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WORKBOOKS

Technical Drawing Problems
Second Edition, 1947, 93 sheets $4.50

Lettering Exercises
Second Edition, 1950.
16 looseleaf sheets $1.25

Technical Drawing Problems.
Series 2,
by Spencer and Grant. 1948,
138 sheets $4.50

Technical Lettering Practice
by Spencer and Grant. 1949,
13 sheets $1.60

Clarity and completeness in all fundamentals and a wealth of practical
information have made this hook outstanding in the field of technical
drawing. Upholding the same high standards as previous editions, ma-
terial is up to date and in line with modern practices. More than half of
the book is composed of illustrations which have heen excellently repro-
duced from first-quality drawings. Illustrations and related text matter
appear on the same page or on facing pages to insure full benefit from loth.
All instructions for problems are found directly adjacent to the figures.

The book includes a detailed chapter on aeronautical drafting and much
useful information on industrial practices. There is a full chapter on shop
practices prepared with the advice and help of varions industrial concerns,
Working drawings are also fully treated, with many illustrations,
there are complete chapters on pictorial drawing and technical sketching
and shading — techniques now widely used in industry. Gearing and cams,
pipes, fittings and valves, and welding representation are all thoroughly
covered in separate chapters.

Third edition 1949
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DESCRIPTIVE GEOMETRY = A pictorial Approach

HAROLD BARTLETT HOWE, Rensselaer Polytechnic Institute

THIS UP-TO-DATE textbhook—combining the
pictorial approach with the direct method—
provides a clear-cut introduction to descriptive
geometry. The method used stimulates student
capacities to perceive and visualize; facilitates
mastery of principles; and insures a broad cov-
erage of the subject.

The ability to sketch is gradually built up by

progressing from simple fundamentals to more '

complicated combinations. Special emphasis is
placed on vectors and their use in planar and
non-coplanar structures and for the representa-
tion of moments. Throughout the text, theory

is applied to the solution of practical problems.
All projects are complete, with drawings and
explanations, on single or facing pages.

328 ills. "~ 332 pages $4.25

PROBLEMS FOR DESCRIPTIVE GEOME-
TRY—This practical workbook, containing a
wide selection of theoretical and applied prob-
lems drawn from engineering situations, gro—
vides a valuable supplement to this outstanding
textbook. Includes 77 layout and illustration
sheets utilizing the pictorial approach with
directions for student use.

$3.50

BASIC ENGINEERING DRAWING

WILLIAM WIRT TURNER, CARSCON P. BUCK and HUGH P, ACKERT
- — All of the University of Notre Dame

INTRODUCES the student to all the basic
“principles of engineering drawing, descriptive
geometty, and machine drawing. Written to fill
the widely recognized need for a course inte-
grating these three subjects, it is at the same
time flexible enough to be used by instructors

whose teaching needs cover only one of these
fields,

The presentation of all phases of engineer-
ing drawing assumes no previous knowledge on
the part of the student. Chapters devoted to
machine drawing are concerned with the appli-
cation of drawing theory and practice, in keep-

COMPACT and straightforward volume for
those students who must master the fundamen-
tals of projection drawing in the shortest pos-
sible time. It provides the necessary background
for the study of shades and shadows, perspec-
tive drawing, design, construction and working
drawings.

Concentrating on those phases of projection
which are used by architects and engineers in
solving everyday problems, it features simplified
methods, easily learned, remembered, and ap-
plied. Step-by-step, it progresses logically from

ing with the latest recommendations of the
American Standards Association. The treatment
of pictorial drawing is comprehensive and con-
tains many innovations.

563 ills. 24 tables 669 pages-  $5.50

INTEGRATED PROBLEMS IN ENGINEER-
ING DRAWING AND DESCRIPTIVE GE-
OMETRY—Specifically designed for use with
this textbook is this series of explicit, detailed
problems covering the fundamentals of the
three integrated fields., Contains 83 problem
layouts and 16 practice sheets.

$4.00

PROJECTION DRAWING FOR ARCHITECTS

WILLIAM WIRT TURNER, University of Notre Dame

fundamentals to the more difficult aspects of
the subject. Throughout, explanations of theory
are high-lighted by worked-out problems.

To facilitate the student's undetstanding,
axioms and principles are arranged by groups,
and are referred to frequently in examples
showing their use in actual engineering situa-
tions. Integrated problem work and questions
for review, contained at the end of each chapter,
test the student’s knowledge of the application
of principles,

52 ills. $3.00
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It used to be thought that diamonds did not conduct electricity.
But physicists of the Bell Telephone Laboratories bombarded
diamond chips with millionth-of-a-second bursts of electrons
and discovered that the chips then yielded up to 500 times the
original current. This discovery may lead to new and better
types of electron tubes for long-distance communication. Thus,
power often comes in unlikely packages.

Unprepossessing youngsters, apparently qualified only for
mediocrity, have often made outstanding records of achieve-
ment and success in later life, Yet this fact need surprise no man.
For just as the diamond chips possess the power which the right
agent was ahle to reveal, so alf youngsters with but trivial excep-
tions possess all the qualities fhey need for success, needing
only the right influences to bring them out.

Knowing the universal desire for prestige and achievement
and the equally universal possession of energy, the conscientious
educator looks for ways of showing the boys in his class the pos-
sibilities that lie ahead of them, the potentialities within them-
selves and the road to be followed. The need is as pressing, the
opportunity is as great in the class in mechanical drawing.

Here, the work points directly at the adult years, the class-
room foreshadows the engineering office. Above all, the work

combines discipline of the hand and discipline of the mind.
Great opportunity is presented to enthuse and inspire the begin-
ning student, to awaken dormant ambition for high achieve-
ment, to initiate habits which will serve him well. To say it does
not matter what quality of drawing instruments the student
uses, to say his drawing set can be carelessly chosen and re-
garded with indifference, is to make this work an ill-starred
venture. It is a risk no conscientious instructor will take. The
only possible reason for accepting less than the best is an econ-
omy of pennies gained at who knows what cost in the future.

EUGENE DIETZGEN CO.

Chicage + New York « San Francisco »+ New Orleans - Los Angeles
Pittsburgh » Washington « Philadelphia « Milwaukee
Dealers in All Principal Cities

EVERYTHING FOR
DRAFTING AND SURVEYING




for the beginner...

or for
the experienced engineer

PROFESSIONAL EXPERIENCE AND POCKET BOOK

SET TO FIT EVERY LEVEL OF

SET G28,23 In the famous Riefler line of custom-
finished quality imported drawing
instruments, there are many sets
containing the basic instruments that
the beginner must use. The double-
decker cases—originated by Riefler
—have room for expansion by

. addition of instruments as the

student’s skill becomes greater.

Thus, the student can begin his
engineering career with the finest
drawing instruments . . . Riefler . . .
at a price that will suit his purse.

SET G22/23

ILLUSTRATED:

SET G28/23—Includes the famous Riefler Quick-
Action Bow Compass, &' friction divider, 412" com-
bination bow with pen, pencil and divider attach-
ments and 5% ruling pen. A perfect set for the
heginning student.

SET G22/23—For more advanced work. Includes all
of the instruments shown in G28/23, except the
combination bow,which is opﬁonol. ALSO INCLUDES
a BEAM COMPASS with radius to 16", and with
pen, pencil, divider attachments and extra bars.

IMPORT COMPANY. INC.

16 BEAVER STREET o NEW YORK 4, N. Y.

ing the story of German drawing instruments, @

For a complete listing of thirty different Riefler sets
for your free copy of "Operation Craftsmanship.”’

and combinations—profusely illustrated, and includ-




‘Whether your immediate
problems demand a set con-
taining all of the instruments

or only a selected few, one of the
60 variations in the CUSTOM-
MASTER line can be matched
to your particular requirements.

CUSTOM-MASTER means

economy for the student engineer

too!! Selecting only those instruments s
needed now and adding instru-

ments as your requirements

become more specialized, means

a maximum of usefulness at a
minimum of cost.

Gl f Ot

=
BIG BOW—RULING FEN — DIVIDER

with additions of other fine instruments pro-
vide a selection of 60 superb CUSTOM-
MASTER sets—many with provisions for
cdditional instruments.

Send your list of instrument
requirements for prices

FREDERICK POST COMPANY

3650 N. Avondale Chicago 18, lllinois
DETROIT « ENGLEWOOD, N. J,, » HOUSTON
LOS ANGELES « MILWAUKEE
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1953 REPORT TO NATIONAL COMMITTEE

hy

Drawing Division

American Society for Engineering Education

(Presented to Committee on Evaluaticn of Engineering Education, Dr. L.E. Grinter, ‘Chairman)

Drawing is the universal method of recording and
communicating certain types of information in the
engineering profession. Therefore, before an idea takes
form or a structure or a machine is built, much informa-
tional data must be developed and represented graphically.
In years past instruction in drawing placed great empha-
gis on technique and artistic appearance, and included
some training in methods of projection in all four quad-
rants. Most drawings were inked and much time was spent
on well executed lettering. Today drawings.are quickly
made and well adapted to modern production methods.
Drawing courses are improved, Keeping pace with the rapid
advances in science, industry, and technology. Our in-
dustrial success is due in large measure to efficient
planning on the drawing board. The more complex the pro-
duction problem, the more urgent is the need for effec-
tive drawings to show the workman exactly what is re-
quired. As future progress will depend more than ever
upon better working drawings, the drawing teacher today
accepts the responsibility of giving engineering students
the right kind of drawing instruction, so that the engi-
neer of tomorrow will have the best working knowledge
and drafting ability to plan future developments.

Nor is it out of place here to state that drawing in
all its forms is a foremost instrument in sharpening and
deepening the powers of perception which features expan-
ded treatment of the theory of drawing as an analytical
tool. Strong emphasis on development of the student's
geometrical and spatial ability, to equal his training in
equational representation of physical bodies is needed,so
that he can interpret shape and position descriptions to
tbose who must construct them. "For working out the
shape of objects, visualizing natural phenomena or set-
ting up a basis for calculations, graphies is simple and
self-checking. For these purposes, it has no competition
and none appears in prospect."-—A.F. Puchstein, Consul-
ting Engineer, The Jeffery Manufacturing Company,Columbus,
Ohio.

It is true that many engineers today in responsible
positions have draftsmen to make their working drawings
from sketches. However, an engineer cannot supervise
draftsmen until he become proficient in reading and mak-
ing drawings. Just as the engineer is responsible for
the proper functioning of machines and machine elements,
he is equally responsible for drawings showing their de-
sign, for the selection of correct dimensions, for the
proper choice of materials, and many other things which a
draftsman has insufficient background training to deter-
mine. He must, therefore acquire the ability to solve
new problems in unusual situations, to think creatively,
to continue to learn, to remain mentally vigorous, and
exercise sound judgment in finding the best answer with-
out loss of valuable drafting time. In modern industry
drawings are considered legal documents, or the basis of
contracts, and they must not be misinterpreted.

A large part of engineering costs on any project are
involved in making and reproducing drawings. Modern re-
production methods are now being reflected in drafting
room procedures. Ink work has been replaced almost en—
tirely by pencil drawings. Freehand sketching is being
increasingly emphasized. Stress is placed on the deve-
lopment of an engineering vocabulary. Construction of
charts and diagrams and the principles of limit dimen—
sioning have been introduced. Since dimensioning is as-
sociated with shop processes and time for shop courses
has been curtailed, it is necessary to emphasize what a
machine can do and what its limitations are in order to
give proper drawing specifications. In descriptive geom-
etry the draftsman’'s method of analyzing and solving pro-—
blems by the auxiliary plane method has replaced the
classical Mongean or revelution methed, and as a result
students are acquiring greater confidence and competence
in the use of this science.

Graphics includes in its field all the fundamentals
of graphical representation, and of geometrical and gra-
phical analysis. Conventicnally, it is covered in most
colleges by courses in engineering drawing and descrip-
tive geometry. These courses generally cover graphical
processes of solving physical problems, fundamentals of
form and design, as well as exact delineation of space
objects for recording ideas. Engineering drawing is a
subject of high utilitarian value. It is a technique in
commercial demand and work on the drawing beard is fre—
quently the deoorway to promotion. Moreover, for more
than 50% of the entering students who do not complete
their work in engineering, it is a professional course

_that offers an opportunity to enter the field of tech-

nical employment.

Engineering educators recognize spatial visualizing
ability as one of the prime requisites of a good engi-
neer. Recent research by R.R. Worsencroft of the Uni-
versity of Wisconsin and Mary Blade of the Cooper Union
indicates that present courses in engineering drawing
and descriptive geometry develop this trait in engi-
neering students to a very significant degree over other
students, and that following these courses, further de—
velopment is comparatively slight. This confirms the
intellectual value of training in drawing to conceive
and create solutions to highly theoretical problems.
Drawing introduces the obligation of conforming to
standards basically necessary to all engineering prac-
tice. It trains to notice subtle differences in qua-
lity. It promotes an understanding of form and design,
of the feel for various materials and their possibili-
ties. Tt provides fundamental training for developing
creative ability and sound engineering judgment.

Careful conslderation should be given to the gra-
phical solution of industrial problems, and sufficient
time should be provided for adequate drawing courses in
the various engineering curricula, Graphical computa-—
tipn courses including such topics as empirical equations
from laboratory data, graphical differentiation and in-
tegration, and nomography offer a fertile field for
applying graphical methods in fundamental courses such as
mathematics, physics, and mechanics. Further, there is a
need of drawing courses to bridge the gap of one or more
years from drawing to design to provide essential infor-
mation and give a better carry-over and continuity.
Engineering graphics has broader educational functions
than developing ability to represent objects by ortho-
graphic drawings and to Solve space problems by descrip—
tive geometry methods. For graphics is a comprehensive
term, including not only engineering drawing and des-
criptive geometry, but alsoc the advanced courses of kine-
maties and graphic statics and other similar courses in
the various technological curricula.

Advisory committees of drawing staff members should
be established to work with engineering and science stu-
dents and faculties in undergraduate and graduate pro-
grams wherever graphical methods can be used to advantage
in connection with thesis projects and research.

College administrators cooperating with industry
should provide opportunities for fundamental research by
drawing teachers. The value of such research is demon-
strated by recent projects applying drawing and descrip-
tive gecmetry procedures in the treatment of cancer and
in the design of artificial limbs at Columbia University
and the University of Californmia by H.W. Vreeland and
A.8. Levans.

* * & &
Dean Jasper Gerardi, University of Detroit
Professor F.A. Heacock, Princeton University
Professor John T. Rule, Massachusetts Institute of
Technology
Professor W.E. Street, Chairman, Texas A & M College
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WHERE SHALL WE DRAW THE LINE

C.d. Chaffins

Engineering Division - Boeing Airplane Company

Absorbing the new engineer into industry and assig-
ning him work we must accomplish, with the assurance that
it will be of interest to him, is a task of considerahle
magnitude and complexity. Factors such as expansion, in-
creased technical requirements, and a limited supply of
engineers have all added to the complication of our posi-
tion. In giving you my impression of the new engineer
entering the aircraft industry and his reactions to the
many things be encounters I shall mention some of the
experiences we have had, some of the solutions we have
devised, our future plans, and a few suggestions as to
what might be done to alleviate some of the difficulties.

To indicate the size and scope of the Boeing Air-
plane Company I shall briefly mention a few pertinent
facts.

Heavy ailrcraft has been our principal ocutput: the
B-17, the B-29, the Stratocruiser, the B-47, and the B-52
are the best known of our products since the beginning of
World War II.
missiles, gas turbines, and analogue computers.

In addition, we are manufacturing guided

Included in our total payrool of 56,000 employees
are 6,100 in our Engineering Division of which 3,900 are
technical personnel.

Qur Engineering Division is divided into three prin-
cipal groups: Design, Research, and Administration.

Design Projects are responsible for the release of
all information required by our Manufacturing Division to
tabricate and assemble a completed airplane. Projects
are split into several groups with each responsible for a
structural component or function such as radio, electri~

cal, wing structure, body structure, and equipment.

Research is responsible for detailed study of spe-
cific problems and development of new ideas. Some of the
research units are: aerodynamics, armament, structures,
power plant, mechanical equipment, and electrical.

Administration provides services to all units in the

Division on such matters as personnel, education, costs
and schedules, procedures and specifications, and working
facilities.

All of these groups collectively and individually
are involved in a coordinated effort to produce as an
end result a high quality, high performance article.

Into such an organization we bring the new engineer.
¥We find the probiems management must meet in absorbing
him are principally "human" problems, as contrasted with
the problems of increasing technical "know bow". We have
solved certain facets of the human problem, but we recog-
nize that a great deal still remains to be done.

One portion of this basic problem which we are
studying is tbat of instability. Large numbers of our
new engineers in this day and age are "quick quitters».
If these engineers would only remain with us long enough
to learn to know their employer and their chosen indus-
try before tbey start seeking what, from a distance, ap-
pears to he a greener field, we helieve that they would
make better individual progress and a greater collective
contribution as engineers. Statistically, we know the
man who stays at Boeing two years has only a fraction of
the tendency to move as compared with the man who has
been here only one year. We believe this fact results
from the length of time it takes a new employee to "shake
down" and become accustomed to an industrial atmosphere.

The organization of handling and scheduling work is
a problem of congiderable scope. Unfortunately, when our
new employees first encounter this organization they feel
lost in its vast size and discouraged by tbe cold, seem—
ingly impersomal forces that regulate them. What manage-—
ment must find is a way to contact and indoctrinate these
people with the realization that the employee has much to
gain by proving that he is persistent. This is a problem
which engages our imagination and attention to a great

extent.

The missing link in the educational development of
the young man may be the lack of attention paid to the
development of his attitude. This is an abstract term,
but I am’thinking of his attitude toward his future, the
an2lysis of his purpose, and the reasons for his going to
the trouble of obtaining an education. What does he in-
tend to do with his education, and with his 1ife? There
must be an objective!

