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Ao - FOR COURSES IN
DRAWING and DESIGN

TECHNICAL DRAWING i edition

F. E. Giesecke, A. Mitchell & H. €. Spencer

This text emphasizes the principles of technical drawing and
the relation of the subject to industry. In revision almost every
chapter has new material: new carticles, new constructions,
and new drawings from industry. Many new problems have

been added and there is more emphasis on advanced types
of problems; approximately 900 new or improved illustrations
(drawings and photographs) are included in this edition. |

19439 $6.00

Technical Drawing Problems Series I & II accompany the text and provide a comprehensive
series of problems on the fundamental aspects of technical drawing.

SERIES 1947  $4.80

SERIES [If by H. C. Spencer & H, E. Grant

1346 35.00

ARCHITECTURAL GRAPHICS

€. Leslie Martin

All inclusive and clear, this text treats the development of
various types of architectural drawings from the multi-view
orthographic and the parallel line pictorial systems to three-
point perspective. The text follows a brief survey of all types
of drawings with detailed explanations of each type from

simplest to most complex. Except for the general chapters on
principles, each unit is complete in itself. The explanations
for the more difficult sukjects are divided into a series of easy
steps. 1852 $4.00

GRAPHIC REPRESENTATION

E. 6. Pare, F. Hrachovsky & E. Tozer

Here is a laboratory manual designed for use in a first course
in graphics. A unique feature of the maonual is its compre-
hensive coverage of the graphic presentation and interpre-
tation of data as visual aids in scientific and business analysis
reports, The book is in line with a growing trend toward less
emphasis on drafting skills and more emphasig on (1) charts

and graphs, (2) graphical mathematics, (3) freshend tech-
niques, and (4) blueprint analysis. Worthy of special note are
the large sheets with problem material drawn to generous
size and the complete problem instructions on each work-
sheet. 1854  $3.60

DESCRIPTIVE GEOMETRY

E. 6. Pare, R. ©. Loving & . L. Hill

Here is a descriptive geometry text which presents the fundamentals in the same sound units of work
usually introduced in the laboratory period. To accomplish this, the authors have divided the text ma-
terial into relatively short homogeneous chapters and have followed the simplified organization of their
Descriptive Geometry Worksheets which introduce new principles in order of need and difficulty.

Both abstract and practical laboratory problems are conveniently located at the end of each chapter.
1952 $4.25

DESCRIPTIVE GEOMETRY WORKSHEETS: Series A

Designed for use with any standard text fedturing the direct
method, this workbook consists of 24 groups of problems and
contains -on each page from one to six problems covering
the draifting and layout work of standard descriptive geom-
efry courses. 1850 $3.25

DESCRIPTIVE GEOMETRY WORKSHEETS: Series B

This workbook alternates with Descriptive Geometry Work-
sheets Series A by providing a completely different set of
descriptive geomeiry problems. Thus, the teacher may in-
troduce in dlternate years of. semesters different sets of
problems. 1954 $3.25
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60 FIFTH AVENUE, NEW YORK 11, N. Y.



Ohree Outstanding Publications
NEW 2nd EDITION
ROWE and McFARLAND'S

ENGINEERING DESCRIPTIVE GEOMETRY

By CHARLES ELMER ROWE and JAMES 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 century, has in its problem section virtually 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.

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 apy 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 G. 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.

126 pages 34.50

Cxamination Copies oAre Sent Upon HKequest
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THE NEW LOOK IN ENGINEERING EDUCATION

H.C. Spencer
Il1linois Institute of Technology

I think it was Voltaire who returned a manuscript to
a young writer with the notation: "There are some things
in here that are true and some that are new, but the new
things are not true, and the true things are not new." 1
hope that my remarks, if not new, will at least be true.

The ASEE, or the old SPEE, was organized at the
Columbian Exposition in Chicago in 1893. Since then a
number of committees have made studies to determine the
course of engineering wducation. From the beginning,
these reports have emphasized two objectives of engineer-

ing education - the technological and the social. Hence,-

the current interest in the humanistiec-social studies is
not new and is here to stay.

Also, the idea of the 4-year undergraduate curricu-
lum hag been accepted from the beginning, and although
pressures have increased inm Tecent years to extend the
program to 5 years, the 4-year curriculum is strongly
entrenched, and the majority of institutions appear to
favor its continuance.

In 1952 the Committee on Evaluation of Engineering
Education was formed with Dr, Grinter as Chairman. The
procedure adopted was to obtain opinions from 1local
committees in accredited institutions, and then to pre-
pare a final report. Some 122 such local committees
responded, and the Preliminary Report was issued in
1853. This report pointed out that engineering educa-
tion was not keeping abreast of developments in the
physical sciences, and that more emphasis should be
placed on chemistry, physlcs, and mathematics, and upon
the engineering sciences. And, the importance of the
humanistic-social studies was again affirmed.

Two types of curricula were suggested: the “pro-
fessional-general” (roughly the typical program of today),
and the vprofessional-scientific.” The difference be-
tween the two was thought to be so great that "bifur-
cation" was suggested - that is, separate curricula for
the two objectives, :

The Preliminary Repert also recommended that '"those
curricula which meet criteria substantially above the
minima* by virtue of a distinguished faculty should be
singled out for special recognition and designation.

The various Divisions of ASEE were asked at the
outset to submit their ideas, and the Engipeering Draw-
ing Division, through our Committee headed by W.E. Street,
submitted a very fine statement of our objectives.
Nevertheless, one has to look carefully in the Grinter
Committee Preliminary Report to find the brief paragraph
about drawing - but it is there, under the subheading,
"*Non-Departmental Engineering Courses."™ More about this
later.

After the Preliminary Report was studied and criti-
cised by the 122 local committees, the Grinter Committee
issued, in June- 1854, a revision called the v"Interim
Report," and this is now under study by the local com-
mittees.

In general, this "Interim Report” retained the ideas
of the Preliminary Report, except two which were almost
unanimously rejected by the local committees: (1)} The

idea of "bifurcation" of curricula, and (2) the idea of
singling out highly-approved curricula for special dis-
tinction.

The main thought of the Grinter Committee, in both
reports, has been than "the evaluation of engineering
curricula has been characterized by a continuous invasion
of new scientific and technical knowledge,™ and that the
young engineer must be equipped to understand the "new
science as it develops." OQutstanding in its influence,
of course, have been the developments in nuclear physics,

Inevitably the Report gets around te the topic
"Making Room for New Curricular Material" - the same old
story of how to crowd more material into the 4-year
curriculum. More time must be found for basic and en-
gineering science, according to the Report, which went
on to say “there is considerable doubt as to whether
there is any margin of student time left.” How is that
for an understatement?

Four methods for crowding in the new material were
suggested:

1. Raise entrance requirements. It was conceded
that we cannot expect substantial gains in high school
preparation in the forseeable future, It was also ad-
mitted that higher selectivity of students would be im-
practical now because it would reduce the number of
students at the very time we have a shortage of engineer-
ing graduates. So, that eliminates suggestion No, 1.

2. Increase efficiency of instruction. The Report
admitted that this effort has been under continuous
study for a long time and goes on to suggest that an
*alert faculty" can simplify things and maybe save some
time. This reminds me of the signs which we often see
with the single word "THIRK." The boss puts up these
signs in a moment of self-admiration, but I doubt if
they cause anyone to think, Anyway, I doubt if we will
save.much time by increasing the *efficlency of instruc-
tion." Actually, it may take more time to put across
increased emphasls on scientific fundamentals, So, that
cancels suggestion No. 2. '

3. Extend the curriculum beyond 4 vears. In the
Preliminary Report, 4 years was thought to be enough for
vprofessional-general” curricula, but not encugh for the
tprofessional~-scientific” curricula. The "bifurcation™
of "professional-general” and "professional-scientific™
curricula has now been dropped in favor of one "scien-
tifically-oriented” curriculum. The Committee did not
officially urge the 4-year program, but thought the uni-
fied curriculum could be practically carried ocut in 4
years, roughly as follows:

Humanistic - Social . . . . . . . . . 21 sem. hrs.
Math and Basic Science (about equal). . 36 * "
Engineering Science . . . . ., . . . . ., 36 " "
Required Technology (Drawing?). . . . . 7 " "
100 " "
Major Sequence: Engineering Analysis,
Design and Engineering Systems. . . . 21 ¢ "
Options or Electives, . ., , + + . + . . 17T " v
Total for 4 years . . « + + + « « » » .138 sBem. hrs.
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Obviously the Committee is not thinking in terms of
a 5-year program. So that eliminates suggestion No. 3.

4. Fliminate some material from the curricula.
According to the Report, "Elimination of material now
in the curriculum . . . . is an accepted practice ., . ."»
Well, of the four suggestions, this appears to be the
only practical way to find time for the new scientific
material. The curriculum-makers don't want to reduce
time for social studies, and they insist on increasing
time for basic and engineering science, Therefore, it
appears that additiomal time inevitably will have to
come from the professional courses - much of which will
have to be pushed up into the graduate school level, If
I am correct in this, the change is drastic, and I shall
be interested in watching developments. Whether or not
industry will regard graduates of the new rgcientifically-
oriented" curricula as satisfactory for immediate employ-
ment at the end of 4 years 1s the question. The Com-
mittee stated that it relied upon the advice of "seven
of the largest employers of engineers,” who said they
preferred the new curricula. Tbe smaller employers have
not been heard from, but the Committee expressed the be-
lief that. they would undoubtedly approve. This remains
to be seen. As one of my colleagues put it: "What are
we going to do with all of these young Einsteins?"

Anotber question which has been raised is whether
the new "scientifically-oriented" curricula will result
in too many failures - in other words, too many "flunk-
outs" at a time when we need more engineers., The Com=~
mittee thought not, but I think this also is doubtful.

In both the "Preliminary Report™ and the "Interim
Report,” practically the same references to drawing were
made, In the words of the "Interim Report," these were:

"Graphical expression is both a form of communica-
tion and a means for analysis and synthesis., The extent
to which it is successful, for these purposes, is a
measure of its professional usefulness. Its value as a
skill alone does not justify its inclusion in a curricu-
lum. The emphasis should be on spatial visualization,
experience in creative thinking, the abllity to convey
ideas, especially by freehand sketching."

I do not suppose that this brief statement is in-
tended as a detailed specification, yet it 1s disap-
pointing to find so little space given to graphical
expression. Certainly drawing should be clearly identi-
fied and not simply classified as "Required Technology."
Above all, it is really an engineering science, and
should be classified as such, Obviously, we have a
selling job to do.

Nevertheless the statement, brief as it is, actually
affirms what most of us are doing already. Thomas E.
French said, many years ago, "The whole energy should be
directed toward training in constructive imagination, the
perceptive ability which enables one to think in three
dimensions, to visualize quickly and accurately, to build
up a clear mental image, a requirement absolutely neces-
sary for the designer who is to represent his thoughts on
paper." Without this accomplishment, of course, there
can be no "analysis and synthesis."

The "new look in engineering education™ means, for
some of us, a stronger emphasis on basic theory, and at a
higher level of difficulty. The level of difficulty
should be equivalent to that of the other courses taken
by the students at the same time. This is already the
case in every progressive drawing department, and I

object to the statement in the "Interim Report,' refer-
ring to drawing, that "Its value as a skill alone does
not justify its inclusion in a curriculum,* precisely as
I would object if they said that we sbould not beat our
grandmothers.

