


Wa‘é/ BOOKS

GCRAPHICS: With an Introduction to
Conceptual Desigh

By ALEXANDER 5. LEVENS, University of California, Berkeley.

Fealures detailed, up-to-date explanations of
baosic principles and applications . . .

With the demands of a rapidly-advancing technological age in mind,
this book offers a clear, single-volume treatment of orthogonal prejection,
technical drawing practices, and graphical compulations and solutions.
It emphasizes the fundamental principles of graphics and the importance
of their applications to real problems in research, development and
design. In content and philosophy, it is the successor to the author's well-
known Graphics in Engineering and Science. Those familiar with the
earlier text, however, will find that Professor Leven's new book offers an
even fuller and more thorough trealment of graphics.

Stimulates a crealive approach to problems in
science and engineering . . .

This is, in a sense, a book on the creative art of conceiving physical
means for achieving desired objectives. The text material, examples, and
problems are all designed to show that there are usually many solulions
to a given problem and that good scientific and engineering practice
requires the intelligent selection and the use of a “besl” solution. The
student learns not only why and how to use the graphical methods but

18962 also whfen to use them,. Fre&zhand r&ketching is strongly emphasizedl asa

means for expressing new ideas and design concepts, recording analyses,

743 pages. Ilius. $9.50 and communicating effectively with o%hers. This stimulation of the

sludenl's creative potential results in his gaining insight into the solution
of real problems that arise in the engineering profession,

ENGINEERING DRAWING AND GEOMETRY

Second Edition

By RANDOLPH P. HOELSCHER and CLIFFORD H. SPRINGER, both of
the University of lllinois.

““This comprehensive book on the many facets of engineering drawing
is quile the best that the reviewer has seen on the subject . . .Thorough-
ness in the understanding of principles has been emphasized. . . . The
latest concepts, such as geomelric and positional tolerancing, have been
adequately presented. . . . In short, an excellent book . . . worlh every
cent it costs.”—Design Engineering.

This typical comment on the first edition of this unusually successful
book as well as its adoplion at more than 120 colleges and universities,
indicates something of its remarkable qualities. The second edition
contains many valuable additions and revisions and, in the short time
sinc%_its publication, has been adopted by over 60 colleges and uni-
versities,

“The second edition, reprinted and considerably enlarged, retains
the purpose of the first edition, namely, to train engineers rather than
draftsmen in_drawing techniques, and to provide in one book basic
courses. . . . This is a beautifully printed large book, with clear, detailed
discussions and instructions, and an abundance of illustrations.”—
Engineering Drawing.

“Since the first edition of this book came out in 1956, the text has
become almost a classic in its field. It is one of the largest and easiest
E:n read ofdall the dra;nng texts, and fea&ures the use of all the latest 1961

merican drawing and engineering standards. In addition to its other B30 papes. ; j
virtues, the book is well illustrated."—Consulting Engineer. %0 pages Hlus oy

Send for your examination copies.

JOHN WILEY & SONS, Inc.

440 Park Avenue South MNew York 16, N. Y.
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EXPERIENCE - NOT EXPOSURE

This summer there was extraordinary activity for Engineering Graphles pro-
fessors. At the June summer school of the Engineering Graphics Divislion at the
Alr Force Acadenmy, workshops were crowded with graphiclsts studying analog com-
puter technology. Advanced applications of Graphics in the traditional engi=
neering course context were also studied,

The convention of the ASEE followed the summer school and the Division took a
lively part, Through Informal conversations as well as formal meetings, 1t seems
evident to me that engineering educators are confused about the direction of edu-
catlon today. As In all educational flelds, the vast amount of new knowledge
which must be absorbed in our educational endeaver requires us to do & virtually
impossible job--to "keep up" and to progress and at the same time to know what
and how students should learn for thelr future.

Professor Betterl!z in his article on Administration in this issue of the Joure
nal states that we should consider objectives of education for the learner rather

than for the teacher. He also emphasizes that we need to conslder how to change

the student's behavior through experlience rather than exposure to course contents,
My view Is that engineering design experiences should be provided at the Eresh-

man level in graphles courses rather than a rigld prescriptlon of course toples.

Exercises In physical dexterity and a collection of dlisparate subjects do not
meet the aims of an engineering education today. HNut and bolt engineering also
requires complementary software.

At the Massachusetts Institute of Technology conference on Engineering Deslgn
and Graphles in August we had a stimulating view of deslgn taught in Graphics
courses and throughout the undergraduate and graduate program within the Mes
chanical Engineerlng Department. From some of their students 1 heard the words
"blood and guts engineering" to mean that It 15 increasingly evident that the
alm of englneering education 1s hardware and software resulting in engineering
design.

The Letters-to-the-Editor column has grown in this issue. The reason your exs
editor "Vlad" hasn't responded to your violent reaction to his edliterial In the
last lssue is that although you were violent, you didn't write down your reacs
tioens and send them to me. Do so and L'11 publish them,

There has been some informal "corridor"™ talk about splitting or sectionalizing
the Division to meet the speclal Interests of its members such as high school
and technlcal institute courses, and advanced graphics research., I have received
no written comments on these toples and would publish any articles or letters
reviewing the aims of the Division. In considering these matters remember
Aesop's fable about togetherness in which sticks are broken If the bundle is
separated.

Concerning the publication of the Summer Schooel proceedings, your editor re=-
porfs that not all the proceedings have been received. When received the publi-
cation committee will conslder ways and means.

Be sure and come to the Midwinter meeting at Manhattan, Kansas, An unusual
fare of formal program and informal corridor talk is being planned by Professor

Messenhelmer.
Yours truM

Mary Blade, Editor
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LOOK FOR THE BLUE CARTON

FOR THE JOB

HIGGINS WATERPROOF PLASTICS BLACK

Expressly formulated for use with polyester-base drafling sur-
faces, Higgins Waterproof Plastics Black lets you move over to
film without changing inslruments, techniques, or results, In
short, this specialty ink from Higgins will he!p you get the most
out of your media because it scores high in every characteristic
important to good film work:

Adhesion—Excellent. The homogeneity of this true carbon colloid
assures superior surface “'lake’ on all drafting film surfaces.

Flow—Excellent. Built-in surface tension assures correct flow in
any drawing instrument, from ruling pen lo dolling wheel; helps
maintain definition of form, density and evenness of line,

Moisture Resistance—Excellent. Drawings may be rinsed in plain
waler—repeatedly—without the slightest effect on inked lines.
Adaplability—Excellent, Higgins Waterproof Plastics Black works
well with every major brand of drafting film currently available,
and all olher types of **plastic-base” media (acelate, vinyl, etc.)
intended for usa as a drafling surface.
Reproducibility—Excellenl. With Higgins Plaslics Black, you get
sharp, crisp, dense black lines every time—and that means
sharp, crisp copies every lime.

Correctability—Excellent. Removable from plastic drafting sur-
faces with Higgins Eradicator. Re-ink immediately when dry.
Also available: Higgins Non-Waterproof Black (Red Carton),
wilh the same working qualilies as the waterproof variely.

The more you draw on film, the more indispensable you'll find
these specialty products from Higgins. See and try all three—
today—anywhere that inks are sold,

HlGGl“S INK GOMPANY, INC., BROOKLYN, NEYY YORK



From McGraw-Hill...
textbooks, manuals and problem

ENGINEERING DRAWING

A MANUAL OF
ENGINEERING DRAWING
FOR STUDENTS AND
DRAFTSMEN, Ninth
Edition
By THOMAS E. FRENCH and

CHARLES J. VIERCK. 593
pages, $8.95.

FUNDAMENTALS OF

ENGINEERING DRAWING

By THOMAS E. FRENCH and
CHARLES J. VIERCK. 552
pages, $7.50.

ENGINEERING DRAWING,

Second Edition
By FRANK ZOZZORA. 391

pages, $7.75.
ENGINEERING DRAWING:
Combined Textbook and

Workbook

By HIRAM E.
pages, $9.75.

ENGINEERING DRAWING
PROBLEMS BOOKS

GRANT. 192

ENGINEERING DRAWING
PROBLEMS

By CHARLES J. VIERCK and
RICHARD HANG. (to be used
with A MANUAL OF
ENGINEERING DRAWING FOR
STUDENTS AND DRAFTSMEN,

by French and Vierck) 109
pages, $5.50.

FUNDAMENTAL
ENGINEERING DRAWING

PROBLEMS

By CHARLES J. VIERCK and
RICHARD HANG. (to be used
with FUNDAMENTALS OF
ENGINEERING DRAWING, by
French and Vierck) 78 pages,
$4.25.

ENGINEERING DRAWING
PROBLEMS, Second
Edition

By FRANK ZOZZORA. (to be
used with ENGINEERING

DRAWING, Second Edition, by
Zozzora) 192 pages, $4.75.

ENGINEERING
DRAWING PROBLEMS,
Series 1

By HIRAM E. GRANT. 60 sheets,
$5.00.

PROBLEMS IN
ENGINEERING
DRAWING, Series V

By A. S. LEVENS and A. E.
EDSTROM. 136 pages, $5.50.

ENGINEERING GRAPHICS

GRAPHICS

By JOHN T. RULE and STEVEN
A. COONS. 484 pages, $8.95.

INTRODUCTORY
GRAPHICS

By J. NORMAN ARNOLD. 543
pages, $7.95.




books in Engineering Graphics

GRAPHICS PROBLEMS BOOKS

CREATIVE PROBLEMS IN
ENGINEERING
GRAPHICS

By ERNEST R. WEIDHAAS. 290
pages, $4.95.

DESCRIPTIVE GEOMETRY

APPLIED DESCRIPTIVE
GEOMETRY, Fifth Edition
By FRANK M. WARNER and

MATTHEW McNEARY. 256
pages, $5.50.

GEOMETRY OF
ENGINEERING DRAWING,
Fourth Edition
By GEORGE J. HOOD and

ALBERT S. PALMERLEE. 347
pages, $5.95.

TECHNICAL
DESCRIPTIVE
GEOMETRY, Second
Edition
By B. LEIGHTON WELLMAN.

640 pages, $6.75.

DESCRIPTIVE GEOMETRY
PROBLEMS

APPLIED DESCRIPTIVE
GEOMETRY PROBLEMS

By MATTHEW McNEARY.
(to be used with APPLIED
DESCRIPTIVE GEOMETRY, Fifth
Edition, by Warner and McNeary)
136 pages, $4.25.

APPLIED DESCRIPTIVE
GEOMETRY PROBLEMS

By ERNEST R. WEIDHAAS. 80
pages, $3.95.

ALTERNATE PROBLEM
LAYOUTS FOR
TECHNICAL
DESCRIPTIVE
GEOMETRY, Second
Edition
By B. LEIGHTON WELLMAN.

236 pages, $4.75

send for your on-approval copies now

McGRAW-HILL BOOK COMPANY

330 West 42nd Street

e New York 36, N.Y.



GROWN UP!
PRICED DOWN!

The all new VEMCO 33/20"”. A precision drafting
machine capable of accommodating drawings as
large as 34" x 44", Combining much of the
versatility, convenience and precision workmanship
of America’s finest drafting machines, yet Priced
At Only $59.50, subject to regular educational
discounts.

Also available— the Model 3300
with special disc brake and automatic 15°
indexing—slightly higher in price.

Write now for new 4-page descriptive brochure.

V. & E. MANUFACTURING CO.

766 So. Fair Oaks Avenue
Pasadena, California



For your graphics courses. ..

ELECTRONIC DRAFTING

George Shiers, Santa Barbara
City College

Introduces the various kinds of drawings and drafting tech-
nigues used in the design and construction of electronic
equipment.

Combines an unusually wide range of material with a de-
tailed emphasis on fundamental concepls and practical
methods.

Contains over 400 original drawings. Threats graphical
symbols on a comparative basis to acquaint the reader with
their types, applications and relevant designations.

Explains, by means of a grid system, how to apply maodular
principles in the layout of schematic, block, and connection
diagrams,

1962 556 pages Text price 58.75

BASIC GRAPHICS

Warren J.
University

Luzadder, Purdue

Designed 1o fulfill today's needs of engineering and tech-
nical education. Presents fundamentals essential to graphi-
cal solutions and communications. Discusses each basic
concept clearly and in detail, anticipating difficulties com-
monly encountered by the student.

Features: Emphasis on frechand drafting and pictorial
sketching; Revised material on multiview representation
and conventional practices, now combined for more effec-
tive use; Expanded coverage of descriptive geometry, en-
gineering geometry, and graphical calculus; New reproduc-
tion plates of both old and new illustrations.

1962

715 pages Text price §9.75

Problems For Engineering Graphics---85, 11 x 17"

sheets

available at $4.00 per set. READING REFER-

ENCES and Solutions to the Problems are also available
(The Solutions cannot be sampled—restricted) . Motion
piclures may be rented from Purdue Universily's Audio-

Visual Center.

For approval copies, write: BOX 903

PRENT[CE-HALL, INC, Englewood Cliffs, N. J.




Fechinigue of Projective Geomnelyy and.
_ggi.%f_ﬂfmfﬁw Jo Engirteeri 7

ISTRODUCTION

In this second article of the series,®
I am opening the door to readers who are
interested in the applicatlion of the tech=
nlque of projective geometry to engineering
problems,

The devlces and methods of projective
geometry are so manifold that it is impos=-
sible to arrange them into a scheme similar
to the collection of the principal command-
ments of the orthographle projection.

For a graphically-minded reader, it is not
sufficlent to study only the modern mathea=

matical texts on projective geometry, mainly
because many authors of the works on syn=

thetic projective geometry are avoiding
measurements, so essentlal to engineers,
Professor H. 5. M, Coxeter, Department of
Mathematies, University of Toronte, in his
"Projective Geometry" says? "In order to ens
courage truly geometric hablts and thoughts,
we shall scrupulously avoid the use of co-
ordinates and all metrical ldeas except in
Chapters 1, 11, 12, and a few of the Exer-
clses, In particular, the only mention of
"eross ratlo" is Iin the present sentence."

This statement clearly shows that a syn=
thetic geometer is not Interested in magni-
tudes, In other words, he is not Interested
in englneering matters, Contrariwlse, the
engineer is interested Iin the geometry of
action or in the metrlcal geometry, but not
In the geometry of position which 1s pro-
jective geometry.

I agree that the number of axloms and pro-
posltions can be considerably reduced when
proceeding in the Yllustratbn of the con-
cepts of synthetlc projective geometry In a
purely geometrical manner; on the other hand,
trivial or obvious problems and statements
may prove very difficult to solve or to de-
scribe, respectively,

Hhat 1s a sclence, even interlaced with
the most beautiful and amazing theorems and

Balay

Prof. V, P. Borecky
University of Toronto

aware of the practical,
cation of the subject.

Professor Coxeter, himself, expert geo-
meter as he 1s, was qulite astonlshed when
L pointed out to him so many practical as-
pects of the subject and presented an a=-
mount of practical applications of the theo-
ry regarded by a layman as a sort of "Picas-.
sonian art of abstract paintings"™,

Having concluded my phllosophical rea-
soning, I want to give the reader some use=
ful advice:

If your intentlon to penetrate deeply into
the secrets of the elegant technlique of Pro-
jective Geometry Is serious, then select one
field of engineering, e.g., statics, photo=
grammetry, kinematics, etec., and play with
the practical applications on some typical
examples collected in my Problem Book (Hork-
ship Ho. 11 at the 1962 Summer School for
members of the Division of Engineering Graph-
fcs at the U.5.A.F.A.) until they become oba=
vious to you. Then choosing, for example, a
series of typlcal problems in statics (which
may be found in any older or recent treatise
on staties, mechanies, strength of material),
vary the data to the indlvidual problems,
j.e,change the given structural frames, find
the directions of the applied forces through
the critical points of the structure, and de-
cide if the problem can be tackled by apply-
ing elther the concept of affinity, or col=
lineation, or If such an approach to the con-
Structlon of the solution by means of pro-
Jective geometry would be trivial,

When, three years ago, Professor C. A.
Wrenshall, Universlty of Toronto, started
with the applications of projective geometry
to engineering problems, he was much In the
same sitvation you are today. But he took
8 genuine Interest In the subject matter,
and he worked hard, Lacking any previous
educatlon in the subject, he developed such
a judgment in solving two-dimensional pro=-
blems §n statlcs that at the present time, I
may say, there 15 no problem existing which

engineering appli-

concepts, when it lacks any practical aspects? yould cause him any difflculty whatsoever.

I believe that I Efound the answer to this
question, and also a partial solution to the
conflict in my mind between the geometer,
the mathematician, and the englneer, when I
started to dive to the bottom of the sea
bringing this material up to the surface,.
Hext time I shall try to dive even deeper
and expect that others will accompany me.

My approach to the exploitation of the
technique of the subject is just opposite
to that of Professor Coxeter, i,e., it Is
entlrely of a graphical englneering con-
templation. Among the experts on projecs-
tive geometry, there are not many who are

This article deals exclusively with the
cross-ratlo and harmonlc cross-ratios (spe-
clal case) of point ranges and ray pencils,
with the affinity, collineation, elatlon and
homotheticlity of figures sitvated In two co-
local projectlve formatlons (}.e., plane
figures), with the affine, and colllnear
transformatlons, of a quasi-topological na-
ture, of spatial formatlons (l.,e., quadrics
of revolution), and it also deals with two
examples of applicatlion of the principle of
duality, a projective property to the sucs=
cessive steps In construction of nomograph=-
ical charts. H These two exanmples
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have been included in my article by cour=-
tesy of Professor A. 5. Levens from the
University of California at Berkeley, vho
wrote an outstanding book on Noemography, and
who has specialized In the extraordinary ap-
plications of the principle of duality to

Nomography).

There exlsts an innumerable supply of prob-
lems in each Field of engineering which can
be selved in an elegant and efflclient way by

the methods of qrojectlve geometry and by
the technique !llustrated here on ten prob-

lems pertaining to the following engineer-
ing subjects:

(1) photogrammetry ,..Problem 1, Figs.
la,b, 2 and 3,

{i1) Klnematics ...Problem 2, Filgs. 4a,
b and 5,

(i111) statiecs ...Problem 3,4,5, Figs 6,6a,
7,7a,8,8a,

{iv) wmappling (affine transformation) ...
Problem 6,7 ,8, Figs, %,10,11,

(v) radio astronamy (eng.physics) ...
Problem 9, Fig. 12,

{vi} nomography ...Froblem 10,10a, Figs.

13,13a,14,14a.

Ex Photogrammetry
Glven two corresponding quadrangles:! A
“1C1“1 on the map with AIB = B C. and the

1 171
angle ABC =90°, and A'B CD

Sp5¢5p® on the photo=-

graph. Construct the horizon h, and the
station point S of the Elgure on the photo-
graph,

The solutlon 1s illustrated in three steps
in Fig. la,b, ¢ and 3.

Step 1 Complete the quadrangle AlBlchl Lo
a square #lBlc!Bl' By means of "strip paper

method", operating with the corresponding
ray penclil tetrads (i.e., using the points

hi and Ql‘ h? and Rll, the square AIBICIEI

from the map (Fig. la) }s relocated onto the

5.5.5
photograph (Fig. lb); notlng that ATBTC E-'5
is the perspective projection of the square

hlﬂlClEl, the join of the Intersectlons of

the pairs of lts two opposite sides are in-

THE JOURNAL OF ENGINEERING GRAPHICS

cident with the horlzon h, Observing that
these two {vanlshing) polints are Inacces~-
sible, in order to be able to draw the line
of the horizon, it ls necessary to have re-
course toi

Step II affinity, collineation, or homo-
thetlcity, the methods of projective geo-
metry based on "Desargues' tvo-triangle
theorem". Since homotheticity 15 the sim-
plest method In this case, it has been used,
as lllustrated in Fig. 2.

Step IIL "Pothenot construction” in con-
juction with homothetlelty again, is5 ap-
plied to the constructlon of the statlon
point §' first, which 1s located at a re=-
duced distance d'" from the horizon h'; the
corresponding segments of lines on rays
forming the pencils with centres 5' and S
being homothetic, the locus of all station
polnts for the reduced figures, l.e., A'B!
CE' is a straight line, and the locatlon of
the true 5 at the true distance d from the

true horlzen h, s readily obtained. Fig.3.
Problem Ho., 2 - Kinematics

In Kinematics there is a classlical method
called "Bobllller" construction which 1s
used for finding the centre of curvature for
one peint, C, of a rolling system given by
a rigid triangle ABC, when the centres of
curvature of peints A and B, are given; thls
construction does not apply projective geo-
metry., Using projective geometry, the centre
of curvature Eor the point C can be estab-
lished by taking advantage of the harmonic
property of to colocal projective ranges of
points, namely, that the product of the dis-
tances of a dyad of two corresponding polnts
from the ldeal points of the range i5 constant.
The constructlion, e.g., for the point A, as-

suming that the instantaneous pole of
Sl

rotation

and the centre of curvature l.IJIII for the

5
A
vanishing polnt uﬂﬂ are given, Is due

Mannhelm; 1t is 1llustrated In Fig., 4b, where
r=r': (A&EI = g dyad; (T,Usﬂ = yanishing

Lo

points; S = the invarlant polnt for both ranges.
From the constructlon: AS: A 5 = S5U 4 U
8 8 8 8

which can be arranged as a proportioni AS-SUEH

5U

5
&Es'hsusi making SU_ = ST, we obtain AT = SU_
Aaly ook 5 8

or AT, A_U_ = {SUS}E, since § = invariant point



Filg. 4a illustrates the same theory for two
perspective polnt ranges on distant lines, r,
r', where {BBl] = a dyad; (?,UI} = vanishing

polnts; A ¢ Al = the invariant point of the
By similar trianglest
5V.

ranges on ¢ and r',

A BSY ~r ﬁsulni= va.ulal -

o A
1

5u 1

= WA, = a constant.