The employer can provide encouragement, facllities,
and opportunities, but the employer cannot inject into
the individual the necessary desire, the energy, and the
initiative to accomplish something with his technical

training.

In the short four-year course which is customary in
the preparation of the college man, I think in most cases
the student's primary interest is in learning natural
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physical laws.
is learning their applicability.

He is learning how to handle them, and he
He is storing them as
tools for his future career, and he is usually intrigued
by them to the exclusion of other factors which are going
to have an equal if not greater influence on his future
As he learns these natural laws and how to use
them, he might well learn at the same time that industry

SuUcCCcess.

as it is presently organized is the vehicle for their ap-
plicatioen.

The young graduate probably thinks of his employer
as an aggregation of buildings, machines, and engineering
facilities instead of an organization of people. He may
be somewhat cenfused and frustrated on finding that his
co-workers and supervisors are not as reliable as mach-
He may then ask the questions; *Why don't these

people behave like machines?®

ines.
"Why don't they observe
the same behavior towards natural laws as the machines
which we use as tools?" Learning to work with people in
the framework of an organization is probably the most
important lesson a new employee must learn 1n his first
year or two. If he keeps this objective in mind, then
he might be more likely to stabilize. He might realize
that he is growing in stature by proving he can work
within a given set of human circumstances. In addition,
a certain amount of prestige accrues to him by consider-
able period of association with a recognized company. We
must somehow help the.young graduate realize that two
years with Allis Chalmers, General Electric, Westinghouse
Boeing, Douglas, or Lockheed is really a claim that he
has developed his personality to an extent where it might
prove more valuable to him than a Master's degree or a

Ph. D.

Another factor the college student and potential em-
ployee should learn to recognize is the true nature of
the tasks before him --- recognition of the real problem
minus the many misleading side issues.

How can colleges improve a student’'s ability to
reéognize a problem and make him conscious of the fact
that there is more than one solution? The analysis of
problems is a factor in education to which I believe
more attention should be given.

One of our engineers recently made an observation
that may be of assistance in helping teach students to
recognize problems. 'His suggestion is certainly perti-
nent. This employee observed tbat college professors
were inclined to penalize students for collective efforts
sometimes known as "cribhing”®. However, he also observed
that when the college graduate was employed in industry,
he was penalized by indugtry for not participating effec-

tively in a cooperative project.

Undoubtedly it is casier to measure the progress of
a student by assigning problems which can be solved indi-
vidually. Actually, we believe that what he needs most
to acquire as preparation for productive employment is

the -ability to work in a group which is chiefly concerned
with defining and recognizing a problem, and then achie-
ving a solution through cooperative efforts. I feel sure
many apparently brilliant students fail to make corres-

ponding progress in industry because they were graded in
school on their ability to work by themselves on problems
not too difficult to recognize. A big difference between
school and work is that schools are working on neatly de-

fined problems and industry is working on vast projects.

Another trait an engineer should acguire in ecllege
He should realize that
decisions are necessary and that every decision involves

ig the ability to make decisions.
a gamble. If we at Boeing could enjoy the luxury of mak-
ing decisions on sure things, our new airplane designs
would be trouble free. However, when we roll a protofype
out on the field to try it, we anticipate trouble,because
in its design we have made decisions, many of which were
merely intelligent gambles. In the aggregate, if you
make a lot of intelligent decisicns, some of them are
golng to be wrong, but most of them will be ripht, and
you will make progress. If you make no decisions you
make no pProgress.

Along with my emphasis on the human problems in
technical employment, I would like to mention the need
for continued broadening. We feel sure the young engi-
neer who progresses is going to need an ability to ex-
press himself both orally and in writing. I want to go
further than just advocating a course in technical
English or public speaking. Our problem is much broader;
it is intimately tied up with the problem of under-—
standing and communicating with other human beings. The
further one goes, the more one realizee that the human-
ities - literature, history, politics, religion, and
art - are essential for a genuine ahility to cooperate
effectively with human beings. I know the four-year
engineering program is all too short to hope men will be
graduated who are truly developed in all of these res-

I do not think a student at the age of 21 is

mature enough to gain much breadth in such subjects,

pects.

even if he is kept for an extra year or two of schooling.
Much of thils maturing must wait for experience in working
with people. About all the college should be expected to
do is to awaken an interest in the humanities through an

introduction to the field.
letting the student know that his usefulness is related
to more than an “A" in your technical course.

In addition, you can help by

When the new engineer comes to Boeing, he is placed
in a training program for a duration of two to four weeks
depending on his assignment. This indoctrination period
provides him with information about the Company, its
many departments, and their functions.

pose is to help him get acquainted with us.

Its primary pur-

Although new graduates have a dislike for drafting,
it is necessary that we all work with drawings, and for
this reason, I shall mention something about our drawing
system.
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In aircraft the requirements for engineering draw-
ings are extremely complex as compared with other indus-
tries. We have three basic types: the detail drawing
showing one or more separate parts, the assembly drawing
showing two or more parts fastened together plus the
detail information for each part, and the installation
drawing which may be a combination of all three types and
in addition, shows the unit installed in the airplane.
Required detail information for each part as instruction
to the shop and as a record for ocurselves and the Air
Force adds to this complexity. We must specify material
and processing completely. Relatively few airplanes of
any one model are identical, but a record of these dif-
ferences still must be made.

One of the interesting facets of our operation at
the Boeing Airplane Company, and, I might add, at prac-
tically any aircraft company, is the use of glass cloth.
Glass cloth has been quite common in the industry for a
period of four or five years and is the only dimension-
ally stable drawing material we have been able to find
that is translucent, can be rolled for Storage, and has
other properties similar to cloth or vellum. Under our
system, an original drawing of any part that is to be
fabricated from gheet metal, extrusions, or materials
which are to be cut, sawed, or routed is prepared on
glass cloth.. The glass cloth drawing is then placed in
a contact camera, and as many duplicates as are required
by the shop are furnished on photo-sensitized template
stock of whatever gage is desired. Also, the Bruning
light table, a large contact printer, provides great
facility in the use of glass cloth inasmuch as the bed
of the machine has sufficient surfact area to permit the
photo reproduction of several drawings simultaneously.
Completed templates, being the reproductions on metal of
the original glass cloth drawing, are furnished to our
shop where they may be sawed, cut and filed, or used as
desired in making some sort of supplementary tool from
which parts shall eventually he fabricated. One inter-
esting fact I would like to point out is that in our pro~
duction operations you will not find the mechanics making
parts by using blueprints. Instead, they will have a
holding or alignment fixture. This is done to simplify
the job so that it requires less skill and training than
otherwise might be necessary, thefeby permitting us to
uge the available supply of labor for maximum efficiency.
Substantiating evidence that glass cloth is in popular
demand in our own Company is its rate of usage, which
amounts to approximately 5,000 square feet per month and
is gradually increasing.

Another interesting aspect of our operation, is the
use of a painted metal template as an original drawing,
which we have exploited as much as possible over the past
12 or 13 years. The metal template and the glass cloth
end product are essentially the same; however, the metal
template is necessarily reproduced by the use of an
optical camera. After the glass negative has been pre-
pared, the duplicate template is made by projecting the
image on to a sensitized metal and, as with the glass
cloth, the duplicate is furnished to the shop where it
may be used to the best advantage. Of course, we use a
great many machine drawings and we could spend consider-
able time discussing some of the intricacies of different
types of dimenmsioning, cutting sections, and views. How-
ever, these are more or less common drafting practice and
even though we have .our own variation, I do not believe
they are important to our discussion.

You undoubtedly know of lofting as a fascinating
subject, a practice commonly used in both the aircraft
and shipbuilding industries. It can be described as the
development of surfaces such as the hull for a boat, the

body or wing for an airplane, or . perhaps the shape of an
of an intricate duct used internally in a power-plant
structure. There are two types of lofting. The first,
which is the most common and the one that has been long—
est in use, is the cut-and-try method, whereby the trial
and error shifting of lines in the three standard views

. a plan view, rear view, and side view .... will
enable one to develop a smooth, faired surface. This
type of lofting bas been supplemented in the past few
years by a second type which is called mathematical loft-
ing. Mathematical lofting has its limitations and is
primarily used in developing surfaces where we can use a
second degree curve, which in effect is the use of a
family of conic sections. In manufacturing airplanes,
lofting is an operation absolutely vital to production.
Contour lines of all types are drawn or transferred on
metal templates, and the cut-out templates used in form-
ing the plaster casts that will eventually serve as the
original models for construction jigs and thousands of
formed and contoured parts.

Until recently, practically all of the drafting
work at Boeing was done by the new engineer. But now,
hecause of the continuing critical engineer shortage and
the increaging amount of technical man-power required to
design an airplane, we have established a new program
whereby we are implementing our engineer manpower with
the use of draftsmen. We have proved to ourselves in
the past fifteen months that it is possible to use people
with less formal education in the preparation of the many
drawings required for our shops to fabricate and assemble
an airplane. In establishing this drafting program, we
immediately discovered there was not an adequate supply
of draftsmen available, and having discussed several met-
hods by which we might obtain additional draftsmen, we
came to the conclusion that it would be most expedient to
conduct a training propgram ourselves due to the peculiar
nature of our work in the preparation of aircraft draw-
ings.

In selecting our candidates for drafting training,
we are making every effort to choose those individuals
who are not only hest suited to drafting work, but who
are most likely to remain with us as permanent emplovees.
Careful interview screening and a battery of aptitude
tests play an important role in selection procedures; the
evidence of our statistical studies shows these methods
have contributed materially to the success of our pro-
gram. The cold hard fact of this situation is that, at
the moment, we accept only 40 people out of each 100 who
come to us showing an interest in drafting training. You
might say that, in effect, we have taken pecple "off the
street™ for this purpose inasmuch as they come from all
walks of life. The only basic requirements which have
been established are that candidates must be high school .
graduates and must be between the ages of 21 and 50.
However, other factors such as place of residence, number
of dependents, and proximity to work receive considera-
tion. We glve the draftsman candidate a comprehensive
course in drafting and descriptive geometry lasting for a
period of five forty-hour weeks. As a supplement to this,
we also assign him to & three-weeks course in familiari-
zation, which is designed to acquaint him with the dif-
ferent types of drawings and drawing change procedures
and the use of drawings in the Boeing Airplane Company,
particularly in the factory.

Cne significant fact is, that in the period of fif-
teen months we have, on many of our projects, increased
the number of draftsmen to the point where they consti-
tute 35% of our project personnel. JIpn all we now have
over 600 assigned draftsmen. This, of course, is a sub-
stantial beginning; and we have hopes, as these men gain
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working experience, that we will be able to use more and
more draftsmen, even up to as much as 50% of our project
personnel.

You can readily see that with the use of glass cloth,
metal, and of course, dimensioned drawings.-— particular-
1y the first two —— that it is essential the draftsman
have a broad general knowledge of shop tools and proce-
dure. In order to provide this knowledge, we are now
offering a supplementary series of lectures to acquaint
him with the many different types of tools we use in our
fabrication aréas, such as brake, hydro-press, shears,
routers, and Yoder rolls. In addition to an expanded
knowledge of tools and a thorough indoctrination in the
utilization of the drawing by the shops, we are also
offering the draftsman supplementary information about
some of the techniques used in purchasing, production,
tool desgign, and tool fabrication. .

As the draftsman works with us, he continues to
learn. [ am sure you can readily see that, over a
period of three or four years, he is going to become
a very valuable asset to our Company and to the Engi-

neering Divigion in particular.

Because of the skill and ability that must be.
developed, and because of the great amount of detail
that must be absorbed in order to become a competent
draftsman, I think you will agree that it would be com-
pletely out of the question for the universities and
colleges to attempt to include such an extensive train-~
In the
firet place, the engineering curricula is already so
heavily burdened with technical subjects that there is
not sufficient time; and secondly, to provide training
in several industries which will gilve the student . a
well-rounded background, regardless of where he may
practice his profession, would be an insurmountable

ing program in their curricula for engineers.

task. In any event, it is quite possible through the

drafting training medium to relieve the engineer of the
burden of making detail drawings and to use him to the.
best of his ability in learning the technigque of design.

It is our hope that as we pursue this program the
engineer will be more content because he is not required
to prepare drawings, and the draftsman will become a
skilled craftsman and will make better drawimgs than
were made previously.

This transition in the use of engineering manpower
is still in progress and, although we are making great
steps-toward solving our problem of having an adequate
supply 0f people to make detail drawings, we neverthe-
less have the problem of providing the engineer with an
ample background for undertaking design assignments.

As a supplement to his initial three weeks of
familiarization, we will, in addition; offer him a ser-
ies of lectures which will be of two types. First, there
will be the lectures of general interest, encompassing
activities of considerabie scope within the Company. For -
example, we might have a qualified high-level speaker

from the Production Department talk to a group of our
engineers to tell them of the method of operation of the
Production Department and its function as related to
other departments, particularly Engineering. Second,
there will be specialized lectures directing his atten-
tion toward subjects such as the use of fasteners, spot
welding, brazing, riveting, and machining. We will also
include finishes,processes,and topics of gemeral interest

which will not only acquaint the engineer with the method

of operation in our various shops and divisions, but also
will place him in a better position to design for maximum
efficiency and producibility in our shops.

I have hoped in my brief piéture of engineering man-
power in an industrial setting to bring out a few of the
practical problems confroating us, and to describe some
of the working solutions-we have devised for those prob~
lems . However, the solutions to a great many problenms,
as [ have suggested, lie beyond the power of industrial
resources and organization. These are the problems of
equipping an engineer with effective, useful knowledge
and abilities, as well as answering the 'human problems™
that I have mentioned. It may seem that I am placing
too great a share of the burden on the educator’s shoul-
ders, but it does appear true, nonetheless, that the
problems we encounter are, in a broad sense, those of
education. '

In order to reach the solutions that we vitally
need, we must first attain a full understanding of what
we actually mean in referring to our “problems". With
that -accomplished, and with an understanding of cur re-
gpective responsibilities, we may, in either sense, be
better prepared to draw the line. In order to clarify
my picture of industry let me continue with some ideas
on "fundamentals",'and specifically with some views on

the fundamentals of graphic répresentation.

In measuring technical competence, we must recog-
nize that each school hag planned a program; this pro-
gram includes some balance between emphasis on funda-
mentals and emphasis on specialties. To illustrate
what I mean by fundamentals, consider the field of
mechanics. Here, the fundamentals include the analysis
of stress in terms of tension, compression and shear,
the measurement and calculation of stress, the distri-
bution or flow of stress through various paterials and
shapes, the study of elasticity,. and vibrations. My
idea is that a man who is wéll grounded in fundamentals
such as these can successfully enter employment and
undertake the design of items as varied as tunnels,
bridges, aircraft, or locomotives. He has mastered
general principles which may quickly be applied to a
variety of specialties. If, on the other hand, he has
gpecialized in reinforced concrete at a sacrifice to an
understanding of fundamentals, he will have quite a con-
version problem in the event he wants to shift from the
design of concrete structures to the design of aircraft.

This_comparison between speclalization and funda-
mentals may also be illustrated in the field of graphic
tepresentation. We in the aircraft industry certainly
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value the ability to do drafting work. However, we
realize it would be inefficient to try teo teach your
students to be prepared to do draiting work for Boeing..
If they were taught to be good draftsmen for us, they
would not suit tbe Bureau of Reclamation, the U.S.
Engineers, or North American, Dbuglas or any other air-
craft manufacfurer. We think that about all you can do
is get the student well grounded in fundamentals. By
fundamentals in this field I mean a thorough understand-
ing of tbe means for graphic representation, orthographic
projection, sections, auxiliary views, isometrics, and
descriptive geometry. He migbht learn a little about
dimensioning but most of thils is better learned through
his embloyer since systems vary to a great extent. As
you know, we even get along without dimensions on most
of our drawings. We do value ability to make rough,
free-hand sketches; and it would be ideal if every
engineering graduate were a neat careful draftsman, but
I feel sure industry is more in need of fundamental
understanding than of such specialized skills as these.

: Specifically, the separation of descriptive geom-—

f etry from drawing itself, the exclusion of lofting, the
g abhsence of a course in free-hand sketching, and over-

| specialization in drafting practices such as the pre-
paration of ink drawings and the technique of drawing

. pictures of completed parts-or assemblies are some. of

! the items which might be modified or corrected. Along
with these polnts for consideration, we might also in-
clude the use of elaborate sets of drafting instruments,
many of which are superfluous, and some of which,; by our
standards, are inadequate in holding to cleose tolerances.

Perhaps I can elaborate on some of the points I have
Jjust mentioned. A survey of the many drafting techniques
in use today, I'm sure, will bring about the realization

that the demand for ink drawings is gradually diminishing.

In any event, the preparation is a task for a draftsman,
not an engineer. In the aircraft industry in particular,
you will find that all drawings aré prepared with pencil
for eage of erasure and ease of‘maintenance, and that
these drawings prove quite adequate for all purposes.

The technique of making a very complicated'detail
drawing of a generator, a carburetor, a distributo}, or
some other piece of mechanical equipment, which no doubt
has been dissetted to show a cross-section, is a time
consuming operation, and it is questionable that the
time thus expended is worth while. This sort of an ap-
proach is, for the most part, in complete conflict with
an experience the engineer might have in the preparation
of drawings, regardleéé‘of what industry the engineer may
be engaged in. '
things hefore they are fabricated rathe; than after.

It is our common practice to design

The use of lofting is gquite common, as I mentioned
before, in the aircraft industry and shipbuilding in
partipular, but it is also used in the automobile 1indus-
try and other industries where it is nécessary to describe

surfaces in three dimensions.. This technique which has
been in use for a great many years has, strangely enough,
been ignored by many of the colleges engaged in formal

drafting training.

