an appreciation
for a logical approach in reasoning out the
solution.

e} An appreciation, as needed, of accuracy, and
thereby neatness, in the solution of problems.

3. Ability to present hig ideas to management or
to laymen through the use of the above.

4. The engineer is not likely to be a draftsman, but
he may be called upon to supervise draftsmen, and he
should be able to translate ideas to paper in the form
of sketches or more carefully executed layouts. He
will therefore need:

a) An ability to sketch.
b} An ability to use drafting instruments.

5. He will be expected to clearly annotate his work
and should therefore have an appreciation for a neat,
clearly legible, form of lettering.

With these needs in mind we developed an outline
which has subsequently been modified as follows:

3. The use of the term “design” is not intended to be
limited to the possible connotation in connection with
the preparation of working drawings, but rather to the
use of any phase of the graphics language that may
contribute to the creation or development of any en-
gineering project.
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GENERAL (TOPICAL) OUTLINE

FOR AN INTEGRATED COURSE IN GRAPHICS

First Semester

Periods

Lecture
{1 hr)

1. Freehand Techuiques
{Fundamentals) 1
A. Lettering
B. Sketching
. Orthographic Projection
A. Projection Theory 1
1. Projection angles (Four
Quadrants explained)
2. Principal and auxiliary
views (Third angle)
B. Points (Included with Item A
‘ in lecture)
1. Position
2. Location on lines and surfaces
C. Lines 1
1. Classification
a. Principal lines
b. Oblique lines
2. Size and position (true length,
direction, angle with princi-
pal planes)
3. Point view
D. Planes 1
1. Classification
a. Principal
b. Inclined
c¢. Oblique
2, 8ize and position (Edge view,
true size, direction-strike
and dip)
III. Vectors
A. Coplanar Vector Systems 1
1. Concurrent
2. Non~concurrent
B. Non-coplanar vector systems
1. Concurrent
2. Non-concurrent
1IV. Connectors 1
A. Line method ~{perpendiculars)
B. Plane method - (grade connectors)
V. Intersections 1
A. Piercing points - line and plane
B. Intersection of planes
C. Dihedral angles
V1. Projections on any plane 1
A, Point on plane
B. Line on plane
C. Shortest distance, point to plane
D. True angle of line and any plane
VII. Surfaces 2
4. Principal types: plane, single-
curved, double-curved, warped
B. Intersection of various surfaces
C. Developments
VII. Rotation 1
A. Points
B. Lines
C. Planes
IX. Pictorial 2
A. Axonometric
B. Oblique
C. Perspective
Totals: 13

Lab.
(2 hrs.)

3

39

(x2)="78
Total: 91 hours

Second Semester

Periods
Lecture Lab.
(1hr) (2 hrs.)
X. Sections 1 3

A, Principal types
B. Basic Metheds
Xl. bimensions 2 6
A. Fundamentals
B. Shop processes
C. Limit dimensions
XII. Working Drawings 3 9
A, General types
B. Fasteners, welding, piping
C. Details and assemblies
D. Industrial print reading
X111, Charts, Diagrams, Graphs 2 6
A. Charts and Diagrams
1. Presentation of data to the
layman
2. Presentation of data to the
management
B. Graphs
1. Types
2. Theory
3. Techniques of layout and
construction.
4, Determination of
empirical equations
XIV. Graphical Mathematics 3 9
A. Graphical Algebra
B. Graphical Calculus
1. Differentiation
2, Integration
XV. Alig'nment Charts
. Design of individual componenis 2 8
of a chart
B. Design of a two variable chart
C. Design of a three variable chart
(Parallel line)
Totals: 13 39
(x2)="18
Total; 91 hours

As indicated in the outline, the course consists of
one hour of lecture and six hours of laboratory per
week for two semesters of 13 weeks each. Some lec~
turing is done in the laboratory as needed.

The following paragraphs indicate the emphasis
given to various topics included in the course and also
point out how other topics, apparently not included, are
handled.

