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“This text should give the student a well-rounded course in
the graphic representation and solution of space problems.
The material is divided into relatively short homogeneous
chapters resulting in simplicity and convenience. . .”

Midwcest Engineer
November 1952

DESCRIPTIVE GEOMETRY

By E. G. Paré, R. O. Loving, and L. L. Hill

Illinois Institute of Technology

This descriptive geomelry text is so clearly written and so well illustrated that it often
is called a “self-teaching™ text. New features that account for this are:

1) The textual material is organized into 24 chapters and applications
are introduced one at a time for easy understanding and convenient

reference,

2) Illustrations throughout the book are given in step-by-step form to
insure easy-to-follow constructions. :

3) Space analyses are presented pictorially whenever they can be used
to aid visualization.

1) Planned worksheet problem layouls are provided for each topic. A

careful balance of practical and theoretical problen material is sus-
tained throughout.

) A review chapter is included which students will appreciate for test
preparation. In this chapter lalioratory problems are provided which
entail several prineiples in each solution.

1952 309 pp. $4.00

Two workbooks supplement the text by providing problems which correspond iden-
tically with chapters in the text and thus supply quick and easy reference from

workhook problems to texthook explanations and illustrations,

Descriptive Geometry IWorksheets, featuring the
direct method, contains on each worksheet from
one to six problems and provides suflicient material
for one laboratory period. The sheets are printed
on top quality 8%2 by 11 drawing paper. Each new
topic is introduced with fundamental abstract or
theoretical problems, followed by problems involy-
ing actual engineering situations so that the prac-
ticality of each subject becomes self-evident.

1950 £3.00

Descriptive Geometry Worksheets — Series B pro-
vides a completely new set of problems so that the
teacher has an opportunity to introduce in alternate
ycars or semesters dilferent sets of problems.
Series B contains several new topics of current
importance including navigation problems, spher-
ical triangle solutions, map projections, contour
plotting, and fairing of ship lines. Though the
problems are different, this series follow's exactly
the same organization az the previous workhook,
Adequate space is provided for completion of partial

hl}'l:lul []rﬂ]:r]t'ms.
Ready in March

Slre Macriillorn (Fgmmyeewzy

60 FIFTH AVENUE, NEW YORK 11, N. Y.
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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 6-inch, 45 degree standard draft-
ing triangle. It is made of dimensionally-stable VINYLITE, and is of exceptional
accuracy.

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

BRADDOCK INSTRUMENT COMPANY

PITISBURGH 18, PA.
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COLLEGE TEXTS

Adopted by over 125 Schools!
FUNDAMENTALS of ENGINEERING DRAWING

Third Edition by WARREN J. LUZADDER, Purdue University

Here is a fruly upto-date fest with fakles, praklems ard iilustra-
tiors bated on the new Britibk-American Unifisd Screw Thread.

Yeu will fird 1his book 75 wrillen so that you can spend your
fime teaching fundarmental principles instead of arimering scores
ef quustians en details. Professor Luradder constantly beeps in mird
the students ard the questions They wsually ash. Corsequently,
sludenty are always able to find an urderstandable iflustraticn with
a simple erplanation for any difficult detail they rmay eqcaunter,

Highlights of the New Edition:

* Many mare rew astermbly drawings from which siudenls may
make drawings of individral paris.

* Skaded pletorial drawings pressst the rotaled parts of ke
mechanism, Students werking problems desigred abeud these

drawings must do some reasaning to preduce a corractly finfsked

work,

All rew “part” problems shaw adjacert parks 5o shudents can

vnderstand the furchen of ke assigred part in a mechariom.

For students the preblem kas ruch mere significarze and the

part is rot an urrecognitabls plece.

* Brard rew chaplers on Architectural Drawing [chapter 23] ard
Graphical Caleulus [chapler 29).

* Eipanded coverage of Erglneering Geomelry, Dimensiontng,

Auriliary Yiews, and Stroctural Drawing,

Many new and practical problems—particularly in the chapter

on Werling Drawings [chapter 19).

* Students uie the raw drafling slandards of tha American Star.
dards Amociation, plus the eristing stardards of the Associaltion
and The Seciety of Autemotive Englrears.

721 pages & §°

PROBLEMS IN ENGINEERING DRAWING, 3rd Edition

These 71 wp-lo-dale workihaets were desigred as a cempanion
to the abase fert, Thay are, however, adaplabla to ary standard
test on eaginaering drau.'r.? ard offer valuable felow-Through fo
regular fout work, The problems are in the form of partisl layouls

on rmanflabype drafling, graph, 2ad regular bord paper. The
sheals are loase, insecled in a Feavy envelope with a boollet of
instruetions, ard purcked for hap:'.'.g ina binder.

ELEMENTS of DESCRIPTIVE GEOMETRY

Part | — Text: Part Il — Problems

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

Here is a brard new, up-fo-date combination of teat and work-
book for a basie esurie in deseriplive geamelry. 1175 a combination
that covers the fundamenla’s which sheuld ke part of the steck in
trade of every begirning englaser.

The rew Joknion ard Wiladaver strasses urderlying principles . ..
famifiarizes the studesl with the equipment ke will need to under-
stand and interpret what be sees on a bluepriah It offers 1he Tuture

engineer the basic malerial 1o kelp him direct the work of otkars
and kelp Bmsell put b awn ideas fnte tangibls form,

ELEMEMNTS OF DESCRIPTIVE GEOMETRY has Eeen especisfily
prepared for wie in depariments where the amcunt of time allatied
to descriptive geometey bss been reduced.
Tast T4 pages
Problems 71 pages

alfy w11 Mustrated
Bl

Send for Your Copy z;mt'ay

PRENTICE-HALL, Inc.

T0FIFTH AVENUE

NEW YORK 11, N. Y.
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BRITISH AND AMERICAN METHODS OF EXPRESSING TOLERANCES ON DRAWINGS

by

5. B, Elrad
Purdue University

The title given above might conceivably lead to a
volusipous report, sloce there secems to be about as many
pethods of expressing tolerances on dravings as there are
industries producing dravwings. It is ny purpose to lim-
it this discussion to the "traditional” American method
ag coapared to that proposed in the British Standards In-
stitute BS-308:1952,

In using the tern "traditional” American method I
have arbitrarily selected three cozzon methods which I
feel should fall in that category. These methods are il-
lustrated by Itea A in Figure 1, The first being the
coazzon practice of indicating limit dimensions, in terms
of the high and low limit; the second the very ordinary
practice of giving the basic dieension with a bilateral
tolerance, illustrated in this case by the dieension 2.00
plus or minus ,01; the third practice, is that where the

EXPRESSING TOLERANCES
ON DRAWINGS

AMERICAN PRACTICE | BRITISH PRACTICE

2.01 e 2010
199 . [ 199 ]
@) 20001~ 20001 _
+02 |
| 201 |
~THIS DIA MUST N g
| BE STRAIGHT
| WITHIN 003 (C) | [ STR TOL 003
B B
|ehimtos |

THIS SURFACE

- MUST BE FLAT

| WITHIN 003 ® , FLAT TOL 003

Lav—a 1 ®

~PAR TOL 003
DATUM-FACE A

|

— THESE FACES
\ MUST BE PARALLEL
\WITHIN 003

basic dimension is given with unequal bilateral tolerances
separately stated. Vhen one of these figures is zero

the result is a unilateral tolerance as indicated by the
third iten under A.

On the first two of these items there is no differ-
ence between the traditional Acerican practice and the
proposed British practice as showsn by Itea B. However,
shere the Acerican practice usually requires shoving the
zero value for a upilateral tolerance, the British prac-
tice requires that only the basic divensions be glven
along with the permissible vacliation, whether it be plus
or ninus. Whenever a tolerance is expressed in this
fashion it is to be assumed that it is a unilateral tol-
erance and that the zero value can be oaitted,

Soze Arverican iodustries are begloning to work to
this concept. Notably those who follow MIL-5TD-8 or
other such military standards. It is conceivable that
this latter practice will sozeday soon be accepted stand-
ard practice for the entire American induslry.

All of these details are purely eechanical matters.
The mechanics of expresslnog a tolerance on a dieension is
in itself a rather minor detail, Of ouch emore importance
is the control we expect to maintain with these toler-
ances, and the degree of interchangeability which can be
accoaplished by their judicious use, Having been in-
volved, to a considerable degree, in the study of posi-
ticnal and geozetrical tolerancing for the past year the
gechanical aspects of the problem appear very mipor im-
deed to se. In this fleld of positional and geozetrical
tolerances it is felt by many that our British couslns
are way ahead of us, at least in thought if not in actual
practice.

Five years ago [ atteapted to present parts of this
problen to you in ey paper "Modern Dicensloning Practice.’
This paper vas limited largely to hole location (posi-
tional tolerancieng) with only a touch of geozetrical tol-
erancing. Sipce that tiee much work has been done on
this subject and nuch research perforeed, I was very
nuch pleased to fiod an old friend of ours, John G.
Perrin, whoa pany of you know, was investigating this
field at Pratt & Whitney as far back as 1937. They had
discovered that, in spite of extresely accurate gages and
careful inspection, they vere accepting and successfully
using parts which would have been rejected if checked
gtrictly to the tolerances on the draving. This indl-
cated that the pgaglog eethods were accepting usable parts
which might be rejected by other methods of imspection,
Years of study reveal that this was an inherent weakness
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EXPRESSING TOLERANCES

BRITISH PRACTICE

-THIS SURFACE SQ TOL 003
-/ MUST BE SQUARE | DATUM-SHAFT A-
1 WITH AXIS OF | 4
Yz HOLE WITHIN. |
XXX TOTAL | 1

INDICATOR = | e
READING AT L
XX RADIUS |
@--CDNEENTRIC ' CONC TOL 003
) WITHIN .003 FIR DATUM-A ®
i i I | e ) [
5 eyl I[ =ik |
~CONCENTRIC - CONC TOL .003
) WITHIN 003 FIR \DATUM-A & B

-

e e £ o

#o0is R 005, 0t @ P
T Phe
SURFACES MKD A MUST

BE WITHIN FULL INDICATOR
READING SPECIFIED

e PG 2

of any systea of rectilinear dimensioning and tolerancing.
The upshot of it was that a systen of dicensioning had to
be devised to conform to the eethod of gaging.

Dae way out of the dilemma, and one which inciden-
tally has been vused in many cases, 1s sieply to state on
the drawing how the part is to be gaged. One way in
which this has been accoaplished for hole locations is to
state sinply that holes must be within a diaceler range
and must accept a gage pin of a specified diaceter locat-
ed in the noainal position, Since the usual practice in
this country frowns upon such itess as this on a drawing
it becozes necessary to say essentially the =ame thiog
without dictatiog gaging practice. To the best of ny
knovledge the earliest attenmpt to put this on a draving
is illustrated by the first exanple of Figure 3 from the
8AE Aeronautical Drafting Manual, This note reads "XX
HOLES 1.10-1.00 DIAMETER LOCATED WITHIN .10 OF TRUE POSI-
TION.” The Autozotive Drafting Manual has the same note
except that they use the word "poalral”™ in place of true,

The British proposal says exactly the same thing in
a nuch briefer fora "XX HOLE 1.10-1.00 DIA. POSN. TOL,
.20 DIA." Regardless of which of these noles is used the

POSITIONAL TOLERANCES

STRICT INTERPRETATION OF THE SAE TRUE POSITION HOTE

VKX HOLES 100-100 DA LOCATED WATHIN 10 OF TRUE POSITION™
oR
BS 308 “xX HOLES 110-100 DA POSN TOL 20 DIAT

AT MANMUM MATERIAL CONDITIONS
(100 DA HOLE) ANY HOLE HAVING
ITS CENTER WATHIN THE 20 DA
TOLERANCE ZONE WILL ACCEPT

A PROPERLY LOCATED GAGE PN
OF - BD DA :

DAMETER OF GAGE PN 1S5: MY
HOLE SIZE MINUS THE DAMETER
CF THE TOLERANCE ZONE

(THE FOUR 100 CIRCLES SHOWN
HAVE THEIR CENTERS AT A. B. C.
AND D)

GAGE FilN B0 DA

TOLERANCE ZOME
20 DA

REALISTIC INTERPRETATION CF THE SAE TRUE POSITION NOTE
(I USE AT PRATT & WHITKEY SINCE ABDUT 1937)

CR
B5 303 "XX HOLES 110-100 DA POSM TOL 20 DA (MM

AT THE MINIMUM MATERIAL CONDI-
TN (110 DA HOLE)D ANY HOLE
HAVING ITS CEMTER WITHN THE
ENLARGED TOLERAMCE JOME WILL
ACCEPT A PROPERLY LOCATED
GAGE FiN OF B0 DA

HAMETER OF ENLARGED TOLER-
ANCE Z0ME ECUALS THE POSH
TOL PLISS THE TOLERANCE OM THE
HOLE DAMETER

“ ENLARGED TOLERANCE °~ (FOUR CIRCLES OF 110 DA WITH
ZOME 30 D8 CENTERS AT AL B CI AMD D)

NOTE: THE POSMIONAL AND FCRM TOLERANCES USED IN THIS
ILLUSTRATION ARE ASSURDLY LARGE. AN EXAMPLE USING TOLERS
ANCES OF ONE CR TWO THOUSAMDTHS WOULD BE COMPLETELY
AMALOGOUS BUT IMPOSSBLE TO ILLUSTRATE

FIG 3

result should B¢ the sace as paxidum material conditions,
that is for a 1.00 dia. hole a properly positioned gage
pin of .80 diaceter can be used to check the position of
this hole, The pain difference between the Lwo different
style of potes is that the Aserican notes give a toler-
ance radius vhile the British system gives a tolerance
zone diaceter, In elither case the diaceter of the gage
pin is the ninioun diaceter of the hole less the diaceter
Here again an exceplion oust be

of the tolerance zone,
noted, in that the positional tolerancing methods as out-
lined in MIL-5TD-8 proposes to accoaplish the sace thing
by eeans of a synbol accoapanied by a figure which repre-
senl the diaceter of a positional tolerance zone, the
gape as the British note.

As npoted on Figure 3 the upper illustration is
labeled as a "striet” interpretation of this note, Its
application is not considered practical shen interpreta-
ted in this fashion since the gages cozzonly used could
not detect a variation greater than the positional tol-
erance stated if the holes were oversized, For inter-
changeable manufacture the priecarcy concern is with the
surface of the hole, rather than the center.
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The realistic interpretation of the SAE note and the
anended note that the British proposed to accomplish the
samé thing 1s shown by the lower exanple of Flgure 3. The
addition of the symbol (MMC) to the British note justi-
fies a realistic interpretation gaged oo surfaces rather
than theoretical centers.

