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, Fllth Edition

By the late Frederick E. Giesecke, the late Alva Mitchell; revised by
Henry Cecil Spencer, on leave, the Illinois Institute of Technology, and
Ivan Leroy Hill, the Illinois Institute of Technology

Since the original publication of the First Edition, TECHNICAL DRAW-
ING has been used by more than two and a half million students. In the
painstaking process of constant revision, the authors have sought and
achieved excellence: excellence in illustration and example: excellence in
definition and explanation; and excellence in the production of a book
which includes all of the basice graphices instruction needed by the engineer,
the scientist, or the draftsman.



In this Fifth Edition, the authors have thoroughly revised all material to
accord with the current ASA Y14 American Standard Drafting Manval,
including the latest American Standard on Dimensioning and Tolerancing
for Engineering Drawings. In addition, modern trends in engineering edu-
cation have been taken into account. Leading engineers and manufacturers,
mindful of the role of TECHNICAL DRAWING in the education of future
engineers and scientists, have helped the authors incorporate the most cuy-
rent industrial thinking in this new edition. One example is the emphasis
placed upon decimal dimensioning in the illustrations and problems.
Technical sketching is also emphasized. Four entirely new chapters have
been included : Electronic Diagrams, Alignment Charts, Empirical Equa-
tions, and Graphical Mathematics.

A text that has become #he classic, the Fifth Edition of TECHNICAL
DRAWING continues to uphold the standard of excellence set and main-
tained by the previous editions.

To accompany TECHNICAL DRAWING
TECHNICAL DRAWING PROBLEMS, Series I, Third Edition

By the late Frederick E. Giesecke, the late Alva Mitchell, and
Henry Cecil Spencer; revised by Henry Cecil Spencer

Available Spring, 1967

TECHNICAL DRAWING PROBLEMS, Series 11, Second Edition

By Henry Cecil Spencer
1961, 91 sheets, paper, $5.25

TECHNICAL DRAWING PROBLEMS, Series Il

By Henry Cecil Spencer and Ivan Leroy Hill
1960, 80 sheets, paper, $4.50

Write to the faculty service desk for examination copies.

THE MACWMILLAN COMIPANY 066 Third Avenue, New York, 1.V, 10022



DESGRIPTIVE GEOMETRY  thiea Edition

By E. G. Paré, Washington State University, R. O. Loving and 1. L. Hill,
both of the Illinois Institute of Technology

Now in its third edition, DESCRIPTIVE GEOMETRY richly merits its
outstanding reputation as an effective text for teaching the science of
graphic communication. It also provides a broad orientation to those en-
gineering concepts that should be inculeated early in the student’s progress
toward a career as a professional engineer,

Among the many revisions and refinements in this edition, the most signif-
icant is the inclusion of full-size, student self-testing problems which pro-
vide a college-level system of programmed evaluation. To facilitate a
constant check on the student’s comprehension of pertinent fundamentals,
these projects are presented at the conclusion of chapters. For maximum
convenience and time economy, they may be solved directly in the text.
Carefully delineated solutions are shown in Appendix IV.

Other features of the third edition: more than 300 new and revised illus-
trations; new true-and-false questions at the ends of chapters; revised
problems; and an updated treatment of vectors.

Throughout the book, solution illustrations have been broken into steps to
make the construction easier to follow, Considerable care has been exercised
to provide solutions in pictorial form whenever they can be used to aid
visualization.

1965, 383 pages, $6.50

DESCRIPTIVE GEOMETRY WORKSHEETS, Series A, B,and ¢ |

Designed to accompany the authors’ DESCRIPTIVE GEOMETRY or any
other standard text featuring the direct method, each of these three work-
books consists of 24 groups of problems. The organization in all three is
similar; each worksheet contains from one to six problems covering the
drafting and layout work of standard courses, with sufficient material for
one laboratory period. Because each workbook offers a completely different
set of problems, they may be used by turns to provide flexibility and variety.

56ries A, Second Edition 1959, 76 sheets, paper, $4.65
series B, Second Edition 1966, 76 sheets, paper, $4.65
5eries G, Second Edilion Available in J anuary

Keys to each series are provided gratis.

Write Lo the faculty service desk for examination copies.

THE MAGMILLAN COMPANY 866 Tnird Avenue, New York, 1.Y. 16022



Editors’ Board

Engineering is a dynamic profession that con-
tinually implements the products of basic research
as fast as new concepts and ideas become avail-
able. Keeping up-to-date involves being grounded
in the past, coordinated with the present, and an
appreciation and constant awareness of the future.
It is comparatively easy to steep ourselves in the
methods and techniques used in the past. It is
more difficult to stay abreast of the changes going
on in the present. To make accurate estimates of
what the engineer will need and use in his profes-
sional work of the future is a formidable task
indeed.

Tomorrow, science will have moved another
giant step forward and we of the Division of Engi-
neering Graphics must keep pace. In this era of
rapid change and development there is a definite
need for a thorough understanding of the basic
fundamentals of engineering graphics. Engineer-
ing graphics serves as a spring board for indivi-
dual advancement by furnishing an effective means
of communication which can be used extensively
by both the engineer and scientists. But the new
tools used in engineering today may change the
approach and even modify fimdamental principles.
What was once important in engineering graphics
may become a mere by-product of the profession
tomorrow.

Knowledge with ability, systematic and logical
thinking, and the capacity to make proper judg-
ments or deductions provides the engineer with
+he means of successful performance in engineer-
ing practice. There must be more to educationin
engineering graphics than the mere use of pencils,
instruments and drawing equipment. However,
gcientific knowledge alone will not build a better
mousetrap. Analysis of the needs in graphics by
the engineer cannot adequately be undertaken
until we examine recent developments in industry.

Industry and engineering education have
mutual stakes in our future.. Every thinking man
must seek after new sources of knowledge and
document his findings in order that he may not
only understand any event that takes place, but
his Imowledge will help him in doing his part of
the teamwork required in industry.

The engineer must be able to communicate his
ideas to others. Written and spoken language
alone often possess connotations and overtones
which suggest more than they usually say. Be-
cause an employee misundersiands instructions
i8 no sign that he is stupid, but rather that there

ENGINEERING GRAPHICS - STATIC OR DYNAMIC

is a lack of complete communication. There must
be a matching of educational background and
knowledge for an effective meeting of minds be-
tween individuals on the production team. If the
gcientist wishes to take us to cloud nine, he must
be able to communicate with us in terms which
we can understand simply, accurately, and un-
mistakably. Engineering graphics can and must
provide thig means of communication.

In his long and unfinished struggle to master
the universe and its natural laws, man has pro-
gressed by processing a steady stream of know-
ledge. Great discoveries are rarely the work of
a single individual, but rather the culmination of
the work of his predecessors who have faithfully
documented their findings. Past knowledge and
developments often give the recognized individual
a basis for discovery.

Strict chronological order of events mixes
great and small incidents and combines unde-
signed happenings that occur only once with perm-
anent truths and nature's laws. The engineer is
also confronted by man's prejudices, fads and
fancy, and the engineer must untangle this dis-
order of events and happenings. He must rear-
range materials by design with selected shapes,
gizes, finishes and quantity to produce a product
which man will recoghnize as desirable andaccept
as a part of his necessary personal needs.

The engineer must be able to make many
practical applications of his knowledge. The more
completely we are able to educate each man or
womarn, the greater will be our productive capa-
city for competing with other nations of the world.
Every innovation in manufacturing starts with an
idea. The closer an idea comes to solving a cur-
rent problem, the more quickly it will come to be
implemented and accepted. Furthermore, the
engineer who has just solved a technical problem
has not completed his job until he has convinced
his supervisor of its validity and worth. The pro-
per use of engineering graphics will help him
greatly in communicating with and convincing hig
boss.

Improvement in the design of machines and
processes depends primarily on detailed and
accurate drawings of the designer’s concepis.
Often the designer himself is required to follow
his concept from the inception of the idea until it
comes off the produciion line in its final form.

Continued on Page 28



JAMES S. RISING GETS
1966 DISTINGUISHED SERVICE AWARD

of the
Engineering Graphics Division, ASEE

JAMES SINCLAIR RISING, son of Jay and
Cora Sinclair Rising, was born in Kanona, New
York, on June 7, 1903. After receiving hig B.S.
in Mechanical Engineering at Rennselaer Poly-
technic Institute in 1925, he taught at his alma
mater uniil 1945, meanwhile receiving an M.35. at
New York State Teachers College and practicing
engineering at the Eddy Valve Company and Ford
Motor Company. In 1945 he wasg appointed pro-
fessor and head of the Department of Engineering
Drawing at Syracuse University A move to the
middle west followed in 1951 when he became
professor and head of the Department of Engi-
neering Graphics at Iowa State University where
he still serves in that capacity. He is currenily
chairman of the American Standards Association
Sub-committee on Projection Standards and
Space Geometry,

Through his authorship of books on engineer~
ing graphics, and his activities in the Engineering
Graphics Division of ASEE and the parent society
itgelf, Professor Rising's influence has beenfelt
far beyond the limits of his own campus. The
Engineering Graphics Division has been fortunate
to have an academic statesman of his caliber in
its membership. He has served the Division with
great effectiveness on numerous important com-
mittees, and ultimately as Chairman of the
Division in 1958-59. At a time when all engi-
neering disciplines, including our own, have been
undergoing searching self-examination, hig voice
has been one of authority and wisdom.

Continued on Page 26

CITATION
=y

Lieutenant Colonel Robert H. Hammond, formerly
assigned at the U, 8. Military Academy as an
associate professor with the Department of Earth,
Space and Graphic Sciences, retired here recently
after more than 25 years in the Army. He taught
at the Military Academy gince 1951.

Colonel Hammond, awarded the Legion of
Merit at the retirement ceremony, served as
Chairman of the Division of Engineer Graphics of
the American Society for Engineer Education
(ASEE} from 1964-1965, He is also a member of
the Executive Committee, Council of Technical
Divisions, ASEE.

Continued on Page 26

Lieutenant Colonel Robert H. Hammond, left,
accepts congratulations from Brigadier General
John R. Jannarone, Dean of the Academic Board
at the U, 8. Military Academy, after receiving the
Legion of Merit medal at retirement ceremonies,
Col. Hammond, formerly and assistant professor
in the Department of Earth, Space and Graphic
Sciences, retired from West Point recentiy after
more than 25 years in the Army.

(U. S. Army Photo)



FUNDAMENTALS OF
THREE-DIMENSIONAL DESCRIPTIVE GEOMETRY
by STEVE M. SLABY, Princeton University

Just pnblished in June and already in wide use in technical institutions, colleges, engineer-
ing schools, and universities throughout the country, this textbook presents the hasic con-
cepts of three-dimensional descriptive gcometry and, in a logical and sequential manner,
shows their practical applications through orthographic examples and construction pro-
grams. Color is used—for the first time in a descriptive geometry text—to clarify relationships
among lines and to identify planes in constructions. Distorted labels maintain a consistent
three-dimensionality throughout the illustration program. Sample quizzes and examinations
and 185 practice problems reinforce the text presentation. “I'he best text on descriptive
geometry vet to be published.”—R. Kenneth Jacohs, Georgia Institute of Technology.

383 pages, §7.50

INSTRUCTOR'S MANUAL

Presents a course syllabus, Iecture outlines, and solutions to all the problems in the textbook.
Available to instructors who have adopted FUNDAMENTALS OF THREE-DIMENSIONAL DESCRIPTIVE
croMETRY for basic class use. Publication; Fall, 1966

WORKBOOK FOR FUNDAMENTALS
OF THREE-DIMENSIONAL DESCRIPTIVE GEOMETRY

by STEVE M. SLABY and H. SANFORD GUM, College of San Mateo.

Contains probiems derived from the text, with a detachable transparent sheet of grid-lined
paper hound between each page on which the student can sketch his preliminary solution.
Grid-lines are printed in the same color used in the textbook. Separate Solutions Manual in
preparation. Spiralbound, 72 sheets with 96 drawings, plus overlays. $5.95

ALTERNATE WORKBOOK FOR FUNDAMENTALS OF
THREE-DIMENSIONAL DESCRIPTIVE GEOMETRY

by H. LANE CALENDAR and W. J. BROWN, Rutgers University.
With Solutions Manual. Publication: January, 1967

APPLIED PROBLEMS FOR FUNDAMENTALS OF
THREE-DIMENSIONAL DESCRIPTIVE GEOMETRY

by ROBERT SEID, Bronx Community College of the City University
of New York.

With Solutions Manual. Publication: Spring, 1967

These new workbooks, together with the one by Professors 8laby and Gum which was pub-
lished with the text, give the instructor a wide choice of problems for use with FUNDAMENTALS
OF THREF-DIMENSIONAL DESCRIPTIVE GEOMETRY. The ALTFRNATE WORKBOOK by Professors Calen-
dar and Brown provides practical problems, including some that introduce vector notation
and operations. It also discusses some topics—topology. for example—that are not covered
in the text. The apprLizp PROBLEMS by Professor Seid contains simple problems illustrating
particular theories, followed by problems involving practical applications of the theory in
engineering terms. The workbook by Professors Slaby and Gum offers problems that work
out more purely theoretical concepts.

EXAMINATION COPIES ON REQUEST,

Harcourt, Brace & World, Inc.

New York / Chicago / SanFrancisco / Atlania




American Society for Engineering Education
Division of Engineering Graphics
Otfficers and Committees
1966-1967

Fugene G. Paré

1

For too many years our engineering profe.s si(?n
and colleges have experienced a steady decllne_ln
the percentage of young people attractejd to engi-
neering, This trend has materialized in Spl‘t(::‘ of
the fact that the quality of engineering education
and the financial rewards of engineering employ-
ment are second to none. If the product is sound,
then the advertising must indeed be faulty.

It istime that the engineering profession hegins
to realize that its rusty public image needs much
polishing if it hopes to acquire the public esteem
warranted by its accomplishments. It is time,
algo, and it is essential that our engineering
colleges expand their efforts to attract the quali-
fied students needed to meet the insatiable
requirements of our industrial complex. Above
all, the major spokesman for engineering educa-
tion, our American Society for Engineering
Fducation, must be strengthened in order that it
can exercise more effectively its puhlic relations
function.

Other engineering disciplines have interestsin
more than ohe national engineering society, while
the Engineering Graphics Division has directedits
complete support to ASER. Since the welfare of
the Engineering Graphics Division rests in good
meagure on the strength of the parent society, our
support must not waiver but must he expanded
when needed, Now, perhaps the parentorganiza-
tion has not always seemed mutually solicitous
but a substantial measure of that difficulty could
well be ours, For example, we have not yet made
available for a top elective position on their
administrative council one of our own experienced
educators. That situation must and shall be recti-
fied soon.

In a broader sense we must all, at every level,
provide our experience and advice at the policy-
making councils so that we are not always left at
the starting gate, only to react to the well-meaning
but ill-conceived guidelines promoted by harrasged
administrators and goals directors too far removed
from beginning undergraduate education and the
realities of our specialty. They are apparently
unaware of the innovations already introduced in
our engineering orientation and graphics programs:;
or perhaps they are wiser than we think and are
merely attempiing to stir the apathetic and the

weary,

Vice Chairman

OFFICERS

Chairman - E. W. Jacunski, University of Florida
Vice~Chairman - E. Q. Pare, Washington State

University

Secretary - E. W. Knohlock, QOakland Community
College

Senior Council Memher - J. H, Porsch, Purdue
University

COMMITTEES ESTABLISHED ACCORDING
TO BY-LLAWS

EXECUTIVE .

