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Safely through the fog

There are times when the fog descends but
airplanes must keep on flying and strive to come
safely home. And now science has found a way
to cut through the heaviest fog, to signal the pilot
g0 he can set his precious cargo down in safety.
Using the gas Krypton in glass bulbs the size of a
cigaret, these new signal lights develop a bril-
liance of more than 3 billion candle power, out-
shining the sun and setting up a standard that is
seen through thickest murk.

Fog descends but men must keep on living,
keep on going, must strive to bring the precious
cargo of their lives safely home through the curv-
ing span of their years. Has the Krypton light
that pierces the fog been developed in their case?
Some say it is integrity of purpose, magnificence
of effort, staunch opposition to the downward
flow of things, which opposition may be life, may
be spirit, may be the supreme creator. And the
educator on whom the responsibility falls, must
make sure these standards are clearly seen by the
lads in his classroom, by possessing such standards
himself, by unobtrusively living them and show-

Fiolo credt The Porl of Nea York Ruthority
A Weather Lasding Lights, N. Y. Arpord

ing them at all times. Education is nothing if it
is not the fore-shadow of coming events, reflect-
ing in the classrocom what will be encountered
beyond the classroom. The educator's integrity
will bring into mechanical drawing for example,
something of the attitude of engineers and scien-
tists who labor for the benefit of their fellow men.
And the educator’s consistency will say that if
the work is important, then its tools are impor-
tant, and will exert utmost care in selecting these
tools, respecting the evident care and craftsman-
ship used in their design. To fail to be consistent
here would be the last intolerable cynicism.
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ENGINEERING DRAWING

By FRANK Z0OZZORA
University of Delaware

A concise, direct and teachable presentation designed to provide
the teacher with a book which will enable him to cover the essen-
tial fundamentals of the subject in the customarily short space of
time allowed. The student will acquire a firm grasp on the fun-
damentals which are basic to any drawing he may do in industry
and the profession.

Special Features:

® all demonstration drawings and problems are supplemented
with pictorials facilitating quick visualization of the object
and space conditions involved.

® all complicated constructions and procedures are illustrated
in a step-by-step manner.

® basic fundamentals are stressed, leaving further amplification
for subsequent courses.

® more than 300 classroom problems and exercises are included.

Problems have been carefully selected to avoid repetitive draw-
ing by the student.

® the many illustrations, orthographics, and step-by-step pro-
cedures effect rapid comprehension by the student,

Developed through 25 years of teaching experience, this text is

an exceptionally clear and graphic presentation of the funda-
mental techniques involved in engineering drawing.

SEND FOR A COPY ON APPROV AL

McGRAW-HILL BOOK COMPANY, Inc.

330 West 42nd Street New York 36, New York
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OPPORTUNITIES AND RESPONSIBILITIES OF GRAPHICS
IN AN ENGINEERING EDUCATIONAL PROGRAM

Professor John T. Rule

Massachusetts Institute of Technology

The philosophy of any fora of education changes con-
tinually to ceet new conditions and grows broader as our
knowledge of its implications becozes clearer through the
discipline of practice, The philosophy of each branch
nust change and grow with the trends of the whole or be-
cone isolated and atrophied,

The philosophy of engineering education has under-
gone striking changes as it has grown over the past cen-
tury. Each part of it must be aware of the direction and
peaning of this growth or that part will be sloughed off
as a useless appendage, As It fails in such avareness it
%ill decrease in importance, as it succeeds it will in-
crease,

At the present mozent many would like to have us be-
lieve that engineering drawing has failed to grow and is
consequently undergoing the process of atrophy. The time
allotted to draving ino our engineering schools is de-
creasing., Its contribution to engineering education
geens to be lessening in inportance. The problem we nust
solve is 'consequently very clear. WVhere do we seea to
have renmained static instead of having grown? What
broader and more inclusive philosophy should we adopt to
keep pace with that of engineering education?

In order to arrive at any legitieate conclusions we
nust first exanlpe the history of such education and
trace the growth of 1te doninant concepts in order that
ve pay pattern ourselves thereto,

Perhaps 1t is safe to say that the first ainm of en-
gineering education was learning to do - the attaining of
specifie "know how" directly utilitarian in purpose and
confined to a limited area. The eaphasis was on the ac-
quisition of the practical knowledge and skills useful in
the particular area. A reasonable base of theory neces-
sarily underlay the wshole but the focus of attention was
experience with the practical through the direct handling
of paterials, Put in a different way, the enphasis was
on the end product.

Over the years there has been a gradual shift fronm
learning how to do specific things to learning how to
learn how. Acquiring the abllity to solve new problems
has becors more important than acquiring valuable solu-
tions to important problems. This has necessarily been
g0, for the quantity of desirable knowledge in any par-
ticular field has grown far beyond the capacity of any
individual to acquire it in four years, - or, for that
patter, in five. Hence we bave gradually cosze to sce

that the processes of acquirlog it, the methods of attack,

aré the really important factors. If we can impart,
first, the ability to think creatively; second, the abil-
ity to continue to learn - that is, the ability to sus-
pend judgeent and continue to inquire, the ability to re-
pain eentally dynamic; and third, the ability to pake
good judgments - then we have accoaplished the most im-
portant thiongs we can do,

Let's look at thkese in order.

First, wve are coning to see that creative thinking
hinges on the ability to pake a wide range of free as-
gociations within the mind shile analyzlng any problem.
Such associations spring up froa the subconscious to the
conscious during the problea examining process. The un-
successful epgineer - the nine-run pedestrian thinker -
has certain stapdard, well-worn associative patterns
shich have proved successful with respect to limlited,
often-encountered probless. His mental associations
never break through the boundaries of these standardized
channels. This is the "crank-grinding” sort of mind
shich invariably tackles any probleam in, let us say,
physics or pathepatics, by applying soze known formula
and plugging in the data. It is the over-sinplified,
black-and-white, opinionated mind that breaks down in the
face of anything unusual apd, which is much worse, in
erany instances reaches a usual solution which is second-
rate where an unusual, ieaginative, first-rate solution
exists.

Second, we are realizing that the direct acquisition
of knowledge alvays faces the danger of stultifying the
ability to continue to learn. Enowing the ansvers, or
routine pethods of oblainiog answers, casts out doubt, and
doubt is the eotivaticg force of inquiry. Thus the inad-
equate ansver or the wrong answer is never questioned, nor
the possibilities for a better anever ever discovered.

The difficulty we encounter here is that thought
processes cannot occur in a vacuum - that is, free as-
goclations cannot be made if you have no pieces of mate-
rial to associate, Thus im all scientific areas we nust
provide the minimun of basic paterial on which the minod
can operate, This means in physics, for instance, that
we must supply the studeat with soze of the basic con-
cepts of physics and with enough "though practice” with
them to get bis mind to begin to operate in the frame of
reference that is associated with successful thinking
about physics. In doipg this we quickly lose sight of
our main objective ard bring too much eaphasis to bear on
teaching the student too much about too many topics that
gcen on the surface to be of the utmost importance. Thus
our courses are loaded with so-called "essential” eate-
rial which his crowvded out tice for frultful, ieaginative
thinking about any of it. The trend avay from such
teaching is evident in much of our educational literature
in the repeated observation that we teach too eany topics
without enough depth, that we cover too much ground and
thus lose the value that cozes from contemplation of the
process of attack after we have knowledge of any particu-
lar topic, Foreer Fresident Doherty of the Carcegile
Institute of Technology said that the undergraduate
course in engineering ghould not traio engineers but
ghould train students to becore engloeers.

Third, there is a groving enphasis on good judgment
as the one characteristic necessary to all englneers.
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This naturally, depands that we atteapt the developzent
of the ability to eake good judgeents. Now judgeent is a
faculty wvhich cozes into play most stropgly when only
relative ansvers are possible, vhen inforeation is incom-
plete, or over-abundant, when the pumber of variables is
enoreous and the question is not "What is the answver?”
but "which is the best answer?”

The atteapt to teach the quality of judgeent has led
to the use of so-called "whole problems™ through the de-
vices of the project method and the case method., Design
courses are another instruzent in this area,

These pethods help to cure our habit of invariably
presenting theory first, giving beautiful demonstrations
of how the physical world operates, developing mathepati-
cally the necessary equations and sceing to it that the
student understands all this. W¥e theno have him do a nus-
ber of problens which he solves by applying the theory
and the formulae which we have fed him. This is not the
best sort of thought producing process for it develops
the "crank-grinding” tendency in the student. It is con-
trary to any foram of real experience for it glves the
student the results first and thus prevents him from coa-
ing in contact with the processes of reachiog the results.

Ye are learning that a much more fruitful procedure
is to iezerse the student in bits of an unknown world amd
allow his mind to struggle to make the proper cental as-
sociations and the proper judgments, pulling him out of
the porass when he goes too far wrong, and stievlating
the proper associations by indirect suggestion in the
oiddle of his struggle rather than always presenting thea
to him in a lecture prior to the problem.

Another variant with wvhich we shall be pore concerned
later 1s the importance of the capacity to observe. Ko
tvo individuals see or understacd the sazme thing in the
sape way. They see different things both in quantity aed
in guality. The result is a function of their selective
attention and their avarenpess, This is extremely inmpor-
tant in dealiog with people and in the area of design,
The perception of form, color, balance, good design, and
suggestive detail are all factors of awareness. Furlher-
pore both the quantity and quality of what is observed
can be improved by traininz. All Chinese look alike un-
til you becoze acquainted with a nucber of theam and then
they a2ll look as different as Arvericans, In all fields
the trained eye or ear will detect subtle apd important
differences where the untraioed sees only samepess. Nor
is it out of place here to state that drawiog in all its
foras is a foremost instrument in sharpening and deepen-
ing the powers of perception,

I haven't mentioned the trend toward a broader edu-
cation, the recognition of the importance of the humani-
ties and the responsibilities of citizenship, These have
quite rightly severely limited the time available for
professional work,

Pogzibly we may sum up all I have said by saying
that the growth of the philosophy of engineering educa-
tion has lain along the road avay fron the direetly util-
itarian and practical, limited in purpose and scope, to-
¥ard the higher concept that such education should be a
form of general education produciog a new fora of truly
educated een peculiarly fitted in breadth of understanding

and in capacity for coapetent action to guide the destin-
ies of our conplex modern world.

Perhaps w¢ are nov¥ in a position to exanine the ef-
fects of all this on our curricula in engineering and on
our ecdes of teaching and thus parrow down to its effect
on graphics,

The first surface thiog we note is the decline in
the teachiog of skills. Foundry and shop are largely
gone, Even the tiee devoted to laboratory has decreassd
sopevhat. That devoted to drawiog has decreased because
draving has been classed in the miods of many adainis-
trators as a skill, Certainly it is based on a skill.
They also suspect that although it contains a high de-
gree of iezediately practical knowledge, it develops very
little creative ability, or ability to continue to learn,
or ability to make good judgeents - in a word it does not
develop intellectwal power, They tend to forget its
function of increasing the capacity to observe.

To all this we are in the habit of stating that
"draving is the language of the engineer” and therefore
irdispensable. This argument, though I believe it to be
true, has gotten us substantially poshere. 1 think the
engineering philosopher answers it, at least in his own
pind, by stating that the epgincer needs to read and to
speak the language but does not need to write it, To put

this another way, he needs only to cozaunicate with Lhe

gan who has the skill in the vritten word - the draftssan
= by means of the spoken word - the rough sketch., The
draftssan can then esploy the written word - the finished
draving - which the engineer need only then be able to
read,

This is a very coaplex and difficult problea. W¥e
are pore or less caught io a trap. All of us know that
we cannot comnpletely conform to the higher reaches of en-
gineering philosophy. W¥We all keow that large numbers of
our students are not going to be top flight engioeers,
Ye also know that they are going to be in need of a use-
ful, money-earning skill to get then started toward the
poiot where they will be in a position to use their more
powverful weapons. W¥e cannot and should not shirk the
duty of producipg reasonably conpetent draftszen. TYet
the very fact of the high practical content of our work
sozehow seees to obscure its deeper educational values.
Ye pust find epeans of fulfilling our practical miszion
and at the saeetine refute the contention that this is
all we are doing. In other words, we must retain our
utilitarian value, while more strongly highlightiog its
educational qualities, and at the sare time move forward
¥ith the modern concepts of the peaning of engineering
education.