If any of the holes described by such a note happen
to be of a maxinum diameter and are perfect in all other
respects, that is, perpeodicular to surface, ete., then
the actual center of that hole can fall ocutside the .20
positional tolerance zone and still function perfectly.
Let's take for example the 1.00 diameter hole with its
center at a in the upper illustration, if that hole is
enlarged to 1,10 diameter its center pay move to the left
along the horizontal center line to the new position al
shown below, and the distance from a to al is equal to
the increase in the radius of the hole or im this case
.05, Thus the annular ring surrounding the .20 position-
al tolerance zone 1s .05 wide, which glves us an enlarged
positional ‘tolerance zope of .03 diameter, More simply,
it can be sald-that the diameter of the tolerance zone is
equal to the diameter of the positional tolerance plus
the awount of the tolerance on the diameter of the hole,

¥hile some gogments of Averican industry have dis-
covered the immense value of such a system of positional
tolerancing for the location of holes in mating parts
very few if any have ever stopped to realize that the
outside dlaveters of shafts, rotors, etec,, present exact-
ly the same problem, All such surfaces of constant di-
aceter are eircular cylinders regardless of whether they
be holes or shafts,

Itens M acd K of Flgure 2 represent one of the sim-
plest exanples, The typical exanple illustrated at M is
ona of the eost universally misinterpreted notes to be
found on any draving. When pressed for an ioterpretation
of this Note I frequently get an answer "Oh, they are
Just concentric within three-thousandths of an inch,
that's all” - accoapanied by a shrug of the shoulders.
Conversely the slightly shorter note proposed by the
British praétlce leaves very little doubt vhen one under-
stands that the tera concentricity tolerance means exact-
1y the same thiog as positional tolerance. The items 11-
lustrated at P and @ provide a more interesting applica-
tion in that the end eylinders might well be the bearing
surfaces on which this shaft rotates. For precislon
panufacture it is easily possible that the larger diame-
ter peed be held reasonably true in an operating position.
To accoaplish that the British very sinply give their
concentricity tolerance relative to those surfaces., Ar-
gusents exist here as to what happens if those surfaces
are not perfect, The usual interpretation is that the
concentricity tolerance zone has an axis which coincides
with the eean axls of surfaces A and B, hovever imperfect
they pay be.

Item R illustrates another method proposed by some

INTERPRETATION
FIG 119 /7 BS-308

HOLES A & B AND SCREW
THD C-CONC & SQ TOL ZERO
(MMC) (DATUM-FACE D)

505 ==
P Y1

— 105 DA

e (D
- = MM PD

NOTE ABOVE DEFINES TOLERANCE ZONES AS

SHOWN IN (I) ANY OF THE VARIATIONS SHOWN

IN () THRU (7) MAY OCCUR OR ANY COMBINATION

THEREOF

FIG 4

Amerpican industries, which has been the subject of much
controversy for several years, The so-called "A Note" of
the SAE Aeronautical Drafting Manual §s an example of
this type of note. It is very likely that the SAE will
expand the coverage of this material io the near future
to include datum surface references.

The outstandiog exanple of simplification in the
British method is illustrated by the two Itens K and L at
the top of Figure 2, Itea K is copled directly froa the
GAE Automotive Drafting Manual while Item L is copied
from B5-308. The Interpretation might be slightly dif-
ferent. If the indicator readieg radius of Item K was
the ocutslide diameter of the flange the notes would mean
exactly the same thing except for the fact that the Brit-
ieh note refers to a cylindrical surface while the Areri-
can note refers to a theoretical axis of a hole. However,
either of these notes could be adapted to the opposite
conditlion in that respect,

Other samples of simplification are illustrated in
Figure 1. By sinply defining what is meant by astralght-
ness tolerance, a flatpess tolerance or a parallel toler-
ance the British states them very sleply, Itea G
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illustrates the case where argucents frequently exist in
this country, 1In Item H the British very simply state
that Face A is the datus surface. This eeans that if the
part is set on a surface plate, with Face A on the plate
all poinls on the other face must be within .003 indica-
tor readleg.

Xote here that the British proposal does not use the
syabol FIR (Full Indicator Reading - sometlees indicated
as TIR, FIM, ete.) but by thelr defioition of these tol-
erances arrive at the sawe result,

Probably the outstanding example of the simplifica-
tion effected by the British proposal is illustrated by
Figure 4. The draving in the upper left corner and the
accoapanying note are copied exactly from B5-308. The
note "HOLES A & B AND SCREY THD, C-CONC. & 5Q. TOL. ZEROD
{}8{C) (DAT(M-FACE D)" completely controls all of the pos-
sible variastions of the relative locations of the holes
and the screv thread., The report of the SAE Committiee on
Positional and Geometrical Tolerances, for which Figures
3 and 4 were originally prepared, shows Item 1 as the in-
terpretation of the Note above. Items 2 through 7 being
ghown as possible variations that could exist. For pur-
poses of illustration the fized dlameter of the thread is
taken here to represzent a cylinder. If all diageters run
to the mipimum, or basic dieension then each of them must
be perfectly positioned, Any one of the diameters could
vary in size and at the same tiee be eccentric or out of
gquare within the tolerance limits on that diameter. Item
7 shows all three dlaceters at a maxiwum, and according
to the accepted interpretation, all three diaveters musl
be perfectly concentric and square, However, this szens
to be contrary to the general philosophy of positional
tolerancing, and is one of the points which nust be
e¢laared up, The caption under Figure 119 of B3-308 has
been suggested by some as belng a better note to pul oo

Prr————

the draviog than the one ghown, This caption reads as
follows: "Cosbined tolerance for squareness and concen-
tricity ipcluded in limits of size,” This would seem to
bear out the extrepe case illustrated at No. 7.

Several interesting reactions to this note has been
obzerved. The general concensus in most of the Detrolt
area, that is the Automotive ipdustry, is that the shops
vould not accept it, The word zero when used in connec-
tion with any tolerances szem to “scare” many persoas.
Bowever, somé branches of the Autozotive industry and
goze branches of others claim that they work to this con-
cept at all tiees, A liberal ioterpretation of paragraph
2.5.1 of MIL-5TD-8 leads to such a system, and in the
opinion of some is all that is needed to accomplish the
gane thing as the Kote on Figure 119. Y¥e have coantacted
the Defense Deparicent Agency, responsible for MIL-5TD-8
regarding this interpretation, but have not as yet found
out just how far they intend for it to apply.

Much effort is beipg mide to work cut a comaon meth-
od, not only in merely placing the tolerance on the draw-
ing but also in the underlying philosophy.

There is no poticeable difference in British and
Amerlcan draviong practice except in this area of Posi-
tional and Geozetrical toleranciog, and it is hoped that
an understandlng can soon be reached., If these practices
can be coordipated then draviogs of both countries could
be used by either without belog redravn as has been mec-
essary In the past.

In the event of another ecergency the benefit of a
conmon eethod could conceivably effect savings of count-
less millions of dollars and, of even greater importance,
precious tice.

Professor H. C. Spencer
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FERSONALITY SKETCH

PROFESSOR H. C. SPENCER

¥
Professor I.L. Hill
I11linois Institute of Technology

Professor H, C. Spencer is the Director of the De-
parteent of Technical Drawing of the Illinois Institute
of Technology. For eany years he has been active in the
affairs of the Division of Engineering Draving and has
contributed much to the improvecent of the teaching of
technical drawing. His ability to organize apd plan to
the smallest detail is recognized by all who have coae
to know hin.

Professor Spencer was born March 5, 1903, in Mangua,
Oklahoza, and received his high school education at Oak
Cliff High School of Dallas, Texas. During his spare
tize in high school and while working his way through
Baylor University, he worked as a draftssan apd as a coa-
eercial artist., His first commercial technical drawing
assignement was a large emap of Texas, showing all oil
fields and geological data. Other cozzercial experiences
consisted of working in Dallas, Texas, for the Louchard
Co., and the ¥hite Engraving Co., plus working for a sum-
mer as a draftssan in Chicago while studying at the Chi-
cago Acadeay of Fine Arts, He spent a surccer in New York
City studying at the Grand Central School of Art and the
Art Students League of New York, In addition, he attend-
e¢d Ohio State Universitly for a suc=zer and studied upder
the late Dr. Freoch.

Professor Spencer and Juapita Mixson of Wesl, Texas,
were parried while both vere attendiong Baylor University.
During his seplor year, he was cozaissioned to paint full
life oil portraits of Dr. §. P, Brooks, president, and Dr.
A, J. Arastrong, director of the Browning Library. These
portraits nov hang at Baylor University, He graduated
with an A, B, Degree in 1929, His present hobbles, when
he can find the time, are oll painting and pencil and ink
dravings.

Professor Spencer began his tezching career in 1926
as a drafting iostructor at Ballinger High School, Bal-
linger, Texas, He accepted an instructorship in the En-
gineering Draving Departeent at Texas A & K College in
1930 and while an instructor there obtained a B, 8. De-
gree in Architecture and a M. 8, Degree in Industrial Ed-
ucation. He advanced to full professor and head of the
departeent in 1940, In 1541, Professor Spencer accepled
the opportunity to establish and build a Technical Draw-
ing Departeent at the Illinois Institute of Technology.
The departeent has grown steadily since its inception
and 1s now the only departeent in the country offering a
B, 5, Degree in Technical Drawiog and a M. S, Degree in
Engineering Graphics. Aside froa his many contributions
to the literature of this field, Professor Spencer is
wost proud of the part he has bhad in the accomplishments
of the departeent.

His activities in the Division are numerous. He has
been a menber of A.5.E.E. since 1932 and has been secre-
tary to the Division, member of the Executive Cozaittee,
Chairman, representative of the Division to the Council
of A.S.E.E., and a epeaber of the faculty of the 1946 En-
gineering Draving Summer School. He is a menber of the
ASA Y-14 Sectional Comaittee and 1s chairean of the Sub-
coznittee on Line Conventlons, Sectioning and Lettering.
He is also consultant to the SAE Aeropautical Drafting
Cozmittee 5-1.

He is a eczber of the Southern States Art League,
Yestern Soclety of Engioeers, Aeerican Yocational Associ-
ation, I1lincis Yocatlional Association, and American As-
sociation of Unlversity Professors.

On campus, Professor Spencer is a pesber of the Cur-
riculun Cozaittee, Discipline Cozaittee, and has served
on the Presidential Selection Cozaittee whose work cul-
ninated in the appointeent by the board of trustees of
Fresident J. T. Rettaliata. He is an honorary ceaber apd
faculty advisor to Triangle Fraternity and has served as
a menber of thke Faculty Council, president of the Faculty
Club, and for three years faculty chairsan of the Junior-
Yeek Open House Committee,

He is listed in "Who's Yho in Engineeriog,” “vho's
Who in American Education,” "Who's Who in Texas,” "who's
¥ho in Chicago” arnd "Vho's ¥ho in American Art,

Professor Spencer's nueserous writings began in 1933
with the first edition of "Technical Drawlong™ with Pro-
fessor A, Mitchell and the late Dr. F. E, Giesecke, The
book is now in its third edition and is in general use,
Otker books which followed:

“Technical Drawing for High Sthools” - Books
I ard II with E. L, ¥illians (Macamillan, 1934).

“Technical Draving Practice” with Giesecke and
Hitchell (Macmillan, 1932}.

"Technical Drawing Problezs” with Giesecke and
Hitchell (Macmillan, 1934).

"Lettering Exercises” with Giesscke and
Hitchell (Macemillan, 1937).

"Engineering Preview” with Dr. L. E. Grinter
and others (Macmillan, 1945).

"The Blueprint Language” with H. E, Grant
(Hacaillan, 1946},

"Technical Draving Probless - Series 2" with
Grant {Macmillan, 1948).

"Technical Lettering Practice” with Grant
(Macaillan, 194%).

Thke total =ale of his publications kas nearly reached
the ooe million mark.

Professor Spencer has long been interested inm the
educational value of slides ard eovies, and the depart-
eent of techoical draving eakes extensive use of such
visual aids. He collaborated with H, L. Minkler in pro-
ducing the motion picture "Imstrucental Drawing,” and
¥ith I. L. Hill in "Vertical Capital Letters,” both in
Kodochroze, In addition, ke has served as consultant to
the 0.8, Office of Education, Jam Handy Co., and Ray-Bell
Files for several educational films,

As a teacher, ke has tried to emulate Professor A,
Hitchell with wvhoa ke stludied ard under whose supervision
he later taught, Professor Spencer is a frieod to all
students apd associates, wvho adalre him for bis patience,
kindliness, perserverence and understanding. He always
takes the tiee to lend a guidicg hand. Bis chief inter-
ests center around the activities of the Tecknical Draw-

ing Departeent, its courses, faculty, aod students, and
the philosophy of teaching technical draving.
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DEGREE CURRICULA IN TECHNICAL DRAWING
AND ENGINEERING GRAPHICS

by

Professor H, C, Spencer

In the fall of 1951 the Illincis Institute of Tech-
nology introduced a pew curriculum leading to a B, 5. De-
gree in Technical Draving. This was followed, in the
fall of 1953, by the introduction of a graduate progran
leading to an M. 5. Degree in Engineering Graphics. The
curricula are desigoed specifically to provide both un-
dEr%rate and graduate trainiog for teachers in this
field,

At the high school level, the cechanical drawing
teacher is trained in industrial arts or industrial edu-
cation. "Mechanical drawing” is one topic awong many,
such as woodwork, sheet metal work, electric shop, and so
on., The trainiog in draving is necessarily limited. Yet
in thousands of schools, particularly the large technical
high schools, the drawing teacher teaches only drawing
and should be a specialist with a thorough groundiog in
technological fundamentals, Actually, he needs the basic
technical training given to engineering students plus a
nuch more coaprehensive training im all the branches of
drawing.

At the college level the young drawing teacher is
usually recruited from the ranks of engineering gradu-
ates, Fortunately, he has the basic technological back-
ground, but his dravinz is extrezely limited. He may be
fapiliar with the elements of s0il pechanics, the theory
of ipdeterminate structures, ultra-high-frequency waves,
thereodynanics, or speclroscopy, but he probably has had
no more than iwo or three semesters of drawing. His
knowledge of axonozelry is limited to a fev sinple iso-
petries, his experience in perspective is linmited to
three or four blocks drawvn in angular perspective, and he
pay know nothing about topographic maps, structural draw-
ing, architectural drafting, or machine design, to nace
only a few, If he is a chenical or an electrical engin-
eer, he may have had no more than three or four scoester
hours of draving, and he eay not have had any descriptive
geozelry, which is the basis of all draving., In shorl,
the young engineering graduate starts out his career as a
teacher of drawing with very little professional drawing
training in his specialized field.

Coapare the gualifications of the beginning drawing
teacher with those of the beginning teachers in other de-
parteents. [In chenistry, physics, or mathepatics, for
exanple, the doctor's degree is almost pandatory to ob-
tain an instructorship. It is anply clear that more ex-
tensive training is needed by the dravwing teacher if he
is to be on a par professionally with his colleagues in
other departeents.

0f courss, pany draving teachers, by dent of sumeer
work in industry and a great deal of individual study be-
coze what we might call experis in the field. However,
thege are the people who made professional men of then-
selves despite the lack of formal traioing.

In setting up the undergraduate curriculum in tech-
nical drawing, the aim was to include the basic techno-
logical background réquired of the engincering student,
plus a wide variety of courses in drawing, and certain
courses in teaching methods. Hence, the first twvo years
of the undergraduate progranm is practically the same as
that for cechanical engineering. This is follosed, in
the junior and senior years, by the sequence of courses
prerequisite to and including machine design, with stat-
ics, dynamics, mechanics of materials, mechanisns, and
pctallurgy required, The education sequence includes the
basic courses in education followed by certain courses in
shich application is made specifically to the teaching of
drawing, including visual aids, methods of teaching tech-
nical draving and practice teaching. Most important of
all is the variety of courses in the different phases of
draving, both theory and practice, including advanced

descriptive geozetry, technical sketching, architectural
drafting, elesentary product design, pictorial represen-
tation, structural draftiog, and topographic drafting.

The opportunity for the developzent of the under-
graduate program was available at the Illinois Institute
of Technology becauge of the considerable nunber of var-
ied courses in technical drawing already listed in the
catalog. The departeent has regularly conducted a large
evening program in shich courses were offered to meet the
needs of adull education in a diversified epanufacturing
arca. Altoczether, thirty undergraduate courses are of-
fered, although all pay ot be available during any glven
sepester, Thus, it was only necessary to prepare the new
curriculun to ceet the needs of drawing teachers, eaking
uge in most cases of courses already available. It was,
of course, necessary to convince the adoninistration that

‘the proposed curriculum would be conducted onm the same

high level as other engineering curricula and would peet
a definite peed.