E. W. Jacunski, University of Florida, Chairman

E. G, Paré, Washington State University, Vice-
Chairman

E. W. Knoblock, OQakland Community College,
Secretary (I year)

J. II. Porsch, Purdue University, Senior Council
Member

C. W. Chance, Universgity of Texas, Director
{5 years)

R. E. Worgencroft, University of Wiscongin,

Director (2 years)

. W. Almfeldt, Iowa State University, Director

(3 years)

H. Hill, Tufts University, Director & Treasurer
(4 years)

N. Arnold, Purdue University, Director (1 year)
. B. Rogers, USMA, Divigion Editor (1 year)
D. Black, General Motors Institute, Editor
{1 year)
E. Botkin, Purdue University, Advertising
Manager (3 years)
H. Earle, Texas A & M University, Circulation
Manager & Treasurer (2 years)

oA EED 9=

PUBLISHING BOARD, JOURNAL OF

ENGINEERING GRAPHICS

E. D. Black, General Motors Institute (1 year)
E. E. SBautter, General Motors Institute
W. B. Rogers, U. 8. Military Academy

ELECTIONS

E. G. Parg, Washington State University, Chairman
J. T. Kimbrell, Washington State University
R. O. Byers, University of Idaho

Continued on Page 18



The basics of engineering drawing
in light of present-day requirements

FUNDAMENTALS OF
ENGINEERING DRAWING,
Fifth Edition, 1965

PROBLEMS IN
ENGINEERING DRAWING,
Fifth Edition, 1966

WORKSHEETS

IN GRAPHIC SCIENCE
AND

CREATIVE DESIGN

BASIC
GRAPHICS

PRENTICE-HALL, Englewood Cliffs, N.J.

by Warren J. Luzadder, Purdue University. Requiring
no prerequisites, the Fifth Edition of this widely-
adopted text gives a still more comprehensive coverage
of the field, with particular emphasis on basic funda-
mentals. Tt contains over 1,200 illustrations, many
with surface shading, and incorporates ASA and SAE
standards and practices, The following chapters have
been written or revised: Tool Design and Tool Drawing;
Electronic Drawings, Shop Processes and Shop Terms;
Multiview Drawing and Conventional Practices; Auxil-
jary Views and Basic Descriptive Geometry. Includes
a 48-page appendix. 1965, 752 pp., $10.50

by Warren ). Luzadder, J. N. Arnold, both at Purdue
University, and F. H. Thompson. This new revision of
laboratory practice material ineludes a set of 72 stand-
ard problems, presented as partially drawn layouts for
your students to complete. Printed on loose sheets of
8%~ x 117 manila-type drafting paper and tracing vel-
lum, they allow students to cover the maximum amount
of subject matter with a limited time. 1966 72 sheets,
$4.25

by Morris D. Silberberg and Sandor T. Halasz, both of
The City College of the City University of New York.
This vinyl tare-bound kit provides sufficient material
for a full course in graphic science or engineering
drawing. The instructor may select plates best fitting
his program and objectives, and omit others, without
endangering the continuity of presentation. The 85
worksheets are keyed to seven of the most widely-used
texts in the field. Unified treatment of orthographic
and isometric reading and sketching exercises enables
the student to view the problem of space visualization
as a whole and not as a group of isolated spots. 1865,
8147 x 117, vinyl case: 11%”x 16%”, $7.75

by Warren J, Luzadder, Purdue University. The funda-
mentals essential to graphical solutions and communi-
cations. Fach basic concept is discussed clearly and
in detail, anticipating difficulties commeonly encoun-
tered by students. Emphasis is on freehand drafting
and pictorial sketching and there are over 1,100 illus-
trations., All material is in full agreement with the
ASA standards. 1962, 715 pp., 7% x 107, $10.50

(Prices shown are for student use.)

For approval copies, write: Box 903

07632




. M. Curran, Department of M. E., the
Catholic University of America, Washington D.C.
20017 has developed a set of Area Moment Scales
for Graphical Evaluation of Integrals. These
scales are printed on dimensionally stable base
material and can be obtained from Professor

Curran at the above address. He informed us the
approximate cost will be$L50 to $2.00,

&

Ford Spensors Faculty Residences in Engineering
Practice

The Ford Foundation has announced that a pro-
gram enabling young engineering professors to
gain high-level experience in industry throughone-
year residencies will be expanded and continued
through 1970.

The program began in 1964 on a three-year
trial basis with $300,000 in Foundation funds. It
has already proved sufficiently successful to war-
rant expansion, said Carl W. Borgmann, director
of the Foundation's Science and Engineering pro-
gram. An additional $940,000 has been provided
for the new phase.

About 150 faculty members will be awarded
residencies in the second period, beginning in
June 1967, for "clinical" practice in industry and
in government installations engaged in nonmilitary
engineering work. A total of some sixty residen-
cies were provided for in the first three-year
period.

The program is designed to counterbalance a
growing tendency toward abstractness in techno-
logical education. "There was a time when
engineering education lacked sufficient emphasis
on mathematics and the physical sciences; now the
need is to learn how to apply the new sophistica-
tion," Mr. Borgmann said.

"Newly graduated engineers (and their teachers)
are better equipped than ever in the sciences and
mathematics and for research. But they are often
too far removed from engineering practice that is
affected by considerations of cost, design, compe-
tition, employee relations, and marketability --
especlally in that sector of industry dealing with
civilian goods and services."

Under the program, each resident serves a
year to fifteen months as a paid employee in a
company working under a senior engineer who
serves as a ''preceptor.' The preceptor assigns
the resident to essential company tasks that also
strengthen the faculty member's professional
growth by bringing him into intimate touch with
the execution of projects and with decision-making
analyses leading to final engineering judgments.

10

Participants are nominated by deans of engi-
neering schools, screened by a committiee of
advisors from industry, and selected by the
Foundation when a suitable position is found in
indusiry. The companies pay the regidents’ sal-
aries and the Foundation pays for travel to inter-
views, moving costs of the residents and their
families, and other administrative costs of the
program. Resgidents must be American or Cana-
dian engineering faculty members under the age of
forty who hold the Ph.D. or equivalent degree and
have taught at ieast one year after receiving the

doctorate.

MEMBERSHIP COMMITTEE REPORT

The Membership Committee of the Division of
Engineering Graphics met in Pullman, Washington
on June 22, 1966 to discuss activities that would
atimulate memberships in the ASEE. Those in
atiendance were: Chance, McDonald, Oppenheimer,
Rogers, Knoblock, and Earle.

Many suggestions were offered that would be
helpful, The major conclusions reached by the
committee are outlined below:

1. It was generally agreed that membership
recruitment should be confined to junior
colleges and technical institutes rather
than high schools.

2. The Journal of Engineering Graphics
appears fo be the best means of intro-
ducing prospective members who are
uninformed to the Division's activities.
Therefore, it is believed that a sub-
scriber to the Journal would be a better
prospect for membership into the ASEE
than a nonsubscriber. Consequently, the
Membership Committee recognizes a
dual role of recruiting subscribers as
well as members.

3. Publications that serve the junior college
and technical institute teachers should be
contacted for possible news items that
would stimulate interest in the Division.

4. Mailing lists of prospective members
wiil be sought from the available sources
a5 a means of contacting individuals by
direct mail,

5. A proposal will be made to the Executive
Committee of the Division in March which
outlines a plan for developing and distribu-~
ting a brochure that describes the Journal
and the Divigion. This will be used to
contact prospective memberas.

The meeting adjourned with the understanding
that all were willing to actively participate as
members of the committee. All agreed to give
thought as to how the committee could function
more effectively during the coming year.

Respectfully submitted, James H. Earle

. Chairman,
Continued on Page 46 % Membership Committee
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It is apparent that the work of the skilled de-
gigner continues to be as much in demand, if not
more so, than ever before because of our rapidly
expanding technology. It has been stated by people
knowledgeable in the field that the technology de-
veloped in the last ten years €fquals that developed
in the previous fifty years and that our total tech-
nology will double in the next ten years.

As a regult of this demand, the engineering
designer has developed and is presently developing
new ways and means in meeting this challenge.
Some of the more important developments are (1)
zutomated drafting with computer graphics, (2} use
of scale models, (3) photodrawings, (4) simplified
drawings, and (b} a wide variety of minor drawing
aids* such as templates, curves, adhesive lettering
and symbols.

AUTOMATED DRAWING. The advent of the
computer and numerically controlled, high-
precigion drafting tables such as those produced
by the Gerber Scientific Instrument Co., Faul/
Coradi, Visual Inspection Products, Universal
Drafting Machine Corps and others; withthe assist-
ance of T.V., light scanning devices, CRT, digital
and analog computers, and now lasers, have done
much to lighten the load of the designer and enable
him to bring his ideas and dreams sooner to
actuality than was possible a few years ago.

Associated with this new technology is the need
to define certain terms which will be used.

1. Drawing is a graphic method of asso-
ciating the geometric form of a part
or component with the numbers which
specify the magnitude and relationship
of its elements.

2. Master dimensioning is; basically,
measuring the distance of all required
points on an object from one point of
origin.

3, Numerical control is a manufacturing

technique which automatically manipu-
lates the movement of plotting arms,
machine tool slides, or tables through
certain specified distances and in the
desired directions.

¥Presented at Michigan State University, October 22,
1965, Mid-Year Meeting of the Engineering
Graphics Division of ASEE
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™ The use of this equipment provides a revers-
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4, Computer Graphics is a technique that
takes input coordinates or data and
through a built-in computer logic and
subroutines transforms this information
into the required output.

ible pathfor the presentation of ideas, or for the
production of the finished product. An orthographic
drawing may be placed on the table -- as large as
5'x 20' -- of the automated drafting equipment,
end through a scanning device -- light beam, T.V.
camera, or lager --, coordinate information isfed
to the computer. Then by means of compuier
graphics this data may be used to produce a per-
gpective drawing, a scale or full-size model, or
shown on the CRT (cathode ray tube) screenwhere
changes may be made by light-pen or programimed
intervention. The process may then he reversed
to produce new drawings accurate to T 0.001 of an
inch. Designs have been produced by this method
in about 30 minutes that normally required as
much as 3 months for completion. See Figure 1.
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Figure 1. Sample Part Drawing.

Interest in this new technology of automated
design and computer graphics has its major im-
petous in the automotive field, but other industries
are also doing experimental work in this area. A
noted architect is experimenting with its use in
the design of apartment houses, office complexes
and ideal communities: A major bridge builder
has shown interest in automated drafting equip-
ment; The Chemical Processing Industry (CPI)
has made use of the computer and a display mech-
anism such as CRT or numerically conirolled
drafting machines to reduce considerably the time
and toil necessary in making piping drawings.
This type of drawings account for 30-50 per cent
of the total engineering drafting and design effort
of a plant involved primarily in the handling of
fluids. The desigher prepares afreehand isometric
sketch based on informaiion from a scale model
and from this he prepares data to be fed to the
computer. Another approach is for the designer



working with flow diagrams, and plot plans to
place on punch cards the design conditions and
other essential data. The computer then computes
and generates a drawing complete with dimensions.

The electronic designer is a combination of
computers, light-scanning or laser-scanning
measurement techniques, with numerically con-
trolled drafting machines or display mechanism
(CRT). It would seem conceivable that automation
and new scientific developments would eventually
eliminate the need for drawings in many areas.
Such is not the case, as numerical control simply
introduces a new type of drawing with a consequent
change in information presented thereon. Here
lies a need for the establishment of new drawing
standards for numerical control. As was stated in
the May, 1965 issue of Graphic Science, "the
numerical-control tape communicates only with
the machine, while the drawing communicates
with everybody." If anything, numerical control
adds another person who needs a drawing -- the
programmer.

SCALE MODELS. Scale models are another
design aid for the engineer, particularly in CPIL,
However, the design group must prepare piping
sketches, drawings in flow chart style of main
piping runs, and orientation drawings of equipment
items before the modeling group can begin instal-
lation of piping and electrical lines on the model,
At the Procter & Gamble Co. -- where one of my
staff, Professor Gurbach, was employed this sum-
mer in the modeling shop -- the following drawings
are used in building a modei of a plant containing
considerable piping.

Building Drawings - Showing structuraland arch-
itectural details.

Processand Equipment Flow Chart - A schematic,
usually freehand but may be made with instruments,
showing general routing of pipe between major
pieces of equipment and proper sequence for
locating valves and instruments in the lines. It is
prepared by the engineering staff in charge of
various phases of the project and is the official
document used in installing piping in the model.

On large projects, separate sets of flow charts
are made for individual piping systems in the
plant, such as steam, process air, instrument air,
process water, etc. inaddition to the regular more
comprehensive set.

Detail Drawings - These are drawings of non-
standard equipment such as tanks, bins, etc., and
are made by the company's engineering depart-
ment or by the supplier of the equipment.

Standard Drawings ~ Such drawings or catalog
sheetg of standarditems, suchas may be required
of pumps, valves, ingtruments, etc. These are
usually suppliied by the manufacturer of these
items.

A model makes it possible to see an unlimited
numper of views of the planned project and thus
eliminates the need for space perception of those
not accustomed to thinking spatially. Hence,
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agreement among the various groups involved is
hastened. A model is of greatest value when the
complexity of the process or object warrants
their construction. As most of you know, it also
has high value as a teaching aid,
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Figure 2, Sample Part Numerical Drawing.

Some CPI's feel that models are too expensive
and that the job can be done equally well by three-
dimensional drafting techniques, essentially those
using isometrics.

PHOTODRAWINGS. Photodrawing techniques
are not widely used but are combined with model-
making in an attempt to reduce engineering design
man-hours. Special photographic techniques are
now under experimentation and study for producing
complete and accurate drawings from the model.
Photos of the model are taken with a long focal-
length lens camera and copies are then digtributed
to the many interested groups such as designers,
igsometricians, material take-off men, etc,, rather
than shipping the model around for their perusal.
It would seem that the use of a television camera
could be used here very conveniently for trans-
mitting pictures of model to interested in-plant
groups, or possibly over greater distances.

SIMPLIFIED DRAWINGS. Much work has been
done in the area of simplified drafting in recent
years to eliminate unnecessary detail and views.
However, its greatest usage has been for in-pilant
production rather than with drawings which must
be gent to sub-contractors where there may be a
misunderstanding of these concepts. Drawings
which are now being prepared for use in program-
ming for numerically controlled machines could
be placed in this category. '

INEXPENSIVE DRAWING AIDS. Finally, all
lypes of devices, which are relatively inexpensive
compared to numerical controlled drafting
machines and scale models, are now available on
the market to reduce tedious and time-consuming
drawing details. Lettering templates, overlays of
standard items or lettering with adhesive backing,
tape overlays, and a variety of miscellaneous
templates have gained wide acceptance in industry,

Continued on Page 58



In developing solutions to real engineering
problems, the creative act of conceiving a physi-
cal means of achieving an objective is the first
and most important step. Analysis of the possible
solutions is the second step. Stated simply, syn-
thesis in conception precedes the analysis required
to refine the conception.

Identifying the creative person is not a simple
matter. Many researchers have studied this pro-
blem for years..  As yet, there exists no definitive
tests for creativity.

Professor Harrison G. Gough, Professor of
Psychology and Associate Director, Institute of
Personality Assessment and Research, University
of California, Berkeley, states in his paper,
"Identifying the Creative Man, " that the creative
personality is intuitive and empathie, perceptually
"open," i.e., not judgmental, aesthetically sensi-
tive, emotionally and socially sensitive, and a
complex personality. He concludes that:

"Testing for creativity is not the same
thing as testing for intelligence or school
achievement, and in fact tests of aptitude
and achievement have proved to be oflittle
or no use in identifying creative talent.
There is a pretty obvious implication here
for any selection program which seeks to
find and to encourage creative potentiality.
But although we cannot use these older and
well-established tests directly, we can
apply methodelogical skills gained in their
construction to the buildirg of tests which
can identify creativity., Our hope lies with
the future, but, I would add, a realizable
future. We can now specify some of the
aspects of personalily relevant to creative
work, and certain tests and scales within
those categories already possess a limited
validity. Complete validity is an impossi-
bility, but we are moving rapidly toward a
level of practical utility and accuracy in
this significant domain of evaluation,”

Professor Donald W. MacKinnon, Director,
Institute of Personality Assessment and Research,
University of California, Berkeley, in his paper,
"Fostering Creativity in Students of Engineering,"
says:

*Pregented at the A.S.E.E. meeting June, 1965 at
Chicago, Illinois.

Berkeley,

by

THE THOUGHT-MODEL METHOD OF TEACHING
SPATIAL VISUALIZATION*

Professor A, 8. Levens

University of California

California
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"We have no certain knowledge as to how

to foster more effectively the potential
creativity of engineering students. This

is not to say however, that we know nothing
about the creative process and creative
persong. Recent investigations, like those
in the Institute of Personality Assessment
and Research on the Berkeley campus of

the University of California, have shed
congiderable light upon the nature of
creativity and the distinguishing charac-
teristics of highly creative persons. But

to make inferences from thesge findings as
to how to identify creative potential in
engineering students and how best to develop
their creativity, is a precarious undertaking.