1

Construction of the solution, Fig., 5

All centres of curvature for the vanishing
points of the normals lle on the circle of
"reversal"”. In order to tind its centre,
the combined "Hannhein" method has been used
which results in the location of U2, U y the
centres of curvature for the points at o0
lying on the normals n,, ng ¢ through A and B.
The cirecle of reversal cuts n., the normal
through €, in U.. Finally C_.J the required
centre of curua§ure
by the reversed Mannheim method. Also, having
observed that the point L is inaccessible,
the concept of homothetic triangles has been
used in order to find a line passing through
ic,

Problems 3,4 and 5 - Statics - Figs. 6, 6a,
¥, 1a, 8, Ba,.

Frinciples of collineation and affinity

Problem 3 - Fig., 6a illustrates "Desargues'
theorem about perspective triangles™ to be
applied to the construction of the solution
shown in Fig. 6 into which the vector dlagran
aof applied and resulting forces, drawn to

scale, has been incorporated,

Statement of the problem,

A three-hinged arch has supports at 2 and 3,
The resultants of the loads

and a hinge at 4.
applied are: P on the left member, and Q on
the right member of the structure. Using
"Desargues' two-triangle theorem”, determine
graphically the magnitudes of the reactions
at 2, 3 and 4.

Construction of the solutlien

There are altogether six forces acting on
the structure: P, Q, R, Ri’ R3 Rg' In order
L]

to find the centres of actlon of four triads
of the same (four possible combinations), and
the lines of actlon for R, RE’ R3. Rﬁ such

that the conditions ofequilibrium be Fulfill-
ed,it 15 necessary to separate the structure,
consisting of two membars,
first, and then to consider the arch as an
entirety, in accordance wlth the usual preo-
cedure in problems of statical mechanics.

10

for C has been constructed

in two free bodies,

The line of action of R (the resultant of P
and Q) is readlly found, and a vector A
containlng P, @ and R, can be draun. HNote:
The vector diagram {polygon of forces) has
been incorporated Into the construction of
the solution for more clarity, but it may be
placed anywhere. One centre of action 15 in
the polnt 5, the centres of action for the
other three triads correspond to the polnts
AB, and C, and the resulting reactions will
lie in the directions of the sides of &.ABI:,
i.e., passing through points 2, 3 and 4, as
per Fig. 6,

The vertices of A ABC are found by means
of a "trial" A A'B'C' which fulfils all the
required conditions except one, f.e., A'B"
does not pass through point 4, It does,
however, pass through a polnt 1 which is
collinear with 2 and 3, This ds in dRTYees
ment with "Desargues'! two-triangle theorem"
which says: "If two trlangles have thelr
corresponding vertices jolned by concurrent
lines {vhich may be parallel as we will see
In Problem 5} then the intersections of thelr
corresponding sldes are collinear."

Thus the mechanlcal problem became & proba-
lem of projective geometry, the centre of
projection (perspective collineation) S, and
the axis of homology (collineation) 123 are
the elements to be properly selected depend-
ing on the nature of the problem.

Remarks: The auxiliary device of projective
geomelry, just discussed, Is very elegant and
efficient, The reactlons are constructed
directly without the need of thelr components.
When the diagrams are drawn to larger scales,
the solutlons are as accurate as those obe
tained by a lengthy analytical process,

Many of the statlcal structures (frames)
involving, e.g., two members and three hinges
(not all three need to be hinges}), are basi-
cally "three-hinged arches". It is of no
consequence if the members jolning two hinges
{one of which is in the support)}, are curved
or straight, since the resultants of the ap=
plied loads always act rectilinearly,

Problem & - 7, 7a

Given: Frame as shown, consisting of two
members with hinged supports at 2 and 3, and
jolined by a hinge at 4; pulley with centre
at 3, and a cable attached at 6, carrylng a
welght W at 1ts end.

Discussion to the solution: The applied
forces, weight W and tension T, as well as
thelr resultant R, are concurrent to the
centre of actlon 5. The axls of homoloegy
{collineation) of the directlions of "erue™
reactlons: Rz’ RB' Rﬁ and the sides of the

"trial" trlangle A'B'C' which Fulfil all the
required conditlons but one, has been sslect-
ed agaln through the hinges in the Eupports.

Laying out the magnitude of the vertical load

Fipgs.
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W to scale, the polygon of forces shown In
Fig. 7a can be readily completed by drawing
through the ends of the vector W lines par-
allel to the directlon of reactions, the
sides AB, BC and AC of the resulting "rrue!
triangle ABC.

Problem 5 = a,

Changing the structure piven in
ceding problem such & way that the part of
the cabge attached at 6 {s now parallel to
the direction of the load W acting vertical-
ly, the centre of action 3 of W, T and" R is
shifted to infinity, since these three direct
forces are mutually parallel, The axis of
homology, in the sare place as before, be-
comes that of aftfinity in this case. The
problen is solved in the manner similar to
that of the preceding problem, Despite that
the triangles a3C and A'B'C' are of a smaller
size, the accuracy of the graphical solution
does not suffer.

Flgs. 8a

the pre-

Hote: The axis of affinity need not be par=
allel to the direction of affinity.
Froblens 6,7,8 - Mapping - Affine transfor-
mation

These problems belong to the category of
the formations of third order (spatlial pro-
jective geometry),but untuitively are solved
in two-dimensional monoplanar projection (or
cross-section) of the involved configurations
which are, in our case, quadratic surfaces of
revolutionjthe transformation can be extended
by a proper selectlon of the elements of per-
spective homology, to any quadric, and also
to some special warped surfaces; it ls of a
quasitopological nature.

In topological mapping, we are concerned
about geometrical facts that do not even in-
volve the concepts of straight line or plane,
but only the continuous connectedness between
the points of a figure, The sphere shares
all 1tts topological properties with theellip-
scoid, the cube and the tetrahedron., In the
study of projective geomebtry we may witness
phenomena that can be described without any
comparison of lengths and angles but that
possess nonetheless a preclse geometrical
character., We may map & part of a sphere on-
to a plane, a cone, or a cylinder, preserving
angles, clrcles, lengths, or areas, respecs-
tively.

By means of the dilatation (the affine, or
collinear transformation), we "map" a cube

onto a parallelepiped, a sphere onto an ellip-

soid, a paraboloid, or a hyperboloid; a right
clrecular cone into an oblique one, etc.

Problem 6 - Fig, 9
This problem deals with the affine trans=-

formation of a sphere inte an ellipsoid of
revolution, It also demonstrates, by means

THE JOURNAL OF ENGINEERING GRAPHICS

of projective geometry, an extrenely useful
property, common to all quadratic surfaces
of revolutlion, namely, that any intersection
by an oblique plane of both the sphere and
the ellipsoid, projects from the respective
pole (vertex) onto a plane parallel to the
tangent plane through the vertex,as a circle.
Since this can readily be proven for the
sphere (by a simple proposition of the syn-
thetic high school geometry - one of the
fundamental properties of stereographic pro-
jection), it can be immediately extended to
the ellipsoid, because the circle projected
onto the plane related to the sphere remalns
invariant when this plane, forming a unit
with the sphere, is shifted by dilatation in
one direction Into another plane formling a
unit with the ellipsoid, Note: The north
poles on the sphere and on the ellipsoid may
be regarded as two auxiliary centres of pro-
jection.

Problem 7 - Fig. 10
Thnis probled deals with the collinear trans-
formation of a sphere into a paraboléid of
revolution. In this case, beside the In-
varlant line (axis of homology), still se-
lected to lie in the equator of the sphere,
there are agaln three centres of projection,
but differently located from those In Prob-
lem 6, namely? the centre of homolegy (col-
lineation) is ldentifled with the south pole
of the sphere or the real vertex of the para-
boloidi the north pole of the spherée (the
first auxiliary centre of projection with
respect to the Formations on the sphere)
corresponds to the other vertex of the para-
bolold {the second auxiliary centre of pro=
jection with respect to the formations on
the paraboloid) which lies at Infinity,
Remarks: When considering the whole solids
instead of thelr cross-sectlion, then the
term axils of homology (gollineatlon} should
be substituted by the expression: plane of
homology (collineation}.

Problem 8 - Fig. 11

Statement of the problem

Construct a conical transition plece (a
truncated oblique eircular cone) between the
given plpes using the property of the affine
transformation of a right circular cone lInto
an oblique one. Select such a cone wvhich lies
between the right circular cone (inadequate
because of the angle of its left outer sur-
face element) and the cone whose intersection
with the smaller cylinder would result in a
elrcle, and which could be constructed by the
method of "superscribed sphere”.

Construction of the solution

The axis of affinity has been selected to
pass through the invarlant polnts A and B,
The third polnt €, collinear with & and B,
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is obtained by the method of "inscribed sphere" dliagram, l.e., in the concurrency graph,

to the smaller cylinder and the auxiliary
right clrecular cone, whose centre lles in the
intersection of the axes of the cone and the
cylinder,
edgewlise in the cross-sectional view, passes
through C, the third required point on the

The curve of intersection appearing

are transformed into points In another
diagram, l.e., the slignment chart are
illustrated by Figs. 13, 13a, & Figs,
14, l4a respectively

Fig. 13 shows in orthogonal Cartesian coa-
ordinates, x and y, a relationship between

axis of homology, and any other adequate inter- two variable quantities, plotted In accord

section necessarily passing through C perpen-
dicularly to the plane of the paper, glves
the required section on the smaller cylinder.
Hote that the vertex of the resulting cone
lles on a line parallel to the axis of the
smaller cylinder, so that the dilatation of

with the data obtained from a serles of exe-
periments. It is obvious that the dependence
of the corresponding values Is pnon-llnear,
In order to obtain a simple alignment chart
it 15 necessary to rectify the curve into a
stralght line, which results In an x"-scale

the right circular cone 1s a rectilinear trans- for the guantity plotted along the abscissa,

latlon of 1lts vertex.

Problem 9 - Radio Astronomy = Fig, 12

Statement of the problem
Electron waves, propagating rectilinearly,
emanate from the point source F which is the

vertex of a conical envelope with a vertical
axls and vertex angle ©<, All wave-rays

within the cone are to be reflected hori-

zontally and intercepted by a vertical clir-
cular antenna appearing edgewlse In the given

cross-sectional view, The waves are to be
entirely confined to the interior of a wave
guide consisting of a conical, a eylindrical,
and another surface having the property of
reflecting the rays in the horizontal direc-

tion. Construect the wave guide, showlng its
contour lines in the given view. Measure the

vertex angleC<, Scale 1 In, = 3 in,

In this case the scale became guadratic,such
that the curve is a parabela, f,e,y = 242,
This parabola has further been transfoermed
into a point, P, in the alignment chart, Fig.
13a, where the varlables have been plotted
dlong two parallel lines provided with ade-
quate, arbitrary scales.

In the upper left corner of Fig. l4, the

concurrency graph, there Is afanilyof curves

{with unknown equations) showing a relation=

ship between two wvarlables, with a different
coefficient for each curve,
auxiliary diagran {(diametrically opposite to

By means of an

the first), where lines converging to tne oris
gln have been drawn, the curves have been
rectified by the procedure illustrated in Fig,
Then, in order to corplete the information
necessary for the alignment chart, two addi-
tional auxiliary diagrams had to be estab-
lished., Since it

Construction of the salution is not the purpose of this

In order to construct the intersecting curve Z%Po0Sition to go through the details of the
of the cone and the cylinder in the glven crassrec:ificaElona and other required modifi-
sectional view, a sphere has been inscribed {n C-c190% of the original graph, the reader 1is
both {as in the di blen) Us i referred to 3)

preceding problem). sing the Fi ko ihe et onnant ‘ebart : T

property of the collinear transformation of a compf;te t;anSEGrHﬂf?an chth: Eail?:sof 1
GPNEEE Jnko W pavabsldald aof revoidction (e curves from Flg. Iﬁ into a curve “uhich in
glégussion ko Erables 7) 1llustrating tne Prnnfthls case is a straight line lYlAS between
for the preservation of circles in projectlon . parallel, arbitrarily chosen Scalss ine
of the intersection of any plane and the para-

cocrdinates x' and y'
boloid Inte a plane perpendicular to its axls,

the third required surface completing the con- The quantity y = le& x 105 hat ERe
struction of the wave gulde, must be such that o T '

all its plane intersections lleonthe surfaces G

of homothetic cylinders which are right cir- physical law relating the variables, 1s of
cular ones when their axes are parallel to the no importance for the illustration of the
axls of the third surface. This surface can- principle of duality In Figs. l4 and lé&a.
not be other than & paraboloid of revolution,

and one of the hormothetic cylinders ?33 its Conclusion

surface elements such that they envelop lts Hav baan

ellipticsection with the oblique cutting plane 5,4 u::Es on F:Ecg?gi?sgéﬁ?lgitfﬂﬁssﬁFiﬂif
and also the circumference of the circular scriptive-projective geometry by the most
SCTEEN. renowned European experts In all engineering
fields, I was net able to discover any elther
compact, or Indivlidual treatment of the na-
ture this article deals with, I am not a

businessman whe is offering this material for
The applications of the principle of duality¥cale, and I may say that in a way I have been

in a plane, by which lines (points) in one very much disappointed that nobody else tried

Problem 10, 10a = Figs, 1l=14
Nomegraphy - FPrinciple of Duality
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to Eil]l the gap between the theory and the
engineering applications, On the other hand
I found very nmuch satisfaction in discovering
something which has not been published in any
exlsting text.

This material presented here in a rather
conclse manner on only a few typical examples
can be developed in all dlrections, it 1s
only necessary to find courageous men who
possess a progressive spirit and are not
frightened by some extra work which is in-
dispensable to the understanding of the theory
of a few principles and concepts of the beau-

tiful science of projective geometry.
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A.5. Levens Nomographical charts by the
principle of duallty.
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CURRENT TRENDS

The current trend In engineering education
appears to be toward preparation for speclal-
izatlon with émphasis on teamwork. Such spes
cialization requires more and more complete
coomunication Instead of less, and directs
mu¢h attention to professional ethies, The
engineering student of today must be guided
inte a pattern of thinking whereby he will be
able to correlate tomorrow the fundamental
rules of sclentific principles and the engls
neering art., As someone has sald, "We nust
have proper programs of education For both
our 'plumbers'! and our 'philosophers' or
nelther our pipes nor our ldeas will hold
water,"

It is only through the educational devel-
opment of the individual that his value to
employer and society ray be Ilnereased. Stu-
dents must acquire the knowledge, attltudes,
and skills which they will need to cope with
the wide varlety of problems which they must
solve as practicing englneers, They must not
only be encouraged to high Individual attain-
ment, but they must also be prepared to par=
ticipate as a productive member of the engl-
neering teamnm.

The Engineering Graphics Divislion of ASEE
1s confronted with a three-fold questiont
How is the sclentiflc specialization and
teamwork requlred golng to affect drafting
coursesj how can a proper program of edu-
cation in engineering graphics be deslgned
for all areas of specialization in engia-
neering and sclence; and how can the student
acquire adequate skills In graphical commu-
nication and hasic design ability? The
englneer, sclentist, techniclan, and crafts=-
man must understand each other. The final
proof of adequate educatlon Eor each will be
determined by their collective performance.

FROGRAM DBJECTIVES

A positive program In engineerlng graph=
ics wlll have clean-cut and clearly deflned
objectives, The engineering student should-

l. Acquire sufficlent knowledge and prac-
tice in engineering drawing that he
may be prepared for further studies
engineering science and design.

2. Be provided with classroom and labora-
tory experlence in combining the theo-
retical wlth practical applications
needed for successful completion of
future work asslgnments expected in
the fleld,

in

L6

the

Earl D. Black
Senfor Instructional Specialist
Product Englineering Department

General Motors Instltute

Have trailning and practive in the use
of englneerlng graphics needed by pro-
fessional engineers who are expected
to have concepts of an experimental
approach beyond that of englneering
forculas.

Develop In ability to perform progres-
sively difflcult asslgnments in engia=
neering and accept increasing clvic
and job responsibility.

5. Develop in abllity to exercise ini-
tiatlve and sound judgment, to appre-
ciate the importance of aesthetles,

to cormunlcate ideas clearly and ac-
curately, and

Develop his creative talents by im=
proved analysis and synthesls with the
methodology involved In performing the
deslgn functlion,

ENGINEERING GRAPHICS AS A CATALYSTIC AGENT
TO ENGINEERING AND SCIENCE

The student need not be requlred to take
courses In engineering graphics just to "ex=-
ercise the mind." But as long as engineers=
Ing drawing remains the universal language
of the engineer, all engineering students
should be required to master its techniques.

Engineering drawing, enthuslastically
taught by competent teachers, will go far
toward developing graduate engineers who
will display a high level of native crea-
tivity and inventiveness. There iIs no ceil-
ing on the ultimate accomplishment expected
of our students, except thelr individual
talents, opportunities offered to them, and
their own Initiative,.

Engineering graphics may well be the cata-
lyst that will show the student how to intes
grate or synthesize hils sclentifle knowledpe
Graphical communlcatlon provides a means of
clear understanding. A beginning student

with llttle background In engineering and
sclentific Information may be hopelessly
lost with only the oral or wrltten explana-
tion and needs a pictorlal aid to acquir=
ing accurate concepts, EEfective learning
Is closely related to the meaningfulness of
the terminology used and the interest and
willingness of the student to learn. Termi-
nology should be kept in the language of

the student's former experlence and new ma=
terial should be well illustrated by plec=
torial concepts, such as design layouts,
sketches, detall drawings, mock=-ups, actual
parts, exploded assembly drawing, and photo-
graphs,
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COURSES AND TEACHIHG

New techniques of teaching and instruc-
tional devices may be used to advantage.
Exhibits of commercial drawvings may be used
as a means of Iinstructlon to demonstrate
methods of deslgn procedures. They often
arouse interest and insplre the students to
higher attalnment.

Emphasis should be on projection prin-
ciples, dimensioning, and production pro-
cesses required for interchangeability.
General drafting techniques in all the bas-
‘e courses of engineering sclence will un-
doubtedly aid the student te a clear under-
standing of more advanced problem assign-
ments .

SYNTHESIS AND CREATIVITY

Students of science and engineering should
be taught that nearly all solutlons of engi-
neering problems are at best only close ap-
proximations, Perceptive ability, imagina-
tion, stabllity,

gssimilate fFacts must be developed In the
student.

Facts serve as a starting poilnt for new
ways of delng things.
thinking takes existing facts and rearranges
them in new combinatlons by applied imagina-
tion. Englineering drawing provides an ac¢-
cepted technique of displaying this new ar-
rangement In physical mass or motion which
we call design. As Professor Douglas P.
Adams! puts it, "Graphics is the handmaiden
of the seciences,” and "Graphles glves ap-
pearance to mathematles, materials, physical
reactions, and many other characteristics of
sclentlfle Eacts through lines and symbols."

The engineer usually wishes to convey vis-
ual concepts. Engilneerling graphics assists
the englneer to first build up & complete
pletorial image of a design or problem solu=-
tion in his own mind., Then it serves the
practical utility of recording his thinking
as well as glving accurate instructicon to
those who are assigned the task of produc-
tion or Eabrication of his design.

Engineering graphics courses must there-
fore continue to provide the student with
practice in systematic organlzatlion of pro-
ductive ldeas, These ldeas may be expressed
in good guality drawings which clearly con-
vey his thinking to those who work with him.

The student must acquire the abllity to
converse In this language to successfully
analyze and synthesize the combination of
problems which will challenge him in both
sclience and englneering. He must be In a
position to convey his ldeas and solutions
to others before hls designs or solutions
are of ultimate value to mankind.

JOURMNAL OF ENGINEERING GRAPHICS

the capacity and willingness
to collect necessary data, and the ability to

Creative and inductive

MEH PROCEDURES,

Englineers are often concerned with mock-
up models. Models may also be used for in-
structional purposes. In fact, changes are
often explored in the model stage to save
expensive materials, Drawing changes are
finalized after the model has been perfected
Photographs are used for copylng the model
and are marked and noted for final specifi-
cations. The computer is also getting its
share of attentlon as a means of graphical
production, Time saving 1s the ultimate
objective and therefore modeling, photo-
graphy, drawings and other methods are com-

bined.

PROGRESS AND RESPONSIBILITIES

Individual progress ls due largely to im-
provement in ability to assimllate and se- ~
lect items of knowledge, changes in respon-
sibllity, job experience, and environmental
influences. The student will be unprepared
to accept job responsibilities If he is
hemmed in by narrow percepts due to teachers
who place thumbscrews on the 1id of new
ideas and new ways of doing things. The
student should not be directed down narrow
paths of learning which may tend to limit
his potential capacity, Hot knowing the ad-
vantages of graphical methods used for com-
putation and communication employed by engi-
neers may severely handicap the student and
shorten hls ability on the job.

FUNDAMENTALS VERSUS OBSOLESCENCE

A strong positive program in engineering
graphics begins with a thorough knowledge
of basic fundamentals. Fundamentals should
not be replaced by frivolities. Hor should
courses lead the student into areas of obso-
lescence except for historical background,

There are definite dangers of ocbsclescence
in overspecialization at the undergraduate
level; technologles change. Extreme speclal-
yzatlon without Eirst acquiring the baslic
principles may make the englneer or sclentlist
irmediately useful, but such speclalization
shortchanges the student In that It may has -
ten the obsolescence of his learning.

K. W. Olson? emphasizes the usefulness of
knowledge In "makling, selling, and intelli-
gently using products as an economl¢ actlv-
ity.” The engineer must understand the
newer sclences, The old handbook and slide-
rule 15 no longer adequate, Team efforts
are necessary, and complete communlication is
required for good teamwork. The uses of new
equlpment often requlres new graphleal con-
cepts for complete communicatlon,

The endless stream of knowledge must be
faithfully examined with each new develop-
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ment to detect slgnificant fundamentals. Un-
less we have been grossly negligent in years
past, a slzable amount of subject matter §n
our present-day currlculum is absolutely egs-
sentlal and cannot be discarded without woe-
fully harming the student's future progress,

FUTURE DEVELOPMENTS

We can expect changes, Mo one can logla-
cally deny the lnevitable. Consistency may
be admirable, but not at the cost of making
expensive mistakes. Only the mediocre are
sure beyond a doubt. Therefore, we must
test each new innovation as it is proposed
In the llght of what will it do for the stu-
dent's progress and the future of mankind.
The progressive teacher, like the engineer,
must be able to grasp the implicatlon of
each new sclentiflc advancement and put it
to work In the classroom and laboratory.
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GRAPHIC TANTALIZER

Space can be divided In two by one
pleane, and can be divided in four by
two planes, and into eight by three
planes. How is space divided by four
planes? By five, etc.? Send your
graphic solution to your editor,

Hary Blade.
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Grapfiteal Method in Error Anallysts of
the Phe ranonetic Problem.