At the present writing, the undergraduvate progran is
too pew to have produced graduates, but the first student
will be graduated in February, 1954, Altogether soze
tsenty-five students are in the program in various slages
of developzent, soze in day school, so=e in the evening
division, and soze continuing through sumzer work. For
the present, where full classes are not available, the
students are taught on a conference basis, and this has
proved very =satisfactory. Most staff eeabers have one or
pore of these students wsho are directed individually, The
result is post stiouvlating, as it gives the teacher an
opportunity to work with students in advanced or special
subjects who are vitally interested in what they are
learning.

The graduate program is designed priearily for the
drawing teacher who already has a degree in technical
drawing, engineering, or architeciure, and who desires an
advanced degree in his teaching field rather tham in his
undergraduate area, The progran started last fall with
two graduate students, both of whom are drawing teachers
with epgineering degrees, For the graduate curriculum
ten new graduate courses were set up and will be listed
in the next issue of the graduate school catalog. These
include descriptive geometlry systess, engineering graph-
ics, nozographic charts, audio-visual aids design, tech-
pical illustration, industrial drafting procedures, prob-
lens in course design, tests apd measurezents in graph-
ics, research and thesis, and special probleps. Individ-
val prograns are deternined in consultation with the de-
partmental faculty advisor., O the total of 32 sezester
kours required for gradvation, as pany as 12 sezester
hours of junior and senior undergraduvate courses may be
included.

Every wenber of the staff of the technical draving
departeent, especially Professors 1. L, Hill, Fugene Pard,
R, 0. Loving and Frank Hrachovsky, has contributed,
through many staff and comaittee meetings, to the devel-
opzent of the undergraduate and graduate programs. Pro-
fessor Hill is in direct charge of all students, and ad-
vises them concerning their problems. Although this pro-
granm has entailed a great deal of planning and study on
the part of staff ecobers, it has been stinulating and
constructive.

Experience wlth these curricula will undoubtedly
show that changes in courses and perhaps changes in pat-
tern will be pecessary, ¥We sincerely hope that we may
have the benefit of suggestions and criticisas fron ex-
perienced teachers vho have given thought to these
problens.
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KNOW YOUR COMMITTEES

Dear Menbers of the Division of Engineering Draving:

I an including herewith a list of our standing cozaittecs and the

pecsonnel

of the same. The success of our Division depends on the ac-

tive participation of all the eeabers working together and not just
the efforts of the few whose paces appear below,

If you have suggestions and ideas affecting the Division, will
you get im touch with either the Chairean or one of the peabers of the
stapding cornittee whose responsibility it will becoze to see that the
inforeation is brought to the attention of the committees and officers
of the organization so that the sace can receive due consideration.

It is oy desire that these comsittees be functional and not static.

Thank you for your consideration in this patter.

OFFICERS:
Chairean:

Yice-Chairean:

Secretary-Treasurer:

Executive Comaittee:

fa W am© = = 2

Yery truly yours,

Ralph T, Northrup
Chairean

. Korthrup, ¥ayne University, Detroit, Michigan
Aakhus, University of Nebraska, Lincoln, Kebraska
Hill, [1linois Institute of Technology, Chicago, [1linois

Rowe, University of Texas, Austin, Texas (1 year)

. Grant, Washington University, St. Louis, Missouri (2 years)
Rising, Iowa State College, Aunes, [owva (3 years)

Hoelscher, University of Illinois, Urbana, Illinois (4 years)
Gerardi, University of Detroit, Detroit, Michigan (5 years)

Lo B - - - |

Publication Coanittee - Journal of Engincering Drawing:

¥.
C.
E.

Editor T-Squaré Page: H.

J. Luzadder, Editor, Purdue University, Lafayette, Indiana
J. Yierck, Advertising Mapager, Ohio State University, Colusbus, Ohio
Grisvold, Circulation Manager, The Cooper Union, New York, N.Y.

P. Skamser, Michigan State College, East Lansing, Michigan

A.8.E.E. General Council Heaber;

R.
Special Avards Cozaitlee:

R.
C.
J.

Advanced Graphics Fnani;tcgi

F..

J.
J.
J.
A.
C.

Bibliography Coznittee: B.
H.
E.
J.
C.

Teachiog Alds Cozaittee: H.

F.

Jg.
L.
J.

5. paffanbarger, Ohio State Upiversity, Colunbus, Ohio

5. Palfenbarger, Chairman, Ohio State University, Colusbus, Ohio
H, Springer, University of Illinols, Urbana, [1linois
J. Garardi, University of Detroit, Detroit, Michigan

A. Heacock, Chairean, Princeton University, Princetom, New Jersey

T. Rule, Massachusetts [nstitute of Technology, Canbridge, Massachusetts
N. Aroold, Purdue University, Lafayotte, Indiana

G. McGuire, Texas A & M College, College Statlon, Texas

§. Levens, University of California, Berkeley, California

H. Kearns, Jr,, Ohlo State University, Colusbus, Chio

E. Grant, Chairman, Washington University, St, Louis, Wissouri
H. Fenwick, University of Louisville, Lodisville, Kentucky

F. Tozoer, Northeastern University, Boston, Massachusetts

¥. Arnold, Purdue University, Lafayetle, Icdiana

H. Kearns, Jr., Ohio State University, Columbus, Ohio

B. Howe, Chairean, Rensselaer Poly. Inst., Troy, N. Y.

Justus Rislng. Purdue University, Lafayette, Indiana.

M. ¥Warner, University of Washiogton, Seattle, Washington
G. McGuire, Texas A E M College, College Station, Texas
G. Palwer, University of Minnesota, Winneapolis, Mionesota
8. Riging, Iowa State College, Ames, lowa
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Policy Committee: C. H. Springer, Chairman, University of Illinois, Urbapa, Illinois

¥. E, Streel, Texas A, &k H. Collegs, College Station, Texas
R. P. Hoelscher, University of Il1linois, Urbana, Illinois
Justus Rising, Purdue University, Lafayette, Indiana

J., J. Gerardi, University of Detroit, Detroit, Michigan

Election Coznittee: T. T. Aakhus, Chairman, University of Nebraska, Liocoln, Nebraska
i ik Lyle Young, University of Nebraska, Lincoln, Nebraska
John Eurtz, University of Omaha, Omaha, Nebraska

Cozaittee on Display of Student Work:

= M, HcXeary, Chairean, University of Maire, Orono, Maine

J. 8, Dobrovolny, University of Illicois, Urbapa, Illinols

L. E. Stark, Texas A. & M, College, College Station, Texas

8. E. Bhapiro, University of Illinois, Navy Pier, Chicago, Illinois

R, 0. Loving, I1linois Institute of Technology, Chicago, Illincis

Cozaittes on Display of Instrucents:

T } . A, Newton, Chalrman, University of Tennessee, Knoxville, Tennessee
. E, Pearson, Universlty of 11linois, Urbapa, Illinois

. H. Taylor, University of Alabana, University, Alabama

. D, Fhelps, University of Florida, Gainesville, Florida

. D, Thonas, Ohio University, Athens, Ohio

O e

Committese on Instruments and Materials:
L. R, Schruben, Chairean, University of Southern California, Los Angeles, Califoraia
B. G. Xinner, Rensselaer Poly, Inst., Troy, Kew York
H. F. Blade, Cooper Unlon, New York, N. Y.
Irwin ¥Wladaver, New York University, New York, N, Y.
P. 0. Potts, University of Michigan, Ann Arbor, Michigan
L. H. Sahag, Alabama Poly. Iost., Auburn, Alabaea
¥. E. Street, Texas AKM College, College Station, Texas
E. 0. McDopald, U. 5. Hilitary Acadeny, ¥Yest Point, N. Y.
F. Binns, Mount Allison University, Sackville, Xew Brunsvick, Canada

Cozmaittee on Standard Tests:
Irwin Wladaver, Chairean, New York University, New York, N, Y.
C. Spencer, Illinois Institute of Technology, Chicago, Illinols
P. DeGarmo, University of California, Berkeley, Califorania
M. Russ, University of Iowa, Iowa City, [owa
¥ilson, University of 11lineis, Urbana, Illinois
0, Johnson, New York University, New York, N. Y.
. M, Waroner, University of ¥ashington, Seattle, Washington
. E, Machovina, Ohio State University, Columbus, Ohio
« 3, Dsborn, Universlity of Detroit, Detroit, Hichigan
. Paré, 11linois, Institute of Techrology, Chicago, Illinois

o= - B B ol - R
2 e

Cozaittee on Reproduction Processes:

H, P, Skanmser, Chairman, Michigan State College, E, Lansing, Michigan
D, N, Pierce, University of Nebraska, Lincoln, Nebraska

R, Paul, Michigan State College, E. Lansing, Michlgan

R. 5, Royster, University of Illincis, Chicago, Illinois

IN MEMORIAM —DR. F. E. CIESECKE

Meabers of the Engineering Drawving Division were saddened by the death of Dr. F. E. Giesecke who

passed avay as the result of a heart ailment on Jupe 28, 1953, at the age of 84, Dr. Giesecke was a
pioneer in the teaching of draviog and descriptive geometry. He was the first to introduce axonoze-
try in this country, it haviog been taught previously in Europe, Dr, Giesecke obtalned his B, 5. de-

gree at Texas A, E M. College, his Masters degree from the University of Illinois, and his Doctor's
degree from Massachusetts Institute of Technology. His education included extensive study in Ger-
pany before he went to Massachusetts Institute of Technology. He received the Distinguished Service
Avard of the Engloeering Drawing Division at Michigan State College in recogoition of bis work as an
putstanding educational leader and as an author,
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GRAPHICAL METHODS FOR THE LOCALIZATION OF RADIUM NEEDLE
INPLANTS FOR DOSAGE CALCULATIONS IN THE TREATMENT OF CANCER®!

¥
Professor Howard ¥, Yreeland
Coluebia University

The Departeent of Graphics at Colusbhia University
has recently had the opportunity to investigate the pos-
sible application of graphics as a solution to a long
stapding problem in the treateent of cancer.

The problea involves the accurate localization of
radium sources in the huean body.

Dr. Morton M. Kligersan, of the Department of Radi-
ology, College of Physicians and Surgeons, Colusbia
Presbyterian Medical Center was inclined to thiok that an
approach through descriptive geozetry might offer a prac-
tical ard relatively sinple solution, It is not surpris-
ing that graphical techniques were considered, for the
science of healing has becozme so technlical that its
problens have already reached into every branch of our
profession.

Therefore, at Dr, Eligerean's Instigation the theo-
retical possibilities of a solution were examined, At
present, we can report on our studies of the problea and
of the experieental verification of several solutions.
The more practical problems of application still have to
be ironed out, but we are paking steady progress.

Our work is concerned with the application of radium
in the treateent of cancer of such parts as the woab, ur-
inary bladder, toogue, and areas about the head ard neck,
Vhenever ionizing electro-magnetic radiations are used as
a treateent, it is necessary to subject every part of the
cancer to a coapletely lethal dose. In order to assure
this, an accurate knowledge of the avount of radiation
delivered is pecessary. Such information is also needed
to deteraice the effect of the treatoent on nearby healthy
tissue. It is in the atteapt to measure radium dosage
that the problea discussed in this paper is encountered.

¥hen radium is used as the source of fonizing radi-
tions, needles or tubes, made of gold or platinua, and
containiong radium =alts are implanted in the tumor. To
adequately treat the cancer, the inplant is made in a
prescribed geozetric pattern which will produce a hozo-
geneous dose throughout the tumor volume, When this is
achieved, all portions of the tusor will receive a de-
structive dose of radiation if the implant i1s leff in
place for the proper tiee. A limitation is imposed, how-
ever, by the requirezent that the amount of radiation de-
livered throughout the surroundiog normal structures be
within tolerance, The overall objective, then, is to de-
liver a dose which will cause coaplete and persanent re-
gression of the cancer without causing any important per-
pancnt damage to the noreal tissue.

But this ideal implant is difficult to achieve in
practice and x-ray files, or radiographs, sozetimes show
variations sufficiently different from what is desired to
cause concern over whether all portions of the tueor are
receiving an adequate dosage, Unless the implant is rad-
ically different, however, it is allowed to remain, but

% From ke qu:!tmlal of Gr;p‘hk‘, Columbia Universily, acd tke l:'-ltp-arl--
mexnt of Radiology, College of Fhysiciacs ard Surgesas, Columbis Unl-
versity, ard the Radlologle Service of the Presbylerian Hospital, New
Tork.

Critical

Point
o

MNeedla

Figure No. 1

it is then necessary to determice froa the radiographs
the true distribution of radium =o that it eay be left in
the body for a perlod of tiee sufficient to assure a min-
inua lethal dose,

This deteraipation begins with the identification on
the films of the "critical points.” Thess may be points
in the tupor shich are suspected of getting too low a
dose, or points in the noreal tissue which are recelving
too much radiation, The identification is made by a
radiotherapist wvho at the sace tice prescribes the dose
(eaxinun or minimum, as the case eay be) for each point,
Next, and here 1s where our problea enters, it is neces-
sary to establish the true position of each needle with
respect to every critical point, so the dose can be cal-
culated for the radiotherapist.

A set of tables has been devised (the Quinby Tables)
%hich requires the coordinate dimensions shown in Fig. 1.

These dieensions are:

X, the true distance of the eritical point froa the
axis of the needle, measured perpendicular to the
axis, and

¥, the true distance of the critical point from the
nid-point of the needle, mcasured parallel to the
axis.

On the basis of these measurerents and the radiation
characteristics of the source, the Quimby Tables pake it
possible to calculate the hourly contribution of each
source at a chosen critical point, The sue=ation of these
rates divided into the prescribed dose gives the nunber
of hours which the implant should repain.

The localization problea is obviously a variation of
our old friend "the shortest distance froa a point to a
line,” but coaplicated by the fact that the given views
are radiographs. Looking ahead, however, at the prospect
of our solution becoaing a hospital technique suitable
for persons not traiced in graphics, the problea is more
broadly states as follows:

By what sinple and quick graphical method can the

T This work has been supparted in part by furds from the Damoa Ranyoa
Mermorial Fozd,
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Focal Spot, S

Figure No, 2

true coordinate dicensions X and Y be accurately deter-
nined from radiographs of the implant?

ORTHOGRAPHIC AND POINT-SOURCE PROJECTION

The projection of an implant is cast by rays which
enit at the focal spol of the X-ray tube. In eodern ro-
tating anode type tubes the effective area of this source
is only two or four milliveters square and can be consid-
ered a point at the usval working distances.

Figure 2 represents the X-ray projection of an in-
plant and with it, for cosparison, the crthographic
projection.

Note the following characteristics of the point-source
image:
a) Needle #£1, which is parallel to the film, pro-
jects longer tham its true length.
by Needle #2, which is perpendicular to the film,
projects as a line,
¢} Xeedles #3 and #4, which are oblique and parallel
to each other, project as non-parallel lines of
different lepgths.

S

Figure No, 3

Having in mind the type of solulions which are used
in orthographic projection, the radiograph is obviously
unsuitable as a source of quantitative information.

Consider then the possibility of correcting the
point-source radiograph of an implant to its orthographic
equivalent, This would allow the application of the more
familiar graphical constructions in solving for the re-
quired distances,

Figure 3 illustrates the principles by which this
correction can be achieved.