"The difficulties are several. Most of the
subjects in our investigations have been
mature persons in a number of fields of
endeavor: engineering and scientific research
in industry, mathematics, architecture,
writing, ete. Whether or not or to what ex-
tent we can generalize from our findings

with mature, creative, productive individuals
to students in schools and colleges of engi-
neering, I do not know.

¥ o ok

"What to me is most strongly suggested

by our findings is that we should seek to
develop in studenis a capacity for intui-

tive perception and intuitive thinking,
immediate concern for implications, and
meanings, and significances and possibili-
ties beyond that which is presented to the
genses. This is not to suggest a slighting
of facts, for there is a great wealth of
information which every educated person
must possess. Without a richness of
experience, which inciudes a considerable
body of fact, and especizlly so in engi-
neering, intuitions may be original but are
not likely to be very creative, ButI would
urge that in our instruction and in our train-
ing we never present a fact for its own sake,
and that in our testing of our students®
knowledge we shun questions which require
no more than identification of facts and
formulas. I am convinced that we can mea-
gure information which students have
learned more reliably, more validly and
more economically by objective tests than
by essay examinations. But it remains true,
I believe, that a student's preparation for



and actual writing of an examination which
requires dealing with problems forces him
to exercise his intuitive perception.

* ok %

"More specifically I would suggest that

no course or seminar deserves a place

in a college curriculum unless it requires
of the student the solutionof some problem --
a research project, a term paper, etc. The
requirement, sfated in only the most general
fashion, permits the student to determine
what specifically his own problem will be,
Thus he chooses, he sets the problem, and
having done so, he might well be left to
solve it in his own way. Thus we would
provide the student with what I believe to

be one of the necessary conditions for
creative achievement; the undertaking of
the solution of a problem where the degree
of difficulty and frustratfion is great and the

drive toward accomplishment is persistently
strong."

In view of the above statements, I believe that
the inclusion of conceptual design projects -- the
open-ended types -- in our graphics courses is a
most significant step forward.

Engineering as a profession is concerned pri-
marily with design, which in the broadest sense
includes circuits, machines, structures, processes,
and comhinations of these components into systems
and plants.

Surely the professional engineer must be cap-
able of predicting the performance and cost of
the components, systems, and plants to meet
specific requirements,

Designing is a conceptual process which is done
largely in the mind, and the making of sketches is
a recording process, a reliable memory sysiem
which the engineer uses for self-communication--
talking to himself -- to help him "think-through”
the various aspects of his project. Graphics is an
integral part of the conceptual phase because, more
often than not, the making of a simple sketch to
express a design conception does of itgelf suggest
further items of a conceptual nature.

Engineers who have developed the ability to
form a visual image of geometrical and Physical
configurations and to "think graphically"” have a
tremendous advantage in creating a physical
means of achieving a technological objective.

How can we help our young engineering stu-
dents to develop effective powers of visualization
and "imagineering''?

Exciting and stimulating teaching of the funda-
mentals of orthogonal projection and their appli-
cation to a variety of space problems affords an
excellent means to develop in this respect.

Over the years many experiments in visuali-
zation have been tried. Professor Mary Blade of
the Cooper Union did a fine job in her paper, which
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was published in the Journal of Engineering
Drawing, November 1949,

Rather than debate the pros and cons of the
findings by investigators in the field of psychology
and of engineering, I believe that there is consid-
erable value in the thought model method as a
means for developing power in visualization.

Before describing the approach used at the
University of California at Berkeley I should
point out that the teaching technique used in our
experiment is, most likely, one of several that
could produce good results.

Our method, called the "Thought Model"
method, consisis of tracing and desecribing related
points, linesg, planes and surfaces, in the air, by
use of the hands. The construction of imaginary
figures is accomplished by verbal descriptions.
The orthogonal representation of these figures is
made on the blackboard., The two-dimensional
representation, however, is made only after the
student has the experience of "seeing' and "man-
ipulating” the visualized three dimensional con-
figuration. In this way it is possible to create
geometric space relations which are so fully
visualized that the students can come forward and
add items, describe elements, analyze and solve
problems -- employing the imaginary figure.

Students with high aptitude for comprehension
of spatial relationships undoubtedly accomplish
this avtomatically regardless of the method used
to teach engineering graphics, However, when the
thought medel method ig used by the instructor at
the beginning of the course, it provides a shared
experience in visualizing an imaginary figure for
all members of the class. The thought model
greatly facilitates communication among the stu-
dents who can now discuss imaginary figures with
confidence.

On the other hand, siudents of descriplive
geometry trained conventionally often spend a
great deal of time working with two dimensional
representations or projections until they finally
"see' what the problem is, '"Seeing'' of course, r
results in the familiar "Aha!'’ experience described
by psychologists. In one sense the thought model
method can be described as a means of providing
the beginning student with the "Aha!" experience
at the very outset of his engineering education --
providing it in such a natural manner that the stu-
dent never imagines that engineering graphics
could consist of anything more difficult. With
confidence in his ability to vigualize a problem the
student is then prepared fo advance to ever more
complex problems requiring visualization and
employe graphic techniques to problems not ordin-
arily though to be susceptible to such methods.

I believe that widespread use of the thought
model method would significantly improve the
synthesis and analysis abilities of both engineeljing
and science students and would probably have im-~
portant applications in other disciplines as well.

I won't burden the reader with the details of the

Continued on Page 30



The geometry of four dimensions is not a subject
taught in engineering schools in spite its connec-
tion with several engineering problems. Only the
main fundamental concepts will be explained in
the simplest possible manner in this article.

Suppose that at the corner of Nassau and Olden
Streets one is agked, "Where is the main Library?"
The response will be: go ahead along Nassau
Street for some hundred feet. (Figure 1).

OLpEN

Figure No. 1

But if the inquiry is: (Figure 2) "Where is the
McCarter theatre? " The information required
will be: go ahead along Nassau Street to the cor-
ner with University Street and then go to the left
for some hundred feet.
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Figure No. 2

{Lecture Presented to a Class in Engineering
Graphics, School of Engineering and
Applied Science, Princeton University)

February 2, 1966

FUNDAMENTAL THEOREMS OF THE
GEOMETRY OF FOUR DIMENSIONS

by
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Dr. Luisa Bonfiglioli

Post-Doctoral Research Fellow
Technion - Igrael Institute of Technology

But if (Figure 3) a more specific question is asked:
"Where is the McCarter theatre and the manager's
office in it? "' To the second information must be
added: when you arrive at the building go upstairs
to the second floor. All this proves that there is
information that requires only one indication,
others requiring two indications and others -

three indications. It is worthwhile to notice that
in the first case we had two fundamental points:
the starting point and final point; in the second
case three fundamental points: starting point,
intermediate point and final point; they do not lie
on a gtraight line; in the third case, four funda-
mental points; starting point, intermediate point,
door of the elevator, final point; they do not lie on
a plane.

Figure No. 3

If we translate these examples in an abstract
language we can say that there are entities that
depend on one, two, or three elements. Their
geomeirical repregentationis givenby: a straight
line, a plane, a space. The line is determined by
two points, (Figure 4) a plane is determined by
three non-collinear pointg (Figure 5); a space is
determined by four non-coplanar points. (Figure 6).

-
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Figure No. 4

A plane contains infinite lines and each line hag
all the properties of a single isolated line but
because there are several lines on the plane, this



Figure No. 6

plane has its own particular properties that are
not due to a single line. So a space contains
infinite lines and planes; each one of them has all
the properties that are specific to it but the space
has its own new properties.

In order to generalize the geometry we say that
the lines and planes are also spaces: the line ig
a space of one dimension D7; the plane - of two
dimensions Dg; the space of three dimensions
D3. The point is considered as a space of zero
dimension Dg.

But now suppose the same request for directions
is made from the same starting point not to a
mortal but . . . to God. Because He knows the
instant in which He has created the universe to
my information He certainly will add another
indication: the time that has elapsed from that
moment of creation.

That means the information is composed of four
indications and this leads to five points not
belonging to the normal space D3 because the
element time is not a thing that can be measured
by means of the first three distances.

According to this answer we deduce that our nor-
mal spaceis immergedintoan amplified new space
called space of four dimensions Dg.

Indeed this is the space that is used in physics
but because the physicists are men and they can-
not refer to the precise moment of the creation
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of the world they refer the time to a certain fic-
titious origin and from this comes the name
"relativity” given to this branch of physics.

But this is not the only way for creating a space
of four dimensions. For example: a team of
doctors studies the causes of a certain illness.
They find that it depends on:

a. the age of the inhabitants
b. the climate

¢. the quantity of iodine dissolved into
the water

d. the quantity of a certain food eaten
by the inhabitants.

This is a problem depending on four variables
that can be related to a space Dy of four dimen-
sions that are not distances and time.

Hence we can state: each problem depending on
four variables must be related to a space of
four dimensions.

But then the first obvious question that comes to
our mind is: In what manner can we handle this
kind of problem?

The simplest thing is to denote by x, ¥, 2, t the
variables of the problem and to solve it by means
of calculations without giving to it a concrete
representation.

This solution was made by several mathematic-
ians and this topic is discussed in a very short
chapter in the book "Higher Geometry' by Fred-
erick S. Woods,

Thig could be the end of the story but really it is
the beginning because one of the peculiarities of

the human being: is the need of representing all
events that happen in their world.

This representation can be made in several ways:
the pictorial way is generally chosen as its best
and clearest expression, because in this regard
poor sight is better than good hearing.

Figure No. 1T

And because our imagination is very, very limited
these pictures have to be similar to things to

Continued on Page 32
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On Transposing Nomograms to Slide Rules
21

by
L. M. Weiner
Illinois Teachers College Chicago-North

A nomogram is a graphical computational aid )
for evaluating one of the variables in an expres-
sion of the form F (x, y, z, ---, w) = o given the

values of the others. Nomograms have long been
used by engineers and physicists to facilitate their
computations. h(z}

—oW &
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(v} ]
Another device in common use as an aid in 9

performing various computations is the slide rule. f(x)
In examining the relative merits of these two de-

vices, one finds that the slide rule has several
advantages over the nomogram,; namely, a

1. The slide rule generally gives more
accurate readings.

2. The slide rule is easier and quicker Flgure 1
to use in that no straight edge is required
3. There is no need to mark up a slide rule | Infex ‘ by
as is usually done in the case of a nomo- (0 N f(x) l
gram so that it may be used over and I
over again indefinitely. —h{z) 2 ‘__'% a(y) o=t

In view of these advantages it would seem
desirable to have available methods for construct-
ing slide rules which would do the same computa- Figure 2
tions as certain nomograms, and the present
paper provides several such constructions. '
The resulting slide rule is shown in Figures 7

In a three-parallel scale chart such as illus- and 8.

trated in Figure 1, three variables x, y, and z are
laid off at distances f(x), g{y), h(z} along each of
three vertical scales starting at the bottom, and
the collinearity of the three points x, v, and z
means that F(x, y, 2} = 0 or as is seen by Figure 1

The more complex nomograms would nc doubt
require more elaborate procedures to transpose
them to slide rules; however, the same principles
could probably be applied in most cases to achieve
a slide rule which would do the same job easier,

that quicker, and more accurately.
{v) - f(x) _a References
Bz} 10 b 1. Ford, L. R., Some Slide Rules, The American
Mathematical Monthly, V. 52, 1945, p. 328-
This is reducible to 334.
‘ 2. Weiner, L. M., A Slide Rule For Relationships
1og f(x) + log [b - h(yﬂ_ logla - h(z)] Involving Three Variables, School Science
g(y) and Mathematics, February, 1966, p. 138-
140,

Continued on Page 44
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THE SUMMER DRAFTING INSTITUTE AT TEXAS
AM UNIVERSITY

by

Charles R. Cozzens and Gary Johnson

West Texas State University

Abstract Education Division of the Texas Education Agency
in Austin, Texas.

The purpose of this paper is to report briefly on the draftiug institute )
which was held on the campus at Texas A&M University during the Tentative plans regarding course content were
surnmer session of 1985, The institute was jointly sponsored by the outlined, but final decision wasg reserved until
Engineering Extension Service and the Engineering Graphics Department practicing gstructural engineers could be consulted.
at Texas A&M University. To aid in determining those phases of structural

drawing which would be most appropriate for the

The course was designed so students might learn or improve the skills course, four members of the Engineering Graphics
which are necessary for employment as draftsmen. The program con- Department visited such consulting engineering
sisted of three weeks of basic mechanical drawing, three veeks of descrip- firms as Bovay Engineers, Inc. and Brown and
tive geometry, two weeks of steel detailing, two weeks of concrete Root, Inc. These visits proved to be a wige in-
derailing, and one week of aluminum detailing. A term project was vestment of time and effort and largely confirmed
completed during the final weel of classes. the validity of the preliminary planning.

Three hundred sixty hours of class work were provided for the twenty~ The final outline for the course provided for
five students who completed the course, and a follow-up study is being 360 hours of class room lecture and practice.
planned to determine the overall effectiveness of the institute. This total was divided into two 180 hour sessions

lasting six weeks each. During the first six weeks
the students were permitted to complete the same

A vocational drafting institute was held on the ) general course work required of all beginning
campus of Texas A&M University during the sum- engineering students. These offerings included
mer of 1965. It was jointly sponsored by the geometric construction, orthc_xgraph.lc projection,
Fngineering Extension Service and the Engineer- plctor_lals, auxiliary views, dimensioning, vector
ing Graphics Department at Texas A&DM and repre- graphics and so on.
gented the planning and research completed by . ) )
geveral members of the co-sponsoring agencies. The second six weeks provided for study in
The program offered the thirty beginning students three major units: steel detailing, cgncrete de-
an opperfunity to learn or improve upon skills tailing, and aluminum structural design and
which could be used to fill existing job vacancies detailing. These offerings required five weeks
in industry. Such a program had been considered for completion; t'he sixth week was a'llotted for a
for some time; and after final approval for the term project. Figure 1 shows a listing of the
institute was granted, a committee was formed to general topics covered during the twelve weeks
determine, among other things, which drafting and gives the amount of t{ime devoted to each.

specialty was most in demand in Texas. . . . .
The unit on steel detailing studied during the

The Industrial Drafting Training Committee, second six weeks required the students todetail
composed of I.. E. Stark {(Chairman}, §. M. Cleland, simple square-framed beams, design framed
and P. M, Mason, all of the Engineering Graphics beam connections to withstand given loads, calcu-
Department, distributed questionnaires to 184 late reactions and moments, design seated and
industrial firms throughout Texas. The eighty-one skewed connections and detail columns. During
forms which were returned constituted a 44 per this time the students made extensive use of the
cent response and showed that the need for struc- Manual of Steel Construction. This phase of the
tural draftsmen far exceeded that for any other course provided the students with lucrative
specialty. With this particular bit of information opportunities to gain broad practice in the use of
to lend guidance, selected members of the co- the slide rule.
spongoring agencies started preliminary planning .
for the institute which was to start June 7, 1965. The unit on concrete allowed the students to
study the placement of steel reinforcement bars
One of ithe first actions taken was to select and to draw and detail such concrete members as
teachers for the program. After reviewing the beams, girders, slabs, columns, and footings.
qualifications of several prospects, three members The recommendations for det'allmg as ou"cl}nedln
of the Engineering Graphics staff were nominated the Manual of Standard Practice for Detailing
to fill the positions, Based upon their academic Reinforced Concrete Structures were observedin
preparation and practical industrial experience, the classroom.

N. B. Bardell, C. R. Cozzens, and M. P. Guerard
were chosen as instructors. Their qualifications

The second six week i i
were presented to and approved by the Technical eeks provided for study in

three major units: steel detailing; concrete de-
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tailing, and aluminum structural design and
detailing. These offerings required five weeks
for completion; the sixth week was allotted for a
term project. Figure 1 shows a listing of the gen-
eral topics covered during the twelve weeks and
gives the amount of time devoted to each.

The unit on steel detailing studied during the
second six weeks required the students to detail
simple square~framed beams, design framedbeam
connections to withstand given loads, calculate
reactions and moments, design seated and skewed
connections and detail columns. During this time
the students made extengive use of the Manual of
Steel Construction. This phase of the courge pro-
vided the students with lucrative opportunities to
gain broad practice in the use of the slide rule.