Continuing Topics

Certain topics such as the use of instruments, geom-
etry, technique, lettering, and sketching are of a con-
tinuing nature, that is, the student continues to learn
in these areas throughout the entire course. Because
of this they are not necessarily handled as separate
topics in the course of study.

The use of instruments is taught to the student as he
has need for particular pieces of his equipment. A
knowledge of plane and solid gecmetry is assumed; but
drawing board methods, which may differ from theory,
are pointed out as the need for them arises.
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Technique is one thing that causes a considerable
amount of controversy. If the graphics teacher em-
phasizes it at all, he is apt to be accused of training
draftsmen; and frequently, whether he does or doesn’t,
he is apt to be accused by members of other depart-
ments of not having taught current juniors and seniors
any drawing at all, “their design work is so atrocious.”
The drawing department has tried to approach the mat-
ter of technique from the standpoint of accuracy. It is
essential that an engineer be accurate. In this respect
“fair-to-middlin’” is not good enough. He must be ac~
curate within the limits of his problem. Thus ap-
proached, neatness and line-technique are secondary
and, to a considerable extent, naturally come about in
the attempt to produce accuracy.

In the matter of technique, considered from the stand-
peint of accuracy of solution, and clarity in the case of
lettering, training is needed and must be continuous.
However, such training can not be achieved by prac-
tice in the graphics course alone, just as training in
good English can not be expected of the student unless
-it is emphasized in all of his work. All engineering
teachers should have an appreciation of and should
especially require good technique from their stu-
dents.

Visualization may also be counted as a topic that re-
ceives continuing emphasis. In graphics the increasing
ability to visualize clearly moves ahead hand in hand
with the ability to correctly solve the course problems.
It is here that the student receives training in transfer-
ring his spatial ideas to paper, and, equally important
but generally more difficult, in being able to visualize
the three dimensional situation or problem portrayed
by the two dimensional drawing. The majority of en-
gineering students have an ability to visualize that is
far superior to that of non-engineering students. Yet
in engineering curricula we frequently ignore this fact
by not encouraging a concurrent use of graphics in
the analysis of the student’s engineering problems.

Creative ability is encouraged at every opportiunity.
Whenever possible, laboratory problems are assigned
that involve original thinking in their sclution and pre-
sentation. This is particularly true of problems that
involve any design where the student has control over
the individual resuilts.

Freehand Techniques

Sketching and lettering are offered together because
we feel that the technique of sketching is involved in
the design of good lettering. Our outline calls for a
week to be devoted to this topic, but only in its formal
introduction. Actually there is a continuing emphasis
on lettering and sketching throughout the course. Every
agsipnment carries some lettering, which is evaluated
by the instructor. A considerable amount of sketching
is called for, both as a finished product in the solution
of a particular problem, and more especially as “think-
ing out loud”in the form of the preliminary study of a
problem. Artistic presentation is not expected on the
part of the student’s sketch, but rather clearness and
accuracy of expression.

Orthographic Projection

Presentation of the topic is made through the uge of
simple objects, which can readily be visualized. The
theory of projection and of the principal planes of pro-
jection are discussed. Emphasis is given to third angle
projection. After being able to lay out two principal
views of an object the student is then taught to use pro-
jection as a means of creating other principal or aux-
iliary views,

Students usually have difficulty in working with the
more abstract points, lines and planes because of not
being able to grasp their relationship to actual objects.
In the integrated course the approach that is adopted to
forestall this difficulty is that of associating the initial
discussion of these elements with an actual object, and
then moving directly into the solution of the fundamen-
tal type of problems that involve the points, lines, or
planes. )

At this stage of the course, study is made of the so-
lution of the first of the two fundamental types of spa-
tial problems in engineering: those of true size, involv-
ing primarily true length of lines and true size of
planes.

Yectors

This topic is introduced at this point because the
development of the subject follows as a natural appli-
cation of the theory material immediately preceding it,
and also because of the correlation with the sophomore
courses in mechanics at Syracuse.