S is the focal spot of the tube,

P is an end point of an ieplanted needle,
X is the X-ray projection of P,

0 is the required ortho projection,

Point C is the projection of the one and only X-ray
which falls perpendicular to the plape of the film.

Obviously, all the projectors lie in a plane apd
point O is oa the line joloing points € and X, If NP is
parallel to CX, the following relationships pay be stated:

Kp _ B8
cX s

but ¥P = C0, and N5 = C5 - CN, therefore

Co Cs8 - CN

cx Cs

Since CN = OP = h, the height of the point above the
film, and €8 = 100 ca in practice, this expression sim-
plifies to:

X 100
needle
critical Fo
point ~_ \— able top
T L /-x-my film
“Front View" “Side View"
position position
Figure No,. 4

If, then, the followiog are known:
a} the focal spot to film distance,
b} the height of the poiot above the film,
¢) the location of point C,

the radiograph of a point can be connected to point € by
a line drawn on the film, apd the orthographic projection
of the point located along the line by the proportion
stated above.

By this method, all the end points of the needles in
the radiograph of an implant together with the designated
critical points can be established in orthographic pro-
jection., Two such corrected files, representing views
displaced by 90 degrees make it possible to solve the
distance relationships by sl;aightfuriard eethods.
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Figure Ko, 5

As a peans of testing this theory, a model of an ie-
plant was pade consisting of 5 needles {seving variety)
and 2 critical points (BB shot), =o that 10 separate
point to line relationships could be checked,

For practical reasons it was decided to rotate the
model through 90°, keoping the film in a fixed horizontal
position and the tube directly above it at a distance of
100 ¢a, (Figure 4)

Figure 5 illustrates a principle wshereby the point C
can be located.

AB is a radlo-opague lipe perpendicular to the plane
of the filn. Its X-ray projection is A'B'.

_r'd()?FE Is

-suspended
BB shot

Figure No, 6

, ™
film
image of
lower BB
2 / )
/J'mnge of
upper BB
Figure No. 7

Obviously parallel lines AR and CS deternine a plane
shich includes lines SA and 5B, The intersection between
this plane and the plane of the film is deterained by the
piercing points of lines 5A and 5B, which are points &'
and B', The piercing point of line C5 or, indeed, any
other line in the plape, then lies sozewhere along the
intersection,

If a second line similar to AB is projected on the
film, the tvo extended projections of the lines will
cross at the point C.

In order to accoaplish this location of point € in
the tests, a "point C locater” was constructed. {Fig. 6)

This consisted of two wooden hoops set one above the
other, scparated by vertical dowels, and supported by
three short legs. Egually spaced above this framework,
four pairs of BB shot were suspended on threads, so Lhat
they represented the epnd points of vertical lines,

In makicg the test radicgraphs, the point € locator
¥as placed over the podel of the inplant, so that the
projections of the "vertical lines” were included.

Point C was then located as shown in Figure 7. The
four lines were found to close upon a rectangle roughly
1/8" x 1/4",

TRUE CORRECTION TO ORTHOGRAPHIC

Correcting the radiograph of a point requires konow-
ing the height of the point above the filn, The reasons
vhich will be givea later, the heights of the eritical
points and oeedle end points on the epodel sere obtaioed
by direct epeasurecent, a convenience not possible with an
actual implant.

Figure & shows the front and right side views of one
of the needles (DE}, one of the critical points (2), and
point C as traced froa the test radiographs,

Ezch point was joined to C and long that line its
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B Figure Ko, B
Kﬁ e lEET%ﬁE!' vhere hE = the height of point 2 above the film in the right side viev position of the model.
Front Righl Side
& Figure Ko, 9
. 100 - " where hn = the height of the cenler of the implant above the film in the right side viev
el %
100 position of the model.

orthographic established by applying the proportion pre-
viously derived. For "h™, the exact distance of the
point above the film was used. A proportional divider,
calibrated for direct adjusteent eade this operation
relatively sinple,

This correction by individuval factors gives a theo-
retically exact orthographic projection of the implant.

APPROXIMATE CORRECTION TO ORTHOGRAPHIC

Coapared to the focal spot to film distance of 100
en., the differences betveen heights of the points of an
inplant are not great., Accordipgly, an approximate meth-
od of correction was tested,

Figure 9 shows the sape needle and point. In this
case, only one correction factor was used in each view,
and this based on the height above film of the approxi-
pate center of the implant for that particular position

of the model. A simplification in technique resulted
gince a proportional divider had to be set only once for
each view,

SOLUTION OF THE POINT TO LINE RELATIONSHIP

¥ith the needle and critical point establisked in
orthographic projection, a eethod of solvinog the point to
lioe relationship was considered next. Auxiliary view
galutions were not desirable, for they required consider-
able knowledge of drawing board technique and descriptive
geozetry. Furthersore, the number of auxiliary vievs
would equal the pumber of needles times the number of
critical points.

It was decided, instead, to use the eethod of tri-
angulation,
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TRIANGULATION

The peedle and point deteraine a triangular plane
which can be constructed in noreal view if the true
lengths of the three sides are known. The length of one
side, the needle, is already known, but the other two
distances nust be obtained froa the orthographic viewss.

Figure 10 shows the familiar true lepgth (T.L.)
diagran, used in this case to find the true leogths of
2D and 2E froa orthographic views of the implant. The
depth of the lines {d) in the side view and the projec-
ted lepgth of the lines (p) in the front view were made
the sides of a right triangle whose hypotenuse was the
true length.

On a horizontal lipe drawn equal in length to the
needle DE, the plane of the needle and the critical point
¥as constructed in noreal view by triangulation. Arcs
were drawn about poiots D and E, equal respectively to D2
and E2. The crossiog of these arcs established point 2
and coordinates X and Y were measured directly.

The advantages of this method are that it requires a
nininun of T-square and triangle work and a minioum of
working space, One T,L. diagram can serve for all the
point and oeedle relationships and one base line, such as
DE, can be used in the triapgulation constructions ol
other needles of the sace length,

ANOTHER SOLUTION:

NO CORRECTION TO ORTHOGRAPHIC, BUT T.L. DIAGRAM
PROPORT 1 ONED

For a given needle and eritical point, the inforoa-
tion necessary froa the radiographs of the implant is the
true lepgth of the distance froa each end point to the

critical point. This deternipnation without correction of
the radiographs to orthographic projection is not sieple,

The effect of polnt source projection usually is to
pagnify an object with respect to its orthographic, but
under certain conditions it can produce a szaller ieage,
The magnification of a dimensionless point is sieple,
being only a function of the height of the point and the
height of the source above the plane of projection.

Figure 11 shoss the point source projection of a
point uwpon a plane of projection. For C3 = 100 cm., it
can be shown that the ratio of the size of the polint to
the size of its ivage (a factor k) is given by:

100 - b
g Tt LS

=1 |-qu

Figure No, 11
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The size and configuration of the image of a finite
figure, however, is as much a factor of its orientation
in space as its height above the plan of projection.

Oa the other hand, it was felt that in practice, the
ratio of the inplant height to focal spot helght would be
s0o s2all, and the likelihood of point C beipng sozewhere
in the midst of the ivage of the implant so good that the
distortion effects of the point source projection would
be at a minieun. Moreover, under these conditicns, it
was felt that the appearance of the projections would be
50 close to orthographic that a sieple correction for
pagnification would ge sufficient,

Accordingly, as a third solution to the problea, the
distances p and d {=ce Figure 10) wvere taken froa the ra-
diographs directly, corrected for magoification by the
formula given above, and then applied in the T.L. diagram.

The distance p were proportioned by a k factor based
on the height of the approxieate center of the inplant
above the film in the front view position; the distances
d were proportloned by a k factor based on the height of
the approxivate center of the implant above the film in
the side view pozsition.

Again, a proportional divlider was used for this con-
struction.

RESULTS

The dieensions of the model in three nutually per-
pendlcular planes were peasured by ceans of a height g:ge
with dial indicator on a eachinist's surface plate, -
thographic front and right side views were constructed
fron the dieensions and, as a check of accuracy, the true
lengths of the five peedles deternined by T, L. diagranm.
The average arount of error was found to be 0,27%; the
greatest anount of error was found to be 0.33%.

The three eethods of solution were then checked

against the measured model (the distances X and Y had
been deternined by triangulation)with the following
results:
(A1l figures are percentages)
Distance X Distance Y
Average error 1.87 1.84

HKethod
True Correction

Maxioun error 2.40

Range of error 0,80
Approximate AvVerage error 2.25 2.14
Correction Maximum error 4.30

Range of error B.20

AVEFAEE error 2.41 2.30
Proportioned Maxionum error 4.70
T.L. Diag. Range of error 8.00

DISCUSSION OF MISCELLANEQOUS PROBLEMS

No Correction, but

It vas noted earlier in this report that the heights
of various points were taken directly froa the model.
This was allowable since several methods have been pub-
lished which enable the determination of heights froa ra-
diographs, yet to bave incorporated one of thea in the
tests would only have added extranecus error. A pew
eethod for deternining these heights has been devlsed but
has not yet been teslted.

Yhich of the three pethods to put to practice is a
patter not known at this tiee, The "no correction - pro-
portioned T.L, diagran” pethod seens the sinplest, but a
graphical shortcut has been devised which for the mozent
pakes either one of the corrected methods as easy to use,

It is not practical to turn the patient 90° as the
podel was, for there is no limit to the zmount of error
which may be introduced, A technique has been planned
vhereby the patient is left in one position and radio-
graphs are taken froa two perpendicular directions. A
point C locator has been desigoed to pernit this and is
under construction.

The correct identification of needles in large im-
plants is a serious problem., Several theorles for making
this more positive will be tested when the new localiza-
tion methods are put to usa,

DISPLAY OF TESTS AT UNIVERSITY OF ILLINOIS
AS.EE. MEETING, JUNE 14-18, 191

Irwin ¥ladaver, Chairean of Cozaittee

Tests in Engivecring Draving and descriptive geozetry
will be on display at the Upiversity of Illinois Meeting
of the A_S8.E.E., June 14 - 17, 1854. We e:?er:t pany in-
stitutions to contribute typical exanples of their tests,
quizzes, and examinpations.

The sork of our sludenots has alvays been an interest-
ing feature of the ceetings of the Dravwing Division. Pro-
feszor Ralph T.Korthrup,Chairean of our Division, felt that
a natural extension of this feature would be a display of
the tests w2 use to evaluate our students' work., And so
Professor Xorthrup put this feeling into action. He ap-
pointed a cozmittee to gather a substantial array of tests
and to display thea at Urbapa, Illinois, this coaiog June.

The type of tests you use is not at issue. "Objec-
tive,"” "standard,” "subjective,” or whatever else you
naee them is pot a patter of present concern, Nor is it
to be any kind of coapetition. All we hope to do is to
provide a ready ceans for all of us to improve our test-
ing prograss,

If you have already responded to our letters, we
thapk you. If you have pot yet had tiee to send your
tests in, ve urge you to do s0 as Soon as you can, Put
your material into an identifying folder and scod it on
to your cozmittee-menber. Your departeent chairean knows
who that is from the letters we've sent.

Certaio inforeation ought to be included if possible,
For exanple, it's isportant to know at vhat point in a
course - 4th week, Gth week-a specific quiz is given. And
if you can add anythiez about the relative welght you give
to a test, or the test-validity, reliability, methods of
scorlng, and s0 on -- these would be all to the good.

Let's make this a real showing. The other meabers of
the comnittee who are working for you are:

Prof, F.C. Bragg,
Frof. L.O. Johnson,
Prof. P.E. Machovina,
Frof. 8, Osbora,
Prof. E.G. Paré,

Georgla Institute of Technology
Kew York University

Ohio State Unlversity

University of Detroit

I1lipools Institute of Technology

University of Iowa
I11linois Institute of Technology

Purdue University

Prof. J.H. Russ,
Prof, H.C. Spencer,
Prof. H.C. Thoapson,
Prof. F. M. Yarner, University of ¥Wacshington
Miss Grace ¥ilsono, University of Illinois

¥e all hope to see you (and your tests) at Urbana,
I1linois, in June,

A LETTER TO THE EDITOR

Dear Warren:

¥ith barks of delight, by dog Booa Fida submits her
solution to the problem caused by Professor John Rule's
dog, Fido.

All [ did was to send Fida up to {or 1s it down to)
Canbridge, I knew she'd have no trouble smelling her way
to Fido's hangout and when she got there she simply ap-
pealed to Fido's chivalry. What would any self-respect-
ing dog do under the circumstances? Nalurally, he came
across. [ don't know exactly how Fida did it to Fido:
Maybe she dug it out with her 1ittle spade.

I sent her to Massachusetts with iostructions to find
out pot only what the solution wvas but also how the solutioca
was reached, But no luck. Fido went ooly 50 far and oo
further. "It wasenough I gave you the answer,” he grovled,
And ke continued in his best and broadest Bostonian accent,
"I ain't gonna tell you no more; not even how many solu-
tions you could get 1f you had any brains.

And not another word could my Fida get froa Fido. As
Fida confided to ee later, “That Fido is a dog, Yes sir.
A real son of a bitch.”

Cordially yours,

Irvln Wladaver
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Outstanding Aids for ENGINEERING [

247 pages, $4.00

APPLIED DESCRIPTIVE GEOMETRY

New fourth edition

By Frank M, Wiarner, University of Washington.

Application is the keynote of this text designed to teach clearly and
simply, by the direcc method,
descriptive geometry. The book presents a large collection of problems

with engineering data and terms so as to give the studenc considerable
practice in applying che principles in solving a large variety of engineering
problems. Many of the problems have been waken direcdy from some
commercial job. In the fourth edition new materials have been added,
problems have been revised, and new illustrations included.

the few fundamental principles of

APPLIED DESCRIPTIVE GEOMETRY PROBLEM BOOK

New second edition
By Frank M. WaARNER and CLARENCE E. DoucLass, University of Washington. 63 pages, $3.75

A thorough revision of the widely used problem
book correlated with the new fourth edition of
Warner's Applied Descriptive Geontetry. The prob-
lem manual saves the student time in layour work,
thus enabling the completion of more problems.

The manual also encourages the use of more prob-
lems with an engineering framework by partially
setting them up. The book covers all the point-line-
plane principles and most of the curved surface
principles needed in engineering practice,

PRACTICAL DESCRIPTIVE GEOMETRY

By Hiram E. GRANT, Washington University. 253 pages, $4.25

Correlates and integrates theory and practice, in-
stead of considering each as a separate entity. The
book employs the direct method for greater ease in
solving praccical problms. A special chapter is de-
voted to graphical accuracy. Feawures: the careful,
illuserated explanations of details usvally trouble-

some to students; numerous practical applications;
unusual number of illustrations explained by notes.
Problems Book and Answer Booklet for Problems
Book available — Prof. H. Grant, Department of
Engineering Drawing, Washington University, St.
Lows 5, Mo.
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IRAWING STUDENTS from McGraw-Hill

]'ing Drawing has become a classic in its field since first
d in 1911.The new edition, revised by Charles J. Vierck
help of Charles D. Coopet, Paul E. Machovina, Ral ph
l.hsrgcr, and Hollie W. Shupe, all of The Ohio State
&y, is a modernization of one of the grear successes in
ishing field. In this new edition a revised arrangement
prer order has been evolved. Material is acranged in
cdivisions: first, all the basic material on shape descrip-

presented, including pictorial skeeching, perspective,
|

GINEERING DRAWING PROBLEMS
Series ||

HARLES J. VIERCK, CHARLES D. COOPER, and PauL E.
HOVINA, The Ohio State University. 11 x 17, $4.50

primacily for use with French and Vierck's Engineering

Eighth cdition, this workbook covers the basic phase of
1g drawing normally taught in a one- or two-semester course.
ncludes more material than generally covered, it allows an
1 to the particular scope of the individual course.