COURSE OUTLINE

Subject Hours
Lettering . . . . 8
Use of the Drang Instruments . 4
Geometric Construction 4
Orthographic Projection . 21
Sketching . e e 12
Pictorials . 9
Auxiliary Views. 20
Sections . 9
Dimensioning . 6
Shop Math. . . 21
Shop Processes. 8
Working Drawings . . 12
Use of the Slide Rule . . 8
Point, Line, and Plane Relatlons. 9
Vectors . . 20
Steel Beam Detalhng 21
Structural Frame Connectors e .21
Stiffened Seated Connections . . . . . . .. B
Unstiffened Seated Connections . . ., .. 6
Steel Column Detailing . . . . .. ... .. &
Concrete Beam Detailing . 24
Concrete Column Detailing. 18
Concrete Slab Detailing. 18
Aluminum Structural Detalhng 30
Term Project. - 14]
Field Trips . . . . . . . .. . .. ... .. 9
TOTAL 360

THE GENERAL COURSE OUTLINE FOR THE
SUMMER DRAFTING INSTITUTE
Figure 1

The unit on concrete allowed the students to
study the placement of steel reinforcement bars
and to draw and detail such concrete members as
beams, girders, glabs, columns, and footings.
The recommendations for detailing as outlined in
the Manual of Standard Practice for Detailing
Reinforced Concrete Structures were observed in
the classroom.

The third major unit, that on aluminum, was
perhaps the most technical of all. After the stu-
dents had been introduced to beam design and

1/

2K

detailing and had become familiar with graphical
trusg analysis, they were asked to design and
detail certain structural members to carry given
tension and compression loads. It became nec-
essary, then, to introduce such new ideas ascross-
sectional areas, moments of inertia, radii of gyra-
tion, and slenderness ratios. Once again the
students found their slide rules to be very handy
tools. Reference material for this phase of the
coursge was taken from the Alcoa Structural Hand-
book, a manual provided through the courtesy of
the Aluminum Company of America.

During the final week of the course, the stu-
dents drew details for a covered grandstand which
might be built beside a tennis court to accomodate
approximately four hundred spectators. The basic
design of the roof truss, columns, slabs, seating
arrangements, etc., was given, and the students
drew details which could be used for the fabrica-
tion and erection of the structure.
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Classes were scheduled for six hours each day
starting at 7:00 a.m. and continuing until 10:00 a.m.
At 1:00 p.m. classes resumed and lasted until
4:00 p.m. Generally, the first hour of each ses-
sion was used for a rather informal lecture and
digcussion of the topic to be considered. During
this period a lesson assignment sheet was distri-
buted to the students. This sheet told what topic
was to be covered during that session and briefly
gtated the main objectives for the lesson. It out-
lined an assignment and told, among other things,
when the assignment was to be returned for scor-
ing. Generally, if an assignment was made during
the morning session, it was required of the stu-
dents by 1:00 p.m. Some exceptions were made,
however, if the assignment was unusually lengthy.
Figure 2 showsg the general format for the lesson
agsignment sheets, and Figure 3 shows an assign-
ment as it was completed by one of the students.

An estimated 60 per cent of all drawings were
completed on tracing paper, and periodically the
students were required to make reproductions of

Continued on Page 48



DESCRIPTIVE GEOMETRY

A

SELF-DEPENDENT SPATIAL SCIENCE

by

Thaddeus D. Pozniak
Canisius College of Buffalo, N.Y.

Let it be stated at the beginning of this article,
that its purpose is to defend the pogition of descrip-
tive geometry, which geemed to have suffered
rather considerably, from a few definitely critical
remarks, made hy Prof. V. P, Boreckyl in his
interesting article "Peculiar Lines and Planes' --
in the February, 1966 issue of the Journal of Engi-
neering Graphics, Vol. 30, No. 1.

The main part of Prof. Borecky's article, under
the subtitle of "Projective Geometry, Axis of
Homology, " starts with the statement, (p- 20):
"Projective Geometry is all geometry.'

Today -- it is clear, that topology ig logically
hasis to projective geometry.

Another important point, calling for some
clarification, is the confusion of the affinity, col-
lineation, and homology-lines, with the peculiar
line.

Affinity, (collineation, homology} axes -~ belong
to projective geometry, they are ideas nearly 150
years old. The "peculiar line'" belongs to descrip-
tive geometry, and it is a five year-old idea.

The peculiar line was found independently of
Projective geometry. It was found by means of
‘peculiar points', the latter being pureiy descrip-
tive geometry ideas (the piercing points of lines
with planes containing the HF-folding line).

In other words the peculiar line was found with-
in descriptive geomeiry, and by its own power
alone.

One important point should be made posiiively
clear:

This is not the only instance in
mathematics that the same symbol,
or the same line -- stands for two
entirely different concepts.

The numeral "5' stands for number "five', or
for the ordinal numeral 'fifth.'"" The same symbol
standing for entirely different meanings, which
must not be confused. Any confusion of the two,
would be mathematically incorrect.

The graph of the equation 2x + 3y = 4 is the
straight line, and the graph of the function

5 = 4-2x% ig exactly the same straight line.
3

21

But it is wrong to say that the concept of the
equation is the same as that one of thefunction.

Equating the two would be mathematically incor-
rect.

A great many similar examples could be cited
for the illustration of the problem in gquestion.

Tt is the meaning of the symbol that makes an
idea, and not the symbol itself.

The same symbols and the same lines may
represent entirely different ideas.

The affinity, {collineation, homology)} lines
were found by projective geometry methods, and
they are projective geometry ideas.

The peculiar line was found by descriptive

geometry method, and it is a descriptive geometiy
idea.

Though graphically they are the same line, they
are not identical ideas.

To confuse the two concepts is geometrically
incorrect.

Projective geometiry and descriptive geometry
are different branches of geometry. They coin-
cide sometimes; they permeatie to some degree
(as does any other branch of mathematics,) but
they are different. Descriptive geometry is a
spatial geometry, whereas projective geometryis
basically plane geometry in its concept.

There is another essential point for the sup-
port of the originality of the peculiar line as a
descriptive geomeiry idea which must not he con-
fused with the projective geometry concept of the
affinity line.

The peculiar line, being by its origin and by
its nature a descriptive geometry idea, gives rise
to new, basic, descriptive geometry constructions
which are unobtainable by projective geometry
methods, and, which - - independently of their
possible practical value, -~ have their value in
pure geometry.

For this reason alone, the peculiar line en-
hances the potentiality of the science of descrip-
tive geometry. It proves that descriptive geome-
try is capable of uncovering new facts on its own.



In the light of the above remarks -- the hint
"inventing old facts' (p. 20) cannot be referred to
the peculiar line, which in reality is a new fact,
which has been covered, for a long time by anold
fact, in this case, -- by the affinity line.

Also, the dismissal of the hundred year old
direct method (American 3-rd angle projection)
as "adequate" (p. 54) seems to be at least a con-
troversial opinion.

Much, of course, could be said on thig subject
from both theoretical and practical standpoints.

From the geometrical standpoint, both the first
angle projection and the third angle projection are
equally adequate.

The point is that the whole three-dimensional
space be adequately accessible and operable.

As far as the theoretical and algo a practical
aspect of the third angle projection is concerned,
Successive auxiliary views would be rather
strongly in favor of the direct method. One thing
is sure -- the real answer to that serious pro-
blem can be reached only through an extensive,
objective research -- and not by arbitrary judge-
ment alone.

It is generally agreed among the descriptive
geometry and engineering teachers -- and it has
been recently confirmed by an extensive nation-
wide study2 by groups of experts -- that {p. 8)
""The importance and necessity of solid back-
ground in the theory ol descriptive geometry be
recognized.” It was affirmed in the study that
"the ability to visualize . . . to form a mental
image . - particularly in the area of gpatial
relations"” is the "most basic talent” an engineer
shoulrc'i develop "with the help of descriptive geom-
etry.

In other words, the spatial character and the
irreplaceable role of the science of descriptive
geometry in teaching has been authoritatively
reaffirmed.

There wag no specific recommendation for
abandoning the third angle projection nor for
introducing the elements of projective geometry
into descriptive geometry. This does not mean
that it cannot or even should not be done. The
point is that the self-dependence of the science of
descriptive geometry has not been curtailed nor
diminished in any way by that study.

It is also quite natural that the research in the
field of descriptive geometry, when performed by
means of the purely descriptive geometry ideas,
only serves better the self~dependence of that
science.

. Therefore, "the peculiar line," being not an

old"' projective geometry tool, serves the self-
dependence of the spatial science of descriptive
geomeiry -- and well. When treated ag an affinity
line, imported from projective geometry, it does
the opposite.
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In the present continually critical position of
the science of descriptive geometry in the
school curriculum, that aspect of the self-
dependence of descriptive geometry as a spatial
sclence, seems to be of considerable importance.

The restoration of the role of descriptive geo-
metry in the school curriculum in the space age
may come only through practical recognition of
that subject as (1) a most efficient spatizl geome-
try and (2} ag an irreplaceable self-dependent
science.

Melding together the homology, affinity ancli the
peculiar lines, and calling the third angle projec-
tion inadequate (p. 54) seems to depreciate de-
scriptive geometry in these two important respects.

The only valid objective point of view calls for
a right appraisal of actual values of the subject
matters invelved, without making them overly
important or too negligible.

Finally it should be mentioned that from a
purely applicatory standpoint, it may seem of no
special importance how clearly one would discern
between the affinity line and the peculiar line.

The situation, however, becomes entirely
different -- when approached from the theoreti-
cal or purely mathematical point of view. Almost
inconspicuous differences in the underlying axioms
or geemingly insignificani fundamental statements
in mathematics make a very big difference in the
structures that are based on them and developed
from them.

For one of many possible examples, let it be
referred to the fact with which this article began.

Topology has one basic underlying axiom,
which is: Seemingly. this statement is very
simple and rather insignificant, Nevertheless, at
the present time science is superior to projective
geometry, which has been considered an "all geo-
metry" for a very long time.

REFERENCES (Footnotes)

1. Morrig Kline -- Projective Geometry -- an
article in "The World of Mathematics' Vol. 1
pp. 622-641,

Simon and Schuster, New York, 1956,

2. "Engineering Graphics Course Content
Development Study -- Final Report," 1965 --
Paul M. Reinhard, Project Director -- Study,
Headquarters, the University of Detroit.
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Frank A. Heacock

Professor of Graphics, Emeritus

Princeton University

For many years teachers of graphics have
rightly stressed the importance of engineering
drawing and descriptive geometry. It is an estab-
lished fact thai a working knowledge of the univer-
gal language of engineering drawing is indispen-
sable for communication of technical data in all
fields of engineering construction and industrial
production. It is also well known that descriptive
geometry methods are oiten used to advantage to
solve three-dimensional problems, especially
where vectors are employed to represent such
factors as forces, time, and motion. In addition
to its utility in communication and problem solving
the study of graphics has important educational
valueg which are discussed briefly in this article.

Graphics is the expression of vigual thinking
by means of views, graphs, and diagrams, which
must appear in the mind before they can be drawn
on paper. Thus the study of graphics develops
mental vision, the ability io see things clearly in
the mind. Students who have mental vision learn
quickly and easily, because they think in terms of
lifelike pictures that reveal their meaning at a
glance. Visualizing the different aspects of a sub-
ject makes study more interesting and fruitful.
This method of enlightenment by visual thinking
is so rewarding that every engineering student
should be taught how to use it effectively in vari-
ous ways that will improve his ability to learn.

The visual nature of graphics makes it a valu-
able aid to teaching and learning. The study of
graphics gives the mind a visual way of thinking
and comprehending, called graphic insight, which
opensg up a direct path to complete understanding.
Too many students adopt the rote method of
study, memorizing facts and figures, rules and
techniques, trying to find the true meaning of a
problem, but not knowing where or how to look
for it. In the study of graphics, the point of view
and the direction of sight are vital considerations
that must be mastered at the outset. Thus the
graphics student acquires a reliable sense of
direction and the ability to select a favorable
point of view from which the most significant

*Editor's Note: This was the last literary produc-
tion of Professor Heacock, now deceased. He
wrote it especially for the Journal of Engineering
Graphics Division of Engineering Graphics.
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agpects of a problem are immediately apparent.
Often several points of view must be taken, one
afier another, in order to discover and appraise
all the facts revealed by different aspects of a
situation. This requires a flexibility of view-
point as the attention is shifted from one aspect
to another. It makes the mind alert and nimble,
develops keener perception, and gives students a
better understanding of principles and their use-
ful applications.

Now, more than ever, young engineers must
have imagination and the ability to use it effec-
tively when they meet the challenge of our dynamic
technology. The wonderful engineering achieve-
ments all around us today are the products of
creative imaginations put to work a few years
ago by forward-looking engineers. But a fertile
imagination must have its roots deep in rich
experience. Nothing takes the place of actual
experience., Not found in textbooks, this real
experience is gained on the job in industry. on
construction, or at a research center. Engineer-
ing students and their instructors should get this
firsthand experience in summer jobs. Thisback-
ground of knowledge concerning how things are
accomplished where the action is should be
supplemented by intensive reading in the techni-
cal journals with the regard to many different
kinds of engineering projects. When it is nour-
ished by experience and stimulated by the inter-
egt that experience generates, the imagination is
developed by training so that it will grow and
bear fruit in the form of bright, new ideas about
better ways to satisfy needs. As graphics pro-
vides the best outlet for these ideas, a ready
facility in graphic expression is the perfect part-
ner for the creative imagination.

Invention is the useful contribution of a working
imagination whenever progress demands a better
way to get things done. Where the new idea in-
volves only a change in method, the improvement
ig called an innovation, but if the idea is entirely
original, unlike anything ever done before, it is a
discovery. In any case, some knowledge of what
is known as the prior art, gained by a study of
similar applications already planned and tested,
ig a helpful guide to the creative imagination.
When a new idea appears in the mind, it should be
traneferred immediately to paper in the form of
a sketch in a notebook. This is the first step in

Continued on Page 41



Flint, Michigan.

ON AN APPLICATION
orFr
DESARGUES' THEOREM

by

Robert W. Bosmo

Princeton University

The "Can You Solve This" problem of the
Spring, 1965 JEG issue is admirably suited to
solution using Desargues' Theorem of the pro-
jection geometry. This theorem may be statedas
follows:

"If corresponding points of two
coplanar figures lie on concurrent
lines, then the points of intersection
of corresponding lines of the figures
lie on a straight line."
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The given problem can be analyzed as follows.
The intersection of the V-block with plane ABC is
the same as the parallel projection of face DEF
on ABC. Therefore, in the plane of Figure 2,
corresponding points of two coplanar figures, one
being face DEF and the second the section on ABC,
lie on parallel lines. If the axis of affinity for
these figures can be established, the section on
ABC can be constructed.

The axis of affinity can be determined as
follows: Points A and E are corresponding points
of the two figures as are points B and G. There-
fore, the intersection of lines AB and EG locate
point IT on the axis. Peint C of plane ABC is also
a point of face DEF. As a result, C is necessar-
ily & point on the axis. The axis of affinity is the
line passing through points H and C.

The section cannow be obtained inthe following
manner:

Figure 1

Figure 1 pictorially represents the theorem.
The straight line referred to above is labeled ag
the "axis of homology" in Figure 1 since P, the
point of concurrency, is a real point of the plane.
The point P can also be an ideal point of the
plane, i.e, the point in which parallel lines inter-
sect. In this latter case, the straight line is
called the "axis of affinity. "

1. Line EF intersects the axis of
affinity at point J. The corres-
ponding line of the section must
pass through J and A since A and
K are corresponding points. The
line AK of the gection results.



2. Line FQ of the fact intersects the
axis at .. F and K are cores-
ponding points, therefore KM of
the section can be drawn. Observe
that this line passes through B.

Line DE of the face intersects the
axis at N. Line AN of the section
corresponds to EN of the face.

wl

Line D@ of the face intersects the

axis at C. M and @ are corresponding
points, therefore MC of the sectioncan
be drawn.

-

Line RU of the face intersects the axis
at V. U and W are corresponding points,
therefore WT of the section can be drawn.

o

6. Connect points B and T, N and C to com-
plete the section.

Notice that steps 1 through 5 describe identi-
cal and very simple procedures. The determina-
tion of the axis of affinity was also easily
accomplished heing essentially the inverse of the
succeeding five steps.