Vectors and their graphical applications are useful
to engineering in general. Because of the natural adap-
tation of vectors to graphies, this topic had long been
considered a standard one in descriptive geometry
courses. The purpose of presentation of this material
in graphics courses is not to provide complete train-
ing in the graphical use of vectors, but rather to pro-
vide the basic fundamentais. The underlying princples
in vectorial analysis are the same whether one is dis-
cusging stresses, velocities, accelerations, imped-
ances, etc. Our object is that of showing the student
the similarity between all vectorial analysis, and pro-
viding the broad, common knowledge usable in any
future studies involving vectors.

Connectors

A major application of graphics is that of spatial
analysis. In this work the objective is not so much

_that of representing an object on paper as it is to -

solve graphically, spatial relationships which would
otherwise require involved mathematical computations.

One such fundamental analysis is that of connectors;
the determination of the shortest distance between two
objects. This has numerous applications useful in en-
gineering, among which are problems involving clear-
ance, shortest distance (especially at prescribed an-
gles), and the interconnecting of members of a struc-
ture with prescribed locations.
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Rotation

One week is formally devoted to the theory and ap-
plication of rotation. However, for the remainder of
the course, the fundamentals of rotation can be used
at the discretion of the student in solving subsequent
problems.

In addition to its use in solving problems, the stu-
dent is also shown that a knowledge of the fundamen-
tals of rotation is extremely useful in the design of
rotating equipment.

Intersections

This is the second of the two fundamental types of
spatial problems. At this time intersections are an-
alyzed to the extent of problems involving lines and
planes. The principles developed here have several
direct applications in the field of engineering.

Projections on Any Plane

The principles used in the projection of poinis and
lines on a plane are extended to more advanced prob-
lems. In this material lie the principles of all pic-
torial projection-axcnometrie, oblique and perspec-
tive. Here also are the basic principles of spatial in-
formation on any plane.

Surfaces

The basic principles of intersections have been pre-
viously-studied. At this point these principles are ap-
plied o various types of surfaces.

Pictorial

Axonometric and oblique drawing are given empha-
sis. Perspective projection is given a very limited
coverage involving only the basic fundamentals of one
and two point perspective. Sketching is used to a con-
siderable extent in the coverage of the topic.

Sections

In addition to the usual presentation of the material
in conmnection with objects, the theory of sections is
also applied to analysis (i.e., in taking profiles.)

Dimensioning

The fundamentals are presented at this time. Prop-
er technique in applying dimensions so that they may
clearly be understood is emphasized. Such factors as
function, processing, economy, as well as geometrical
shape are introduced.

Working Drawings

The goal or prime purpose of the representational
aspect of graphics might be considered as being the
“working drawing.” The connotation of the term is
probably not an especially good one since it is apt to

bring to the mind of most engineering teachers the
mechanical engineering aspect of engineering applica-
tion to other specific fields. Any drawing carrying
complete insiructional information which may be the

culmination of design and which is to be used in the

direction of construction, processing, manufacture,
maintenance, ete. is considered to be a working draw-
ing, This is the general approach to the treatment of
this topie, which is an important part of the entire
language of graphics. :

Charts, Diagrams and Graphs

A graphical description is usually more comprehen-
sive and impressive than simple tabulation, or even
a written or verbal description. Such descriptions are
useful in showing the values of variable quantities in
terms of known quantiteis; to assist in studying tech-
nical or financial problems; conveying information tc
the public and serving the engineer as tools in his
professional work. The student is taught, through the
use of pie charts, bar charts, pictorial charts how to
present technical data to the layman (such as stock-
holders). It is also demonstrated how such charts and
diagrams are used by technical departments of indus-
try in reporting to higher management.