ENGINEERING DRAWING
BASIC PROBLEMS, Series A

HARLES J. ViErck, CHARLEs D, Coorkr, and Paul E.
1oviNa, The Ohio State University. 815 x 11, $3.50

lem book is a bricfer edition of Series 11, designed for use
emester of quarter course. It covers all elementary phases

ject, but omits some of the more difficult problems covered
zer book,

A Manual of ENGINEERING DRAWING for Students and Draftsmen

New eighth edition

By ThoMAs E. FRENCH, and CHARLEs J. ViERCK, The Ohio State
University. 715 pages, 614x914, 1,090 illus., $8.00 (text edition available)

meersections, 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 pre-
cision and limit dimensioning; third, the basic machine ele-
ments are discussed — screw threads, fasteners, keys, rivers,
springs, gears and cams, etc.; funrth, the end point of all mate-
rial included thus far is given, plus the chapter on working
drawings, which is followed by the related specialties — archi-
tectural, struceural, map and topographic drawing, etc.

PROBLEMS IN ENGINEERING
DRAWING, Series IV

By A. 5. Levens, University of California; and A. E.
EpsTroM, City College of San Francisco. 814 x 11, $4.00

Virwally a complete revision of the former series, and
containing a copy of ASA Standard "Drawings and
Drafting Room Practice,” Z14.1-1946, Series [V recog-
nizes the increased imporcance of facility in frechand
sketching and provides further opporcunity for the de-
velopment of chis skill through translation exercises
from pictorials o orthographic drawings or the reverse,
and in the preparation of freehand decail workin g draw-
ings. Careful thought has been given in the selection
of dimensioning problems, and lettering sheets provide
for practice in the use of simple forms recommended
by the American Standards Association. The use of
Dictrich-Post Clearprint paper permits a clear repro-
duction of drawings, and a new gum binding technique
facilitates the removal of drawing sheets without rearing.

Send for copies on approval

JY, Inc.. 330w 42nd Street * New York 36, N. Y.
m
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GRAPHICAL COMMUNICATIONS — AN AID TO CREATIVE ACTIVITY

¥
pean L. E. Grinter, President of A.5.E.E.
University of Florida

¥hen I ¥as asked to address the Drawing Divisicn at
the Annual convention it was made clear that the invita-
tion was being extended to me as Chairpan of the Council
Coznittee on Evaluation of Englpeering Education, It is
ny purpose, therefore, to discuss briefly the difficult
task aszlgoed to this loportant committes and then 1o re-
late its objectives to those which I concelve to be the
objectives of the Drawing Divislon. If the result brings
hoze to you a great sense of your own responsibility for
the future of engloeering educatica, I ghall be very
pleased. Because, only as groups such as yours accept
their part of the responsibility for the real future of
engineeriog education can the Comzmittee on Evaluation be
relieved of its responsibllity for indicating the way.

The charge to the Cozaittee on Evaluation vas nade
by President 8. C, Hollister over a year ago. This
charge was to deternine how we should go about the educa-
tica of the leaders of the engineering profession who
will take over by 1975. It 1s evident to all of us that
engineering education of the 1900-1910 decade did a good
job of training the leaders for the 1920-1930 period.
Englneering educators began to raise questions, however,
when leadership in the developzent of electronics came
out of physics rather than eagloeering, when soil mechan-
ics and aerodynamics and mechanics of solids and fluids
vere introduced ard then developed in this country so
largely by European engineers. ¥e noted that the train-
ing in physics and cheaistry, and particularly matheaat-
ics, of these Furopean engineers clearly surpassed our
own even though they lacked our practical design vork
and had been trained in poorly equipped laboratories.

Then, of course, nuclear energy was thrust into our
relatively unvilling and certainly inexpert hands by the
finquiry minded physicists, W¥e are novw digesting the
first geal of nuclear engineering, but this process is
going on in industry aod in government of flcers, not pri-
warily in the colleges of engineering. Our 150 colleges
have been too busy turning the crank that produces the
unifora product konown as typleal 4-year englneering grad-
uates to becoze really exclted by the greatest revolution
to the history of science and englomeerlng. The Colleges
of Engineering are located mozentarily im the "eye" of a
turrlcane. Xo matter which directicn the stora moves we
are cectain to have to rebulld a considerable part of the
gtructure of engioeering education as we have long known it.

I believe this to be true because engloeeriog educa-
tion has alvays maintained two objectives to be met by
ope curriculua pattern. These purposes are first to de-
velop those who desire to becoze the specialists and
scientists in the englneering profession and gecond those
whose objectives would be pet by a general-professional

education in engineeriog. By general-professional educa-
tion in engleeering ve mean education for service in the
borderline areas between enginecering and (1) business,
panagenent, law, agriculture, or any other profession,
(2) between engineering and a science such as geology,
geophysics or biology, or (3) between englneering and the
technologies of constructica, groduction processes, Oper-
aticn, maintenance or those specialized applications such
as air conditfionlng, wood technology and so on. Heace,
general-professional engineering education should proba-
bly be less specialized then our present curricula vith
pore opportunities for exploration of other fields of
knowledge.

Professlonal-scientific education for leadership 25
years froa now would be expected to develop persons of
coapetence in dealing with the new knowledge vhich is
certain to appear as the end product of research in the
pure sciences and in the engloeering sciences of cechan-
ics, electronics, thersodynamics, heat transfer and fluid
flow. These engioeering sciences are now the conplete
responsibility of the engireering profession. Y¥e must do
the research as well as make the applications. The phys-
jeist has been overwheleed by bis respoasibility for io-
vestigating the nucleus of the atoa and has given up re-
egsarch in the scientific background of engineering. It
geens unnecessary to elaborate upon the simple reasons
why a siogle approach to engineering education can no
longer bridge the videning stream betwveen the general-
professional objective and the professional-sclientific
objective, ¥e straddled this gap, although not wlthout
difficulty, before 1940, but sclence and therefore the
approproate professional-scientific objectives in engl-
neering education have undergone a revolution since 1940,
¥e already have hundreds of new materials, new processes
and pew methods that are never sentioned in the class-
roon. How can we educate engineers to deal with the
hundreds eore that will spring forlh next year or the
year after, and to make original contributions toward
producing these pew materials and processes? This is the
rew job depanded of professional-scientific engineering
education of the near future.

1 nov vant to try to analyze hov this revolution in
engineering itself will iofluence the requireeents placed
upon the draving teachers in our englneering colleges. In-
stead of looking at present courses, let us try to lock
at the eogineer of the future and his place in industry
or governzent. The shortage of eaglneers is real. Also,
there is every reason to believe that except for short
periods of recesslon it will be pereanent. Industiry is
poving steadily toward a larger and larger percentage of
engloeers in its total list of enployees. The ratio is

one-to-fifty on the average, but G.E. uses one-to-twenty
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and others will try to follow suit, If Dean Hollister's
analysis of the available raw paterial is correct, and I
believe it is, there will not be enough students with
1.Q."'s that pernit college graduation to eeet the dezands
for doctors, lavyers, bankers, scientists, and engipeers,
Hence, industry must starl, as it now has, to make better
use of its engloeers. This eeans that engineers will be
given technical aids for such vork as drafting, which is
one of the engineers jobs that can be delegated in large
ESa5Ure,

If ¥& adopt the concept that the engioeer need not
be trained to produce engineering drawings but that his
Job 18 to supervise thelr production, I believe that a
subtle but important difference will develop in the
choice and presentation of subject matter im our classes
in technical or engloeering drawing. Let the teacher
test each bit of subject matter by this measure apd he
Bay be amazed at the change he desires to make in his
courge. One may wonder whether the imdividual who super-
¥lses the production of dravings need not know as much
about drawiog techniques as the draftssan himse1f. This
vould certainly be true of a chief draftszan but I vis-
ualize the supervislon of the englneer to be of an en-
tirely different character. It is not his job to tell
the draftsean how to present the graphical result desfred.
He merely needs to communicate his needs in a coamonly
understood language. The draftszan under the supervision
of a chief draftszan should be capable of producing ‘the
results desired as soon as the requirements have been
conaunicated.

¥hat are the responsibllities of engineering educa-
tion in developlng this capacity of engineers to comauni-
cate rapidly and clearly with draftszen? I believe the
required knovledge and training are two-fold., First the
engloeer needs abllity far beyond his present training in
technical drawing and engloeerlpg graphics vhich are the
perfect media for transaitting his thoughts not only to
the draftszan but to his associated group of workers and
to his superlors. Secondly, he needs to be able to un-
derstand the lapguage of the blueprint itself since that
language is an exact method of technical comaunication
between englneers draftszen, estimators, and eoastruc-
tion, production or ealntenance men. Any capacity that
the englneer may have developed toward personal produc-
tion of a draviog will have trivial value in the future
as conpared to these overridiog needs for abllity to coa-
municate ideas crudely by technlcal sketching and exactly
by blueprint readiog and the use of engineering charts.
Technleal sketehlng is also one of those media by vhich
the engineer dravs creative ideas forth from the recesses
of his mind and presents them for his own analytical
study. As such, technical sketching can be taught as a
part of the creative process in englocering education,

I am sure that those who wish to do 50 can develop a
well docueented case for the imporlance of the present
mnetheds of teaching engineerlog draving as prerequisite
to the knowledge I have indicated as essentlal to the

engineer of the future. In fact, every teacher has good
arguments readily at hand for justifyicg the old ways of
developing an engineer. But a revolution can seldoa be
stopped and can never be turned back. W¥e are in the
nidst of a decade that will be considered a period of
scientific and eaglaeering developzent of such sharp
gradient that no word other than revelution can be con-
sldered adequately descriptive., In such a period it is
inevitable that long established traditions will crumble,
I was taught technlecal draving in much the sape way that
I see it belng taught in our colleges today. But it was
confidently assured by my teachers that I would earn my
living for a tiwe, at least, &5 an englneoring draftsman,
Actually in several years in industry where I worked im a
drafting rcom I was pever asked to pake a drawing al-
though I worked continually with dravings and prints.
During this peried too I taught myself to do sketching
and te understand and pake charts, This experience was
no doubt wrusual in 1930, but is rapldly approaching the
nora for present-day baccalaureate graduates. As long as
enployees could hire engineers at about the same salary
as that of a draftssan, engineers, and draftszen were es-
sentially iodistinguishable, However, times are chaoging
in that regard. I believe that the salary spread between
engineers and draftszen will rapidly increase in the
years ahead and that the time is approaching when engi-
neers will pot even be pernitted by union-coapany regula-
tions to make a draving. It is such relatively radical
changes in perspective that lead me to suggest the survey
of your courges in draving froa the viewpolnt strictly of
graphical cozaunicatlon. If any technigque is to be in-
cluded I suggest that the great value to the engineer of
ability to communicate by free-hand sketches and charts
be recognlzed more fully.

The opportunity to contribute to the development of
the creative capacity in engloeers lies almost untouched
in the classrooa in draving., WYe know that whenever an
englneer starts the process of attenpting to create a new
pachine, structure or process bls pencil is soon at work
elther writing equations or making sketches, The facil-
ity you train into hils mind-hand relationehip will bear
directly upon his later success in bringing vague eeatal
ieages into clear, workieg relationships expressed graph-
ically in a language that is universal to epgineers,
Those vho move forcefully and fearlessly to achleve this
capacity for their sludents in technlcal drawing will
earn the greatest pralse froa the englneers of the future.

HAVE
YOU
RENEWED
YOUR
SUBSCRIPTION
?
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THE ROLE OF GRAPHICS IN ENGINEERING EDUCATION

by
Professor Frank A, Heacock
Princeton University

The purpose of this paper is to shov the value and
importance of graphics as an essential part of engiceer-
ing educatlion. The scope of the gubject is broad enough
to include oot only the basle graphlcs courses im engin-
eerlng draving and descriptive geozelry, but also the ad-
vanced graphies courses and other courses in the engin-
eering curriculus that may be taught eost effectively
when graphic eethods are employed. To understand and ap-
preclate the educational value of graphics, ve nust ap-
praisa its objectives ard realize the significant beneflits
that the engineering student derives from a well-rounded
program of graphice lastruction.

Graphics 18 both an art and a science. Consldered as
an art, the most popular form of graphics is cogineering
drawing, which has become the universal method of record-
ing and cozmunicating inforaation in the engineering pro-
feszsion. Our industrial success is due in large measure
to efficlent planning on the drawving board. The more
coaplex the production problem, the more urgent is the
need for effective dravings to show the workman exactly
what is required. As future progress in industry and
technology will depend more than ever upon better worklog
dravings, the drawing teacher today accepts the responsi-
bility of giving engineering studeats the right kind of
draving instruction, so that the engineer to tomorrow
will have the best working knowledge and drafting abllity
to plan future developzents,

The widespread usefulness of englneeriog draving and
its importance as a vital factor in industry overshadow
its other eduocational functions, When properly taught
engineeriog draving does more for the student then develop
draftiog skill. It is the freshoan's first professional
couree and 1t trains bis mind as w%ell as his hand ard eye.
¥hile he is learning to eake dravisgs that confora to ac-
cepted standards of drafting practlce, the student ac-
quires the ability to observe intensely, to visualiza and
think constructively in three dieensions, and to express
his ideas by means of technical sketches. The develop-
gent of correct thinkiong habits in relatlon to the plan-
nlog, drafting, aed interpretation of dravings ard tech-
nical sketches is an important objective in the teaching
of engloneering draving.

The science of graphles 1s introduced to the student
in deseriptive geozetry, which provides graphic solutions
for a wide range of three-dimensional probleas involvinog
fora, position, direction, slze, and geosetric relation-
ghips. The transition froa englneerlog draviog to de-
scriptive geozetry is a natural ooe, because both are
based upon the same system of representation, orthograph-
ic projection, On this foundation descriptive geonetry
builds a sound structure of logical reasoning, established
facts, and realistic plannipg which culmlnates in an ac-
curate golution on the drawing board., It puls ioto prac-
tice the englneer's method of thinklng each problem
through to a successful concluslon. It trains the student
to analyze a situation step-by-step, to corganize his

thoughts and direct them toward a definite objective. It

exercieges the ieagination and it promotes the growth of
the power of visualization, Descriptive geozetry pro-
vides an excellent inotroduction to the study of graphics
as an analytical tool,

An Inportant feature of descriptive geosetry is

the direction of sight, the cholce of a strategle point
of view froa which the problem may be seen to best advan-
tage, Thus a line may appear as a point or a plane may
shov edgevise as a line in order to reveal true distances
or relationzhips. The new facts discovered at each view-
point build up the mental plcture until it becozes a coz-
plete realization., Ino the analysis of problems by de-
seriptive geozetry methods the student learns how to size
up & situation froa any desired angle, The nimble, men-
tal ghift froa one polont of viev to another makes the
mind supple and stimulates the ieagiration. It gives the
gtudent a confident sense of dlrection when dealiog with
coaplex problems in our world of three dieensions. It
orients his thinkipng, makes him resourceful, and develops
good judgment 1o the selection of methods of solution.