Intreductlion

Photogramrmetry is the sclence of making
measurements from photography, as fits
name implies. These measurements can be
made Erom a single photograph, a palr of
photographs, or a whole group of photo-
graphs, This paper will be limited to
considering the case in which a pair of
photographs is used. That case is anala-
ogous to the problemn of human vision,
and involves sterecscopy. #aAn appreci-
ation of the physical relatlonships In
stereoscopy will provide and understand-
ing of this type of photogrammetry.

Photogrammetry is basically dependent
upon the relationshlps of geometric op-
tiecs. Stralght lines of sight (or rays)
issue from the nodal points (or the lens
center, practically speaking) of the cam-
era lens, both towards the object space
and towards the image space. These nodal
points, furthermore, are the points of
origin for central point projections,
Thus, truly three-dimenslonal arrays are
established as in stereoscopy. With two
uniquely identifiable and oriented pro-
jection centers, the composite ray pat-
tern In the object space slngularly de-
fines the three-dimensional location of
object points, This 1s the goal of ster-
eoscople photogrammetry.

A further limitation In this presenta-
tion will be to consider the normal case
in aertal photogrammetry. Aerial photo-
grammetry, as applled to map making, is
ungquestionably the type of photogracmetry
in greatest use today., Map making can
also be carried out on the ground, and 1s,
to a much lesser degree, Other uses of
photogrammetry Jnclude Investigatlon of
deformations where extensive andfor in-
stantaneous records of deformatlions are
needed, both in the laboratory and in the
field. The normal case of photogrammetry
requires the image planes of the palr of
photographs to be coplanar. This sim=
plifies much of the geomektry, but 1t is
an ldealized case. In actuality, 1n aer-
tal photogrammetry a completely free
system with three translational degrees
of Ereedom and three rotational degrees

of freedom ig encountered. In other uses
of photogrammetry more restrictive systems
can be and are used

The Physical Systenm

The normal csse of photogrammetry, in
which the landscape ls photographed, is
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shown in Fig. 1. The lines of sight are
projected from the lens centers onto the
coplanar image planes In the image space.
These image planes can be seen te have
image points transposed right to left as
happens with a simple lens. For analysis,
however, the Images are Invarlably trans-
posed an equal distance about the lens
centers into the object space as is also
shown in Fig. 1.

There are two fundamental geometrical
relationships in photogrammetry on which
everything depends. One of these states
that for a given point the y=coordinates

oTo Reint Py

FICURE 1

of the two image points must be the same.
The other states that, for a given cam=-
era (focal length, F, known), the verti=
cal distance from the airplane to a
ground point ls directly proportional to
the distance between the two camera sta=
tions, and inversely proportional te the
difference In the x-coordinates of the
two image points., These important funda-
mental relatlionships are developed iIn the
appendix.

In order to facllitate solution of the
aerial photogrammetric problem, asuxiliary
information regarding the camera location
and orientatlon is sometimes used., For
the direct determinatlion of these neces-
sary values, Shoran, Doppler navigatlon,
the statoscope for precise barometric
helght differences, and, more recently,
inertial devices are used, For the in=-
direct determination of these values,
ground surveys of photogrammetric con=
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trol points are carrled out. This in-
cludes the determlnation of the latitude
and departure andfor elevation of the
prescribed polnts, Thus is the physical
system completely defined,

Error Sources

Photogranmmetry is a relatively sima.
ple system as described above., How=
ever, many factors work against the theo«
retical solutlon of the photogrammetric
problem. The two main classes of errors
are 1) those which are related to the
ray paths, and 2} those whlch are re-
lated to the camera orlentation problem,

The ray path errors can be further
subdivided. In the camera object space,
@ stralght line of sight in a cartesian
coordinate system Is assumed as was shown
in Fig. 1. In actuality, the ray is bent
by the varying density of the atmosphere
as 1t proceeds toward the earth, and the
object points, furthermore, are located
in & spherical coordinate system. As for
the camera image space, the camera lens
Introduces a certain distortlion, both ra-
dial and tangential, The image plane is
theoretically flat and perpendicular to
the optical axis; however, In practice,
such an assumption cannot be made. The
stabllity of the photographic emulsion
from the Instant of exposure to the time
of analysils must be taken into account.
Positional changes here will unquestion-
ably effect the results. The ray path
problems of the camera system will be
present in the data reduction devices
also., Flatness of photegraphle erul-
slon and projection lens dlstortlons are
paramount in this situation.

The orientation errors in photogram-
metry are those which involve first the
relative orjentation of one image plane
with respect to the other image plane
for the proper stereoscoplec relation-
shlp, and, second, the absolute orlenta-
tioen of the stereoscopic pair with re-
spect to the desired coordinate Frame of
reference.

In the first case, the y-coordinate re-
lationship of Image points as mentioned
above is used. Each of the three possi-
ble rotational movements, and each of the
three possible translational movements,
except that In the x directioen, will pro-
duce differences Iin the y-coordinate vala
uess Any lnabllity to eliminate these
differences will therefore provide errors
in the relative orlentation. The direct
determination of the camera orientation
and position differences by electronic,
inertlal and similar devices will also
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introduce errors which will affect the
relative orientation.

For absolute orlentatlon, ground posi=
tions computed from the stereoscopic
palr of photographs can be compared with
measured ground positions from the ground
surveys. In this manner, absolute ori-
entation can be accomplished, However,
any Einal difference in the computed and
measured values will be an indication of
absolute orientation errors. As Iin the
case of relative orlentation, other aux-
flliary information can be used to carry
out absolute orientaticon, with similar
error problems introduced.

Examlnation of the error sources men-
tioned above will show that ray path er-
rors are non=independent in nature and
therefore tend to reinforce each other.
Furthermore, these errors are primarily
systematle In effect, With regard ta
orfentation errors, they are independent
in nature and tend to be additive, Also,
these errors are primarily accidental.

Exrror Problems

The relationshlp of the error sources
mentioned above to the solution of the
photogrammetric problem can be analyzed
in the same sequences. The state of the
art will now be considered,

The ray path in the camera object space
remains a difficult problem, Fortunately,
the errors caused by the use of a car-
teslan coordinate frame of reference for
a spherical coordinate object space tends
to cancel the effects of a line of sight
which 1s curved by alr which becomes con=
stantly denser as it goes from camera to
object. Furthermore, the method of ab-
solute orientation mentioned above in
which computed and measured ground points
are compared, tends to eliminate this
partlicular problem by foreclng an adequate
solutlon,

The error problems of the camera image
space have been taken care of, to date,
by constantly lmproving lens performance
requirements and Image plane Flatness
specifications, Film emulsions and thelr
supporting base have also continually ime
proved, so that these are less of a prohbe-
lem than previously. The data reduction
system has also experienced steadily
tightened speciflcations. Thus, the
three foregoing errors have achieved a
level of performance satisfactory for
the usual mapping problem, and can be
momentarily forgotten.

The use of auxilllary information for
the solution of the relative orlentation
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problem has not been at all satisfactory
to date. The y-coordinate relatlonshlp,
however, 15 used, and a fifth degree ©-
quation Is solved. There is one indeter-
minate case which may be of Interest and
15 whown in Fig. 2., If the camera and
the ground points define a circle or ap-
proximately so, the rotation of the cam-
era about the x-axis cannot be deter-
mined from the y-coordinate relationship.

For absclute orientatlion, the use of
auxilliary information from electronice,
fnertial and similar devices has also
been unsatisfactory to date. Resec-
tioning, by comparing measured and com-
puted ground positions, has been the nor-
mal approach to solving the absolute ori-
entatlon problem.

An interesting adjunct to the orienta-
tion problem is as follows. Theoreticala-
ly, once absolute orientation has been
accomplished for a single stereoscople
pair, by the successive use of relative
orfentation procedures in which a new
photograph is related stereoscoplcally
to an existing one, & new, absolutely
oriented stereoscopic pair will be de-
fined., However, errors accumulate in
this operation, which is known as bridg-
ing., The extent to which bridging can
be carried out, furthermore, depends on
the magnitude of all of the error prob-
lems discussed above, Falling a satis-
factory solutlon by successive bridging,
absolute orientation of individual ster-
eoscoplec palrs of photographs must be
performed often enough to satlsfy ac-
curacy requirements.

Ervor Solutions

The methods of solving the photogram-
metric problem and their limitations are
next investigated, The two major ele-
ments to be considered are the basic
physical system involved, and the ori-
entation problem.

First, consider the orientation proba=
lem. The relative orientation relation-
ship discussed above involves the y-co-
ordlnates of 5 points., Consequently, 2
direct solution for only these 5 points
can be guaranteed., Due to ray path er-
rors, which exist to a greater or lesser
degree throughout the area of concern,
both in the camera, and the data reducs=
tion system, errors of sonme magnltude
are certain to be present In the relative
orientation solution for all other polnts.
The same can be sald for the absolute ori-
entation procedure. The x, y, and 2z co-
ordinates of only three points can be pro-
perly determined in an absolutely orien-
ted system, However, all other points
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will experlence errors due to the ray
path errors and the relative orientas=
tion errors just described.

To analyze the physical system, its
elements must be known. First of these
is the proper definition of the model
which includes the object, the object
space ray path, the camera, the photo-
graphic film, the available positional

-
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FIGURE 2

information, and the data reduction
system, HNext, the data Input to each
of these elements must be understood.
Finally, the significance (or the order
of magnitude) of each of the date In-
puts must be comprehended. With these
three elesments adequately defined quan-
titatively, a preclse solution of the
error system can be made at any point
desired.

The data reduction system has not yet
been mentioned, It is in order to give
some ldea of the methods used In carry-
ing out this work. The simplest, ac=-
curate system ls basically an optical
analog computer as exemplifled by the
Balplex and Kelsh plotters. The entire
original optical system is scaled down
so that it reproduces for the operator,
at the desired scale, a model of the
orlginal scene. A more accurate system
is that represented by the Wild A 7 or
the Zeiss Stereoplanigraph € 8 which is
basically an optical-mechanical analog
computer with mechanical linkages for the
ray paths fron the plotter lens. A final
high-accuracy system worthy of mention is
the stereocomparator in which photographic
coordinates of points viewed stereoscopl-
cally are precisely measured from the
photographic plates. These values are
then inserted Into mathematical expres-
sjons for the preclise determination of
ground coordinates.
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Hagnitudes

In order to obtain a moderate per-
spective of some of the Factors involved
in aerial photogrammetry, the following
are cited, The usual positional accu-
racy for a point on a map 1s 1/40" at
map scale, this being consldered as flne
a5 one can normally uvse a map. A verti-
cal accuracy of 1/2 contour interval for
90% of the map area and not more than a
full contour interval Ffor the remaining
10% 15 normally used, The Elylng height
varles from 1500 ft, to 36,000 ftr. de-
pending on the scale and mapplng Eysten
used, A rough method relating the con-
tour interval to the flying helght is
through "C factor" which gives a ratio
between these two values, and is de-
pendent primarily on the date reduction
Eystem used. It runs from BO00Q conserva-
tively for the optical plotter to pos-
sibly 2400 for the best optical-mechanl-
cal system, The camera Is a preclslon
9" x 9" with a lens cone of approximate-
ly 95%, Shutter speeds vary from L/200
to 1/800 sec. In order to carry out ades
quately the mapplng work, end overlap be-
tween successlve exposures §s approxli=-
rately 60% and side overlap is abour 20%.

Conslderable research and investiga-
tion has been done on the nature of the
ray path in the image space of the aerial
camera.
well known In this regard. Practically
ne information is known, however, about
the ray path Iln the object space of the
photogrammetric system.

The optical type analog data reduction
system is good for solving the relative
orfentation problem, but cannot be used
effectively for bridging. The optical-
mechanleal analog system can be used suca
cessfully for relative orientatlon and
the bridging of a few sterecscople models
for absolute orlentation. However, Lf
absolute orientation is to be projected
through an extensive system, the ster=
eocomparator with an analytical salutlan
iz required.

Photograometric Needs

The most signiflicant need in photogranm.
metry at this time Is the checking out of
the photogrammetric model In order to de-
termine the sensitive elements of the sys-
tem. Following this, an analysis of the
quality of the data input at the various
points 1is necessary. Mapping, in the math-
ematical sense, could be a means of ap=
preciating at various polnts the effect
of errors in the original data input,
Finally, help could be used on the sig-
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Quantitatlve informatien is quite

nificance problem. The resulting effect
of a round-off error at some previcus
pelint needs to be demonstrated. By the
solution of any or all of these problems,
photogrammetry will be able to design

its systems more Intelligently in the
future,

Another important and challenging, but
less complex area of concern, is that of
dealing with conposlte known errors. A-
long the ray path, the individual COmpo-
nents of the errors of the image space
are well known., However, the effect of
combinatlons of these errors is not as
vell known as desired. These could ap-
propriately be mapped alsa,

The problems along the ray path in the
object space have been mentioned pre-
viously, Some method is needed to ap-
preciate the magnitude of the bending of
the optical rays and the errors in pro-
jecting a spherical coordinate system
onte a cartesian coordinate system.

Graphical analysis of the errors ena=
countered in relatlve and absolute ori-
entatlon have been pursued to a modest
degree, but much more needs to be done
here. The various relative orientation
errors need to be combined in order to
obtain the total error picture,.

Conclusions

The photogrammetric system which has
been discussed above can be seen to be
basically a three-dimensional, graphlecal
system using & central point projection.
The basic problem, however, in the ac-
curate use of the photogrammetric system

i an appreciatlion of the errors en-
countered In lt. Mathematical mapping
of the effects of errors at various
pelints in the system would be most help-
ful. However, the introduction at the
proper point of some of these errors and
the follow through to the Final topo-
graphlc map for their effects, in true
systems analysls fashlon, is the greata
est need of photogrammetry., It would
solve a great many of photogranmetry's
stajor problems.

At the present time, tne tendency 1s
to look for mathemstical sclutions of
these problems., But these solutions are
cold, and actually do not give one a
clear feeling for the validlity of the re-
sults.

For the three-dimensional projective
relatlonshlp that is met in photogram=
metry, there would seem to be apriordl
evidence that graphical methods are pos-
slble in the error analysis of the photo-
grammetric problem, And because of this
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there should be a most frultful area of
research.

Appendix (see Fig,3)

Proof of y parallax relationship

For A's L'o"w' & L'O'W and
A's L'u'p! & LIWP

L'o'= L'w' = o'w" (1}
L'a* L'W O'W

L'w' = w'p" {2)
L'H He

Then L'0" = w'p' and L'¢" = f

L'D! HP LTQ" H-h

Lo AT o

H P Y

y' = fY (1)
H=h

Similarly for A's L"o"w" &
LYOnEY and A's Ltiwtp! L LnWp

and

Lfg" = LVyg" = g'y" (4)
Lupn LYW oYY

Ligh" = “rlEu {5)
L1t HWEF

then L"g" = ullEll and L'a" = E

L W P L1lu.ll H=h

Dbt av] hito]

FIGURE 3
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y" o= £Y (6)

Therefore, y' = y" gq.e.d. (7)

Proof of x parallax relationship

Construct L'w; parallel to L"u",

Then wio' = w'o" = x"

AL'uiu'  SALTLEM
wiw' = LIL" (8)
Lo' L0V

but H{H' = x' + %" = p = difference

in x coordinate

Hah = EB (9)

P
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FIGURE )

B c

From figure we have: CD = AE.BC.;;.,

that is, CD §s the reciprocal of AF with
modulus AB.BC. The above equation may
also be written: CD,AF = AB,BC

of y

= ] ——pe

5 3 X

FIGURE 2

u

Nﬁmogmms _fmrv z =My

Now, on Ax {fig.2) lay off to any scale
1,2,3,... On Ab_LAx, to any scale, lay off
AR = a = 10, Through 1 on the x-scale
pass 1C //AB, Connect B with e T
Then the points of Intersection of these
lines with 1C give the reciprocal values
of 2,3,... with modulus a.l, and solu-
tions of the equations xy = a., 1If in
the same diagram we pass parallels to AB
through 2,3,...we obtain on these parral=

lels solutlons of the eguations xy=2a,
xy=3a,..

The multiplication table by Pouchet 1Is
well known*. But the drawing of the
table requires the constructlon of
equilateral hyperbolas, Moreover, if
the product does not lie on one of the
hyperbolas drawn, an interpolation by
slght must be made,.

By virtue of what has been said in the
beginning, the product xy=z may be found
by using the coordinate system xAB as in
Fig. 2 without additional lines: Connect
B with the number on Ax representing =3
a horizontal tjrplg) wu.

8 horizontal through y. read on AB, finter-
sects Bx at the point representing the
product xy, read to the scale of % times
10 (length of AB). For example, for
3.8x4.5 we find In the chart 17.1 {The
lines Bx do not need to be drawn, as the
Index lines In aligment charts are not
drawn),

F
* Sge: R. Soreau! Nomographie ou Traite
des Abaques, p. 45, Paris 1921
or! W, Meyer zur Capellen! Leitfaden
der Nomographle, p.32, 1953

Conslider two rectangular coordinate
systems u,w and z,v} Superpose them so
that the u= and z-, and the w- and v=-
axes colncide respectively,

The condition that the triples of
points 1) (=u,w), (O,v), (2,0},

2) (=u,-w),{0,-v),{z,0), (3) {u,w),
[U.\"}j t-z.ﬂ}‘.

4) {-u,-w), (0,-v), {-2,0) lie in one
line is

=u w 1
v 1= o0,
: 01

The develepment of the determinant
yields
“uv + Ew = zv = 0O,

This equation §s the title equation,
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Hence a chart, in which the u- and z-
axes and the w- and v-axes have res-
pectively the same moduli, solves the
title equation. Example: u = 7, v = 3,

w =6, 2z =7 (Line I tn the diagram).
Hote that in the derivation of the chart

for the title equation the given value
of u 15 positive, 1.e., LE the given

value of us I1s negative, thils value is

to be plotted on the positive u-axis.
The condltion for the triples of

peints 1)} (-u,w),{(-2,0),(0,-v),

2) {u,w},(2,0),(0,-v), 3) (u,-w), {z,0),

(O,v), 4) (-u,-w), (-2,0),{0,-v}, to

lie in one line is

=u w 1
0 =y 1|l= uy =« wz = vz = 0
-z 0O 1
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R Easas H i 1}_ i _rP' T 1' ' bl EL 325 1"— Ht
54 AL i s A i e B e M i sasi s
* uv
- @ L .
w +t Vv

The same chart is used. In using the chart
for this formula it has to be kept in mind
that v is to be plotted with sign opposite
to the given sign.

Examplet w = 5, u = 8, v =3, z = 3, (Line
I1 in the diagram.}

To solve the title equation by means of a
nomogram, we transform the equation as

follows: 2w uv o u
W o=V Yoo
¥
L]
W u
- = ';-I.':-M-.

being the auxiliary variable, To present

{I}E-oﬁ. or %--::L-O

in a rectangular coordinate system xy, put

(2) x = u; y = 6L or (3)

% = u = Dj
:,r-l-ﬂ'(I'U.
Substituting (2) inte (1)t

*»+y =0
z

or (4) x + zy = 0.

From (3) and (&) we form the determinant

1 0 au 1 0 -u 0 =-ul
01 o | = 11 =l -1 o, I|] =0,
1L = O l=2z z 0 -

+ z0 1
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From the desgin determinant we obtain
equations of the

the

u - scale: x = 0, y = =
n K--l.:r":"\-f

£ - scale:! z

K-_z_'_il

And the nomogram for (1)

Y

A i 2

3 ¢+ 5§ & 1T 8 89 X
1
L}
1
]
5
i
3

/74

a2~

Jo: represent
(5) 2.1 =0t or 2.1 =0
v v
in & rectangular coordinate system xy, we put
x=w, = =0 or (6) x - w=0, y +(L =0,

x Substituting {6) into (5):
S ye 1 =0 or (7} x + vy = v = 0.

From (6) and (7) we form the determinant

1 O -w 1 -w 1
01 o - ) 1= 0O
1 v =¥ 1 -

1 # v 1 + v

« Equation of w-scale:

L] d.- L1

L ve I

y-
’T-

 EE =

x =1,
x =0,
x ﬂl -
T+v? ¥

-4

ol
po, EF
1+vy

Eliminating from the equation for the v-scale
the paramater v, we obtain v, we obtain as
equation of the v-scale: y = % - 1. Hence
for x = 9% y ==1l, and for y = 0: x = 1,

. conlinued on prge 58
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Tniversity of Detroit

.ﬁfe%ﬂryfg Multridemmsional 7 Drallel ~Axts] ?Ej eclion.

Recently there has been a revived Interest (xz.yz}. In the coordinate point systen,

in Projectlive Geometry, which is certainly this line becomes the Iintersection of the

a neglected phase of Theoretical Graphices,l ii -
An article appearinﬁ in this journal was dea NES X ¥ and X 9. he transformed line

voted to the topic, and a workshop on the has been identified as the point (x,y) of
subject was held at the recent Graghlcs Fig.4. A second theorem may now be stated
Division Summer School in Colorade}. A second

article deals with a related topic.% One in-
triguing ocutgrowth of Projective Geometry might
be termed "parallel-axis projection", because
it involves dual (point-line) coordinate sysa Y =4
tems of more than two dimensions, This article Blane described by two polnts
will simply review a few basiec principles, and ifz,yzl_transfurms to a point (x,y) on_ the
ask some questions. No attempt will be made corresponding parallel-axis plane.
to provide answers,

The two dimensional case stems directly from h
projective constructions. The latter subject X Yy
Is expertly presented in a current Englneering

Graphics text.,2? The dualizing of peints and Yol
lines is in reality a kind of graphlc transform, ﬁ\?}_
and in this article dualize and transform will ::::::::=:::HH
be used Interchangeably.