But how? As yet we are ooly gropiog for the an-
svers., We have started exploring in one direction with
soze of our graphics materfal. 1 hope to show that there
are other avenues, The entire purpose of this paper is
to exanine, in the light of what 1 have said so far, the
possibilities open Lo us,

I won't dwell long on the possibilities of graphics
as a problem-solving tool. I've played that tune at
great length over a number of years. It is true, how-
ever, that the theories of graphics have not been de-
veloped into a continuous logical structure. We have not
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nade it the geometric analog in all its processes of
equational eathematics. I believe this can be done and
that it will be a valuable branch of knowledge. Thus we
have a relatively virgin sclentific world - a highly ex-
citing, stinulatiog, unexplored region capable of con-
siderably more developzent than we have yet achieved., It
offers us a major area for research that can stand on its
own feet for its own sake. [ certainly think that we
should encourage our young een to work and publish in
this area.

1 do wish for a gozent to relate this side of graph-
ics to soze of the tendencies in engiceering educatlion,
First, I feel very stroogly that it is one of the most
fruitful areas for developiog creative thought., 1 find
0o subject whatever in which original thinking is more a
basic necessily than that of geozetry, Graphical attacks
on problens including those of descriptive geozelry are
very little susceptible to "crank-grinding” operations
vhereas equational mathematics, at the level that most of
our students attain, very frequently is. The student in
graphics has potbhing in the way of foroulae or standard
procedures on which he can draw, He oust be imaginative.

Second, the graphics "state of mind"” is a powerful
one and a epuch neglected one. For many physical problens
the graphic or geozetric mode of thought is much more i1-
luninating and stimulatiog toward fruitful associations
than is the equational, The aim of this phase of our
work should be to develop in our students the instinctive
tendency to look at all problems both ways so that they
will think in terns of fora and shape and space relations
~ that is, geozetrically as well as in teras of algebraic
gynbols, Thus se have one area which we have already be-
gun to develop.

Graphics also has its representational side. As a
patter of fact, engineering draving as wve have always
known it is pure representation aimed at describing the
exact size and shape of objects. All draving departeents
bave been substantially limited to representing space ob-
Jects within a rigidly standardized, industrially useful
pattern, ¥e all of course know that there is much to be
gaiped from this. [ think perhaps we would do well to
enphasize sozevhat more than we do its disciplinary qual-
ities and its developzent of the ability to observe. En-
gioeering drawing 1s the student's first professional |
course, It trains him in the capacity to take pains. It
introduces him to the aonoying minutia of details and of
conforalng to standards that are so basically necessary
to all enginsering practice.

At the mozent, however, I an mot interested in fur-
ther discussing the virtues of our présent work but in
expanding our concept of the representatiocnal side of
graphics., Dean Hollister tried to show us at Darleouth
that this representatiopal aspect has the possibilities
of nuch more than merely corxmunicatiog the exact size and
shape of useful objects, that it has within itself the
capacity to develop visual avareness, to enable us to see
the differences between Chipese, to develop an under-
gtanding of form and shape, of the feel for various mate-
rials and their possibilities, and of their aesthetic
qualities. All of theee are very subjective and involve
gubtlety of perception and iwaginative visualizatlon.

Of the factors in engloeering education that 1 have

eentioned we are dealing here with thoss of creative im-
agination, good judgeent, and above all, the capacity to
observe coupled with the sense of good design. The lat-
ter is becosing ever more important to the engineer., In-
dustrialists and those who have or assure responsibility
for engineering education are beconing very coneclous of
its lack in our engineers and are turning their attention
to eeans of developing it. Dean Hollister is but one of
pany. The importance he attaches to it is excoplified by
the fact that he chose to point it out to us al a very
busy tiee for him vhen he was also not in the best of
health,

At the Massachusetts Institute of Technology at the
pozent, upon the request of the Departeents of Architec-
ture and of Mechanical Engineering, the Section of Graph-
ics has been asked to prepare an exploratory nine-hour
per week course for a full year to be required in certain
areas in place of our current six hour courses in engin-
eering dravicg and descriptive geometry. As you will sse,
the latter are not to be left cut but are to be used as
tools in the developzent of the ability to obsorve and of
the senes of fora and design. [ can do no better at this
time than to quote portions of the statement of the pur-
pose of the course so far as we have as yet developed the
idea, The course is to be called "Fundamentals of
Vision,"

"Proposed herewith is a nev presentation of first-
year subjects in Graphics, oriented tovard conmunication
of fora through graphic ceans, and intended for all stu-
dents who wish to learn the fundamentals of the language
of representational draving.

"This proposal is made in the belief that draving is
as important to its sphere of ideas as wvords, pathepati-
cal syobols, and nusical notation are to theirs, The
visualization and cornunication of fora are basic in the
design of ecivic patterns, bullding, engineering struc-
tures, and integrated engzineering asseoblies such as
transportation units and other industrial products. . . .

“The term draving is here intended in its brozdest
gense, and iceludes mechanical as well as freehand, fac-
tual as well as interpretive, reports of foram observed
and also records of iwagiped forms. . .

"Instruction technique would pake use of subject pa-
terials such as natural foras, geozetrical objects models
of line systens in space. . . . Principles of descrip-
tive geonetry will be ueed for the apalytical dissection
of space structures. A thorough grounding in projection
systens is needed, beginning with orthographic and pro-
ceeding to isozetrie, cut-avay, ard perspective methods.

"Concurrently with anazlytical and geozatrical work
the student would be given practice in the freehand draw-
ing directly from observation &0 that he may develop con-
fidence in his ability to make potes on what he sees
about him, relating this technique to the projection
principles of the abstract studies.

- "Practice in outline dravipz would lead to exercises
in the evocation of surfaces and textures of materials,
apd later to the usos of light and shade in the depiction
of fora in spice. Parallel exercises using the same sub-
ject-matter for drawings having different purposes will
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help give the student a concept of eeans at his dispo=al
for differential delineation such as the following; draw-
ieg for accuracy of dieension and coapleteness of detall;
for tactile qualities of the materials; for photographic
realisn; for epphasis on structural qualities; ard slie-
plification or distortion for interpretive purposes.

"Teaching would be conducted im such a way as to
convey the idea that cechanical draving and the freer
kinds of represcntation differ only in purpose and eethod
and can be mixed when needed. An important objective of
the course would be to develop experience with different
pedia and judgment in adapling the medium used to the
purposes of the work. Lettering should be studied
as a ceans of developing sensitivity to line and propor-
tien. . . .

“The purpose of this version of Graphics is to give
{students) a rudieentary understarcding of the importance
of conaunication through vislon and an elementary vocabu-
lary for the developzent of later skill in expressing
thelr ideas about form,”

It should be cobvious that this bears out much that I
have said about the trends of engineering education.

Note that epgineering draving and descriptive geoze-
try and a thorough understanding of projection systens
are included as analytical tools in the world of visual
understanding. They in a sense are the disciplinary ele-
eeats in developing the ability to observe and in cozmun-
icating such observation for a varlety of purposes of
vhich accurate description for panufacture is but one,

Consider here the application of the project method
to some machine. The student would be required to draw

it "for accuracy of dimension and coapleteness of detail”,

He would also be required to analyze soze features of it
by veans of descriptive geozetry. He would thenm have to
draw it "for photographic realiea”, in other words make a
good pictorial. Furthermore he would then braoch into
the freer area of draving it "for tactile qualities of
the material”, "for emphasis of structural qualities” and
for "sieplification or distortion for interpretive pur-
poses.” Here cholee of epedia and judgeent about emphasis
would coze into play. Ability to observe accurately and
coapletely would be at a high premium, The student would
undergo a successive shifting of his focus of attention
and becoze conscious of the surprising multitude of ways
in which the same thing can be observed, This is the
basic way to lncrease avarepess.

If we give this course it is going to be a very dif-
ficult job at the outset but it seens to pe to be one of
the eost stioulating challenges that we could possibly
face, At aoy rate we have here a second new area to ex-
plore, another wide open world into which we can expand.

This highlights one other possibility that needs
further eaphasis. [t has priearily to do with the de-
velopzent of the capacity to pake good judgments. I
gpoke earlier of iemersing the student im an unknown
world and letting him sork his way out. 1 also mentioned
that judgment is a faculty shich cozes into play most

strongly when only relative answvers are possible, shen
information is incoaplete or over-abumdant. I also =aid
that atteapts to teach judgeent have developed the de-
vices of the project method and the case eethod,

Now engineering draving is ideally suited to the
project egethod, It can require judgoent concerning what
to drav apd how to drav it. To take the drawing of the
sinple pachine eentioned above, we might =ay that the
student is required to pake all the judgments concerning
its draving for panufacture, its draving for explaining
how it works, and its draving for purposes of sale., A
draving project course in which the student did one such
coaplete job could very well follow whatever elecentary
wvork we might give.

To recapitulate we night say that we have three
broad areas of operation.

{1} Qur present eajor work of teaching engineering
draving and descriptive geozetry for the direct purpose
of developing coapetent draftssen, and giving the engloeer
a basic tool of his profession.

{2) The teaching of analytical graphics as a power
tool of intellectual attack on physical probleas. Fur-
therezore this offers us a eajor field of research for ex-
tending the horizons of our knowledge.

(3) The teaching of the ability to observe and a
sense of form and design, - the developzent of creative
ability in the whole field of visual representation,

Coupled with these is the possibllity of pew devel-
opzents in the cethodology of developing good judgment
through the project method and the case method.

All that I have said has been cast in teros of en-
gineering educational philosophy. Much of it is impos-
sible for emost of us to put into practice under existing
conditions., Nor do I believe that any of us are now
equipped with the staffs to do more tham make a start,
for po matter how coapetent men may be, pmuch supplemen-
tary training and experience is alvays necessary for even
the best of them to proceed coapetently into pew areas.

It should be pnoted, however, that one of our prob-
lens has alvays been the developzent of a wide epough
scope to attract first-rate young een into our field and
to hold them there once we have dope so. It certainly
seens to ee that the broadesed outlook 1 have attempted
to outline should offer a challenge worthy of such young
pen. It his room for those of us who enjoy the disci-
plined perfection of engioeering draving, for those who
enjoy the analytical challeoge of exploration in pew
geometric, graphics theory, and for those vho are visual-
1y minded arnd enjoy the subtleties of percepticn involved
in fora arnd design.

I urge on you only the stubborn insislence that all
geozetric processes, that all thiogs visuval, that all
things involving fora and structure belong to graphics
and that the teaching of then in thelr elecentary and ab-
stract phases must be our over-all goal if we are to con-
tinue to grov with engineering education.
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PROBLEM BOOKS — YES OR NO

by

Professor Irwin ¥Wladaver

and

Professor lewls O, Johnson

College of Engineering
New York University

At least twenty-five thousand engineering college
students of drawing use problem layout sheets, according
te vell known publishers. If to this nusber you add the
students who use sheets that are not published, forty
thousand would not be a wild guess. And if to these you
add students using problem books in junior colleges,
technical institutes, and teachers' colleges, a good es-
timate may be about sixty-five or sevenly thousand.

Such pear-unaniomity in the use of problem books is
startling. The advantages to englocering dravwing teach-
ers are quite clear and need no defense., Bul how about
the students? It has hardly been definitely and public-
ly established that students learn more engineering draw-
ing when they work with problem books and partial layouts
than when they start froa scratch and solve problens that
they have to lay out themselves.

It seens rlght to say that it is our professional
obligation as teachers to publish all facts that should
influence our teaching procedures, If we say that stu-
dents learn less when they use problem books, we should
have some evidence to substantiate the claim. Asser-
tions are not enpough. If you say that students learn
pore when they use problem books, you should be able to
support your position with facts, It is true, of course,
that not all assertions are susceptible of proof. But it
is also true that we ought to fird every scrap of pertin-
ent evidence and subait it to publie serutiny, letting
the chips fall where they pay,

Here are some scraps of evidence. You be the judge
of their perticence and value. At the XNew York Univer-
sity College of Engineering, beginning freshean take a
105-hour course in engineering drawing. Before September,
1950, we had never used problem layout sheets in this
course, In the year ending in May, 1950, we had records
of 360 students who had conpleted the course in the Day
Division. They had taken four "objective™ quizzes during
the term. Of these students, 568 (15.6%) had done so well
on thelr quizzes and laboratory work that ve excussd them
from the final comprehensive "objective” examination.