CA practice that is quite common, and perhaps not

too realistic, is the presentation of descriptive geo-

metry as a subject separate from drafting, We have

found in the training of draftsmen that descriptive

. geometry becomes much more coherent and understandable

j practical application.
f the intersection of two lines in space, we have the

E draftsman run cables through a bulkhead rather than draw
| lines which bave no direct relation to anything with

i which he 1is familiar and which are completely disassocl-
; ated with the use to which he will put his knowledge at

! to the individual when it is presented in terms of

For example, in illustrating

some future date.

The importance of free-hand sketching to an engi-
neer, of course, is merely an illustration of the time-—
worn proverb that one picture is worth a thousand words.
The ability to illustrate the essentilals of an idea.
quickly and comprehensibly on a blackboard or on a pad
of paper is important to the man who must rely on the
understanding of others in his work, and the man who has
this ability certainly has a valuable tool at his dise- .
posal.

As a possible solution for eliminating or at ‘least
modifying over-specialized and impractical material in
some of these fields we have discussed, I.might suggest
a careful study be made of the possibility of injecting
descriptive geometry and drafting into such courses ‘as
machine design, structural design, and shop practices.
An examination of educational practices plus a compre-
hensive study of the demands of industry might suggest
the appropriateness of a composite engineering drafting
course ﬁhlch would point out some of the related general
agpects df drafting, descriptive geometry, free-hand
sketching, and lofting, and at the same time, eliminate
much of the tedious detall that has been all too common
in.past practice. ' ' 7

In addition to continued concentration on fundamen-
tals, let us also give adequate thought to ways of en-
couraging proper attitude and perseverence in the under-
graduate,and furthermore, let us devote some effort to pro-
vide him with a better understanding of human relations.

Each-day in this rapidly changing world we are con-
fronted with new problems, new techniques, and new deci-
sions to be made; consequently, it is. essential that we
constantly review our program, whether it be academic or
industrial, and direct our efforts toward keeping step
with the everyddy changes and modifications. We must im—
clude for consideration not only the question,"Where shall
we draw the line today?*, but we must devote adequate
thought to, "Where we draw the line tomorrow?
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ENGINEERING DRAWING AWARD

The fourth recipient of the Engineering Drawing
Award has achieved national recognition for his distin-
guished contributions as an inspiring and enthusiastic
teacher and administrator; for his outstanding achieve-
ments as an author of numerous texts and publications;
and for his recognition as one of the country's leading
professional engineers and consultants.

Carl Lars Svensen, Secretary and Director of the
Texas State Board of Registration for Professional Engi-
neers, was born in Worcester, Massachusetts, April 8,
1884. He is a graduate of Tufts College in the class of
1907, where he received the degree B.S. in M.E. (honors)
and the M.E. degree in 1921. He was awarded the honorary
degree of LL.D. by S8t. Edwards University in 1942 and the
degree D.Sc. in 1947 by Academie et Universite Inter-
national, London, England.

Dr. Svensen's engineering experience includes work
at Warren Steam Pump Company, American Steel & Wire Com~
pany, General Electric Company, and private practice,
From 1908 to 1913, he taught in the Mechanical Engi-
neering Department at Tufts and in 1914, he moved to
Ohio State University where he became a Professor of
Engineering Drawing, and served that department umtil
1923. He then moved to Lubbock, Texas, where he became
head of the Engineering Drawing Department at Texas
Technological College, and in 1933, he also served as
Acting Registrar. In 1934, he entered the consulting
field and was made Secretary and Director of the Texas
State Board of Professional Engineers in 1937, which
position he still holds.

Dr. Svensen 1s author of:

A Handbook on Piping,
Essentials of Drafting,

Drafting for Engineers,
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CARL LARS SVENSEN

Mechanical Drawing (with Thomas E. French), Machine
Drawing, The Art of Lettering, Architectural Drafting
(with Edgar Shelton), Drafting Problem Layouts (with
C.H. Shuman, Jr., and W.E. Street), Aircraft Drafting,
Blue-print Reading (with W.E. Street), besides many
articles in educational and engineering journals and
magazines. '

Dr. Svensen has been very active in many profes—
sional societies such as the American Society of Mech-
anical Engineers, the American Society for Engineering
Education since 1909, serving on the executive committee
and later as chalrman of the Engineering Drawing Divi-
gsion in the years 1939-1940, American Standards Assocla-
tion, National Society of Professional Engineers, The
Texas Society of Architects, Texas Academy of Science,
president of National Council of State Beards of Engi-
neering Examiners 1943-1944 and the representative of
this body on the Engineers' Council for Professional
Development 1944-1947. BHe is also a member of the
honorary scholastic secieties of Tau Beta Pi and Sigma
Xi.

As an author of graphical treatises, he has held
an enviable record for the production of some of the
outstanding books in engineering drawing. He has
continued to revise and improve these books through
the years from the time of their first publication.
As an early pioneer in the Professional Engineering
Societies and Boards of Registration, he has contri-
buted immeasurably to the recognized status of all
engineers. He maintains a wholesome respect of
thousands of professional engineers and engineering
drawing teachers throughout the United States.
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THE GRAPHIC LANGUAGE AND THE PROFESSIONAL ENGINEER

Responge by Carl L. Svensen Upon Receiving the Distinguished Service Award

Appreciation may be expressed in words to a
certain degree, but it is truly felt in the heart. I
wish that I knew how to present my feelings in our gra-
phic language so that they could be seen.

This indeed is a climax, a triple honor for I have
had two great honors in my life -— of working with the
two great teachers of modern engineering drawing — Dean
Anthony of Tufts College and Professor French of Ohio
State University — of teaching with them and of associa-
ting with them in work on their great texts. It was my
honor and pleasure to stand between them at the Drawing
Summer Schoel at Carnegie Institute of Technology, honor
which T alone was privileged to have and a memory which
has meant much to me through the years. I sat with Pro-—
fessor French at the first meeting of this drawing group
as a separate organization of this society and at many
meetings since that time. '

Dean Anthony and Professor French had visions beyond
their time of the importance of engineering drawing and
its true meaning in professional engineering — its mean-
ing as a useful tocl in engineering education and in the
practice of engineering -- for learning, for thiﬁking,
and for doing. There was no lack of realization of the
importance of the graphic language in these two leaders.
Their broad concepts of the inclusive scope of engineer-
ing drawing needs to be re-emphasized today.

I have always insisted that there is a pgreat differ-
ence between "learning to draw” and learning ndrawing".
As great a difference as there is between "learning to
write™ and "creative writing.v®

The first engineering registration Act was passed in
1907. Now every state and territory requires profes-
sional engineers to be licensed. Many states require an
examination. Certain classes of applicants in Texas are
required to pass such an examination. I have heen in
charge of examinations since our Board was organized in
1937. Naturally drawing has been one of the subjects
covered in the Texas examinations. This is not true of
all states. Over the years, I have been interested in
observing and comparing the papers of the candidates. It
is no coincidence that the best grades have been obtained
by the men who have done well with the drawing part of
the examination. The power to visualize cannot be dis-
counted and is reflected in better work in all subjects.
It is necessary to see clearly in order to think clearly.
The professional engineer must do both. The truly pro-
fessional engineer of today must be of a sclentific mind
-- he must be a scientific engineer — to coin a new des—
criptivelname, he must be a "scieneer." He must be truly
educated 'in the Engliéh language, the mathematical lan-
guage and the real graphic language in its true meaning
and inclusiveness. - Inspection of about 12,000 applica-~

" tions for professional engineering licenses has brought

this forcibly to mind after seeing the education and the
experience and the professional attainments of the ap-
plicants.

We hear of cutting down on the time allowed for
teaching drawing; we hear of quick ways of giving in-
structions in drawing; we hear of short cuts and methods;
we hear of the necessity for using pictorial drawings
because so few can now read regular drawings; but why
go on?

The answer is the same as for any other basic engi-
neering subject --- a good foundation is necessary and
should be recognized. Drawing is an engineering tool as
well as a part of professional engineering.

We hear some say that all drawing should be from
industry, should be practical applications, should be
in each particular engineering field should bring in the
various advanced uses of drawing, graphical and mathe~
matical and the many possible and valuable applications.
But you do not teach calculus or differential equationms,
or elliptic functions without a foundation of plain old
algebra and trigonometry. Let's face it, we need to
stress both ends of the subject. Basic knowledge is a
necessity as well as a real understanding of how to use
-— how to apply —- that knowledge. There must be ability
to think.in terms of shape, or size, of motion, of opera-
tions, of weight, of mathematical concepts in graphical

"form. There must be such an understanding of the basic

principles of drawing that they can be used in the study
and application of all engineering subjects and there
must be time enough for the student to develop this
ability. The professional engineer needs thorough pro-
ficiency in his three languages —- English, mathematics,
and graphics. Graphics is more than the draftsman's
drawing -- it is the engineer's language of space, motion,
force and quantity. The professional engineer has deve-—
loped from the mechanic to the scientist and his educa-
tion must take this into account. Instead of trying to
see how little timq/ban he allowed there should be encugh
time to permit a thorough understanding so that it can be
used to provide for a more thorough grésp of other engi-
neering subjects with less effort and in less time for
those other subjects. Someone should make a study of the
place of drawing in professional engineering and present.
the whole picture from all its many points of view show-
ing the coordination of each part of the picture. When
this 1s done, I believe we will be on the way to the an-
sweT to the question of ample time for enginering drawing.

The Drawing Division has honored me in many ways -—-—
on many committees, as Chairman, and now this honor which
I shall cherish most highly. Through all my activities,
drawing has remained a major interest and its meaning as
a factor in professional engineering has developed in an
ever widening inclusiveness.

Thank you for this graphic honor which you have be-
stowed upon me.
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Reliability vs. Validity of Examinations

By IRWIN WLADAVER
Assistant Professor of Engineering Drawing, New York University

Reliability and validity are the most
misunderstood—or the least understood—
concepts in the construetion and evalua-
tion of objectively-scored examinations.
Sometimes the terms are used interchange-
ably hy professional writers and teachers
who ought to know better. But here is
one case in which precision does not per-
it interchangeahility.

It is not necessarily true, however, that
relizbility and wvalidity are mutnally ex-
clusive. In fact, proof of reliability can
be used to support a elaim for validity.
But while relizbility ean be proved, valid.
ity cannot. This statement eannot be suc-
cessfully disputed, for reliability is by
definition a function of statistics whereas
validity is a funetion of human judgment,
Lallible as we know it to he.

The reliability of a test is a measure of
its consistency. For example, if a “reli-

- able” test were given twice to the same
students—or if a retest were made with
an alternate, equivalent form of the origi-
nal test—the seores would he practically
identical on both occasions. But we know
perfectly well that we often find it im-
possible or undesirable to give the same

" test twice to the same students (except

in the cases of some urhappy individuals
who must fake the course twiee). And so
three or four fairly easy statistical tech-
nigues have been devised to give “esti-

mates” of the reliahility of test seores.
Proof of reliability is eonsidered to have
heen obtained if the statistical manipula-
tion gives a sufficiently high coefficient.

But the reliability of a test does not
take into consideration the content of the
test; all it indicates is the degree of con-
sistency of the scores ohtained. Suppose,
for example, we have a group of students
who know only ¥nglish (if that) and we
have to test them in deseriptive geometry.
We given them the following five ques-
tions:

1. What ig your name?

2. Come si ¢hiama?

3. Comment vous appetez-vous?
4. Vie ruhft mahn dich?

5. Kak teebyeh zahvouch?

Practically every student can answer
the first question correctly and will. Un-
less he guesses that we have tried the same
question in Italian, French, Yiddisbh, and
Russian, he will always answer the one
question correctly and always fail on the
others. The test is perfectly reliahle,
that is, consistent. But we are all willing
to grant that it is not a particularly good
test in deseriptive geometry. To say it
snother way, the test is completely reli-
able; we can get statistical proof. DBut
the test has no validity for descriptive
geometry ; our judgment tells us so.
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INTEGRATION OF OHEMICAL ENGINEERING FUNDAMENTALS

case of non-adiabatic, non-isothermal op-
eration provides a vchicle for illustrating
all the fundamental principles; Mass
balances are necessary in treating the
stoichiometry of the reaction or reactions.
Energy halances serve to relate the fem-
perature to position in the reactor (and
the pressure also, if the pressurc drop
through the reactor is significant). Hqui-
librium relationships will be vequired if
the chemical resetions are reversible.
Three forms of rale expressions are
needed for the solution: rate of chemiecal
reaction, rate of heat transfer radially,
and rate of mass transfer radially in the
reactor.  Iinally, the optimum design
solution will depend upon the cost of raw
materials, cost of equipment, and operat-
ing expense, and, therefore, requires an
economic halance,

Plant Design Course as an
Integrating Tool

In some respects the usual plant de-
sign eourse in the senior year serves to
correlate the separate subjeets in the
chemical engineering ecurriculum. Per-
hape the most common procedure is to as-
sign the student gection a eomplete design
for one or two different plants. This ap-
proach can be of eonsiderable value in
accomplishing the objective proposed
here, provided emphasis is given to bring-
ing together the principles studied in
separate, previous courses. For example,
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division of the elags into small groups
cach of which is given one phase of the
plant design would not be expected to
accomplish the desired result. Despite
the usefulness of the design course, it is
believed that the opportunities for inte-
grating the principles of chemieal engi-
neering that exist in the other courses
shonld not be negleeted. Thus in thermo-
dynamics 20-30 problems may be as-
signed each semester. Tf half of these
invoive the simultaneouns application of
two or more of the basie pringiples,
eonsiderable progress has been made in
developing in the student the habit of
attacking problems from the viewpoint
of the fundamentals.

Conclusion

Ore of the important advantages of the
fundamental approach is the confidence
it gives the student in his ahility as an
engineer.. He enters npon his career in
industry not with the fear of insufficient
factual information to attack the new
problems encountered, but with the confi-
dence based upon eucesssful experience
in solving & wide variety of prohlems in
the university by integrating the basic
prineiples. .
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RELIABILITY V8. VALIDITY OF EXAMINATIONS

. The validity of a test is the degree of
fidelity with which the test meéasures what-
ever it purports to meagure. And this is
a matter that is mot at all completely
amenable to statistical analysis.

Tt is true that some statistical cvidence
is desirable. Tor example, if a test has
high reliability, we have some evidence in
support of its possible validity. At least
we can know that the test will report con-
gistent seores. If the test is inconsistent
in reporting scores, to that extent validity
is impaired. But statistical analysis of a
who'e test and each item of the test can do
no more than make some contribution to
the validity of a test.

Points of View
Tn thig brief article it is impossible to
do much more than name some of the
more important points of view from which
validity ean be investigated and claimed:

1. Statistical analysis.
" 2, The determination of validity through
the nse of certain groups, that is, through
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correlation with outside standards them-
sefves known to be valid.

3. The extent to which the operations
required of the student—hy the fest—ap-
pear to parallel the operations demanded

“hy the eourse of study named in the title

of the test.

4. The extent fo which the subjeet mat-
ter content .of the test is in agreement
with the eurrieulum and good teaching
practice.

5. The extent to which the test has been
construeted aceording to seund practiceé.

6. The extent to which other teachers
and experts agree to the soundness of the
test.

Notice the part that human judgment
plays throughout.

Reliability can be measured and a iest
can he said to be reliable to a specific de-
gree, hecausc the measurement has a
mathematical basis, But validity of a test
can mever be 100 per cent established,
ginee its basis Tests on human judgment
—even though it be relatively expert judg-
ment, judgment like yours and mine.

Fifth College—lndustfy Conference
Proceedings Available

Eleven papers from the 5th College-Industry Conference, spon-
sored by the Relations With Industry Division of ASEE at North-
western University on January 31, 1953, are available in mimeo-
graphed form. These can be ordered from the Secretary, ASEER
Office, Northwestern University, Evanston, Ill. The price is 50¢
per eopy. Please enclose a remittance with your order.



TIMELY TIPS

Curves of Distortion

By ARTHUR M. HILL

Professor and Head of Moechanical Engincering, Tulane University

- Volumes have been written on “good
teaching techniques” and more will come
in future years. But one academie prae-
tice which might be dusfed off and re-
eveluated is that of “grading on a curve.”
The teacher who is & “curve enthusiast”
will probably fall into one or more of
these classifications: (a) teachers who feel
that a grade of A in a subject indicates a
“erip” course; (b) teachers who are not
able to adjust quizzes fo the background
of class work and etudent - ability; (c)
those who insist upon foreing each year’s
elass info a set mold, eonvineed that each
yenr there must be a fixed percenfage
making A, B, ete., regardless of the varia-
fion in student material; and (d) those
who feel themselves in & position of power
due to the awe and mysiery with which
they surround their grading system,
Part (b), “teachers who are not able to
adjust quizzes to the hackground of class
work and student abilify,” might be dis-
cussed further. Upon refleetion, most any
instructor should rtealize that the average
student thinks of the dividing line between
paseing and failing as a grade of about
70%. It is a poor personnel relations job
for an instrmetor to pride himself on a

class average of 45%, and then prop up
these grades to the passing level by curves.
Why not give realistic quizzes which re-
sult in realistic grades in the first place?

Industrial firms spend many thonsands
of dollars in earefully defining the work-
ing conditions of their new employees.
Why would it not be benefieial to start the
first class meeting in a course with a con-
cise discussion of the grading system? If
the average of the guizees in the course
will count for two-fifths, why not tell the
student s0? Definite numerical hrackets
as to where grades of A, B, and C fall
would be helpful. If you were the stu-
dent, wouldn’t you like to know?

In a short time, many of these students
will be on training programs in large
industrial plants. In most ecases their
achievements and progress are earefully
recorded and graded. T have never known
of a supervisor of these young engineers
who bad to resort to a curve to evaluate
their performance.

Life is sufficiently complicated for stu-
dents and faculty at best. Why not sim-
plify things and diseard the curves of
distortion? :

Fobruary 13, 1953

A Single Tube Squaré Wave Generator.