(x,y2

The point p{xn,yﬂl in Fig., 1 ls part of a two e ]
dimensional coordinate line (convergent-axis) L
system. Hote that this point is duvalized
(transformed) to a line in the two dimensjional
coordinate point (parallel-axis) system of Fig,
2. This implies thes following transform theoren.

FIEURE o

e A rather obvious question might be rajised:
Y| fisuRed b il ld- R ¥ how can the lengtﬁ of a trﬂngformed_l!ne
segment be measured? OGranted the question
~ ls academic because applications of Project-
e sy hhth‘“‘*aﬂhﬂhmhﬁm ive Geometry are not ordlnarily concerned
o - =+ ~Yo with such things, it nevertheless could
I lead to some interesting speculation,
| Enough information has been presented to
| solve a simple “coplanar" parallel-axis prob=
| lem. Given two non-parallel coplanar lines
(] *o ] o deserlbed by the pairs of points {xll,yll},

{xlz,ytzl and {“21'321}’ (xzz.yzzl: determine

lhgg;;%_é-_&.puint (x,¥) on a convergent=
axils plane transforms to a line xy on the

corresponding parallel-axis plane. their intersection (x,,,y;,) by using a
The inverse transform principle follows as a

corollary.

dualized systen,

Any plotted line, such as that of Flg. 3, The solutlon is shown in Fig, 5.The points
can be described by two points {xl,yl) and {xl‘yl} and {x?,yzl are the transforms of the

e 2 iven lines. These two points determine the
line *00Y00° and the Intersections of this

line with the two axes must be the required
points for evalusting the coordinates of the
Intersection,

More stimulating 15 a problenm using a three
dirensional transform. Assume that the de-
Eining coordinates of an orthogonal line are
{xt,yl,zll and {xz,y?.zzl. What will a par-

. 4
FIEURE 3 %, 2 allel-axis plot of this line look like, and,
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glven one coordinate of an
polnt on the
ordinates be found?

could be proved or disproved. Another ques-
tion might inveolve the parallel-axis repre-
sentatjon For the intersection of a line and
a plane,

Returning to the problem at hand, 1t will
be assumed that the intermediate coordinate
%q is known (Flg. 6). To obtain the corres-

ponding y and z coordinates, first draw a
line through x; and fz,x), and extend this

line to the z axls, thereby determinlng 24+
Next draw a line through z, and (v,2z); the

intersection of this line with the y axls
will be Yy As a check, the polnts X.,

(x,y), and y, should all lle on the same

straight line.

Admittedly, the pursuit of such problems
can appear to be pointless, Nevertheless,
1f from such mental gymnastics creative
thought evolves, the effort must be consider=-
ed worthwhile,

intermadiate {third)
line, how can the other two co-

The answer to both questions will be found

in Flg. 6. The given orthogonal points are
represented by triangles, and the parallel=
axls points {(x,y), v,z}, and{z,x) are the

three principal coplanar projections of the
given orthogonal line.
points all lie on the same stralght line:
Thls sugpests the question ¢f whether a

theorem is possible to the effect that in

higher spaces of multiple dimensions all
line up.

such points would also

FIELSE 6
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The theorem

Jockuoles =

There may be some guestlon as to the ad-
visabllity of calling Projective Geometry
a branch of Theoretical Graphics. The
inference here is that it cannot be Ap-
plied Granhlcs unless frequently used,
which 1t ls not.

Hote that these three ]

2?. F. Borecky, "Relationship Between

Projective and Descriptive Geometry",
Journal of Engineering Graphics, Yol.
76, ¥o. 1, February, 1962, Pages 8-11.

3Professur Borecky was the leader of this
workshop.

ﬁL. I. Epstein, "On the Non-Frojective
Transformations of a Nomogram", Journal
of Engineerlng Graphics, Yol, 253, lo. 3,
November, 1961, Pages 15-18.

5%ule, J. T., and Coons, S. A., GRAPHICS,
Mew York: MeGraw-Hill Book Co., 1961,
Chapters 18 and 24.
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From Your Chairman
M. HcNeary, University of Malne

Annual meetings such as the one last June
at the Alr Force Academy are refreshing ex-
periences for me. I am always lmpressed vwlth
the high calibre of my colleagues., I rejolce
in thelr successes on thelr home campuses,
share with them their frustratlons in local
academlc skirmlshes, and resolve to put their
experlences to use in my own sltuation.

This year's meeting, preceded by the Engl=
neering Graphles Division Susmmer Schoel, was
outstanding. Ed Griswold and all those who
contributed to the program deserve congratus
lations for a well-organlzed series of con-
ferences on topics of high interest. Those
who provided leadership for the Summer School
merlt particular prailse for thelr enthusiasm
and hard work.,

Those at the meeting In June were concerned,
as always, about trends in engineering educa-
tion and their possible effect on the teach=
Ing of Engineering Graphics. Indeed, trends
are a concern of all teachers of engineering
subjects at all levels in the curriculum,

My personal opinion ls that the renewed ine
terest of educational administrators and de-
Eree-granting departments In the teachlng of
deslgn offers us a rare opportunity to make
engineering graphics a vital force, vitally
needed, in the future curriculum. We are in
a favorable position to contribute for two
reasons (1) Graphics 1s a primary tool for
the expression of the conceptual phase of de=

sign, and (2) our work in the first year of
the englneering curriculum with lopresslonable

beginners is & good place to start design-
orlented thinklng.

Perhaps the vork "conceptual®” need some
explanation. Design has tow main phasest
the conceptual and the analytical, We first
fix our concept of a new idea or device on
paper using the traditional methods of engl-
neering drawing, and then the new idea of
device 1s analysed using mathematics and
the laws of the physical sciences to detera
mine whether it meets criteria for perfor=

Professor Hatthew McHeary,
Head, Dept. of Engineering Graphics
University of Maine

mance and economy. These two phases are
re-iterated, or repeated, perhaps many times
until optimum deslgn 1s reached. For many
simple devices analysis is not need and in

some cases It 1s impossible. Since analysls
is taught In depth in upperclass courses, it

seems to me that work for beglinning students
should conslst of problenms that require ori=

glnality In concept with a minlnum of analysis.

The foregoing 15 my observation of a trend
that I find challenging and suited to my per-
sonal tastes, MHany of you will have other
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Interests that you feel are more
worthy of emphasis, As our good
friend Jasper Gerardi, whom we
honored at our last annual meet-
ing, sald so well, "The out-
standing characteristic of the
Graphics Division is its capa-
bility of making good personal
Eriends of people who differ
widely with each other on
matters of educational princi-
ples.”" Hay it ever be so.
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Some Remarks by the Past Chalrman
Edward M. Grisvwold

.k T TSN

Professor Edward Griswold,
Dept. of Mechanical Engineering

The Cooper Union
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Design Is an Important field which cffers
fertile ground for teachling material in Engi-
neering Graphics. [n my opinion design Is
the primary function of the englneer. The
word design can apply to the most complex of
systems rlght down to the highly important
hardware which makes 1t possible for the
system to perform its functlon.

Out recent Suomer School set the stage for
the use of design concepts In Englneering
Graphics. Design must begin with the basie
concepts of Descriptive Geometry and Engl-
neering Drawing. I do not see how any branch
of englneering which engages in the deslign
of any type of three dimensional object can
posslbly arrive at a satisfactory sclution
without making some kind of sketches or draw-
ings. The Summer Schocl presented the prin-
ciples behind graphlical solutions to the
mathematical problems of deslign. The graph=-
ical method often offers the best solution
of the problem and requires skill in the
manipulation of drawing Instruments to get
an acceptable ansver, The computer 1s a-
nother Important design tool when iterative
processes are lnvolved in the solutlon,

It seems to me that we can rightly and
properly enter the field of design and be-
gin the process of developing this largely
uncultlivated terrltory in the minds of the
students., We can start early to make our
candidates for engineering degrees of any
kind design orlented. It can begin with
almost the Eirst drawing room problem If a
little imagination is used, Open ended prob-
lems create Interest and provide motivation
in the classroon.

Let us continue to study, reevaluate, and
improve the teachling of that which ls basiec.
Let us keep our minds open to new ideas and
new ways of doing things which may be devel-
oped into something that is superlor to what
we now have. So long as we continue to do
these things Engineering Graphics willl have
an Ilmportant place in englneering education.

The reins of the Division have been passed
into the capable hands of Professor Heleary,
your chairman. [ am looking forvard to a
great year under his leadership.

It has been both an honor and a pleasure to
have served as Chalrman of the Divislon of
Ensinegrlns Grsphlcs dl.l'ri'l.'la the past year,

I would like to take this opportunity to
thank the members of the Division for their
support and their participation in the work

and activitles of the Division.

Edward M, Griswold
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Decimalized PMeasure Versus Jhe Metric _.%(sfgm

The age-old contest contines between the
advocates of the metric system and the ad-
vocates of the English-inch system of mea=
surement, The complications and growth of
technology today has caused many leaders of
industry to take a critical look at coma
munication systems and drawing delineation
standards in dimensionlng.

The advocates of the metric system claim
that both Industry and sclence would profit
by using the metric system of dlmensiening
dand measurement, But the majority of In-
dustrial representatives insist that the
metric system of measuring has many disad-
vantages, The metrlc system has the draw-
back of requlring a "rounding off" or ad-
justment in slze dimensidns which creates
difficult 1sclated problems in engineering
rather than solve the tetal problem. Ex-
tremely clese measurement s difficult by
the metric system where function and inter=
changeability are integrated into mass pro=

duction processes of manufacturing.
The proponents of the metric system clalm

that the U.5, must change over to the metric
system in the near future for urgent natlonal
securlty reasons. But they forget that 1f
the metric systen were adopted to replace
the English-inch system, and if a natlonal
emergency should occur durlng the changeover
perlod (and no one visualizes an overnight
transition), our defense efforts could be
seriously handicapped by the confusion that
swould surely exist.

The metric system advocates polnt out the
difficulties of translating the English fracs
tion of an inch to decimals and the trouble
machinists have In "rounding off" decimal
equivalents. They forget that even though
the metric system has the advantage of units
advancing by tens, it also involves the proba
lem of multiple "rounding offs" where an as-
sembly requires extremely close tolerances to
secure proper fit between mating parts.

Those against changing to the metric system

point out that "the millimeter is an unfortu=
nate size in terms of the resolving power of

the human eye, The millimeter is about ,040

Inch which 15 about twice too large Lo be

sultable as the smallest graduation on a scale;

but .l mm or .2 mm would be too small. This

has resulted, in countries where the metric

system 15 wused, in the practice of rounding

off any measurement smaller than one milli-

meter Into the nearest half millimeter-express=-

ing the result as ,5 mm, Whenever this needs

to be divided by two, it has the awkward re=-

sult of either adding an additional digit =

#25 == or causing a second "rounding off "2
Already Iindustry In the maln has converted

to a decimalized inch system which avolds

the pltfalls of "rounding off" and also ad-

vances In units of tens,
Decimal arithmetic is no

poly of the metric system.

longer the mono-
The inch has been
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decimalized In a majority of manufacturing
and mass productlon industrles. Arithmetie
computations have been simplifled, and time
and effort has been greatly reduced. The
need for converslon of fractions to declimals
(or vice versa) with its resultant problems
has been ellmlnated by the declmal inch systenm,
Scales have been simplified, They are easier
to use in making layouts and measurements by
englneering, manufacturing, and inspection
personnel .

The declmal=inch system uses Infinltesimal
units in a dynamle and logical manner which
ls compatable with the requlrements of modern
industry or sclence, The thousandth and ten
thousandth of an Inch are common increments
of measure §n the machine shop., And the calia-
brating laboratorlies readlly check precise
lnch measurements, using the millionth for
the increment of measure.

The declomal Inch system Is easy to learn
and understand. It provides a single unit
of linear measurement which has been stan-
dardized by the Bureau of Standards at Wash-
ington, D.C. =0 that one inch equels 254
centimeters and can be easlly and directly
converted to the metric system,

Hlstory documents the fact that both the
metric and the English=inch systems have
undergone revisions to facilitate design and
fabrication, Ignovatlions have been adopted
in both systems when a change in technology

required new considerations and concepts,

The cost of complete conversion to the
metric system seems to be the major dliff-
culty, It has been conservatively esti-
mated that it would cost American industry
75 billfon dollars to adopt the metric
system. Estimates for the tlme required
to make the conversion varies from five to
thirty vears, Nearly all of the existing
tools will require recallbrating. Cost of
thls alone would be inconceivable, All of
the blueprints using English=-inch dimen-
slons would be obsolete, and all worklng
drawlngs would have to be replaced for any
part yet In use. The cost of this change
alone is estimated as approximately 25 to
30 per cent of the orlginal englneering
time for the original dravings.

Froponents for the metric system assert
that simplicty would be galned through
compatability betwveen Industry, sclence,
and the rest of the world. They argue
that the elimination of frequent conversion
between englineering and sclence laboratorles
would offset somewhat the cost of complete
converslon,

The antl-metric advocates polnt out that
it will take not only time but expensive
training programs to re-educate the machin-
ists, Ilnspectors, etc., who would be involved
with the change. And others visualize a
training program which involves thelr cus-—
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tomers in everyday living. Our whole lives
have been adjusted to the English system
of measurement.

Textbooks must be revised for elementary
school mathematiecs, technlical drafting, and
shop courses as well as these same courses
in engineering and technical schools. In-
struction in the classroom will also be af-
fected by both standards of measure--metric
or decimal lnch.

Automation and computer controlled machln-
ing developments are also making the problem

of conversion more comflex. Frogramming is
usually done in decimal notation which uses
the l0=-base numerical system. The decimal
inch ellminates the common fraction and
gives many ot the advantages of the metric

system without severe penalty,

In 1959 a suggestion was made to the ASA
Mechanical Standards Board urging greater

use of decimalization in the standards under
the scope and jurisdiction of the Board., At

the same time the Amerlican Society of Tool
and Manufacturing Engineers

introduced a re=-

NEers.

6, Preferred systems} Square measure;j volu=
metric measure} use of systems in com=
blnation; and conversion of common
fractions to decimals == C. H. Bayer,
Matlonal Electrical Manufacturing
Assoclatlon.

These sub-committees set to work and thelr
proposals were reviewed by the Sectional Com=
oittee in Hew York Clty on May 18, 1961. The
results was a cooplete revision to include
suggested changes to avoid complications and
add newv considerations which seemed to be a
logical part of any standard on the use of
the decimal linch,

On October 6, 1961 the Executive Sub-Com-
mittee met at the ASTME headquarters in
Detroit, to prepare a draft proposal to be
circulated to the Sectional Committee prior to
its next meeting. All letters, reports, and
proposed revislons were conslidered, Lt was
also agreed that the Executive Sub-committee
should recommend that one thousand coples of
the finalized proposed standards on the Decl-
mal Inch be printed and clrculated to selected
industrial representatives for comment.

solution into the ASA Council proposing the
developrment of an American Standard for the
definition and use of the declmal inch.

The council resolution was referred to the
Mechanical Standards Board which approved the
project on March 9, 19560, Accordingly the
ASA Standards Committee B-87 Decimal Inch
was formed by appointment of representatives
from those industrial, sclentific, and other
organizations interested in the project from
both the United States and Canada, Twenty-
two organizstions appointed twenty=elght
members and alternates to the Committee.

Mr. Roy P. Trowbridge, Director of General
Motors Englneering Standards, was appointed
chalrman of the new committee, The Eirst
meeting was held in Detrolt, Michigan on
February 3, 1961, At this meeting the ob=
jective and scope of the Committee was de=
fined and sub-committees were appointed with
sub-committee chairmen who were to constitute
the Executive Sub-Committee.

The various sub-committees were assigned
to prepare definition and proposals for the
areas of:

1. Terminology for subdivisions and multiples
of the inch -- R. Hastings, Industrial
Truck Assocliatlon.

2, Investigating the deslrablllity and feasi=-
bility of decimalization of the circle
-- A, Duggar, Jr., American Gear Manu-
facturing Association.

3. Interpretation of limits and tolerances
where given ==~ Earl D. Black, American
Saclety Eor Engineering Educatlion.

&4, Prepare 8 Foreword for the Standard ==
Roy P. Trowbridge, Automobile Manufac-
turers Assoclation.,

5. Recommend wording for purpose, scope, and
definitions as required, L.H, Fullmer,
The American Society of Mechanical Engl-
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The ASA Sectional Committee B-87 was
called together in Petroit, Michigan on
January 18, 1962 to review the revised
first draft of the proposed standard.
The scope and responsibllity of this
Committee was enlarged to include not
only standards for linear measure, but
alse angular and volumetric measure.
Therefore, it was considered wise to
change the title of the B-87 Conmittee
from "The Use of the Decimalized Inch"
te "Decimalized Heasure." Furthermore,
it was decided that the Sectional Com-
mittee B-87 on Decimalized Measure be
non-classified, as it is cnmpusedsnf a
non=comnercial, sclentific group.

However, due to the urgency and need of
standards on the decimal inch, it was
decided that the first standard proposal
should be confined to the"Deciral Inch."

The Executive Sub-committee was in-
structed to prepare a second draft of the
proposed standard incorporating revis-
ions and additlons as selected by the
Executive Sub-conmmittee, The printing
of 1,000 copies of the revised second
draft was also authorized for wide dis-
tribution to lrndustry.

It was agreed that very close coordin-
ation should be had between ASA Sectlon-
al Committees B-87, B-89, and 2-75.

Many of the ASA sectlonal committees are
undoubtedly going to be affected by the
vork of the B-87 Cormittee. The work of
this committee on the Decimal Inch stan-
dards will include informatlon on:

l. Scope

2, Purpose (objective)
3, Definitions and Terminology
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8. Decimal Equivalents, and B-87 Decimallzed Measure by Earl D. Black,
Appendix General Motors Instltute.
I. Rounding off (during transition)
IT. Advantages of Using Decimals Instead By Earl D, Black
of Common Fractiaons, General Motors Institute
LIL. A tentative Proposal for a More Com- 1
plete System of Decimalized Measure. John W, Greve. The Tool and Manu=-
The date of the next ASA Sectional Con= facturing Englineer: Editorlal, April 1962,
mittee B-87 was set tentatively after Labor 2
Day, 1962, Russell Hastlings, Clark Equipment Copany,

The work of this ASA Sectlonal Committee

Preferred System
Tolerances and Limits
Commerclal Tool and Stock Sizes

Existing Parts

Progress report ASA Sectlonal Committee

Is restricted as to distribution until 1t §s Michigan,
finalized and accepted. However, 1 expect 3

to have many discussions with members of the

American Society for Engineering Education, 1961 (Should the U,5. Go Metric?)

and should you receive a copy of the pro= 4

pesed standards on the Decimal Inech, please ASA Standards Comnmittee B-87 Decimal Inch
send your remarks and constructive criticlsm Froposed ASA Standards, Decimal Inch 1962,
te your representative, Earl D. Black, Head 5

of Engineering Drawlng, Product Engineerling
Department, General Motors Institute, Flint
2, Michigan,

Industrial Truck Division, Battle Creeck,

Product Engineering: October 2,

ASA Sectional Committee B-87 Decimalized
Measure, January 18, 1962 -- Leslle 5,

Fletcher, Secretary,

HOTE: Further reports will be made as the
Committee progresses in developing proposed
standards on Decircalized Measure,
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Midwinter Meeting

ASEE DIVISION OF ENGLNEERING GRAPHICS

Hidwinter Meeting
Dates: Jan. 23, 24, and 25, 1963

Where: Kansas State University
Manhattan, Kansas

Contact: Professor A, E, Messenheimer
Department of Mechanical Engineering

Come one - Come all
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AN EXFLOZATION OF FROCESSES USED 1N SOLVIRG
FROBLEMS 1N ENGIKEERING DRAWING

This report describes a pilot progren explering the

problea solving processes usad by students in a fivst secester

englneering dravlng course. The students attespted to solve
problens taken from a test covering thair krnowledga of
orthographlc projection. Students were asked to “think
aleud” as they solved the probleas, Their verbalizations
a6 well as their reactions to the prablea situaticn ware
tape recorded for this snalysis.
Burpose
This study was undertsken to galn insight into the
proble=s soze englnesring fregshzen experience in the intro-
ductary course in draving. The course arouses in soce
students fealings of utter hopelessness, discouraging soze
to the point of sbandonlng the course. While certaln
students pight be expected to experienca pore difficulty
in & draving course than others, 2s a resule of previcus
training, differentlal aptitude, ete,, ic is generally
felt that students capable of college work in traditicmal
acadenic areas should be sble to cooplete a drawlng course.
fhrough the pilot stedy, it was hoped to clarify the
earcer in which students handled varlous drawing concepts,
and the cethods by which they attacked proble=s, so that
teaching eethods might be varied ard resedlal efforrs re-
directed.
Background
The rethod of "thinking aloud® as an exploratory

tool has been used with probless of a verbal nature to

study the probles solving proceszes of college students (1, #)

as vell as of younger children (3) by the senior researcher,
This study attespts to fird out whether the rethods of
attack deseribed For verbal probless are siollar to and

can be applied to problezs core visual in nature,

Frevious research on problea solving with huzan
subjects has been vore frequently concerned with the pro-
ducts of thought than the processes. Although it is
sosetices passible to lofer fros the preduct the process
which preceded ir, it appears more reascnable to try to
study process directly.

The writers have ex:inined the process of solving
problezs in orthographic projection by asking subjects to
"ihink algud.™ This verbalizatlon is recognized as being
a representaticn, rather thap the zctual thought process.
The differences inpathod of attack which are Found are
regarded as clues to the coaplete process, and inferences

are rade therefrom., Eviderce supporting this assurptlen
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By
Lois B. Gresnfield
Assistant Frofessor, Englreering Education

and
Fred 0. Leidel
Frofessor, Draving ard Demcriptive Geozatry
College of Eﬂgln¢8tlnf
Universicy of Wisconsln
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is found in studies {1, 2, 3) showing that cethods of attack
on probless pay be learned, and changed, and that recedia-
tion ray be effected,
Earlier Studies

In earlier studies (1, 2, 3) of probless aleost
entirely verbal in nature, a check list of probles solving
characteristics was developed, which differentiated the
characteristics of good srd poor or suvccessiul and non-
successful problea solvers as defined by perforvances on
obhjectlve tests,

This check list analyzed the problea solving

characteristics into four cajor areas.