The repainiog 304 students had to take the final examina-
tion. Let's call these the A-group, the group that did
not use problea books,

Ye decided in Septenber of the =ame year, 1950, that
we'd give problem books a try. ¥e selected a set that
geeped pretty close to the kind of work we had given in
the past year, ¥e used the sace textbook as in the year
before; we uced the same teaching staff; we gave the sace
lectures, shoved the sape glides and movies; and we gave
the same four objective quizzes during the tera, Of the
211 etudents that finished the course in the Day Division,
18 (7.6%) were excused froa the final exam. The resain-
ing 195 students took the same flonal coaprehensive objec-
tive examination that we had used the year before. Let's
call these the B-group, the group that did use problea
books,

¥hich group, A or B, eade higher scores on the exan-
ination? Before we tell you and before we try to analyze
the results, there are certain assunptions we must make
if our conclusions are to have the slightest validity,

The assunptions are these, that:

1. The tvo groups were about equal in whatever it
takes to learn engineering draving.

2. They had about the sape background in the subject
vhen they came to college.

3. The quality of instruclion to both groups was the
sane - equally good or bad - and that the in-
struction was not biased in favor of or against
problea books,

4. The four in-term quizzes had the sare effect on
the ivo groups in preparation for the final exam-
ipation.

5. The problem book we used was a representative
sanple of available epaterial of that nature.

6. Exeoption of the "better” students did not mate-
rially affect the relative achievement of the Lwo
Eroups.

7. The final examination was not prejudiced im favor
of either group,

8. The final exapmlnation was a reliable and valid
peasuring instrusent for our purpose.

9. Higher scores on the final exesmination represent-
ed more learning of the subject of engineering
draving.

How if you grant these assumptions - and there's no
reason why you must - you may drav any conclusions that
seen loglcal, If you have any reservatlons aboul any of
the assunptions, your interest in comparing scores of the
tvo groups can be only acadeaic,

It pay cone as no surprise to you, although it did
surprise us, to fipd that the A-group, the group that did
nol use problea books achieved the higher scores. First
we'll tabulate the results and then analyze thea:

Day Students
A-Group: ¥Without B-Group: ¥With

problea books  problen books
Kusber taking exam, . . . 304 195
Susber exeapt , , . ., , . 56 16
Mean Score, . . . « . . . 83.2 points 77.4 points

Standard Deviation, ., . .
Standard Error of the Mean.

¥ 23.7 points % 24.4 points
%+ 1.8 points * 1.4 points

Difference between eeans = 5.8 points
Critical ratio = 2.54
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At first glance, the difference of 5.8 points between
the eeans of the two groups scems small. But a statisti-
cal apnalysis of the scoriez is revealing, The standard
deviations, or what you may call the general dispersion of
the scores, are alvays leportant. They disclose how
closely scores tend to cluster about the gean. When one
group has a higher eean than acother group, you might
perhaps expect to find the scores of the high-scoriog
group core widely dispered. But in this case, it didn't
happen. The interpretation would be that the students
who worked without problen books tended to cluster their
scores just as tightly about the higher epean as the stu-
dents who worked with problen books clustered zbout the
lover mean SCore.

A statistical eleeent that carries great welght in
an analysis of the achievezent of two groups is known as
the "critical ratie,” It is a ratio that suggests the
degree of statistical significance attributable to a dif-
ferepce betseen two peans, As we said earlier, the dif-
ference between the means of the A- and the B-groups was
5.8 points, The critical ratio of this differerce turas
out to be 2.5, a ratio of fairly substantial eagnitude.
¥ith such a large nunber of students as we had, anpd as-
suning poresal distribution of the factor under investiga-
tion, we have the right to say that the chances are 82 to
1 that the difference was not due to chance alone, We
can't =ay for sure that the A-group scored higher just
becaus2 the students did their osn layouts, But we can
say that shatever the cause was it was pot sheer chance.

Yet if all this is =0, how do you account for the
exactly opposite result that came out of a study of
scores pade by tvo groups of Evening Division students?
Again, we had two groups of students, The group we'll
call the AA-group, 116 students, worked without problea
books. The BR-group, 115 students, worked with problea
books, the same sot we had used in the Day Division
B-group.

Evening Students

AA-Group: Without BB-Group: With
problea books problen Books

Nurber taking exam . . . 116 115

Number exeapt. . . . . . 45 25

Meap Score . . ¢ . . 0.4 points 79.8 points
Standard Deviation ., . ., t 24.4 points t 32.8 points
Standard Error of the

Meam, : . 4 « s s'aa o ¥ 2,3 paints + 3.1 points

Difference belseen eeans = 9.4 polints
Critical ratio = 2,51

This time the BB-group, using problem layouts, out-
scored the group that did not use ready-rade layouls.
Furtkercore, the eritical ratio suggests that the differ-
ence was probably not due to chance.

The tepptation to drav inferences and conclusions is
very great but it would certainly be hard to support them
with the relatively ceager inforeation we now have. Never-
theless, we shall pake a few statemeats that may possibly
be true if the original assunptions we have pade or im-
plied are acceptable. These statezents pay very well be
considered hypothesss for further and more scientific
study of the value of problea books in the study of en-
gineering draving.

1. ¥hen you have a cosparatively homogeneous group
of students just out of high school, your students
¥%ill learn more about engincering drawing if they
do not use problen books but do their own layouts,

2, The scores of such a group as a whole will be
pore coapactly clustered about the eean of the
group if problem books are pot used.

3. But when you have a pore heterogeneous group of
students such as you are likely to get in evening
gchools of enginecering, your students will learn
wore when they work with problem books than when
they do their cwn layout work.

4. Even though the mean score of evening students
will be higher with problea books that without,
thke dispersion of the scores will be wider when
problen books are used,

One of our assunptions was that the exenption of the
better students would not materially affect the relative
achieverent of the students, Ye feel iapelled, however,
to point out that the greater percentage of exeopted stu-
dents occurred in both the day and eveniog groups that
did not uss prepared layouts., It seems almost ipevitable
that had their scores been avalilable, the groups pot
usipg problenm books would have shosnm to even betler
advantage,

¥e are pot deluding curselves for a minute with the
thought that we have settled anything. We expect to be
challenged, and rightly so, for the problen is ipportant.
If other teachers are interested in-planning a eore
thorough study of the effectivepess of problea books,
we'd like to know. Perhaps we can help prevent soze of
the errors that are evident in wvhat we have done so far.

Ooe thiong se are sure of, It is this: In cur ef-
forts to prepare young men and wozmen for careers in pro-
fessional engineeriog, we must do everything we can to
lay the best possible foundation for future actica - the
foundation of greater knowledge.

DRAWING COMPETITION

CHICAGO =-=- Cash awards, slide rules, drafting equip-
pent, and tvo one-year scholarships to I[1linois Institute
of Technology will be awarded as prizes in the fourth an-
ual Chicago Public High School drafting coapetition,

The contest, sponsored by Illicois Tech's departeent
of technical drasing, w111 be divided into five different
coapetitions. The first is for 1B and 1A students in
Drafting 1; the second for 1A and 2B students in Drafting.
2; third for 2B and 2A sludents in Draftiog 3; the fourth
for 2A and 3B students in Draftiog 4; and the fifth, in
advanced machine drafting is open to students enrolled in
drafting courses up to and including the 4A screster.

A
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PERSONALITY SKETCH OF
PROFESSOR RALPH S. PAFFENBARGER

Professor Paul E. Machovina
The Ohio State University

Hany who attended the gathering of the Draving Divi-
sfon at East Lansing, Michigan in 1851, were inpressed by
the fine program presented and by the ease with which it
was conducted., As Director of the peeting and Chairzan
of the Division at the tiece, Professor Paffenbarger de-
serves much of the credit for the excellence of this
meeting., It is characteristic of hin, ¥hen confronted
with such a project, to devote his tiee, energy, and
abilities without reserve toward the success of the ven-
ture. Plans prepared in detail are carried out with a
vigor startling to colleagues and disturbing to subordin-
ates wvho omust hasten to keep up, To persons working with
hin, Professor Paffenbarger seens twenty years younger
than his calendar years because of his energy and because
he looks like a young man., His whole life has been built
on young ideas, friendliness, and a willingness to help
others; consequently, his contributions to the life and
welfare of his university, and to technical and civiec or-
ganizations reach a considerable pagnitude.

Coupled with the abllities and energy of Professor
Paffenbarger is a personal friendliress and lack of false
dignity which induces friends and subordinates alike to
affeclionately call hin "Paffy."” His slncerity and in-
terest in students is characterized by his being the re-
cipient of a fine brief case--a gift of appreciation by
one of his classes. The narrator knowss of no sinilar in-
stance occurring im our Depariment. Sipilarly, he knoss
of no closer knit family than that of Professor Paffen-
barger, and must repark upon the close relationship ex-
isting between Pafiy and his sons--one which is enviable.

The character, personality and abilities of Frofes-
sor Paffenbarger are those of a fine adninistrator; that
he has developed and built on these fundamentals success-
fully is shosn by the positions of responsbility ke has
been given in the pany comaittees and organizations with
vhich he is associated. No better example of his adnin-
istrative ability can be cited thanm his leadership as
Chairean of the Departeent of Engineeriog Drawing at The

Ohlo State University, a position he assumed in 1944,
Figuratively speaking, stepping into the shoes of the
foreer chairean must have required courage, inassuch as
the forzer exccutive had been Dr. Thozas E. French, & na-
tionally konown figure, who had guided his departeent to a
respected position in the field of engineering draving
education. Under Professor Paffenbarger, the department
has continued to advapce and to palntain an eninent posi-
tion, [Individual dnstructors are given important re-
sponsibilities and encourageénent toward self-improvezent,
and in fulfillirg these have surety in the knowledge that
Paffy will press higher authorities for perited recogni-
tion, He early instituted important isprovements and ex-
pansion of thke physical plant. It is poteworthy that
without thess expansions, the handling of the "GI influx"
would have been considerably pore difficult. At its peak,
the staff of the Engineering Draving Departeent reached
fifty meabers where the experienced teachers traiped the
new instructors and what might bave been a chaotic situa-
tion becane 2 well-organized project under Professor
Paffenbarger's guidance.

The son of a dentist, Ralph Seal Paffenbarger- spent
his bojhood in the town of McArthur, Ohio, whore he had
been born April 25,1884, Following graduation from high
school, he entered The Ohio State University froa which
he later received the degrees of Bachelor of Electrical
Engineering, Bachelor of Industrial Engineering and Mas-
ter of science. His first experience in teaching was
with the Chillicothe {Chio) High School where he taught
pathenaties and drawing fron 1915 to 1917; simultaneously,
he was enployed as an engineer at the Mead Pulp and Paper
Coapany. Following this, Paffy accepted an engincering
position with the Ohio Fuel Gas Company of Colusbus,
Chio, where ke vas employed until 1919, except for mili-
tary service during World War 1, During the war he
gerved as Lieutenant of Infanitry, and at the close was
Instructor im Szall Aras at Caup Lee, Yirginia., Accept-
ing an instructorship in Engineering Draving at The Ohio
State University in 1919, he eabarked upon the principal
work of his lifetive. Prozmotions in rank were received
regularly with that of full professor in 1936. As has
been pentioned ke was pade Chairman of the Deparleent in
1944, and costinues to serve in that capacity. This year
¥lll s=e the conpletion of thirty-four years of continu-
ous service to Ohio State.