But notice that "its value as a skill alone" means
that the development of skill is admissible, but not

alone. VWe have become s0 self-consclous on this point

that one seldom hears even the mention of lettering or
any kind of technique any more, I suggest that we be
realistic and quit worrying about intellectual prestige,
which shows that as a Division we have an inferiority
complex - and think more about what you and I know that
the student needs in his work as a professional engineer.
To my knowledge, no one is interested primarily in the
development of skill or in training draftsmen. On the
other hand, drawing is a graphical subject. It is by
nature manipulative, We have a quite respectable body
of scientific graphical theory, but somebody has got to
draw. In the past we have made much of the excellent
training we give in orderly thinking, neatness, and
accuracy, and I suggest that these are still worth our
time and the student's time, The increased emphasis on
fundamental theory does not imply or necessitate sloppy
or careless work,

Also, the aim mentioned in the report, to develop
"experience in creative thinking," deserves comment. I
doubt if some of our students will achieve "creative
thinking" as long as they live, regardless of what we do.
On the other hand there are undoubtedly some wbo might
develop into "creative thinkers" if handled properly.

It would appear that "creative thinking” may occur,
if it occurs-at all, after the student has acquired
certain basic tools with which to work. It isn't to be
expected that the student will do a lot of "creative
thinking™ while learning the A B C's. For example, in
chemistry, I imagine that the teacher must be preoccupied
mainly with the basic principles and that there will be
little time and scant opportunity for developing real
"creative thinking.” On the other hand, I can conceive
of a teacher of machine design, after his students have
had all of the basic scientific courses, including tech-
nical drawing, encouraging the development of originality
or even "creative thinking"” on the part of the students.
It would appear that the best contribution the drawing
teacher could possibly make would be to see to it that
his students really understand the subject and can use
it. Then later on, in the junior year, senior year, or
after graduation, eur young engineer may be able to do
some *synthesizing" on his own.

However, it is easy to underestimate the creative
potential in our immature students. And it 1s easy for
the unimaginative or dull teacher to fall into a rigidity
of instruction that would dampen the spirits of a Newton
or a Faraday. What can we do? We can make some direct
contributions, even in our basic courses, by getting away
from the rut we were in last year - away from the rigid
problems which admit of only one procedure to get one
answer and not calling on the ingenuity or resourceful-
ness of the student. We may develop at least the ability
to think graphically and rescurcefully, if not "creat-
ively.” In our drawing courses, we can give more atten-
tion to developing "thought problems" which will chal~
lenge the students to use constructive imagination and
ingenuity along with the basic principles of drawing -
problems which require good drafting, but which partic-
ularly call for original thinking. Such problems will
come toward the end of a period, perhaps of a semester,
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after the student has acquired some graphic tools with
which to work. Jn descriptive geometry the possibilities,
as Prof. Kliphart has shown, are endless if the teacher
is imaginative and resourceful. The main idea is to
encourage the student to have an inquiring attitude of
mind - to question everything - to realize that "what
the book says" or even what you say, may not necessarily
be the last word - to know that the stupendous technical
achievements of today are mostly the result of little
improvements from day to day by people who are not sat-
isfied with things as they are.

However, I repeat that our main job is to provide
our students with sound graphic fundamentals. Then later
on we can hope that the student will develop some new
ideas and use graphic principles in the process. So much
for "creative thinking."

There are some mistaken notions about freehand
sketching that I hope I can clear up.. The Grinter Com-
mittee, with my hearty approval, stressed "the ability
to convey ideas, especially by freehand sketching."”
Could the Committee possibly feel that we are over em-
phasizing the deveélopment of mechanical drawing skills
and neglecting freehand sketching? Let's take a brief
look at these two techniques.

No one will deny, or.wants to deny, that freehand
sketching is a valuable tool in the hands of the engineer
We agree that every engineering student should, if
possihle, be provided with this skill. For, of course,
it is a skill - in most cases a skill that is more time-
consuming to learn or perform than mechanical drawing.
If you doubt this, draw a circle with a compass and then
draw one freehand., Compare the results and also compare
the required times. Actually, the ability to sketch
depends more on native aptitude than does mechanical
drawing. In fact, T-squares, triangles, drawing instru-
ments, drafting machines, ellipsographs, etc., were
invented precisely as crutches for the wavering hand.

I suspect that the Committee is thinking of freehand
sketching as a simple technique that can be quickly and
easily acquired - a sort of valuable shorthand for the
super-scientific engineer of the future who would not soil
his hands witb a T-square. Actually, freehand sketching
is a skill that requires time and much practice to de-
velop, When curriculum-makers suggest that we de-empha-
size skill apd increase emphasis on freehand sketching,

I wonder if they are aware of the contradiction. What is
really needed by the average engineering student is at
least one full course devoted entirely to freehand
sketching. If tbe curriculum-makers expect really ade-
guate training in freehand sketching, they should provide
additional time for it.

We have recognized for a long time, of course, that
reasonable ability in freehand sketching is an important
objective in our existing courses, and progressive draw-
ing departments are already doing more along this line
that the Committee appears to realize. As I see it, our
job is to teach the fundamental theory of the graphic
language, and to carry this out through two equally-
important techniques - accurate workmanlike mechanical
drafting and reasonably skilled freehand sketching. Each
technique should be used in the roll for which it is best
suited. In general, freehand sketching can be used ad-
vantageously in the beginning stages of multiview drawing,
pictorial drawing, and working drawings. As Harold Howe
has shown, freehand sketching can be used to great ad-
vantage as a means of promoting visualization even in
descriptive geometry. Wherever possible we should present
problems which require "idea sketches." The last state-
ment in such a problem may well be "Show what you mean by

a freehand sketch," Actually, if freehand techniqdes are
used throughout our courses at appropriate places, much
can be accomplished.

The Committee did not mention advanced graphics, or
nomography, or graphical calculus, or any other mathe-
matical topics, but did suggest that *graphical expres-
sion is both a form of communication and a means of
analysis and synthesis," which I presume may bhe inter-
preted to include these phases. Many menbers of our
Division have made outstanding contributions along these
lines, and we may hope that the curriculum-makers will
soon recognize the walue of such training. And by
"recognize” I do not mean just a pleasant affirmation,
but concrete curricular changes with actual time alloted
for the purpose. If we cannot convince our colleagues
in degree-granting departments of the value of training
in these areas to the extent that they will permit such
courses to be offered and at least encourage their stu-
dents to take them as technical electives, then it is
obvious that they are not really interested in that
training. Certainly it would be a mistake, in these
circumstances, for us to push aside important basic
material in our required courses to make room for these
topics. The result is very likely to be to weaken our
basic courses while gaining only a smattering of the new
material.

Furthermore, if we do omit fundamentals of projec-
tion, or if we compress or water down our basic courses
in order to find time for such topics, while at the same
time we continue to complain that we are not allowed
enough time, we involve ourselves in a basic contradiction
which may logically result in the embarrassing suggestion
that we already have too much time.

Nor do I think we can find room in our regular
courses for such material by pushing down into high
school certain elementary parts of our work. Maybe this
can be done to some extent in some localities, but I can
say that in Chicago, although a very high percentage of
our entering students have had high school drawing, they
do not have enough knowledge or skill to enable them to
skip any part of our courses. A few years make a lot of
difference in a boy, and there is a great deal of differ-
ence between high school and college work - not only in
drawing, but in chemistry, Englisb, and mathematics as
well, The boy who has had high school training in drawing
may have an advantage for a month of two, but after that
the brightest boys are in the lead, regardless of whether
they had previous training or not.

In this connection, it is interestipng to note, in
the Interim Report, that "not more than 2 of the 16 units
for entrance should be considered for drawing, shop or
other vocational work." Thus, it appears that the trend
is away from the encouragement of high school drawing as
a substitute for any part of our work.

The *"new look in engineering education' means, for
the whole curriculum, a stronger emphasis on the basic
sciences and the engineering sciences, Technical drawing
is really an engineering science, and we must redouble
our efforts to cbtaln its recognition as such. In the
meantime, in line with the new trends in engineering
education, we must think first of the fundamentals of
projection -~ which are no less important today than they
were 30 years ago - and at the same time develop such
skills as we can in mechanical drafting and freehand
sketching in the meagre time available in our basic
courses. Finally, when we are tempted to add additional
topics in our already crowded courses, we should consider
carefully what must be omitted in order to find the re-
quired time.
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A GRAPHICAL METHOD OF PLOTTING ELECTRON TRAJECTORIES
IN CROSSED ELECTRIC AND MAGNETIC FIELDS

Ray Kinslow
Tennessee Polytechnic Institute

Many practical electronic devices (i.e., the magne-
tron, cyclotron, electron multiplier, mass spectrometer,
electron microscope, and certain type television tubes)
utilize crossed electrostatic and magnetic fields, but’
only the very simplest of cases may be solved by ana-
lytical methods. There 1is, therefore, a need for a
graphical method by which electron paths may be approxi-
mated. The method described here consists of computing
the instantaneous radii of curvature of the path and
plotting the trajectories as a series of joined circular
segments.,

¥When c¢lectrostatic and magnetic fields simultaneous-
ly influence the motion of an electron, the net force
acting may be expressed as

[
\

F, =mX =e (64 - Byi + Bg¥)

H

Fy =m¥ =e (ey - B,k + Byd)

F, =m%Z =e (g5 - B,y + ByX)

where Fy, F,, F, are components of the force exerted by
the fields; m and e are charge and mass of an electron,
respectively; ey, Gy, By 4TE components of the electric
field intemsity; Bx, By, Bz are components of the magnetic
flux density; %, ¥, # are components of velocity; and

¥, ¥, % are components of acceleration.

Considering a constant magnetic field and choosing
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NOMOGRAPH FOR FINDING INSTANTANECUS RADIUS
OF CURVATURE OF ELECTRON PATH

the coordinate axes so that the magnetic field is direc~
ted along the -~z axils, the force equations become

Fy = m ¥-e(ex +B )

I

Fy = m e (6y + B x}

Fz -mZ =e (e3)

If €, = 0, Fp = 0, the electron will remain in the x-y
plane, and the problem is one of two dimensions.

The component of force normal to the electron path
at any instant is

F, =e (e + BV)

where €, is the normal component of electric field in~
tensity and v is the velocity of the electron. This
normal force (Fy) must equal the centrifugal force

(m v2/R) acting on the particle, where R is the instan-
taneous radius of curvature of the electron path.
Assuming negligible initial velecity, the kinetic energy
gained by the electron (m v®/2) must equal the poten-
tial energy lost (e E). E is the potential through which
the electron has been accelerated. Substituting these
relations in the equation for Fp and solving for R:
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Mrectionsy Flace terplet on plot of potentizl distribubtlon with
point O at position of elecircon and OA normal to equi-
potentlal line, Note poimt B where next equipotemtial
line intersecis OA. Follow horizombtal line to point
of interseetion with 1line which is normal to electren
path (C). The distance OC is the value of 1/£ and
may be trasferred by dividers to the nomopraph
(Figure 1).". To determine values of 1/£,, follow
circle to point D and read value in meters per wolt,

Figure 2

‘'TEMPLET FOR DETERMINING l/EH
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1/R = 1/Rg + L/Ry = €,/2E + B/ V2E (m/e), which is the
reciprocal of the preceding value of R. Ry is the radius
of curvature of an electron path when influenced by an
electric field only, and Ry 1s the radius when only a
magnetic field is present.

Figure 1 is a nomograph giving the radius of curva-
ture, R, in meters, when E is expressed in volts, € in
volts per_meter, B in Webers per square meter, e is
1.6 x 107 coulombs, and m is 9.1 x 1031 kilograms.

The value of 1/&11 may be determined by using a frans-
parent templet marked so as fo give this value directly
‘when placed over a plot of the potential field. The
templet is shown in Figure 2, It 1s not necessary that
any values be marked on the templet if the lfenwscale on
the nomograph corresponds to the scale of the potential
field, Values of l/en may be transferred from the templet
to the graph by the use of dividers. The graph may also
be drawn 8o that the R-scale is the same as that of the
potential field, eliminating the necessity of reading the
values of R, but enabling one to set his compass to the
proper radius directly from the graph.