1. Understending the requiresents of the
praoblen.

1I. Urderstacding the 1deas contained in
the problea.

11I. Ceneral appreach to the solutlon of
probless,

I¥. Perszcnal factors in the solutlen of
probless,

I. Urdersterding the regu

=

Understanding the requiresents of
the probles veant cosprehension of direc-
ticns and the statezent of the probles,
The successiul and ron-svccessiul problea
solvers differed in thelr ability to
understard what they were asked to do,
and to keap the directions in pind as they
vorked tovard a solution.

The successful students were batter

zble to detercine vhat was involved in the
prablea ard had an easier tice beglnninz a
grthez thain the non-successful students.

ke ron-successful stedents did rot alvays
read the directlons, or after they read the
directions, they did not understarnd how te
start the proble= ror what was expected of
them. The mon-successful students did core
rezding of the directiens end stetecent of
the problem than did the successful students,
ﬂtzlnﬁl;r in an effort to increase their
cozprehension by this eeins, The none
successful students would, rore often than the
succegsful students, attack & problea different
froz that interded ﬁ;r the exzpiner as a result
of olsinter reting a tera in the directions or
failing to keep the directions in oind as they
worked toward a solution.

11. Understarding th d (3
Toble

Understanding the ideis contained in the
problen cesnt possession of basle information
neceseary to solve a problea as well as the
ablility to bring this knowledge to bear in a
golutlon. The successful problezs solvers
did, in gereral, have pore Inforeatlon. How-
ever, the cajor difference between the twa
groups of problem solwvers was mot that the
successful students poscessed ore or even
core pertinent inforvation than the nen-
supccessful students, but rather that the
successful students were better able to bring
the knovledzge they posseszed to bear on the
E:o'hleh they were attacking. For thes the

wwledge they possessed could be vanipulated,
translated, and related to the guestions baing
asked, vhile for the non-successful students
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informatlen they possassed rezalned in buge
urwieldy blocks which could ba ured only fn
the form in wvhich they hed learned it.

1T, Geceral approach to the solutlon of probless,

Gereral appreach to the soluticn of pra-
blexs ezant the procedure used by the student
during his attsck on a probles. The successful
&nd pon-succensful prubh: solvers differed
In the extent of thought about a probles, 4, e.,
the successful students took a more active
lp{l.'alch vhile the ron-swecesslul problea
Sfolvers were vore pansive; they differed in
the care and system in thinking about a
problea, L, e., the successful problea
tolvers attespted a reorgenilzation of the
raterlsl to make it eore weaningful and were
careful in conpidering rﬂ'tinent details; ard
they differed In the abllity to follow through oo
a4 process of reascnlng, 1, e., the successfu
problea solvers elatorated criterla or sBE up
& plan for the soluticn ard then carrled
through to spply this resrcalng to the selectlon
of the firal answer.

1I¥. Persopal fackors in the soluticn of problexs,

Persocal factors in the solution pf pre-
blems eeant the ezotions, values ard prejudicas
of the problea solver as they influenced the
attack on a probler, The successful and non-
succesiful problea solvers differed in their
attitude towvard reagcning, L. e., non-
succennful problem golvers took the attitude
that reasoning was of little value, for ocne
elther knows the answver of one doek nat: in
thelr confldence in their abllity te solve
problezs, 1. e., the non-successful probles
solvers dld ot try as cany problezs and did
rot try as hard to solve a problem as the
suicessful problem solvers g-euuu they lacked
confidence; and in thelr intredvetion of r-
fonal or external conslderations into problem
solving, 1. e., the non-successful problea
solvers were 1ikely te introduce irrelevancies
inte thelr preblea solving,

The description above su=carizes dlfferences in
e2thod of attack betveen successful and non-successtul pro-
blea solvers which were identified in earlier studies of
verbal proble=s. Mo student alvays resezhled the model
successful problem solver. Any discussion of cethods is

based on the hypothetlcal successful or non-succensful

wodel atudent. In the earlier aralyres, a deviation from
thie eocel wvas consldered signlficant eoly when it was re-

ptated frequently.

Exesent Stuody

Syubjects: The sublects chosen for thls study were
tws groups of thres Erestmen each, matched on scores on the
Collega Qualification Tests, the Pre-Englosering Ability
Teat, and high school centlle rank. The matched individuale
dlffered on the scores achleved on the first teat ob ortho-
graphle projection given after two waeks of inostructlcn in
tha introductory courde Ln draving, coe student of each pair
waklng a high score, and the other a low acore, ALL sub-
Jecte wara taught by the sice instructor. Data uned for

patching stedents are presented balow,
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Subjects® Achlevezent on Aptitude Tests,
(R, ard on Flrast Drewing Tesk

O QT OOt QT CqT

Zcc. Fre- Foore on
Yerdb, Mo, St.  TYot, Engr, H3CR first kgt
Hlgh
Greup
HEA
(1s) E4 LY 21 25 167 &4 g0 100
HEM
{11a) 35 &5 25 3 126 52 £0 100
ELS
(I11a} &3 L9 35 32 184 68 97 95
Lo
Group
1CH
(1b} 53 50 34 27 165 &5 95 45
DAL
(118} 33 45 5 3 131 .. E5 &5
ELR
(1116} &7 48 38 32 183 55 £3 &5

Ergblezs: An alternate form of the test on which the
subjects wade the high or low scores whilch differentiated
them as subjects supplied the probleas. The test was pre-
seated on two sheets, the first of vhlch gave the top view
of an abject with five different front views. (See cut.)
The task was to choose the slde viev Irea the second sheat
“which represents the form detersined by the top view znd
¢ich of the freat vievs in cozbination,” Dlrectlons were
cn the second sheet, A place on which students sight
outlire pletorlal vievs wzs avallable on the secord shest,
but such vievs were not regquired. Cholce of side views,
either right or left, andfor projected from the top or
front wiew varied the task. In each preblea, six possible
slde views were presented to match with five front views,
Directlons included the statesent that "Soma of the side
views represent more than ooe object - sose will oot ba
used at all.™

Procedurea:

nazes of students with highest scorens and lowvest scores

The instructor aubaltted a List of

on the first test, from which the list of catched subjects
vas dravn, The purpore of the study, 1. e., to flnd out
more about how students solve draving probless, the
difficulties they experlence, and the kinds of mathoda
they use, was explalned to the sublects, and thelr
voluntary particlpation was reguested, Subjects wvere
inforsed that partleipation in che atudy would in no
way influence grades In the draving course.

Whea the sublect appeared for his appointeant,
the purpose of the study was described agaln,

vere told that the cathod would be that of "thlnklng

Subjects

aloud.™ The subjects wers presented with ravaral si=pla
arithasatle problezs, and glven soze practlce in this

tachoiqua, Whea thay wers at eane in the sxparleental
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sltustion, the recorder was started, and the problezs
vare presented. It was esphasired that the

expericenters were less concerned with the correctness of
responge than with cospletenass of the record of the pro-
blem solving cethods used, If a silence lasted for wore
then epproxivately [ive seconds, subjects were resinded to
think alowd and wire asked what they were doing. The sub-
jects were extrezely cooperative, and after a few pinutes
of work on the first probles they seezed to perform the
strange task of thinking alowd wicth little difficulty,

Where subjects asked about the correctness of their
angwars, thay were told this informaticn would be cade
available at the end of the session. Where they asked for
clarification of procedure, they were informed that they
were to think of this as a test situvation and that they
ehould proceed as they would in a regular test.

Anzlysis of Data: Aralysis of the data is lisited
by the recognitien that the protocols ebtaired do differ
frea the actual thought precesses. Futting thought pro-
cesses into words, when the thought pay take place faster
than it cin be put into words, distorts the record. The
¢lues obtained fros the pretecols, therefore, are considered
as indications of the underlyingprocess, closer to the resl
process, however, thin a study of the thought preduct

(i. e., the answer to the problea) alone would ba,

The experirental sitvation also differs froa a test
sitvaticn in that the subjects were divorced from pressure
of tire. They wore scheduled for an hour interview, but it
they had mot Finished the four problers in that tice, they
were alleved to contlnue. ALL subjests commented that they
felt that solving the probless while thinking alowd toak
core tlpe then solving the szce preblezs in the ususl
eanner, but that otherwise thelr verbalizations did rot
differ in kind froa their usuval problez solving behavior.

Eegults: Using the checklist as a base (see abovel,
the taped records of solutlons were enalyzed to differen-
tiate characteristics of successful and pon-successful
ratched probles solvers en prebless of orthographic pro-
jection., Froblea solving processes of students who had
scored high on the first test were contrasted with the pro-
cesses of students who had scored low on the flrst test.
These differences &nd similarities are described bBalow,
Included are cos=ents on differences resulting frea
differences in the nsture of the problezs used, i. e.,
Spatial preblezs as differentiated from the pricarily
verbal proble=s used In the earlier studies, The szall
rasber of records analyzed and the lack of dlversity of

predless requires that differences roted be regarded
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as clues to areas of profitable future résearch rather than

as exsact concluslons.

TI. Understardin

The directions to the problezs were:

Given: On Sheet #1, four groups of problezs (A, B,
C, D} each conslsting of five abgects. In each
ga-:-u all of the cbjects have the sare top view,

t E{Hetiﬁt front views. Side views are given
for each group on Shest #2.

Bequired: To select the side view which represents
the fora detereired by the top wiew and each of
the front views in cozbinstion, Place the nucbar
of the side wiew in the circle near the front
wiew. Soce of the side vievs represent tore than
cna cbhject - foce will rot be used at all.

Bote: The outline pictoriai views ray be completed
a5 an &ld to visuvalization of the ohjects Eut are
not required.

Cn Sheat 1, where the probless were prasented, a shorter

statecsnt of the problea eould be fourd, irdicating the
arrangerant of the views, i. e., right or left side projected
froa tep or front view, for each of the feur prebless. Fer-
hips because the earlier sioilar exsoination hed been taken
fo recently, only cne of the students, ELS, a high scorer,
read the divectlens. The type of difficulty encountered by

i low scorer, DAL, who did rot read the divections, is illus-
trated by this guotation froa his initial attsek on the

test.

Does pot read directicns, but does read state-
eent of the probles, Reads “Top viev of each of tha
five objects which have Eront views shewn below.®
"Line up A with A. We have top view, given, and a
right, a right, a right side view given. Trying
to £ind «* (Examiner asks what is
hipﬁ&nirl .¥ PForgot what I'm supposed to krow.
Right side view of objects in Group A and top
view, and want to get right front view so have to
Iline vp that right side view with the front wiews
&nd see vhich would Fit best and the top view is the
sere In each case zo you take rucher 1 and see how
wa'd fit thst in, Got invisible liee,

(pause) frent view, [ind side view, tz¥e no=ber 1.
First ene {pause)™ FReresds "Top view of each of
the five objects vhich have froat views stowm
below.® “Hive side view, top view ard wint to
fird frent view, is that right?" (Exzoiner gives
correct directicns.)

P3L then tried to satch each front view with the tep view
and side views, rather than trying to find the side view
resulting fros consldering the top and froat together,
drather of the low scorers did this sase thing, 1. e.,
ficting the side views to the froat ard consldering each
sicde view as 2 possible soluticn with ¢ach front wiew.
ELR, DRL and 1CH, all lew scorérs, asked in the pratocol
if they could use a side view core thinenze. They wvould
have known thls if they bad resd the directicns. Where the
students assused they could not vse a side view vore than
once, their chances for chtalning an incorrect snsver were
increased. The high scorers, too, were dlsturbed by this
Sltuwaticn, as

HLMW: "Yes, 1'm just checklng row. When 1

put dovn tvo of the size nuzber I alwvays go back

to check to see that there vasn't & oistake in
one of then and that both of thea Eit the views.™
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Since the probleas chosen for study hid only cne set
of directlons, and since these directions were identical to
those used earller, cozparison with findings froa the znaly-
sis of verbal problecs is limited., For the verbal probless,
a distincticon in vndersterding the requirecents of the pro-
blea wvas pade batween ability to start the proble=, i. e.,
cocprebension of directlons, and ability to understand the
specific probles, L. e,, solving a probles different froa
the one intended, skipplng a proble=, ete. This distinction
was lese clear in the liolted szcple chosen for stuedy.
Hewever, it can be seen that DRL changed the problen
from the one intended by the exenirer, i, e,, finding
the right side wlew projected freo the front view to
firding the front view, despite the fact that he correctly
read the probles statecent at lezstb twice.

Cozrenk:

I, Understanding the requirezents of the problea.

it is clear that, either beciuse they assuzed
they understocd the directicns or beczuse they
failed to rezd theo, the low scoring students had
treuble with the probless because they were con-
fused about such relatively clesr-cut patters as
whether they were to choose a front or side wiew
or vhether the alternatives offeved could be use
rore than once. Fallure here did not reflect lack
of inforration about orthographic projection, but
rather failure to understand the reguirerents of
the problen.

Sicple changes in the foreat of the test might
clarify thece ints for the students. A caulionary
note on Shaet Toto resd directions on Sheet 2 would
appear to be helg{ul. or better yer, directions
could appear on Sheet 1, l.‘:'pierllrl!l.ng the gitt of
the directicns telling that alternative slde views
wight be used pore than once sight help increzse
student awareness of this. Unless the opposite is
specifically called to their attention, students
sees to have a preconception that coce an alternstive
is chosen, It cezses to exist as% & possible answver.

II. U tarding the idess
prebles,

The distinctions betwveen problez solving precasses of
high and low scorers supported the earllier findlngs relevant
to verbal preblezs. The high scorers were vore likely to
use accurate ard précise terminology in referring to the
dravings than were the low scores. For exasple, ELS, a
high scorer, referred to hidden lines in the drawings,
while his counterpart, ELR, referred to docted lines.
Arother low scorer, DAL, referred to invisible lines.

In & different area related to tereirology, ICH, a
lew scorer, referred to vertical lices in the drawings as
horizental. He also spoke of inside lines, aress wvhich
stuck in or stuck out, jutted in or ocut, ete, This would
s2¢3 to be an instance where icproper or incorrect
terolralogy haspers probles solving processes.

A rajor difficulty of the subjects was the in-
ability to work with the problea in the form presented,

The subjects were generally less able to work with a view
adjacent to the top wiew, and worked as if the wview had

been rade adjacent teo the frent wlew., They then rotated
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it in order to choose the correct side wiew. Several of
the subjects worked by actually rotatinz the test fore,
Low scorers were vere likely to do this than high
scorers. HIW, a high scorer, worked by cosbining a top
and a side view to determine the front vies where he

was vnable to procesd in the traditionsl rancer. Here,
bwwrever, the student seeced to be proceeding with an
alternzte cethod of attack where the traditicnsl one

did not work. The subject's coccents indlcated that this
wis vhat he was doing.

The test form provided a plece where a pictorial
wiew might ba sketched if the subject desired to use this
as &n ald to solution. The high scorers sketched less
often thin the lov scorers, seesingly better able ko
wisualize the vievs in space without resorting to paper
and pencil. Where the high scovers experienced dLffL-
culty, they did sketch the picterial view. The lew
scorers sketched vore often, seeningly using drawings
of the orthographic views to suggest 1deas. One stu-
dent, ER, redrev the vievs already presented on tha
test form, but attached the wiews to each other,

&Eé:ﬁtl

The lew scoring students were less likely to
¥now end uze teroinology apgroptlste to the pro-
blez solving they were asked to do. Stress placed
on learning the {anguagn of englnesring drawing
{orthograghic projecticon) might ba htlfful to
such students in clarifying their thinking. Here
the 1Engua§t appropriste to the task would seen
to be an asdiclenal tool. For exsrple, the tern
"hidden lire” is tore usefully descriptive than
"datted lire," while “hidden edga®™ mlght be even
rore usefuvl.

1he difficulties apparent in nanlgulatlon of
the vievs, the recessity for transforoing problezs
to side views adjacent to the' front, wouldseen to
be an area subject to resedial tﬂ:hlr—ﬁ,. If the
class work consistently utilizes varled wviews, the
students will have greater facility in working with
thea.

111, Gaperal approach to the solukicn of probless,

In contrast to the low scoring subjects, the high
scoring subjects were vore active in their appreach to
problens solving, were vore precise in consicering details
relevant to the solutien of probless, reorganized raterlal
to cake it vore peaningful, and were rore likely to check
their solutions. Szcple protocols froa the problea
solving of a high scorer illustrate scre of these points.

HId. Did rot read directions but did read
the problea statecent., "Fivrst project up and see
if all the views kird of fit together, All the
front views [it with the top. fmu!ﬂ Then 1
kird of work the sheet, the secend sheet, arvourd
to sea if 1 can find & vlew to Eit with the firsc
ona plus the top view amd the possibilities of
first one with the tep view would be {pa.uit}

These are end view (pause} little aviwird doing it
out leud. On these ﬁd try to pleture bow the end
wiew would leok according to the twvo views given and
1 see that the [irst coe has a notch in it aed
dotted lines cosing dowm from the moteh which would

indicate a hidden part behind and {ﬁuie} or it could

rean the center of the top view would be holleow ard

1'd leok for a view on Sheet 2 where the center would

be indicated as hollew plus a notch and 1 see that
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could be view 3 ard also, no, the coly possible coe
1 see 1s view 3, 1 think. Yes.®

HI. *This ore is sgaln a little cozplicated,

agaln trying to put the tnf view with the end view

ard seeing they would Fic tegether. Ah, 1

see that so far they would fit together ard picturing

it zgain frea the slde I would see The tep

has a straight line, bottcs has a straight line and

there vould be a hidden lire going I'-a'rl.mnta.ll.;

icross ard also a dlagonsl which would net be hidden

fron one-third of the way dewn te the top (pause)

and looking at the views I fes that there's onlg one

wview which has two Llires in it that would possibly

Eit with a horlrontal which is a hidden ;ngo

which is not hidden ard that's nusber 6.°

The subject described with precision the criterla the
solution sust reet, and then preceeded to exanlne the alter-
native side wlews to see whether this cholce was provided,
This was siolilar to the procedures follewed by suvecessful
probles solvers working with verbal sultiple-cholce pro-
blezs in previcus studies. The low scorers would rot de-
fine what they were leoking for, or would defime it with
less precislen, and were more likely to be milsled into
choosing an ircorrect alterrative because they depended
upon the alternatives supplied by the exzniner for clues.
For exzople,

DAk, {Looking at alterrative side views.,}

"I'm trying to plck of f eoa that would suit.

Would hive to be 5 or & froa the way the lines

are slanting. We, they wouldn't. The hidden

lires would not ke hidden lines in the side view

probably, so 1'd ssy that (pause) should ke cnly
cne line {pause) 1'11 ery n=ber 2,%

DRL. ®Fut the right side view next to the
front. Trying that for each one as 1 go aleng.

Take one side, take one frent wiew and try & side

wlew unbll I find sozething 1 think looks right.

(Draws Eront view with side view connected.)

Drew front, try to add top. Should be able to

figure cut proper side wiew, Trying to find the

post logleal side wiew.®

ke high scorers were core apt to carefully chack
thelr preoblez solving. Where they were unsure as to the
correctrness of their answers, thay would return to check
the problea. One of the high scorers discovered an error
in the test when he realized there was no possible answer
which [it the given facts.

Low scorers were core likely to be careless in
observirg slnor details, For exazple, [AL said that alter-
native & would f£it the fcurth problea {a correct cholce)
but he wrote down alternative & in the spica previded for
an aniver.

Subjects would neglect clues afforded by the problec
or by their ewn reasening. For exseple, they [ailed to
defire hidden lires, direction of slant, etc., apparent
in the 2 viewvs glven. In eone instance; FEA, a high scorer,
defired fcprecisely vhat he thought the criteria for an
answar should ke before looking at the cholces. Such a
chrolce was not avallable, and he réeturmed to reconsider
the problea, In this cne instance MEA was trapped by

the alcerratives offered into caking 2n incorrect choice.
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a dlagonal

He had been en the track of the right ansver, but

ngglectéd correct clues supplied by his own reasoning.

Evidence of lack of syste= in probles solving was seen

when two of the low scorers were observed te start & prob-
lea, get partially through it, begin another, return to
the Elrst, solve it, ard then go on to another, working
several dissioilar probless sicultanecusly, which resulted
in confusicn.
Corcents:

Frotocoals froa the problens would seea to
deronstrate wide veriation acong the subéects in
their general approach to the solution of problezs.
The firdlngs gererally substantlate the earlier
studles of processes uwsed in verbal preblea solving.
The high scoring subjects contrasted to the low
scoring subjects, seem to do vore thinking, 1. e.,
they defire the characteristics of an answer before
lecking at the cholces supplied, 2nd in thls process
Eully utilize the clues provided im the problem and
by their own tia.mnir-ﬁ; they are rore careful and
s;steratlc in their thinking, i. e., they resrganize
the probles raterial to increase their understanding
they check their work where they are in doubt about
an answer they have chosen; and they are able to
follew through en a process of reasening, sticking
to a plan of actico.

Sipilarities between this and the earlier
studies in which recedial problea solving cathods
wvere taught sugzest that a sivilac effort might be
rade with spatial problezs. &n effort to teach
pathods related to active rather then passive
attacks oo problecs, care &rd systez In appreach,
systevatic chacks on work cospleted, ete., oight
be dezcnstrated in the classroon. A study of the
processes ecployed by a stedent experlencing diffi-
culties with drawing pight reveal the source of the

difficulty ard cpen an avenue for clarification
ardfor rezediation,

1¥. Fersonsl factors in the soluticn of probless.