Unirersliy and engineering faculty comnittees on
which Pafly is serving or has served include: Chairean
of the Conmencepent Commlttee--seven years, Athletic
Board--Secretary for three years, University Scholarship
Coznittee, Audio-visual Materials Comanittee, Chairzan of
the Diplosa Cosaittee, Chairean of the Lamme Medal Con-
pittee, Chairman of the Ohio Section ASEE Comaittee, Col-
lege Agenda Comaittee, and College Schedule Committee,

Professor Paffenbarger has also given considerable
gorvice in office and on cozaittees of the ASEE and the
Averican Standards Association. For the ASEE, these in-
clude: Executive Cozaittee of the Drawing Divislon,
Chairnan of the Advanced Credits Committee, Chairman of
the Engiceering Drawing Division, Meaber of the General
Council, National Menbership Comaittee, and Director of
the Engineering Draving Suezer School in 1851, Cozait-
tees for the Acerican Stapdards Association include:
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Gtandard for Dravirg and Drafting Practice (Y-14), and
Standard for Graphie Presentation (V-15); in addition, he
is Becretary of the Y-14 Cozaittee, Secretary of the Y-14
Executive Comnittee, and Chairoan of the ¥Y-14 Editing
Conaittee,

His menberships and activities in honorary, profes-
slonal, social, and fraternal erganizations and listings
include: W¥ho's ¥Yho in Engineering, Tau Beta Pi, Alpha Pi
Mu, Phi Kappa Tau, AAAS, ASEE, ASME, Regislered Engineer
{State of Ohio), American Legion (Cozsander 1945-46), Ohic
State University Faculty Club {President 1949-50), Rotary
Club of Colunbus, University Lodge 631 FeAM (Past Master
1931}, York Chapter 200 RAM (Past High Priest 1932), York
Council 115 RL5M (Past Master 1938), Coluchus Cozzandery
Ko, 69 K.T., and Scioto Consistory AASR,

In the field of authorship, Professor Paffenbarger
has prepared a nunbter of articles and papers on the sub-
Jeet of Engincering Drawleg and on the adninistration of
4 draving department. He has contributed to textbooks

dealing with his field such as "Mechanical Drawing” by
French and Svensen and "Engineering Draving" by French,
and assisted extensively in the last iwo revisions of the
latter text. He served as a technical advisor in the
production of a series of cotion pictures and film strips
uged in the teaching of engineering drawving.

Professor Paffenbarger married ¥iola Link of Sandus-
ky, Ohio, Noveober 4, 1918, They are justly proud of
their three children, Ralph, Jr., Toa, and Carolyn, and
their four grandchildren. Ralph Jr,, is a surgeon with
the U.5. Public Health Service and on the Research Staff
of Johns Hopkins Hospital in Balticore, Maryland; Toa is
a practicing attorney in Norwalk, Chio; and Carolyn is a
senlor in High School in Columbus,

Ralph Paffenbarger, with his eany fine qualities, is
a eodel one pight follow for a successful life. He can
w21l be the sslection of all who know him as their exan-
ple of clean living--a real gentleman, Ralph Seal Paffen-
barger.

AN INDEX TO THE PAST AND TO THE FUTURE

by

Irsin ¥ladaver

If an index has no purposse except to refer to past
publications, then there's nothing left to say. A1l we
can hope is that it's reasonably coaplete and accurate,
that the headings are wisely selected, that there are
enough but oot too many cross-references, and that the
conpiler knew the alphabet,

But in ny opinion the recently distributed index to
seventeen years of the Journal of Engineering Draving can
be a nine of ideas for future publications. All you have
to do to exploit it is to dig a 1ittle, 1'11 explain
what I eean in a minute.

First I want to say that the past 48 issves of the
Journal are a veritable treasury of valuable inforeation
and ideas, I know, because I had to read many articles 1
had never £een and pany that [ had brushed off. In order

to index them, I sinply bad to know what was in thea,

How, for exanple, would you classify an article with
the apparently silly title, "Quinine”? Wwell, get your
hands on a Deceaber, 1938, Journal if you want to know
how industrial firas appraised our students sevenleen
years ago. Do you think their attitude has changed much
since them? Ask Professor Levens; he wrote the article
(but 1 have no way of knowing whether he gave it the not
s 111y title),

¥ould you like to get stirred up about =ome of your
pet ideas about the education of engineers? Read what
Professor William Grisvold Snith had to say. Chances are
you'll want to pound oo your typewriter in agreecent or

in rebuttal. Professor Slantz and others usually did,

1 sa2id a minute ago that you could dig out soze
ideas to write aboul. 1'11 be specific and, I hope,
challenging. For example, an early contributor to the
Journal, Professor Eks, was practically vitriolic im his
condennation of problem layout sheets in descriptive
geozelry. {(You can find the reference in the Index.) ¥Was
he right to condemn thea? Did he try them out? Did he
refuee on principle? WYere his assunptions acceptable?
Do you use layouts? Why? Is it just a lazy teacher's
way of getting through a genester with a minioun of
exertion?

Most of all, do you have any facts. Facls, not
guesses, Or how qhuuld st get the facts? Or isn't any
of this worth ifovestigating and reporting? Is the line
of least resistance a straight line?

Are you interested in visualization - that almost
oystical ability that soze people claim §is delivered
along with the final grade in descriptive geometry? Has
any expericenting been done? Do you have some facts,
sone ideas, some objections?

Do we really know what we're doing when we give ex-
aninations? What are we examining? Should we give exans
at all? Vwhy? And what is a reliable exan? A valid ope?

The point I'm trying to make is that of course you
can use the Index to see what's been said and what's been
done., But if you look carefully, you can see al the same
tize what has not been said and what has not been done.

Haybe you're the one to say it, Maybe you're the
one to do it., How about ity
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ACCURATE REPRESENTATION OF CIRCLES ON PICTORIAL DRAWINGS

Professor 5. B. Elrod
Purdue University

One of the oldest problems confroating those of us
engaged in making pictorial dravings is the pleasing, ac-
curate, econoaical represeatation of curves - particular-
1y of circles, The novice in this field usually learns
soze of the conventional pethods apd is pleased with the
result. The practitioner probably uses tesplates in
nearly all cases. However, soze of us do not have team-
plates and often the templates do not fit, then it be-
comeg necessary to use some form of accurate construction,

Fig. la

The saddest case is that where accurately constructed el-
lipses, produced either graphically or by teaplates, and
conventionally produced curves appear on the same drawv-
ing; the result being, to say the least, unpleasant to
the practiced eye,

Filg. la represents the npormal view of four tangent
circles of equal diameter. Flg. 1b shows these four sape
circles in isopetric, drawn accurately by the conventional
four-center or "¥" pethod, It may be noted that besides
producing an unpleasant shape these circles are no longer
tangent, but due to the inherent distortion of the eethod
they either intersect or miss completely. This same dif-
ficulty occurs often, particularly in schematic piplng

diagrans, gear layouts, ete, Fig. le shows this same sat
of circles constructed fros their eajor and minor diame-
ters. Not only are the individual circles nore pleasiog
to the eye, but this draving shows them in their proper
relation to each other.

Many methods have been proposed to ioprove the ap-
pearance of =0 called ellipses shich are drawn with con-
passes using several different radii. Most of these

Fig. 1b

eethods appear cunbersoze, hard to rezepber apd teach,
and require extreme accuracy. As a result of our effort
to find a sinple, easily reseabered, and easily taught
construction we feel that the following presentation will
fill a great gap in the field of pictorial drawing.

DETERMINATION OF AXES AND CONSTRUCTION OF ELLIPSES FROM
CONJUGATE DIAMETERS.

The magnitude and position of the major and minor
diaceters of an ellipse may readily be determined froa
any- known pair of conjugate diaveters as shown in Fig, 2.
This method is given in popular texts, therefore details
and proof are onitted here.
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Fig. 1c

Glven the conjugate diameters 1-2 and 3-4 with their
center at 0, Drav the clrcle having 3-4 (short dia.) as
its diameter and drav a-b, another diaceter of the circle,
perpendicular to 3-4. Copnect a2 apd b to either end of
the loog diameter, 1 in this case. Using point 1 as the
center, sving the arc of radius 1-a, locating ¢ and d on
line 1-b. b-c represents the magnitude of the eajor ax-
ig, and b-d the mipor axis of the ellipse. Bisect the
aogle b-1-a; the major axis will be parallel to this bi-
seqtor and thru the center 0. The minor axis is, of
ccpurse, perpendicular to the major and thru poimt 0.

¥hen the koown conjugate diameters are equal in
length, as in the case of an isometric, oblique, or the
one face of a dieetric draving, this construction is a
bit simpler. In Fig. 3 the diapeter a-b is drawn perpen-
dicular to 3-4, and polnts a and b are connected to one
teralous of the other conjugate diapeter, The magnitudes
of the diameters are determined as before, The bisector
of the angle b-1-a will obviously be parallel to the bi-
sector of the acute angle between the conjugate diameters,
consequently this operation pay be onitted.

It can readily be proved that for any s2t of conju-
gate diaceters the line d-1 will always intersect the
rajor and minor axes at 45°. Furthersore the mid-polnts
of segments b-c and b-d will alvays lie on the major and
minor axes respectively. If a lipe were to be drawvn thru
polot 2 at 45° to the axes the distances froa point 2 to
the eajor and mipor axes wlll be exactly the saee as
those found by blsecting b-c and b-d. Thus the entire
process may be discarded, and the pame results obtaiped
by sinply draving the 45" line 2-r-s as shown in Fig. 4,

The construction may be even more sieple when draw-
ing 1sonetric ellipses, In Fig, 5 the directions of the
pajor and the minor axes are easily deterained for the
e¢llipses in all three faces.

The line 2-r-s is dravo at 45" to the axes. The
distance 2-r 1s the magnltude of the eenml-mlpor, and 2-8

the seni-major axls,

Gince the major axls on the top face is always

Flg. 2

horizoatal oo invelved apgular eeasurements are required,
sinply use the 45" triangle and draw the line directly.
If ellipses of the same size are to be dravn in other
faces, the sape pair of measurezents may be used, How-
ever, If It is necessary to perfora this construction in
either of the other faces the lipe can be drawn at 75° to
the horizontal, sioce the major axes alvays slopes up at
60°,

Having deternined the location and eagnitudes of the
axes the ellipses may be constructed by any desired means.
For pictorial use the tramsel pethod and the concentric
circle constructlion are quite satisfactory. Wwhere tem-
plates are avallable they eay be selected to fit the dia-
reters deterained and used without any further construction.

A trapzel may be constructed directly from this lime,
as indicated in Fig. 4, and used to plot the ellipse, or
the distances 2-r apd 2-5 pay be used as the radll of the
circles to construct the ellipse by the coocentric clircle
pethod, For the sake of accuracy we recozsend the use of
an "outslde™ or "loog" trammel, i,e., the sun of the
semi-axes, rather than the short trammel shown.

PARALLELOGRAM MWETHOD

The more universal parallelogram method is one which
lends itself well to all forms of plictorial drawiog. For
any set of copjugate dlameters, or the enclosing rhoz-
boid, the construction is ag shown Iin Fig. 6. This is a
coamon method found in many texts, therefore the follow-
ing explanation is quite brief.

Each half of the looger conjugate diameter is divid-
ed uniforomly and the halves of the short sides of the en-
closing rhoaboid is divided uniforaly into the same pus-
ber of parts. Lioes drawn from ooe end of the shorter
conjugate diaceter thru the points on the longer diaepeter
will iptersect lices dravn from the other epnd of the same
diapeter to correspooding points on the end of the rhoa-
bold {on the same slde of the long dlameter)., The dinter-
gections will 1ie on the desired ellipse; {for example,
line a-2 intersects b-2°, likevise a lice b-2 would in-
tersect a-2', and both points would lie oo the curve,
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The upper right quarter of this figure illustrates a divisions thus produced will all appear unequal in
graphical eethod of dividing the sides and dianeters in length, but will be in the proper proportion perspec-
the proper proportions by means of diagonals and paral- tively.
lels. ¥e recomzend that this scheme be usad in prefer-
ence dividers, etc. In the exanple shown each 'half® is quartered, thus

locating sixteen points on the ellipse, Additicnal

In the case of a perspective projection this graphi- points pay be found on any part of the curve by merely
cal eethod is almost mandatory. The parallels will of bisecting the distances between corresponding pairs of
course be drawvn thru the proper vanishing point. The points and draving another pair of lines,

\ \“—-._______.-"/
— EQUAL-BUT

LESS THAN 45°

Fig. 3 Fig. 4

Fig. 5
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THE UNIVERSITY OF FLORIDA
WELCOMES YOU
by

Professor George 0, Phelps

Many of the visitors to the University of Florida
next June, who are attending the Annual Meeting of the
Arerican Society of Engineering Education, will be re-
visiting a State where they have spent many delightful
days of vacationing, but they, and others who are
strangers to our State, will be surprised to note the
continually growing spirit of econcaic inportance, de-
veloped out of Florida's astounding industrial and
agricultural expansion,

The University of Florida takes pride in the

knowledge that it bhas pade and continues to make valuable
contributions to that growth. The University is happy
that the American Society of Engineering Education has
seen fit to hold their Sixty-First Annual Meeting in con-
nection with the Centennial Celebration of its founding.