In engineering education it is the responsibility of
the graphics teacher to bhelp the sludent develop a graph-
ic nlpd, which is an asset of great value to the student
while he is in college and after he enters his profession.
Let us consider the graphic mind to determice what it is,
how it works, and vhat we should do to develop it more
effectively, It will be helpful to analyze the learolng
process and show how the graphic approach pakes it easler
for students to understand the theory involved in the
difficult courses in the engineering curriculunm,

Educators agree that the eye is the open door to the
wind. Students acquire many foros of knovledge more
rapidly froa pictures and demonstrations than froa the
¥ords they read in textbooks or hear in lectures. There-
fore visual aids to learning are popular in all branches
of education. Most students are pleture-minded and they
prefer textbooks that are full of clarlfying illustra-
tions, A good picture is worth a thousand vords because
it tells its story at a glance. In engineering textbooks,
bhowever, pictorial fllustrations are not alvays adequate,
¥hen the subject to be pletured is complicated, and par-
ticularly when its interlor construction must be showa,
two or more related orthographle views are necessary to
convey the full meaning. Or the texl discussion may re-
quire a different kird of illustration, such as a graph,
dlagran, or contour map. If the student has actually
drawn similar graphlc representations, he can interpret
thege illustrations guickly and with coaplete understand-
ing. Personal experience on the draving board with the
varlous graphic methods is the mininum requirezment for a
graphic mind.

The engineering student devotes a large part of his
first two years in college to the study of mathematics,
cheaigtry, and physics, These basic courses provide a
background of fundamental principles that are essential
to all engioters. Such courses are usually taught by
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faculty menbers who have no eogineering experience and
there is a tendency toward the abstract approach. As
Bost engloeers dislike abstractions, the student who is
developing a graphic mind has an advantage in his own
concréete approach to learning, even where no graphe are
enployed in text or lectures. Engloeering draving has
sharpened his perception by requiring bim to visualize
the fora, proportions, slze, position, and function of
physical ebjects. Then his mental vision has been deep-
ened and made more adaptable by the analysls of geoczetric
relationships in the studyof descriptive geometry, This
revarding experience helps him to develop a keener in-
sight, which he can apply to his studies to gain a firn
grasp of the fundamental principles of mathenatics and
science,

In the developzent of engineering education a group
of mechanics courses has becoze the backbone of the cur-
riculua, Engineers must study statics, strength of pa-
terials, dynamics, and fluid ecchanics to gain a working
knowledge of their fundamental concepts. In this setting
ve can describe the graphic mind and show how it attacks
engineering probleas. It is a versatile type of intel-
lect that is constantly aware of the graphic nature of
things and instinctively pictures ideas in teros of geo-
eetric figures,

In the study of statics, for example, we have the
basic concept of force which has the properties of magni-
tude, direction, and position. The mind pictures a force
as a vector, a straight line with an arrowhead on it.
¥hen dravn to scale the length of the vector represents
the magnitude of the force. The direction of the vector
is pade parallel to the line of action of the force, and
the arrowhead shows which way the force acts, If several
forces act at a cozzon point, the vectors that represent
then are drawn to scale in consecutive order and direc-
tion to fora a closed polygon called a vector diagran,

The elosing vector which coapletes the diagran gives the
magnitude and direction of a force that will hold all the
other forces in equilibriun, a force equal and opposite

to their resultant, If the forces involved do not lie in
the sace plane tvo orthographic views of the vector dia-
gram are necessary. In such cases the methods of descrip-
tive geozetry are used to determine three unknown forces
which act at a cozzon point with a known force, for a EY&-
ten that is in equilibrium. Graphic statics provides a
well developed procedure of graphic analysis for accurate-
ly deternining in one continuous operation the stresses,
or interpal forces, in all eembers of fraeed structures.
Graphic statics deals with bodies at rest, but the vector
principle is also a poverful tool for solving problens
iovolving motion. In kinematies, for example, vectors
are indispensable for representing displacesent, velocity,
and acceleration, which fora a solid base for the study of
all mechanisas. Each course in the mechanies group offers
abundant opportunities for the application of graphie
eethods. The solution of mechanics problens by keans of
vectors aod related diagrans clarifies the basic relation-
ships and gives the student a better understanding of
every factor involved.

Engineering colleges are expected to develop a pro-
gran for the training of engineers with ability to do
creative work in the field of engineering design, Crea-
tive ability calls for originality, resourcefulness, in-
genuity, and a constructive ieagination. These essential

habits of thought can be developed by a progressive pro-
granm of iostruction in graphics. The constructive think-
ing habits established by graphics courses at freshman
level form a sound foundation for continued developzent
of creative mental vision. This may be furthered by re-
quiring the student to make frequent use of graphic
eethods in subsequent engineering courses, Facility in
devising and applying graphic procedures wherever thoy
can be employed to advantage is a necessary skill in all
branches of engineering. In advanced courses a geries
of functional sketches provides the essential framework
for the progressive developzent of ideas in projects de-
sigoed to proaote creative thinking. By clarifying re-
lationships and by revealing possibilities for further
developaent, each sketch gives a better grasp of the
problea and becozes a springboard for accelerated Pro-
gress. Instead of learning how to do specific things in
a linited area, the sludent acquires the ability to
solve new probleas in unusual situations, Thus the pro-
Jeet method, reinforced by a full utilization of graphic
aids, offers eost promise in college training for the
creative practical phases of engineering design,

As education and research are closely related, each
helps the other, particularly at the graduate level.
Teachers of engineering draving and descriptive geozetry
can render a valuable service by acting as advisers to
graduate sludents who are vorking on thesis projects and
by assisting colleagues who are engaged in ressarch, This -
arrangezent facilitales the graphlec analysis ard inter-
Pretation of expericental data, Actual experience in
setting up research problens and solving thea by graphic
cethods leads to the discovery of imporlant unsolved
problens that challenge our best efforts. The versatil-
ity of the graphic approach has been deeonstrated in re-
cent research projects. Professor A.5. Levens at the
University of California has applied graphic analysis to
the successful developzent of a greatly fmproved artifi-
cial leg for veteran anputees. And at Columbia Univer-
sity Professor H.¥W. ¥reelard is using descriptive geoze-
try methods in the accurate control of radiuam dosage in
cancer therapy. Theee significant achievezents challenge
the graphics teacher to devete his taleats to research
projects in sclence and engineering.

The future of graphics is of interest to all of us.
How will engineering draving and descriptive geozelry be
taught twenty years from now to meet the changing needs
of engineering education? It is a safe prediction that
these basic courses will widen their scope in order to
keep pace with the expanding pattern of graphic applica-
tions in ipdustry, science and technology, To make the
best possible use of available teaching tiee the prob-
lems in engineeriog draviong should be consolidated to
elininate repetition and duplication of effort. Each
problen may well coabine many new characteristics of in-
structional value to the studeant. In order to simplify
dravings and make thea easier to read with full under-
standing, we shall probably adopt an abbreviated method
of drafting and dieensioning, featuring the onlssion of
unnecessary details, which will save valuable time on
the draving board. Drafting standards will be reviesd
in keeping with the more efficient drafting methods re-
quired by iedustry.

Courses in engineering draving will devote more time
and greater emphasis to technical sketching. The student
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should acquire facility in making functional sketches in
various technical applications. The draviog project
pethod will offer the future engineer actual practice in
developing a real problen which will awaken new interests
and stimulate the motivation that spells success in en-
glneering. Affording opportunities for ercative thinking,
each project would require a systematic approach to the
best solution of the problea through the eedium of the
idea sketch and progressive developzent sketches. Good
judgzent will be reflected in the final desigo sketch and
its coapanion wvorking drawing. Thus the draving project
would give the student the right start in bis college
training for the design function of engineering.

¥hat future changes are likely in the teaching of
descriptive geozetry? This applied science provides the
necessary background for the study of graphics as an ano-
alytical tool, Future courses in descriptive geozetry
pay vell condense their treatement of intersections, varped
surfaces, and axonozetry in order to save at least a
third of the teaching time which should be devoted to
problens in advanced graphics and an introduction to
graphic analysis., This pev paterial should be closely
coordinated with fundavental probless in the various pe-
chanics courses ard in specialized fields of engineering.
Many technical investigations dealing with forces, mo-
tion, velocity, and acceleration are based to a large

extent upon the use of vectors and related geozetric con-
gtructions. V¥herever the probless invelve three dicen-
sions the methods of descriptive geozetry can be applied
to advantage. An Introduction to graphic eethods of coa-
putation, such as nozographs and graphic caleulus, would
give the sludent greater confidence in these useful tools
shen he encounters them in subsequent studies, Applica-
tions of graphic principles to the interpretation of ex-
perizental data should be included in the new paterial of
analytical graphics, The illuninating experlence of
step-by-step graphic apalysis will give the student tan-
gible verification of fundamental concepts and require
orderly, effective reasoning. This wider scope of in-
struction will enhance the value of graphics in the edu-
cation of fulure engineers.

Many interesting articles have been published in re-
cent technical journals describing new applications of
graphics to the solution of technical problems in various
fields of engineering, science, business, and indusiry.
This widespread avakening of interest in graphic methods
offers a challenge to the teachers of graphics., In clos-
ing I would like to urge ny colleagues to explore the
fertile fields of advanced graphics and to engage in
graphics ressarch projects of a fundamental nature. This
fruitful personal experience will enrich their teaching
of the graphics courses and strengthen the role of graph-
ics in englineering education.

EDITOR'S CORNER

Tenet insanabile nultos scribendi cacodthes
{The incurable itch of writing possesses pany)

JUYENAL,

Durlpg the last fov eonths soze of you, who are the
present day leaders in the field of engineering graphics,
have expressed to the editor your deep concern about the
varled expressions of opinion appearing in articles in
the Journal and in the Prelimipary Report of the Comnit-
tee for the Evaluation of Engineering Education, The
fact that many of you are becoaing intensely interested
in trends in engineering education is a good sign that we
as a group are prepared to develop and to justify our
courses in the engloeering curricula of today and the fu-
ture, In this issue the reader will find two articles
which are well worth the tice spent in reading thea.
These papers were prepared by Dean L.E. Grinter, Presi-
dent of A.S5.E.BE. and Professzor F.A. Heacock,

¥e are in synpathy vwith the desire of our education-
al leaders to establish a phllosophy of engineering edu-
cation which can guide the training of our engincers for
leadership twenty-five years hence. Should there be
trends which will ereate a change of pattern in engineer-
ing education, we nust be obssrvant to changing patterns
and be prepared to keep in step with developzents. If
our courses are to meet professional requirements we must
join with our colleagues to make a coaplete study of en-
gineering curricula and arrive at a clear understanding
af the objectives of professional engineering education,
1t is rot enough that we establish objectives for our
own courses for our objectives must be a part of the
hrozder gbjectives of engineering education.

Satire, YII

The concept that graphics is a tool for analysis as
w2ll as a fora of comaunication and that our courses de-
velop ability in spatial visualization is not pev to any
of us. Furthergore, the frequent suggestion that more
sketching be offered should not cause us to be disturbed.
In sketching we have the opportunity to stimulate crea-
tive thinking for most creative engineering is slarted
and developed froa ideas in the form of sketches. It pay
also be true that we can present probless to our students
vhich are designed to encourage a willingress on their
part to develop novel individual solutions to a particular
situation and to exercise some judgment in so doing.

Since educational trends should be nation-wide,
changes ghould be made gradually after careful study
rather than by upsetting everything in an attitude of
desperation. Changes, if any are needed, should repre-
sent the thioking of many industrial and educational
leaders.

Carefully directed experimentation should be en-
couraged if we are to faprove our méthods of presentation
and the contemt of our courses. An exchange of ideas
between institutions should prove helpful in this endeavor.

In vlew of the fact that many needed changes have
been pade in our courses over the last twenty-five years
we may reasonably expect continued improvement during the
rext twenty-five.
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DRAFTING — THE KEY TO ENGINEERING

Hr. Earl L. Monson

Chief Developzent Engineer - Nash Motors

I an very gratefol for the opportunity of speaking
to a group of educators on the value of drafting to the
engineer. The expressions in this discussion are oy ic-
presslons gathered in a period of 40 years in autozotive
engineering, first as Blue Printer and Detailer, then a
Draftszan, Experimental Project Fogineer, Chief Drafts-
man, Expericental Engineer, Quality and Service Epgineer
and finally as Chief Developzent Engineer. Of the 40
years, the last 33 years vwith Nash,

OQur coapany like pany others, has taken a nusber of
graduate engineers each year, put them through a training
course and helping them get thelir feet on the ground in
industry. The applicants that desire or show an apti-
tude for autozotive design work, are generally started in
the Experimental Developzent Deparieent conducted by your
speaker. In dealing with these boys, particularly the
post var graduates, [ am fmpressed that they lack suffi-
cient drafting knov-how. My analysis of this condition
indicates that the young man as a student considers
drafting a necessary evil in obtaining his degree. He
has a fear of starting his career on a drafting board and *
resaining there until it is too late to do otherwise, He
bas =een or heard of een who have spent their workiog
1ives on the drafting board and therefore has made up his
mind that he will never start on the board and as a con-
sequence does not interest himself sufficiently during
his college work,

The knowledge of good drafting is vital to an engin-
eer, particularly in the high production industries. He
must be able to direct draftszen in giving bhis ideas
form, dirensions, and specifications, 2o that the part,
unit, or structure can be produced withoutl manufacturing
confusion, He pust be able to check layouts and detail
dravings with respect to proper and sufficlent specifi-
cations and diepenslons. Material cannot be bought, in-
spected, stored, machioed, forged, welded, tooled, priced,
or assenbled, or subjected to other manufacturinog opera-
tions ard assenpblies unless epgineering dravings and
specifications adequately indicate dimenslons, paterial
and functional relation to other parts.

An engineer with the necessary ieaglmation to con-
ceive a new useful tool, mechanism, or structure, but
without the ability to produce proper drawings to create
the product can be coapared to a person with a remarkable
story in his mind, but unable to write, Keither one has
the proper value to eankind, The epgineering profession
has its laoguage, its alphabel and its ligpes, These are
engaged to express and record a dream or an idea and pake
it becoze a reality. Next to pathematics, the craflt of
the draftsean is fourdational to deslgn, fabrication, and
inspection of a product., It reveals much more than a
photograph.

Let's go through the sleps from conception to birth
of a unit, say a new automotive engioe for a new model
car to be placed in production soze tice in the future.
Let's note the fmportance of drawings in this hypotheti-
cal case, The stylipg, and size of the vehicle have been
established, and the approxieate weight estisated, The
Chief Engineer discusses with management the type aod ap-
proxivate torque and horsepower such a vehicle requirés.
Following this discussion, the Chie! Engineer discusses
the subject with the engine design group or possibly his
whole staff of mechanical designers., In this discussion
the nusber of cylinders, the bore ard stroke, type of
engine shether it shall be L Head, Yalve in Head of what
have you, will be reasonably well established.

Several Cross Sections made by Engine Layout Drafts-
pan under direction of Engioe Designer are subnitted to
panagesent for discussion and final decision on one par-
ticular design.

Ooe or more Layouts are pade showing complete cross
goctions and conplete longitudinal sections (full size).

This layout work is directed by the Design Enginpeer
and decisions are pade folloving discussions with other
cenbers of engineering staff.

The preparation of detall drawings follow the ap-
proval of the layout work.

Detail dravwings are checked and then passed to the
project engineering group for calculations on crankshaft
and connecting rod stresses, bearing loads, limit or tol-
erance stack-ups, eaterial, and heat treat specifica-
tions, dieenslonal checkiog and dozens of other items.

Project Engineers who as a rule are college men with
several years of practical experience in the experieental
shop must be able to look at the draviogs and fezediately
visualize a plcture of the piece or pleces.