Figure 3 shows the graphical method of plotting the
electron path., The path may -be computed analytically for
the uniform field shown, This gives a check on the ac-
curacy of the graphical method, Figures 4 and 5 show the
electron paths in a type 45 electron tube in the presence
of a uniform magnetic field.

10¢ NoLTS

0 _,p-"'—_-__'_—-—__-_'-'\
Electron Trajectory ——r_%\

e\ \

/\\ \ \

:

B = 0,0115
wehers /o

£ = 33,300 volts/m
X

@ Computed by Analytical Method

© Instant Centers of Curvature

Figure 3
GRAPHICAL METHOD OF DETERMINING ELECTRON PATR

PLATE A

Tubes type 45

&y = 100 volts
g.= 0 volts

0.0115 webers /m2

FILAMENT\‘

Figure 4
ELECTRON TRAJECTORIES WITH GRID POTENTIAL ZERO
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/[ /[ e
/aye
/A4
- /4
L /4
/4
/v /
ey = 100 voits : .
[ Bc ;9.0115 webers / m® E |

Figure 5
ELECTRON TRAJECTORIES WITH GRID POTENTIAL OF -10 VOLTS

o

Relling Cirelas
Tracsing Cirele

Vpfco = 0.0569 & /Bz

Figure 67
ROLLING SURFACES WHICH GENERATE TROCHOIDAL MOTION

If the electric field is uniform (as is approximately
true in the case of a plane-electrode diode or the region
near the plate of a multiple-element tube) the force equa-
tiops are: Fy = m¥=eBy and Fy = m¥=e (¢ ~ B 1}, Sub-
stituting o = eB/m and a = e &/m gives ¥ = vy and

¥ = a - wX. The solutions of these equations are

Figure 7
GRAPHICAL DETERMINATION OF MAXIMUM DISPLACEMENT OF
ELECTRON IN y-DIRECTION

x = (vg sin a/w) (1 - cos wt) + at/w +
(vg cos a/w - a/w®} sin wt

¥ = (v, sin a k) sin wt + (a/w® - vy cos a/w) (1 - cos wt).

(Concluded on page 40)
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SOLUTIONS OF DESCRIPTIVE GEOMETRY PROBLEMS
BY ROTATIONS ABOUT NORMAL LINES AS AXES

Albert

by
Jorgensen

University of Pennsylvania

The purpose of this article is to call the attention
of those, to whom it may not have occurred, that the
method of rotation about normal lines as axes, may be
used to accomplish the same results as those obtained by
the anxiliary plane method.

The solutions of numerous problems in descriptive
geometry involve finding one or more of the following:

1. The true length (TL) of a line.,*
2. The
3. The
4, The

poinﬁ,view (PV) of a line.
edge view (EV) of a plane.
true size (TS) of a plane.

These views are logically considered in the sequence
indicated since each of the first three views leads to
the one followlng. This is true when the auxiliary
plane method is used and alsc true when the method out-
lined here is followed.

In applying the auxiliary plane method, solutions
to problems are obtained by making projections on in-
clined and oblique planes. In the method presented here,
problems are reoriented in space so that new principal
views, which lead to solutions, are obtained.

The method of rotation is dependent upon the fact
that the essential relations between geometric magnitudes
in space remain unchanged if all points are rotated

~ through the same angle and in the same direction (clock-
wise or counter-clockwise) about any fixed axis.

By using several lines, which are perpendicular to
geveral different principal planes, as axes of rotation,
a problem may be given any desired orientation. Also,
since the axes of rotation may be placed anywhere and
since either of two supplementary angles may be used in
a given rotation, the revolved views may be thrown into
almost any location thus making it possible to avoid
overlapping views,

D1 OH2 CH2

(T A)

fur

JCvV2

AH X CH1
DH
P LY
A [~ Q' A
&
N
BH
cH v g
LAV
7\
cv &L
BV
DV

(a)

FiG. 1

(b)

(e) TAV 2

ANGLE BETWEEN PLANES

(ARC METHOD)

# Refer to the appendix for an explanation of the terminology and notation.
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AH AH1 BH 1 (PV} aHe2
- BH2
yd
e
e
(Ta)
Cril
- e cH2
AV AV
1/
cv 7
jeva
BY
Dv DV i

(a)

(b)

(<)

FiG. 2
ANGLE BETWEEN PLANES

(TRANSFER METHOD)

DISCUSSION OF ILLUSTRATIONS

In each of the illustrations presented herein, the
solution progresses from left to right. Thus, the problem
as given is designated (a) and appears at the left. The
first step in the solution is designated (b) and is shown
to the right of (a). The second step in the solution is
designated (c) and is shown to the right of (b), etc.

The discussions of Figures 1 and 2 are gquite com-
plete. It is suggested that these discussions be read
carefully since the discussions of the succeeding figures
are less detailed.

In Figure 1, tbe method 1s applied to the problem of
finding the angle between two intersecting planes, by
finding a view in which the line of intersection of the
planes appears as a point. In this instance, the line of
intersection (AB) is an oblique line. Two rotations are
required to obtain a point view of this line.

Referring to Figure 1{a), it may be noted that if
line AB were rotated clockwise through angle X, about am
axis which appears as a point at BH, the line would be
parallel to the V plane and its true length would show
in the front view. To obtain a separation of views, an
axis which appears as a point at I (instead of at BH) was
used. All points were rotated through angles egqual to X
to give Figure 1(b) in which AVl - BVl shows the true
length of the line AB, The fact that the axis of rota-
tion may be located at will, as just illustrated, pro-

“vided the angle of rotation and the direction of rotation
(clockwise or counter-clockwise) remain the same, may be
checked graphically or proved by Euclidian methods. (Al-
ternative axes, of course, must be parallel). Ry = Rl
and arcs MM, NN, 00 and PP all equal arc X.

The second axis of rotation appears as a point at II
and all points were rotated clockwise through angles equal
to Y so that line AB appears as a point in the top view,
thus giving the angle desired. R4 = Rq and arcs QQ, RR,
SS and TT all equal arc Y.

Acute angles which are supplements of the obtuse
angles X and Y might have been used to give equivalent
results, In this case the rotations would have been re-
versed in direction, i.e., counter-clockwise, In general,
if acute angles are used, the arcs must have longer radii
to produce a separation of views.

Referring back to Figure 1, the top views AH-BE-CH-DH
and AH1-BH1-CH1-CH1 are found to be identical except for
position and orientation. The same is true of the front
views AV1-BV1-CV1-DV1 and AV2-BV2-CV2-DV2. This suggests
that tbe rotated views may be transferred to the new
locations using some trick of drafting less tedious than
drawing arcs and constructing angles. Using a piece of
tracing paper and the "pricking” method is suggested.

In Figure 2, the same problem is solved as that
treated in Figure 1. Views AH1-BH1-CH1-DH1 and AV2-BV2-
C¥2-DV2 are relocations and reorientations of views
AH-BH-CH-DH and AV1-BV1-CY1-DV1l, respectively. Even
though the arcs are not drawn, the process is still one
of rotation because it is possible to locate axes about
which rotatioms, through angles X and Y, could be made
to give tbe results shown. In this case, the first
rotation is counter-clockwise through angle X and the
second rotation is clockwise through angle Y.

Hereinafter, the term m"arc method” will be applied
to the construction where the arcs are drawn and the
designation "transfer method" will be appliked to the
construction where the rotation was accomplished by
relocation and reorientation without drawing arcs.

same problem is solved,
the edge view and then the

In Figures 3 and 4, the
namely, that of finding first
true size of an oblique plane. In Figure 3, the arc
method was used and in Figure 4, the transfer method was
used. First, the inclined line DB was drawn in Figures
3(a) and 4(a). The first rotation produced Figures 3(b)
and 4(b) in which line DB appears as a point and plane
ABC is shown edgewise. The second rotation gave Figures
3(c) and 4(c) in which the true size of plane ABC is
shown.
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FIG. 3
EDGE VIEW & TRUE SIZE OF AN OBLIQUE PLANE
(ARC ME THOD)

. AH1 AH2
AH _
X
LH1
DH , cH2 (TSs)
=
CH . ) )
BH1 BH2
AV : AVl
A\
N <
BV (PV) Y
DV BV1
ovi (EV)
cva B8va AV 2
cv cvi '
(a) (b) (c)

. - FI1G. 4
EDGE VIEW & TRUE SIZE OF AN OBL!QUE PLANE
- (TRANSFER METHOD)
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COMMON PERPENDICULAR TO TWO OBLIQUE SKEW LINES

(TRANSFER METHOD) .

ODH 1 DH2
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| ZM x>\
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T |
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FIG. &

LINE MAKING SPECIFIED ANGLES WITH TWO CBLIQUE SKEW LINE:S

(30° WITH AP X 45° WiTH CD)

(TRANSFER METHOD)
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\ (TL)
NV ) MV 1 _T NV L\ |
3 (EV) |
oV ‘ DVi
AV 1
(a) (b)
FIG. 7

SHORTEST HORIZONTAL LINE CONNECTING

TWO OBLIQUE SKEW LINES

(TR ANSFER METHOQOD)

In Figure 5, the true length and projections of the
common perpendicular to two oblique, skew lines are found.
The transfer method was used. Rotations were made to
give first the true length of line CD in Figure 5(b) and
then the point view of CD in Figure 5(c)., The common
perpendicular, represented by dashes, was first drawn in
Figure 5{(c) and then projected to the other views.

In Figure 6, the problem of drawing a line which
makes specified angles with two oblique, skew lines is
solved. The transfer method was used. The successive
rotations produced Figure 6(d) wherein the point view of
line AB is shown in the top view and the true lengths of
both lines are shown in the front view. In Figure 6(d),
the usual cone construction was used to draw the required
line, which is represented by dashes. Only one of the
two possible solutions is shown.

Figure 7 shows the construction necessary for drawing
“the shortest horizontal line iniersecting two oblique,
skew lines. Since the required line must be parallel to
the H plane, the relations between the given lines and
the H plane must remain unchanged. Therefore, the only
permissible rotation is one about an axis which is per-~
pendicular to the H plane.

AB and CD are the given oblique, skew lines. In
Figure 7{(a), line DE was drawn parallel to line AB to
form plane CDE which is parallel to line AB. Inclined line
CF was drawn parallel to the H plane and in plane CDE.

The first rotation, about an axis perpendicular to
the H plane, produced Figure 7{(b) in the front view of
which, a point view of line CF, an edge view of plane CDE
and parallel views of lines AB and CD appear. The profile
view in Figure 7(b) was drawn for the purpose of finding
a point view of the required line MN. This point view of
MN is located where the projections AP1 - BP1 and CPl -
DP1 cross. The other views of MN were located hy pro-
jecting from MP1 - NP1. Only one rotation was necessary.

If, instead of the shortest horizontal line, the
shortest grade line making, say 15°, with the horizontal
were desired, the solution could be obtained by rotating
the front view 150 in Figure 7(b) before drawing the
profile view in which the required line would appear as
a point. This second rotation would necessitate drawing
a third figure, 7(c), in which the required line would
appear horizontal. Whether the 152 rotation would be
clockwise or counter-clockwise would depend on whether the
required line is to slope down from AB to CD or vice versa.

Figure 8 shows the construction for finding the
angle between an oblique plane {ABC) and an oblique line
(DE). The first rotation produced Figure 8(b), in which
an edge view of plane ABC appears. The second rotation
made plane ABC horizontal in Figure 8{(c). The top view
of plane ABC was not drawn in Figure 8(c) because it was
not needed. Line DE was then rotated through angle Z in
Figure 8(c) to make it parallel to the V plane, so that
the desired angle shows 1n the front view as indicated.

CONCLUSICN

By way of comparing the method of rotation about
normal lines with the auxiliary plane method, the author
presents the following statements.

The method of rotation about normal lines:

1. Requires more construction,

2. Requires more time.

3. Cannot he expected to replace the auxiliary
plane method as a means of delineation in the
drafting room. .

4, Is sufficiently interesting as a topic of
geometry to be worthy of our consideration.