The beginnings of the University go back one hundred
years, back to days when its first College of Arts and
Sciences opened in 1853. With the passage of the Morrill
Act, the College of Agriculture, College of Engineering,
and the Agricultural Experieent Station came into being.
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Il is a patter of special interest to educators that
as far back as 1903, the State Legislature wisely abol-
ished the then existing six State Colleges and provided
in their place two new institutions of which the Univer-
5ity of Florida is one. This Act of the Legislature pro-
vided for a Beard of Control for the tso newly created
institutions conposed of seven menbers représenting the
seven geographical sections of the State, all to serve
without compensation except for travel and incidental ex-
PEOSES.

Under the present program the University operates a
lower division and an upper division. During the first
t¥o years the student is given basic comprehensive
courses and essential background courses in preparation
for the specialized fields. The junior and senior years
are devoted to studies in the several specialized
courses. From a pre-war registration of 3,000 the uni-
versity has grosn until the student body now nunbers
nearly 10,000. The Engineering staff has increased to
approxievately 240, inclusive of the Expericent Station
pergonnel. It is interesting to note that there sere
twice as pany fresheuen engineers enrolled at the Univer-
sity of Florida in 1951 as coapared to 1241.

The University of Florida is located in Gainesville,
a city of about 30,000 people situated in the porth cen-
tral part of the State. Due to its location, you will
find it convenient to visit eany of Florida's unique at-
tractions, Fernandina, site of soze of Florida's cost
colorful history; Jacksonville, northern metropolis; St.
Augustine, Anerica's oldest city, with its ancient Span-
ish fort and historical buildiogs, its alligator and
ostrich farms, and museuns; Marineland, with its trained
porpoises and vast display of live marine life; Daytona
Beach, where auto and motorcycle races are run on the
broad saooth =ands; the Ringling Art Museum at Sarasota;
the sponge fleet at Tarpon Springs; mersaids at Weeki-
wachee Springs; water skiing at Cypress Gardens; the Bok
Towser; Silver Springs; the Pala Beaches; the Gold
Coast's faced Miaoi, and Key ¥West, ¥hite Springs on the
Suvannee River is the cite of the Stephen Foster Memor-
ial. Oae of the most unusual potor trips is that fron
Mianl to Eey Yest over 122 miles of the faved Oversecas
The Everglades National Park offers well-oarked
Tours of soze

Highway.
trails through a vast wild-1ife =sanctuary,
of thees points are being arranged for the conference and
College of Engineering staff renbers will be on hand to
help you plan your trip through the State.

The Campus of the University of Florida is noted for
its pales and pines. Although the pew buildings (Adain-
istration, Student Service Center, Enogineering, Gynnasi-
un, Doraitories) are modern, they are desigrned to blend
vith the original Gothic type of architecture. The Audi-
torium and many of the older buildings are traditionally

vine-covered. The Geperal Library contains over 500,000
books. The Florida Huseum, containing historic and
pnatural exhibits of Florida life, is located in the down-
tosn Seagle Building. An interesting area in the new Ad-
ninistration Building is the Florida Center of Clinical
Services. The Cancer Research Laboratory is engaged in
inportant sponsored research, On and off canpus, the
Agricultural Experiment Station covers about 7,500 acres,
Florida Field Stadiua seats approxireately 40,000 people,
The Gynnasium has a Eapacilr of about 7,000 people. The
Florida Unicn is the official center of student activi-
ties. The pew air-conditioned Student Service Center is
a gift of the alumni and houses "The Bub” soda fountain,
thke Post Office, and the Canpus Bookstore. Here you pay
leave your laundry and cleaning for 24-hour service,

The facilities of the Engineering Experiment Station
include all of the equipzent of the College of Englneer-
ing mow valued at about $3,000,000. When coapleted, the
new Engineering Building will cover 230,000 square feet,
This will provide Electrical, Mechanical, Industrial,
Chenical and Civil Engineering laboratories, classrooas,
administrative offices, and the air-conditioned Engineer-
ing Sciences Library. Aeronautical Enginecering and the
wind tunnels are located inm the Hapgar. Nearby is the
Radar Toser vsed for hurricane detection. Incidentally,
this service to the State has saved lives and dollars and
s2ens to have driven the storas away from Florida.

Although Florida deoes enjoy mild wioters and pade
its reputation as a winter resort, the State is fast be-
coning one of the pation's most popular of suczer vaca-
tion lapds. Suenzer nights are cool following the wareest
days, xcasionally supzer heat waves froa the North and
¥est penetrate into the Florida pepniosula as do pation-
deep cold fronts of winter; but when it is unconfortably
wara here, it is iovariably warcer there; and shen it is
chilly here, it is puch colder there. This statezent can
be verified in the seather report io your daily newspaper.
Last year nearly 1,500,000 tourists cace to Florida in
nidsuezer for rest, recreation and physical refreshuent.
Kearly 2,000 niles of salt water shoreline are crowded
with carefree vacationers. Fishing is at its peak in
gome 30,000 fresh water lakes and rivers as well as deep-
sea angliog and the popular surf-casting. The Annual
Tarpon Roundup at St.Petersburg runs from May through
July.

The plans for the June Convention include a varied
progran for the ladies, Supervised nursery and play-
ground facilities will be available, as well as a list
of "sitters.” ¥e hope you plan to bring the family and
enjoy. a real Florida vacation. Oace you get Florida =and
in your shoes, we know "you-all” will come again.
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SIMPLIFIED CALCULATIONS FOR SPACE PROBLEMS

by
Robert M. Johnston, Instructor of Drafting
California State Polytechnic College

There seens 1little doubt that space problems com-
fronting the practicing engloeer are eost satisfactorily
s0lved graphically by applying the principles of descrip-
tive geometry. These graphical solutions usually require
ouch less tiee than calculated results and yet, with rea-
sonable care, slide rule accuracy can be expected,

On occasion, however, there will certainly occur
problens that require precise matheratical treateent, 1In
these cases, recourse is usually eade to solid analytic
geozelry, requiring considerable ipgenuity and mental
gyonastics to cope with the varied situations that arise.?

Possibly, we are overlooking an equally effective

mathematical approach to these problems which requires no

nore than a knowledge of descriptive geozetry plus ele-
pentary trigonozetry. It should be satisfying to the
student to know that ke can obtain precise pathepatical
results for his space probleas without beconfng involved
in higher pathematics,

Since orthographic drawing pertains to right angles,
i.e,, outually perpendicular iwage planes and lices of
sight, one might suspect that space problems solved by
nulti-view projection can be broken downm into right tri-
angles, This appears to be true, and will be the basis
for solving tvo typical descriptive geometry problems.

First of all, a graphical solution of the problem is
nade, This serves as a picture on which to record calcu-
lated apgles and distances. As each calculation is con-
pleted, it is coovenlent to scale the drawing for thess
angles and distances as a rough check on calculations.
Although only right triangles are encountered in these

/_——. "i\‘yw ~ aﬁ‘ufb‘ry Ly
e
. S

/ff IAR\'\ ﬁ-..____d‘.f’
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\ “’q'"i b
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Fig, 1
(Graphical Solution)

exanples, ability to handle simple graportlou involving
similar triangles and a knowledge of the sine.and cosioe
laws is aleo useful, It is foportant to realize that all
calculated angles and distances are gra!ected angles and
distances, having no spatial significance except on the
ieage plane whkere they appear.

The pictures included show for each problea? the
graphical solution before and after the pathematical
treateent, The progressive steps are nusbered and shown
near each calculated result; the order of the steps might
vary slightly with the individual, but must proceed froa
the original given vievs to the auxiliary views, and
sozetives back again, much in the sace order in which the
graphical steps were performed.

PROBLEY ONE
Connect skewed pipe lines AB and CD using two 45" el-
bows. Usipg centerlines coaly, fied the twvo polnts of
connection, apd the true length of this connecting

pipe.
CONDENSED SUMMARY OF CALCULATIONS
Assume the cope diameters to be 4.0000°, Then the alti-
tude and base radii of the cones as seen in the plan view
will be 2,0000°,

Step (1} By inspection, this angle is exactly 30°, since
the copes are the same size and c;k; must bi-
s2ct the angle formed by the slant heights of
the cones, More calculations would be pecessary
if the copes were not the sace size, i.e., el-
bows with different bend angles,

Step (2) Distance = 2.0000 x tan30®
1.1547"

i
Zﬁ»
U

(o

Fig. 2
{HMathepatical Solution)

1 Professors Hzod, Wellmman, and etlers in their texis soggest a formula from solid geomelry for calcalatling ke distance belween two poinls in space.
This I8 most asefel for fisding the troe lengths of lines and the angle between intersecting lines,

2 Froblems 9-16-23 ard 9=T=1, Applied Descrelptive Geomelry, Jrd. Editica, F M, Warner,
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Fig. 3
(Graphical Solution)

Step (3) Distance = (237 —(1,1547)
= 1.B330"

1,6330 4.8333
Step (4) 7 1547 “distance

Distance = 3.4176°

3.4176 ,
Sos30" © 3.94863

Step {6y Distance = 3.4176 » 2 = 6.8352"

(Similar triangles)

Step {5) Distance

Step {7} Distance =  (4.8333)? + (6.8352)7
8.3714"'

i

- "
R A e

Fig. 4
{Mathematical Solution)

FROBLEM TWO

Find the slope and bearing of the shortest distance
from point D to plane ABC.

The two exanples shown in Figures 3 and 4 illustrate
the general method of attack that can be used on descrip-
tive geozetry probleas whenever caleulated results are
necesgsary. Obviously, this is not a short-cut method;
there is nothing particularly meat or refined about the
golution. In its favor, however, I mention a few points
for consideration.

15

Yhen studying descriptive geometry, the conscien-
ticus student is more likely to be satisfied with
his own progrees 1f he knows at all tices he
could apply sinple trigonomeiry directly on his
draving and get an exact answer.

The graphical solution can be scaled for a step-
by-step check against obvious errors in calcula-
tions.

It seeas doubtful that the average englineering
student has the necessary background in solid an-
alytic geometry and calculus, and possesses the
ingenuity to quickly set up equations for the
varied situations as they occur.

For the practiciog engipeer whoss routine work
geldoa calls for the exact answer to a descrip-
tive geozetry problem, here is a method that is
readily understandable, and is applicable to
practically any situation that might arise.

{UU= 210
310 dist.
Distance = 162.75"

Step (1) (Sinllar triangles)

100  dist,
'ETE"liT.ESISIHilar triangles)

Distance = 52.25°

Step (2)

Step (3) tan of angle = %%;f%%
Angle = 42" 57' 03"
Note: This angle fixes fold--
lice 1/3 as well as the bear-
ing of the required perpendic-
lar.

= 0.93095

Step (4) Projected lengths seen in plan
view:

byey = (110) 7 + (310) T = 328.94°
a0y =W=EW.BE'
¢,d, = /(310) ¥+ (160)7 = 348.86"
Step (5) Angles with respect to fold-
line 1/2
tmibﬁ1=%%;£=m'3w 12"

340

tan/ayeq =5o5; £ =29" 57' 13"

310 ' & "
tlﬂ,{t‘jd| =m; £=62 42 00
(Continued on page 24)

Ackrowledgement is doe Professor Frank M, Warcer of the University of Washingten for his origiral thicking ard encoaragemart that prompled me

to prepare this paper.

}
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ENGINEERING

«a new Bih edition
DRAWING

Freneh & Vierek’s

ENGINEERING DRAWING

715 PAGES
86.00

Of all the books pl;hTiSh(‘d in this field, Engineering Drawing has been,
since its publication in 1911, the standard work on the subject. The new
revision is designed to maintain- that position of leadership.
@ ’E‘"I“EP The auithors: THONAS E. FRENCH, Late Professor of Engineering Drawing,
since 1911 and cHARLES J. vierck, Professor of Engineering Drawing, auvith the as-
sistaiice of! CHARLES D. COOPER, PAUL E. NACHOVINA, RALPH S, PAFFEN-
BARGER, and moLLie w. suupk, all of the Department of Engineering
Drawing, The Ohio State University.

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 skerching, 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.