After a pericd of tice, which epay vary froa five to
geven months the details are ready to be released to Ex-
pecieental Developzent Division,

Developaent group must have wood patterns made for
castings such as for the crankcase, eylinder head, pump
bodies, ete., forglng dies pade for crankshaft, connect-
ing rods acd other forged pleces, and tenporary foralog
dies pade for sheet metal parts such as oil pan, side
plates, and timiog chain cover, 3

During this preparation tiee, the Project Engineer
eay be called in by the Pattern Maker, the Die Maker, or
the Machinist fabricating a part for aid in interpreta-
tion of a view or a divension on a print.

¥hen parts are ready for assembly of say ten engines,
a Project Engineer in the development group is assigned
to work with asseamblers, to check fits of correlated
parts in sub assemblies, This person nust constantly
check against print dimensions and tolerances for inter-
ferences in order to be able to subait a coherent report
to the engine design group for pecessary changes,

Approxieately a year of developzent and testing time
is required before the drawings can be released for tool-
ing and subsequent production of the engine. It would
take a great sany hours to give a clear pleture of what
goes on during the year I speak of, but that is not im-
portant here, I intended to bring ocut the importance of
the draftiog Enow-hov necessary in the creation of the
gubject unit,

pefore firal release of the dravings for production,
the developeent group screen all detail drawings checking
against developzent and test data to make sure that all
required changes are shown on the dravings. This group
also must have an intieate knowledge of drafting in order
to properly examipe the final dravwings.

1 paintain that the student can not hope for sUCCess
in an englneering position 1n irdustry if he is not fam-
fliar with the fundamental subjects of all technical aec-
tivity, - Engineering draving and Descriptive Geozetry.
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SOME GLEANINGS FROM COMMERCIAL ART

by

R. C. Carpenter
Purdue University

Anyone who has been around draving for any length of
tiee, either in the realm of practice or instruction,
knows that he is called upon rather frequently to do soze
extracurricular sork -- quite often on a project and in a
field with which he 1s not too familiar, It is with the
idea of being of soze assistance to anyone confronted
with the unexpected that the author, fresh froa several
years association with publishing, advertising, and the
graphic arts, has ventured to jot down the ideas that
follow.

¥e 211 know that there are “tricks in all trades”
and cozzercial art has at least its full share. While
not all of the following will be useful or novel to any
one reader, it is hoped that a few will find sozething to
see thea through a perplexing job.

1. USE OF THE PEN

The comaerclal artist, vorking in black and wvhite,
is, 1ike the draftssan confronted with myriad straight
lines. He is usually extrezely facile with the T-square,
triangles, and the ruling pen. But, becauze of the tige
involved in filling arnd adjusting the ruling pen, he of-
ten uses a cozzon pen to draw straight lioes in iok.

Using an ordinary stub pen and a ruler with a metal
edge, he can drav much eore rapidly ard with conslderable
wore freedoa than if he confined hinself entirely to the
ruling pen. The trick is eostly confidence, Tip the
ruler tovards you a little with the fingers of the left
hand, place the nib of the pen firmly against the eetal
edge -- and draw. With a little practice, your lime ®ill
have all the pristine crispness of one pade by the ruling
pen.

Of course, this rethod peraits draving only one
welght of line. But with two or three size pen points
wounted irdividually in holders, it is surprising how
much latitude in the weight of lines can be secured. And
as far as speed is concernoed, this method nust be at
least twice as fast,

¥hen drawing for reproduction, the use of opagque or
Chinese white is commonly used for eakiog corrections.
Not =0 cozzon is the use of lampblack to correct lines or
black areas which nust be drawn over areas already
touched up in white. The trick here is to use a good red
sable brush of about #1 weight, tip the ruler, and draw
with the brush in much the save manner that the straight
pen is used.

Lanpblack water color is oblainable at any good sup-=
Ply house that handles draftscan and art supplies,

II. SHORT CUTS ON COLOR

Many of us are confronted with finishing a poster or
similar job that requires the use of one or more colors,
¥hile teapera and show card colors are fairly faniliar,
0ot so pany seem to know how to use pastel, while is a
flexible cedium and ideal for use in rendering a flat
color background.

The best product oo the market for this work is
Kupastels, a favorite for layout io advertisingz coocerns.
The sticks coze in assorteents of up to 48 colors, are
hard encugh so that they do not crusble badly and are
capable of eaking a straight line in skillful hands,

Let us assuee you have an area 7" x 9" which you de-
glre to color uniforaly, Rule off the area with a hard
pencil. Place a sheet of paper along one edge; hold it
down firaly vith one hand, while you push the pastel over
the edge of the paper onto the area to be colored, As

000 as you have colored the conplete side of the area,
use your finger as a slump and rub the pastel firaly into
both the paper and the colored area, When you resove the
paper you will have a line as straight as if done with a
straight edge.

Or, let us suppose your bhand slipped; you have
saudged your line a little in one place. Put the paper
back over the colored area. Line up a kneaded eraser and
g0 a5 close to the edge of the paper as you care to, A
little patient rubbiog will correct your saudge,

Only a 1little practice is necessary to becoze quite
proficient in the laying of pastel. When the four edges
of your ar¢a are finished, go in boldly and rub the pas-
tel over the repainder of your area, After you have the
pastel laid in the areas desired, be sure ta blow on
fixatif which will stop any further smearing., The sur-
face will take any additional iok or paint you wish to

apply.

Another useful way to use pastel is to conpletely
cover a sheel of paper a little larger than the area you
deslre to color, When coaplete, and fixatif has been ap-
plied, cut out the paper to the required size and mount
it in place with adhesive,

The adhesive for this purpose can be rubber cezent
vith which nearly everyone is familar. Hovever, a new
product known as poster cesent should nmot be overlooked.
This adhesive requires spreading on only one of the two
sheets to be attached, Put it on one surface, lot it dry
coapletely, then press it down firaly against the other
surface -- that's all there is to it.

¥hile poster cesent is cleaner, easier to use, and
does a job more neatly than rubber cement, it has two
disadvantages:

a. The union beiweeén paper is not as strong as that
between two surfaces of rubber cecent which have
been allowed to dry separately.

A paper that has had poster cezent applied to it
cannot be laid down on any kind of surface with-
out sticking. This usually means areas must be

cut with scissors rather than with a razor blade,

b.

ILI. TRACING AND ENLARGING

Sozetices it is desired to trace large letters or a
design onto bristol board or soze other drawing surface,
The lettering can be worked out in detail on tracing
cloth, layout or bond paper. If the latter two are
used, the back of the paper can be rubbed with graphite,
pencil or colored pastel. If much of this work is done
and exceedingly fine lines are used, a special paper for
this purpose may be prepared by pouncing English verail-
ilon on both sides. The paper can be used for tracing for
a long period of tice -- one application of the vermilion
is suitable for aleost one hundred ordinary tracings.

Another trick worth knovwing is that of enlargiog or
reducing "on the diagonal.” Suppose you have a design
you wish to draw to a different size. Take any cooven-
ient measurezents and enclose it in a square or oblong.

Draw the diagonals between the four corners. Drav a
horizontal and vertical lipe through the center. Kow
with the oblong divided into quarters, begin again and
divide the quarters with diagonals, This goes on until
you have your lines coaplex or fine enough for your pur-

pose.

To enlarge the design, drav another oblong of the
glze desired. The oaly requirement is that the diagonals

be the saee.
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This systen has several advantages cver the betler
known enlargesent or reduction by squares sipce no exact
relationship between squares need be measured off. In
fact, no ceasurezents of any kind are necessary once the
size of the iwvo objects is decided upon.

IV. SIMPLE ARTIST PERSPECTIVE

One of the greatest differences between the artist
trained in an art school and the draftecan or engineer is
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the manner in which they apply perspective. Without
going into a discussion on this rather involved subject,
I should like to point out a sieple method of cobtaining
pictorial perspeclive.

a. ONE-POINT PERSPECTLYE

Measure off an oblong which will becoze the picture
plane. Select a point as the vanishing point. Drav the
horizon through the vanishing point parallel to the bot-
tca 1line of the piclure plane.
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Figure d.

Kow divide the picture plape into any nusber of conven-
ient =quares:

Froa the points on the bottoa of the picture plane,
labeled A through G, draw dlagonals to YP. Next, froa A
drav any suitable diagonal to a point on the horizon such
as H. I

¥here the line AH crosses each of the dizgonals,
B-YP, C-YP, etc., draw a line horizontal to line AG,
These lines will end by giving you a cozplete set of
squares in perspective which are proportioned for meas-
ureczent, By draving diagonals from other points above
such as K, L. M, and N, to YP, vertical perspective may
be obtzined by extending verticals from the points on the
korizontal grid.
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b. TWO-POINT PERSPECTIVE

Let us start by selecting a horizon and two vanish-
Next, set up an arbitrary unit of measure-

cent -- a cube, Draw the necessary lioes by projecting

froa the vanishing points,

¥e can assign any ceasurcgents we desire to the di-
eensions of the cube. For exaople, let us assume that we
wish to make a perspective draving of a house, the meas-
urerents of which are 20" x 25' x 22}'. W¥e assign values
of 5" cach to the sides of the cube,

¥e then proceed as follows:

. Draw diagonals AC and BD.

Draw vertical lice EF,

. Draw GH and project to YP.

. Drav BH and project to extension of AD, This

%ill be point E.

. Construoct a vertical line at K. This will be the
side of a sacond cube, distant 10° from A, The
third cube could be constructed in like sanner
but let us junp instead to the construction of
the fourth cube.

6. Through J, draw lione B) and extend to the contin-

yation of line AK. Label this point as L. It

will be 20' froa A.

L] Wi B B

In similar panner we can obtain 5 cubes to give us
the length of the house. The vertical edge of the cube
can be duplicated a sufficient nusber of tiees for verti-
cal measuresents. Thus we obtain a drawing shown in
Figure g.

The roof line has been drawn in with heavy lines.
Additional details are evolved in similar fashion.
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Figure f.

USE OF GRAPHICS EXPLORED

The use of graphics as a method of clearly express-
ing ideas or conveying instructions is a field virtually
untouched by industry and the areed forces, and this pre-
£ents a real challenge to educators, it was stated at the
first Engineering Graphics conference at Purdue Univer-
sity, November 20, 1953.

Approximately 70 persons representiog a nusber of
universities and several leading industries attended the
exploratory eeeting, wshich was the first of its kind ever
held.

Among the schools represented were the University of
¥Wisconsin, University of Michigan, Hichigan State College,
Ohio State University, Wayne University, and the U. S.
Military Acadeay at West Point, as well as the Naval Ord-
eance departeent, both Indianapolis and Washington, D.C.,
and the General Motors Institute, Flint, Michigan.

The urgent need for cen traiced to express thoughts
and directions by eeans of the sritten and spoken word as
%ell as by engineering tools and graphical aids was dis-
cussed by several speakers. Graphical pethods have un-
limited uses it was stated.

Prof. J. Howard Porsch, of Purdue, conference chair-
Ban, spoke on the scope of graphics., Various techniques
in using these aids, including delineation, analagous
representation, problea solutions, coaputing devices, and
réproduction processes, were discussed by other staff
cenbers,

Representing industry on the program were F.A. Ryder,
Stevart-¥aroner corporation; G, E. Chapa=an, Allison Divi-
sion of General Motors; G. F. Switzer, Indianapolis Power
and Light Coapany; W. V. Covert, Dianond Chain Coapany;
K. L. Nielsen and E. B, Godley, U, §. Naval Ordnance, all
of Indianapolis; and M. P. Fodroci, Studebaker Corpora-
tion, South Bend.

Six states and the District of Columbia were repre-
etnted by those in attendance.

ENGINEERING DRAWING IN THE

Eugene H.
Texas A &M

Of foremost interest to all engineers today is the
field of Atonic Energy. Hence, quite properly and log-
ically, we in the collegiate teaching profession are
all particularly interested in how this relatively new
industry will effect, if any, our present anpd fulure
acadenic responsibilities and curricula réquirezents. The
object of this paper is to establish and perhaps clarify
the position of technical drawings in the atoaie indus-
tries as well as its value as a basic tool of the engi-
neer worklng in that fodustry. It will perhaps be easier
to evaluate these facts by separating the discussion into
EID parts. It seeps feasible to entitle these parts,

What is an Atonic Engineer,” and, "Drawing as a Cata-
lyzer in the Engineer--Scientist Relationship,”
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I wish to point out before beginning any discussion
of these two important topics that sgcurity regulations
pertaining to anything "atoadc™ will prevent any reler-
ence to actual work being carried on in the various aton-
ic research plants. This fact will also eliminate refer-
ences and illustrations of enginsering working conditions
that 1 would like to bring to you if it were not for
these restrictions, 2

Llet Ee begin with a bit of atoaie history. The
atonic age burst into being on a hot July 16th, 1945, the
actual tiee being 5:30 A.M., Mountain ¥Yar time, This
event is perhaps the greatest single act in our history
and certainly is the greatest challenge by ean of nature
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so far. Atoaic emergy, harnessed here for the first tiee,
irzediately initiated a coapletely new philosophy among
chealsts, physicists and epgloeers. The acadeaic field
has appropriated as much atomic keowledge as possible
gince that historical date, and has expressed no small
apount of interest in atonmic energy and its iuplications
in the college research and teachiog progran. This io-
terest has not been rewarded with many facts because of
the cloak of secrecy surrounding the atcaic research pro-
gran, However, 1 believe that when this 'elose-nouth®
poliey is discarded our colleges will begin inzediately
the developzent of techniques pertaining to fundamental
industrial practices. Many men vill devote the best of
their knowledge and ieagiration, thelr enterprise, and
above all, their patience and wisdom to the development
of the atoaic sciences, It is not inconceivable that our
institutions ¥ill expand their gurricula to include a
definite progran for the undergraduate in the atoale
sciences and atoalc engineering.

¥hile the influence of atonie energy may be more
slgnificant in the science curricula than in engioeering,
a certain mastery of englneering fundamentals and a dis-
ciplione in engineering eethods pust be included in any
course of study which pretends to prepare the student for
work im the atoaic industries. Perhaps the field of en-
gineering education which will be influenced omost is that
beyond the undergraduate program io the graduate and
post-collegiate years, [ stress this fact because most
of the atoale developrents pertaining to engineering have
teen in fields of application rather than in basic theory.

I hope this very brief initial discussion of where 1
believe the acadenle elezent fits into the atoaic devel-
opzent pattern is not congidered more than just a emall
bit of philosophizing on my part. 1 have very few facts
¥ith which I could substantiate a sound approach to aca-
denilc requisites in this varied work.

let us get back to the first portlon of the discus-
sion, "What is an Atoaic Engineer?” Basically be 1s the
same fellow you sav graduating earlier this wonth in any
one of the various engineering courses in which your col=
lege offers a degree. Perhaps he will need several years
of good practical application of the knowledge he has
gained in his colleglate studies before he is qualified
to work as an engineer in the atoaie field. Eut this is
true im most branches of englocering. Upon entering the
atonic industry he will iezediately find himself associ-
ationg with the so-called "long-hairs"; the chesists,
pathepaticlans, astro-physicists, nuclear physicists and
other related theoretical personnel. He pust vork in
coaplete harmony vith this group if he is to accoaplish
his objective of becoaing an “Atoaic Engineer.” I am
uslog the tera “Atonic Engioeer” rather loosely because
actually the engineer will retain his identity in his
chosen engloeering field. He may be a cechanical engi-
neer, or on the other hand an electrical epgloeer, but in
all instances, be will be faced with the task of becoming
faniliar ¥ith those things pectaining to atomic research.
The engineer must accept the philosophy of the theoreti-
cal groups. His is a dual role. He pust think as an
englneer-practically and objectively, but he must further
concelve the philosophy of the associated theoretical
sclentists.