5. May be demonstrated by models of simple
construction. )

6. Involves only principal views and for this
reason is probably more easily understood.



20 JOURNAL OF ENGINEERING DRAWING

AL g,
BHL y/oH2
Z
41 :
E EH2
AV 1
EVi
. v cvi EVZ
BV Fvi f//,
(PV} bv1
DV o~ (TA)
| v 94_-, (TL) va
: / AV2 cva Bv2
BvV evi A cEV)
(a) (b) _ (c)
FIG. 8

ANGLE BETWEEN A LINE AND A OPBLIGUE PLANE

(TRANSFER METHOD)

APPENDIX

DEFINITIONS AND NOTATIONS

H, V and P represent the horizontal, vertical and profile
planes on which the top, front and side views, re-
spectively, are projected. These three planes are
mutually perpendicular and are designated as the
principal planes. Views projected on these planes
are referred to as the principal views.

Letters are used to designate projections of points.
These letters are followed by H, V or P to indicate
projections on those planes, These second letters
are followed by 1, 2 or 3 to indicate the first,
second and third rotated positions, respectively.
Thus, BH, BY and BP indicate principal views of
point B as given. BH1, BY1l and BPl indicate the
principal views of point B in the first rotated
position. BH2, BV2 and BP2 indicate the principal
views of point B in the second rotated position, etc.

A small circle marked I indicates the point view of the
first axis of rotation and a small circle marked II
indicates the point view of the second axis of
rotation, etc.

X, Y and Z indicate the first, second and third angles of
rotation, respectively.

A normal line is one which is perpendicular to one of the
principal planes.

An inclined line is one which is parallel to only one of
the principal planes.

An oblique line is one which is oblique to each of the
three principal planes.

A normal plane is one which 1s parallel to one of the
principal planes.

An inclined plane is one which is perpendicular to only
one of the principal planes,

An obligue plane is one which is oblique to each of the
principal planes.

TL indicates the true length of a line.
PV indicates the point view of”a_line.:
EV indicates the edge view of a plane.
TS indicates the true size of a plane.
TA indicates the true size of an angle.

ANNUAL MEETING — 1955

PENNSYLVANIA STATE UNIVERSITY
STATE COLLEGE, PA.
JUNE 20 -24, 1955
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PERSONALITY SKETCH
PROFESSOR JOHN T. RULE

Douglas P. Adams

Professor John T. Rule, "Jack" to anyone who has
known him more than six minutes, is Head of the Section
of Graphics at M.I.T., Chairman of the Course in General
Science and General Engineering, and Professor of Engi-
neering Graphics. )

He was born in St. Louis in 1900, one of four chil-
dren of the late Judge Virgil Rule and Estelle (Johnson)
Rule of that city, and prepared for college at the public
schools there. He received the Bachelor of Science degree
from M.I.T. in 1921, specializing in Business and Engi-
neering Administration. He was a member of the Theta Chi
Fraternity, of the Chemical Engineering Society for three
years, and Associate Editor of ¥00-DOO (the M.I.T. funny-
bone) . During college years he acquired .the nickname of
"Slide". On leaving M.I.T. he did special graduate work
at Harvard for a year.

Until 1924 Professor Rule worked with the Scullin
Steel Company, then served as consulting engineer for
five years, and in 1929 became industrial engineer in
charge of construction at the 8t., Louis plant of the
Curtis Wright Corporation., In 1931 he was appointed Head
of the Science and Mathematics Department at the Taylor
School in St, Louis, and in 1936 he joined the M.I.T.
staff as an Assistant Professor of Drawing. Two years
later he was promoted to Associate Professor of Drawing
and Descriptive Geometry and placed in charge of the
Division of Drawing, which, in 1939, was renamed the
Section of Graphics. - He was promoted to full Professor
in 1947, in 1950 was placed in charge of the Course in
General Science and General Engineering, and in 1951 was
named Professor of Engimeering Graphics.

Jack Rule is widely known for his research and de-
velopment in various phases of three-dimensional vision,
including stereoscopic drawings, photography, motion
pictures, and general stereoscopic theory. Beginning
in 1941 he devoted most of his time to war research with

the Polaroid Corporation and was in charge of the devel-
opment of the Mark I macbine gun trainer for the United
States Navy. In this device, he applied stereoscopic
techniques to simulate combat conditions encountered in
actual aerial warfare, He was also associated with other
research projects, chiefly with the Bureau of Ordnance.
During some of this perilod he spent part of his time with
the Polaroid Corporation on special war projects. He is
mentioned in Who's Who in America and Who's Who in Engi-

neering.

All this biographical material certainly shows a
personality blessed with a diversity of talents, Let's
add, for instance, that Jack has heen on just about all

"the M.I.T. Committees there are, or at least, the im~

portant ones - they just rotate him. The ASEE Drawing
Division, of which he was the proud Chairman for 1946-47,
has found in him an able expositor of the view that the
grapbical method - vgraphics” - was definable, teachable,
and comprehensively valuable. He never misses a meeting,
for here id a subject near and dear to his heart. He
loves graphics and, above all, he loves teaching. He is
the author of Engineering Graphics and Descriptive Geometry
with E.F. Watts, His association with bright youngsters
in the formative period of their lives gives him, bhe feels,
one of his finest opportunities and keenest pleasures.
He enjoys working out with them the well-known kind of
solution he has repeatedly sent into the JOURNAL. And
how the students love it!

Jack is a member of the American Association for the
Advancement of Science, the Optical Society of America,
the American Association of University Profedsors, the
Newcomen Society, and the St. Botolph Club of Boston.

He and Bobby (Helen Whiting) Rule have three sons, John,
Clinton, and Stephen, who are all now taller than Dad.

Confidentially, if you ever happen to be out in a
group with Jack when a meal is being prepared, let him
toss the salad - mmm, MMMM!
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A BRIEF SURVEY OF REPRODUCTION PROCESSES

Part II

by
H.P, Skamser and R.L, Paul

INTRODUCTION grouped as: (1) large gquantity, (2) intermediate-pro-
- ducing (second originals), {3) limited quantity methods.
In each group, the name of the process, some common trade
names, the appearance of the print, the principal uses,
a more detailed description, and some advantages and dis-
advantages are presented., Trade names and company names
used in this article are representative and are not in-
tended to be a complete listing.

This portion of the article is a follow-up on Part I
which covered a general summary of common processes, costs
of materials and equipment, a tabulation of the simpli-
city, and versatility of various processes, as well as
practical quantity ranges. Particular emphasis was placed
on the new developments which are sweeping across the
business and industrial world.

4 family tree of the common process follows:

The function of the second part of this article is,
to give a more detailed description of specific processes
and to indiecate their chief uses. These processes are (Continued on page 26)




MGQW-J!JZ Baa/u

a leader
since 1911

ENGINE DRAW

In this new edition a revised arrangement and chapter order has been evolved. Material is now

arranged in four basic divisions. First, all the basic material on shape description is presented,
including pictorial sketching, perspective, intersections, and developments. Second, the chapters
on size description are given, including the relationship between the drawing and the shop, and
also the advanced material on precision and limit dimensioning. Third, the basic machine elements
are discussed — screw threads, fasteners, keys, rivets, springs, gears and cams, etc. Fourth, the end
point of all material included thus far is given, the chapter on working drawings, which is followed
By the related specialties, architectural, structural, map and topographic drawing, etc.

1. According to Plan 5. Sections and Conventions
2. Orthographic Projection Filmstrip
here is a Filmstrip - 6. The Drawings and the Shop
complete list 3. Auxiliary Views: Single Auxiliaries Filmstrip
of text-films Filmstrip 7. Selection of Dimensions
and filmstrips - Filmstrip

4, Auxiliary Views: Double Auxiliaries

direetly
correlated
with the text

Filmstrip

Two new text-films are in production. Both films will be accom-
panied by a coordinated silent filmstrip. They will cover “Devel-
opments” and “Pictorial Sketching.”
>Thcse films can perform a uniquely useful service in your classes. For
mnformation concerning the series or individual films, write to:

TEXT-FIILM DEPARTMENT

McGRAW-HILL BOOK COMPANY, INC.




¢ Supplementary Material
to aid the teacher
and the student

QUIZ QUESTIONS TO ACCOMPANY
| . FRENCH AND VIERCK'S ENGINEERING DRAWING.
Bth 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
715 PAGES 6.00
& 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.

I
ENSI;(N)EE:MNSG SDRTAW:ING ENGINEERING DRAWING
, Series ' )
By CHARLES J. VIERCK, CHARLES D. BASIC PROBLEMS, Series A _
CooPER, and PAUL E. MACHOVINA, ' '
The Ohio State University. 11 x
17, $4.50

Designed primarily to be used in conjunction

By CHARLES J. VIERCK, CHARLES D
- CooPer, and PAUL E. MACHOVINA,
The Ohio State University. 8% x

11, $3.50
with French and Vierck's Engineering Drawing,

Eighth edition, this workbook has been ex- This problem book is a briefer edition of

panded to cover the basic phase of engineer-
ing drawing normally taught in a one or two
semester course, Since it includes more mate-
rial than generally covered, it allows an
adaptation to the particular scope of the
individual course; i. e. complete coverage of

necessary elements, or more extensive, but

less thorough, coverage of each element.

Series 1l, designed for use in a one semester
6r quarter course. It covers all elementary
phases of the subject, but omits some of the
more difficult problems which are covered in

the larger book:

3%4/040@5%0#@1:&0%!

330 West 42nd Street,

New York 36, N.Y.
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(Continued on page 32)



Third Edition
by Warren J. Luzadder, Purdue University

H ERE 15 a truly up-to-date text with tables, prob-
lems and illustrations 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. Professor 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 MEW EDITION

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

e Shaded pictorial drawings present the rotated parts of
the mechanism. Students working problems designed
about these drawings must do some reasoning to produce
a correctly finished work,

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

® Brand new chapters on Architectural Drawing (chﬁp_ter
23) and Graphical Calculus {chapter 29).

® Expended coverage of Engineering Geometry, Dimen-

sioning, Auxiliary Views, and Structural Drawing.
128 Y . _ g

» Many new and practical p.rbblems — particularly in the
chapter on Working Drawings (chapter 19)..

o Students use the new drafting standards of the American

Standards Association, plus the existing standards of the
Association and The Society of Automotive Engineers.

721 pages 6’ x9”

PROBLEMS INENGINEERING DRAWING
3rd Edition

These 71 up-to-date worksheets were designed as a com-
panion to the text. They are, however, adaptable to any
standard text on engineering drawing and offer valuable

follow-through to regular text work. The problems are in

the form of partial layouté 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,

A nnouncing -

ELEMENTS OF
DESCRIPTIVE
GEOMETRY

Part I — Text;
Part II — Problems

by Lewis O. Johnson and 7
Irwin Wladaver, New York University

Here is a brand new, up-to-date com-
bination of text and workbook for a
basic course in descriptive geometry. It
is a combination that covers the funda-
mentals which should be part of the
stock in trade of every beginning engi-
neer.

The new Johnson and Wladaver stresses
underlying principles . . . familiarizes
the student wich the equipment he will
need to understand and interpret what
he sees on a blueprint. It offers the fu-
ture engineer the basic material to help
him direct the work of others and help
himself put his own ideas into tangible
form. -

VEiLEMENTS OF DESCRIPTIVE GE-

OMETRY has been especially prepared
for use in departments where the
amount of time allotted to descriptive
geometry has been reduced.

Text—74 pages 815 x 11 Illustrated
Problems—76 pages 815 x 11
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(Continued from page 29)

Excellent (partially pictorial) charts describing

many of these processes are obtainable from the following

Ssources.