Send for a copy on

MeGRAW-HILL BOO

A0 West 120d Sireet



The malerial on screw threads ond fasteners hos been enlirely
rewrilten to conform to the new wnified thread standards,

The first chopter now outlines the whole subject ond
gives an excellenl accounl of whol engineering
drawing is.

Architeclurol maleriol is virtually all new, and the new modulor

ond grid systems are exploined and illustroted.

Several new geomelrical methods have

TU“ES been added to the chopler on Applied

Geomelry, which hos been completely

reorranged.

Working skelches have been included in The section on working

drawings.

The chopler on orthogrophic reading is almosl
wholly new, and is now the mosl complele Irealise

on the subjecl avoiloble,

The Ireatment of keys, rivels, ond spriﬁgs hos been conlempo-

rized ond follows new standords and practices.

The material on welding is new and conforms lo
new ASA Siondaord.

Tave problem books will be available for use avith
the new edition. One avill be a combination of
&Yy x 11 and I x 17 size sheets. The other avill
include only 8Y: x 11 size sheets.

Textlilms are also available 10 accom-
pany ENGINEERING DBRAWING.
Information regarding textfilms may be
secured from the Textfilm Department
of the McGraw-Hill Book Company.

approval now

K COMPANY, Inec.

New York 36, New York
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(Continued from page 21)

Step (6) D[:t:g;e beiween projectors relating views (1) Step (8) Projected length of bydy =
an i
btoc= 35?-?3-* sinB2* 29' 21" Y (200% & (409.62)7 = 426.63"
cloa = ?gg:?glx sinl2" 59" 48" ; tan Aogle bydy makes with foldline 1/3 =
c tod = 348,85 x sinl9" 44" 51" 120 . "
= ]117.87" 00 65 § £ = 16 19° 43
Etep (7) tan of slope of plane ABC = §j¥!%§
Slope = 53" 53' 45" Step {9) Shortest distance froa D to ABC =
Slope of required perpendicular =
(507) - 53" 53" 45" = 36" 06' 15" 426,83 x sin37" 34" 02" = 260,23"
PROGRAM
ANNUAL MEETING
of the
ENGINEERING DRAWING DIVISION OF THE AS.E.E.
Monday, June 22 12:00 P.H
2:00 P .M. Engl i int wi
(1) "British and Aeerican Methods of Expressing Toler- iﬁc:i::c?ﬁrfia;zgfngé:::éoglﬁggfgﬁgf o Rk
ances on Draving™ - Professor 85.B. Elrod -
Purdue University. Speaker: Dean N. ¥W. Dougherty, University of Tenncssee
{2) "Validity of Examinations” - Professor I, ¥ladaver, Topic: "ECPD Inspection Procedures and Results”.
New York Univ. Business Meeting.

(3) "Transfer of Ideas to Develop Creative Thinkiog" -
Professor Matthew McNeary, Univ, of Maline,

6:00 P.M.
Engineering Draving Executive Coanittee Dinner Meeting. 2:00 PN,

(1) "¥Where Shall ¥We Draw The Line™ - Mr. Soderquist,
Boeing Airplape Co,

Yednesday, June 24

Tuesday, June 23
9:30 A M.

1) "Trimetric Projection” - Professor John E. Senne, {2) "The Role of Graphlics in Englneering Education” -
¥ashington Univ, Professor Frank A. Heacock, Prioceton University,
{2) "Engineering Drawing in the Atomle Engineering £:00 P.H
Field" - Professor Eugene H. Brock, A k H Col- e
lege of Texas. Engineering Draving Division Dinner.
REPORT OF THE BIBLIOGRAPHY COMMITTEE
by
Professor H. H. Feowlck, Chalrman

University of Louisville

NEW AND REYISED BOOKS ;

Author Title Ed, Publisher Year Pages Price
Bishop, C.C, Electrical Drafting aod Deslgn 3 McGraw-Bill 1952 ==  $4.50
French, T.E. & Hanual of Engineerlng Drawing for Students and

Yierck, C.J. Drafte=an B McGraw-Hill 1953 715 6,00
Giesecke, Hitchell Technical Draving 3 HacMillan Co. 1952 851 5.00
&k Spencer
Glesecke, Mitchell Lettering Exercises Rev. MacHillan Co. 16 1.00
&k Spencer sheels
Grant, H.E. Practical Descriptive Geocsetry 1 McGraw-Hill 1552 253 4.00
Heine, G.M. How to Read Electrical Blueprints 1 Am, Technical Co. 318 3.00
Hoelscher, R.P., Graphie Aids in Engineering Coaputation 1 McGraw-Hill 1952 147 1,50
Aroold, J.N, &
Pierce, S5.H.
Hoelscher, R.P. & Industrial Production Illustration 11 Pitean Pub. Co. 1952 243 5.75

Springer, C.H.
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Howe, H.B.
Luzadder, ¥.J,
Johnson, L.H.
Martin, C.L.

Pare', Eugene,
Loving, Robert
Hill, Ivan

Porsch, J.H.,
Elrod, 5.B.,
Havzond, R.H,

Rule, J.T. &
¥atts, E.F.

Rule, J.T. k&
Yatts, E.F.

Taylor, H.H.
Turner, ¥W.¥.

Author
Adans, G.C.
Adtchison, A.

Barrow, G.

Bradley, A.L.
Freedson, J.
Fuller, R.B.

Gillinghan, T.E.
Harper, J. &
Casady, M.E.
Heloke, E.C.

Lane, J.F.
Lee, C.A.

Patton, ¥W.G.

Rhoden, M.

Sanderson, A.E.

Swain, P.

Teuscher, F.L.
Thuering, G.L.

Yaroum, E.C.

¥rather, V.E.

Title
Descriptive Georetry
Fundazentals of Engineering Drawing
Kozmography and Espirical Equations
Architectural Graphics
Descriptive Geozetry

Problens in Engineering Graphics and Descriptive
Geonetry

Engineering Graphics
Engineering Graphics Workbook

Dictionary of Architecture
Shades and 8hadovs

HAGAZINE ARTICLES
Title
Basic Engineeriog Standards and Their Place in Design

Eight Steps to Take Before you Make a Move
How to Specify Precision Knurls

Better Film Views with Plastics

Product Drawings as Tralning Aids
Constructing Arcs Tangent to Circles

Slides and Files; Multi-purpose Tools for Meetings
(Part 2)

Better Ways to Prepare File and Index Mine Maps and
Drawings

Tenplates of Detall Profiles Prozote Drafting
Efficiency

Practical Dieensioning

Engineering Perspective Dravings

Avoid Blue Print Trouble Yhen Adding New Equipzent
Lighting A Drafting Roon

¥ew Standard Consolidates Bolt and Nut Dimensions
Dbjectives in Iodustrial Design

Plastic Prototypes, Perspective Dravings, Special Hew
Product Production

Siople Way to Draw Noaographs
Infinite Sphere

Sterco Photography Is Back in Style
Easy Sketchiog Systea

Teaplate Drafting; Reliance Elec, and Manufacturing Co.
Teaplates Photography Low Cost Drawings

How to Get Faster, Better, Less Expenslve Plant Layout
Dravwings Without Drafting

Circular Nomograms, Theory and Construction Technique

Kational Topographic Mapping

Ed. Publisher Year Pages Price
1 Eonald Press 1952 332 84.25
3 Prentice Hall 1952 729 5.75
1 John Wiley and Son 1852 150 3.75
1 MacMillan Co. 1952 224 4.00
1 MacMillan Co. 1952 310 4.00
1 Balt Publishers 1952 20 3.00

Southworth's Ext, prob.

ger., ¥.lafayette, sheots

Indiana
1 Pitean Pub. Co. 1952 238 3.75
1 Pitean Pub. Co. 4.00
1 John ¥iley E Sons 1958 221 4.50
1 Konald Press 1952 122

Hagazine Yol, Page Date

Engineering 173 380-1 Mar. 1852

Ind. Marketing 31 201 June 1952

Pro. Eng. 23 142-3 May 1952

Hod. Plastics 29 81-3 June 1952

S.A.E.J. 60 21-3 July 1952

Hach. 58 204-5 June 1952

Sales Managezmont 68 12-14  April 1852

Eng. and 153 §9-93 May 1952
Mining J.

Product Eng. 23 178-80 Nov. 1932

Mach. Design 24 172-4 Feb. 1852

Hach. Design 25 106-11 Jan. 1953

Chen. Eng. 53 176-7 April 1952

Eng. 47 647-8 Dec. 1952

Hach. Design 24  129-30 July 15932

Produect Eog. 23 171-8 April 1952

Iron Age 170 155-8 Bept, 1852

Chen. Eng. 50 146-T Kov. 1852

J. Eng, Edue. 42  402-5 April 1952

BENE V. 72 July 1952

Power 96 156-140 giff. 1952

Mach. Design 24 109 July 1852

Product Eng. 23 186-90 May 1852

Factory 110 BE-9 Oct, 1952
Managenent

Product Eng. F28-30 1953
Hdbk, p-

AM Soc.C.E.Proc. 77 1-6 April 1951
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Coempletely Revised and Up-to-Date!

FUNDAMENTALS OF
ENGINEERING
DRAWING

Third Edition

by Warten J. Luzadder, Purdue University

H ERE is 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 NEW EDITION
* Many more new assembly drawings from which students }4
may make drawings of individual parts. W‘m 3
i e i “L"}oﬁiﬁd S ioned ELEMENTS OF
it R DESCRIPTIVE
o All new “part” problems show adjacent parts so studeats GEOMETRY

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. Part I — Text;

Part II — Problems

# Brand new chapters on Architectural Drawing (chapter by Lewis O, Johnson and
23) and Graphical Calculus {chapter 29). Lrwi r ; A
rwin Wladaver, New York University
* Expended coverage of Engineering Geometry, Dimen- Here is a brand new, up-to-date com-
sioning, Auxiliary Views, and Structural Drawing. hination of text and workbook for a
basic course in descriptive geometry. It
¢ Many new and practical problems — particularly in the is a combination that covers the funda-
chapter on Working Drawings (chapter 19). mentals which should be part of the
stock in trade of every beginning engi-
e Students use the new drafting standards of the American Hear. .
Standards Association, plus the existing standards of the
Association and The Sodel}' of Automotive .'El'lgil'lEHS. The new JUI‘[HSUI’[ and Wladaver stresses
underlying principles . . . familiarizes
721 pages 6" x 9" the student with 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

PROBLEMS IN ENGINEERING DRAWING form.

3rd Edition
ELEMENTS OF DESCRIPTIVE GE-

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

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

for use in departments whete the’
amount of time allotted to descriptive

the form of partial layouts on manila-type drafting, graph, geometry has been reduced.
and regular bond paper. The sheets are loose, inserted in a
heavy envelope with a booklet of instructions, and punched Text—74 pages 8l x 11 Hlustrated

for keeping in a binder. Problems—71 pages 814 x 11

For approval, copies urife

‘@ - PRENTICE-HALL, Inc. 70 FIFTH AVENUE, NEW YORK 11.H.Y.
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GEOMETRIC CONSTRUCTIONS

Frederick E. Glesecke, Ph. D.

Forcerly, Professor of Drawing
Texas A & N College

To draw a cylindrical helix with the alid of tangents.

A helix can be defined as the line traced on the
surface of a circular eylinder by a poinl moving at a
unifora rate along and around the cylinder; or as the
line traced on the surface of a circular cylinder by a
polnt eoving so that the line intersects every element
of the cylinder at the same angle; or as the shortest
line which can be drawvn on the surface of a circular
cylinder connecting two points on the surface of the
cylinder but nof on the sawe elezent.

Basing the draving on the first definition, the
surface of the cylinder can be divided longitudinally
ard circunferentially into any nunber of equal parts, 12
for example, and the desired helix drawn by connecting
the resulting 13 points of intersection of the dividing
lines by a curved line, as shown in Fig. 2{a) and (L) .

However, greater accuracy can be secured if the
draftssan is guided by straight-line tangents at the sev-
eral points of the helix and, in addition, by circular-
arc tangents at the vertexes of the helix,

To find the projection of any one of the 13
straight-line tangents, drav the double circular cone,
Filg. 2(c), whose axis colncides with the axis of the
cylinder and whose elezents make the sace angle with a
plane perpendicular to the axis as do the helix and its
straight-lire tangents, namely, the angle whose tangent
is the lead of the helix divided by the circunference of
the cylinder, or L/2rR, Since the diameter of the bass
of the double done is 2R, its altitude is 2R L/2rR or
L/r. The reason for drawing the double cone instead of
only the lover single cone is that the directions of the
tangents can be deterained more accurately because the
elecents of the double cone are twice as long as those of
the lower single cone, Every elerent of this cone is
parallel to tvo tangents at the helix in each turn or
convolution of the helix.