Only ene type of problea was presented to the sub-
jects for soluticn. Thus, the chance to ohserve personal
factors in the solution of probless wis licited, There
were, bowaver, scce differences betwzzn high and low
scorers in thelr attitvde toward reasoning. The high
scorers were rore likely to take the attitude that the
problea  solutiocos could be resscned eut. The low
scorers were rore likely to use such phrases as "I'=
lecking to see which cne it could be, ™ *This seezs Lo
correspond " "l'm trylog to pick off vhich ore would
suit,” end "I'o trying that until I fird sozething 1
think works, socathing I think leoks right,® giving the
icpression that probless were solved on the basis of
vague feelings, intuitions and hunches,

Subjects comcented as they worked, Lo indicate
thelr confidence in their answers. For exs-ple, ELR said,
after arriving at an answer, "Usually on tests like this
they tell you two vay vatch up, cay or cay rot be true.”
Re eraged bis flrst answer, refigured the problea, got
the szce answer, and wrote it down, adding "1 kope that's
it.® ELR wvolunteered an estirate of his total score as
between 65 and 70; his score was actually 90. Such

unrealistic lack of confidence might have a depressing
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effect on the probles solving performance of a student.

Subjects indicated that probless seesed harder in
cne fore than another, a clrcumstance unrelated to the
actual problen. One student asked whather the test was the
szze as the ¢ne he hed taken earlier, &nd recdcbered "the
answer he had given before.® Actuslily, the test was sioilar
in form, tut the problens were different,

Differences bebwesn high and low scorers were less

evident in this area thain in those discussed above.

cluslon o

This study points out that the technique of "thinking

alowd® is wseful in studying the processes involved in
solving drawing probless, &s well as in offering hints to
instructors about difficulties ard miscorceptions of stu-
dents. It is alse useful in checking on the efficacy of
testing devices,

A difficulty in using this technique is the great
expenditure of tire involved. Judiclious selection of fewver
problezs would serve to minioize this difficuley.

Instructien:

folve problezs cay give the instructer sgsze insight into

Asking students to think aleud as they

the students' difficulties and the reasons for such Jiffi-
culties. If steps in the cethod of solutlon are elaborated

by the instructor when probless are deconstrated ko students,

it would be possible for thés to learn systesatic and effective

rethods of procedure for varleus types of visual and graphic

proble=s,
Rezedial ipgtruetion: ALl teachers have been faced

with the blank face of the student who states, "1 just dea't
g2t ic!™ yet is unable te state what it is that he doeen't
get. By reguesting that such a student try to solve a
proble= orally, with the instructor ebservlng, it should be
possible for the instructor to get soze cluas as to the
source of difflculty, Does the student mat understznd the
attack on the probles, has he epade a cereless error which
rade the problea senseless - theses are guestlons which ray
be answered through vie of oral problea solving, Once the
difficulty has becoce apparént, it is easier to supply and
2pply rezedlal techniques.
Tes tign: Exzoiners cannot be sure just why
a student made an incorrdct response Lo & question: whether
the student did not have the requlsite inforration, whether
ke wisresd tha questicn, whether he wis so puzeled by the
directions he was wrable to attack the probles, or in fact
did not read the directicns, Using a2 varlation of "thinking
alowd® examiners tay pre-test their questions {4), directlens,
proble=s, to deternine whaether they are testing the students
on the raterial and in the sarser in which they think they

are testing thea,
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Altkough no one

Urderstanding of cental procegses:

would argue that "thirking aloud" is &n exact replica of the
L}

cozplete process of problea solving, it does provide valuable
clues to the process. By esphasizing the process of thought
rather than the erd product, nev inforratlon about the pro-
cess of problea solving ray be gbtalned. The inforvatien
gleaned from viswal or spatial probless differs froa that
obtsined from verbal probleza. Siellarities exist in
solving the two types of probless. The effective use of

the sioilaricies and differences ray bte vsed to enhance

teaching.
Underatsnding of personal characteristics: The

personal characteristics of an individueal are hinted at
by problem solving perforvances since the record of
"thinking alovd™ provides an observable szzple of
behavior. For exarple, one student, MEA, hzd a score
on the exparicental problezs that was lower than coe
would predict from his test scores. Observatieon and
analysis of the tape irdicated that he was over-confident
to the point of raking obvlous errers in thinking, mot
questioning his answers, ror checking his work. While

this attitude cay have basn a result of his knovledge that
the study would not affect his course grade, this caurse
grade was lower than it should have been because of a
sioilar lack of concern in situvations that did count,

A probles solving approach might be useful as an additionzl
technique in exploring the effect of persenal characteristics

on perforrance.
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JnterDisplenary Challenges forUravics

The theme of the 1962 annual A.5.E.E,
meeting at the Alr Force Acadeny was
"Inter=Disciplinary Challenges in Engi=

neering Education™. This annual meeting
offered a great opportunity to partici-
pate in close the cooperation between
the varlous departments and disciplines
which exist In the fleld of englneering
education.

Ags part of the annual pregram, the Civil
Engineering Division scheduled a jolnt con=
ference with the Engineering Graphics Divi-
slon and Prefessor Sumner Irlsh of the
Civil Engineering Department of Princeton

University presgnted a paper which isprinted
in this issue of the Journal,

A number of activities have taken place
during the past year which are inter-
discipline oriented. For example, a serles
of three Engineering Graphics Seminars have
been held at Princeton this past school

year for englineering faculty, graduate and
undergraduate students, Industrial and re=
search personnel, and engineering graphics
faculty outside of Princeton University.
He have attracted to the seminars, Professors
from Pennsylvanlia State University, Cooper
Unjon, Lafayette College, Swarthmore College,
Rutgers University, and the Hewark College
of Engineering. Each seminar paper has been
published by the Department of Graphles and
Engineering Drawing of Princeton University
and has been given a wide circulation throughe
out the country., The seminar reports are
1ssued as part of a technical report series
and are catalogued in the Princeton Univer-
sity Englneering Librarye In addition,
coples of these reports have been sent to
Princeton Engineering School faculty with
the purpose of developing a cleser inter-
disciplinary contact with these departments,
The following three technical seminar serles
reports were presented this past vear:

"On Graphleal Solutlon of First Order

Differential Equatliens" by Professor

Hoodworth of the University of Detroit.

"On NeDimensional Descriptive Geometry and
Hultivariable Functions" by Professor
Steven Anson Coons of the Massachusetts
Institute of Technology.

"The Tangent Line Alignment"™ by MHr. John
H. Fasal, Assistant Chief Engineer,
"KUDA"™ Division, Walter Kidde & Company,
Clifton, New Jersey

In addition to the seminar activities of
the Department of Graphies and Englneering
Drawing in Princeton University, we have

kept in contact with the different depart-
ments In the School of Engineering through
periodic Informational memoranda describing
some of the activities of our department and
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Frofessor Steve M, Slaby
School of Engineering,
Princeton Universit

describing the changes that are taking place
in our courses, One major recent change in
the presentation of Engineering Graphles at
Frinceton has taken place and our courses
have become elective courses. We have at-
tempted to meet the challenge which has been
placed before us by changing the Format of
our courses radically and they are now lec-
ture courses with outside homework and with
no regularly scheduled drawing laboratories.
The course format ls being organized so that
it has a more inter=-disciplinary flavor than
it has had iIn the past.

This past year, an extensive report was

made to the engineerlng faculty at the
Pennsylvanla State Unlversity gy Professor
Ernest Weidhaas., The objectives and the
course content of the englneering graphics
courses at FPenn State were fully documented
to keep the faculties of the various engl=
neering départments informed as to the oril-

entatlon and activities of the englneering
graphles departoent.

Most of us are aware of the fact that a
two-year course content development study
in engineering graphies, which is inter-
disciplinary in scope, was initiated last
October at the University of Detrolt. The
Director of this project is Paul Reinhard
who in addition to heading up the entire
project also covers the central reglonof
the United States, The Eastern Region 1is
headed up by Professor Frank Heacock who 1is
an associate director of the project while
the Western Region 15 covered by Professor
Alexander Levens who is also an associate
director of the project. On May 7 and 8 a
Hatlonal Sclence Foundatlon Seminar was held
at Princeton University to discuss the re-
ports of the developmental aspects of the
Wational Seclence Foundation supported course
content study,

The Department of Graphics and Engineering
Drawing at Princeton University has proposed
to the Watfonal Science Foundation an Inter=-
national Conference on Space Geometry, This
Conference, If financial support is obtained
from the National Science Foundation, will
be held in Princeton In August of 1963 and
will also be lnter=-disciplinary in scopeslince
the participants invited to this Conference
from abroad represent the major countries of
the world, iInclude fields of graphies, geo=
metry, mathematics, various flelds of engi-
neering, and in addition the American parti.
cipants backgrounds are baslically graphically
oriented but inter-disciplinary In nature.

It is my feeling that we in the field of
englineering graphics must continue to hbe
Inter-disciplinary minded since In the final
analysis if one looks for a commoen denoml-
nator in engineering one would readily see
that thls common denominator is englneering
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graphics., Because of jts nature it naturals=
ly crosses all lines of engineering. There-
fore the teachers of englneering graphics
must continue to expand their outlook as
well as to learn about the other fields.

I would like to suggest a possibility
of a Divislon of Engineering Graphics spon-
sored study which could be proposed to the
Hatlonal Science Foundation or the Offlice
of Education related to the spatlial rela=-
tions abllity of students vs. engineering
talent. A number of interesting papers
over the years have appeared on this sub-
Ject. ©One appeared In the Psychelegical
Monograph published by the Amerlean Psychoa
logical Asscociation Inc. This article was
entlcled "Increase In Spatial Visvalizatlon
Test Scores During Engineering Study" by
Mary F. Blade and Halter 5. Watson. This
was published in 1955, (no, 307, weol., 69,
no. 12}. In April 1960 Professor Bigelow
of Princeton and myself conpleted a study
dealing with the "predictive Value of Engi-
neering Graphles as to Later Achievement in
Engineering Studies" and this study indi-
cated that spatizl relations ablllity was
an important factor Iln engineerlng. A few
years ago, a professional psychological
testing concern came to Princeton to at-
tempt to determine what made good englneer-
ing students, The preliminary report from
this conmpany (Johnson O'Connor Company In
Hew York) lIndicated that those students who
had englineering ability had one common tralt
and that was that they had a developed spa-
tlal relations abllity. Therefore, the type

of project,l propose, can have a significant
influence on how and where engineering graph-
ics will go In the future,

I would alse strongly urge the creation of
Advisory Councils to Englneering Graphics
Departments throughout the country such as
we have at Princeton, ©QOur Advisory Council,
for example, ls truly Inter-disciplinary,
having members from lndustry that represent
the major flelds of englneering. This Coun=
¢l]l meets, at least onge a year, with our
graphics faculty to discuss the work we are
doing and to supply a stimulus to our think-
ing. The Advisory Council formally reports
its reactions to the President of Princeton
University and the Dean of Englneering. In
addition, plans are in the works to have our
Advisory Councll meet with the Advisory Coun-
cils of the other departments to further pro-
mote the concept of inter-discliplinary edu-
cation in engineering,

In addition I recommend that every Engi=
neering graphics Department attempt to con=-
duct technical semlnars of the type that are
held at Princeton. This seminar activity

offers great Inter-disciplinary opportunities
and becomes a tvo-ua{ street wvhere people in
each discipline can learn from each other.

The fleld for action In the inter-discipli-
nary areas is wide open and I feel that Engi-
neering Graphics educators, without guestion,
should be leading In this actlon.

:
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The calendar nomograph was originally
designed at the request of an offlclal of
the Rock Island ralilroad. In varlous
hearings and legal matters It was frequently
necessary for the rallroad officer to relate
certaln events, as known by the date, to the
day of the week.

The nomograph was deslgned by notlng that
there are gseven calendars--each beglnning on
a different day of the week (seven days In a
week). Therefore, the twelve months of the
year may be placed Iin seven groups--each
group having a different day of the veek as
a beginning. Leap year now enters Into the
groupling and results In a shift of January
from ft's normal grouping with October to
the April-July group, and February shlfts
from the March-November group to a bracket
with August.

In examinling the beglinning of each yearly
calendar note that the days of the week
progress one day per year {except when fol-
lowing a leap year and then the progression
ls two days)., Therefore a normal chrono-
loglical progression of years may be estabe
lished for seven spaces (then the same pro=
gression is folded again and again). Hotlce
that this normal alignment involves four
years in Four units and then a unilt (space)
is "leaped"==-because the upcoming year 1s a
"leap year", The leap or blank unit, along
with the re-grouping of January and February,
maintalns the one=day shift., On the calen-
dar followlng a leap year the re-adjusted
January and February produce the two-day
change.

Thus the nomograph was deslgned as a Z
chart=-with the top scale a normal seven-
unit progression of years and the bottom

Helvin L, Betterley

Prof', and Hesad, Dapt. of Englneering Drawing
Ths State University of Iowa

scale a seven-unit progression of calendars
--arranged inversely. The center scale Is

a folded scale involving the seven monthly
groupings previously mentloned. Mathematl-
cally speaking, the nomograph is a rela-
tively simple device for the addition or
subtraction of a knouwn unit with a second
known unit, the result being a sum (or dif-
ference) which represents the desired answer.

The rallroad official wished to know on
what day of the week was October 24, 1952,
The dashed line lllustrates the manner In
which 1952 (year) &and October {(month) are
aligned, using the "bullseyes". Thus the
correct calendar is found for that year and
ronth. October 24, 1952 was on a Friday.

Other questions that you might Ery answering
on the nomograph are as follows:
1. What months will begin on Thursday In

196312
2. Your birthday occurs on Sunday in what

year?

3. If a blrthday occured on Thanksgiving
day 1d 1961, when will it again fall on
Thanksglving day? (Thanksgiving day being
the fourth Thursday In Nav.)

. When will Memorial day provide a three
day problem for safety officlals by agaln
falling on a Monday or a Friday? (and a
three day holiday for us)

5, For any leap year, what other months
have the same calendar as January?

There are many other interesting and valu-
able answers you can find by applying a
straight-edge to the nomograph:. The nomo-
graph was designed to retrogress eleven years
and to advance flve years-=but the folded
scale of years can be labeled or counted to
cover any period by following the same sys-
tem forward or backward.

GRAFHIC TANTALIZER

Could you Eill space with regular
tetrahedrons? Send graphic "ideal®
solution to your edltor, Mary Blade.
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IGRM’HIE I‘.—\HTALIZERS-.

The May 1962 Journal published
a Descriptive Geometry Problenm,
Since the methods of solutlen
§illustrate different approaches,
all solutions which were sub-
mitted are published. Filrst to
be received was a note from
Professional Engineer Irving
Gordon of the Bronx, Hew York.
He made an analytical solutieon
which was not cricket for &
graphliclan in the Journal of
Engineering Graphlcs!

The first Graphic solution came
from Prof. Kevin B. D'Callahan
of the University of Buffalo.

FRONT VIEW

Layout oblique surface ABC true shape.
Draw a perpendicular to each side thru
the opposlte corner which locates O,
OA, OB and OC are the axes for the
view.

Draw semicircle AOG'B

From 0' along O0'B layoff &" to Y'
Project Y' to Y parallel to 00",

This locates one corner of block.

From 0" along O'A layoff 10" to Z'
Project Z' to Z parallel to 00' which
lacates corner Z.

Follow similar construction on BC te
locate corner XK.

View can be completed by drawving the
parallel edges,

SIDE YIEW

Project points € and AB to get edge
view of oblique surface.

HWith radius X'C strike arc wlith C as
a4 center and cutting the projector
Erom X.

AC extended te projectlion of 0.

OAB will be &t right anges to OCX.
Yiew may be completed by projection
from the front view,

Drawn ane half silze,

The second solution came from Prof. H. W,
Blakeslee, Prexel Institute of Technology,
Philadelphia.

l. Draw ABC-4"x3-1/2"x3" BC 15 hori-
rontal.

2. Thru each vertex draw AL to the
opposite side, These are axes &
intersect at 0O,

3. Find true shape of OBC by rotating
0 to C' on semi-circle.

4. Same for 0AC.

5. Measure L"(full s1ze) from O
towards B.

6, Project this inch to OB. VUse & of
them for 6" width.

1. Measure 1" from 0" towards C &
project to OC. Use 5 of these for
5" depth.

8. Heasure 1" from O" towards A,
Project to QA & use L0 for 10OY
height.

Adjacent vlew not necessary.
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At the end of the summer came another solu-
tloen., Thls was by Prof. W, W, Preston of the
University of Alberta, Edronton, Alberta,
Canada.

Pear Colleague

Re Problem in Descriptive Geom-
etry in May 62 issue J.E.G,

Obviously this 1ls not an attempt
to submit the flrst solutlon to
your problem, nor the last,
though it may qualify as such.

I write in the hope that my after=-

holiday solutlon may qualify as
the "Best Recelved" and be "Hon-
orably mentioned". [ assume that
"hbest" includes orlentling the
block as described In your data
with a minimum number of views,

I also write to express the hope
the you will continue to publish
graphical tantalizers.

S5olution submitted.-

Plot the bottom view of the
level, three and a half inch edge
of the notch in the preliminary
positlon AB, With AB as base
plot the true view of the trl-
angular area bounded by the given
edges of the notch. AC as four
inches and BC as three inches,.

Revolve € about AB to position
D where projection ADE equals
ninety degrees.

Plot the altitude of the notch
D'G" perpendicular te A'B'C',

How flip over the botton view

of triangle ABD, keeping B filxed:
A goes to E on BD entended and

D goes to F on BA. Thus H'F!
equals D'G?,

The join of FEBF is the peri-
meter of the notch, FPlot the
overall extended distances HEJ
as six inches, HBL as five in-
ches HBL as five inches and
H'F'H'" as ten lnches. Finally
add the remaining edges shown.

W.W.Preston,

Assoc. Prof.in chargze of Graphics
University of Alberta

Edmonton, Alberta, Canada

The Graphic Tantallzer for this Issue is

as follows: Have your newspaper library Lofgren of Cooper Union thinks he knows how
find the photographic illustration in the Mark Wilson floats, by applying principles
Sunday supplement "This Week Magazine" Sep- of Descriptive Geometry. Wrlte your editor
tember 23, 1962, page 7. Frofessor K. E. if you think you have solved the problen,
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HEWS OF THE DLIVISION

I oo cioo: o 1563 S

{a} The Hominating Cormmittee to be appointed In June at the annuval meeting shall
be composed of five persons, three of whom shall be the last three past Chairmen
of the Divislon who are present at the annual meeting {not including the retliring
chalrman) and two others, who are present, to be appolnted by the ¥ice-Chairman
in offlce with the approval of the Executlive Committee, The latter twvo appoclntees
shall not hold any office at the time of their appointment., The senlor past Chalr-
man of the Division shall aet as Chairman.

(b) The Nominating Committee shall prepare a slate containing, for each offlce
to be Ellled, two names of eliglble candidates who have expressed a willingness teo
accept nominastion and to serve If elected. The slate as prepared by the Nominating
Cormittee shall be published in the November issue of the Journal.

(e) A properly prepared petition nominating a member for any office that bears
ten (10) signatures of members of the Division and Soclety shall require the Homl-
nating Committee to place the name on the ballot,

(d) The nomination period must be considered as belng closed at the end of the
last conference session of the mlid-winter meeting., A petition for nomination re-
celved after the close of the mid-winter meeting cannot be accepted. A conference
session Is herein defined as a regularly scheduled meeting at which papers are
presented for dlscussion,

{e) On March 1, and returnable before Aprll 1, the Secretary shall mail to each
member of the Division an electlon ballot bearing the slate prepared by the Homi-
nating Coomittea,

{f) Any holder of an elective office whose term extends beyond the current year
shall not be eligible for nomination to another ocffice.

The Nominatlng Committee of the DPivision of Engineering Graphles met at the Alr
Force Academy, Colorado Springs, Colorado, and selected the followling candidates
for the office indicated.

Vica=Chairman Robert H. Hammond, U.S. Military Academy
A.P. McDonald, The Rice Institute

Secretary Earl D. Black, General Motors Institute
Robert D. LaRue, Colorado State University

Director - Executive Raymond A. Kliphardt, Northwestern University
Cormlttee Alfred J. Philby, Ohio State University

Advertising Manager = Myren G, Mochel, Clarkson College of Technology

Journal of Engineering R. Wallace Reynolds, California State Palytechnic

Graohlcs: College

Divislon Editor Charles J. Baer, University of Kansas

Arthur C. Risser, Unlverslity of Hichlta

Additional candldates may be nominated by petition as outlined under paragraphs
{c) and (d) of the rules. The candidate must have expressed his wlllingness to
serve If elected, Such petltions for nominations should be presented to the chalr-
man of the Nomilnating Committee by the end of the last conference of the 1963 mid-
winter meeting. See rule (d),

The Hominating Committee = J, 5 . Rising, Chairman; W. J, Luzadder, 1. Hladaver,
K. B, 0'Callahan, A, 5. Palmerlee
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HEWS OF THE DIVISIOK

-I'HE- DISTINGUISHED SERVICE AHARBI DIVISION OF ENGINEERING GRAPHICS - ASEE

AIR FORCE ACADEMY, June 16, 1962

Dean Jasper Gerardi has had a distinguished career as a practicing engineer, as
a teacher in the field of Englneering Graphics, and as an adminlstrator in the
College of Engineering at the University of Detrolt.

Before completing his undergraduate work at Detroit, Jasper Gerardi had already
tasted teaching as a student assistant and found 1t te his liking. During the
period from 1929 to 1947, he successively served as Instructor, Assistant Professor,
and Professor of Englneering Drawing. He completed the work for a Master's degree
in Structural Englneering at the University of Michlgan in 1935, In 1947 Professor
Gerardl was made Asslstant Dean of Englneering at the University of Detroit.

Durlng each summer period before 1943, Jasper Gerardi held industrial positions
in the Detroit area sa civil engineer, structural engineer, and chief draftsman.
From 1943 through 1945 he was on leave of absence from the University to accept his
responsibility in the war effort as a stress analyst on a research project Ilnvolv-
Ing metal blades for hellcopters. More recently he has acted as a consultant on
engineering standards for a leading company. Alse, he ls a reglstered Professional
Engineer in the State of Michigan,

This distinguished member has been a leader in the Englneering Graphies Division,
enthusiastically supporting all progressive phases of graphiecs. He has been regular
In attendance; participated in discusslion; and served the Divizlon in most of lts
offlces since becoming a member of ASEE im 1929. He was Editor of the T-square
page In the Journal of Engineering Education; the first vice-chalrman of the Divi-
slon, having been appointed by the executlve committee; chalrman of the Division;
and representative of Englineering Graphics on the ASEE General Counecil, In addia=
tion, he has served actively on many committees,.