1. "Major Types of Reproduction Materials", John
Berchin, Keuffel & Esser Co,, Adams & Third
Streets, Hoboken, New Jersey.

2, "Eight Major Reproduction Processes', Eugene
Dietzgen Co., 2425 Sheffield Ave., Chicago 14,
Illinois.

3. v0Office Reproduction and Imprinting Methods™ by
Irvin A. Hermann, a reprint from the April 1951
issue of "The Office™ magazine, 270 Madison
Avenue, New York 16, New York. -

4. vEastman Intermediate Selection Chart" (Kodagraph

Reproduction Materials), Eastman Kodak Company
Industrial Photographic Division, Rechester 4,
New York.

The authors have corresponded with 41 suppliers and
have the names and addresses of these companies on file,

CONCLUSION

In this two-part article the authors have attempted

to accumulate useable information from the vast amount of

sales literature presented by many companies. - In under-
taking this work it is hoped first, that a better under-
standing of the various processes will result, secondly

that new and unique uses will be suggested to engineering

educators, and thirdly, a more satisfactory choice may be
made when new equipment is to be purchased.

The authors will be happy to suggest sources of
additional information.

PROGRAM

ANNUAL MEETING

of the

ENGINEERING DRAWING DIVISION OF THE ASEE

Pennsylvania State College,

State College, Pennsylvania

June 20-24, 1955

Monday, June 20:

Chairman; William E. Street, Professor & Head of Drawing, Vice-Chairman of Drawing Division

(a) "Engineering Drawing and Scholarship," James Houghton, Unversity of Notre Dame.

{(c) "Sound Motion Pictures and Television for Improving Instructionm," Dr. C.R. Carpenter,

2:00 p.m.
ASEE, Texas A.& M. College, College Station, Texas
Technical Papers--
(b) "Errors in Graphics,™ John Bossenga, Northwestern University.
Penn State College.
6:30 p.m. Executive Committee Meeting, Division of Engineering Drawing.

Chairman: T.T. Aakhus, Chairman, Division of Engineering Drawing, University of Nebraska.

Tuesday, June 21:

Chairman: John T. Rule, Massachusetts Institute of Technoldgy, Cambridge, Hasshchuéetts.

(a) "Freehand Sketching & Pictorial Drawing in the Engineering Drawing Curriculum,”

(b) "Developments for Surface Finish,' Roy Trowbridge, General Motors Engineering Standards.
(c) "The Trend of Drafting in Industry Versus the Trend of Drafting in the Engineering

2:00 p.m.
Technical Papers--
Frank Zozzora, University of Delaware.
Curriculum,” E.H. Brock, Texas A.& M. College.
6:30 p.m. Drawing Division Annual Banquet

Chairman: T.T. Aakhus, Chairman, Drawing D1v151on ASEE, University of Nebraska.
(a) Presentation of distinguished service award, Clifford Springer, University of Illinois.

(b) "Great Possibilities of Expansion That This Country Has in the Foreseeable Future,"
Raymond O. Bell, Representative of the Transformer & Switchgear Dept. of the Allis-

Chalmers Mfg. Company.
Wednesday, June 22:

Chairman: Professor T.T. Aakhus, Chairman Division of Engineering Drawing, University of Neb.

(a) "Status of the ASA Engineering Drawing Standards," R.P. Hoelscher, University of Ill.

12: 00 noon Business Meeting and Committee Reports
Technical Papers--
2:00 p.m. Chairman: James S. Rising, Iowa State College.

Technical Papers:

(a) "The Value of the Circular Nomogram to an Industrial F1rm," Edward C. Varnum, Barber-

Coleman Company. -

(b) "Graphlcal Methods for the Design of Bells and Carillons," Arthur Bigelow, Princeton

University.

(c) "Graphics--The Cursive Writing of Science,™ Douglas Adams, Massachusetts Institute of

Technology.
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GRAPHICS IN ENGINEERING PRACTICE

by

Orrin W. Potter
University of Minnesota

INTRODUCTION

This is a study of Graphics as it relates to the
undergraduate curriculum of the engineer and its impor-
tance to the practicing engineer and industry. This work
was carried on during 1953 and 1954. The study consisted
of personal interviews with Drafting-Design departments
of industry, draftsmen, and practicing engineers, heads
of drawing departments and drawing teachers of engineering
schools. In addition, about 3,000 questionnaires were
distributed among the following:

1. Heads of Drafting-Design departments of industry
2. Draftsmen
3. Practicing engineers

Approximately 3,000 questicnnaires were distributed,
and the returns were as follows:

1. Heads of the Drawing Departments

in the Celleges . . . . . . . . . .(No. returned) 50

2. Teachers of Drawing. . . . . . . . .(No. returned) 232

3. Heads of Drafting-Design Departments

of Industry . . . . . . . . . . . .(No. returned) 124

4. Draftsmen. . . . . . . . . . . . . .(No. returned) 687
5., Graduate Engineers

{excluding teachers). . . . . . . .{(No. returned) 711

TOTAL 1804

COMPANIES RETURNING QUESTIONFAIRE "HEADS OF DRAFTING-DESIGN DEFARTMENTS"
117 Separate Plants----22 States

®Nc » of Ccmpaniss

MONT,

MN.MEX.

4, Heads of drawing departments of engineering
colleges
5. Drawing teachers in engineering colleges

First, let's define graphies: According to "Webster's
New International Dictionary," Graphics: Art or science
of Drawing, esp., according to mathematical rules, as in
perspective, projection and the like; specifically, cal-
culations as of stresses in engineering, by the use of
geometrical constructions.

Every effort was made to get as representative a
sampling as possible. The objective was to get an un-
biased opinion as to the importance of graphics in in-
dustry and to the practicing engineer. It was hoped that
this would reveal (1) How important graphics is to the
practicing engineer and industry, and (2) what the schools
were doing to meet this need.

SUMMARY OF QUESTIONNAIRES

I. HEADS OF DRAFTING-DESIGN DEPARTMENTS OF INDUSTRY

Fig. I shows the geographical distribution of the
industrial companies that participated in this study.
This comprised 112 separate plants, 124 separate depart-
ments located in 22 states. The figures in the circles
are the number of companies in that particular state.

#1. “How many draftsmen are employed?" (Note: Some
questions were not answered, so it is impossible to
always reconcile the figures.)

These returns show the number of draftsmen employed
at approximately 11,000. It is estimated that these same
companies employed approximately 20,000 engineers.
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#2. vWbat is the source of your draftsman?” SOME GENERAL COMMENTS FRUM HEADS OF DRAFTING-DESIGN
High SchoolS. + « « v v v « o o o & . e .. . 58% DEPARTMENTS AND PERSONNAL DIRECTORS OF INDUSTRY:
Englneers . . . PN c e e e . 18% .
Company Training Program. .- . s e e e . 13% 1. The importance of graphics in its broadest sense in
All others. . . . . + . . . . P s e . . 11% Engineering cannot be stressed too strongly. (Large
TOTAL 166% manufacturing company)
2. In my opinion, schools do not stress enough the im~
#5. Do you feel that drawings are as necessary as in portance of drawipg, shop, and manufacturing processes to
former years?" future designers. (Metal processing company)
Moreygi - gg 3. It may wgll be that drawings are more necessSary now,
No - O in that the information is more critical and complicated
because of the nature of scientific discoveries and engi-
neering advances in the field of Communications, The
#6. vHow important are drawings in your industry?" preparation of good drawings is one of the essential
. factors in the various phases of the job of furnishing
1. Very important. . . . .+ « . » bb improved communication services. (Telephone company)
2. Impossible to operate w1thout them. - . 55
3. All manufacturing is done from drawings . . . 7 4, In the aircraft industry, the greatest opportunities
4, 100% important. . . . 5 in terms of numbers of positions and level of work exists
5. Their 1mportancecannUtbestressedtoo strongly 1 in the design-drafting field. It is also true that it is
6. Military requirements make drawings necessary 1 the moat difficult field to sell to the graduating engi-
TOTAL 124 neer. (Aircraft company)
5. I think it would be a fair opinion of many of our
#7. "Do drawings carry more or less information than engineers that training in graphics is very desirable. I
formerly?* think it is extremely important. (Chemical industry)
Kggﬁt'tﬁe-same ot s s e '123 6, OQur company has emphasized the importance of graphics
Less T r e s 7 throughout the years. We feel that graphics provide a
No anéwér. e 4 means of representation necessary to effective englneer-
Tttt T e ‘ ing. (Public utility)
TOTAL 124
7. Drafting is of considerable importance in thetraining
" . . . of an engineer, The relationship of drafting to the
#9. Approximately what per cent of drawings are inked?+ engineer is not that of a full-time occupation, but
100% 1 drafting is a necessary, if not mandatory, tool for the
90_95% : : : : : : : : c e : ' : ; : : : ; : g design engineer. (Aircraft company)
80%. . . . . .. . . . a . .. T
50~-75% . . . e e . s . e . . . 5 8. Based on the rather considerable experience that we
10-35% & & v vt ot e e e e e e e e e e s e .. 8 have had, we have integrated a great deal of our engi-
5-10%., . . . O s neering activity with the preparation of the drawing.
Very little or none, ., . . . . . . « . + « . . . 72 Because of this, we believe that more rather than less
TOTAL 154 attention should be given to drawing and the entire
field of engineering graphics. (Chemical industry)
. . . .
#10- ggizcgir gﬁﬂ:eiiu$£2W1ngs are made in pencil, 9. Being able to interpret mechanical drawings is a
¥ ! definite requirement for any engineer, and the proper
95-100%. . . . . . . . . .. . . . . . . B5 place to receive this training is in the college courses.
B0-95% . . . ¢ v e e e e e e e . . . . 35 For designers in particular, this training is absolutely
B0-90% . . . . . s e e e e e e e e . 4 essential. Even 1f engineers engaged in design and de-
50-80% . . . . . . . ... . .7 velopment work do no actual drawing, they supervise
10-20% , . . - drafting work to a large extent, and to do this, they
Very little. . . . . . . . . . . . ... ... 3 must have a very thorough knowledge of drafting.
TOTAL 120 (Manufacturing company)
s . " 10. We feel that graphics is essential to engineering
#11. "How much freehand sketching is used? work. Almost all of our graduate engineers,gwhile they
. start in drafting work, move into design activities.
Approximtely 5% .5 L .. [ . ... .. 1% | Qmnfacturer of farn implements)
Approximately 10-15% . . . . . . . . . . . . . . 10
Copnsiderable . . . . . . . . . . .« « .+ . ... 18 11. I deplore the lack of graphic skills found in the
TOTAL iig’ average graduate today, and worse s5till, his lack of
interest and appreciation of these skills. 1 believe
that too little emphasis has been placed on the drafting
#12. *How much pictorial drawing is used?® and its associated skills in recent years. Technical
eyes are apparently blinded by the glamour of analogue
None or very little. . . . . . . e .107 computers and atomic reactors; while courting these
Some for instruction of advertlslng, developments, let us still remember to develop the
publications, ete.. . . . . . . . .+, . . .11 basic tools with which we will work the rest of our
Considerable . . . . . . . . ... .. ..... 1 lives. It occurs to me that the engineer with a weak
TOTAL EEE- background in graphics 1s like the writer who has a very
weak vocabulary; he just doesn't have the necessary tools
: to do the job properly. (Manufacturing company)
#13. "Do you have occasion to construct graphs, charts,
and nomMograms?* . 12, We are glad to cooperate in this Study because we
Frequently . . . v v v v 4 « b v v e e e . . . . B4 feel tbat more emphasis should be placed on graphics by
Very little. . . . . .« . v v v v v v o . . 40 the engineering schools for the benefit of the engineer-
L —— ing graduates as well as industry. {(Manufacturing
TOTAL 124 company)
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EMPLOYERS QF GRADUATE EXGINEERS
200 Companies in 33 States end Cenada

*No. of Companies

13. We are concerned with the recent trend to drastical-
ly reduce the amount of drawing in the undergraduate
curriculum of Engineering Colleges. It is difficult for
us to accept any philosophy which tends to de-emphasize
the importance of drawing, because engineering drawings
constitute the authority for manufacturing a product.
This current trend is particularly disconcerting to those
companies such as ours, who have been forced by necessity
to supplement the education with the "new starters." We
feel that the current trend, if it were intended to coin-
cide with industry's requirements, should place more
emphasis on the basic requirements of drawing.