By 0. WILLIAM MUCKENHIREN

Associate Professor of Electrical Engin'eermg, University of Minnesota

The ever inereasing applications and as-

sociated analyses of square waves in elec-
{rieal engineering has made it desirable if
not necessary to introduee the student to

this material in the early stages of his
undergraduate curriculum. In the class-
room this presents no problem but in the
laboratory, experimentation by a large

542 JourNAL oF ENGINEERING Epucarion, May, 1953
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VALIDITY OF EXAMINATIONS

Irwin Wladaver

College of Engineering
New York University

I'm going to talk with you about validity of exami-
nations. My immediate purpose is to bring to your at-
tention as clearly as I can the one central issue that in
my opinion shows signs of serious neglect.

The issue, as I see it, is this: That validity of
examinations is a social achievement and a social obli-
gation. It is not a one-man job. And it is never pos-
sible to state that a test or examipation (I use these
words interchangeably) has 100 per cent validity. The
best you can do is to strive te have your test achieve
a high degree of validity and, consequently, to have it
receive widespread acceptance as a valid instrument. The
great problem, then, is (1) to realize that validity in-
volves people and (2) that these people can all make
contributions toward a degree of validity which, by its
nature, is not susceptible to precise or even approxi-
mate measurement.

T don't want you to think I'm posing as an expert in
psychological measurement. In fact I want to acknowledge
my great obligation to four particularly useful sources.
They appear in the partially annotated bibliography that
I've appended to this paper and I hope you will consult
them, and the other items, too, when you are ready to do
some probing yourself. The four I'm referring to are
theser

1. Validity, an unpublished paper by Dr. Louis E.
Raths, of the New York University School of
Education. This is a comprehensive treatment
of validity, to which I am most deeply indebted.
Besides, it's wonderful reading. I have been
profoundly influenced by this work of Prof.
Raths and I am grateful to him for his carte
blanche permission to adapt his material.

2. Educational Measurement, (E.F. Lindquist, Ed.),
a new and absolutely amazing symposium on every
conceivable aspect of the subject, by the out-—
standing people in the United States. The
American Council on Education Published the Book
in 1951. Chapter 16, on Validity, is excellent
and highly authoritative. Prof. E.E. Cureton of
Tennessee and others contributed to the chapter.
The rest of the book is equally high in quality
and I earnestly recommend it to you for all as-
pects of educational measurements.

3. Proceedings of the Engineering Drawing Summer
School (St. Louis, 1948). The whele section on
examinations is particularly appropriate. The
‘articles by Professors Vierck, Schuck, and Mann
ought to be required reading and Professor
Arnold's discussicn that followed Dr. Mamnn's
paper on Validity was very much to the point of
today's topic.

4. Range of Human Capacities, by Dr. David
Wechsler, is a most provocative book;and any-
one who is not afraid of an intellecutal chal-
lenge to long-standing notions about human
capacities ought to read it.

And so you see that the central issue I'm talking
about is not a discovery of mine. Nor is it that writers
and speakers have failed to mention it before the public.
What usually happens, however, is that these persons
point out the problem but rarely suggest a course of ac-
tion that might conceivably lead to a minimum or tenta-
tive solution. I'm going to suggest some courses of ac-
tion and see what happens - if anything.

My plan of approach is to delimit the problem, to
state certain reasonable assumptions, to give acceptable
definitions we can work with and some examples to show
how the definitions work. Then we'll be able to attack
the subject proper and - I hope - properly.

Here are the things I'm not going to do: I am not
going to challenge the whole field of educational philo-
sophy. I'm not going to take on the whole field of edu-
cational psychology. I'm not going to take an inexorable
stand for or against "objective” examinations, although
I do have some serious misgivings about how we arrive at
grades for our students. Whether we use objective or
non-objective methods of scoring tests or laboratory
drawings, I have no intention of thrusting a lance into
a windmill; I don't want to get knocked off my mule.

I'm going to assume that it's right to give exami-
nations and to assign grades to our students. We don't
have much choice, anyway, do we? Then let's make the
process as useful and as meaningful as we can.

I'm going to make this important assumption: That
educational measurement in engineering drawing and de—
scriptive geometry has the following major functions,
among others:

1. To facilitate learning on the part of our stu-
dents.

2. To evaluate their work and progress toward the
course object@ves.

3. To aid in the improvement of instructions or,
what is the same thing, to increase our own
professional stature.

4. To assist us in counseling our students.
and I might as well add that these are not automatic:

I'm going to assume that, since we are experts in
engineering drawing and descriptive geometry, and since
we are professional teachers, it ought to be our job to
make up examinations designed to serve any specific pur-
pose we think is right; and that it's also our job to
investigate the relative valldity of these exams.

The important words to define and differentiate are
reliability and validity, as characteristics of examina-
tions. First, reliability: it's easy to explain and
easy to illustrate. Reliability is consistency. A test
is reliable to the extent that the score will be the
same when it is used as a retest - or when alternate



18 JOURNAL OF ENGINEERING DRAWING

forms of the same test are used. It is a matter of sta-
tistics only. If I score 60 on a test today and 60 on
the same test tomorrow, then the test is 100 per cent
reliable. It doesn't make the slightest difference what
the test is on. The content is immaterial.

I'11 give two more examples: If your watch keeps
perfect time, but you happen to have set it fifteen
minutes slow, your watch is perfectly reliable. Statis-
tically, the reliability coefficient is unity. You may
miss your class every day, but your watch is reliable in
the sense we're talking about. Maybe you will have no
job, but you have a reliable watch.

And if I tell you, day after day, that I caught a
fish that long, the story is absolutely reliable as long
ag the fish neither stretches nor shrinks. Maybe I'm a
liar, but I'm a reliable liar. You can depend on me to
report the same lie.

Thus it is that reliability is a matter of statis—
tics. A test may have a very high reliability coeffi-
cient and all that it means is that you are measuring
consistently whatever it is that you are measuring. But
high statistical reliability of an examination is no
assurance that the exam has high, low, or any other de-
gree of validity - or for that matter any validity at
all.

The only connection between reliability and validity
is this: If you can show by a number of non-statistical
operations that the test has certain kinds of validity,
then proof of reliability is an additional piece of evi-
dence in your claim for greater validity.

Now what do we mean by the word validity? To ask
the question is to imply that it has a single, unique
meaning. Unfortunately, this is not the case. It's easy
enough to give a commonly accepted definition such as:
"¥alidity is the extent to which a test measures what it
purports to measure,” or such as "The essential question
of test validity is how well a test does the job it is
employed to do.” Both of these general statements are
fine and no one quarrels with them. But from the stand-
point of what to do, they are silent. They are not
specific. They have no real meaning because they are
empty of operations. What we have to know about a test
or examination is this: What must we do, what steps must
we take to determine its relative validity? Can I do it
myself?

No. You can't do it yourself. No single individual
can. If you look closely at the definition, you will see
that human judgment is called for at every turn. The
definitions say "How well,” or "To what extent." The
person who asks the question cannot also answer. It is
true that an individual can do certaln things himself. He
can make tests of reliability, can get professional ad-
vice and can make improvements in the test arrangements
and thus contribute to validity, but he alcne cannot be
the last word. Only through a period of time and use, in
your school and in mine, can any test in a broad field
like drawing achieve validity. For this reason, as I
said at the outset, the determination or validity is a
social achievement.

Let's suppose we have before us a test that we want
to validate. There are four things, at least, we ought

to consider and agree on. Otherwise we are beaten before
we take a step.

1. We must agree on a definition of what we are
trying to measure by the test.

2. We must agree on the responses that we shall
consider evidence of the presence or absence of
what we are trying to measure.

3. We must agree on what constitutes relative
amounts of what we are trying to measure and on
the way to estimate the probable error of
measurement.

4. We must apree on the probable significance of
the results in the general educational and pro-
fessional growth of our students.

You can argue about any of these four points - you
probably do — but we must reach some workable and realis-—
tic compromige. It should be perfectly obviocus then,that
a test-maker must be competent, capable of distinguishing
the critical, the important, the relevant and the trivial
elements. He must have no pet peeves and no pet devices
that he feels he must spring at every opportunity. And
of course he must be informed. Without these qualities,
his judgment, for any intellectual purpose, must be sus-—
pect.

I said earlier that validity does not have a single,
unique meaning. You should infer from this that the dif-
Terent concepts of validity depend upon the points of
view from which you attempt toc reach it. I'm going to
cite eleven different, but sometimes overlapping, points
of view from which to judge the degree and the kinds of
validity which your test may have. Then 1'1l try to
explain what I mean by each of them.

1. The extent of agreement between the test results
and some informed, component criterion outside
of the test.

2. The determination of validity through the use
of criterion groups.

3. The extent to which predictions made on the
basis of test results come true.

4. The extent to which the operations required of
the student - by the test - are in agreement
with the title and the purpose of the test.

5. The extent to which the subject-matter content
of a test is in agreement with the title and
its implications.

6. The extent to which a test incorporates impor-
tant items and excludes non-essentials, and how
nearly the test parallels good teaching prac—
tice.

7. The extent to which a test contributes to the
educational and professional growth of the stu-
dent; that is, the extent to which a test re-
flects the career for which a student is presum-
ably preparing, and the effectiveness of this
kind of validity on counseling and advisement.

8. The extent to which parts of a test are them~
selves valid as part scores.
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9. The extent to which the test correlates with
other records - and the extent to which such
correlation is of little use or even spurious.

10. The extent to which statistical analyses of the
test and of individual items of the test con-
tribute to validity.

11. The extent to which the actual construction of
the test conforms to sound practice and so con-
tributes this kind of validity.

1. The extent of agreement between the test-results
and some informed competent criterion outside of
the test.

By this I mean the judgment of competent persons who
know the purpose of the examination. For example, ask a
capable teacher to rank your students in order of merit
with respect to the particular trait you are testing for.
Naturally, this teacher should have opportunities to
judge the students in action. Then give the exam and
score 1t. If there is substantial agreement between the
test results and this informed, competent criterioh, then
you have the right to say that the test has some degree
of this kind of validity. Naturally, the teacher who has
done the ranking ought to be competent and informed and
ought to know what can be expected. Generally you will
have such persons working with you.

Sometimes individual ranking isn't possible, for one
reason or another. In such a case, have the students
divided into a number of groups, say five: Excellent,
Good, Average, Below Average and Poor. And then give the
test. Divide the test-scores the same way and see
whether your "Excellent” students make "Excellent" gradesg
and so on down the line. If your "Excellent" students
make "Average™ scores, you may want to take some steps.
If your "Excellent” students make "Poor" scores, you
draw your own conclusions, but be charitable toward your-
self. Perhaps you may come to believe that the other
fellow's judgment was not good and that the test actually
had high validity from the standpoint of teacher—opinion.
That's up to you. But you can see why it's important to
select a competent and informed criterion that you can
stick with.

2. The determination of validity by use of
criterion groups.

By a criterion group I mean a group of persons
actually working in the field for which our students are
preparing. If you say you are training for draftsmanship
select draftsmen for your criterion group. If you say
you want to teach your students what a good engineer
ought to learn from your drawing and descriptive geometry
courses, then select engineers, preferably not your for-
mer students. The group you select should depend on the
goals and objectives you say you have been trying to
reach. Presumably the persons you select for your cri-
terion group will be homogeneous; with respect to what
you want to know, their behavior will be similar.

¥hat you want to kmow is this. How did your school
work in drawing help you in your present work? W¥as the
information useful? Were the experiences useful? Have
you any suggestions? What are your attitudes? What mis-
takes did we make? These are just a few off-the-cuff
samples of questions you might ask.

To the extent that there is correspondence between
your test-results and important factors related by your
criterion group, this kind of validity may be present.

I must point out some dangers in this procedure.
Oftentimes young graduates, especially your own former
students, will tell you what they think you want to hear;
especially what a terrific job you did on them. Believe
it, if you must. But it doesn't give you much precise
help.

Sometimes it does. A few weeks ago, my daughter
said to me, "Dad, what's a left-hand screw—thread?"
Naturally, I started to explain. But she added, "I
really don't care. All I wanted to say was that I met a
boy" {of course 1 was glad to hear this} A boy who had
you in drawing six years ago. The only thing he remem-—
bers about your course is that you used to drive a taxi-
cab nights when you went to college and that one of the
wheels of the Yellow Cab Company cars had a thread that
went the wrong way and you didn't find out for an hour
after you got a flat tire.” This he remembered.

So I say thisg kind of information may be useful in
your quest for validity of examinations and it may not.

3. The extent to which predictions made on the
basis of test-results come true.

If high grades in a drawing test were fairiy sure
indications that a student would be a successful engi-
neer or draftsman, you could say the test had high
validity of this kind. That is, you could make pre-
dictions that would be verified in action. 1Isn't this
what intelligence tests and aptitude tests mean to do?
If they fail to predict fairly accurately, they lack
this important aspect of validity.

This ocught to be a good topic to investigate if you
have a comprehengive test in drawing or descrip. See how
closely your test-results correlate with the graduating
averages of your students. Maybe there is some predic-~
tive validity present. And if there is, be sure you
don't claim a cause and effect connection.

4, The extent to which operations reguired of the
student - by the test - are in agreement with
the title and the purpose of the test.

To me, this seems 1like the most important step of
all in the search for evidence of test validity. Suppose
you were giving a test in a student's understanding of
the principles of sectional views. If you wanted to know
whether he could identify a properly drawn sectional
view, given two exterior views, this would be one kind of
operation at an easy identification level. (I recommend
Prof. Graney's illustration along these lines on page 343
of the 1946 summer school proceedings.) How much vali-

‘dity an identification test has for what you are after is

certainly open to question, but it surely has some.

If, however, your test requires that a student draw
an indicated Section A-A, your test is likely to have
more validity for an understanding of the principles of
sectioning. And if you go all the way and say, "Draw the
most useful section of the object," then you are really
in for it. You have to presuppose all sorts of things
and hope that the student's judgment coincides with
yours.
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validity by correlation with something assumed to be
valid hardly seems the way to go about it. This is an
understatement.

The point I'm trying to make is this: If you say
the test is a test of a student's ability to think, you
ought to be able to show that it does indeed measure that
ability. This will take some doing.

16. I shall probably lose some friends when I say
I'm guite uncomfortable about the next matter. This has
to do with test-validity contributed by statistical
analyses of the test and of items in the test.

If you dare to say that the examination is a test of
a student's ability to think creatively, I urge you to
define your terms with scrupulous care and then show evi-
dence that the test does indeed measure that ability. But
I don't wish to encroach upon Professor McNeary's topic -

I guess I don't actually understand some of the sta-—

he certainly nreeds no help from me.

This is a good time to remind you that students in
some subjects forget from 40 to 80 per cent of the facte
they once learned within three months to three years. If
your test is designed to ask for facts only - and it's a
perfectly justifiable kind of test - you should realize
that what a student learns is not so important as how he
learns it. I think Professor John Rule's article in the
May, 1953, Journal of Engineering Drawing carried this
same implication.

To the extent that the mental operations of learning

are called for on an examination, a claim for test vali-
dity can be reasonably supported.

5 and 6. The subject-matter content of a test can
readily be checked against tables of contents of good
textbooks; and comprehensive sampling of the field. If

that's what you want, it's not hard to demonstrate. Alse,

if you consult with a few of your colleagues it will not
take long to eliminate most of the trivia. Rut don't

think that therefore your test is necessarily valid. A&ll

you have done is added a little weight to the balance.
4nd you should be careful not teo introduce into an exam
unusual or new elements that you have not dealt with in
class unless, of course, you think they are reasonable
outcomes.

7. Tests in our field of engineering drawing and
descriptive geometry can contribute solidly to the pro-
fessional and educational growth of our students by
reflecting the career for which they are preparing. It
may he clear to you what an important influence on our
counseling dutles a good test can have. It should warn
us not to try to play the part of an all-wise diety,
lacking omniscience as we do, but in some fields tests
have reached the quality that permits advisors to make
recommendations that otherwise could not be justified.

¥Whether our examinations are yet good enough is
something else, but this is a kind of validity we should
certainly strive for.

8. When parts of a test are valid as part scores,
tbere are obvious advantages to the student who wants to
know what partial progress he has made and also to the
teacher who can be reasonably sure where deficiencles in
learning and teaching exist. This is another kind of
validity in tbe overall worthwhileness of a test.

9. Correlations are often reported as evidence of

test validity. I'l1 go along with some. For example,
if a test has a high reliability coefficient, there is
no automatic assurance that the test is valid, but only
that it has tbe kind of validity that self-consistency
offers. However, if a test has a low reliability co-
efficient, then the test validity for any purpose must
be sericusly in doubt.

But there are other corrections that serve little
use. Don't condemn a test simply because it doesn't
correlate well with other records - high school records,
for example. And more than anything else about corre-
lations: don't attribute high validity to a test on
the basis of its high correlation with another test
assumed to be valid. As I see it, this begs the whole
question of validity. An assumption of validity may be
necessary — we do it all the time. Buf trying to prove

tistieal manipulation. Most of the formulas, unless I'm
mistaken, make an important assumption: That the trait
being tested is normally distributed. I have seen no
evidence that this is true in drawing. And there are
other assumptions, generally not expressed, that seem

to me to have shaky foundations. In addition, most of
‘them involve nasty and forbidding algebra.

For these reasons I question the usefulness of some
of the statistical analyses in the claim for validity.
If you are interested in statistice, read Professor
Cureton's article called, "Validity, Reliability and
Baloney.” You'll find it listed in my bihliography.

11. The last item has te do with the yalidity
contributed to a test where a fest is made up in con-
formance with sound and informed comstruction practice.
This is a matter about which any interested persom can
be - well posted if he takes the effort. In the biblio-
graphy I cite a small number of articles you may wish
to read. They are on such subjects as: scoring
examinations; problems in the use of answer blanks;
examination fear; comparisons of true-false, multiple
choice, completicon-questions; and other related
toples., And all of these have to do with validity to
a greater or lesser degree.