Desargues' Theorem is entirely general for
problems of this type. The faces of the object
being sectioned need not satisfy special conditions
such as parallelism. In addition, the object canbe
represented in either axonometiric or perspective
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projection and the solution procedure remains
unchanged.

The point that is intended to be made with this
paper is the recollection of -- and perhaps in
some instances, a first exposure to -- the beauty
and simplicity of Desargues' Theerem. Of import-
ance, however, is the realization that this theorem
is not restricted to obvious problems in projec-
tion such as the example worked here. The Feb-
ruary and November, 1962 issues of this journal
contain articles by V. P. Borecky that show proof
of Desargues' Theorem and some engineering
applications that are not strictly projection type

problems.
&

Answer to problem "Can You Draw the Right-
end View?' contributed by E. W. Knoblock, The
University of Wisconsin - Milwaukee, February,
1966, Vol. 30, No. 1.

Continued on Page 54

A drawing is first a thought before it is recorded.
&

Those who resist the idea that their writing
needs improvement are often the first to object
if they are assigned readings in poorly written

hooks.
B



James S, Rising, Cont.

In his distinguished career as a clagssroom
teacher and administrator, Professor Rising has
touched the lives of thousands of engineering
students in the formative years of their profes-
sional education. The esteem in which he is held
by former students and the loyalty of his staffare
evidences of his warm personality and effective
leadership.

Jim and Mildred Riging are the parents of two
sons, Edward J. and Donald M. The'former is
Assistant Dean of Engineering at the University of
Massachusetts.

Robert H. Hammond, Cont,

He is the principal author of the textbook and
workbook, ''Engineering Graphics for Design and
Analyses, " widely adapted in engineering schools.

Colonel Hammond is presently living in Raleigh,
N. C., with his wife, Shirley, and two children,
Terry Lee, and Robby. He has one other s0mn,
Harry (Steve) Hammond, a third classman {soph-
omore) at the U. 5. Military Academy.

Following his retirement, Colonel Hammond
accepted a pogition as assistant director of the
Freshman Engineering Division at North Caro-
lina State University in Raleigh, N. .

@

CITATION

-

Frank Oppenheimer, Gramercy Guild Group,
Inc., has been elected to membership in the
ASPEN SOCIETY OF FELLOWS. His electionto
membership by the trustees of the Aspen Institute
for Humanistic Btudies was because of Mr. Oppen-
heimer's "interest, activity, and leadership to-
ward the strengthening of the humanities and his
influe”nce in clarifying the purposes and destiny of
man.

Membership to the Agpen Society of Fellows is
chogen from leaders in industry, the professions,
and public affairs who are actively engaged in
strengthening the humanities to give greater mean-
ing to the life of man and wiser direction to gsociety

The purpose of the Aspen Executive Program
is to broaden the perspective and to excite the
imagination of each participant through an inform-
al, intensive exchange of ideas.

B
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IN MEMORIAM

Frank A. Heacock

Professor emeritus, Frank Ahern Heacock,
retired Chairman of the Department of Graphics
and Engineering Drawing at Princeton University,
a nationally known teacher, practicing engineer,
and scholar; a long time member of the Divigion
of Engineering Graphics of the American Society
for Engineering Education; and an active partici-
pant in its affairs, even after his retirement from
teaching, died on Wednesday, June 15, 1966 in
Princeton, New Jersey.

Professor Meacock wag a recognized authority
on the graphical solution of technical problems in
the fields of Science and Engineering. He was a
frequent contributor to technical publications and
the author of several books. Other honors included
membership in Sigma Xi, Tau Beta Pi, and Phi .
Beta Kappa. He served the Engineering Graphics
Division, as well as the American Society for
Engineering Education in many capacities, includ-
ing membership on the General Council, Chairman
of the Division of Engineering Graphics, and
Editor of the Journal of Engineering Graphics.




In 1957 he received the Distinguished Service
Award of this Division.

He was a devoted husband and father and was
loved by all who knew him. He was a digtinguished
gentleman in bearing and tmanner whose presence
lent dignity to any occasion.

The Engineering Graphics Division recognizes
its great loss of a devoted friend and wishes to
express its deepest sympathy to Mrs. Heacock
and children.

It is recommended that this Memorial be
placed in the minutes of the Division and that
copies be sent to his family.

Raiph Northrup
Matt McNary
James Rising 2

w2

A. P. McDonald, Chairman

IN MEMORIAM

The staff of the Department of Graphic Science
of Northeastern University submits the following
reaoclution to the Engineering Graphics Division
of the American Society for Engineering Education
concerning the death of James J. Devine, Associate
Professor of Graphic Science, on March 19, 1966.

Professor Devine received his Bachelor of
Science Degree in Civil Engineering from Rhode
Island State College in 1927 and his Master of
Science Degree from Brown University in 1936.

After receiving his Bachelor's degree he was
employed for a short period of time by the Tele-
phone Company but then returned to the profes-
sion of teaching to which he devoted his greatest
offorts. Professor Devine came to Northeastern
University in 1937 where he taught Engineering
Drawing and Civil Engineering until 1939. Since
1935 he has been associated principally with the
Drawing Depariment and was a member of that
Department -- now the Graphic Science Depart-
ment -- until his death.

In 1939 Professor Devine was appointed to the
faculty of Lincoln Institute, which is an evening
technical school at Northeastern University
serving as a member of its Academic Program
Committee and as Assistant Department Chair-
man of the Department of Engineering Drawing.
His contributions to Lincoln Institute, now Lincoln
College, have been many with the reputation of
having a sincere manner, quiet competence and
the highest dedication to his students, placing him
among those who in the highest sense are known
ag educators and gentlemen.
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The twenty-nine years of service to North-
eastern University were continually marked by a
keen sense of loyaliy and devotion to the school,
his work, and especially to his students. Profes-
sor Devine took great pride in his career as a
teacher and was constantly aware of his responsi-
bilities which he discharged with enthusiasm. He
delighted in the accomplishments of his students
and was always ready to help those who stumbled
which indicated his full committment to the needs

of young people who attended his classes.

His colleagues in the Graphic Science Depart-
ment of Northeastern University attest to his
spirit of cooperation and support. Many new
young teachers were helped and advised by this
experienced professor. Professor Devine was
constantly active in investigating new develop-
ments in Graphics and passing them on to his
colleagues and students. We will migs him,

James J. Devine was also active in his com-
munity particularly in his church where he served
in many capacities including the administration of
the sunday school. His summers were character-
ized by attendance at varicus summer institutes
and conferences in his academic field. He was
active in national and local levels of the American
Society for Engineering Education as well as Phi
Kappa Phi, a national scholastic honor society.

He was a member in good standing of the Boston
Society of Civil Engineering.

Professor Devine was the author of short
articles published in the ASER Journal of Engi-
neering Graphics as well as of a text in the graph-
ical presentation of statistics as taught by his
colleagues for several years.

Submitted by
Staff of the Graphic Science Department
Northeastern University

By means of this resolution, the members of
the Engineering Graphics Division of the
American Society for Engineering Education wish
to express their deepest sorrow at the loss of so
valued a colleague. %

ANNUAL ENGINEERING GRAPHICS
DIVISION

Descriptive Geometry Award
Pregentation by I. L. Hill

Washington State University
Pullman, Washington - June 22, 1966

The Descriptive Geometry Award Committee
is pleased to announce that the award this year
which includes a certificate and a $100 cashprize
goes to Dr. Luisa Bonfiglioli for her paper entitled
"Parallel Projection for Euclidean Geometry of

Continued on Page 28




Descriptive Geometry Award, Cont,

Four Dimensions.”" This paper was presented at
an Engineering Graphics Seminar in November,
1965 and was published as Report No. 18 of the
Technical Seminar Series of Princeton University.

Dr. Bonfiglioli is a vigiting Research Post-
Doctoral Fellow to the Depariment of Graphics
and Engineering Drawing of Princeton University.
She is a leading world authority in the field of
Descriptive Geometry and is now on ieave from
the Israel Institute of Technology. She is doing
research in theoretical graphics and in descrip-
tive geometry of higher spaces plus a series of
lectures and seminars. In addition, she is engaged
in research using projectors and motion to develop
visual concepts involving descriptive geometry,

In addition to the certificate, the cash prize of
$100 is made possible by the generogity of a most
loyal friend of the Division -- Mr. Frank Oppen-
heimer of the Gramercy Co. who made the pre-
sentation. The Division ig most grateful for his

continued support.

Engineering Graphics -
Cont,

Static or Dynamic,

Designbegins witha consideration of the numer-
ous possibilities and converges in the form of
approaches, material gelection and components to
an acceptable answer. Design requires an objec-
tive judgment by completely testing all posgible
subjective impressions against design critera to
arrive at an acceptable conclusgion.

Great technical skilis in the practice of crea-
tive design is difficult to contain within a single
definition. The designer's work may begin with
research and study of the customer's needa.
Research and design require egsentially different
approaches and attitudes of mind. Research is
divergent; it begins with a glimmer of an idea and
enlarges as the idea takes form and direction.
Research opens the way to progresgsively larger
problems; development and engineering degign
reduce the magnitude of the problem and evolve
practical applications ag progress in research is
made.

Engineering graphics is one means of closing
the gap of misunderstanding often occurring be-
tween the research secientist and development
engineer. We of the Engineering Graphics Divi-
Sion must keep alert to new developments in both
the science and engineering areas. Our college
courses in engineering graphics must change with
these developments if graphics is to continue to be
the dynamic force for progress which it has been
in the past.

E.D.B.

&
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CREATIVE PRODUCT EVOLVEMENT Published 1965
by J. Liston, P. E. Stanley Price $5.00
190 pages, 8% x 11**, — a beok which is profusely illustrated with example cases of new-product évolvement, and

contains a large number of practice problems particularly designed to stimulate imaginative thinking. Many of these
problems are based on real situations that offer the challenge which comes from knowing that a good answer might have

commercial potential.

Unique in its field, and parcticulardy emphasizing the methods of synthesis, a step-by-step procedure is presented for
conceiving, describing, and proving ideas and proposals for new and better products.

Chapter titles are: I, Preparatory Steps in Evolving a Complex Product. 2. Conceptual Methods and Techniques in
Creative Product Evolvemeni. 3. Spatial Visualization. 4 Disclosures and Patents. 5. Feqgsibility and Optimization
Studies. 6. Feasibility and Optimization Studies with Analog Computers. 7. Feasibility and Opiimization Studies with
High-Speed Digital Computers, 8, Experimental Conrfirmation of Feasibility. 9. Planning the Feasibility Test Facili-
ties. 10. Proposal Reports for New Products. Appendiz: Practice Problems in Creative Synthesis,

*DESCRIPTIVE GEOMETRY PROBLEMS and *Published 1962

** ADDITIONAL DESCRIPTIVE GEOMETRY PROBLEMS **Published 1965
by S. B. Elrod, C. . Zacher, H. I, Gerdom Price $4.50 (for both)

*128 problem sheets, 84" x 11" on good quality paper, perforated and bound into a book.

Appropriate for 2n extensive course of 90100 lab hours. Content includes: basic orthographic projection, fundamental
spatial telationships of elements; applications of descriptive geometry to design and manufacrure. There is extensive
coverage of intersections and developments, including ruled surfaces; also, axonometric and perspective projection are
treated.

#% ADDITIONAL, — includes a number of problems on: Lofting, Compound Locus Relations, - also includes improved
instruction and variations of certain problem sheets in the 1962 set,

R

WORKSHEETS FOR INTRODUCTORY GRAPHICS — FORM A Published 1958
by J. N. Amold, M. H. Bolds, S. B. Elrod, ]. H, Porsch, R. P. Thompson Price $4.00
One hundred sheets, mostly 8% x 11'* with a few 11'*x 17*", on good quality paper, perforated and bound into & book.

Principal topics are: Lettering, Geometry, Multiview Drawing, Pictorial Drawing, Intersections, Developments, Con-
toured Sutfaces, Functional Design; also a few sheets edch on Vectors, Graphical Calculus, Empirical Equations, Re-
pre sentation of Data and Equations.

GRAPHIC AIDS IN ENGINEERING COMPUTATION 1963 Printing
by R. P. Hoelscher, J. N. Arnold, S. H. Pierce Published 1952
Price $5.75

This well-known test of 197 pages, 6'* x 9%, in bard covers, deals with alignment charts, empirical equations, the de-
sign of special slide rles, and the use of the standard slide rule, Examples are numerous, and there are problems
ar the end of each chapter.

The seven chapters are: { 1) Standard Slide Rules, (2) Empirical Equations from Engineering Data, (3) Alignment Charts,
(4) Graphical Calculus, (5) Alignment Charts with Determinants, {6) Special Slide Rules, (7} Movablescale Nomographs.

Formerly available from McGraw-Hill; now a Balt book.

Examination copies of any of these are avoilable upon request.

AT . T PURBILIEL

308 STATE STREET WEST LAFAYETTE, INDIANA 47906




The Thought Model, Cont.

Study* since copies are available upon request.
Suffice it to state that the results of the study
indicates that a gignificant change in student per-
formance can be brought about by the use of the
thought model method in teaching the fundamental
principles of orthogonal projectionand their appli-
cation to the solution of space problems.

Since the completion of this study in 1962, we
hawve continued our experimentation using televi-
gion, During this schoolyear (1964-1965) 12 T.V,
lectures were developed and used in our freshman
graphics classes. FEach lecture of approximately
30 1ninutes was followed by 20 minutes of "Tive"
discussion,

In the first three weeks of the fall semester,
1964, the first six lectures (two per week) were
presented via television. These lectures inciluded
the following topics:

1. "Introduction' -~ the engineering pro-
fession; the rapid development of
technology; the need for thorough prep-
paration in mathematics, physics, chem-~
istry, and graphics; the engineering
sciences; and humanities; and the role
of graphics in engineering design,

2. The two fundamental principles of
orthogonal projection,

3. The determination of visibility of solids;
and the interpretation of orthographic
views.

4, True length, grade and bearing of iine
segments; applications.

5. Intersecting, skew, parallel and perpen-
dicular lines; applications,

6. Point view of a line; edge view of plane
surfaces; connector problems; and appli-
cations.

Each T.V. presentation was followed by "live "

discussion.

During the next three weeks, six lectures were
presented "live'" {no T.V.). Included were the fol-
lowing topics: ‘

7. True shape of plane surfaces, and appli-
cations.

8. Angle problems; applications.
9. Developments.
10. Intersections -- basic problems.

11. Intersections of solids.

#Supported by a grant from the U. 8. Office of
Education.
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12, Vector quantities and vector diagrams; con-
current noncoplanar force systems.

A report of this experiment has been prepared,
but is not ready for distribution at this time.
Nevertheless, a few highlights are appropriate:

As the students see it with respect to T.V.:

a. The T.V. method is better for the
simpler material.

b. There are mechanical advantages
in making it easier to hear and see.

c. More material can be covered in the
time available.

d. The additional planning for a T.V,
"performance' motivates the in-
structor to produce especially clear
sketches and well organized lectures
and thus aid in the presentations.

Now with respect to the "live' presentations
the study revealed the following:

a. The "live' method is better for the
more difficult material and is more
helpful in pointing out the areas for
more concentrated study.

b. The live method allows for immed-
iate questions related to the difficult
material.

c¢. The instructor can sense when stu-
dents are having trouble absorbing
what he is saying just by noting
that there are blank looks, coughs,
ghuffling feet, and no notes taken;
he can then back up and review the
material until the symptoms dis-
appear,

d. The presence of live students also
motivates the teacher to throw out
clues as to what is really important,
often doing so in a very informal
way, again something which may not
be done easily during the "formal"
T.V. presentation.

In both the T.V. and live presentations, the
Thought Model method was used to further the
development of visualization.

Our study has shown that:

1. The use of the thought model method
greatly enhances the student's ability
to visualize geometrical and physical
configurations.

2. The performance of students in dealing
with the fundamentals of orthogonal

Continued on Page 46



THE SPACING DIVIDER

This instrument consists of eleven points so
adjusted that they divide their variable setting
into ten or less equal parts. It can also be used

inversely to give multiples up to ten and in

graphic solution of ratios. Adjustable distance
between points on the 6 Inch Instrument is min-
imum %s”, maximum %” and on the 12 Inch

minimum 4", maximum 1%”.