Dean Gerardi 1s a prollfle writer. He has had some twenty articles publlished in
the Journal of Engineering Graphics, Product Machinery, Product Engineering, S.4A.E.
Journal, and the Jesuit Quarterly. He is listed in Who's Whe In Engineering and
holds membershlips In the American Soclety of Civil Engineers, American Society for
Engineering Education, Standards Engineers Soclety, Tau Beta P, and Chi Epsilon
Fraternity. Hls many other activities Include the SAE Auto-Aero Drafting Standards
Executive Committee, and the Defense Drawing Practice Industry Advisory Coomittee
of the United States Department of Defense, He ls also on the cltizens'advisory
committee of the Detrolt Board of Educatlon on Equal Education Opportunitlies, and
a consultant and member of the steering commlittee of the Natlonal Science Foundas=
tlon Course Content Development Study In Englneering Graphlcs.

Jasper Gerardi is held in high esteem by his students, his colleagues and his
friends. He is nationally recognized for his ability and for his sincerity and
devotion to his chosen fleld,

DIECH OF e EELDOG GRATHICE
8 Tl
AMERICAN SOCIETY
=
ENGINEERING EDUCATION

p Rty
AL VT T MLEET 00N OF TR Al T1 BDEERG CRASDOE
ET-Tacm b Sel AaERERS KT Ko M RELI B I BE Te3
TR aTEwTHUECE Tl s D el drpm il Litma bad

Distinguished Service Avard Committee
Division of Engineering Graphics, ASEE
Irvin HWladaver
Al Jorgensen
Jim Rising, Chalrman
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B oficers for 1952-53‘.

OFFICERS

Cheircan - Matthew Moleary, University of Maine

Vice Chalrman - B. L, Wellran, Worcester Polytechnic Institute
Secretary - M, W, Alnfeldt, Iova State University

Council Representative - W, B, Street, Texas A & M College (2 years)

CORMITTRES: M,
[ ———— ="

EXECUTIVE B,
M,
H.
E.
E.
L,
E,

R,

McNeary, University of Maine, Chalrtan

L.
W.
E.
M.
D.
c.
G,
R,
M.
M.

Wellran, Worcester Polytechnic Institute, Yice Chairman
Alnfeldt, Iowa State University, Secretary

Street, Texas A & M College, Council Member

Griswold, The Cooper Unlon, Past Chaircan

Black, General Motors Institute (1 year)

Christianson, Missouri School of Mines & Metalurgy (2 years)
Pare, Washington State University, Treasurer (3 years)
Weldhaas, Pennsylvania State University (4 years)

Arnold, Purdue University (5 years)

Reinhard, University of Detroit, Division Editor

» M. F. Blade, The Cooper Union, Rditor (2 years)

H.

Hazmond, U. 8. Military Acadeny, Advertising Manager (1 year)

W. B, Rogers, U. 8. Military Acadeay, Circulstion Manager and Treasurer

(3 years)

PUBLICATICHS: - Journal of Engineering Oraphics

Editor:

Mrs. M. ¥, Blade, The Cooper Unicn

Advartising Manager: R. H. Bsrmond, U. 8. Militery Acadexy
Circulation Manager end Treasurer, W. B, Rogers, U. 5. Military Acadeny

POLICY

J. 8, Rising, Iova State University, Chaircan

J. Gerardi, Universlty of Detroit

P. A, Heacock, Princeton University

R. P. Hoelscher, University of Illinois

W. B. Street, The Agricaltural % Machsnical College of Texas

HOMIHATIONS

J. 8. Rising, Iowa State University, Chairman SPRECTAL AWARDS
W. J. Dizadder, Pordue University e S e

K. B. O'Callahan, University of Buffalo I. ¥ladaver, New York University, Chairran
A. 8. Palmerlee, University of Kensas E. M. Grievold, The Coaper Uaton —

I. YWladaver, Hew York University

A. Jorgensen, Univeraity of Pernsylvania

AIM3, BCOPE, AND STATUS OF ENGINEERING GRAPHICS

J. 8. Dobrovolny, University of Illinois, Chairman
J. 8. Blackzan, University of Nebraska B, V, Mochel, University of Virginia

C. P. Buck, Syracuse University E. G. Pare, Washington State University
Mrs, A. F. DeVaney, Ararillo College G. K. Stegoan, State University of Iowa
J. Gerardi, University of Detroit B. L. Wzllman, Worcester Folytechnie Inst,

K. E. Kroner, University of Massachusetts
A. P. McDonald, Rice Institute

| BIBLIOGRAPHY
S. E. Shapiro, University of Illinois, Chairzan T. Dolan, Illinois Institute of Technology
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A. L. Bigelow, Princeton University
G. 5. Dobbins, University of Colorade

A. 5, Little, Aubwin University
8. R. Thier, University of Notre Dare
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IESCRIPTIVE GECMETRY AWARD

I. L, Bill, IllMnois Institute of Technology, Chaircan
A, 5. Palrerlee, University of Kansas
8. M. 8laby, Princeton University

DISFIAY OF INSTRUMENTS, MATERIALS, AND REPRODUCTION PROCESSES

K. E. Botkin, Purdue University, Chalrman
H. ¥W. Blakeslee, Central Florida Junior College
H, T. Jenkins, University of Michigan
R. W. Reynolds, California State Polytechnic College
C. 2. Westfall, Univerasity of Maine
L, N, Gulick, University of Pemnsylvania
DAAWINGS EXHIBIT

A. ¥V. Hillery, Ohio Northern University, Chairman
N. E. Baughrman, Rose Folytechnic Institute

R. L. Burne, Missouri School of Hines

H. L. Henry, Louisiana Polytechnic Institute

EDUCATIONAL RELATIONS

R. 8. Lang, lNortheastern University, Chaiiman

8. C. Allen, Michigan College of Mining and Technology

A. L. Bigelow, Princeton Univeraity

R. L. Istell, Valparaiso University

M. G. Mochel, Clarkson College of Technology

8. P. Cwen, Rutgers University W. A. Wockenfuss, University of Maryland
G. Rook, Northeastern University E. €. Zulauf, University of Detroit

I. Hladaver, New York University

EBIECTIONS
B. L. Wellcan, Worcester Polytechnic Institute, Chairman

J. H. When—an, Worcester Polytechnic Institute
H., W. Yankee, Worcester Polytechnic Institute

FUFURE IEVELORMENT

C., P. Buck, Syracuse University, Chairman

B, D, Black, General Motors Institute P. M. Reinhard, University of Detroit
Mrs., M. F. Blade, The Cooper Union J. 8. Rising, Iowa State University
F. J, Burns, NewarX College of Bngineering R. W. Weymack, Modesto Junior College
8. A, 'Coons, Massachusetts Institute of Technology

R. H, Harmond, U. 8. Militery Acadeny

R, E: Levis, Duke Universiiy

INDUSTRIAL RETATIONS

E. D. Black, General Motors Imstitute, Chalrman

M. L, Betterley, State Unfversity of Iowa

K. E. Botkin, Purdus University

F. K. Brown, Northeastern University

P. E. Machovina, The Chio State University

J. B. Pearson, Unlversity of Illinois

E. A. Reed, General Motors Corporation

R. Y. Reynolds, California State Polytechnic College
L. B. Schrubsn, University of Southern California
W. E. Gtreet, Agricultural & Mechanical College of Texas
F., M. Woodworth, University of Detroit

C. A. Nevton, University of Tennesees
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OFFICERS 62-

INTER-DISCIFLINARY

P. M. Reinhard, University of Detrolt, Co-Chaliman
8, M, Slaby, Princeton University, Co-Chalrman

C. J. Baer, University of Kansas

8. A, Coons, Massachusetts Institute of Technology
W. H, BEubanks, Mississippl State University

L. G. Palmer, University of Minnesota

BE. R. Weidhaas, Pennsylvania State University

YOMOGRAPHY

J. H. 8arver, University of Cincinnati, Chairman

J. H. Arnold, Pordue University

3, 85, Barich, University of Minnesota

Mrs, M, F, Blade, The Cooper Union

A, 8, Ievens, University of California

G, Walsh, Syracuse University

M. E. Arthur, IEM Space Guidance Center, Owvego, H. Y.
TEACHING TECHNIQUES

H. P. Ackert, University of Notre Deme, Chairman
C. W. Chance, University of Texas

Mra. A, F. DeVaney, Amarilleo College

K. R. Gulden, Rensselaer Polytechnic Institute
A, L. Hosg, University of Yashington

L. 0. Johnson, New York University

€. W. Keith, Kent State University

. E, Kroner, University of Massachusetts

R. D, Mitchell, Auburn University

C, J. Rogers, Purdus University

0. M, Stone, Case Institute of Technology

-Hanngraphy Auﬂrd.

The Annual Homography prlze was awvarded to
Harry W, Smith Jr. of Harry W. Smith Inc.
The prize winning article "Nomograms for Press
Fits using MoS; Lubricant" was published in
Design Hews March 13, 1961. PFrofessor Richard
G. Huzarskil, chalrman of the NHomography con-
mittee announced the prize of $100 was donated
by Teaching Machines, Inc. of Albuquerque,New
Mexico., Members of the Divislon are encouraged
by Professor Huzarskl te send hilm papers from
the llterature for this year's nomograph paper
contest.

DESCRIPTIYE GEOMETRY

Ho winner of the Division's Descriptive

Geometty Award for 1960-61 was announced.

The Gramercy Award will be made for the pres

sent year., HReaders of the Journal should

bring worthy articles to the attentlon of the

chairman of the committee, Professor I,L.HI11
Director of Technical Drawing
Illinois Dept. of Technology
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In explaining and deriving trigonometric
functions for students, mathematies Instruc-
tors have to make use of algebralc transfor-
mations. The following discussion, based on
an original treatise published thirty-three
years agoJ deals with a geometric frame=
work which graphfically illustrates the rela-
tionships between the trigonometric functlons
of any angle and slso shows the exact expres-
sjons for the functions of the angle .
Furthermore, by expanding the "Trigonometric
Truss", as this geometric framework has been
named, it is possible to show all integral
powers of all functions simply by lines of
certain lengths,

The fact that all functions of an angle,
all thelr integral exponents, and the func-
tions of the double angle appear in one and
the same figure as lines, has the additional
important advantage of giving the observer
a graphical comparison between the scalar
lengths of the individual functions.

The caption of Figure | explains the speedy
establishment of a special truss, in which
all vertical and horizontal bars are perpen-
dicular to the "lower" and "upper" girder,
respectively, From the left-hand part of
the truss (solld lines) we can read:

Ch = | DF] = 5in &8 cos a
AD = cot a 2
CEI = sin a CKI SELN A
DK, = cosz a
nEI = pros5 a 1
then: CKI * DKI = CD from which followus
that: sin2 a + cosz a = |

Furthermore, the following FRINCIPLES can
be set down for the truss In Flgure 1 {(using
the nomenclature of its caption):

1. Each vertical and diagonal bar is equal
to the next bar to its right multl-
plied by cos a,

Each section of the upper girder (AC)
is equal to the adjoining vertical
bar on its right multipllied by sin a,

3. Each horlzontal section is equal to the
dlagonal bar above it multiplied by
sln a,

4. Any bar of any panel is equal to the
corresponding bar of its right-hand
adjoining panel multiplied by cos? a,

From principles 1 and 4, it follows that:
The vertical and diagonal bars (solid lines)
in Fig. | represent in direct successlen
all positive integral exponents of the func-
tion ¢cos a from the exponents O to +¢0 § and
furthermore, the vertlcal bars correspond to
the functions with even exponents (l.e,, the
functions cos® a = 1, cos? 8, n:,uc:rs:\‘!l a, etc.)

2.
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nd te those
a, cosd a,
ete.). The negative Integral powers of the
function cos a, which are identical to the
positive integral powers of the function
sec a, are represented by the broken lines.

Principles 2 and & yleld the values given
to the sections of the "upper" and "lower
girder"™, respectively:

Figure 2 1s developed similarly as Figure
|l only that now the angle a is placed on the
vertical line CD (where again CD = 1},

In Figure 2 then:

while the diagonal bars curresgo
with odd exponents (cos a, cos

Ch = 1 DF2 = 5in a « cos a
BD = tan a DK, = E,F, = sin’ a
I:IE2 = z2in a CK2 = cos? a
EEz = cos a
Of course here also CKZ + DKZ = CD or
cusz a + sinz " g B

Principles 1| and & can also be referred to
Figure 2 as long as the functions mentloned
in them are replaced by the corresponding
cofunctions {and read "left" instead of
“"right".

In particular the following is true about
principle Number 4:

Any bar of any panel in Figure 2 is equal
to the corresponding bar of its_left-hand ad-
joining panel multiplied by sin a.

The (solid) vertical and dlagonal
bars in Figure 2 represent in direct
succession all positive integral
powers of the function sin a; the
negative integral powers of sin a
(which are identical to the posltive
integral powers of sec a} are re-
presented by the broken vertical and
diagonal bars of Figure 2.

By combining Figures 1 and 2 the "Trigo-
nometric Truss" is developed as shown in
Figure 3. Triangle ACD corresponds to tri-
angle ACD in Figure }, and triargle BCD to
triangle BCD in Flgure 2, Observation of
Figures 1 and 2 leads to the reallzation
that sin? a 4 cos? a = 1, One could of
course also obtain the same result from Fi-
gure 3 by noting that
1 DKt = CD

- sin a 4 el a W 1,

In the same manner one can derlve the faol-
lowing relationships from Figure 3:

AD * BD = cuz or cot a * tan a = 1
(because the altitude of the right triangle

is the mean proportional of both hypotenuse
segrents).
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The diagonal wlthin the rectangle CE, DE

2
is EIE2 = CD = 1,
Furthermore angle DEIE2 = a and therefore
angle F . E E_ = 2a,

17172
One can also draw the horizontal line

EEHZJ to form the cross-hatched right tri-

angle, whose acute angle
hypotenuse is 1.

It follows that sln 2a = JF;2 - Fle'

The distance Fle, however, ls the addi-

tion of the parts Fln and DF2 whose values

is 2a and whose

we already know, from Figures | and 2, as
being sln a cos a. It is therefore obvious
that sin 2a = sin a cos a + sin a cos a =

2 « 5in a cos a,

Similarly it follows that cos 2a = ElJ -
ElFl - E2F2 - c032 a = sin2 a.

From Figure 3 it can alsoc be seen that
BM, = BL, + L M or iz = 1 ¢+ tan® &,

cosa
- - 2
also AHz HL? * LJzI"I._2 or l2 1 + cot
sin a

The simplicity of the derivatlion of these
formulae has already been mentioned inthe
introduction. Even those who have learned
the derlvation of formulae differently, may
find an interesting confirmation and deepen-
ing of thelr perception In the above demon-
stration. The introduction of the "Irigo=-
nometric Truss™ in the teaching of trigono-
metry may be very well sulted to exercise
and relterates the concept of the Individual
functions.

The "Trigonometric Truss" can elso be used
to illustrate in the simplest manner how an
infinite series leads to a Einite limit;
and, in addition, how 51ix formulae can be
derived which may have dlrect practical value
and whoase inclusion in handbooks for applied
mathematics and mechanics is recommended.

Let AD in Flgue 1 represent,flrsta whole
distance from A to D and secondly, the sum
of the altltudes of the trapezolds, then:
ﬂ053 a +

¢ot a = siln a * ¢cos a + sin a

sin &8 * cos” 8 % ....isaua00r (after di-
widing both sides of the equation by

sin a « cos a)i
__li_ = 1 + cos a + :nsﬁ g wwretaasee L)
s5in a
Repeating this procedure with line BD in
Flgure 2, we get?:
tan a = sin a » cos a # sﬁin.j a * cos a +

sin5 4 % oS 8 * ....sassss0r (after di-
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viding both sldes of the equation by sin a.
cos a):

——li— = | + sln2 a +# 5inh 8 % sianena(2)

cOsS a

Geometrically, equatlon | states:

The sum of all vertical bars within the
triangle ACD (Figure 3) Is equal to the first
vertlical exterlor bar AHZ {dotted limmon left

of Figure 3). Equation 2 can be similarly
Ilnterpreted to be:

The sum of all vertical bars within the
triangle BCD (Figure 2 or 3} is equal to the
flrst vertical exterior bar on the right

(BHI in Flgure 3).

The right side of equation 1 represents an
infinite geometric series with the ratio cos®a,
that of equation 2 one with the ratio sin a,
The purely arithmetic evaluation of the known
sunmation of formula leads of course to the
value already derived on the left side of the
respective equation. The two different types
of derivations of the formulae, once strictly
graphically from the dlagram and then stricts-
ly by arithmetic, should be of particular
pedagoglcal value, such as the geometrical
interpretation of the end result, Inserts=
ing the relations derived above, 1 = 1 +

slnza

cot a and 1 = 1 + tan "a, inte equa-

2
cos a

tions 1 and 2 respectively, it Efollows thati

(3)
(4)

a +

and tan2 a = sln2 a + slnﬁ a +

These relations can also be derived from
the trigonomectric truss,

From the interesting regularities of equa-
tions 1 to & simple relations for sin? a2 and
cos® a could alse be expected. Such relations
are indeed obtained through geometric summa-
tion with the ratlos (- tan? a) and (- cot2 a)
respectively and are shown in the following
equations 5 and 6, For reasons of clarity,
equations 1 and 4 are llsted again, but in
such & manner that the six newly-derived equa-
tions are listed in order of the functlons.

-::ut2 a = ¢os a + cuﬁh

sin a = r.an2 a = tanﬁ a +
tan6 R R R e (5}
cusz a = 1 = tan2 a +
tanIﬁ it L AR T S A AR e AL LA T )
tan2 a = s{ni a +
aind gl A AL (4)
cntz a = cos a + casn 4 % saeaneann(d)}
seczﬂﬂl_‘EFiftanza-

cos a
1 + sin? a & gin® a * (2)
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cnsecz a = “_lid = ] + cot? a = 1 #
5in a

SOES A Areaks k) vreREees (1)
Whereas equations 1 te &, which were de-

rived from the Erigonometric truss,are valid
for any angle, equations 5 and &, which were
not derived from lt, are limited in this re-

spect. Equation 5 ls valid only for angles
of a < 459, equation 6 1s valid only for
angles of a > 45°,

It can also easily be shown that the sin
and cos functlons of 3a and 4a appear as
certaln lines in the "Irigonometric Truss".
In Flgure 4 a horlzontal line has been ex-
tended from E, to meet a vertical line from

E; at Eyye 1 1E2

M is found by drawing a line Erom J perpen-
dicular to CB and have this line intersect
with a line drawn from E,, parallel to CB,
thus forming a right angle at M. As shown,
angle JE“E2 = Ja. Point H is located by

drawing a line from J perpendicular to
ElEz to intersect at right angles with a

line Erom EZ vhich is parallel to EIEE'
HEII’ being parallel to EIEE’ makes an
angle of 2a with a vertical, Therefore,
angle HEIIJ = 180° - 4a. For this reason
a minus sign appears on the scene, It now
is apparent that in Figue &5

JH = sin Ja

M =
Ell cos 3a

JN = sin (180° - #4a) = sin 4a
EIIH = cos (180° - 4a) = =cos 4a

It appears, similarly, in Flgure 5 that
all of the higher exponents of the funce
tions of the angle 2a can be represented by

Diagonal JE = E.E, = 1, Folnt

tions between the indlvidual trigonometric
functions seem to appear 48 necessary so
that all the separate laws follow the most
simple geometric order of fitting into a
universal projective system of presentation,
Figure 6 shows additional geometric and
arithmetic relationships. The partial truss
appearing in the upper right-hand corner of
the 1l1lustration shows not only all integral
povers of tan a in consecutive order but al-
so indicates that all similar links In ad-
jacent rectangular areas follow the law which
states that any link is equal to the same link
in the respective nelghboring area to the left
multiplied by tan? a, Furthermore, two new
geometric series appear in this flgure, namely:

1/2 tan 2a = tan a + l:a!nnjI a +

Thu L LR (1)
for 8 < 45°%, and

1/2 tan 2a * tan a = tania +

r,an{'a + tanﬁ i S e R L SRR
for a >45°.

Multiplying equatien 7 by 2, we get

tan 2a = 2 (tan a + tanj a + tan5 a +
iili'll'l}| and then
tan a = 2 (tan % + tan3 % + l’.an5 % +

lllilil}l

In concluslion it should be pointed out
that all of the integral powers of tan a
and cot a can be shown in the trigonometric
truss. In the expanded truss shown in Fig 7,
the original triangle ABC is shown in reduced
slze. Its altitude however 1Is here also aunit
value, The integral powers of the functions
tan a and cot & are represented by the stajr-
like conflguratlions to the right and lefr of C,
whose construction is obtained without difEl-
culty from Figure 6, and which can of course
be extended Indefinltely into elther direction

lines, agaln belng dependent on the orlglinal- W—

ly=chosen unit. They form the sides of the

new truss EZPQ with the vertex angle 2a at Q,

which, interestingly enough, grows out of
the oeriginal "Trigonometric Truss"™ ABC. It
is needless to go into the detalls at this

stage, as all of the regularlties which were

shown to exist in the case of the original
"Trigonometric Truss" lopically are valld
for thls new truss also. Of particular in-
terest 1s the fact that the easily proven
construction of sin 4a and (- cos 4a) iIn
Flgure 4, shown above, appears In Figure 5
as a matter of course, but is revealed only
on the basis of avareness of the deeper re=-
lationshlps brought out in Flgure 5.