Well, these are most of the operations reported
in the literature on validity. There are only these
last two brief but tremendously important points I
feel I must make.

First, we must be constantly aware of the edu-
cational purpose of every test we give. The best
way to stay alert to this is to state its purpose
so that we can try to evaluate its influence on
validity. Examinations to determine grades are
certainly necessary, but a far greater purpose -
perhaps the ultimate purpose - is the development
in our students of resourcefulness and ingenuity.

Second, we are not hermits. Our students are
working at their careers all over the country and all
over the world. We are not even preparing all of them
to practice engineering. W¥e must test for knowledge,
of course. But we should be testing for the kind of
knowledge that leads to informed, socially desirable
action. One way we can come close to this objective
1ls to work out our testing problems together - actually
to send copies of our examinations to colleagues in
otber schools, to use the exams in our classes, to
criticize unstintingly and suggest improvements - and
to accept such recommendations in a grateful spirit.

Wouldn't it be wonderful if we could say some—
thing like this: "Yes, we've trained these young
people pretty well so that they can get off to a good
start in the engineering profession. But more than
that, we've helped them along to an education that will
help them to live useful, productive, fruitful lives im
any activity they ever choose.”" If our examinations
have the kind of validity that will let us believe that
this is really true, then we can indeed be proud of the
work we are trying so hard to do.
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Tait, J.W., 1943: VALIDITY IN EXAMINATIONS. JSchool, 32, 102-105. ZKnowledge of gecientific facts doesn't make a
sclentist. .
Educational measurement is indirect. Students prepare differently for different types of examinations.

Turney, A.H., 1934: CONCEPT OF VALIDITY IN MENTAL AND ACHIEVEMENT TESTING. Jourral of Fducational Psychology, 25,81-95

Valentine, W.L. and J.E. Wenrick, 1935: VALIDITY OF EXAMINATIONS. Journal of Educational Psychology, 19, 583-595.
»If you are satisfied with factual examinations, the question of validity is unimportant.”

Votaw, D.F., 1936: THE EFFECT OF DO-NOT-GUESS DIRECTIONS UPON VALIDITY. Journcl of Fducationral Psychology,
27, 698-703.

Worcester, D.A., 1934: ON THE VALIDITY OF TESTING. dohkool Teview, 42, 527-531. -
Two interesting statements, both open to question: rA test must measure what has been taught™ and *One of the
arguments against an objective test is that a student may have no practice in this kind of test in this par-
ticular subject.”
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GRAPHICAL METHODS CONFERENCE

Methods of applying graphics to engineering problems
in order to save time and present data more effectively
will be outlined in a conference at Purdue University on
November 20. This is one of the first conferences of its
kind ever held.

Engineering executives of representative Indiana in—
dustries are cooperating with university staff members in
planning an informative program designed to acquaint
chief engineers, directors of research, and others of
comparable executive level with the scope of graphical
methods. It is hoped to show how these methods can con-
tribute to the increased efficiency and effectiveness of
designers and draftsmen,

"As a means of counteracting high production costs
and manpower shortages in industry today, graphical
methods often save man-hours of work in arriving at an
answer to a problem, and usually give a clearer and more
meaningful picture of the information being presented or
studied," according to Prof. J. Howard Porsch, chairman
of the engineering drawing section of the department of
General Engineering at Purdue, who has heen named as
conference chairman.

The one-day program will include an introduction to
graphics, and discussions of delineation, analogous re-
presentatlon, problem solutions, mechanical devices, and
reproduction processes. Each of the talks will be fol-
lowed by a discussion period. 4&n exhibit of graphical
techniques is planned also.

The conference will show the application of grap-
hical methods to engineering design and manufacturing.
This first meeting is designed primarily for management-
level engineering personnel.

MINUTES OF THE ORGANIZATION
MEETING

DRAWING DIVISICN-SOUTHEASTERN SECTION-A.S.E.E.
Baton Rouge, Louisiana, February 27, 1953

The meeting was held in Pleasant Hall on the campus
of Louisiana State University on Friday, February 27,
1953, at 2:30 P.M. Thirteen members, representing seven
colleges, were present. Professor J. E. Shigley of
Clemson presided. ’

Upon motion, duly seconded and unanimously passed,
the meeting adopted a resclution establishing a Drawing
Division of the Southeastern Section of the American
Society for Engineering Education, to be governed in
accordance with the Articles of Procedure of the Drawing
Division of the society. It was decided tbat meetings
of the Division would be held in conjunction with the
annual meetings of the Southeastern Section and that the
program and ohjectives would be developed by the officers
of the Division following the wishes of the membership.

The following were elected as officers of the
Division for the coming year:

.J. E. Bhigley,

Clemson Agricultural College
.¥. D. Buchanan,

University of Tennessee
4. B. Wood,

University of Tennessee

Chairman.
Vice Chairman .

Secretary

A. B. Wood, Secretary

Dr. William Ezra Street
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PERSONALITY SKETCH
DR. WILLIAM EZRA STREET

Carl L. Svensen

Bill "Energy" Street is well known in Engineering
Drawing circles for his interest and activities. What is
not so well known is the background of education and ex-
perience, which with a friendly personality has made him
a leader in his chosen field. Dr. Street's life has been

‘one of continuous study and development in engineering

education. He was born in Benfranklin, Texas, April 12,
1001. Hig education has included studies at North Texas
State College, The University of Texas and Texas Tech-
nological College where he recelved the B.S. degree in
Electrical Engineering in 1930 and the M.3. degree in
Education and Psychology in 1933. The honorary degree of

LL.D. was conferred on him in 1947 by Harding College.

Dr. Street's teaching career has been an all in—
clusive one. He has been a teacher, principal, and
While attending Texas
Technological College, he was a student assistant. Later
he joined the faculty of the college, first as an in~
In 1941,
after thirteen years, he left Texas Techmnological College
to become professor and head of the Department of Engi-
neering Drawing at the Agricultural and Mechanical Col-
lege of Texas.

superintendent in public schools.

gtructor and then as an associate professor.

This position he now holds, as well as
being a member of the Graduate Faculty. He has been
active on college committees and has carried out many
important projects in addition to his teaching and de-~
partmental duties. During World War II, he organized and
supervised one of the largest war training programs in
the country, training more than 6000 people in extension
work sponsored by the U.S. Department of Educatioh and
Texas A. and M. College.

Dr. Street 1s a registered professional engineer in
the State of Texas and has had engineering experilence in
addition to his teaching experience. He has worked for
such companies as the Sinclair 0il and Refining CompanyJ
Waco Construction Company, Austin Bridge Company, Lock-
heed Vega Aircraft Company, Consolidated-Vultee Aircraft
Corporation, etc.,as well as private englneering practice.

Dr. Street's life has been a well balanced one for
he has always found time to take part in the life and
civic affairs of his community, ready to serve whenever
called upon. An active Rotarian since 1937, he has an
enviable record for both attendance and participation.
He has been Chairman of important committees having to
do with youth work, Boy Scouts, voecational pervice, etc.
He has been a member of the Board of Directors and is a
Past President of the Bryan Rotary Club.
active worker in the Church of Christ as teacher, educa-
tional director, deacon and elder. His civie and reli-
gious life have paralleled his life work in engineering
and education.

He has been an

During his college career,he participated

-distinction.

in athletics and later served for five years as a faculty
member of the Texas Technological College Athletic Coun-
cil.

Dr. Street has found time (how or when is hard to
tell) to add to the literature on engineering drawing.
He is the author of a modern textbook, TECHNICAL DES-
CRIPTIVE GEOMETRY, published in 1948, and widely used.
He has had three books of Descriptive Geometry Problems
published, one in collaboration with Professor C.C.
Perryman and two in collaboration with Professors C.C.
Perryman and J.C. McGuire. He has collahorated with
Carl L. Svensen on several books:
Reading, Lettering Exercises, three series of Drafting
Problem Layouts and with Carl L. Svensen and Professor
C.H. Schumann on one bock of Drafting Problem Layouts.

a Manual of Blueprint

He has also contributed mumerous articles for technical
journals. Dr. Street has received many honors both
unofficial and official. His abilities have been recog-
nized in many ways. He 1s a member of Tau Beta Pi and
Phi Kappa Pi, is listed Who's Who in Engineering, Who's
¥ho in the Southwest, Who's Who in American Education

and the International Blue Book of World Notables. He

is a member of many engineering socleties including the
American Soclety for Engineering Education, National
Society of Professional Engineers, Texas Socliety of Pro—
fessional Engineers, Texas Academy of Sciemce, and others,
In all of these, he has been an active participant in the
work of the organization.

Dr. Street has been a constant and dependable worker
in the American Soclety for Engineering Education and in
particular in the Division of Engineering Drawing. He has
been a regular attendant at both the annual and mid-win-
ter meetings and has served as a member of the Executive
Committee and committees on Descriptive Geometry Notatiocn
and Nomenclatures Standards for Pictorial Drawing,Graphic
Talent Tests, Effiplency Tests in Engineering Drawing,etc.,
and Chairman of the Committee on Evaluation of Engineer-
ing Drawing Education. From 1941 to 1944, he was editor
of the T-Square Page of the Journal of Engineering Draw-
tng, and from 1944 to 1946, he was editor of the Jourmal
of Englneering Drawing. In addition, he has taken part
in the Division's programs and has been a valuable con-
tributor to the advancement of engineering drawing as a
part of engineering education. He was Chairman of the
Mid-Winter program committee which held its meeting in
College Station, Texas in 1951. Truly Dr. Street's life
has been and now is a very busy one but he always finde
time to take on new duties and to respond when called
upon. What is more, he has the particular spirit and
ability to initiate and to carry the job through with
Loved by his host of friends and students,
Dr. Street 1s one of those fortunate individuals who
enjoys his friends, his work and his opportunities for
service.
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PROBLEMS IN ENGINEERING DRAWING,
SERIES 1V

By A. 5. LEVENS, University of California; and A. E.
EDSTROM, City Coliege of San Francisco. 8V2 x 11, $4.00

Virtually a complete revision of the former series, and containing a
copy of ASA Standard “Drawings and Drafting Room Practice,”
Z14.1-1946, Series IV recognizes the increased importance of
facility in freehand sketching and provides further opportunity for
the development of this skill through translation exercises from
pictorials to orthographic drawings or the reverse, and in the
preparation of freehand detail working drawings. Careful thought
has been given in the selection of dimensioning problems and
lettering sheets provide for practice in the use of simple forms
recommended by the American Standards Association. The use of
Dietrich-Post Clearprint paper permits a clear reproduction of
drawings, and a new gum binding technique facilitates the removal
of drawing sheets without tearing. :

ENGINEERING DRAwING | A Manual of ENGINEERING DR

BASIC PROBLEMS, Series A New eighth edition 715 pages 6% x §

By CHaRLES J. VIERCK, CHARLES D The book iliustrated above, Engineering Drawing, has become
CoOPER, and PaUL E. MACHOVINA,
The Ohio State University, 82 x

11, $3.50

classic in its field since first published in 1911. The new editioi
revised by Charles J. Vierck with the help of Charles D. Coope
Paul E. Machoving, Ralph S. Paffenbarger, and Hollie W

hi bl i ief iti f . . . . . .
This problem book is a briefer edition o Shupe, all of The Ohio State University, is a modernization ¢

Series I, designed for use in a one semester ] Lo
one of the great successes in the publishing field.
or quarter course. It covers all elementary

phases of the subject, but cmits some of the
more difficult problems which are covered in In this new edition a revised arrangement and chapter orde

the larger book. has been evolved. Material is arranged in four basic division:

M CQW- ./

first, all the basic material on shape description is presentec




QUIZ QUESTIONS TO ACCOMPANY FRENCH AND
VIERCK’'S ENGINEERING DRAWING. New Eighth Edition

By JOHN M. RUSS, State University of lowa. 60 pages, $1.00

This is a particularly helpful teaching aid for use with French and
Vierck's Engineering Drawing, Eighth edition. These questions can be
assigned to students at various intervals and will be found a great

convenience to the instructor as a source of both quiz and lecture.

ENGINEERING DRAWING
PROBLEMS, Series |1

By CHARLES J. ViERCK, CHARLES D.

CooPer, and PAUL E. MACHOVINA,
\Wi NG for Students and Draftsmen The Oho State University. 11 x
1,090 illus. $8.00 (text edition available) 17, $4.50

Designed primarily to be used in conjunction
i including pictorial sketching, perspective, intersections, and de- with French and Vierck's Engineering Drawing,

. velopments; second, the chapters on size description are given, Eighth edition, this workbook has been ex-

including the relationship between the drawing and the shop, panded to cover the basic phase of engineer-
and also the advanced material on precision and limit dimen- ing drawing normally taught in a one or two
sioning; third, the basic machine elements are discussed —screw semester course. Since it includes more mate-

. . rial than generally covered, it allows an
threads, fasteners, keys, rivets, springs, gears and cams, etc.; 9 Y '

. Lo L. adaptation to the particular scope of the
 fourth, the end point of all material included thus far is given, o i
4 individual course; i. e. complete coverage of

the chapter on working drawings, which is foliowed by the necessary clements, or more extensive, but

related specialties, architectural, structural, map and topo- less thorough, coverage of each element,

e ® 330 West 42nd Street, New York 36, N.Y.

, graphic drawing, etc.
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NOMINATIONS FOR
1954 DISTINGUISHED SERVICE AWARD

The committee for this year's Engineering Drawing
Division Distinguished Service Award consists of Jasper
Gerardi, Clifford H. Springer, and Razlph §. Paffenbarger.
This committee will meet at the time of the mid-winter
meeting to make the selection from the nominations recei-
ved. Will you kindly prepare your nomination, together
with substantiating biographical data and mail this to
Ralph 8. Paffenbarger, 218 Brown Hall, Ohioc State Uni-
versity, Columbus 10, Chio. Nominations will be received
until January 15, 1954. Refer to May, 1952, issue of the
Engineering Drawing Journal for rules regarding this
award. The committee is particularly anxious to have a

heavy response to this notice.
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TIME TO GO TO CLASS

A few days after the May issue of the Journal had
been mailed to the printer, the editor was informed that
Professor A. 5. Levens of the University of California
had expressed é willingness to give a two or three weeks
course in Nomography, including Graphical Calculus, to
members of the A.S5.E.E. Drawing Division.

It is suggested that interested persons write to
Professor Levens. His address is: Department of Engi-
neering Design, University of California, Berkely 4,

California.

Professor Levens i1s author of a leading text book
on Nomography published by John Wiley & Sons, 1948.

Cooper Square,
Kew York 3, New York
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THE CIRCLE IN THE OBLIQUE POSITION

Paul T.
The Chio St

The purpose of this article is to show a presenta-
tion, which from a teaching standpoint, creates more en-
thusiasm and incentive on the part of the students than a
more conventional method. The increased interest of the
student stems from the fact that he can use a previous
concept of perpendicular line relationship. The follow-
ing solution, though not original by the author, is of-
fered as an item of interest for instructors of Descrip-
tive Geometry.

Given the center of a circle, the diameter, and a
perpendicular to the plane of the circle, the pro-
may be solved by the descriptive geometric principal
line perpendicular to a plane.

line
blem
of a

In Fig. 1, OP is a line perpendicular to the plane
of a circle of known diameter; the center of this circle
is at P.

Since at least one diameter will show in true length
in any projection of a eircle, CD shown in true length
and representing a diameter of the known circle can be
drawn perpendicular to OP in the top view and hence hori-
zontal as shown in Fig. 2. In Fig. 3, EF, another dia-
meter can be drawn perpendicular to OP in the front view
and therefore is a frontal line.

by
Yarrington
ate University

The plane of the circle has now been established in
the top and front views by the two intersecting lines CD
and EF. CD is the major axis of the elliptical repres—
entation of the circle shown in the top view. Similarly,
EF is fhe major axis of the elliptical representation of
the circle shown in the front view. Points C,D,E, and F
all lie on the circumference of the circle.

With the aid of a trammel, the plotting of the el-
liptical representations may be completed. In the top
view of Fig. 4 "ax" on the trammel is laid off equal in
length to CP, the semimajor axis of the ellipse. Point
"X" is super-imposed over F, a known point on the cir-
cumference of the circle. Point "a" is placed on the
line of the minor axis. The minor axis being perpendi-
cular to C“appears to coincide with OP. The trammel
intersects CD at point "b". The distance "bx" is equal
in length to the semiminor axis of the elliptical repre-
sentation of the circle; the construction of the trammel
is now complete and the plotting of the ellipse can now
be completed using the trammel in the conventional manner.
The plotting of the elliptical representation in the
front view is carried out in a similar manner, that is,
by first constructing an appropriate trammel as shown in
the front view of Fig. 4.
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A LETTER FROM THE DIVISION CHAIRMAN

Dear Colleagues:

I wish to take this opportunity to extend to you a
cordial welcome to be present at the meetings of the
Drawing Division during the coming year. With the pre-
sent trend towards changes in the engineering curriculum,
you cannot afford to miss the two meetings this year of
the Division.

The program of the Midwinter Meeting as arranged by
Professor Jorgensen in cooperation with your chairman,
and being held at the University of Pennsylvania has been
planned with the objective of the technical and cultural
development of the engineering drawing faculty.

Also, do you realize that this is the twenty-fifth
year that the Division has held independent meetings,
and that we are one of the largest divisions of the
A.8.E.E.

These thoughts are receiving serious consideration
in the planning of the Juue meeting.

Your Executive Committee selected Philadelphia for
its Midwinter Meeting because of its accessibility and
the excellent facilities for technical and cultural
trips.

After looking over the fine program, I am sure you
will say with me — "I just can't afford to stay away."