Mo, 2960—& INCH
{ILLUSTRATION HALF SIZE)

Cataleg on Request Covering:

Drawing instruments Drafting Scales
Protractors S.S. Straightedges
Rolling Parallel Rules S.5. T-Squares

11 Pt. Spocing Dividers S.5. Triangles

Circular and Linear Engraving

for the
DRAFTING ROOM—PATTERM LOFT—LAYOUT TABLE

THEQO. ALTENEDER & SONS
Makers of Fine Instruments Since 1850
1217 Spring Garden Street Philadelphia 23, Pa.




Fundamental Theorems, Ete., Cont.

which we are accustomed.

Therefore take the five fundamental points of the
new gpace and connect them in this manner: Three
of them two by two in order to generate (Figure 7)
a triangle 1-2-3 and after that these three points
to each one of the remaining two points 4 and 5.

The Figure 1-2-3-4 is nothing else than a pyramid
whoge edges can be prolonged to infinity. But we

know that four non-coplanar poinig determine a
space of three dimengions; therefore the points
1,2,3,4 and in the same way 1,2,3,5 determine

two spaces D3 named cells that have the base in
common but are not identical becauge the point 4
is distinct from the point 5.

At thig point we can summarize the following
facts:

I

II.

a. A line is determined by means of two
points (Figure 8).

Figure No. 8

b. A plane is determined by means of two
lines (Figure 9).

//'

/
a\—_-——‘.‘__‘_/
Figure No. 9

c. A space Dy is determined by means of
two planes (Figure 10).

Figure No. 10

d. & space Dy is determined by means of
two cells (See Figure 7).

a. The elements of a line are points.

32

III.

b. The elements of a plane are points
and lines.

¢. The elements of a space D3 are points,
lines, and planes.

d. The elements of a space Dg are points,
lines, planes and pyramids determining
spaces Dg called hyperplanes. (Figure11}.

Two hyperplanes are identical if and
only if they have their four fundamental
points coincident.

Figure No. 11

Flements embedded in the space Dy keep their
own peculiar properties; i.e, points and lines
belonging to a certain plane, behave according
to the laws of the plane geometry only on this
plane and points, lines and planes belonging to
a certain hyperplane, behave according to the
laws of the solid geometry only ingide this
hyperplane. But the space Dy, as an amplified
space, has laws of its own different from the
laws known to us.

Only very few of them will be discussed here.

We will determine the space D,y by means of
the two cells 1-2-3-4 = Cy; 1-2-3-5 = C2 or by
meang of three fundamental planes; 1-2-3;
1-2-4; 1-2-5. (Figure 12}.

Figure No. 12 2






New one-piece tray that can lift out New pen holder. For using Reservoir
of the case and put on your Pen peints independent of the
working surface. More convenient; scriber (with straightedges, curves,
and functionally designed to hold etc.) You used to have to buy this
everything in minimum space. separately.

A

EroYell Lerrering

o

Same old name. It's a good thing for
you this hasn't changed. Because
the name K&E on a lettering set
means the unequalled precisien and
craftsmanship that created the
lettering set concept, and made it an
international success. Imitated

but never equalled.

MNew scriber. It isn’t easy to make a good thing better.

But we've done it. For changing points there used to be a clamp
screw. Now there’s a better way. Just gently press a simple
spring-action bar on the side of the scriber. You had to be careful
where you set the old LEROY scriber (to keep the inked

point off your drawing). Now just flick a little lever and a leg
pops down out of the scriber, lifting that side of it and
helding the point up in the air. (Neat, huh?) There’s more. The
screw that changes the lettering angle (you can draw vertical

or sfanting letters with the same template, you know) sticks out
from the scriber more now, so it's easier to turn. And the

whole scriber is a shade easier to work with because it's been
functionally redesigned for 2 more comfortable grip.




New Reservoir Pen storage. You used
to have to have a separate box for
Reservoir Pens. We think everything
in one place is a better idea. The
Reservoir Pen is one of the many -
ways K&E has refined and improved
on the LEROY Lettering Set over-

the years. You get hours of drawing
hetween cartridge refills; and you
can cap and reuse it tomorrow
without cleaning. (A set of regular pen

New price. With all these improve-
ments, a LEROY Lettering Set has to
cost more now, right? Wrong. Used to
be about $109. It still is (without the
Reservoir Pens). Incredible, isn't it!
Ahout $130 with the Reservoir

" Pen Set: You can-buy the.new set-

without Reservoir Pens if you

‘like, butwe'd like to sell the sets with

them wherever possible (for your -
own good, as well as ours).

don't jiggle around. Metal reinforced outer case. We abandoned
the old mahogany case with reminiscent regret. It was
handsome, but the new case resists moisture, warping, and
dust better. And is more durable. That's about it. The new LEROY
Lettering Set. LEROY Il. Like the new LEROY catalog?

Write Keuffel & Esser Co., Hoboken, New Jersey.

New slanted tempiate storage.

So you can see what's what, select
the one you want at a glance,
(Tempiates used to be stored straight-
up-and-down, so you had to lift

to see the numbers.) The standard

. templates for engineering drawing
ate included in the set and there are
~over.300 different other templates
-.now available. Special templates will
" be produced on order.

. CREATIVE PRODUCTS
FOR THE CREATIVE ENGINEER
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Theorem 1. A line and a hyperplane intergect at
"one'' point® The line r is determined by means
of two points thai can belong to one single cell or
each one to one of the two cells.

Suppose that the iwo points belong to Cp; tfhenr
must intersect the base 1-2-3 at a point that be-
{(Figure 13).

longs aiso to Ca.

Figure 13

Another point of intersection between C2 and r
cannot exist otherwise €1 and Cq will have four
points in common and will be coincident.

This proves the first part of the theorem. If the
points belong one to C, and the second to Cp
(Figure 14) then r cannot intersect €y or Cg in
other points (even point of the base 1-2-3) for the
same reason explained before.

Figure 14

Theorem II. A line and a plane not belonging to the
same hyperplane do not intersect.

Suppose that r belongs to C, and 4 to C2
{(Figure 15). If r could intetsect a at a Certain
point R then C; and C, would have four points
R, 1, 2, 3, in common and would be coincident.

Theorem III.

Two planes not belonging to the
same hyperplane intersect at "one

" point.

*Remark. All the theorems are proved taking the
cells as examples of hyperplanes; but each
theorem can be generalized taking a new system
of reference and using the previous cells as
general hyperplanes of Dg.
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Figure No. 15

Supposge that o belongs to Cl and ¢ to C,.
(Figure 18). Then ¢ must intersect the base
1-2-3 aln

4

Figure No. 16

Supose that abelongs to C1 and g to Ca.
(Figure 16). Then ¢ must intersect the base
1-2-3 along a line and galong a line b. & and

b are coplanar, therefore they intersect at a
point P. Besides P there are no other points in
common to sand Bbecause otherwise the cells
are coincident.

In addition the lines a and b cannot coincide
otherwise the two planesa and8 determine a
hyperplane to which they belong.

Theorem IV. Two hyperplanes intersect along a
plane. The two cells Cy, Cy give the proof for
this theorem. From the previous theorems it
follows that: a plane and a hyperplane intersect
along a line; three hyperplanes intersect along a
line and four hyperplanes at a point.

The concept of perpendicularity is introduced as
an extension of known definitions.



In case of coplanarity a line is perpendicular to
another line when it intersect the second one and
forms with it an angle of 909 degrees.

A line is perpendicular to a plahe when if infer-
gects two lines of the plane and forms with them
angles of 90° degrees.

So a line is perpendicular to a hyperplane when it
intersects three distinct non-coplanar lines of the
hyperplane and forms with them angles of 90°

degrees.

Theorem V. All the perpendiculars to a line at
one point of it belong to a hydroplane. (Figure 17).

Figure 17

Refer the given line r to the three fundamental
planes 1-2-3; 1-2-4; 1-2-5 and suppose that it
intersects the side 1-2 at the point R.

Then r connected to each one of the three funda-
mental planes forms three distinct hyperplanes.

It follows that inside the hyperplane determined by
r and the face 1-2-4 there exists only one line u
of 1-2-4 perpendicular to r and so inside the
hyperplane r; 1-2~5 only one line » of 1-2-5 per-
pendicular to r and inside the hyperplane r; 1-2-3
only one line v of 1-2-3 perpendicular to r.

The three lines u, v,© determine a hyperplane
which is perpendicular to r according to the defin-
ition.
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If we take a line rj parallel to r and through any
point of it we draw lines correspondingly parallel
to u, v, w we get the generalization of the theorem.

This theorem can be reversed and then:
Theorem VI. Through a certain point of a hyper-
plane there is one and only one line perpendicular

to it.

Definition I. Let o be a plane determined by means
of two concurrent lines a and b (Figure 18),

Figure 18

Through P draw the hyperplane A perpendicular
to a 'and the hyperplane B perpendicular to b.
They must Intersect along a plane o* passing
through P, Because all the lines of a* are per-
pendicular to all the lines of a, the plane a* ig
defined as the absolutely perpendicular plane to
a .

« and o* do not belong to the same hyperplane.

Definition II. A hyperplane A is perpendicular to
a plane cwhen it containg the plane o* absolutely
perpendicular to o

Fach plane of A which pass through the line of
intersection between® and A is perpendicular to
a '

Theorem VII. Two perpendicular planes belonging
to a same hyperplane and their absolutely perpen-
dicular planes determine four concurrent non-
coplanar lines perpendicular to one ancther.

Let @ and £ be two planes belonging to the hyper-
plane ® (Figure 19). Inside it they are perpendi-
cular to each other in the sense of the solid
geometry.

Through any point R of the line r common to o
and B draw the absolutely perpendic¢ular planes
a* gnd B* of ¢ and-8 . They must belong fo the
hyperplane A perpendicular to r at R, therefore,
they intersect along a line r*. Through R draw
the line a of o and the line b of 8, both perpendi-
cular to r. Because of this perpendicularity a
belongs to B* and b toe *. It follows that o, B,



Barnes & Noble/

J. Engineering Descriptive
Geometry

78 Exomples with Complete Solutions. 139 Problems including
Answers or Suggestions, Diagrams Drawn fo Scale on Cross-
Section Paper.

by Steve M. Slaby, ““The style is simple and uncomplica-
ted. Itis geared to the needs of the average college student
and is well organized. Drawings are unusually clear, unclut-
tered, and admirable in every way. . . .It would make a wel-
come addition to the shelves of the high school teacher of
solid geometry.”--Mathematics Teacher

“Pregenting the basic principles of descriptive geometry
in clear, annotated pictorial representations followed by
graphic examples.”’—Science News L etter

Paperback $2.50

2 Engineering Drawing

Basic Principles and Rules with Problems & Tables

ASA Standard Drawings & Drafting Room Practice

by Lombardo, [ohnson, Skort and Lombardo. *The purpose
of this text is to provide a comprehensive, practical guide
that will aid the student to master the essentials of engi-
neering drawing. The text is designed to introduce him to
develop working skill and efficiency.”’--Design News

*Should prove useful not only to the student, but also to
the engineer wishing to refresh his memory on a particular
point.”’--Engineering Journal

Paperback $2.50

/)« Technical Writing

A Guide to Manuals, Reports, Proposals, Articles,

etc., in Industry & the Government

by Richard W. Smith. Written for the embryo technical writ-
er with heavy emphasis placed on the industrial aspects
of the subject giving broad application to the engineering
field. It inclndes -- useful chapters on ‘'The Mechanics of
the Trade,’”” a comprehensive bibliography; an appendix
entitled *‘Are You Ready to Write' offering review exam-
ination that covers basic grammar rules and skill in ex-
pository writing, with answers and explanations.

“It’s an excellent summary of the whole field, which in-
cludes many areas of technical writing that most booksneg-
lect.”’—James Stokley, Michigan State University

Cloth $3.50; Paperback $1.25

4. Thinking With a Pencil

With 692 {llustrotions Showing Easy Ways to Make and Use
Drawings in Your Work and in Your Hobbies

by Henning Nelms. This work begins with drawings which
are so simple that they require no skill at all. Each chap-
ter prepares the reader for the next and at the same time
provides an effortless review of the material already stud-
ied. The reader learns to draw by making drawings that he
can use. The formal practice required by other approaches
todrawing is almost entirely eliminated.

“In my opinion your book would definitely be a valuable
addition to any engineering student’s library. Any medium
whichhelps an engineer to convey his ideastoanother per-
son is without question a vital and necessary part of an
engineer’s education.’’—-Steve M. Slaby, Princeton

University Paperback $1.95

Free examination copies of paperbacks are ovailable to instructors

BG)’M’L@S & NOble, Inc. 105 Fifth Avenue, New York 3, N.Y.
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Figure 19

@ * B * intersect along the four lines a, b, r, ¥
mutuaily perpendicular, '

This theorem leads to the statement:

Through any point of the space of four dimensions
passg four distinct non-coplanar lines perpendicu-
lar to one another.

Definition III. The angle between two planes a,
g, not belonging to the same hyperplane, is the
angle whose sides are the lines of intersection
between ,, pand a plane perpendicular to both
of them (Figure 20),

Figure 21
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Figure 20

Theorem VIII. Given two planes no{ belonging
to the same hyperplane there are "two' planes
simultaneously perpendicular to them. (Figure 21)

Let aand £be the given planes intersecting at the
point 0 and r be any line of @ not pasging through
0. Fach point of r connected to  determine a hy-
perplane inside which only one perpendicular to
gean be dropped from the given point.

This perpendicular and all the other ones dropped
through the points of r determine a hyperplane
that intersect Balong a line s.

The same construction applied to the points of s
and the perpendiculars to ethrough them leads
to a line ry of o that doss not coincide with r,

Relating the points A, B . . of r to the points
Al’ B, of r, by means of a projectivity can be
proveé thatthere must be two segments such as
RR.. Therefore there are two planes perpendi-
cular to cand 8.

For the sake of shortness, the proof of the pro-
jectivity is omitted.



Perspective, Cont.
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“HOW STRANGE — THIS ORANGE CHALK ALWAYS MAKES ORANGE LETTERS.

Cartoon Contributed by Ernest R. Weidhaas,
Pennsylvania State University.

the most efficient and succesgsful method of inven-
tion and design, -- thinking with a pencil. It is
the same time-tested method used in the famous
notebooks of Lecnardo da Vinei (1452-1519), who
was a leading engineer as well as a great painter.

When the inventor's first sketch is exdmined,
it usually reveals mistakes o be corrected, and
it shows where to make improvements in the
initial plan., Often a geries of gketches may be
needed to develop an idea, including functional
sketches to show a principle of operation, flow
sheets if successive steps in a process are
involved, feasibility skeiches to verify the vali-
dity of a method, and a layout sketch to check the
relation of components, all of which are helpful
in refining the idea to make sure that it will
accomplish its purpose. Invention is frequently
part of a design project or the goal of organized
regearch. Then it may involve the joint efforts
of several persons working together as a team in
a deliberate search for better products or methods,
and frequent communication among associates
requires the constant use of graphs and sketches.

There is currently much concern about the
proper teaching of design in our engineering col-
leges. It is said that design is the application of
scientific principles to the synthesis of a system,
which is a2 sophisticated approach. From an engi-
neering point of view, design is the ingenious
development of an original or existing project
which is conceived, perfected, and defined for
physical realization with the aid of graphics, tech-
nical knowledge, and good judgment based on
experience. It requires originality, ingenuity,
resourcefulness, and complete understanding of
the entire design project. These essential capa-

a1

bilities cannot be taken for granted. Unless engi-
neering students are properly prepared for the
design funciion during their first two years in
college, departmental design courses at the junior
and senior level will not be successiul. The up-
dated engineering graphics course, which is
design-oriented and enriched by new material
from current technological developments, provides
the most helpful introduction to engineering design.

After students have learned how to use graphics
for communication and for problem solving, they
welcome the opportunity to develop their creative
talents which is afforded by simple open-end pro-
blems in conceptual design. The first require-
ments are complete understanding of the entire
preoject and realization that several satisfactory
designs are possible, due to the influence of such
factors as materials uged, methods of manufacture,
cost, weight, and space limitations. The stimu-
lating challenge to create gsomething new and use-
ful, to take the initiative on their own responsi-
bility, to make the right decisions based on their
limited experience and all the pertinent informa-
tion they can find, and to work out independently
a degign to be proud of, gives students strong
motivation for the diligent study of engineering.