In the plotting of graphs, special emphasis is placed
on how a graph should be drawn, considering items
such as proper placing and identifying of scales, titles,

_accuracy of data, ete. The various types of graph

paper are discussed and the theory of their construc-
tion is explained. Then the graphical representation
of empirical data is discussed along with methods of
determining the best graph paper for presentation of
these data. Finally methods are taught for determining
the empirical equations for plots of empirical data,
made on rectangular, semilogarithmic, and logarith- .
mic grids. ‘

Graphical Mathematics

To lay a foundation for graphical algebra and cal-
culus the fundamentals of addition, subtraction, mul-
tiplication and division are taught. Then these tech-
niques are applied to advanced algebraic problems.
Through the graphical representation of these prob-
lems, one can provide a counterpart to the mathema-
tics and thereby better visualize a problem under
study.

Upon completion of these types of problems, graph-
ical differential and integral calculus are studied, It
is pointed out that mathematical and graphical caleu-
lus complement each other and that there is an appro-
priate time to use each. It is shown that graphical
calculus is used when the mathematical equation rep-
resenting the data is not readily available. Along with
the purely graphical techniques are taught some of the
semi-graphical methods such as Simpson’s rule and
the Trapezoidal rule.
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Alignment Charts

Nomography, with alignment charts in particular,is
playing an ever increasing role in engineering as in
other fields. It is virtually impossible to pick up a de-
sign textbook or magazine without encountering them.
Such charts are used wherever repetitive solving of a
mathematical equation is performed. Alignment charts
are now also found in many catalogs and advertising
brochures. Engineers should have an understanding of
the basic theory of chart construction, know where
they should be used, and realize their limitations. In
the course work, the student is given the basic know-
ledge which enables him to design and construct the
simpler forms of charts.

Surzmary

The integrated outline combines engineering draw-
ings, descriptive geometry, and graphical mathemat-
ics. Basically this should be a very sound approach
to the study of the subject of graphics. Why it has not
been adopted long before can only be explained in the
light of the gradual change in emphasis on what kind
of an engineer the colleges are trying to produce,
which is toward one more professionally prepared
and having fewer qualities of the technician. In an
integrated course the student is given under one
“roof” an appreciation of all the fundamental
phases of graphics as one of the basic tools of the
engineer.

100% SCHOOLS

At the last count, according to grapevine reports,
twelve schools have the right to hang out'100% banners.
This means that all regular members of the staff who
teach engineering drawing, descriptive geometry, or
graphics as their major fields have subscribed to the
JOURNAL. L does not necessarily include part time
members of the respective departments.

The schools that have reported to Professor E. M,
Griswold that they are 100% subscribers are:

Clemson Agricultural Coll. Univ. of Maine

Univ. of Colorado New York Univ.

Notre Dame Univ.
Ohio State Univ.
Rice Institute
Syracuse Univ.

The Cooper Union

Univ, of Detroit

Univ. of Nlinois (Navy Pier)
Towa State Coll.,

It seems impossible that there are only twelve
schools who should rightly be included in this list, If
your school should be listed among the others, please
write to Professor Griswold and tell him so.

Of course, i you have to get a féw new subscribers
in order to qualify, by all means do.

APPOINTMENTS

Klaus E, Kroner has accepted an appointment as as-
sistant professor of drawing at the University of Mass-
achusetts, Professor Kroner has been on the staffs of
the University of Maine and of New York University.

Eugene G. Paré has accepted an appoiniment as pro-
fessor of mechanical engineering at Washington State
College, Pullman, Washington. Professor Paré was

formerly on the staff of Illinois Institute of Tech-
nology.

Herbert T. Jenkins has accepted the chairmanship
of the Department of Engineering Drawing at the Uni-
versity of Michigan, at Ann Arbor. Professor Jenkins
had been connected with Cornell University for about
twenty-four years.

sought for by the editor.

as changes in affiliation.

desired.

SUGGESTIONS, LETTERS, ETC.

Suggestions on how to make the JOURNAL more readable, more useful, and more informative are always
One such suggestion has been to include news items about members of the Division, especially such items

The JOURNAL will insert notices of this kind whenever the information becomes available. The persons
involved are urged to send the information to the editor as soon as it becomes official.

In addition, letters to the editor will be published if they are intended for this purpose and if they appear
to be of general interest. Letters commenting on articles, whether in agreement or not, are especially