I hope to see you in Philadelphia, so be sure to
save the dates.

Sincerely yours,

Ralph T. Northrup, Chairman
Drawing Division, A.S.E.E.

PROGRAM
MIDWINTER MEETING
ENGINEERING DRAWING DIVISION OF THE A.S.E.E.

University of Pennsylvania, Philadelphia, Pennsylvania
January 28, 29, and 30, 1954

Program

Thursday, January 28:
6:00-8:00 p.m. Executive Committee Dinner and Busi-
ness Meeting--Penniman Room, second
floor, Houston Hall.
Friday, January 29:
8:30-9:45 a.m. Registration--Alcove, second floor,
Houston Hall,
Coffee and Doughnuts (ladies invi-
ted)~-8mith Room, second floor,
Houston Hall.
10:00-12:00 neon Geperal Session=-Room 314 Engineering
Bullding - Chairman: Professor John G.
McGuire, Texas A & M College.
Greetings: Dr. Charles W. Mac=-
Gregor, Vice-President in charge
of Engineering and Science,
University of Pennsylvania,
Response: (For the Division) Pro~
fessor Ralph T. Northrup, Wayne
University, Chairman of the
Division,
Technical Papers:
(2) "The Design of Inflatable
Boats,"™ Professor Mary Blade,
Cooper Union, and Dr. Ellis
Blade, Consulting Engineer,
New York.
(b) "Drafting Problems in Indus—
try and Some Solutions," R.W.
Pearson, Manager Operations
Programming Section,Engineer-
ing Products Department,
Victor Division, R.C.A.
Discussions:
Luncheon and Business Meecting——Smith
Room, second floor, Houston Hall.
Presiding: Professor Ralph T.
Northrup, Chairman Drawing
Division A.S.E.E.

9:00-10:00 a.m.

12:15-1:15 p.m.

1:30 p.m. Board Buses for Industrial Inspection
) Trip.
4-45 p.m. Board Buses for Return Trip to
Philadelphia,
6:00-7:15 p.m. Annual Dinner (Ladies Invited)--Smith
Room, second Floor, Houston Hall,
7:30-9:00 p.m. General Session-~Room 314 Engineering

Building - Chairman: Professor Albert
Jorgensen,University of Fennsylvania.
Technical Papers:

(a) "Specialized DrawinE Courses
Above the Freshman [evel,”
Professor Randolph P. Hoel-
scher, General Egglneering
Drawlng, University of
Illinois.

Technical Papers:
(b) "Drafting Problems in the
Bearing Industry,* Sven
Neilsen, Assistant Chief
Engineer, S.K.F. Industries,
Philadelphia, Pennsylvania.
Discussgion:
Saturday, January 30:
9:00-11:30 a.m. General Session-—Room 314 Engineering
Building- Chairman: Professor Theo—
dore T. Aakhus, Vice—Chairman,Drgwing
Division A.S.E.E., University of
Nebraska.
Technical papers:

(a) "Graphics for Non~Engineers,"
Professor R. W, Parkinson,
Chio State University.

(b) "Vanishing Points and Shadows
in Three-Point Perspective,®
Professor Wayne Shick, Uni-
versity of Illinois.

{c) "Three Dimensional Nomograms, "
Professor Douglas F. Adams,
Massachusetts Institute of
Technology.

Discussion:
Luncheon (Ladies Invited)—Smith
Room, second floor,Houston Hall.
1:15 p.m. Board Buses at Houston Hall for Trip
to Franklin Institute (Ladies Invi-
ted) .
3:15 p.m. Board Buses at Franklin Institute for
Trip to Independence Hall (Ladies
Invited).
5:00 p.m. Board Buses at Independence Hall for
Return Trip to Hotel Area.

11:45 a.m.-1:00 p.m.

Ladies Program

Friday, January 29:
8:30-10:00 a.m. Registration—Coffee and doughnuts
(see men's program).
10:00 a.m.-5:00 p.m. Shopping~—lunch and fashion show
' at Hotel Barclay--visit to Curtis
Publishing Company.
6:00-7:15 p.m. Annual Dinner
(See men's program) .
Evening: Open i
Saturday, January 30:
10:00-11:3¢ a.m. Visit to University Museum.
11:45-1:00 p.m. Iuncheon (See men's program).
1:15-5:00 p.m. Trip to Franklin Institute and Inde-
pendence Hall {See men's program).
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FORMING TOOL CALCULATIONS — GRAPHIC AND ALGERRAIC

by

Professor J. H. Porsch
Purdue University
(Continued from the May issue)

METHODS FOR CALCULATING

With the cutting edges analyzed let us now turn our
attention to the methods for obtaining the dimensions
Mention was made
previously to articles on the mathematical approaches.
Many are formulated for specific positions of tool and

necessary for making "forming toola".

product, and hence are limited in usage. Similarly,
tables and nomograms are availahle listing or providing
means for determining conversion factors. These again
are limited in usage. B8Still others proceed in a metho~
dical manner to the solution of the more general problem.

In many instances the format of the tables or the
lengthy equations are enough to baffle even an exper-
ienced engineer in attempting to use them. Also, working
with four decimal places to assure accuracy to three is
hot only objectionable from the viewpoint of laborious
and time-consuming efforts but from the strong probabi-
These undesirable
features can be eliminated or reduced by using the gra-

phical methed.

lity of making arithmetical errors.

For the designer, who iz usually an experienced
draftsman, the following are conducive to his using this
method.

1} Drafting table and tools are readily at hand and
hence convenient to use.

2) The designer is acquainted with a system of pro-
tection comparable to a branch of mathematics
such as trigonometry or analytic geometry, but
with which perhaps he is more versatile. He is

able thereby to draw the views of tools and pro-

duct not only in their simple but also in the
more complex working positions. Thus the method
is less limited than would be the case when
tables, formulas, and homegrams are used.

3) In analyzing the unfamiliar conditions of the
problem, the layout enables the designer to check
his mental observations in a tangible manner.

4) The dimensions can be directly scaled as contras-
ted to the encumbering "lace" of triangles, equa-
tions, and arithmetic necessary in determining
them mathematically.

5) With the reduction of operations errors are less
likely to occur, and if they do, they are more
readily detected.

e - ] ————‘~44—>-4‘
H |
P

|

Figure No. 9

6) The substitution of approximate curves for the
theoretical is quickly accomplished in contrast
to the laborious process of the ma&hematical
approach.

7) The amount of time consumed in obtaining a solu-
tion is considerably less than that required for
the mathematical.

There are undoubtedly others, but thesée should have
enough rignificance to warrant employing this method to
a greater degree than it is used.

Yet, in spite of these advantages, how many of us
will solve mathematically a simple problem rather than
use the graphics? Or how many offices do we know of
where graphics will not be permitted as the sole means
for solving simple problems?

THE GRAPHICAL SOLUTION

To illustrate the use of both methods, your atten=
tion is called here to a simple two-dimensional problem—

the outline of a formed product. See Figure 9. The
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Figure No. 10

given dimensions in part A are represented by letters.
We are required to obtain the coordinates of the points
of changing curvature which are here encircled and num-
bered 2,3 and 4. If we solve the problem by trigonome-
tric means, as shown in Part B, nine sides and angles or
triangles, exclusive of addition and subtraction opera-
tions, need to be found. These are sbown by iong dashed
lihes. The problem, as you can see, is not difficult,
but time-consuming. Now compare the graphical method
used in Part C. The vertical coordinate of point 4 is
determined by the intersection of the loci D and R. The
center of the small arc may be established by drawing
its loel R + r and 4 B+ r, from which tangency point 3
nay be determined by connecting centers. Next, the
gstraight line from point 1 tangent to the small arc and
a perpendicular from its center to this line locates
tangency number 2. The advantages seem to speak for
themselves.

The question now arises as to what degree of ac-
curacy can answers be obtained graphically. Obviously
the graphical method must give an adequate answer if it
is to be used. In other words it should be possible to
make the drawing to a size that will permit scaling to
the degree of accuracy needed. As stated earlier, the
usual screw-machine product and forming tool being small,
and the usual tolerances not too close, enlargements can
be made to provide sufficiently accurate results. Fur-
thermore, the answers can be obtained by using the
ordinary tools of the draftsman.

To illustrate what can be done some data have been
compiled to show the deviations between the graphical
and mathematical answers of more than 200 calculations
taken from ome group of both flat and circular forming
tools. Sinee it was the author's task to provide a

Figure No. 11

finished drawing of the tool, it was necessary also to
serve as a checker. Hence, the problem was first solved
graphically, and then checked mathematically. The close-
ness of the results was amazing. They are here presented
in Figure 10 in bar chart form showing the percentages of
deviations in .0001" increments. For the mathematical,
decimals were carried to four places, therefore accurate
to three: whereas graphical answers were measured accura-
tely to three and approximated to the fourth. Note that
roughly one-fourth of ‘the ealculations had no deviations;
one-half no more than plus or minus one-tenth; only two
deviations were .0006", but their relative unimportance
did not warrant a check-back. These data are quite sig-
nificant. It is almost needless to point out that where
the usual tolerances are plus or minus .005", the graph—
jeal answers are well within these limits, although the
fact cannot be overlooked that an error on the tool is
doubled on the diameter of the product.

The simple tools used were 2 parallel straightedge,
triangles, engineers scale, magnifying glass, beam com-
pass, and sharp pencil. Unquestionabfy, tools must be
used with care much as other tools are used to obtain
the best results. For instance when using the trapsit
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to measure angles, cne handles it delicately, and cer-
tain operations, such as bringing the cross~hairs to the
objective always from the same direction, are carefully
followed. BSimilarly, the straightedge was moved towards,
not away from, the point or line. Angles were Iayed off
not with a protracter but by the tangent method. All
measurements were made with the use of the glass, and by
sighting along the division marks of the scale. Enlarge-
ments to 50 times size were extremely easily drawn by
letting each division on the engineers scale egual .001'".
A further break down of these units into tenths was ac-
complished by eye with the aid of a magnifying glass.

Other considerations were given to the elimination
of human and mechanical errors in drawing lines and
angles. We know, for instance, that errors existing in
the original segment increases proportionately when pro-
duced. An exception may be allowed for those lines in
the positions made by the straight edge and triangle
comhinations, such as horizontal, 152, 90°, etc., lines.
Regardless of the position, if more than one stroke is
used, the produced portion is likely to be offset from
the original segment. Hence, lines were layed off
longer than needed, from which the shorter required
lengths were taken. The laying off of angles was
similarly treated.

When constructing the different views of the layout,
projectors from one to another are used. These are
sources of inaccuracies; hence, the distances between
views were reduced to a minimum. In fact, wherever
possible, views were made to overlap. By so doing added
advantages were obtained; first one pencil line may serve
for the lines of more than one view, and second; the
total area can be reduced, thereby permitting a greater
enlargement of the drawing. To illustrate these and at
the same time demonstrate the graphical solution of a
tool problem, a product has been selected that is to be
finished by a skiving tool. (Figure 11). The product
has an outline similar to the one described in Figure 9
which when revolved will generate portions of a cone,
sphere, and torus. The tool, characteristically for
this operation, moves tangentaially and past the center.
The views necessary to obtain the answers are shown at
the top of the illustration. The shape and rotation of
the product are shown in views A and B; the position,
shape, and movement of the tool in views C, D, and E.

In order that a smoother finish may be given to the coni-
cal surface, a vise angle, as shown in view C, has been
added to the corresponding portion of the tool. The
cross~sectional shape of the tool is shown in view E.
The arrangement of views as shown here is familar to us,
but it should be apparent, with this spread-out, that
there are many sources of inaccuracies. A superposition
of these views reduces the total area as shown in the
view lettered A-E. The successive stages shown in the
lower portion of the illustration show the development
of view A-E. Only the upper half of the product and the
cutting edges of the tool are needed and shown. View A
shows the end view of the product. View A-B shows the

addition of the front view. Note that the same circles
serve both views, and only the addition of three lines is
needed. View A-C shows the vise angle added. The front
view of the tool is added in view A-D, and finally the
cross-sectional shape is developed from these stages as
shown in view A-E. Another point should be noted here.
When the shape of the cutting line can be defined, other
means for constructing it, if possible, should be used if
they are more accurate than that obtained by projection
methods. In this illustration, the portion of the tool
cutting the sphere is elliptical., Rather than pPlot a
series of points from the views, as would be the case
when the curve is undefined, the major and minor dia~-
meters can be determined, from which concentric circles
as shown in view E, may be used to lay out the ellipse.
If the sphere is not to be perfect the ellipse may be
approximated by circle arcs, in which case they can be
readily located here hy methods of your own choosing.

Of significant importance iz the time consumed in
solving these problems. The data by graphical means
necessary to make a tool similar to the one shown here
were obtained in 1 3/4 hours time, which started with
fastening the paper to the board and ended with its re-
moval, In checking by mathematical means, and using an
electric calculator, the data reqﬁired 8 hours. It
might be interpreted from this that the mathematical ap-

proach is more difficult. 1In a few spots perhaps it is,

D'+ R .= TANAl D4+ D5=D6 D6 - D3 = Di0
A+ Al = A2 rxSINA = D7 D3 = DIO = TAN All
R'xSINA2=D3 D7+r=3SINA8 DIO=COSAll=RI2
RxCOSA2=D4 rmxCOSA8=D9 R -RI2=DI3
rxCOSA = D5 Di3 +W' = Al4

Figure No. 12
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which may in turn be applicable to the graphical also,
but the time consumption accrues from repeating the same
operation many times for closely associated dimensions.
The graphical means obviates this operation, and once
layed out the answers are mostly a matter of scaling.

Another factor of note is associated with the human
errors in reading sealed dimensions, or in interchanging
two digits, or in failing to show the square root sign,
among others. The author's observations were that more
mathematical than graphical errors were committed, and
exasperatingly enough when hunting for the error in the
mathematical ome would follow in the same path and repeat
the error. Advantages of the graphical were that the
sources of error could usually be readily isolated. If
more than one answer was wrong, the trouble might have
been in the layout; if only one, the error might have
been the result of misreading the scale.

THE MATHEMATICAL SOLUTION.

While there are various approaches to the mathemat-
ical solutions of these problems the one depicted in
Figure 12 is more to the author’s 1iking'than others.
The feature that is appealing is the methodical manner
in which the dimensions are determined. A circular

forming tool has been selected with top rake, the dimen-

sions for which are needed to make a conical product.

The known dimensions of the tool and the product are
superscripted. Small and large R's represent radii on
product and tool respectively; large A and D represent
angles and distances respectively.. The numbers following
the letters indicate the order in which those values were
computed. The successive steps to find radius R12 and
angle Al4 are shown at the bottom.

The tool has been ground conically, as indicated at
Ald; hence, the product will have a slightly dished
shape. If a true cone is necessary, intermediate dimen-
sions between the limits of W' must be calculated to fit
the hyperbola-made by the cutting surface, or the tool
should be given a compound rake angle, in which case the .
cutting tool can still have a true conical surface.

NEW METHODS FOR GRINDIKG TOOLS.

In conclusion it is desirable to comment further
upen a remark made previously regarding the machining of
a tool to a prescribed profile. In relatively recent
years a type of machine has been developed for grinding
tools and templates to almest any shape desired, typical
of which is the Sheffield Micro-Form Grinder. These
machines rely on the use of an enlarged drawing of the
outline of the tool and a pantograph. The usual enlarge-
ment of 50 to 1 is placed on the table, and is used as a
guide for the tracer point. When the point is moved
along the outline, the cross—hairs, as viewed through a
powerful microscope, are proportionately positioned. The
grinding wheel iz then moved to meet the intersection of
the cross-hairs. The size of layouts is around 20 inches
square, and at the enlargement of 50 to 1 corresponds to
an actual work size of 0.4 inches. For longer contours
they can be divided inte units of length 0.4 inches or
less and the enlarged drawings superimposed on the panto-
graph table.

While the author has no experiehce in preparing the
enlargements for this purpose, it appears that the gra-
phical method ceculd give a better profile and definitely
more quickly than that obtained by caleculating a series

of points, plotting them, and then constructing the
profile.

4 still more advanced machine is the Cincinnati
Milling Machine Company's Projecto-Form grinding machine.
1t accomplishes simultaneously the dual purpose of a
profile grinding machine and optical comparator permitting
continuous enlarged comparison of the work profile with a
wmaster™ drawing as the guiding operation progresses.
The operator, seated conveniently in front of the viewing
screen, can view the cutting wheel in action and its
position with respect to the outline of tool and drawing.
This machine, like the others, requires the use of an en-
larged drawing but to a smaller scale. The usual en—
largement is 20 to 1 although a magnification of 40 to 1
can be accommodated.

While the drawing can be made by a varilety of tech-
niques, the same company has developed a Layout Scribing
Machine for cutting away the emulsion from a glass plate.
The drawing will permit the projection of a bright line
of light as a strong contrast to the projected shadow
image. Lines are scribed by carbide tipped styli to a
width of .004", and located by horizontal and vertical
slides and a radius arm graduated to .001". " The .004"
width line on the drawing represents 0.0002" on the work
piece at a 20 to 1 magnification.

In summarizing, some of the technical aspects of
forming tools have been presented along with some com—
parisons of the graphical and mathematical calculations,
and some devices wherein the graphical is used as an
aid in machining the tools.

HELP! HELP!

The November issue is in a pile,
The February issue is in the file,
For the May issue, the pages will be bare,

Unless dear readers you put some articles there.

This issue of forty-eight pages i the largest issue
ever published. The number of pages of advertising is
increasing steadily making larger issues possible. How-
ever, more articles are needed, particularly articles
covering graphical solutions. Please give your support
to our efforts to build a bigger and better magazine.
§ixty pages, just an editors dream today, may be a
reality in another year or two.