Productive research now plays an important
role in engineering education, and faculty members
whoare actively engaged in researchprojects give
seminars describing their technological achieve-
ments. Unfortunately, when freshmen and sopho-
mores attend research seminars in which theyare
interested, the sophisticated language employed is
usually over their heads. However, the graphics
instructor can arrange informal visits to research
laboratories for small groups of students having



gpecial interests, and satisfactory explanations
can then be_given where the regearch is in pro-
gress. Here is a rich source of new material for
conceptual design problems. These contacts also
provide good opportunities for usgeful cooperation
between research and graphics personnel, because

graphics has many helpful applications inresearch,

One of the most useful tools in productive
research ig the visual interpretation of experi-
mental data by means of graphs. When tests are
conducted to determine the behavior or perfor-
mance of variables under differing conditions,
the resulting data are plottedand curvesare drawn
to show clearly the response, trends, and growth.
Then these curves are used as the reliable basgis
for studies in depth to derive empirical equations
which define the true relationship of the variables,
whether it conforms to a standard pattern or not.
The graphs also provide data for graphic analysis
and for computation by nomographs, calculating
charts, and graphical caiculus.

Graphic analysis is the systematic visual
investigation of physical relationships by means
of graphs, vectors, diagrams, and geometric con-
structions, to interpret their true meaning and to
gsoive problems involving them. Every engineering
gtudent should be given an adequate introduction to
graplic analysis, including actual experience in
using it to solve design problems within his grasp.
This experience will help to develop graphic intui-
tion, which is the ready ability to apply the graphic
solution best suited to the task at hand. The
ability to use graphics ic advantage has bheen
demonstrated by many engineers, designers, and

regsearchers who have benefited from graphic
analysis, devised useful graphic solutions, and
published articles in the technical journals explain-
ing these solutions. The new reading guide,
Graphic Solutions of Technical Problems, & bibli-
ography with abstracts, which is now available in
engineering college and public libraries, is an
invitation to read technical literature describing
graphic procedures in a wide range of useful
applications. It illustrates by many examples
that $here are opportunities for graphics instruc-
tors to reach out into the unknown and apply their
talents to the solution of challenging problems in
new fields, such as laser optics and orbital trans-
fer in space flight. This experience wiil enrich
their graphics courses.

The versatility of graphics enhances the value
of its contribution to engineering education. The
expanding scope of useful applications of graphics
in a wide spectrum from computers to jet propul-
sion accelerates the growth of visual thinking to
keep pace with the development of new forms of
graphic expression. We need a more comprehen-
give definition of graphics that mentions some of
its important functions, including its aid to
teaching and learning. Accordingly, engineering
graphics is the expression of visual thinking by
means of views, graphs, and diagrams for the
purpose of communicating and interpreting tech-
nical knowledge; for use in design, analysis, and
computation; and for enlightenment to make study

meaningful.
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Cartoon Contributed by Ernest R. Weidhaas,
Pennsylvania State University,



| AMES LETTERING GUIDE
MABE IN U.S.A.

NOW WITH

SEVERAL
ADDED

FEATURES

We would be happy to send a
free new Ames Lettering Guideto
any instructor, Write us onyour
departmental letterhead and it
will be forwarded immediately.
After trial and evaluation, we
feel sure you will recommend it
to your students.

= OLSON MANUFACTURING CO.
P0O.Box109 < Ames, lowa

" Drdfting Products by Gison of Ames " ——

uipment everywheore.

INFORMATION FOR AUTHORS

Manuscripts, Articles or papers may be
descriptive, theoretical, documentary, tutorial in
nature, or they may be reviews. Editorial con-
siderations suggest most papers should be 2000
to 4500 words in length. The topic should receive
professional treatment in depth. One or two
copies of the manuscript should be submitted.
Articles should he typewritten and double spaced
with typing only on one side of each sheet. Pages
should be numbered to avoid omissions. Refer-
ences, footnotes and illustrations should be listed
on separate sheets and not inserted within the
text.

IMustrations. Line drawings may be prepared
in pencil or India ink with mechanical lettering.
If mechanical lettering is not available, freehand
lettering should be placed on a separate overlay
sheet. Photocopies (same size or reduced) of the
original line drawings are accepted if they are
clean, clear and sharp in contrast. Illustration
width limitations are (1) single column, 4-1/8
inch, and (2} double column, 9 inches. Height
limitation is 11-3/4 inches for either column
width. When illustrations are reduced 20 per cent,
all lettering must be large enough to remain clear
and legible, Photographs should be 8 x 10 glossy
prints. Figure numbers and captions should be
listed on a separate sheet. If there could be any
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doubt ahout the positioning of the illustration,
identify its top with a blue pencilled note in the
margin. Figure numbers should be lightly written
on the hack of each illustration. If the illustration
is prepared on translucent material, a blue pen-
cilled note might be made in the lower margin on
the face of the illustration.

Correspondence, Your candid observations via
‘brief communications are welcomed. Your obser-
vations; criticism of, or comments on, previously
published articles; or other timely notices of
interest to the members of the Engineering
Graphics Division are welcomed. Please indicate
whether submitted correspondence may be published.

Writing Style. Spelling and capitalization should
follow Webster's Seventh New Collegiate Diction-
ary, which also offers guidance in punctuation.
For more detailed information of the editorial
style, see United States Government Printing
Cffice Style Manual, 1959.

If you have further questions -- write to the
Editor.

Earl D. Black, Editor

The Journal of Engineering Graphics
General Motors Institute

Flint, Michigan 48502
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V-TRACK Drafting Machine with Chalkboard Adapter for
the Instructor. At the tables, Model 3300 Drafting Machine,
with either 16", 18" or 20" arms, specia! disc brake, and
automatic 15° indexing, for students.

Add VEMCO American-made all steel In-
struments, guaranteed without time limit
...compasses, dividers, ruling pens,
scales...for a completely equipped
classroom in drafting technique. Gener-
ous discounts on school orders.

Write for catalogs on V-Track;
Model 3300; Instruments.




GRAPHITE DUST Cont.

WEIDHAAS DEAN AT PENN STATE

Ernest R. Weidhaas, former head of the Divi-
sion of Engineering Graphics at the Pennsgylvania
State University, has been appointed Assistant
Dean for Commonwealth Campuses in the College
of Engineering at Penn State. In this new position,
he will be responsible for the programs in engi-
neering technology offered at nineteen campuses
throughout Penngylvania. He will also continue as
head of the Department of General Engineering
and Professor of Engineering Graphica.

Dean Weidhaas has been an active member of
the Engineering Graphics Division of ASEE since
1950 and served on the Board of Directors since

1961.
&

REPORT OF AWARDS COMMITTEE

The Awards Commitiee has prepared proposals
to be submitted to the Awards Policy Committee,
ABEE for two new awards. The awards are to be
known as THE KREIDLER AWARD FOR GRAPH-~
ICS RESEARCH and THE FRANK OPPENHEIMER
AWARD,

THE KREIDLER AWARD FOR GRAPHICS
RESEARCH is intended to encourage hoth research
in graphics and the use of graphics in research,
The term ''graphics research" is to be interpreted
in the broadest possible sense. Any article, paper,
report or thesis concerning graphics research in
any way may compete. The award is to consist of
$100 plus an appropriate certificate and is to be
awarded at the Mid-Year Meeting of the Division.

THE FRANK OPPENHEIMER AWARD is
iniended to encourage excellence in presentation
of papers at meetings of the Divigion. The award
is to consist of $100 plus an appropriate certifi-
cate and is to be awarded twice yearly, once at the
Mid-Year Meeting and once at the Annual Meeting.
Speakers will be judged on familiarity with content,
timing, delivery, enthusiasm and effective use of
visual aids (if used). The judges appointed by the
Awards Committee may recommend that the
award he shared, or that it not be given, at a par-
ticular meeting.

The Awards Committee will continue to seek
additional funds for awards and to determine the
kinds and amounts of awards to be given.

Albert L. Hoag
Chairman
Awards Committee

&

Nothing is so powerful as an idea whose time
has come,
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Thought Model, Cont.

projection and application to the solutions
of 3-D problems has improved 40 per
cent since the mtroduction of the thought
model method.

3. The use of T.V. has a sobering effect
upon the ingtructor. He has an oppor-
tunity to see what he looks like to his
students. Whether or not you plan to
use T.V, in your feaching, I would
strongly urge you to try a few T.V.
lectures in a studio setting. I am con-
fident that you will learn a good deal
zbout your performance.

4, The instructors who coaperated in our
studies have reported the effectiveness
of the thought model method in the
significant improvement of visualization
ability of their students. Five schools
were included in the experiment.

5. Any instructor can easily learn the
use of the thought model method. You
should have fun doing it.

And finally, I will be glad to cooperate with
anyone who wishes to use some of the material
we have available. I believe arrangements can
be made to use video tapes or kinescoped film of
the tapes. At present, we have 12 lectures on
video tape. Films of other lectures will be made
if we receive a reasonable number of requests.

SELECTED REFERENCES

1. "The Creative Person,' proceedings of the
conference, October 13-17, 1881, Alumni
Center, Lake Tahoe, California. (Availahie
from Universgity Extension, University of
California, Berkeley, California.)

2. "The highly effective Individual,' by Donald W,
MacKinnon, Director, Institute of Personal-
ity Assessment and Research, University of
California, Berkeley, California, Teachers
College Record, Vol. 61, No. 7, April, 1960,

3. "The Nature and Nurture of Creative Talent,"
by Donald W. MacKinnon, Walter Van Dyke
Bingham Lecture given at Yale University,
New Haven, Connecticut, April 11, 1962,

4. '"Identifying the Creative Man," by Harrison G.
Gough, Associate Director, Institute of
Personality Assessment and Research,
University of California, Berkeley, Califor-
nia, The Journal of Value Engineering, Vol. 2,
No. 4, August 15, 1965, pp. 5-12.

5. "Fostering Creativity in Students of Engineering,"
by Donald W. MacKimmon, Journal of Engi-
neering Education, Vol. 52, No. 3, December,
1961,

6. ''Testing for Creativity,” by Eugene Raudsepp,
Machine Design, Veol. 37, May, 27, 1965,

pp. 106-112.
&

Engineers can go "nuts" without the "bolts."



Reflecting the need for a broader
understanding of a powerful design tool ...........

For Design and

ROBERT H. HAMMOND, United States Military Academy
CARSON P. BUCK, Syracuse University
WILLIAM B. ROGERS, United States Military Academy
GERALD W. WALSH, Jr., Jefferson Community College
HUGH P. ACKERT, University of Noire Dame

THIS CLASS-TESTED TEXT BOOK reflects the growing need for a broad
comprehension of graphics as a powerful tool in the design process. Its prime
purpose is to provide the student with a complete understanding of the role the
graphic language plays in the conception, analysis, and communication of ideas.
At the same time, the book presents sufficient material to enable the student to
understand basic production drawings and to provide the background for the
understanding of more complex drawings.

Emphasis is on the theory of projection and on analysis rather than on the
techniques and skills required in preparing a production drawing. The develop-
ment of skill is emphasized as it affects the concepts of accuracy in the use of
graphics for analysis. Spatial relationships required for the analysis of three-
dimensional problems are presented so that the student can develop his own solu-
tion for any particular problem. Numerous step-by-step illustrations supplement
the text, and no concept is applied until its theory has been developed for the
general case.

A wide range of student problems offer abundant exercises in both repre-
sentation and analysis. 1964. 534 pp., illus. $9.50

PROBLEMS — Engineering Graphics For Design And Analysis

Designed for use with ENGINEERING GRAPHICS, this
manual provides a full range of graphics problems adaptable to
meet most course requirements. The 118 problems are graduated
according to difficulty, within five parts, beginning with simple
concepts and progressing to those more thought provoking.
1965. 397 pp. $4.50

2G5 920089202000 ¢00RPP00PPRGOPBEBROBIOOORPREOROOOPOOPIDPOOEDEORRREROOROOODDRR DO

The Ronald Press Company:.---.

.......................... .15 FEast 26h Sireet /NewYork, MN.Y.



The Summer Drafting Institute, Cont.

their pencil line drawings. This was done so the
students could observe the reproductive quality

of their line work. They assumed a very favorable
attitude toward this requirement and were quite
obviously motivated to improve their line quality.

LESSON ASSIGNMENT SHEET FIFTY-ONE

1. PERIOD: V14B.

2. SUBJECT: Vectors.

3. OBJECTIVES: To relate vector graphics to
shop math.

4. ASSIGNMENT: Graphically analyze the saw-
tooth truss shown below to
determine the magnitude and
nature -- compresgion (C) or
tension (T) -- of the loads in
members BJ, JK, KL, MI, MN,
and NO.

5. COMMENTS: Use Bow's notation and a
Maxwell diagram.

6. LETTERING: 1/8" inclined capitals and
lower case.

7. REFERENCES: Class notes.

8. EST. TIME: 1-1/2 hours.
9. DUE: 7:00 a.m. July 16, 1985,
Figure 2 A TYPICAL LESSON ASSIGNMENT

SHEET

Virtually, all assignments submitied by the
students were scored by a member of the Engi-
neering Graphics staff. A scale of 0 through 10
was used for the evaluation with 10 being the per-
fect score. These scoreg were averaged at the
end of each week to obtain an overall estimate of
the students' performance on the week's assign-
ments.

Once each week, usually on Friday afterncon,
a short but comprehensive examination was given
to the students. The scores earned on these tests
were weighted equally with the averages earned
on assignments completed throughout the same
week. This combined score constituted a studentls
weekly grade.

All students were individually counseled dur-
ing the fourth, seventh, and tenth weeks. During
these sessions, each student was told what his
average was and was adviged of those techniques
which he should especially strive to improve.
Lettering and line quality were most frequently
mentioned for improvement.

A grand average for each student was deter-

a8

mined at the end of the twelfth week, and certifi-
cates of satisfactory canpletion were appropri-
ately awarded. Any student having a final average
of 70 or more was given the certificate. If, how-
ever, a student's average was less than 70, his
certification was carefully considered. Here the
three instructors were given rather broad latitude
in judging a student's fitness. If the student had
displayed a consistently positive attitude toward
the course, he was favorably considered. If, on
the other hand, his record showed excesgive
absences, or he was lax in regard to the prompt
submisgion of agsignments, or his general de-
portment in or out of class was judged to be less
than acceptable, certification was withheld.

The certificate itself was 8-1/2" x 11" and
simply stated that a certain student had success-
fully completed 360 hours of structural dr.afting.
Figure 4 shows the certificate as it was _mgned‘
by the three members of the co-sponsoring ‘
agencies. \

To judge the overall effectiveness of the draft-
ing institute would be virtually impossible at thig
time. There are, however, some indications of
its worth. i

One such indication might be noted in the
response shown by prospective employers., After
writing letters of inquiry to a Dallas firm, four
students were interviewed for drafting positions.
An official of a Texas foundry and machine com-
pany, after hearing of the program, contacted
the placement office at Texas A&M to set a date
for interviewing prospective draftsmen from the
ingtitute. A representative of an engineering
consulting agency in Houston wrote to say his
company would interview "any of your graduates
if they are interested in our firm." Other simi-
lar instances could be cited, but these should be
sufficient to indicate the favorable attitude shown
by certain industrial firms.