(Alrcraft company)

14. To sum up my total thinking and experience, I would
certainly desire a greater emphasis at the undergraduate
level for graphic expression in every respect.

(Glass manufacturer)

15. I am somewhat surprised that there is any question
as to the importance of drawing in engineering. It is
one of the most essential means of communication; any-
thing that will improve the communication skills of the
young engineers is to be desired. (Chemical company)

16, In talking with our graduate engineers, it is safe
to say that they all believe engineering drawing is a
vital subject in preparation of an engineer and is most
valuable when it is an aid in develcoping the ability to
visualize and think creatively. It is least valuable
when it is used solely as a means for developing mechan-
ical skill. (Manufacturing company)

17. Engineering Drawing is the language of engineers,
designers, and technicians in the industrial world and
should be treated as importantly as in teacbing any
course. (U.S. Air Force)

SCHOOLS OF GRADUATE ERGINEERS -~ 14é
(6 ere not located, 2 Forelpn Countrises)

42 Statee and Canads

@‘*Ho. of Schocls

|
©)

FiG. 3
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GENERAL COMMENTS:

1, These returns came from a wide variety of industries,
representing a reasonably fair sampling of the various
types of indusiries employing draftsmen and engineers,
They are distrihuted among 22 states and represent a
reasonable sampling of the industrial areas of the
country. The)small company is probably not very well
represented.

2. Engineers are not being used as career draftsmen
except in the design field. The designer is more con-
cerned with actual designing, calculations and consulting
with other designers, shop men, and any who may help in
the development of the design problems. He makes only
the necessary sketches and layouts that will convey the
design to the detail draftsmen who works out the drawings
that are required for manufacture and construction. To
do this kind of work, the designer must understand all
phases of graphics thoroughly.

3. Drawings are considered not only important; but
absolutely essential, to the conduct of their business.
Not a single one inferred in any way that drawings were
less important than they used to he., It was the other
way around; drawings are considered more important and
carry more information than formerly,

4. There is very much less inking being dome; pencil
work directly on vellum or similar paper is the common
practice. More graphs and charts are heing used now,

5. The general comments of the drafting room heads seem
to indicate they consider drawing very important to the
company and the engineer alike, Even though the engineer
does not actually make as many complete drawings as
formerly, he must be able to make intelligent sketches
and layouts that can be turned over to the detail drafts-
men for completion. If these sketches are not elear,
complete, and accurate in necessary detail so that the
draftsmen can readily go ahead, 1t causes serious delay
and expense, The engineer must also be able to read and
check the finished drawings before they are sent to the
shop for manufacture. Manufacturing cannot proceed until
the drawings are completed. They alsoc serve as necessary
permanent records of all manufacturing transactions.

II. GRADUATE ENGINEERS: Number of replies received, 711.

Figure 2 shows geographical distribution of the em-
ployers of the engineers returning questionnaires. These
200 separate companies are distributed among 33 states
and Canada, and one foreign country. The numbers in the
circles denote the number of companies in the different
states.

1. Range of ages: from 22 to 69.

In the 20's. . . . . s e v e e e . . W20%
In the 30's, P e e s e e e w s JD0%
In the 40's. P T I & 3
50 or over . . . . . . e e e e . W 11%

TQOTAL 100%
2. Employment titles. The engineers work under many

different titles, too numerous to mention.

3. Degrees of graduate engineers. Many indicates more
than one degree, The Bachelors Degrees Shown were
distributed as follows:

BSME. ., . . . .265 B Phys. . . e BT
BS., . . . . . .132 BAArch, . . 1
BSEE. . . . . .121 BAInd.E , . . . ., .3
BSCE. ., . . . . 85 B8Mines . . . . . .3
BSAE. . .. . . 44 BSText.E. . . . . .2
BSChKE . . . . . 32 BSCeramic . ., . . .1
BA or AB. . . . 10 BSCommercial. . .1

TOTAL 711

Figure 3. This shows the geographical distribution of
the engineering schools from which these engineers ob-
tained their degrees, The figures in the circles are

the number of different schools in this state. Tbis
comprised 144 schools in 43 states, Canada, and 2 foreign
countries.

4. Has Drawing heen useful to you in your engineering
practice?

Yes. . . . & . . . . . . 4 . e e e . . .. o.705
Ko . . . .. . . « « 4« 4. B

Those who stated "No" comprised 4EE, IME, and 1 ChemE.

5. Do you think drawing is important to the practicing
engineer?

Yes. . . . . « . . ¢t . . i e e e e .. . .705
Ko . . . .+ . . i i . i v .ui.e.. B

(Those who stated *No" same ones as in #4.)

6. Do you think Drawing is a necessary part of the
undergraduate program for engineers?

= (V1 4
o Y |

7. How do you feel about the amount of drawing in your
undergraduate program?

1. More would be desirable . . . . , ., . . .154
2, Satisfactory. . . . . . . . .. ..., .130
3. Less would be desirable , , . . ., . . . 34
4. Fo TePl¥. « + « v 4 4 4 . 4 e v e o« . . .393

TOTAL 711

8. Vhat phase of drawing do you feel should be stressed
more. In order of emphasis they are as follows:

*1. Freehand sketching

#«2, Descriptive geometry and applications

#3. Pictorial drawing (all forms: perspective.,
axonometric, and obligue)

#4. Reading problems and exercises in visualization

x5, Dimensioning, including tolerances, limits, etc.

x6. Layout and Design sketches

#7. Gtaphs, charts, nomograms, and graphical
calculations

*x8. Mechanical drafting and detailing

9, Lettering

10. Neatness, accuracy, and clarity

11. More attention to simplified forms, symbols, etc,

12. Fundamentals and basic principles and drafting
standards

13. More machine design, creative design, and
applications

14, Piping, wiring, flow-sheets, etc.

15. Relation of drawings to processing, casting,
forging, machining, welding, etec.

16. More specialization in the different fields

17. More practical application and less theory

18. The use and purpose of drawings

19. Intersections and developnents

(¥These received major emphasis)

Many others were mentioned, such as checking, assembly
drawings, use of special equipment, mapping, sectlons,
auxiliary views, and lofting. More models and visual

alds were also suggested.

9. What phases of drawing do you feel should be stressed
less? In order of emphasis they are as follows:

Inking and tracing

Lettering

. Technique and line work

Descriptive geometry

. Too much detailing

Pictorial drawing (Production illustration,
perspective, ete.)

Do WS
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7. Charts, graphs, nomography, etc,
8. Machine drawings

9. Threads, gears, cams, ete,

10. Freehand sketching

Also, 62 stated no phase of drawing should be stressed
less.

10. Are Drawings more or less important in your work now
as compared to some years back? ’

About the same. . . . .. e e s e s . 2B5
More important. . . . .. v e s . . 276
Less important. . . e e e e e e 103
No answer . . . . . P Y

TOTAL 711

A number of those indicating "less important* stated this
was due to executive type work they were now doing.

11. How do you rate the teaching of drawing in your
college work?

Excellent L
Good. . s s e s s e s s+ s e « s s s a WlD4
AVETage . 4 v + o + « o a =2 ¢ + &+ + v 4+ o 84
FAaile & o« v v 0 2 o o o 2 o o« 5 2 & =« « « 79
POOT. & v v ¢« & & o & s s+ s s o+ s . s 0B

TOTAL 472

Most schools will find themselves listed undexr all the
above categories. This 1lndicates that there is con-
siderable room for improvement for all of us.

12. What suggestions have you to offer to improve the
drawing program in tbe undergraduate curriculum?

Only about half the total number offered suggestions.
They were many and varied. In order of emphasis the more
importan* ones are as follows:

1. Offer more freehand sketching.

2. Emphasize the kind of drawing needed for manufactur-
ing, fabrication and construction. Bring out
the problems involved in the shop processes,
e.g., casting, machining, forging, welding,
etc, Give close attention to dimepsioning,
tolerances, limits, and finishes,

3. Impress on the student the importance of drawing in
all engineering undertakings. Drawings are a
means of communication. Every engineer must
be able to read and make a drawing if he is
to advance in his profession.

4, Emphasize the ASA drafting standards and other recog-
nized standards. Emphasize how important it
is to show everything that is necessary clear-
ly so otbers can understand what the drawing
is supposed to show. Bring out the ilmportance
of accuracy, neatness, and speed. Stress how
to read and use a drawing.

5. Use more problems that require the student to think
for himself. Require more planning and de-
signing by the student--more freehand layouts.

6. Teachers of drawing should bave engineering and draft-
ing experience.’

7. More training in visualization, reading, and in check-
ing a drawing. Work with more complicated in-
dustrial drawings. To many of the problems are

too simple; there is no challenge to the student.

8. More descriptive geometry for everyone.

9, Better planning and coordination of the various -
graphics courses and other engineering sub-
jects. So plan the courses that the student
will get a reasonable understanding of the
graphics the engineer needs in his work. The
primary objective should not be to make expert
draftsmen.

10. More practice in the use of handbooks, catalogs, etc.
for standard parts bolts, screws, and other
fastenings, bearings, gears, piping, ete.

11. Offer a course in junior or senior year to use mathe-
matics and engineering acquired since taking
drawing. Also to review fundamentals.

GENERAL COMMENTS:

1, The employers of these engineers are 206 (6 with no
address} in number, scattered throughout 34 states and
Canada and one foreign country. This list includes every
type of industry, with few exceptions, that employ engi-
neers. It appears to be a very representative sampling
of industry. :

2. Looking at the age range of tbe engineers reporting,
it covers all apes with a decided majority in the 30's.
This would seem to be a good sampling of the engineers of
the country with reference to age,

3. It is interesting to see tbe distribution of degrees
amoung these engineers. There has been some inference
from various sources that electrical engineers were in
favor of reducing the amount of drawing in the under-
graduate program. This survey does not support that,
The number of electrical engineers participating in this
study are in fair proportion to the rest, yet only 4 out
of 121 indicated that less drawing would be advisable,
Many of the EE's indicated that they considered Drawing
important to the engineer and recommended more emphasis
on the graphics courses. The electrical electronics
industries are well represented, with such companies as
Bell Telephone, Western Union, International Business
Macbines, Consolidated Engineers, and a number of elec-
trical public utilities. Another interesting thing to
note is the number who have degrees other than in engi-
peering. The number designating a BS degree didn't
specify the field, and I bave an idea that a number of
them were not degrees in engineering. In other words,
college graduates outside of engineering find tbeir way
into engineering work and apparently do all right. Ap-
parently, college training in any fileld prepares the
person so that he can fit into other fields than his
major in college.

4, It is apparent that, as an engineer progresses in his
work throughout the years, he invariably gets into execu-
tive type of work. In such work, he does less drawing
and moTre supervisory type of work. However, he still
indicates that, he thinks graphics is very important in
any engilneering undertaking.

5, The number of items on which more emphasis was sug-
gested far outweighs the items recommended for de-emphasis;
twice as many want more emphasis than wanted less emphasis.
This would seem to indicate that the practicing engineer
wants more emphasis on graphics rather than less,

6, Tbe things which were suggested for more and less
emphasis is worthy of careful study. In the first place,
practically all engineers want more freehand sketching
and descriptive geometry. It is also quite apparent that
inking, general techmique, and lettering should be de-
emphasized. Thils does not necessarily mean that they
tolerate a sloppy, carelessly made drawing but they rec-
ommend less time being spent on getting perfection inm
line work, inking and lettering.