With our advertising manager off to a fast start
and now in high gear we should turn our attention to
increasing our circulation. Department heads should
solicit every member of the department staff. Let each
of us serve our magazine by showing our copy to a friend
in industry. Tell him that our circulation manager will
appreciate his subscription. The February issue will
carrv many articles of interest to men in industry.

Solutions received by the editor for the prohlem
furnished by Professor Rule (see page 39), will be
published. However, if we are to continue to use this
page, we must have more problems of this type. Please——
HELP'

HELP! HELP'

The Editor
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THE TRANSFER OF IDEAS TO AID IN CREATIVE THINKING

by

Professor Matthew McNeary
University of Maine

The recent report of the Committee on Improvement of
Teaching, in comnection with a discussion of creative
problem solving, makes the following comment: "....needed
idea elements often are not brought forth because they
are embedded in the memory of different situations where
they were first learned and applied. The disassociation
of such knowledge, so that the pertinent parts may be
transferred to the new problem, represents a difficult
feat. It is indeed z difficult feat to transfer ideas
learned in one situation to another, and it is the pur-
pose of this paper to suggest ways in which we can teach
to facilitate this transfer so that ideas already learn-
ed may be used creatively.

Psychologists have been working on an analogous
problem, "transfer of training", almost continously since
the era of William James, some sixty years ago, and their
findings may shed some light on our search for methods to
improve capacity for creative thinking. Let us examine
the meaning of the term "transfer of training” and the

conditions which help or hinder its development.

When learning in one situation affects the ability
to learn in another situation, there is said to be
transfer of training. Such transfer is positive if it
helps learning in the second situation, negative if it
hinders.
problem situations should be the aim of all good teachers
as they teach a course; for if a student has learned a
great deal, but is unable to transfer his knowledge to
another classroom or to his life-work, the course has
This is what adminis-

Positive transfer to subsequent learning or

faijed to justify its existence.
trators have in mind when constructing or re~arranging
curricula, and it is largely on the basis of "trans—
ferability" that courses stand or fall.

How, then, can courses be taught so_that there will
Psychologists tell us that
there is transfer of training from one learning situation

be a maximum of transfer?

to another when, existing in both situations, there is: 2

(1) Similarity of contents
(?) Similarity of techniques
(3) Similarity of principles
(4) A combination of these

These principles may be illustrated by the following
examples taken from the field of engineering drawing.

1 "Improvement of Engineering Teaching", Report of the Commitiee on Improvement of Teaching,

1952, page 39,
2 "Psychology" Norman L, Munn; Houghton Miffling Company, page 121,

Transfer through Similarity of Contents - Qur work
in engineering drawing is of importance to the industries
w%ho employ our students for the obvious reason that the
factual content learned has direct application, or trans-
fer, to manufacturing (the end-all of engineering) in the
design, production, and sales of its products. Students
who learn about standard symbols, threads, fasteners,

gears, etc., find that these reappear in similar forme in
engineering practice. There is, then transfer of train-
ing because of similarity of contents in the two situa—
tions.

There is classroom transfer from courses in engi-
neering drawing to courses in machine design bhecause of
gimilarity of contents of the sort just noted. Further-
more, the type of figures selected to be drawn in the
usual engineering drawing course are like those that
occur in machine degign courses.

Transfer through Similarity of Techniques - If you

question senior students just before graduation as to
where and in what courses they have used engineering
drawing training, you will find that many of them, par-
ticularly chemical and electrical engineers, have used
their drawing training mostly to comstruct curves il-
lustrating experimental data, and to make diagrams for
technical reports. In doing this they have used tech-
niques learned, but usually they have not had much spe~
cific instruction in chart and diagram drawing. The
techniques learned have transferred, but there is 1ittle
content transfer.

Transfer through Similarity of Principles - The
study of projection, which is the primary concern of
descriptive geometry, and in particular the study of

orthographic projection should help a student learn
structural geology, or cartography, to name a few
examples, hecause these sciences, too, make use of
projection principles. The similar principles will
transfer, and they will transfer more readily if ap-
plied problems are given in the descriptive gecmetry
course which require the student to transfer the prin-
ciples specifically to structural geology and carto—

graphy.

Yery frequently it is claimed that even if there
are no tangible transfer values of a particular subject
of study, nevertheless it has value because it trains
the mind. This is called the doctrine of "formal dis-
cipline”. It has been demonstrated, at least to the

The Journal of Engineering Education, September,
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satisfaction of psychologists, that "formal discipline,
as exemplified by the study of Latin and mathematics for
its rigor alone, does not necessarily lead to improved
judgment or logical thinking in other fields except when
transfer occurs because of similarity of contents or
principles. If mathematics were the best training for
logical thinking, we should-expect mathematicians to be
the most logical of all individuals, and that this char-
acteristic would be noticeable in their conduct in all
areag of life. Experience does not show that mathe-
maticians have exceptional logical powers in non-mathe-
matical fields. The study of Latin may help you learn
French, not because you can think more logically, but
because it is similar to French in grammatical structure
and vocabulary. In the same way, the study of descrip-
tive geometry may help you learn mechanics, not because
your mind has been trained, but because vector problems
given in descriptive geometiry gave some transferable con—
tent and technique.

Here is the crux of the matter. A superior inodi-
vidual may make transfers from one fleld to another
without particular assistance, but for most individuals
transfer is not automatic. A good teacher will see to

it that applied problems are given that regquire the
student to transfer the contents, techniques, and prin-
ciples of his present course to other situations where
transfer is desired, whether this be to other courses
in the curriculum or to engineering practice.

Here are some specific suggestions for facilitating
the transfer of ideas from engineering drawing and des-

criptive geometry to problems of a creative nature.

Engineering Drawing - One of the most common criti-

cisms, and a just criticism, of engineering drawing is
that it involves too much copy work. To get away from
this as much as possible, and even in our basic work to
require creative work of the type actually encountered
in desipgn, would be a step forward. Problems in ortho-
graphic projection in which pieces are described only
verbally, as in Professors Heod's text, are extremely
stimulating to the beginning student. Here is one:

n4 cross link is teo be made from a 5" length of a
2r square steel bar. A central slot is cut into each
end of the bar for a distance of 2-1/4* with a milling
cutter that is 3/4» thick. The slots are turned 90
degrees with each other. The ends of the four arms
are rounded to half circles of 1" radius, and 1/2*
holes are drilled through on the same centers.” Draw
the necessary views.

Problems that give only the outline of a piece of
machinery, and omit details which the student must sup-
ply, require creative effort of an elementary nature and

3 "Geometry of Engineering Drawing' George I, Hodd, third edition, page 284.

are of value in making a drawing course more nearly like
engineering practice and therefore more likely to trans-
fer effectively to engineering practice. The Link-Belt
catalog is an almost ipexhaustible source of this type of
problem. In it can be found flexible couplings, bearing
take-ups, pulleys, clutches, etc., of all sizes that are
well illustrated but only partly dimensioned. Extermnal
features are usually shown completely, but internal con-
struction is sometimes omitted, probably for security
reasons. Making complete working drawings of .one of
these relatively simple pieces of machinery is an excel-
lent exercise for the intermediate student.

The project method, important because of its re-
gemblance to engineering practice, can be used quite con-
veniently in the teaching of engineering drawing. Using
this approach, the student is given a series of exercises
that are related, each being a part of a larger problem,
rather than a series of unrelated exercises. Drawing the
details and making an assembly drawing of a simple
machine is a typical project. This sort of thing might
be introduced at an earlier stage in our courses and
certainly is an essential part of any basic drawing
course.

If the drawing of curves and diagrams is cne of the
uses to which drawing technique is applied by engineers,
it seems reasonable to suggest that instruction in
charts and graphs should be given. Many of you have
seen samples of this kind of work dome by students who
have had our training and have been dismayed by their
ignorance of any of the principles of chart construction.
These principles have been well developed in most texts
and will transfer effectively if they are taught, less
effectively or nmot at all if they are omitted or treated
lightly.

Descriptive Geomeﬁry -~ The gradual shift in the

~ teaching of descriptive geometry from the indirect, or

plane trace method, to the direct, or auxiliary view
method, logically may be claimed to have been caused by
the superior transferability of the direct method to
epgineering practice. This is so because the auxiliary
view method may be used easily in practice by anyone
familiar with the principles of orthographic projection,
while the concept of representing a plane by "traces™ is
an artificial one that is applied to most practical pro-
blems with difficulty.

In this connection, it is interesting to note that
most engineering educators aged forty and over were
trained in the indirect methed and may not be aware of
recent developments in descriptive geometry. It is im-
portant that these men be informed because they are the
people who are most influential in building the curriculum.
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One seldom hears our younger graduates or staff members
complaining about the unreality of descriptive geometry.
If there is a local branch of the A.S.E.E. on your cam-
pus, it might be a good idea to give a lecture-demonstra-
tion to your colleagues at a local meeting to explain the
direct method and show its applications.

To improve the transfer of descriptive geometry, the
principle of transfer by similarity of content should be
kept in mind. This means that the student should be
given applied problems of the sort he is likely to meet
elsewhere. These problems are legicn and many good ones
may be found in most of the current text books. In ad—
dition to the usual ones concerning guy wires and pipe
intersections, there are many interesting applications
in mechanics (three-dimensional concurrent forces), geo-—
logy, cartography, and navigation. The more applications
you offer, the less apologetic you are likely to feel
when asked what descriptive geometry is used for.

O0f necessity, beginning problems in descriptive
geometry must be formalized so that they are stated
in terms of point A, line AB, and plane ABC. These
should be followed up, the same day, if possible, with
one or more applied,problems which the student must
Set up himself from a verbal description. Frequently,
a student who can do a formalized problem easily is
unable to convert a verbal statement into a formalized
problem. He is unable to make the transfer. This
same difficulty occurs 1in mathematics when a student
can manipulate a given equation to get an answer,
but is unable to set the equation up from a problem
situation. When a line is called AB, it is one thing,
but when it is called "a ray of light", for example,
it is another.

It is also important, and sometimes difficult
to separate relevant verbal information from irrele-
vant information. To bring this point home to our
students, we recently included in a final examination
a simple, and scmewhat ridiculous, problem in which
the top and front views of a mast supported by three
guy wires were given. The problem was expressed in
the following terms:

"Mr. T. Square, a contractor of questionable in-
telligence, erected a TV antenna but forgot to deter-
mine the true length of the supporting guy wires. He
must have this information in order to bill the radio
corporation for the steel cable. You are given the top
and front views of the antenna and guy wires. It is a
sunny day, and the antenna was manufactured in Rochester.

It is located three miles from town. Mr. Square's brother

was a plumber and is now a retired millionaire. What is
the true length of the guy wirespw

By reducing the situation to absurdity, we hope the
students got the point.

In conclusion, it is tempting to examine some claims
for transfer of training that are debatable. Will an
engineering drawiné course help your students to dress
more neatly? Not likely, unless you include a section
on pergonal neatness in your syllabus. Is an engineering
education the best training for any career? It is cer-
tainly the best training for a career in engineering or
one related to the physical sciences, but there may be a
negative transfer value or "habit interference, as the
psychologists say, if a career conecerned primarily with
human relations is attempted. Witness the fact that
few persons with engineering training are in political
careers. This may be explained partly at least, by the
kind of training the engineer receives, concentrating in
mathematics and the physical sciences and dealing largely
with inanimate objects which yield to precise methods
and perform in an almost perfectly predictable manner.
Human beings do not behave this way. T. V. Smith,
Professor of Philosophy at Syracuse University, in a
Tecent address on.our campus said, "In human affairs we
never soclve problems, we only resolve predicaments.”

This unreliability of the human animal and the fogginess
that of necessity surrounds his activities has a ten-
dency to repel the engineer so that usually he is in~
clined to stay with his comfortable world of steel and
concrete. This is a serious situation, because it means
that some of cur best brains are being lavished on the
inanimate world when they are needed desperately in the
world of living. Perhaps you can suggest a way to
resolve this predicament.

Summary - Creative thinking relies on tbe recall of
facts, techniques, and principles learned in past exper-
iences. If we want learning in one situation to assist
in another situation, whether it be a college course or
a problem situation in engineering practice, we must
demonstrate in our teaching that the two situations are:

1. Similar in contents
2. Similar in techniques
3. Similar in principles.
The transfer of ideas from college courses to engi~

neering practice 1z not automatic. We must teach for
transfer if we want to teach effectively,
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THE IMPORTANCE OF DRAFTING TO THE DESIGN ENGINEER
IN THE AIRCRAFT INDUSTRY

by

M.E. Aldrich, Consolidated Vultee Aircraft Corp.

The engineer without imdustrial experience seldem
recognizes the significance of drafting training to the
engineer. It is even more infrequent that the inexper-
ienced engineer entering the airplane manufacturing in-
dustry recognizes the relationship of drafting to the
design problen.

The importance of English, both as to speaking and
writing, has been stressed until the facetiously ex-
pressed but frequently believed remark of the 20's to
the effect that "Engineers ain’'t got no need for grammar"
is geldom heard. Unfortunately, the same change in
attitude toward the graphic language of engineering -
i.e. drafting, has not taken place. It appears, in fact,
as though any change that may have occurred in the past
two decades is one of further discrediting of drafting.
This is possibly due to the greatly increased speciali-
zation in many fields caused by scientific advances
requiring the engineering application of more involved
scientific theory. This tends to obscure to many the
fact that engineering ie an applied science with the
final objective of creating physical articles and
systems. -

It thus becomes appropriate to consider whether
drafting training does have the significance that I
have implied and further, whether the combination of
airplane product designer and drafteman is necessary.

The Engineer, if he is to deal with physical arti-
cles, and 1 believe we can agree that the objective of
engineering is to build things, must think in three
dimensions. Engineering drawing ingtructions and exper-
ience provides the training in the perceptive ability
that enables one to think in this required manner.
Drafting instruction thus becomes significant in the
training of an engineer as the means of acquiring the
key to the constructive imagination of the design
engineer.

Drafting is however more than a training medium.

It is useful in itself in the design studies that permit
final evaluation and determination of the design reguire-
ment and in the preparation of the working drawings that
will be used in building the vdesign". This drafting is
in some industries performed by draftsmen without engi-
neering training who are under the guidance of the engi-
neer.

The airplane manufacturer does not make this sepa-
ration and it is this marriage of design and drafting
that frequently gives concern to the engineer considering
positions in airplane design. The concern is not, in the
majority of cases, due to a dislike of drafting per se.
Time after time I have heard "I like drawing but I don't
want to get stuck on the board as a draftsman®. A brief
consideration of the design requirements of any advanced
airplane should remove any fear of being "stuck as a
draftsman*. :

Every objective in the design of an airplane places
a premium on weight. The design engineer's task has not
been completed when he decides that magnesium, a "nice"
light material, will be used for certain applications and
aluminum, steel, etc. for others. Each detail part must
be designed for minimum weight. ° This can only be achie-
ved when the detail design is developed during the draf-
ting by individuals that have a knowledge of engineering
fundamentals such as the properties of material and sta-
tics. The detail design is an integral part of the
detail drafting. The importance of minimum weight

in each detail part is apparent when it is realized a
single pound can represent two miles in range in a large
airplane. J.S. Newell, Professor of Aeronautical Struc—
tural Engineering at Massachusetts Institute of Tech-
nology, noted years ago that "an airplane is a machine
that almost doesn't work". Today, as in the past, weight
ig the reason for the "almost" and the graphical presen-
tation of the design by engineers, not draftsmen, is re-
quired if minimum weight design is obtained.

Aviation has had particular appeal to many bhecause
of the rapid change in “the state of the art"”. Each new
project presents a new horizon to every phase of design.
This very fact creates the condition that places the
designer on the "board”. Every system or component will
have no direct precedent in a past airplane, The design
of the B-36 will illustrate this point. This was the
third heavy bomber designed at Convair and yet the draw-
ings from previous design used on the B-36. comprise less
than 1/2 of 1% of the total. This could indicate only a
larger airplame with many details similar except for
gize or minor details. But does it? The performance
objectives of the B-36 required improved weight-strength
ratios over past design. Items that appeared similar to
previous drawings made use of new alloys or materials and
were desighed to new structural criteria. Extensive use
of magnesium and metal adhesives required consideration
of test data in the detail design. The design engineer
doing the detail drawing frequently participated in rela-
ted test programs to establish new design criteria. There
was no previous experience in the method of control sur-
face actuation. This was the first pusher propeller in-
stallation for Convair and it was the first airplane to
use an AC electrical system. Experience was relied upon
but it was very seldom that previous designs were used
even for reference. Draftsmen could be and were used to
prepare a large portion of the required drawings but the
development of the design could only be accomplished by
design engineers working “on the board”.

Design with little or no precedent cannot be es-
tablished in detail in the designer's mind. It must be
developed graphically with frequent decisions and com-
promises. The minute by minute decisions which must be
made during the graphical development can result in
good design only if they are based on engineering
principles. :

A stable or slowly changing "state of the art™ of
airplane design will eliminate many of the factors that
put the design engineer on the board. That state has
not yet been reached. We have started work at Convair
Fort Worth during the past few weeks, the detail design
of a supersonic long range bomber. This airplane will
use far less from the past and far more application of
technical requirements to detail design than did the
B-37.

1t might appear from this discussion that all engi-
neering assignments in the aircraft industry involve
drafting. There are of course, many that don't. Aero-
dynamics, propulsion, structures, and others have many
engineers that do little or no drafting. These are es-—
sentially analytical groups with a counterpart project
design group. Individuals have varying aptitudes and
abilities and will find the most satisfaction in work
that "fits". The engineer that likes to see’ things built
and to make them work, that wants contact with the entire
factory from material procurement through fabrication to
the flight line and that has coordinative and managerial
ability will »fit* in a project design assignment if he
has drafting ability and the constructive imagination
which it develops.




-Completefy Reviéed and Up-to-Date!