By way of conclusion it might be said that
there is every indication that more courses of
this nature should be offered. These vocational
classes should not, of course, be limited to draft-
ing, but should branch out into such areas ag
welding, piping, automotive mechanics, and elec -
tronics. These courses should be ag thoroughas
possible and should go as deeply into the subject
as the students' ability will permit. These tasks
will not be easy. With the constantly changing
technology we are privileged to witness today,
the vocational teacher will find it rather difficult
to "dig out', assimilate, and teach subject matter
which ig new or foreign to him. The task, how-
ever, must be completed if the obligation of
training mechanics, draftsmen, and techniciansg
ig to be fulfilled.
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Che Lugineering Graphirs Bepartment

The Engineering Extension Service

University

CERTIFY THAT

JOHN L. DOUGH

HAS SATISFACTORILY COMPLETED 360 HOURS

Sirurtural Brafiing
/} /f&w@v- Q @D/)M

TNSTRUCTOR, ENGINEERING G?{Aﬁﬁlcs DEPARTMENT

DIRECTOR ENGINEE NG EXTENSION SERVICE
AUGUST 27, 1965 /(
P

HEAD, ENGINEERING GRAPHICS DEPARTMENT

THE CERTIFICATE GIVEN TO THE STUDENTS
WHO SUCCESSFULLY COMPLETED THE CQOURSE

Figure 4

&

The more we know the easier it is to imagine
how and where to learn more,

WITICISMS

[rv—

Man is not born free: he is born helpless and
must earn his freedom as an individual through

. Teachers need an appropriate piace in which
the medium of culture and knowledge. g ’

& to perform the professional quality in their joh.
| _ : 22

Impro.vement in American education has been Only a devine being has perfect and complete
by refinement, not by redefinition, know!edge.

&
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Mr. Bruning’s
more expensive sepia paper
pays off every day at 5!

Why? Because it’s from 28 to
52 percent faster than any
other paper you can use,

And faster sepias pay off in three
ways:

1. Faster papers mean less operator
time at the machine.

2. Faster papers mean increased pro-
ductiomn,

3, Faster papers give your operators
much greater latitude in operafing
conditions to produce perfect
prints. Wastage takes a nosedive.

Because Mr. Bruning's new sepia
paper is so much faster, your operator
can often switch from making blue-
line prints to sepias without having
to adjust machine speed.

What else do you get? Superior
drafting and eradication qualities. If
you haven't tried Mr. Bruning’s faster
sepia, you'll be surprised at its ability
to take pencil or ink revisions—and
then maintain high legibility through
various generations of prints.

Are we knocking our less costly
sepia? Not one bit. It's a top-quality
paper in its own right—just not as
fast. Moral: people interested in
profits buy value, not just price,

The Bruning man will stand behind
everything we’'ve said. Make him
prove it—with a demonstration in your
own shop. Give him a call. By now,
you probably even know his home
phone number,

DivisioN OF
ADORESSOERAPH MULTIERAPH CORF
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A MANUAL OF ENGINEERING DRAWING FOR STU-
DENTS AND DRAFTSMEN, Tenth Edition

By THOMAS E. FRENCH, The Chio State University; and
CHARLES J. VIERCK, University of Florida. Off press.

In this tenth edition of the most successful engineering
drawing book, color iliustrations are used for the first
time. Shades of red and brown make the book more
readable, aid in three-dimensional visualization, and
help to separate the important from the supportive.
Six hundred new problems are included, many of them
drawn from such diverse fields as medicine, oceanogra-
phy, prosthetics, and basic research. A new chapter,
The Fundamentals of Design, defines design . . . gives
insight into the design mentality . . . delineates pro-
cedures-materials selection, proportioning, construc-
tion, and manufacture . . . introduces some aesthetic
considerations.

FUNDAMENTALS OF ENGINEERING DRAWING,
Second Edition

By THOMAS E. FRENCH and CHARLES J. VIERCK.
Off press.

Designed for the freshman course, this fundamentals
text consists of the first thirteen chapters of A MANUAL
OF ENGINEERING DRAWING FOR STUDENTS AND
DRAFTSMEN, Tenth Edition.

SUPPLEMENTARY MATERIALS AVAILABLE: Engineering
Drawing Problems (for use with Tenth Edition); Funda-
mental Engineering Problems for use with Fundamen-
tals text, Second Edition); Teacher's Manual (for use
with both texts}.

INTRODUCTION TO GRAPHICAL ANALYSIS
AND DESIGN

By E. LEIGHTON WELLMAN, Worcester Polytechnic In-
stitute. Ready for Fall classes.

This modern engineering drawing text, written by a lead-
ing scholar-teacher, is designed for the one-semester
course of the first half of the two-semester course.
Throughout the book, freehand drawing is emphasized
and applied to problem solutions whenever possible.
In graphical analysis, the close correlation and remark-
able equivalence of mathematical sclutions is stressed.

B

i

5

Send for your examination copies today

The reading and visualization of multiview drawing is
thoroughly developed with fogical and well-tested meth-
ods. The final chapters provide the hasic elemerits for
an introduction to engineering design. Each topic is
fully iHustrated, thoroughly explained, and demon-
strated with examples. A large selection of problems
follows each chapter.

ENGINEERING DRAWING PROBLEMS:
Series |, Second Edition

By HIRAM E. GRANT, Emeritus, Washington University.
64 pages, $6.50.

This revision is a two-in-one workbook; two sets of prob-
lems of each type are printed on opposite sides of
each workbook sheet so that the instructor can choose
either one of the problems and have an alternate avail-
able for the following term.

PRACTICAL DESCRIPTIVE GEOMETRY, Second Edition
By HIRAM E. GRANT. 208 pages, $6.95.

Here is a timely revision of this well-liked and widely
used text for the standard one-semester descriptive
geometry course. The applications have heen obtained
by the author's visits to hundreds of industrial plants.

CREATIVE PROBLEMS FOR BASIC ENGINEERING
DRAWING, Alternate Edition

By MATTHEW McNEARY and CLAUDE Z, WESTFALL,
both of University of Maine. 104 pages, $5.95.

Introduces elementary design to the beginning student,
stressing conceptual rather than analytical design. All
problems are new. Drawings are made from verbal
descriptions.

COMPUTER GRAPHICS IN COMMUNICATION

By WILLIAM A. FETTER, The Boeing Company. 128
pages, $4.50, clothbound. Soft-cover Text Edition avail-
able for classroom adoption, $2.50.

Designed to explain the increasingly important field of
computer graphics — a technique for producing draw-
ing, stereo views, and motion pictures by computer.
Typical problems illustrate current applications, po-
tential applications, and representative projects.

McGraw-Hill Book Company = 330 West 42nd Street » New York, New York 10036



FILE TO FILE Tl"ua cente_r lings of the rocket are laid out so
: that isometric ellipge templates may be used on
both top and front views. The rocket outline
ROCKET PROBLEM merely needs to be traced on the true-length cen-
ter line and projected from there. The fins can

by be placed in any position so as to have two of
them horizontial, frontal or in any other position.
H. W. Blakeslee, Instructor Recogrition stripes can be added at the instruc-

Technical Fducation Department tor's discretion.

Continued on Page 54
-n—_-_-_—'_ —
— .
hi‘ﬁh“‘*ﬁggg_LENGIH
\ T
- ——-—_——‘

TOP \\\\\\

FRONT \ l '

Trace the Rocket on the true-length centerline.
Draw top and front views, using ellipse templates

where applicable. Fins may be reoriented as
directed by Instructor, _ . :

54



File to File, Cont.

WITICISMS

For effective communication and understanding
between two individuals, there must be a match-
ing of knowledge and background,

Industry has the understanding of the major
evil from which our whole educational system is
suffering -- obsolescence.

&

55

Students should have opportunities to develop
individual responsibility and skills in indepen-
dent study.

&

There never was a time, nor will there be, when
two men at one drafting board, or even three,
could do as well as one man by himself or do
the job half as well as it should be.

&



Automation of Design, Cont.

CONCLUSIONS. The present state of experi-
mentation and development indicates a great
future for the engineering designer, Tt is, there-
fore, apparent that the goal of the Engineering
Graphics personnel is to see that their students
have the basic principles of orthogonal and iso-
metric projection and develop the ability to make
clear sketches and drawings. Students should be
made aware of the ever-expanding and changing
technology in the field of engineering design, with

its resultant evolution in the types of drawings
required, for the production of useful items for
mankind.

Bibliography:
BIBLIOGRAPHY:
"Modern Engineering Design Practices" by

Robert B. Norden - Chemical Engineering
Magazine, August 2, 1965
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"Computer and Technical Documentation’ by "Engineering Models" by Dr. Robert P, Borri -
D. O. Brending - Graphic Science Magazine, Graphic Science Magazine, May, 1865
May, 1964

"Ground Rules for Numerical Control, Dimen-
sioning, and Tolerancing'' by W. V. McGuire

"Better and Faster Design by Machine' by
Louis S. Gomolak - Electronics Magazine,
June 1, 1964

and C. 8. Wolowicz - Graphic Science Magazine, +Y
May, 1965
"Automated Drafting -- Where are We Now? " by
D. A, Curtiss - Graphic Science Magazine,
July, 1865
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Engineering

Graphics,
Third Edition

James S. Rising
Maurice W. Almfeldt

lowa State University

This text presents the basic principles and graphical theory of com-
munication drawings in a logical and integrated manner. Innovations in-
clude the initial introduction of orthographic and multiview projection by
the study of a point and its spatal location. Experience has shown that
the student can hetter visualize the principles of projection applied to a
point in space rather than to a solid object with the complications of
invisible edges and surfaces. The next logical step joins two points to
form a line, with succeeding steps to develop basic theory of the plune
and the solid.

Included are numerous illustrations and all appear on the same or
facing page as the related text material. This third edition contains an
enlarged unit on Production Dimensioning which inclides ASA cylindrical
parts; Z and N charts; and concurrency charts. Practice problems from
the several fields of engineering illustrating principles previously discussed
are presented at the end of each unit.

416 pp. — Cloth Bound — $7.25

WM. C. BROWN BOOX C ANY
135 SOUTH LOCUST STREET =  DUBUQUE, I0WA 52001 5




Problem Books for Engineering Graphics

Book 1

by James S. Rising and Carl A. Arnbal
Iowa State University

This set of engineering graphics problems is keyed
to the first 16 units of the text and is designed for
a semester’s work. Contained are 78 sheets of prob-
lems; layouts for practice of graphical theory, engi-
neering applications and worded problems; and qnal-
ity green tinted drawing paper for all problems. $3.50

Book II

by Maurice W. Almfeldt and Carl A. Arnbal
Iowa State University

This set of engineering graphics problems is keyed
to units 17-37 of the text and is designed for a se-
mester's work, This workbook contains 88 sheets of
problems; graph paper in 10 x 10, log and semi-log
for the graphical analyses found in units 33-37; and
quality green tinted drawing paper for all problems.

$4.50

Special Edition
Problem Books

Designed by You for Your Needs!

Select from Book I, Book II, and a stock of more than
280 additional problems only those problems for which
you have a need. With a yearly use of 250 books
minimum, we will prepare them to your design —
you choose only those problems which you will nse,
the paper on which you wish to have the problems
printed, and the binding you find most suitable.
Samples of all problems will be furnished upon re-
quest, as well as copies of Books I and II, and the
text,

NOTE: An answer key is available for those problems
in Books T and IL

Some of the Schools Now Using . . .
SPECIAL EDITION FPROBLEM BOOKS

® Michigan Technological University
Drezel Institute of Technology
University of Colorado

City University of New York
University of Massachusetts
Louisiana State University
University of Oklahoma
University of North Dakota

WM. C. BROWN BOOK COMPANY

135 SOUTH LOCUST STREET =  DUBUQUE, IOWA 52000




I.B.M. Manuals on Autogpot, Adapt, Apt. Automap, Procter & Gamble Co. - Modeling Techniques

etc.
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B el Ene AT
Figure 5. Conventional part drawing supplies pro- Figure 6. As the first step in programming with
grammer with all necessary information on part CINAP-1, each line, circle and point of part con-
contour. tour is identified with a symbolic letter and a

number.

oting Ray rendering was finished by hand after
being drawn on a numerically controlled drafting
machine. Data for numeric tape was procesged
from punched cards by a computer.

Flat edge of wheels shows accuracy of drawing
with numerical data. Computing time for the first
drawing was four minutes, and only one minute for

each additional view.




SAMPLE No. 1

This 3/8" scale model of a synthetic camphor
plant wag built by American Hydrotherm Overseas
Corporation - with E.M.A, materials - and with-
out the use of prefessional model makers.

Continued on Page 65

WITICISMS An open mind dges_not require the abandon-
ment of your principles and ideals.
Change is the one unchanging thing today. %
d 9ing g y A good leader has a mission that overshadows
& personal ambition,
Our job of education is to train students in how &

to cope with new situations and new complica-

Hons. o devel itical iud te of ) The clock of life is wound but once and no man
lons, 1o dévelop critical judgments Of new pro has the power to tell just when the hand will
blems as they occur for solution,

stop, at late or early hour.
&
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FIVE TESTED TEACHING AIDS

FOR ENGINEERING DRAWINGE

BY CARL L. SVENSEN AND WILLIAM E. STREET

FOR USE WITH ANY TEXT OR NO TEXT l

DRAFTING PROBLEM LAYOUTS

SERIES D, REVISED 1962

Work sheetsg covering Vertical and Inclined Lettering, Sketching, Use

of Instruments, Engineering Geometry, Scales, Orthographic Projection,
Revolution, Auxiliary Projection, Sections and Conventions, Isometric,
Oblique, Dimensioning, Developments, Intersections, Screw Threads and
Studies of Points, Lines, and Planes.

100 Work Sheets, 8 172" X 11" $4.00

DRAFTING PROBLEM LAYOUTS

SERIES C, REVISED 1964

Work sheets covering Vertical and Inclined Lettering, Sketching, Use of
Instruments, Engineering Geometry, Scales, Orthographic Projection,
Revolution, Auxiliary Projection, Sectional And Conventions, Dimension,
ing, Screw Threads and Bolts, Isometric, Oblique , Perspective, Develop-
ments, Intersections, Working Drawings.

95 Work Sheets, 81/2" X 11" $4,00

LETTERING EXERCISES

A DIRECT METHOD - NEW AND INTERESTING

Vertical and Inclined Lettering with eight sheets of extra problems.
20 Work Sheets, 81/2" X 11" $1.50

VERTICAL LETTERING EXERCISES

Vertical Lettering with instructions
6 Work Sheets, 81/2" X 11" $0.60

INCLINED LETTERING EXERCISES

Inclined Lettering with Instructions
6 Work Sheets, 81/2" X 11" $0.60

WRITE FOR EXAMINATION COPY OR ORDER FROM

Prepare your own probiem book
W. E. STREET by selecting your drawings from
ENGINEERING GRAPHICS DEPARTMENT these books in quantites of 25

LOUISIANA STATE UNIVERSITY or more of each layout.
Allow 90 days for order.
BATON ROUGE, LOUISIANA 70803







YOU WILL NOT BE TAUGHT HOW TO DESIGN FLYING MACHINES

YOU WILL BE TAUGHT HOW TO DESIGN

Announcing the 1967 A.S. E. E. SUMMER SCHOOL IN ENGINEERING GRAPHICS
AND DESIGN = June 15, 16, 17 at Michigan State University, Kellogg Center, East Lansing,

Michigan immediately prior to the Annual Meeting.

PURPOSE:
To pregent engineering graphics as a vehicle for instruction in engineering design.
To broaden the education outlook of engineering graphics teachers in the area of
desi.gn education. To give teachers intense coaching on curriculum planning,
writing of case studies, selection and writing of design projects, and the role of
graphics in design education. To bring recognized authorities in design education

in contact with graphics teachers. Above all, to teach teachers how to teach design.

FORMAT:
The summer school will be conducted on a lecture-workshop basis with every
effort made to involve attendees in actual problem solving sessionsg so that they
may experience what their students will be required to do. Lectures will be
somewhat formal (entire group in attendance). Workshops will be informal

in nature with coaches (limited to about 25).

COMMITTEE:
Percy H. Hill (Tufts University)}-Chairman Jerry S. Dobrovolny (Univ. of Illinois)
Earl D. Black (General Motors Institute) Matthew McNeary (University of Maine)
Peter Z. Bulkeley (Stanford University) William B. Rogers{U. S. Military Academy)
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Automation of

Typical applications of structural shapes, railings,
stairs and ladders.

If one's language is not correct, then
what is said is not meant; if what is
said is not meant, then what should
be done remains undone, and the
people only stand around in helpless
confusion.

--Confucious

H

Knowing what we don't know is often
more important than knowing what
we know.
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as '"NF 63,6." This means that the item or au-
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and that the item begins or the author's name ig
on page 6. FW means February (Winter issue).
MS means May (Spring issue).

SUBJECT INDEX:
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made where original titles are not sufficiently
indicative of the subject content. Articles deal-
ing with several topics are listed under the sev-
eral headings.
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