To sinplify the construction, the tlop view of the
cylinder, Fig. 2(a), is used also as the top view of the
cone; in this double use, the top view represents twelve
elecents of the cylinder, naeely 1, 2, 3, 4, 5, 6, 7, B,
8, 10, 11, and 12; and also seven elepents of the double
cope, namely 1-7, 2-8, 3-8, 4-10, 5-11, 6-12, and 7-13.

Having drawn the cone, to find, for example, the
tangent at the point 6, conceive two planes to be drawn,
one tangent to the cylinder at the point 6 whose top view
would be the line HT, and a second plane through the axis
of the cone and parallel to the first plane. The second
plane would intersect the surface of the cone in two ele-
nents shown in the top viev by the lipe 3-9 and in the
front view by the lines 3-9 and 5-11. The line 3-9 is
parallel to the tangent lines at the points 6 and 2 and

the line 5-11 is parallel to the tangents at the points 8
and 12.

Thess four tangents can then be dravn parallel to
the respective elezents of the cone.

The tangents at the points 3, 5, 9, and 11 can be
fourd in a similar way by concelving a plane to be drawn
through the axis of the cone and parallel to the plare
which is tangent to the cylinder either at the polnts 3
and 9 or 5 and 11.

The tangents at the points 4 and 10 are parallel,
respectively, to the extreme left and the extreme right
elezent of the lower cone.

The tangents at the points 1 ard 13 are parallel to
the central rear elecent of the loser cone; the tangent
at the point 7 is parallel to the central froat elegment
of the loser cone.

To find the eircular-arc tangent at a vertex of the
telix, for exanple at vertex 7, Fig. 2(b), conceive a
plane to be passed through the diameter of the cylinder
at vertex ¥ apd oblique to the axis of the cylinder; the
plane would intersect the cylinder in an ellipse the
front view of which would be an ellipse except when the
gecant plane makes an angle of 45 deg. with the axis of
the cylinder, in which case the front view of the ellipse
vould be a circle, a special case of the ellipse.

An infinite nusber of ellipses can be secure in this
vay; three of them are shown. Every one of the infinite
nunber of possible ellipses would be tangent to the helix
at the point 7 but the degree or the order of their tan-
gency would vary with the angle which the plane of the
ellipse pakes with the axis of the cylinder. The ellipse
which has the highest order of tangency with the helix is
the one whose plane contains the straight-lioe tangent at
the polnt 7; it is the middle one of the three ellipses
shown; its minor axis is L/vr as shown indirectly in
Fig. 2{d}).

The osculating circle of this ellipse at the point 7
is also the osculating cirele of the helix at the point 7.
The center of the osculating cirele can be found graphi-
cally as explained on page 29 of the November 1952 issue
of The Journal of Engineering Drawing.

To use the graphical eethod of finding the center of
the osculating cirele, it is necessary to know the length
of the minor axis of the ellipse; this length is equal to
the dianeter of the cylinder tives the tangent of the
angle made by the straight-line tangent at the point 7
with a plane perpendicular to the axis of the cylinder;

L L
i.e., it is 2R X 2R or T as shown in Fig. 2{d).

Instead of using the graphlcal pethod, the radius of
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thke osculating circle can be calculated as indicated for
vertex 4 in Fig. 2(d).

The radius of the osculating clrcle can be calculat-
2

ed since it 18 equal to J%—!here b and a are, respec-

tively, the seml-minor and the seai-major axis of the
L‘I‘ L!
4r°R  39.48R

pately, but with sufficient accuracy,

ellipee; hence the radius is or approxi-

wdd
40R

The circular-arc tangents can then be drawn at the
vertexes 1, 7, and 13.

Fig. 2

In practice it is generally sufficiently accurate to
draw the osculating circles at the vertexes and only the
tvo straight-line tangents which are parallel to the
plane of projection, as shown in the slde view, Flg, 2{d),
and to connect these tangents by the aid of irregular
curves of sultable form., In the side view the center of
the osculating circle was found by draving the axls of
the osculating ellipse M - 10 and setting off the seni-
ninor axis froa M to X aod then by draving first; the
diagonal of the rectangle circunscribed about the oscu-
lating ellipse, N - 0; second, the upper side of the rec-
tangle N -P; and third, the line P - X froa P perpendicu-
lar to the dliagonal N - 0 to intersect the diameter of
the ellipse in the polnt B, the required center of the
osculating circle of the ellipse and of the helix.

A WORD ABOUT UNIT TESTS
IN ENGINEERING DRAWING

The direct sale of the UTED pmaterials has been discontin-
uved for soze time. However, becauss a number of individ-
uals have indicated an interest in these tests, Educa-
tional Testing Service is atteapting to keep them avail-
able by adopting the followiog planm,

1. "Kits"of the UTED materials will be prepared and
g0ld to colleges and industrial concerns that are
interested is using the tests. These kits will
authorize and make possible the reproduction of
any oce or all of the 16 tests, ansver sheets and
accessory eaterials for use solely by the pur-
chaser within his organization.

2, Each "kit" will contain the following:

() 2 coples of each of the 16 unit test book-
lets,

(b} 2 copies of each of the 16 ansver sheets.

(¢} 2 directions for admninistering the tests.

(d) 2 instruction sheets for reproducing any or
all of the materials,

(e) 2 copies each of the 16 scoring stencils.

(f) Coples of UTED Report of Score Distribu-
tions,

3. Purchasers will agree not to reprint any of the
above for resale, and will be asked to return to
ETS tvo coples of the UTED Report of Score Dis-
tributions (f) after each adelpistration. De-
pending upon the apparent usefulness of the re-
turned score distributions for the purpose of
preparing suitable porams, later arrangecents
would be pade for peeting the cost of developing
those noras.

4. Each "xit"™ will cost $20, and will be available
to users about Mareh 1, 1953.

5. Sample sets of the "kits" are not available,

¥hile Educaticnal Testing Service was reluctant to dis-
continue the direct sale of UTED ansver sheets, question
gheets. ete,, the small deeand and rising handling costs
necessitated this action. The above plan, however, is a
sincere effort to keep these excellent tests available to
interested individuals,

¥arreno Allen Rhule
Adpinistrative Assistant
to Dr. A. F. Johnson
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FORMING TOOL CALCULATIONS — GRAPHIC AND ALGEBRAIC

Professor J.H. Porsch

Departecnt of General Engineering
Purdue University

INTRODUCTION

The tera “foraing teols" is applied to a wide varie-
ty of teols or pachines that shape a product to some pre-
deternined fora, Illustrative of thess and the fields in
which they are used are the skin and hull forming machines
for alrcraft and ships, shaper knives in woodworking,
stanping and die-castiog eachines, and forming rolls and
extrusion dies in metal and plastics. Others in the
petal-cutting industry foclude hobs, milling cutters, and
screv-pachine tools. The scope of this paper is linited
to those cutting tools used in screw-machines, yet appli-
cation to olher sinilar tools and uses may be apparent.

Soze tools are shaped precisely to form a product,
and their contours are usually calculated. Others are
less precise, and cut-and-try or juslt pure guessing meth-
ods are used in shaping the tool. A search through the
many published articles on this subject reveals two ob-
servations of significant interest. First, the determi-
nation of the shapes of tools to form a product to a
given profile is both difficult and tediocus, This is in-
dicated by the numerous arlicles on the cut-and-try ceth-
ods, conversion tables, nozograms, and by the cozzents of
the authors writing on these as well as other wethods.
The following quotations froa several articles are typi-
cal, Froa Mr, Fritz L. Keller in his artiele in Machin-
ery, Noveaber 1947 - "Many toolmakers and designers con-
sider it difficult to calculate the developing angles to
%hich a circular forming tool should be ground to produce
glven cutting angles." Froa Mr. Theodore Yeber, Jr.,
then Chief Design Englncer with the Palisade Engineering
Conpany in his article in The Tool Engineer, May 1946 -
"Calculating the diareters of circular fora cutters, to
corréct for both top rake and offset, is ordinarily a
tice-consuning operation involving the solution of two
oblique triangles. Not only are the naltu?allnns quite
involved, but the degree of accuracy is such that the
glide rule is out of the question, and the operator must
resort to a calculating machine or six place logarithmic
tables.” And from Mr. 0. A. Johnson, then Chief Tool De-
signer for Tyson Roller Bearing Corporation in his ex-,
haustive articles in the Awerican Machinist, 1532 - "One
of the most perplexing, tedious problems that confronts a
tool designer is the design of forming tools,”

The soecond significant observation 1s that few arti-
cles attack the problem graphically; more are devoted to
the tooleakers methods, while the greatesl puzber is de-
voted to various mathepatical approaches, including con-
version tables and nozograns, The dearth of articles on
the graphical approach may be due to the feeling that the
pethod is inadequate or impractical, as expressed by Hr.
Johngon in his further opinion as follows: "Some have
tried to solve the problem by the projection method, lay-
ing out the tool in actual cutting position, This eethod
requires a skilled engineer, and the layout would have to
be several tiees actual size in order to glve sufficient
accuracy for tools for tapered roller bearing parts or
similar precislon jobs. In soze cases, it would be im-
possible to do this,”

The revealing and perhaps disappointing observation
15 that designers and engineers have forsaken thelr tools-
in-trade, nacely, the straightedge, triangle, scale, etc.,
for the just-as-important, but sozetiees more unvieldy,
tool, mathepatics, The failure to use graphies obviously
could not be criticized if it were unsuitable for the

problen. The facts are, however, that sidce screv-machine
foraing tools and products are usually s=all and peroit
reasonable tolerances, they are adaptable to a graphical
solution in that the drawlng can be enlarged to obtain an
acceptable degree of accuracy.

It is inlepded at this time to show you soze mathe-
vatical and graphical solutlons to problens of this nature
and to point out the desirability of the graphical eethod
through the sinple use of the comson drafting tools.

These observations and conclusions are based upon the ex-
periences gained during and sioce the last war in calcu-
lating the shapes of eany straight and circular foreing
tools,

First of all, in a general way, an introduction to
the types and characteristics of some of these foraoing
tools should be given.

EINDS OF FORMING TOOLS

There are tvo general classifications for foraing
tools - flat, or straight, and circular. See Figure 1,
The flat tools usually feed at an angle of 90" to the
centerline of the product, or tangentially. The latter
kind is called a shaving or skiving tool and produces a
snoother finish. The top views show the tools feeding at
80" to the centerline of the product. Parts & and B show
tvo positions feeding radially, and Part C shows the tan-
gentially epoving tool,

Circular foraming tools have several classifications:
those feeding at or less than 90" to the ceaterline of
the product; ard those that fora the product either ex-
ternally or internally (Fig. 2). The top views show the
tools feeding at 90" toward or asay froa the centerline
of the product; Part A shows the product and tool ar-
ranged for cutting externally and Part B shows the inter-
nal position for cutting.