Sclence has a passion for the repetitive and

predictable. Sclence finds measure and order 1o the
facts of nature. The unknown 18 "more or less' hoze
swveet home. It is skepticiss--it has to be shown. My

experience has led me to think that eost scientific per-
sonnel do not believe what they see and hear. But I have
found that they practice an efficient and fruitful method
of reasoning. Most engineers follow the classical tradi-
tion of indulgiog them. This cannot be true for the
atonic engineer, He must consider the seclentist as a
fellow traveler and in many instances throw aside his own
pannericas and accept this new friendhip in its entirely.

I do not wish to imply that the epgineer follows the
leadership of the scientist in all instances. This is
far from true. Nearly all of the resecarch centers deal-
ing with the various phases of atonic energy bave am en-
gineering departeent entirely unattached to any other
goction of laboratory persoanel. Normally this group of
engineers Involves itself with solving process probleas,
design of andfor improving structures, tiee and moticn
sludles, improving of existing plant facilities augeent-
ing the englireering personnel of research groups when
needed. Individual sections are established io civil,
electrical, architectural, mechanical, and chealcal engl-
neering. These groups are closely related to the re-
search sections, but do npot ordinarily concern themselves
with the original conception of a design. Thelrs is the
problea of carrying to final design stages those ideas
shich have been originated and carried through the pre-
lininary stages in other sections of the research estab-
lishzent.

Then there is the group of outslde engineering firas
wshich carry on the design of very large projects--partic-
ularly where outside construction contractors are to be
called in for construction bids, Since these firas do
not have an understanding of the construction problem as-
signed, there is uswally froa one to three engineers froa
the research establishrent who work with thea until the
design is coapleted. Other engineers follow the con-
struction until it is coapleted. For your interest all
such personnel noreally have the same FBI clearance as
required for research personnel.

My particular problenm as an engioeer in the atcaic
progran was to assist in the developzent of housing for
various research or process equipzent ard in many in-
stances deslgn the equipsent used in the two phases. We
all learned to work together and in many instances gained
considerable knowledge of each other's vork., This fact
not only eade mutual respect possible, but eade it possi-
ble to work cul more econonical and efficient solutions to
the many and varied probleas. I have alvays believed
that such an understanding of the other fellov's probleas
pade for better engineering.

As 1 look back to my initial trainiog peried I have
charged myself with six months for the purpose of galning
knovledge and developing nev work habits. This was a
different but interesting &ix months and I learned much.
As a matter of fact, after this trlal perled the engl-
neering actually becaee a wery simple thing. (Much of
the factual data that I had obtained io ny formal educa-
tion I soon discarded as excess baggage--} During the
training pericod one very important fact came to my

{Continued on page 386)
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(Continued from page 34)

attention. It was the discovery that the post iomportant
tool we had was engineering graphics. Frankly, it was
the only real common language we had, Nearly every prob-
lea was new; and every problem created a need for nev en-
gineering developzents, W¥We sketched and threw the
gketcehes avay and sketched again. But each sketch made
for progress and we could all see what ve were Lrying to
do. ¥e were all io the sacme conversation. The eogineer
necded the research oan and in tura the research man
needed the engineer, but each needed a means of clear-cut
cornunication. Along with the discovery of the ioport-
ance of the graphic language [ found that neatoess and
accuracy vas a requisite of understanding; I hope that
each of you are stressing this fact in your classes. In
our work, those engineers who fared the best invariably
were those who had good grounding in the basic sciences
and who were able to visualize from a few facts a spatial
picture, and secondly, who were able to develop graphi-
cally the spatial visuwalization. [ do oot believe that
the engineer has too many sources of opportunities to de-
¥elop either of these latter points except in his basic
engineering draving courses. 1 know that you will bear
pe out in this very important point.

The last fev points I have made tend to lead me di-
rectly into the second phase of this paper: "Draving as
a Catalyzer in the Engineer--Sclentist Relationship.”

1 have atteapted to stress the fact that engineering
graphics is the cos=on language of the engineer and the

gcientist, This is true wherever this association exists.

It is not pecularly singular to the atomic energy field
but it is of peculiar importance in that field because of
the continucus program of developzent. It is important
because of the spirit of trying the pev apd because a
two-way conversation in which both parties understand
each other completely must be possible, 1 sincerely be-
lieve that engineering drawing, or wvhatever you have
named your technical draving, is the mosl coaplete and
satislying ansver to this problen.

Dravings have been a means of recording ideas and
evenls since the time of Bolozon's Temple, but the lan-
guage of drafting as we knov it today is a rather recent
introduction to the techmical field. Dravipg, like en-
gineering, is not a static course and 1 kno# that each of
you are continuously attempting to improve teaching meth-
ods and that you are continuously asking yourself this
question, "What part of the drawing courses should I em-
phasize?” ard, "Should I offer core frechand sketching?”
and I an sure pany other important questions. Wwhile I
belleve personally that all of us should make every ef-
fort to improve methods of presentation and contents, I
believe that the most important phase in our teaching of
technlcal drawing is that part which leads the studenl to
realize the significance of his drafting courges to his
future in any engineering profession or allied fields, I
want to eaphasize this point because I believe that one
of the most important items in the learning of engioeer-
ing drawing 1s the deslre to becoze efficient in drafting
—-both in theory and in technique. I found that more
than 75% of those engineers concerned with the atomic en-
ergy progran had to do soze sort of draving--freechand or

othervise, [ stated previously that those enginmeers that
gcealngly got along the best were those who were profi-
cient in this seeningly menial task., I have also
stressed the developzent of the spatial visvalization
faculty., The failure to conceive peatally is in too many
instances due to the lack of practice. Preparatory and
high schools do not require siudents to do spatial wis-
uvalization, The speed of travel in the average college
technical drafting course does nmot allow much tiee for
acquiring this facility unless the student is willing to
practice as he goes about his daily chores. Many young
engineers whoa I contacted were pathetically short of
this very necessary requisite of success and were retard-
ed in their advancement, Most of the other difficulties
that atomic engineers seemed to develop were the results
of sloppy work. York alvays slowved dosn when sloppy
dravings were used in planning eeetings and I noted that
eany of the scientific persoonel seezed to measure one's
ability and thinkiog by the character of dravings pre-
sented. [ don't wish to inply that good drafts=anship
was their sole gauge of engineering ability, but it was
unmistakably one of the eeasuring sticks used, 1 have
pointed up briefly a few requisites and soze of the dif-
ficulties which are comzon in the atomic energy engineer-
ing work and which you are well aware of as being comaon
to all engineering departments. So you see probleas in
atonic epgineering are the same as would be noreal in any
englneering position and much of it follows the same rou-
tine practice.

ASA graphical represeatations are adhered to in
nearly all graphical presentation, Such a procedure is
essential since much of the manufacturing of engineering
equipzent is done by sub-contractors not direclly coa-
pected with the atomic program, All of the drawings fol-
low the noraal view procedure with as eany notes as
deezed necessary.

Briefly sucmarizing those facts which seea to have
tearing wpon our cozszon interests in the technical draw-
ing field and their relationchip ard use io the atoaic
engineering fleld I fiod that:

1. Freehand sketching is a very limportant tool in
that it provides a quick and efficient means of
keeping up with the thinking at a planning or
developzental meetiog of engineers and scientists,

%, Technical drawing is a coamon language that per-
mits the atomic scientist and the epgineer to
understand each other's problezs.

3. The ability to visualize as one would learn in
technical draving is of major importance to the
atoale engloeer.

4, And the ability to transait the spatial visuvali-
zation to graphic presentations is very
essential.

As a final surmary of this paper I would like to add
that I do not balieve that the atomic engineering curri-
culun, should such a program develop, will effect the re-
quirezents or contents of our present drafting courses.

I do not believe any changes above the normal good prac-
tice of continued improvement is essential.
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train the spudent to make carefully executed drawings: it develops his ability to
visualize in three dimensions and gives him a sense of the scientific and creative
nature of the engineering profession.

July, 1953 126 pages $4.50

Cxamination Copies Are Sent Upon Keguest

8425




U & Forest Service PRoto

For the needs

The needs of the nation are for great quantities of lumber. Our
forests are being used up fastér than they naturally grow. So,
the U. 5, Forest Service Imstitute of Forest Genetics cut in Cali-
fornia is working to produce new varictics of pine, for example,
that grow faster, to bigeer sizes, end are more immune to discase
and drought. How is this being dene? By cross bresding, by
dusting the conelets of one treée with the pollen from another tree
possessing the desired characteristics,

The needs of the nalion and the world are for a new growth of
men from the youth of our classrooms who someday will have
much to gay about what happens to them, about them, and to
others. What doszhappen then will depend onwhat the educator
hes done today. Has he fertilired their minds with inspiring
idezs? Have the eeds of discriminstion been soan? Will thess
bays know the need for the vigilance that protects their liberty
yet refuse to let down the bars to licente? Will they yield the
right and fect of self-direction to their appetites, to other men
and sgencies ... or hug them Lo their hearts? Will they fall prey
to the cheap, the snide, the dishonest ... or be revelted by it?

Neither men nor cheracters spring full grown from the ear of
Jove., The cleims and values of the spirit, the will to remain
stezdfast and to achieve, and the great imagination can be dis-

of the nation

covered and developed in the clzssroom, Careers and cheracters
and destinies always start with the near, small, familizr. The way
fhese point is the way careér of character or destiny will ride,
Shall a youngetér be infroduced Lo mechanical dralting and to
his future with cheaply made, carelessly chosen drafting instru-
ments 2nd supplics? Or shall these tools so clossly sssociated
wilth the work, by virlue of their high craftsmanship and quality
help to zet the direction for all the rest that follows? The answer
to this question should not be dictated by an “economy™ of a
few pennies but by a realistic consideration of the tremendous

values at stake,

EUGENE DIETZGEN CO.

Chicago « Hew Yotk « San Franelsca « New Orleans - Los Angeles
Fittiburgh « Washinglen « Philadelphia » Milwaukee
Deealers da AN Frircizal Citley

DIETZGEN

EVERYTHING FOR DRAFTING
SURVEYING AMD PRINT-MAKING



you can

7 here, for example, shown from left to right, are
these custom-quality imporied Riefler instrument sels:
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In logical progression, these

fine sels are designed
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profusely illusirated story of German dr
* slrumenls and the enlire Riefler line. Lo
yours early in 1954



Teachable Ronald Texthooks

BASIC ENGINEERING DRAWING

WILLIAM WIRT TURNER, CARSON P, BUCK and HUGH P, ACKERT

INTRODUCES the student to all the basic prin-
ciples of engineering drawing, descriptive geometry,
and machine drawing, Designed for an integrated
course, the textbook can be used by instructors
whose needs cover only one of these fields, The
presentation assumes no previous knowledge of the
subject on the student's part. Text and problems
stress application of theory to the best current en-

gineering practice,
£5.50

563 ills, 26 tables 569 pp.

—all of the University of Notre Dame

INTEGRATED PROBLEMS IN ENGINEERING
DRAWING AND DESCRIPTIVE GEOMETRY —
Specifically designed for use with this textbook is
this series of explicit, detailed problems covering
the fundametals of the three integrated fields, Con-
tains 83 problem layouts and 16 practice sheets,
ﬂlfz x 101,

$4.00

PLANT LAYOUT AND MATERIALS HANDLING

JAMES M. APPLE, Michigan State College

A CONCISE, comprehensive textbook on develop-
ing the most efficient layouts of equipment and op-
erating service facilities in manufacturing plants,
warehouses or other industeial or business applic-
ations. Emphasis is on the major problem of co-
ordinating plant layout, materials handling, meth-
ods engineering, and production Planning and con-

DESCRIPTIVE GEOMETRY....

trol, as the only way in which a satisfactory and
workable layout can be developed and made to pay.
Effective operation planning, flow process charts,
layout studies, analyses of building design, and plant
location are all treated in their application to secure
reduction of labor time and production costs.

183 ills, 367 pp. $5.00

A Pictorial Approach

HAROLD BARTLETT HOWE, Rensselaer Polytechnic Institute

COMBINING the pictorial approach with the direct
method, this up-to-date textbook provides a clear-
cut way to present desceiptive geometry, Stimulates
pecception and visualizations, facilitates mastery of
principles, and insures broad coverage of subject.
Sketching ability is built by progressing from funda-
mentals to complicated combinations.

328 ills. 332 pp. £4.25

PROJECTION DRAWING

FOR ARCHITECTS
WILLIAM WIRT TURNER,

PRIMARILY for architectural students who must
obtain, in the shortest possible time, a mastery of
the fundamentals of projection drawing. Assuming
no previous knowledge of drawing on the part of
the student, the book leads him by detailed in-
steuctions in orderly sequence through the basic
phases of drawing. The text is brief, is as nearly
sell-teaching as possible, and is deliberately limit-
ed in scope to those phases of projection, including
descriptive geometry, which are of actual use in
solving everyday drafting problems by graphical
means, The theory underlying the various phases
of projection is carefully explained, step by step,
and is Further illustrated by typical problems, with
detailed solutions,

55 ills. $3.25

THE RONALD PRESS COMPANY

PROBLEMS FOR DESCRIPTIVE GEOMETRY.
This practical workbook, containing a wide selec-
tion of theoretical and applied problems drawn
from engineering sitvations, provides a valuahle
supplement to this oustanding textbook, Includes 77
layout and illustration sheets 814 x 11, utilizing the

pictorial approach, with directions for student use.
$£3.50

INTRODUCTION TO

MECHANICAL DESIGN

T. B. JEFFERSON,
Editor, The Welding Engineer
WALTER J. BROOKING, M. W. Kellngg Co.

PRESENTS mechanical design from the viewpoint
of the creative engineer actually designing ma-
chines, 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,
cconomic aspects, vee of rational and empirical
data, and desired appearance — setting these in
their rmper perspective as weighed by the exper-
ienced designer. " bave been searching for a real-
ly good baok in Machine Design. After giving this
text a fairly comprebensive review, 1 believe that
it is far abead of any other work in its field” —
Professor GEORGE W. CARTER, University of

Ltah.
£6.50

373 ills, 102 tables

612 pp.

15 East 26th Street, New York 10




3 NEW AND TESTED
TEACHING TOOLS
FOR ENGINEERING DRAWING

BY CARL L. SVENSEN AND WILLIAM E. STREET
FOR USE WITH ANY TEXT OR NO TEXT

DRAFTING PROBLEM LAYOUTS
SERIES D

Work sheets covering Vertical and Inclined Lettering, Sketching, Use of Instru-
ments, Engineering Geometry, Scales, Orthographic Projection, Revolution, Auxil-
iary, Sections, Isometric, Oblique, Dimensioning, Developments, Intersections,
Screw Threads and Bolts, Perspective, and Working Drawings for a Complete
Course.

95 Work Sheets : : = ~$3.50

DRAFTING PROBLEM LAYOUTS
SERIES C

Work sheets covering Sketching, Use of Instruments, Engineering Geometry,
Scales, Orthographic Projection, Revolution, Auxiliary Projection, Sectional
Views, Dimensioning, Screw Threads and Bolts, Isometric, Oblique, Perspec-
tive, Developments, Intersections, Working Drawings. Series C and Lettering
Exercises cover a complete course.

69 Work Sheets P $2.50

LETTERING EXERCISES
A DIRECT METHOD — NEW AND INTERESTING

Vertical and Inclined Lettering with eight sheets of extra problems. Letter-
ing Exercises and Series C cover a complete course,

20 Work Sheets SUA AN -1 00

WRITE FOR EXAMINATION COPY OR ORDER FROM

W. E. STREET
ENGINEERING DRAWING DEPARTMENT
A & M COLLEGE OF TEXAS
COLLEGE STATION, TEXAS
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