7. The rating given by these men of their college drawing
courses will bear consideration also. This means that
all the schools can well take stock and see what kind of
a job they are doing now in the teaching of the present
drawing courses. There has been a lot of discussion in
recent years in regards to good teaching, I am afraid
there has been more talk than action, Rewards for good
teaching are little more than personal satisfaction and
pride; increased pay and promotion are more oftem obtain-
ed as a result of things other than good teaching. This
is a condition that should be remedied in all fields, not
only in drawing.
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DRAFTSMEN'S QUESTIQNNAIRES

1. Number returned: 687.

2. Draftsmen received their training in graphics as
follows:*

High School and vocational schools. . . . .762

weCollege . o . . . . 4 . 6 6 s e s e . o . <250
Night school. . . . . . . « . ¢« « « .+ « . 231
Company training programs . . ., + + + « + . 93
All others, « + » v v o s+ 5 s 52 o v + « « 71

This clearly shows that the main sources for career
draftsmen are the secondary schools. Very few graduate
engineers become draftsmen except in the field of design.

Question #5. Approximately what portion of your time is
spent on the following:

1. Actual drawing: Ranges from 5 to 90%, Average. . ,70%
2, Calculations: n * 0 to 55%, Average., . .15%
3. Consultation: » " 0 to 30%, Average. . .10%
4. Checking: " " 0 to 30%, Average. . . 5%

The young, inexperienced draftsmen spend most of their
time drawing. As they gain experience, they are given
more work which involves calculations, planning, consul-
tation, and checking. The design engineers spend only
approximately 25% of their time drawing, the major part
of the time is spent on calculations, consulting with
other designers in the shop, and checking. There is no
definite mark of divisicn between just pure drafting and
design; all draftsmen, except for a short time at the
very beginning of their service, are concerned with
design prohlems.

Designing and supervisory work are handled almost
exclusively by graduate engineers.

The resume of the questicnpnaires from the "Heads of
Drawing Departments” and *Drawing Teachers" is not in-
c¢luded in this report.

GENERAL OBSERVATIONS OF THE SCHOOLS VISITED

1. The schools were all very cooperative in the conduct-
ing of this study. 1 was privileged to interview deans,
heads of drawing departments and drawing teachers.

2. Drafting Rooms: Drafting rooms are all sizes and
shapes, The size of classes range from 6 to 100 approxi-
mately, two or more instructors are assigned to the larger
classes. A few schools have the drafting rooms all on
one floor and close to the staff offices, which is the
most desirable arrangement. This is found only in those
schools which have attained new quarters in a new or
remodeled buildings, recently. The most common arrange-
ment is for the drafting rocms to be in the same building
but on different floors, usually on the upper floors,
Several schools had their drafting rooms scattered in
different buildings, which is the poorest arrangement.
The lighting generally was rather poor in all the school
drafting rooms; only in those with the newest accommoda-
tions was the lighting comparable with that in the drafting

* Many received trajining from more than one sSource.
*% Most of these did not have engineering degrees.

rooms of industry. Much of the equipment in the drafting
rooms was old and antiquated. The drafting tables were
every concelivable shape and size, and locker accommoda-—
tions for the students were generally not too good.

It would seem that, with little expense to the
schools, the drafting rooms could be made more attractive
and useful, Lighting should be improved and ample ac-
commodations furnished for hats and coeats, books and
lockers for drafting equipment. A raised lecture platform
and ample blackboard space should be available in every
drafting room. Display cabinets for drawings and models
helps to get the interest of the student; some schools
have such display cabinets. It would seem that someone
ought to be able to design a good convenient drawing
table just large enough to accommodate the largest draw-

ing required in our courses with an adjustable top and
made of material that can serve as a drawing surface

and -eliminate the use of drawing boards. They should be

made so that the janitors can get around them or move
them easily for cleaning. I have yet to see what I call
a good drafting table for schools. Comfortable stools
should be provided for all students so that they can
maintain a decent posture while working.

3. Office Accommodations: A few of the staff offices
were roomy and pleasant, and equipped with ample files
and working space for the staff, but on the whole the
office accommodations were rather poor. Good office
facilities certainly are a factor in keeping up the
morale of the teaching staff, This office condition is
no doubt not confined to the drawing staff.

4. Staff Load, The staff load varies with every in-
stitution and runs from 12 to 30 contact hours. Drawing
teachers, like teachers in any field, should have time
for preparation, correcting papers, and quizzes, reading,
study, and research; certainly, 30 contact hours per week
doesn't leave much time for these other things. This is
certainly not conductive to building up staff morale. 1
am quite sure that the staff turnover at such an institu-
tion is high and the teaching under such conditions is
not the best. :

5. B8taff Morale: Teachers of drawing everywhere, in
general, are making an honest effort to do a good job,
but are confronted with a number of obstacles. It
seemed to be the general feeling at most schools that
drawing teachers were underpaid and not being given the
same consideration as teachers in other departments.
This is certainly not a healthy condition and should be
remedied. If graphics is considered a necessary part of
the engineers' undergraduate program, the teaching of
such courses should not be considered inferior or second-
ary, Practically every school is looking for drawing
teachers.

6., Time Allotted to Drawing Courses: The time allotted
to the drawing courses varies considerably. Practically
every School has lost some time in recent years, Every

school is confronted with the possibility of further

curtailment, The most disturbing factor is the fact that
this reduction is being made without giving the drawing
departments and teachers a chance to be heard on the
subject. This has been going on for many years, and it
is time something constructive is done about this situa-
tion. This problem gets to the student and is no doubt
one of the factors that has given the young engineering
student the idea that drawing is not too important to
the practicing engineer.
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7. Course Material: There is no standardization of
course content in the various schools and it is probably
just as well. Each school sets up its own course to fit
the time allotment it has, and emphasizes what they think
is important, We can all well examine our objectives and
look over our course material to see if it is in harmony
with all the advances in engineering., There is room for
improvement.

8. Athletic Facilities: I could not help but notice
that at most schools the athletic facilities are much
better than the classroom and laboratory facilities,
This is a sad commentary on American education.

GENERAL OBSERVATIONS FROM INDUSTRIES VISITED

1., Industry was very cooperative in every way in the
conducting of this study. I had the opportunity of talk-
ing with personnel men, executives in the engineering
departments, heads of drafting-design departments, drafts-
men, and engineers. I was free to interview anyone I
desired. I was also permitted to visit any place in the
various plants, with the exception of one, which was en-
gaged in secret povernment work.

2. Everyone interviewed expressed themselves freely and
without reservations that drawings were very important to
thelr business, and they considered graphics a very im-
portant part of an engineering training, regardless of
what kind of work the engineer is engaged in.

3. The drafting rooms were generally well lighted, and
most of them had individual liphts for each drafting
table 1n addition to good natural and artificial light

in the room, All the drafting tables had adjustable
tops, and work was usually done in an inclined positiom.
An exception was in the making of very large drawings;
then the drawing surface was either horizontal or nearly
vertical. Draftsmen and graduate engineers worked to-
gether in the same room, The drafting room heads, senior
draftsmen, and designers were almost all graduate engi-
neers. The career draftsmen and detailers were almost
all high school graduates who have worked up in the plant.
They have to train their own draftsmen. The only source
of competent draftsmen, other than in their own training
program, is to hire them away from some other company.

It is hard to get the recent graduate engipneer to work
on the board but many companies still like to hreak the
young engineer in on the board. There is no attempt to
keep them there, however. Several chief draftsmen stated
that a young engineer who does well on the board was
looked upon with favor when considered for advancement.

CONCLUSIONS

Every effort was made in conducting this study to
gel as representative an opinion as possible; no attempt
was made to select the participants who might be inclined
favorably towards graphics. The returns show a reascnable
sampling as to the age of the participants, the schools
where their training was obtained, and the industries
where they are employed as to type and geographical
locaticn.

The overall opinion is almost unanimous in expressing
that vgraphics is very important to the practicing engi-
neer and industry."

Industry, of course, wants to get engineers with the
best training possible in all fields. They want individ-
uals well grounded in fundamentals and bumanities who can

work and get along with other people, and who have devel-
oped the habit of thinking for themselves, and be able to
carry a project through from beginning to end. Nothing
should be emphasized at the expense of something else.
This study shows that the individual engineer and industry
both consider graphics as an important part of the engi-
neering undergraduate curriculum,

The reduction of time allotted to drawing in recent
years and the threat of further cuts is looked upon with
considerable disfavor by hoth industry and the 1nd1v1dua1
englneer.

Why is drawing being curtailed? There are several
factors that enter into this problem, as follows:

1, A generation ago, too much time was allotted to
drawing.

2. The engineering courses are still nominal 4-year
courses, the same as for the past 75 years or
more, in all but a very few schools where they
have extended it to 5 years. It is the only
one of the professional courses (Law, Medicine,
Pharmacy, Dentistry, Divinity, Engineering) that
has not lengthened its college training period
since its beginning.

3. An attempt is being made to include all the ad-
vances and new tbings that have developed in the
engineering field in the past 75 years or so.

4. The recent trend that engineers should have a
certain amount of the so-called humanity courses
to make them acceptable to scciety.

5. The competition with other departments for time.

The drawing departments and teachers are at a dis-
advantage in this competition for time, because they are
usually considered as a service course or department.
Only indirectly do they have much to say about the time
allotted to drawing. It depends pretty much on the at-
titudes of the administration and the degree-giving
departments as to how much time is going to be devoted
to drawing. Many schools are attempting to be primarily
senior colleges and pgraduate schools and depend on the
liberal arts colleges and junior colleges around the
country to do the screening in the first two years and
furnish them with so-called *cream of the crop.” They
may specify a certain number of credits for entry, in
mathematics, the sciences, and humanities, but no par-
ticular thought is given to drawing. They are not much
considered with what they get in graphics or if they get
any at all, It is no wonder that we hear from industry
repeatedly that the engineer just out of college cannot
make a drawing nor read one. During this study I ran
into many such instances. If drawing is important to
the engineer, the provision should be made in the colleges
so that it can be handled properly.

This study also suggests that all drawing depart-
ments and teachers re-examine its objectives, course
content, and methods of presentation in the light of the
many advances and new things that have developed in the
field of engineering in recent years, There is always
room for improvement. Quoting from Mr. R.S. Sherwood's
paper given at the 1952 meeting, "If engineering Drawing
Departments are to prosper and grow to the fullest extent,
it will be only by positive aggressive action on their
part."”
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The attutide among students and recent young gradu-
ates that graphics 1s not important to him probably stems
from the curtailment that has been taking place in recent
years and the discouragement written on the faces of the
drawing teachers. This was mentioned and deplored numer-
ous times in this study. One graduate stated that he had
had this attitude and wanted to state that he was wrong;
after several years of practice, he stated that he now
realizes thﬁt graphics is very important to the practic-
ing engineer, Here is another instance of a personal
interview. A chief engineer of an engineering division
of one of our most progressive industries pointed out a
certain engineer working on the board. He came with a
very meager background in graphics and was assigned to a
field job. He had so much difficulty reading drawings
and making intelligent sketches that he was called into
the drafting room for some training. The chief stated
that if epgineers were not so scarce this man would have
been fired a long time ago.

There was nothing in this study that tried to

determine what the minimum time is for doing a reasonable
job of training in graphics for the engineer. The time
now varies from practically nothing to two full years of
graphics courses., Somewbere in between should be set
which is an absolute minimum to do the job satisfactorily.

A further study about this time could very well be made

by a committee of the Drawing Division. Buch a study was

made some years ago and reported at the annual meeting of
the ASEE at the University of Texas.
reason, this report was filed away, and nothing more has
been heard of it.