Figure 3 shows the tools feeding at an angle of less
than 90° toward or away from the center of the product
for both the external and internal positions. There are
sone advantages to these feeding angles im that a larger
portion of the product can be pade with ope tool, and
tool costs, set-up tice, and tool sharpening are reduced.
The tools in these same positions pay be fed at 90" to-
ward or avay froa the center of the product, but for the
internal tools more tiee is required because the tools
nust be fed parallel to the centerline and then radially
tovard the product,

Yhen forming a product the flat and clircular tools
pay be used in cosbination, and for characteristics of
certain products, intermediate roughing fora tools are
usad prior to the finishing fora tool (Fig. 4). Here are
shown two oulti-spindled setups with one showing all flat
tools and the other in cosbination. As the stock is ro-
tated into these positions, successive cutting operations
are perforeed by the tools,

CHARACTERISTICS OF CUTTING POSITIONS AND MOVEMENTS

¥With this introduction let us now discuss the char-
acteristics of the cutting positions apd moverents of the
tools, See Figure 5. Factors that affect the shape of a

The major portion of this article appeared n AMERICAN MACHINIST for Jaruary, 1952, Copyright 1952 by McGraw-Hill Publistirg Company,

330 W, 42rd Sireel, New York 356, New York,
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Fig. 6

forning tool are the positions, with respect to the prod-
uet, of the tvo surlaces forning the cutting edge, and
the stopping point of the tool either "at” or "past” the
center of the product. The name associated with the an-
gle of the cutting face is the "rake” angle, and that
with the clearance face the "clearance” angle, If the
cutting face is at an angle other than 90" to the sides
of the tool, a "vise angle” is sald to be introduced, and
the tool has a "coapound rake” angle. Here we s2e the
effect of the positions of these surfaces on the shape of
a tool. For ease in describing the following discussion
has been confined to the flat tools, for, with few excep-
tions, it is applicable also to the circular tools. In
Part A the tool has neither rake nor clearance apngle arnd
the cross-sectional shape of the tool is the same as the
section of the product forzed by a vertical plane passed
to contain the axis of revolution. The depth (d} of the:
cutting portlon of the tool is the sace as the difference
between the largest and s=allest diaceters of the product,
and repains unchanged for the tool stopping at or passing
the center of the product. In Part B a posltive rake an-
gle is introduced, but by reason of the tool progressing
beyond the center of the product the depth and shape of
the tool remain the same as in Parl A. In Part C, with
positive rake angle and zero clearance angle, the tool
stops with its forezost cutting tip, vhich foras the
smallest diaceter on the product, at the center of the
product. In this case the plane of the cutting face does
not contain the axis of revolution of the product and the
effecl is to decrease the depth of the tool. Cospare (d}
and {d;) in Parts B and C. In parts E and F clearance

Fig. 7

angles other than zero are introduced and the effect is
to decreace further the depth of the tool. Conpare (d)
with (d;) in Part E, and (d,) with (d;) in Parit F. We
night summarize thess observations by stating that the
depth {d} of the total needed to form the difference be-
tveen the largest aod smallest diapeters of the product
is always decreased by the addition of a clearance angle,
and uswally decreased by the addition of a rake angle.

Our attention is now directed to the shape of the
cutting edge, that is, to the kinds of lines that coapose
it. In =o doing we should analyze the surfaces of revo-
lution usually forzed on a product (Fig. 6). They are
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the plane, the cylieder, the cone, the torus, and the
sphere. These have been cozbined in whole or in part to
foran the product shown, although the usual procedure is
to break the product down into these surfaces.

Planes containing the axis of revolution of the
product, as in Part A, cut straight lines froa the cone,
plane and cylinder, and circle arcs from the torus and
sphere. Theso are indlcated by the letters § and C, for
straight lines and circles respectively, in the left side
view which shows the true shape of the locus of cutting

points of the tool., Tools passing the center of the
product are shaped to fit this locus.

Planes parallel to the axis of revolution, as in
Part B, cut straight lines from the plane and cylinder, a
hyperbola fron the cone, a cirele from the sphere, and
ovals froa the torus. The respective letlers 8, R, C,
and 0 indicate these lines in the auxiliary view which
shows the true shape of this locus of culting points,
Tools stopping at the ceater of the product are shaped to
fit it. Note that the cutting surface of the tool in
this instance the sice as the cutting plane.

In Figure 7 w¢ now coabine and elaborate further on
the characteristics dezcribed by depicting a composite
illustration of tools, as in Part A, in the shapes and
positions to fit these culting lines. Reenphasizing pre-
vious observations, the angle and position of the cutting
plane, or cutting face of the tool for the most part, es-
tablishes the cutting line. whereas the clearance angle
changes the proportions of the cross-sectional shape of
the tool. Ino part A the horizontal tool shown by dot-
dash lines, either stopping at or passing the center, has
a cross-sectional shape with the cutting edge outlined by
three straight limes and two circular arcs, Adding a
rake angle and stopping the tool at the center, the cross-
gectional shape is changed so that the cutting edge is
now cutlined by two straight lines, a fore-shortened
hyperbola and oval, and an ellipse. And finally, the ad-
dition of a clearance angle to the latter tool leaves the
outline conposed of the same kinds of lines, but the
amount of fore-shortening is greater.

Defining and deternining the dinensions for the
shape of a tool is one problea; of grealer concern per-
haps 1s fabricating the tool to obtain the prescribed
shape. Hov is the toolmaker, for instance, to produce
byperbolical or elliptical cylirdrical surfaces? Tem-
plates have been used but until relatively recent years
¥ith the advent of the coaparator or associated devices,
they were not especially accurate and were difficult to
produce, However, machines vere available to produce
plane or cylindrical surfaces. And wherever tolerances
or slight distortions of surfaces would perait, the
easily machioed surfaces were substituted for the pore
difficult, In relaling these cozzents to the problen in
Part A, the hyperbolic cutting surface could be replaced
by a plane surface, ard the oval and elliptical surfaces
approximated by circular eylindrical surfaces (Fig. 7).
If these changes are made the effect on the product would
be to make the conical surface "dished,” or in more aca-
denic teras, a hyperboloid of revolution. If a true cone
is necessary and the otker surfaces approxioate, a means
for elininating the "dish"” is to introduce a compound an-
gle as shown in Part B, The angle is selected so that
the cutting edge to fora the cone is a straight line ele-
ment of the cone. In this event the cutting plane, now
no longer parallel but oblique to the centerline of the
product, cuts lines which project as ellipses for the cyl-
inder and sphere, and "what-have-you" for the torus, And
again, if these last surfaces need be only approxieate,
they may be replaced by plane ard clrcular cylindrical
surfaces. Illustrating, lice 1 can be pade straight, and
lines 2 and 3 circular,

EDITOR'S NOTE:

Fig, 8

Tiee does not pernit a similar elaboration for the
circular tools, but a few points should be mentioned and
illustrated quickly (Flg. 8) Here are shown three tools
with zero, posltive, and coapound rake angles, and their
corresponding cutting edges on conically shaped products.
Note that 1) the center of the tool is placed above the
center of the product to provide clearance; 2) the cut-
ting edge is on or below the center of the product;

3} the teol soves radially only; and 4) the plane of
the cutting face of the tool again detersines the cutting
edge or cult section froa the product. The faces of the
tool therefore must be shaped to fit these cutting edges
vhich are the sawe as for the flat tools under simllar
conditions.

This arlicle will be compléted in car November fssce, The graphical solulion shoald be of particalar f=terest to car readers,
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UNHURRIED CRAFTSMANSHIP

behind every
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The latest in & long line of Riefler
firsts . . . the famous original Quick-Action

bow . .. was literally over a hundred years

in the making, Now completely proven on
multitudes of American drawing boards,

this convenient, accurate, precision bow is the result

of a progression of fine Riefler drawing instruments
begun in 1842, which has now reached a peak of perfection,
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gemiitlichkeit to bring you Riefler drawing instruments
- - - Unsurpassed in quality, accuracy and precision.

GRAMERCY IMPORT COMPANY, INC.
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DESIGNED for freshman or sophomore students in the engineering curciculum. This text is
arcanged for a one semester course of 3 lecture hours and 6 laboratory hours per week.
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Ready Now . . . . NEW 2np 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 twe educators who have worked together on
Descriptive Geometry for over a quarter of a century, has in its problem section virlnally all new
problems, many of which are practical engineering applications. Over fifty per cent of them are shown
in layont form. The “"direct method” of Descriptive Geometry as emphasized in this text, has distince
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
accitrale method of transfeccing 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-ordinate system a simple and time-saving method of presenting problem data for quizzes
and examinations,

This important text develops the ability of the student to think in space by —

@ the use of the direct method which solves problems directly from the data as given

@ the treatment of fourteen principles concerning simple conceptions of relation-
ships in space

comprehensive instructions for determining the visibility of all edges or lines in any view of
an object

patticular emphasis on orientation, the mental process by which the student relates himself to
any view of an object in such a manner that the view appears to him as the actual object would
appear for that pacticular direction of sight

and the analysis of problems followed by basic drawing board constructions.

CONTENTS OF NEW 2np EDITION

Inteoduction VIHI  Warped Surfaces

Principal Views IX  Geology and Mining Problems
Auxiliary Views X Engineering Problems e VA
Obli s XU The Mongean Method of Descriptive “-
ique Yiews 5
: : Geomelry STRA
Line and Plane Problems XIT  Shades and Shadows $0 00
Surfaces and Developments XHL  Perspective Drawings Qtt\? AN !&
Surfaces and Intecsections X1V  Problems L C
Publishers Since 1848
352 pages — 6x3 — Mlustrated — Cloth — §4.25 .
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BRADDOCK LETTERING ANGLES

DESIGNED FOR STUDENTS, ENGINEERS,
DRAFTSMEN AND ARCHITECTS

BRADDOCK ROWE LETTERING ANGLE

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

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

BRADDOCK INSTRUMENT COMPANY

PITTSBURGH 13, PA.
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DESCRIPTIVE GEOMETRY

A Pictorial Approach
HAROLD BARTLETT HOWE

Rensselaer Polylechnic Instilute

COMBINING the pictorial approach with the direct
method, this up-to-date textbook provides a clear-cut
way to present descriptive geometry. This approach
stimulates student capacities to perceive and visualize;
facilitates mastery of principles; and insures a broad
coverage of the subject, Sketching ability is gradually
built by progressing from fundamentals to more com-
plicated combinations, Emphasizes vectors and their use
in finding stresses in planar and non-coplanar structures
and for the representation of moments. **, ., , a remark-
able piece of work . . . In a field already noteworthy
for an amazing number of excellent, scholarly, and
teachable textbooks, Professor Howe's is destined to take
a foremoast position.”"—Professor IRWIN WLADAVER,
New York University,

328 ills,, 332 pages, $4.25

SHADES AND SHADOWS

Their Use in Architectural Rendering

WILLIAM WIRT TURNER

University of Nofre Dome

A CONCISE modern textbook giving information for
the correct determining of the shades and shadows of
objects, particularly architectural compositions. Brief,
self-explanatory discussions of all phases of shades and
shadows stress the fundameatals, with one principle
evolving naturally from the other. 12 supplementary
work sheets provide exercises for maximum coverage in
a minimum of time, All problems are based on those
architectural elements recurring in professional practice,
" ... Turner, as usteal, bas dowe an excellent Piece of
wark, for be has used the simple method of explanation
« « « bis fine illustrations show very clearly bow to solve
the various problems thal occur in architectural render-
ing" — Professor A. H. CARTER, Purdue University.

95 ills. $3.25. Work Sheets, 13 x 17, $1.90

BASIC ENGINEERING DRAWING
WILLIAM WIRT TURNER, CARSON P. BUCK, and HUGH P. ACKERT

— all of the University of Nolre Dame

INTRODUCES the student to all the basic prin-
ciples of engineering drawing, descriptive geom-
etry, and machine drawing. Designed to fill the
need for an integrated course, this one-volume
textbook is flexible enough to be used by in-
steuctors whose teaching needs cover only one of
these fields. The presentation of all three phases
of basic engineering drawing assumes no pre-
vious knowledge of the subject on the student’s

part. Text material and coordinated problem
work stress the application of theory to best
current industeial practice, "I feel that the au-
thors are proceeding in the right direction by
combining Engineering Drawing with Descriptive
Geomelry in one text. It is well organized, well
illustrated, and well written” — Professor W,
A. WOLFE, The University of British Columbia,
Vancouver, Canada

563 ills., 26 tables, 669 pages. $5.50

INTRODUCTION TO MECHANICAL DESIGN

T. B. JEFFERSON, Editor, "The Welding Engineer;" and
WALTER J. BROOKING, M. W. Kellogg Company

PRESENTS mechanical design from the view-
point of the creative engineer actually designing
machines, rather than as a series of different
machine elements involving separate problems.
The subject is approached as a whole, in light of
a machine’s functional purposes, configuration
requirements, economic aspects, use of rational
and empirical data, and desired appearance —

setting these in their proper perspective as
weighed by the experienced designer. "I bave
been searching for a really good book in Ma-
chine Design. After giving this text a fairly
comprebensive review, 1 believe that it is far
abead of any other work in its field” — Profes-
sor GEORGE W. CARTER, University of Utah.

373 ills., 102 tables, 612 pages. $6.50

THE RONALD PRESS COMPANY ° 15 East 26th Street, New York 10
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