FUNDAMENTALS of ENGINEERING DRAWING

Third Edition by WARREN J. LUZADDER, Purdue University

Here is a truly up-to-date text with tables, problems and illustra-
tions based on the new British-American Unified Screw Thread.

You will find this book is written so that you can spend your
time teaching fundamental principles instead of answering scores
of questions on details. Professer Luzadder constantly keeps in mind
the students and the questions they usually ask. Consequently,
students are always able to find an understandable illustration with
a simple explanation for any difficult detail they may encounter.

Highlights of the New Edition:

® Many more new assembly drawings from which students may
make drawings of individual parts.

-*® Shaded pictorial drawings present the rotated parfs of the
mechanism. S5tudents working problems designed about these

drawings must do some reasoning o preduce a correctly finished
work.
All new "part” problems show adjacent parts so students can

understand the function of the assigned part in a mechanism. B

For students the problem has much more significance and the
part is not an unrecognizable piece.

® Brand new chapters on Architectural Drawing (chapter 23} and
Graphical Calculus {chapter 29]. ’

© Expanded coverage of Engineering Geometry, Dimensioning,

Auxiliary Yiews, and- Structural Drawing.

Many new and practical problems—particularly in the chapter

on Working Drawings [chapter 9],

© Students use the new drafting standards of the American Stan-
dards Association, pfus the existing standards of the Assaciation
and The Society of Automotive Engineers. '

721 pages & x 9"

PROBLEMS IN ENGINEERING DRAWING, 3rd Edition

These 71 up-to-date worksheets were designed as a companion
to the above text. They are, however, adaptable to any standard
text on engineering drawing and offer valuable follow-threugh to
regular text work, The problems are in the form of partial layouts

on manila-type drafting, graph, and regular bond paper. The
sheets are loose, inserted in a heavy envelope with a booklet of
instructions, and punched for keeping in a binder.

ELEMENTS of DESCRIPTIVE GEOMETRY

Part | — Text; Part {f — Problems

by LEWIS O. JOHNSON and IRWIN WLADAVER, New York University

Here is a brand new, up-to-date combination of text and work-
bock for a basic course in descriptive geometry. It is a combination
that covers the fundamentals which should be part of the stock in
trade of every beginning engineer.

The new Johnson and Wladaver stresses underlying principles . . .
familiarizes the student with the equipment he will need to under-
stand and interpret what he sees on a blueprint. It offers the future

engineer the basic material to halp him direct the work of others

and help himself put his own ideas into tangible form. .
ELEMENTS OF DESCRIPTIVE GEOMETRY 1has been especially

prepared for use in departments where the amount of time allotted

to descriptive geometry has been reduced.

Text 74 pages

Problems 71 pages

815 x 11 Nlustrated
814 x 11

Send D’oz Your Copy Z)-oday

PRENTICE-HALL, Inc.

70 FIFTH AVENUE

NEW YORK 11, N. Y.
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HOW DO YOU DO IT?

ﬁroblem For Superior Practitioners Only
Bubmitted hy
John' T. Rule.
(Mail your solutien to the editor.)

Joe Doakes 1s on his first joh. The boss comes in proper relation to each other. Will you find the miss-
and says: . ’ . ing central view for me? Of course, I only accept
' : ‘ Euclidean solutions.*
nJoe, 1 had three successive orthographlc views of :
the triangle ABC. My dog Fido chewed out the central How can Joe find 1t? Is there more than one
view leaving only the first and third views in their golution? :

Fido's
Chew Line

Jotn 5. Swiet Co.une p | |
. ‘ mf/an%/iap/ieii

has released their advertising space in this issue
to the editor that he may present a special fea-
ture. We invite your consideration of our
unique and complete facilities for your printing
requirements in the Educational Field.

QPERATING PLANTS IN ST.LOUIG- CHICAGO - NEW YORK- CINCINNATI- CLEVELAND

2100 LOCUST STREET = SAINT LOUIS 3, MO.
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Eﬁree New Oufétandé'ng Publications
NEW 2nd EDITION
ROWE and McFARLAND'S

ENGINEERING DESCRIPTIVE GEOMETRY

By CHARLES ELMER ROWE and JAIV!ES DORR McFARLAND
Both of the University of Texas '

This NEW EDITION, now under the co-authorship of two educators who have worked together on
Descriptive Geometry for over a quarter of a centuty, has in its problem section wvirtuaily all new prob-
lems, many of which are practical engineering applications. Over fifty per cent of them are shown in
layout form. The “direct method” of Descriptive Geometry as emphasized in this text, has distinct
advantages over the older of “Mongean method.” Students show more interest in their work, learn a
greater number of practical applications, and acquire a more usable understanding of the subject.

The simple co-ordinate system of the first edition has been retained as being the easiest and most
accurate method of transferring the data to the student’s drawing paper. The problem is thus located
properly on the paper, allowing available space for its solution. The instructor will find the co-ordi-
nate system a simple and time-saving method of presenting problem data for quizzes and examinations.

March, 1953 352 pages $4.25

SERIES C— ENGINEERING
DESCRIPTIVE GEOMETRY PROBLEMS

By CHARLES ELMER ROWE and JAMES DORR McFARLAND

Series C is an entirely new set of problems, designed for use with any textbook on descriptive geometry
wherein the “direct method” is used. It is especially arranged to correlate with the text described above.
Many problems show applications to engineering and industry.

1952 110 pages $3.00

ENGINEERING DRAWING PROBLEMS — SERIES N

By ELIOT F. TOZER and EUGENE @. PARE
Respectively, Northeastern University and Illinois Institute of Technology

These splendid problems notably reflect the recent trend toward more emphasis on fundamentals of
engineering without sacrificing attention to modern drafting practice. The material proceeds rapidly
from fundamentals to more thought-provoking problems in each of the projection drawing categories.

It utilizes and promotes recommended drafting standards in letter and line alphabets, symbols, conven-
tions, dimensioning and fasteners.

In line with advanced standards of engineering teaching, the book does more than
train the student to make carefully executed drawings: it develops his ability to
visualize in three dimensions and gives him a sense of the scientific and creative
nature of the engineering profession.

July, 1953 126 pages $4.50

Examination Copies Are Sent Upon Keguest




THEORY AND PRACTICE OF ENGINEERING DRAWING

by
H. D. Orth
R. R. Worsencroft
H. B. Doke

Department of Drawing & Descriptive Geometry
University of Wisconsin

464 Pages ® Cloth Bound ® [llustrated * $4.00

__This book sets forth iu a logical, direct and understandable way, those fundamentals of engineering drawing that a
freshiman engineer should be expected to acquire in his first year of drawing. The treatment is confined to these funda-
mentals, and is not intermingled with material from the more specialized fields of drawing such as architectural, struc-
tural, electrical, etc. It covers the necessary theory, and the techniques required in this field, and in sufficient detail to
be of value as a reference book as well as a textbook.

The text can be used aloue, or in conjunction with its accompanying problem manual or any other manual that is
desired. Its contents are sufficiently broad, in both textual and problem material to cover all the needs of two semesters
of engineering drawing (excluding’ descriptive geometry), It is suitable for general college courses in drawing, for use in
advanced high school courses, for junior colleges, and for technical institute courses where a preliminary general course
is given before specialized design courses are introduced.

The treatment of orthographic projection is thorongh and complete, with the objective of developing the ability to
visualize in_three dimensions, as well as learning the orthographic principles involved before taking up the more ad-
vanced study of descriptive geometry. To this end, the chapter on auxiliary views deals not only with the use of these
vi%ws in mechanical drawing, but also with their applicaiton to the problems that mdy be encountered in this latter
subject. :

The various techniques employed by the draftsman in making engineering drawings are considered in detail in three
chapters covering sketching, mechanical drawing, and inking. Following these chapters come the essential technical
elements of drawing such as necessary shop knowledge, dimensioning theory, screw threads, and conventional represen-
tation. These all culminate in the chapter on working drawings, which not only correlates the foregoing theory, but con-
siders quite thoroughly the requisites necessary for practical working drawings of both assembly and detajl types.

The problem sections, while not as extensive as in some texts, present carefully selected and designed groups of
problems illustrating the material of each chapter. Probleras range from simple to difficult, and are designed to teach
the material with maximum emphasis on theory, and 2 minimum of drawing. For example, problems in the chapter on
orthographic projection may be done freehand on squared paper, permitting the student to do more problems, and thus
meet many more orthographic situations than if formal mechanical drawings were made. Moreover, problems are, in
many instances, formulated in such a way as to require the student to exercise his own judgment and initiative in mak-
ing the solution. Thus, in the chapter on working drawings, many of the problems, particularly those in pictorial form,
involve selection of proper views, determination of incomplete and omitted dimensioning information, and visualizing of
the function and position of the part in assembly before a proper solution can be arrived at. Some simple design prob-
lems have also been included.

THEORY AND PRACTICE OF ENGINEERING DRAWING contains 464 pages and is beautifully cloth bound.
There are 477 beautiful illustrations throughout this book. In spite of its unique coverage and complete content the book

sells for only $4.00.

ALSQO AVAILABLE . ., by the same authors
PROBLEMS IN ENGINEERING DRAWING.
(]

This problem book is designed to accompany THEORY
AND PRACTICE OF ENGINEERING DRAWING. Ii con-
tains 10 complete groups of problems, enough material for

a one semester course. List price $2.25,

EXAMINATION COPIES AVAILABLE ON REQUEST
ORDER YOURS TODAY

WM., C. BROWN COMP.

$15 M AIN STREET - buBsyYqQueE,

| PUBLISHERS



By JOSEF V.LOMBARDO, Queens College;
LEWIS ©. JOHNSON, New York University;
W. IRWIN SHORT, University of Pittsburgh;
ALBERT J. LOMBARDOQ, Otis Elevator Co.

AN OUTSTANDING NEW TEXT
AND REVIEW BOOK - Paner

Basic Principles and Rules; Problems; Tables: ASA Standard Drawings and Drafting Room Practice.

432 pages '
Keyed to Standard Textbooks

60 pages of problems taken from shop practice require the student to apply
theories and professional standards of work.

More than 500 expertly prepared drawings illustrate the text.

The most recent complete edition of AMERICAN STANDARDS AND
DRAFTING ROOM PRACTICE is included, together with many reference
tables.

Numerous suggestions for the simplification of drawings reflect the modern
trend toward economy and efficiency.

An excellent book to use either as an adopted text or as a comprehensive review book.

INSTRUCTORS ARE OFFERED A FREE EXAMINATION COPY ON REQUEST.

Other Titles in Barnes & Noble COLLEGE OUTLINE SERIES
of Interest to Engineering Students:

ANALYTIC GEOMETRY, $1.25 PHYSICS WITHOUT MATHEMATICS,

CALCULUS, $1.25 $1.25

COLLEGE ALGEBRA, $1.00 PRACTICAL USE OF THE SLIDE RULE,

FIRST YEAR COLLEGE PHYSICS, $1.00 $1.00

LOGARITHMIC & TRIGONOMETRIC PRINCIPLES OF GEOLOGY, $1.25
TABLES, $0.75 PROBLEMS IN PLANE GEOMETRY, $1.25

ON SALE AT YOUR BOOKSTORE

BARNES & NOBLE, Inc.- Publishers

105 FIFTH AVE. NEW YORK 3, N. Y.




VEMCO sets are available in stand-
ard and special arrangements —in
four types of cases—and in these
two grades:

YEMCO hand finished stainless steel
Blue Dot instruments are supreme
in accuracy, durability and finish.
The professional or the student
engineer will take pride in these
instruments,

VEMCO chrome plated steel Red
Dat instruments are outstanding in
quality, yet popularly priced. These
instruments are hoving favorable
acceptance in many of the leading
universities.

Write for a free copy of "Histerical Note on
Drawing Instraments,’”

Handle

Hondle-
erecting
Friction
Member

Compression
Cup-spring “’4.Paint
Centact'’

Open-truss Insures

lLegs

YEMCO 'cuP-SPRING"
FRICTION DIVIDERS

Ser No, A-171-V

Alignment.

""OPEN-TRUSS"

Strength, Rigidity

2297999, 2322002,
D-1334971, D-133498, D-135133

‘*Here i the siriking new pocker 1ize
(4345 "x715") VEMCO raddle leather case
with zipper closure. Thiv ret No, H-171-L
includer 615" Bow Compass, 415" Bow
Compars, 65" Friction Divider, 515"
Siipp Handle Rauling Pen, and Tuke for
oxtra leads and points.

“C-SPRING'' Exerts
Constant pressure;
Prevents Play,

HINGE PIN

STEEL THREADED PARTS
Insure long life,

Design cuts
weight 40%,
Increases

U.5, Fatents

VEMCO OPEN-TRUSS COMPASSES

VEMCO Patented Open-Truss Design is
used for oll VEMCO compasses. They pro-
duce criticolly accurate results in both
heovy pencil and finest ink work.

V&E MANUFACTURING CO. - PASADENA 20, CALIF.




: RA CTICAL

By Hirau E. GraNT, Professor and Head, Department of

Engineering Drawing, Washington University, St. Louis, Missouri

The “DIRECT METHOD" APPROACH

theory and practice correlated and integrated

Here is a text which is lending new impetus to the entire
study of practical descriptive geometry. It is specifically
designed to: '

—be an exceptionally teachable presentation of the
subject.

--to correlate theory and practical applications.
—1o stress the importance of accuracy.
—to offer new methods of solving fundamentals.

As stated in the preface, “This descriptive geometry
textbook attempis to correlate and integrate theory
and practice instead of considering each as a separate
entity. The iransition from theory to practice is not
necessarily obvious. Practical problems, because of the
nature of their given information, frequently cannot be
solved without considerable difficulty if an attempt is
made to derive their solutions by using the typical
theoretica! approach. This is due to the difference be-
tween the factors that control the design of the practi-
cal and theoretical problems. Components of the ma-
chine or job control the practical problems given infor-
mation, while the author and teacher have complete
control over the theoretical problem. For example, a
theoretical problem would normally ask that a line be
drawn tangent to a given parabola, while a practical
problem would ask that a parabola be drawn tangent
to a given line.

253 pages, $4.25

“The direct method is used because it is the only feasible
method to use with practical probiems.

“The reference plane is used in this book because it
orients the student's spatial visualization much better
than the reference or ground line does. Although the
reference or ground line actually represents the edge
view of the reference plane, it is not identified by the

“student as the edge view. It becomes a line without any

spatial significance to the student, and for that reason
measurements from it are made on o rule of thumb
basis.

“Since accuracy is a vital part of drafting, a chapter
has been devoted to it. Frequent reference io the
chapter and emphasis of the importance of accuracy .
should help to make the student conscious of its impor-
tance, should alert him to inaccuracies and aid him in
keeping them to a minimum.”

The text is particularly helpful in those areas which are
most troublesome to students. A large number of illus-
trations and numerous pictorials further help him fo
strengthen his grasp of the subjeck.

PROBLEM BOOK and ANSWER BOOKLET for PROB-
LEM BOOK available from Professor Grant, Dept. of
Engineering Drawing, Washingfon University, St. Louis
5, Mo,

Send for a copy on approval

McGraw-Hill Book Co., Inc.

330 West 42nd Street

New York 36, N.Y.
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Year after year, consistently the
best recommendations you can
make for your students’ drawing
instrument needs.

KEUFFEL & ESSER CO.

NEW YORK e HOBOKERN, N. J.
CHICAGO, DETROLT, ST. LOUIS, SAN FRANCISCO, LOS ANGELES, MONTREAL
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PROBL.EMS

ENGINEERING GRAPHICS & DESCRIPTIVE GEOMETRY

I, H. PORSCH S. B. ELROD
Professors of Engineering Drawing
Purdue University

R. H. HAMMOND

Course Supervisor -~ Graphics
United Stares Military Academy
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Accuracy

3-1. INTRODUCTION. The solution of any
problem can have no ETeater accuracy than that of
the given data, If the data of a particular problemn
s accurate to only 0,05 of an dnch, It ik a waste of
time and effert to use a more precise solution which
would have an accuracy of, say, (1,003, since the
answer will be no more accurate thap the otiginal
datz. A graphical solution cen be as ace
marhematical solution provided ©
the grephics can he +-7°

TEXT $3.50
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In Graphics

. 4) To constuct an angle by the tangent rmethod,
first find the value of the rangent in a table, A
four place tangent table gives sufficlent accuracy
for most pohlems,  Next lay off on ane feg of th‘e
angle any convenient lenpth 4-B (see Fig. 3-1j.
For best tresults mea = 3o 70 0
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PROBLEMS IN

ENGINEERING DRAWING

ABRIDGED

by
W. i LUZADDER J. N, ARNOID

F. H. THOMPSON

$1.50

CREDIT FOR EXAMINATION
COPY WILL BE ALLOWED

ON BILLL. FOR FIRST ORDER
FOR A CLASS.

BALT PUBLISHERS

SOUTHWQRTH'S EXTENSIGN SERVICE. SHIFFING AGENT
308 BTATE STREET

WEST LAFAYETTE, INDIANA




BRADDOCK LETTERING ANGLES

DESIGNED FOR STUDENTS, ENGINEERS,
DRAFTSMEN AND ARCHITECTS

BRADDOCK ROWE LETTERING ANGLE

The special group of holes “S” on the BRADOCK-ROWE LETTERING ANGLE was
designed primarily to aid in teaching SYSTEMATIC DIMENSIONING by giving a
QUICK and EASY method of properly locating dimensions and drawing guide lines
for them. The special group of holes is located low in the lefc corner where they are
most convenient to use. This instrument also serves as a 6-inch, 45 degree standard draft-
ing triangle. It is made of dimensionally-stable VINYLITE, and is of exceptional
accuracy.

Braddock Lettering Angles are available in twenty-two other sizes and styles in the
30-60 and 45 degree shapes. All are made of VINYLITE.

BRADDOCK INSTRUMENT COMPANY

PITTSBURGH 18, PA.,