This, however, as viewed from a higher
plane, 1s perhaps the most Interesting re=-
velation about the "ITrigonometric Truss",
namely that the complicity of many rela-
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Dr. Herner F. Vogel, Frofessor of Engl-
neering Mechanics at Wayne State University,
Cetrolt, Michigan; formerly of Berlin,
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Klaus E. Kroner, Assistant Professor, Depart-
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Das Trigonometrische Fachwerk, W. Yogel,
ODesterreichische Paedagogische Warte,
Vienna, vol.24 = Ho.11-1929 and Yel.25 -
Ho. 1-1930,

centipueed (figeres 1-7)
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ADMINISTRATION

IHE OBJECTIVES AND COMTENT OF ENGINEERING GRAPHICS COURSES

Helvin L. Betterley

Untrodugtion

There comes 8 time in the life of an ad-
ministrator of Englneering Graphics when 1t
becomes necessary to analyze and re-organlze
course offerings. This, to a minor degree
is a continval process=--or should be, but
what I refer to at this time Is the major
over haul that occurs when engineering cur=-
ricula in general are revised.

This may happen somewhat in the followling
epanner: After an Inspection vislt by the
E.C.F.D,, the dean and the curriculum com=-
nittee hold a series of conferences in order
to implement the recommended changes. Durling
these conferences-emphasis, credits, changes,
and time are all examined. Courses are sug-
gested, examined, discarded, re-shuffled, ete.
This generally results In a great many "growe
Ilng pains™--not only for graphics but for all
subject flelds directly related to any major
changes. Maybe the meaning of the words
"erowlng palns™ is a misnomer--perhaps the
meaning s inverse, since much of this re-
organization, on the basis of E.C.P.D. recon=-
mendations, results In less time for graphics.
In many schools, civil and mechanlical engl=
neering students have heen cut to tvo Sem-
esters of four or five credit hours, with the
electrical and chemical englneering students
required to take one semester of two or three
credit hours. Such a chenge calls for serious
and studied revision on the part of the graphs-
ics administrator and his staff, He will
therefore call his staff together and estab-
lish a reorganizatlon procedure, This pro-
cedure should be almed at classroom output
and student learning of basic required know-
ledge and skills in a minloum amount of time
and with maximunm efflelency. Believe mel
This s not an easy task, This ls a task for
which no one has the perfect answers. This
is a task whlch requires working and revork-
ing all the facets of teachingi-objectives,
content, learning experliences, and testing.

Related to these is the matter of texts,
worksheets, and references, Then there is
the big bugaboo! time-- or rather the lack
of it, Time is requireed to change behavior
patterns - }f too much material ls attempted
in a glven amount of time,-little is accom-
plished In the way of behavioral change and
precious time may actually have been wasted.
While this reorganlzatlonal procedure may
take several weeks or monthse-with the ad=
plnlstrator and staff meeting regularly--1
have attempted to condense the procedure,
demonstrating the steps necessary to re-

+1.3

The State Unlversity of Iowa

organize the curricula,

I suggest a procedure somewhat as follows!

1., Determine and state the objectives for

each course or for the department,

2, Analyze possible course content in the

light of the objective.

3. Select, modernize, emphaslze,
certaln of the possible content.
dactual practice, thls may require
several conferences wilth the faculty
who teach related subjects in the
degree-granting departments.}

Select learning experlences within each
content category.

5. Select and prepare lecture, text, work=-
sheets, and test rnaterial relative to
the learning experlences previously
isolated.

From the above material, develop a course
to occcupy the given amount of time.

discard
(In

4.

6,

I. The Objectives of a course in Engineer-

ing Graphics

When discussing and deciding upon objecs
tives for a course in graphics, one may se=
lect objectives for the teacher or for the
learner. An{ objectives selected for the
teacher involve what he 15 te do=--how he 1s
to do it=-and when he is5 to do it., Such
objectives are secondary--but are directly
related to the objectives that affect the
learner. We are primarily Interested in ob-
jectives, the end product of our efforts as
teachers. Thus objectlves should be stated
as changes which will take place in the stu-
dent®s behavior, his attitude, and his in-
terests. Objectives are ends to be achieved
by learning experliences.

From the above statements it ls te be seen

that objectives are not a statement of course
content nor & statement with any reference to

content headings, At the midewlnter meeting
of the Division at Lincoln, Nebraska in 1938,
I listened for two hours to a panel discus=-
slon of what the panel members considered
objectives of Englneering Drawing at that time
During the sesslon such things as sectioning,
threads and fasteners, pictorial sketching,
and the whole array of course content headings
were mentloned, The panel concluded with ne
obhjectives which clearly and speciflcally
stated desired changes in student behavior,
attitude, and interests.

As a result of a clear understandling of what
a teaching objective must accomplish for the
learner, we become aware of the fact that whil
the objective Is the end produckt, it must be
stated before and used to plan all other fea-
tures of the course, In other words, the ob-
jectlives are necessary before teaching and
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learning can take place--because they deter=

OBJECTIVES WHICH MIGHT EHCOMPASS THESE

mine what course content and learning ex-
perlences shall be used.

To get down to the business of actually
selecting objectives, it might be well to use
4% a screen a certain amount of basic philos-
ophy and psychology, rememberlng at all times
that objectives are ends to be achieved by
learning--that legarning 1s achleved by doing--
that dolng involves day by day specifle as-
signments and !earning experiences, and that
Eortunately, most learning experiences ﬂctua{-
ly produce multlple outcomes., Remember that
an objective is best stated when 1t identi-
fles both the kind of behavior to be developed
in the student and the area in which this be-
havior is to operate.

SOME POSSIBLE OBJECTIVES OF AN
ENGINEERING GRAPHICS COURSE

To understand the theory of projection

To develop a reasonable amount of drafring
skill

To comprehend the reasons for, the place for,
and the use of drawings in industry.
analyze problems graphically.

design by means of graphles.

acqulre professional ethics.

synthesize by neans of graphics.

synthesize professlon and society as an
accepted social order.

Te uvse profession to lmprove the soclety in
which one lives,

To use graphies as a vehlcle for communication.

To understand graphlcs as a bridge between
ideas and the process or finished product,

To appreclate and apply standard graphical
praccice and skill,

To desire insight into new developments, ma-
terials, and technlques of representation,

To perceive spatially.

To understand engineering nomenclature, fabrl-
catfion, and machine processes in relation-
ship to englneering graphics.,

To develop and read schewmatlc and symbolie
representat ion.

To think oreatively.

To solve mathematical problems by graphle
methods.

To develop self-reallizatlon through expres-
sion in graphics,

To appreciate englneering as a discipline.

===gtC.

To
To
To
To
To
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STATEMEHTS ARE AS FOLLOWS:

Objective NHo. 1:

To understand the role of graphics in
contemporary engineering in regard to an-
alysis, design, and communication.

Objectlive No. 21

To apply, in contemporary engineering,
the techniques of graphical representation
and computatlion,

II. Course Content Selected on the Basis
of Learner Objectives
There are several methods by which

course content may be selected in terms of
learner objectives, One method--using
graphics to do the job--would be to chart
the behavioral aspects against the con-
tent aspects, as follows1i :

BEHAVIORAL ASPECTS

2. To apply in
contemporary
engineering,
the technigques
of graphlec re-
presentation and
computation,

1. To understand
the role of
graphics In
contemporary
engineering

in regard to
analysis, de-
slgn, and com=
nunication.

CONTENT ASPECTS

A, Basic Topliecsi

l. Instrument Technique

2, Freehand Technique
3. Lettering

E

B. Graphlic Representation

1. Pict. Draw. and Sketch.
2., Orthographlc proj.

3. Aux, views

4. Sections and conv.

5. Intersections and Dev.
6. Shop processes

1. Dimensioning

26 OM MG M M
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FIVE NEW AND TESTED TEACHING AIDS
FOR ENGINEERING DRAWING

BY CARL L., SVENSEN AND WILLIAM E. STREET

FOR USE WITH ANY TEXT OR HNO TEXT

DRAFTING PROBLEM LAYOUTS

SERIES D

Yiork sheets covering Vertical and In¢clined Lettering, Sketching, Use
of Instruments, Engineering Geometry, Scales, Orthographic Projection,
Revolution, Auxiliary Projection, Sections, Isometric, Oblique, Dim-
ensioning, Developments, Intersections, Screw Threads and Bolts, Per-

spective, and Working Drawings for a Complete Course.
95 Work Sheets, 84" x 11"

$3.50

DRAFTING PROBLEM LAYOUTS
SERIES C

Wiork sheets covering Sketching, Use of Instruments, Engineering Geo-
metry, S5claes, Orthographic Projection, Revolution, Auxiliary Projec-
tion, Sectional Views, Dimensioning, Screw Threads and Bolts,
ric, Oblique, Perspective, Developments, Intersections, Working Draw-

ings. SERIES C and LETTERING EXERCISES cover a Complete Course.
69 Work Sheets, 84" x 11"

Isomet-

$2.50

LETTERING EXERCISES

A DIRECT METHOD -- HNEW AND INTERESTING

Vertical and Inclined lLettering with eight sheets of extra problems.
LETTERING EXERCISES AND SERIES C cover a Complete Course.

20 Work Sheets 834" x 11" $1,00

VERTICAL LETTERING EXERCISES

Vertical Lettering with instructions
6 Work Sheets, 83" x 11"

$0.50

INCLINED LETTERING EXERCISES

Inclined Lettering with instructions
6 Work Sheets, 84" x 11"

$0.50

WRITE FOR EXAMINATION COPY OR ORDER FROM

W. E. STREET

ENGINEERING DRAWING DEPARTMENT
A & M COLLEGE OF TEXAS
COLLEGE STATION, TEXAS




SLIDE RULE PROBLEMS AND SOLUTIOMNS Published 1952,
by 1. N. Arnald Price &1.75

44 ¥sts of problems, on perforated pages, 6" X 8", along with 78 pages of
descriptions of slide rule operatlicns ard numerical answers for the more
then 500 problems; operations are varied to fit a number of the popalar
mekes of loglog slide rules,

Dezigned for individeal study, group self-instruction, or class use.
Principal problem groups are: Divislon and Multiplicatlien, Simple Powers
ard Roots, Trigonometry, Logarithms and Powers In General,

" DESCRIPTIVE GEOMETRY PROBLEMS
by 5. B. Elred, C, H, Zacher, H. F. Gerdom

128 problem sheels, 8-172" % 11", on good quality paper, perforated and
bound inlo a hook,

Appropriate for an extensive course of 20-100 lab hours, Content includes:
basie orthographic projection, fundamental spatial relatlonships of elements;
applications of descriptive geomelry to design ard manufacture, There is
extenszive coverage of intersections and developments, ireluding ruled sur-
faces; also, axonomelrle and perspeciive projeciion are treated.

Published 1952,
FPrice £3.50

DESCRIPTIVE GEOMETRY WORK SHEETS Revised edition, 1857,
by J. H. Porsch, 5. B. Elred, R, H. Hammond FPrice 3,00

55 problem sheets, &-1f2" % 11", on good quality paper, parforated and
boand into a book,

Designed for a brlef course of 35-40 1ab hours, Covers basic spatial re-
lationships of points, lines, and planes; includes typlcal problems on Inter-
seclion of surfzees, Third angle projection,

WORKSHEETS FOR INTRODULTORY GRAPHICS - FORM A
by J. M. Arnold, M. H. Bolds, 5. B. Elrced, J. H. Porsch, R. P. Thoempsen

One bundred sheets, mostly 8-1/2" % 11" with a few 11" X 177, on good
quality paper, perforated arnd bourd inlo a book,

Principal topics are: Lettering, Geomelry, Multiview Drawing, Fictorial
Drawing, Intersectlons, Developments, Contoured Surfaces, Funclionsl
Design; also a few sheets each on Vectora, Graphical Caleulus, Empirical
Eqaztions, Representation of Dala and Equaticas,

Publishad 1853,
Price 34.00

PROBLEMS IN ENGINEERING DRAWING - ABRIDGED Fourth edition, 1955,
by W. ). Luzadder, J. H. Arnold, F. H. Thompsen Price $1.70

A brief set of 40 sheets, B-1/2" X 11" page size, in 2n envelops,

Among the topics ineluded: Lettering, Use of Instruments, Geomelrical
Conslrucliens, Freshand Sketehing, Mulliview Drawing, Auxiliary Views,
Beclions, Detall Drawing.

Appropriate for a brief course, particularly for some groups of technical
institute stedenta who are not polnting toward drafting or deaign,

Examination copies of any of these are available upon request.

BALT PUBLISHERS

308 STATE STREET WEST LAFAYETTE, INDIANA,
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A DIVISION OF ENGINEERING GRAPHICS AND
DESIGH

Dear Editor:

At the 1962 ASEE meeting, Professor Myron
Mochel formally proposed what I feel is an
excellent idea. He asks that the name of
our division be changed to The Division of
Englineering Graphlics and Desilgn. [ believe
that this name would be much more descrip=-
tive of the total activity of the division,
and therefore that Professor Mochel's sug=
gestion merits serious conslderation,

Many individual Graphics departments have
learned that by teaching a varlety of Engl-
neering fundamentals, rather than tradi-
tional material, they have been able to stop
recent incroachments on thelr allotted cur-
riculum time. If we can make the name of
the division more inclusive, I believe the
prestige of the division would be greatly
enhanced. Many who are uncertaln as to the
true meaning of the word "Graphics" clailm
to clearly understand what "design" means.

Respectfully submitted,
F.H4, Hoodworth

Dept. of Engineering Graphics
University of Detroit

DRAWING - GRAPHICS AND ENGIHEERING
Dear Editor:

At a discussion sesslon of the 1962 Engi-
neering Graphics Summer School, it became
evident that there stlll is confuslon over
the proper use of the terms Mechanieal
Drawing, Engineerlng Drawing, and Engineer=
ing Graphics. The following brief history
is presented in the hope that the present
meanings of these words will be clarified.

Frior to the end of the first decade of

this century, "Drafting," or "Mechaniecal

Drawing" was taught. Thils term implied

the making of drawings by instrumental

or mechanlical means rather than freehand,

and, in view of the state of engincering

practice at that time, it was adequate,

With the publication in 1911 of "Engla

neering Drawing" by Thomas E. French, a

new name was Introduced and widely ac-

cepted by colleges ana universities
throughout the country. Frofessor French
thought that more than the mechanical
manipulation of instruments was beling
taught, and that the adjective "Engi-
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neering" was more descriptive. Because
of the rapid evolution of englneering
since the two Horld Wars, and the sub-
sequent change In subject matter, there
was conslderable sentiment to settle on
a4 name which would more nearly convey

a proper understanding of true objec-
tives, that is, graphie communication
and problem-solving in all its aspects,
freehand as well as instrumental, and
the use of the analytical power of
graphle methods In creative design.
Progressive colleges and unlversities
adopted the title Engineering Graphles
by 1950 (some schools much earlier).

Textbooks appeared:

Engineering Graphics 1951
Rule & Warts, H.L.T.
Graphic Alds in Engineering 1952
Computation - Hoelscher,
University of Illinols
Englneering Graphles 1953 ,1959
Rising & Almfeldr, lowa State
Graphles 1954 ,1962

Levens, California at Berkeley
Engineering Geometry & Graphles
Shupe & Machovina, Ohlo State

Graphics for Englineers, Baslc 1957 ,1962

1956

Graphies - Luzadder, Furdue
Introductery Graphics 1958
Arnold, Furdue
Fundamentals of Engineering 1960
Graphics - Mochel, Clarkson
Graphics 1961
Rule & Coons, M.I.T.
Englneering Graphles 1962

Svensen & Street, Texas A & M

Finally, even French appeared revised and
expanded under the tltle "Graphle Sclence"
in September 1960,

In June, 1958, the Engineering Drawving
Division of the Amerlcan Scociety for Engi-
neering Education by a two-thirds vote of
the membership present at the Berkeley mid-

winter meetlng offlclally changed its name
to the Engineering Graphies Divislion,

The tern "Engineering Graphics"™ is now ala-
most unlversally accepted since It character-
izes more accurately the scope of this work:
that is, sketching, drawing, 1llustration,
charts and graphs, descriptive geometry,
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graphlcal mathematles, nomography, projec-
tive geometry, etc.

Sincerely

Ernest R. Weldhaas

Associate Professor in Charge,
Engineering Graphles

The Pennsylvania State Unlversity

IHE BIG SOUEEZE

Dear Editor:

I've been gettlng letters from book pub-
lishers saying that they are advocating and
writing books for a condensed course of one
semester for Engineering Draving and Des-
eriptive Geometry. As all good Englneering
Drawing teachers know, that is just too much
for a three-hour, one-semester course and we
Engineering Graphles people should not let
our subjects be squeezed out by others who
would enlarge their fields at the expense of
ours. It is high time we of Engineering
Graphics did something about Iit.,

Sincerely yours,

James Bignell
University of Tampa

COLLEGE VERSUS HIGH-SCHODL TEACHERS

Editor's note:

For background of the letter see the
Letters pages in the February and May 1962
issues of the Journal.

Dear Professor Carlson,

Thank you for your letter of March 16 and
the copy of your comments,

Before I discuss your comments, let me
renind you that Professor Blade suggested
this be a lead article in a series of such
dlscussions., It, therefore, reflects two
things. One, this is a new responsibllicy
Eor me and offers the analysls of one with
a fresh but intermit contact with graphic
problems and second, I trled to be provoca-
tlve for the benefit of the series.

In revieving your comments, I find we are
in substantial agreement, [ would have sus=-

THE JOURNAL OF ENGINEERING GRAPHICS

pected that one with your excellent back-
ground and experlence In graphles vould be
@ litctle more criltical of my positien. I
glso realize it could invelve some charity
on your part.

I note you take strong exception to my
"Elip" comment about "glorifjed high =schoel
teachers". Thls phrase Ils not without some
merit, because I think there is 2 difference
between high school teaching and professional
teaching to the more mature college student,
However, that 1s not what bothers me., Your
feeling that I spoke in a derogatory manner
wlth regard to high schoel teachers does.

It was not intended that this should in any
way insult my many very close Eriends in the
high schools, 1 believe that the develop-
ment and maturity of the student at the
college demands a different approach, one
that some college people have not developed.
In rereading my article, certainly one could
have taken it as you did and [ am sorry for
this,

Your comment with respect to college pro-
fessors who are unable to hold their own in
industry is well taken. However, I feel that
ve are In a minority in feeling this way to=
day. The youth who Is most successful is the
one who ignores or seenlngly lgnores any In-
dustrial responsibllity and dabbles in "way
out™ research and publishes his results,

This is the accepted success story in our
profession today. For myself, and I gather
you may agree, 1 feel that every man on my
staff should be able to pick up an offer from
Industry and recelve substantial increase in
salary, The men I hope to staff my depart-
ment with are those who are dedicated teachers
and truly professional engineers, and the
offers from Industry just flatter this type
professor.

You discussed my suggestion of combining
graphics with one of the other professional
engineering departments. You state that you
think thils combination has merit if the school
does not have a department of General Engl-
neerlng. I find here again I would have to
agree with you. A department of Basic or
General Englineering as they are called, does
seem to be the logical place for graphles
which is a sclence to all englneering,

I want to close by thanking you sincerely

for your comments and your well wishes for
my success in incorporating the graphics divi-

sion Inte the mechanical engineering depart-
ment, I hope to have the pleasure of meeting

you perscnally at one of the future ASEE teegt -
ings,

Yours truly, John H. Fernandes

Head, Mechanical Engineering Department
Hanhattan College, N, Y.
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For Tomorrow's Engineers . . .
texts and materials that meet your standards:

DESCRIPTIVE GEOMETRY

Clarence E. Douglass, University of Washington
Albert L, Hoag, University of Washington 1962; 256 pp.; $5.75

“ .. avery good book. The drawings are exceptionally
clear, and the discussion brief and to the point.”
—Prof. Edson |, Schock
University of Rhode Island

« . outslanding in all requirements—size, problems,
explanations, and illustrations."
—Prof, Walter Dessauer
Tulane University

* .. lam also impressed with the moderate size of
this text, covering the material satisfactorily
and at the same time holding the text at a
moderate cost to the student.”
—William H. Francis
Head of Engineering Graphics
Auburn University, Alabama
“| like the uniform approach to the relationship between

orthographic views."
—Wayne L. Schick

University of lllinois
PROBLEMS BY HOAG: 1962; $4.50

ENGINEERING DRAWING

Eugene G. Pare, Washington State University
... an excellently written book with ample coverage of

a difficult technical field ... the illustrations are

excellent. The appendices full of essential stuff.”
—from a review in Graphics Science

ENGINEERING DRAWING PROBLEMS

(Series A and B)
{(keyed to Engineering Drawing by Pare)

Edward V. Mochel, University of Virginia
“ . The book of problems which is keyed to Pare's
book is sensibly and effectively conceived.”
—Douglas P. Adams
Massachusetts Institute of Technology

{Text: 1959; 500 pp., $6.50 Problems: Series A—$4.95 paper
Series B—%4.95 paper)

Designed for use with any standard
engineering drawing or graphics text...

ENGINEERING DRAWING PROBLEM SHEETS

Ottis F. Cushman, Lincoln Institute Division
of Northeastern University

(1960; 66 pp,; $4.50)

Holt, Rinehart and Winston, Inc.

383 Madison Avenue, New York 17
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THE SPACING DIVIDER

This instlrument consists of eleven points so
§ adjusted that they divide their variable setting
; into ten or less equal parts. It can also be used
! inversely to give mulliples up to ten and in
graphic solution of ratios. Adjustable distance
belween points on the § Inch Instrument is min-
imum }e", maximum %" and on the 12 Inch
minimum %", maximum 1%".

Ho. T960—6 INCH
TILLUSTRATION HALF SI1IE)

Catulog on Request Covering:

Drawing Inslrumenis Drafling Scales
Protractors S.S. Siraighledges
Rolling Parallel Rules 5.5. T-Squares

11 Pr. Spacing Dividers 5.5. Triongles

Circular ond Linear Engraving
for the
DRAFTING ROOM—PATTERN LOFT-LAYOUT TABLE

THEQ. ALTENEDER & SONS
Makers of Fine Instruments Since 1850

1217 Spring Garden Streel Fhiladelphia 23, Pa.
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