For some unknown

The initiative must be taken by the drawing teachers.
We must sell the school administrations and other depart-
ments on the importance of graphics to the engineer, work
for adequate time to do a decent job, strive to get im-
proved facilities and working conditions, and probably
above all, do everything possible to improve the status
of the drawing teacher and raise his morale. We must get
away from being on the defensive all the time; first sell
ourselves, and theq get out and sell others.

JOURNAL OF ENGINEERING DRAWING

Published by
DIVISION OF ENGINEERING DRAWING
AMERICAN SOCIETY FOR ENGINEERING.EDUCATION

PUBLICATION COMMITTEE

Editor . . . . . . . . . Warren J. Luzadder
Purdue University
West Lafayette, Indiana
Advertising Manager. . . Harold B. Howe
Rensselaer Polytechnic Institute
Troy, New York
Cir, Mgr, and Treasurer., Edward M., Griswold
The Cooper Union

Cooper Square
New York 3, New York

PUBLISHED . ., . . . + « « = « » . FEBRUARY, MAY, NOVEMBER
Annual Subscription Price . ., $1.25
Bingle COPY « = « v « + « » .« $0.45
EDITQORIAL STAFF
Irwin Wladaver. . . . . . . . . . New York University

J. Norman Arnold. . . . , . « . Purdue University

CARTOONIST
R.C, Carpenter. . . . . . . . . . Purdue University

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

HAVE YOU RENEWED YOUR SUBSCRIPTION?

{Continued from page 13)

These are the parametric equations of trochoidal motion.
Vo iS5 the initial velocity of an electron moving in the
direction ¢. It may be seen that there is a constant x-
component of velocity equal to a/w which represents the
translational velocity, vp, of the circles that generate
the trochoidal motion. The radius of the rolling circle
must then be vp/o = a/w® = (m/e) (¢/B%). The radius of
the tracing is VR/w, where vp is the rotational velocity
and is equal to v—vp. BSee Figure 6. When vy > vp, the
path of the electron is a prolate cycloid; when vg < vp,
the path is a curtate cycloid; and when vy = vp, tbe path
1s an ordinary cycloid, Having determined the radii of
the rolling and tracing circles, the electron path may be
plotted.

Often the actual electron path is not needed except
to determine whether or not it reaches the anode and con-
tributes to the plate current. In the case of a uniform
electric field, the maximum displacement is given by the
equation

Ypax = (1/) [(a/w) - v2 cos g +

\/Vg - (28/w) vy cos a + (a/cu)2]

Figure 7 illustrates a graphical method of determining
this value. All vectors are divided by @ in order that
they be the same scale as the radii of the circles. The
vector representing the velocity is drawn v/w = (0.0337/B)
VE meters long in the direction «. The translational
velocity vector is drawn vp/w - a/w? = 0.0569 /B meters
long. The rotational velocity vector (vg/w) is now de-
termined. A line drawn from the origin of this vector,
perpendicular to it, and egqual in length locates the
center of the circles and the radius of the generating
circle. By swinging the radius around in the y-directionm,
the value of y .. 1S determined.
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Atkins, C.J. & Practical Engineering Drawing 4th English Univs. Press 1952 $ 2.25
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Davey, H.T. & Engineering Drawing 1st MacDonald & Co. 1952 8.50
Wilkins, R.J.
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A STUDY OF DESIRABLE REQUIREMENTS FOR BEGINNING DRAFTSMEN

hy
L.C. Christianson, Missouri 3chocl of Mines and Metallurgy, and

E.H. Woolrych, Chief Draftsman,

During the spring of 1953, the following question-
naire was sent to 575 engineering firms and industries
employing draftsmen.

Gentlemen:

Enclosed is a list of topics usually covered in a
college course in drawing. We may be stressing some and
neglecting some that should be covered more throughly.
Will you help us answer the gquestion of professional
training for heginning draftsmen by checking one of the
columns to the right of each item that pertains particu-
larly to your field of engineering?

Any suggestiocns or observations that you would like
to make in regard to this problem will be appreciated.

PLEASE INDICATE BY A CHECEMARK IN THE PROPER COLUMN
OPPOSITE EACH ITEM THE DEGREE OF KNOWLEDGE OR SKILL YOU
WOULD LIKE FOR A BEGINNER TO HAVE WHEN ENTERING YOUR
EMPLOYMENT .

THESE ARE THE TOPICS COVERED IN

OUR FRESEMAN DRAWING COURSE. REMARKS

GH_DEGREE OF

(ILL, REQUIRED

NOT NEEDED FOR OUR WORK
WORKING KNOWLEDGE &

FAIR gKILL NEEDED.

el

Lettering - Yertical - Capitals

Slope -Capitals

Lower case letters

Orthographic Projection ~
Using Instruments

Orthographic Freehand Sketching

~Isometric Drawing -Using Instruments

Isometric Freehand Drawing

Inking -~ On Linen or Paper

Sectional Views - Full Section

- Half Section

Dimensioning Drawings

Auxiliary Views - Primary Views

- Secondary Views

Screw Threads

Working Drawings - Showing Details

- Showing Assembly

Reproduction of Drawings

Reproduction Machine Used -
Black & ¥hite

Ozalid

Blue Print

Van Dyke Prints

Descriptive Geometry

Of the 575 questionnaires sent out, 343 were re-
turned. Although the number returned was not as large
as we had hoped it would be, we feel that the results
show some interesting trends in the requirements for
beginning draftsmen. :

Referring to the first graph showing the general or
overall results, we would like to point out a few things
that seem significant.  The high percentage of skill
desired in lettering was to be expected. However, the
low percentage in both orthographic catagories seems odd,

Missouri Geclogical Survey

for in the working drawing catagorles it is very high.
It would seem that the word "orthographic" is not used
in the drafting room, for working drawings are ortho-
graphic drawings. The large percentage indicating that
hoth freehand orthographic and isometric drawings were
not needed was rather surprising. This may be due to
the fact that the heginning draftsman does not do much
design work. The fact that almost one-fourth desire a
high degree of skill in descriptive geometry is also
very interesting.

The answers tc the questions regarding reproduction
processes were omitted in the graphs because of lack of
space and we did not feel they were very significant.

The general concession being that a knowledge of the pro-
cesses might be desirable but not needed. A large number
indicated they did not make their own reproductions.

¥We would like to call attention to the graphs showing
the desires of civil and mechanical engineers. Some of
the results simply confirm what we are doilng,while others
indicate some trends that probably need some consideration
and further study. Note particularly the high degree of
5kill desired in auxiliary views. The civils are not as
high in working drawings as others. The 0" indicates
that the percentage was less than one for those classi-
fications.

Perhaps it should be pointed out that the industries
in the western part of the country, to which these jues-
tionnaires were sent, did not respond as well as those in
the eastern and central part. Just how much this has
effected the results is hard to tell, but we hope not too
much. '

The authors of work books for beginning students
should note the large amount of skill desired in dimen-
sioning and working drawings, two topics that are usually
covered 1n the latter part of the work book. 8ince these
are often given in the latter part of the course, they do
not receive proper emphasis. It would seem desirable to
give more space ito the problems introducing the funda-
mental three views so that dimensioning could be included
from the start. We also feel that a larger percentage of
the problems in the work book should be on tracing paper
s0 that reproduction can be stressed throughout the
course. Two statements: "Have them make tracings that
will reproduce”, and, "Teach them to be neat™, were common
comments sent in by those returning the questilonnaire. A
working drawing made on tracing paper seems the best way
to accomplish these results.

A few of the most common comments are listed below.
We would suggest that you look over these quotations
rather carefully:

Charles H. Becker, Structural Engineering, Austin, Texas

"You will be amazed to find that now, as always the
most important qualification, outside of gocd
character, an engineer can have is ability to make
good drawings.

Engineering needs more men able to make drawings,
not those merely able to calculate mathematics.®
R.¥. Schellkopf, Albany, New York
"Teach your students to think and visualize in
three dimepsions."
Harrison-Walker Refractories Company, Pittsburgh, Pa.
R.P. Snyder, Chief Engineer

"] am always enthusiastic to discover a university
that ig attempting to fit 1ts prerequisites to
what industry considers: its requirements."

¥ettlaufer Engineering Corporation, Detroit, Michigan

"The lines may be perfect, but if the lettering and
dimepsions are not legible, the drawing is useless.m™
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Adams United Company, Akron, Chio
"Teach them to think about what they are doing."

International Harvestor Company
"Produce a good reproduceable pencil drawing.”

Detroit Manufacturing Company
"Neat lettering and draftsmanship preferred.”

R.L. Erickson, Mechanles, Austin, Texas

"Engineers are in need of much greater abillities

in the art of presenting their ideas pictorially.
Emphasis should be placed on ability to make free-
hand representations, etec."

Simmions Machine Tool Company, Albany, New York

"Most heginners weak in orthographiec freehand
sketching.®

Ottenheimer, Albany, New York

mWe can more clearly explain a pipe installation hy
an isometric drawing than with a thousand word
explanation.*

Myers and Noyes Associates, Corpus Christi, Texas

A rough drawing with good lettering will look much
hetter than a good drawing with sloppy lettering.™

Missouri State Highway Commission, Jefferson City, Mo.

"We suggest that more emphasis be given to the impor-
tance of the drawing course in all engineering
schools.”

We realize that this study is not as complete as we
would have liked to have made it. Perhaps some topics
were not included that should have been, hut it has given
us some helpful information. We hope that after a thorough
examination of the graphs, you will benefit as we have
from the study. We were spending entirely too much time
on screw threads, now we include them in our working
drawings.
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HIRAM E. GRANT

Professor and Head ]
Department of Engineering
Drawing
Washington University
St. Louis, Missouri

The “DIRECT METHOD" APPROACH

theory and practice correlated and integrated

SPECIAL FEATURES

© Reference plane uvsed instead
of reference or ground line as
it orientates the student’s spa-
tial visualization much better.

® Careful, illustrated explana-
tions of details usually trou-
blesome to students.

e New methods to solve a num-
ber of fundamentals.

® Numerous practical applica-
tions.

@ Unusual number of illustra-
tions explained by notes.

® Designed for greater teach-
ability.

@ Stresses importance of accu-
racy,

This significant text correlates and integratés theory and practice in-
stead of considering each as a special entity. The book employs the
direet method, since the author feels it is the best way to solve prac-
tical problems, where the typical theoretical approach often makes
solution extremely difficult. Since accuracy is a vital part of drafting,
the anthor deals with it in a separate chapter. Frequent reference to
this chapter and emphasis on the importance of accuracy make the
student conscious of its importance, and aid him in keeping in-
accuracies to a minimum.

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

253 pages . $4.25
SEND

FOR A COPY
ON APPROVAL

McGRAW-HILL BOOK COMPANY, INC.

330 West 42nd Sireet

New York 36, N. Y.




BRADDOCK LETTERING ANGLES
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Our Braddock Lettering Angles are designed to give a quick and easy method of making accurately
spaced guide lines for lettering drawings, efc. The simplicity of their application permits the subject

to be presented accurately and intelligently.

BRADDOCK INSTRUMENT COMPANY

PITTSBURGH 18, PA.




DRAWING INSTRUMENTS

When yvou specify or recormmend Drawing Instru-
ments, think first of K&E. There are K&E instruments

for every purse and purpose.

For the lifetime purchase . . . PARAGON®, The
Standard of Precision, made in the hiéhest tradition

of perfect workmanship.

For years of long wear and accurate performance . . .

ANVIL® or ARROW?™,

For good, serviceable instruments at popular prices

. FAVORITE, JUPITER* or APOLLO”,

KEUFFEL & ESSER CO.

EST. 1867

Drafting, Surveying, Reproduction Equipment and
Materials + Slide Rules - Measuring Tapes

NEW YORK - HOBOKEN, N. J.

CHICAGO + ST. LOUIS » DETROIT » SAN FRANCISCO
LOS ANGELES = MOMNTREAL

* Trade Mark










